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PREFACE.

THE INSTITUTION OF ENGINEERS IN SCOTLAND was established for the
encouragement and advancement of Engineering Science and Practice,
to facilitate the exchange of information and ideas amongst its members
and to place on record the results of experience elicited in discussion.

It owes its origin, in a great measure, to the very successful Meeting
held in Glasgow, in 1856, by the “ Institution of Mechanical Engineers” of .
Birmingham ; the great utility and probable success of a similar Institu-
tion holding its meetings in Glasgow, the chief seat of practical mechanics
in Scotland, being at the time strongly impressed upon several Engineers
residing in and near Glasgow, who held a few preliminary meetings, suc-
ceeded by a general one on 1st May, 1857, which was numerously
attended, and at which a constitution was decided upon, and office-bearers
were elected for the First Session, 1857-58.

The great accession of members, the numerous papers read, the very
excellent attendance at the meetings, and the well-sustained discussions
rendered interesting by the exchange of valuable information—during
the First Session, place the success of the Institution beyond doubt.

At the termination of the Session in April last, the Institution numbered
one hundred and eighteen members, one associate, and eight graduates,
and numerous additions are expected early in the Second Session.

Eight meetings were held during the Session, and at these as many as
twenty-one papers were read, on various subjects .connected with the
objects of the Institution. Each paper was followed by a discussion on
the subject of which it treated, and there were in addition two discussions
(on Decimal Measures), not preceded by papers.

(iLABGOW, August, 1858.
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INSTITUTION

OF

ENGINEERS IN SCOTLAND.

SESSION 1857-58.

THE First MEETING of the Session was held in the Philosophical Society’s
Hall, Andersonian Buildings, George Street, Glasgow, on Wednesday, 28th
October, 1857—Prof. W. J. MACQUORN RANKINE, LL.D., F.R.SS.L. & E,,
President, in the chair.

The PrESIDENT delivered the following Introductory Address :—

On the Nature and Objects of the Institution.

GENTLEMEN,—We have had several general meetings already, but they
were of a preliminary character, and this is the first meeting at which we
are about to proceed to the transaction of our regular ordinary business—
the reading of papers, and the discussion of those subjects in which we are
interested. Since this society was first formed, I am happy to see that
many names of new members have been proposed, and many members
who were not present at previous meetings are here now, and it is there-
fore desirable that I should make a short statement as to the nature and
objects of this society, as distinguished from those of other scientifio
societies,

We may consider that the various societies of a scientific nature, are
divided into three classes. In the first class are those which are devoted
specially to the advancement of science, and to the keeping of the mem-
bers informed of the progress that science makes elsewhere. To this class
the Ruyal Society belongs, the Geological Society, and many others. In the
second class are societies intended for the popular diffusion of scientific
knowledge, and the cultivation of a taste for science in those persons whose

ordinary pursuits are not calculated to promote that knowledge, or to
A
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impart such a taste. Many societies combine the objects of those two
classes, such as the British Association, and the Philosophical Society of
Glasgow. In the third class, is the society to which we belong: and
the object of this class is the IMPROVEMENT OF PRACTICE; and, com-
bined with that, is another important object—that of keeping practical
men informed of what is going on elsewhere in their art, and of the ex-
periments made by others. And this is a most important object ; for much
time and money may be wasted, and much trouble be thrown away, by
making experiments that have been made already ; and an institution such
as ours does much to prevent that evil. Now, this class of society is distinct
from that whose object is specially the advancement of science; for, in that
class, the practical results are only regarded as experiments from which
scientific conclusions may be drawn; they are used merely as the data
for some scientific investigation :—whereas, in our society, practical results
are the main object. A society of this kind is different from those of the
second class that I have mentioned, which tend towards making science
popular; for we shall, to a great extent, have to consider details unin-
teresting or unintelligible to the general public. One of the objects of
this society is, that its members shall discuss details with which they could
not venture to take up the time of a mixed and popular meeting.

Having explained to you the nature of this Institution, I will state how
it originated. Amongst previously existing institutions of the same class,
is the *Institution of Civil Engineers,” which for many years has held
its meetings in London, and the benefits arising from which are generally
acknowledged; also the ¢Institution of Mechanical Engineers,” having
its chief place of meeting at Birmingham, and holding its meetings at
other places besides, such as Manchester, Newcastle, and (last year for
the first time) in Glasgow. I may also refer to the *Institution of Civil
Engineers in Ireland,” which is of recent date, but of great utility. Ithink
I may trace the origin of the foundation of our present society to the effect
of the meeting of the *Institution of Mechanical Engineers,” held in
Glasgow in the autumn of last year. Almost all the members here will
recollect that meeting, which, for one of the kind, was almost unparalleled
as to attendance, and excited immense interest among the practical men
of this city. One thing remarkable about that meeting was the fact,
that a large quantity of interesting a.1d useful machinery was exhibited at
it by Glasgow makers. Those proceedings very naturally produced the
impression, that a society of engincers holding its meetings in Scotland,
and in Glasgow as the chief seat of practical mechanies in Scotland, would
be successful ; and that idea having occurred to a few individuals, was
gradually discussed by more and more, until it led, about six months ago,
to the foundation of this Institution.
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We are distinguished from the Institution of Civil Engineers, and from
the Institution of Mechanical Engineers, by combining those two branches,
as well as mining engineering, founding, and iron shipbuilding ; and I think
that combination is a most judicious measure. In former times, one could
draw a line between civil engineering and mechanical engineering. There
was 3 time when civil engineering was confined to works in stone, earth,
and timber, and when the use of iron was restricted to the purposes of
the mechanical engineer. But now, iron has become so important a
material in the great works of civil engineering, that the two branches
have been very much assimilated, and it is difficult to draw the line
where one pursuit ends and the other begins; and the same may be said
of various other branches of engineering. It is on this account that the
Institution has included amongst its members, civil engineers, mechanical
engineers, mining enginéers, founders, and iron shipbuilders.

The object of this society is the advancement of engineering and
practical mechanics, and the keeping of the members informed of what is
being done elsewhere by other engineers, thereby enabling each one of our
members-to have the benefit of the experience of many. The advance-
ment ef engineering and practical mechanics comes from experimental
knowledge. Experiments are of two kinds :—First, those which are made
expressly for the purpose of testing the properties of some particular
material, or ascertaining the laws governing some particular phenomenon,
and which are intended for experiments and nothing more. Few men
engaged in practical engineering have time enough at their disposal to
carry on such experiments as these, and the leisure necessary for doing
so is, for the most part, confined to a very limited number of persons.
The second class of experiments comprises those which occur incidentally
in the course of practice, and by which many important facts are brought
to light, but which often pass unrecorded, and are, in that case, of no
use to the great body of scientific and practical men. The observation
of them may, indeed, be of use to the individual who observes them ; but
unless they are collected and recorded, the benefit to be derived from
them is lost to the profession and to the public at large. One of the
objects of this Institution is to collect and combine all those different ex-
periments whioh occur incidentally in the course of the practical experience
of engineers, and to deduce useful conclusions from them. With regard
to the benefit of combining the experience of many practical men, an excel-
lent remark was made by Mr. Scott Russell at the meeting of the ‘‘Mechanical
Engineers” in Glasgow last autumn. He said, that in a society of, say
one hundred members, a member bringing the experience of one man, gets
in exchange the experience of ninety-nine.

This is a most favourable time for the progress of such an institution as
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ours; and to show you clearly that such is the case, I may direct your
attention to one or two facts in connection with the history of practical
mechanics. In the early part of this century, the discoveries of Watt more
especially, and also those of Smeaton and others, gave a great impulse to
engineering and practical mechanics. Then Tredgold, Rennie, and
Telford, and many more eminent engineers, made still further improve-
ments in mechanics. That period of improvement, however, was followed
by a time less favourable to sound progress in mechanics: a time which
has happily now expired, for we are again advancing, and I shall tell
you what appears to me to be the reason.

If Y were required to state in one word what constitutes the character-
istic advantage of skilful and scientific practice in the useful arts, I should
say—ECONOMY. By economy I do not mean parsimony, or the use of
inadequate means towards an end ; neither do I mean economy in money
only; but economy of means of all sorts—economy of materials, of power,
of time. The fact is, that perfect economy in any operation consists in
accomplishing the end proposed by an amount of means just sufficient,
without waste. For example, to construct a viaduet with just so much
iron as is enough to support the required load safely, and no more; or
(to go to machinery for an illustration) to drive a machine by just so much
power as is necessary to do the work without waste :—that is economy:
—to the attainment of it all our skill should be directed, and I am glad
to find that such is being done every day. Some years ago, however, the
case was different. There was then a period of wild speculation, which was
most detrimental to the development of that kind of skill that leads to
economy. For speculation and extravagance lead to the consequence,
that where a structure is required to be strong, it is made so, not by skilful
design, but by clumsy and costly massiveness; and that where a machine
is required to perform much work, it is enabled to do so, not by economical
use of power, but by its lavish expenditure. At a period of that sort,
there is a tendency to neglect economy, and the inevitable result is the
bringing about of a state of public opinion that discourages true skill in the
useful arts. It leads to a prejudice in favour of structures and machines
in proportion to their cost, irrespective of the results accomplished by
them. At such a period, a line of railway will be regarded as a great
undertaking, merely because it has cost a hundred thousand pounds per
mile, and a bridge will be looked upon with admiration in proportion
to the number of thousands of tons of superfluous material which it con-
tains. The reaction after a period of extravagance tends to produce the
opposite extreme—parsimony : the using of bad materials, and the attempt-
ing to effect ends by inadequate means. But I have very little to say
ahout a reaction of that kind; for parsimony is a fault we very seldom
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fall into in this country : it is not in accordance with the British character.
I think the period at which we have now arrived, is a period of PRUDENCE,
when we have hit the right mean between economy and parsimony,
and endeavour to produce all our results as effectively as possible, and
without waste of any kind. In fact we are now arrived at a time when
there is every encouragement to form institutions like this, and to feel
confidence that the result of our labours will be appreciated.

Tt has been the practice on the opening of societies of this description, to
give a sketch of the previous history of the art or science with a view to
the promotion of which the institution has been founded; but it seems to
me that, instead of congratulating ourselves upon past progress, it would
be better that we should look forward, and see what farther improvements
are yet to be made; and, therefore, I will make a few remarks upon the
various questions occurring to me on which knowledge is wanting, and to
the elucidation of which our future labours may contribute.

I shall begin by a few observations with regard to the properties of
materials. True economy and true skill require the best possible material;
and the best material is that which is strongest in proportion to its weight;
and that is the quality which makes iron the most useful and important
of all materials. Iron is the most difficult of all materials to obtain pure.
We can easily obtain the other ordinary metals in a pure state—gold,
copper, silver, lead, tin, zinc; but the obtaining of pure iron, or iron
even approaching to purity, is almost impossible. 'We know that there
are immense varieties of qualities of that metal as regards strength, and
that those variations of strength arise from impurities. One mode of ob-
taining good iron, is to bring it from the localities which produce it best—
such as those where it is smelted with charcoal—Russia, Sweden, the
British possessions in America ; but the obtaining of it from these places
is very expensive. Still, we know that in the weakest, as well as
the strongest qualities, the iron itself is the same substance, and that
its variations in strength arise from combination with other substances,
such as carbon, manganese, sulphur, phosphorus, arsenic, silicon, cal-
cium, &c.

The question then arises, ¢ Can iron produced in our own country be so
improved as to remove those foreign substances that lessen its strength ?”
Now, I bave no doubt that a strong light may be thrown on that impor-
tant question, by collecting the experience of the members of a society
like this.

There are other materials besides iron that demand our attention—
timber, for instance. A very important question may arise as to seasoning
it, and preserving it from decay. For a long time it was thought that
timber took years to season, and that the operation should take place in
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* the open air; but we now find that it can be done in a few days by means
of an oven. Of course that process, being in its infancy, can be improved.
As to the preservation of timber, it is of consequence that we should collect
the results of as much practical experience on this head as we can. The
manufacture of artificial stone, and the strengthening of natural stone, and
improvements in the manufacture of bricks, are also subjects of great
importance.

As to the strength of materials, I scarcely need say that it has for a long
time been a subject of inquiry; and much has been discovered in refer-
ence to it; but the discoveries themselves show how much yet remains to
be discovered. I shall mention a few of the leading questions that have
lately arisen on this subject. There is a very well-known rule for calcu-
lating the transverse strength of beams, founded on certain suppositions
respecting the laws of the resistance which the particles of a bent beam
oppose to the force which bends it. The rule is as follows :—Divide what
is called the moment of inertia of the cross section of the beam by the lever-
age of the load, and by the greatest distance of any particle from the neutral
axis; and multiply the quotient so obtained by a constant multiplier, de-
pending on the nature of the material. Now, it has always been well
known to scientific men, that the suppositions upon which that rule is
founded are, in some respects, not exactly true ; but it has been very generally
taken for granted, that the error in the calculation is too small to be of
importance in practice; and in order to obviate, in a measure, the defect
that was apparent, different multipliers were used. Some recent experi-
ments, by Mr. W. H. Barlow, have shown that no constant multiplier will
give the strength. If we take several beams of similar figures, the same
multiplier will answer; but as soon as we vary the form of the section of
beam, we require a new multiplier for the same material ; and Mr. Barlow
has made considerable progress in determining what law the variations of
the multiplier follow. But still, our knowledge of that subject is incom-
plete; and it yet remains to be discovered what is the exact and true law
on which to found a rule for ascertaining the transverse strength of beams.
As another example, I may refer to Mr. Fairbairn's experiments on the
resistance of hollow cylinders against crushing, such as the flues of boilers.
Mr. Fairbairn has found that by increasing the length of the cylinder the
resistance is diminished ; so that, within the limits of his experiments, the
strength is inversely as the length; but this must be only an approximate
law ; for, if it were exact, a tube, how thick soever, could be made so long that
the slightest pressure would cause it to collapse : and we have yet to dis-
cover how the strength of a cylinder against outward pressure can be
exactly computed. I have still another question to refer to with regard
to the strength of materials ; and it is one that has attracted much atten-
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tion, having been discussed at great length at the late meeting of the
“ British Asscciation” in Dublin. I refer to the stiffening of suspension
bridges. This description of bridge is that which requires the smallest
quantity of iron to support a given load; but an objection to its use on
railways is its vibration, which would be so great, on the passing over of a
train at high speed, as to be dangerous. It has been proposed to stiffen
those bridges; and this has been done by means of lattice girders, that is
to say, diagonal braces and horizontal bars along each side. It was for-
merly supposed that, to make a suspension bridge as stiff as a girder
bridge, we should use lattice girders sufficiently strong to bear the load
of themselves, and that, such being the case, there would be no use for
the suspending chains. But Mr. P. W. Barlow, having made some
experiments upon models, finds that very light girders, in comparison
with what were supposed to be necessary, are quite sufficient to stiffen a
suspension bridge; that, in fact, girders of a certain stiffness, attached to a
suspension bridge, require, in order to produce a given deflection, twenty-
five times the weight that would produce the same deflection if they were
not connected with the suspension chains. And it turns out that, if mathe-
maticians had directed their attention to the subject, they might have anti-
cipated thisresult. Itis true that Mr. Barlow’s experiments were made upon
models only; and it remains to be determined on a large scale, whether a
suspension bridge, with girders to stiffen it, is more economical than other
forms of bridge, and whether we ought to use plate girders, half-lattice
girders, lattice girders, bowstring girders, stiffened chains, or girders of
some other form. That is a question about which there is much contro-
versy, and which can only be settled by the collection and scientific dis-
cussion of the experience of practical men. The progress that has of late
years been made in the crossing of large valleys by means of viaducts
of moderate cost, has been very great indeed. Not long ago, it was con-
sidered very moderate if a viaduct could be constructed at the rate of 7s.
per cubic yard of space covered ; now the work can be done for 8s. 6d. or
4s. per cubic yard of space.

The construction of iron ships is a topic of importance to which I shall
call your attention. There are very many questions remaining unsettled
on this subject. Mr. Scott Russell pointed out, at the meeting of the
British Association, the error into which builders fall in constructing iron
vessels on the same plan as they do wooden vessels, with keel, ribs, and
planking, although the materials of the two do not at all resemble each
other. But although this error is evident, no one likes to be the first to
run the risk of comstructing a ship, or anything else of such magnitude,
upon a new principle ; and it must be regarded as showing great courage
on the part of Mr. Brunel and Mr. Scott Russell, that they have under-
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taken the building of so large a vessel as the Great Eastern® on an entirely
new plan, substituting cells for ribs, and dispensing with the keel. There
is much yet to be discovered in the art of building iron ships; and in this
locality, where iron shipbuilding is practised on so extensive a scale, we
look forward to the exertions of this society for the collection of important
results of experience.

With regard to boiler explosions, I think it is most important that, in
all cases of such accidents, the exact facts should be minutely recorded ;
and that is one of the duties that should be performed by this society.

I shall now pass to the consideration of the means which we use for the
purpose of performing work, and for effecting changes in the condition
and form of materials. The agent we chiefly use for that purpose is heat; and
the great agent for the production of heat is the combustion of coal; so that
economy of fuel is, perhaps, the most important subject coming before any
one studying practical mechanics. Numerous experiments are made upon
this subject every day, by almost every person using a furnace; but the
benefit of these experiments is lost to the profession for want of their being
recorded. I would suggest, therefore, that a register should be kept of the
consumption of fuel in the different furnaces of the city. The economy of
fuel is a subject that, forty years ago, attracted the attention of the Rev.
Dr. Robert Stirling, who invented an apparatus for saving heat, called
the “regenerator,” or ‘economiser.” This apparatus is intended to be
used when any fluid, whether liquid or gaseous, requires to have its tem-
perature alternately raised and lowered. The fluid is passed alternately
backwards and forwards through a grating or network of some solid con-
ducting substance, which alternately takes away from the fluid and gives
back to it a large proportion of the heat required to produce the alternate
changes of temperature. Heat which would otherwise be wasted is thus
stored up and saved, to be used over and over again. This apparatus,
though employed to a limited extent, has never been brought into general
use. But recently, Mr. Siemens devised an application of the same prin-
ciple to furnaces, which seems to have answered well ; and it is to be hoped
that the use of this principle may be farther developed. As another inven-
tion for the economy of fuel will be hrought before you in a paper to be
read this evening, it is unnecessary for me farther to advert to the matter.

The subject of economy of fuel leads us naturally to the consideration of
the steam-engine, and the economy of its power. All steam-engines now ex-
tensively used in practice, are, in fact, Watt's engines, more or less developed
and improved ; and it appears that, in some instances, an economy has now
been attained, such that the consuinption of coal is from 2 lbs. to 2} lbs.

* Since named the Leviathan.
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per hour per indicated horse-power. Theory shows that this is almost the
greatest economy Wwe can arrive at; and if we want to economise farther,
we must introduce some new principle, such as the use of superheated
steam, or heated air, which is analogous to superheated steam, inasmuch
as it can be worked at a high temperature without attaining a dangerous
pressure. The theory of this subject is now well understood; and the only
difficulty that exists is as to its convenient practical application.

The use of electro-magnetic engines is also a subject for consideration :
and to show that these are not mere matters of speculation, I may mention
that they are actually used in France for driving small and delicate
machinery, and are found to be well adapted for nice workmanship, where
great power is not required, as they are clean, easily managed, and cool.
But they are more expensive than steam-engines. To produce a given
total amount of energy, the electro-magnetic engine consumes thirty-two
pounds of zinc for every six pounds of coal that the steam-engine consumes;
but, from the better economy of power of which the electro-magmetic
engine is capable, it is possible that, for a given useful effect, the ratio of
consumption may be one pound of zinc for one pound of coal, which would
still leave a great excess of cost against the electro-magnetic engine. The
subject is, however, well worthy of attention. ’

With regard to railways, there are many questions yet to be decided ;
for instance, we do not at present possess a perfectly satisfactory permanent
way, and we require much more experience before we shall possess it. The
quality of rails used, too, is unsatisfactory, and requires improvement.
Another want in railways is the means of going up inclines as steep as
those on common roads, without the use of stationary or auxiliary engines,
and that is a thing which, I have no doubt, can be attained by perseverance
and careful study.

Improvements in canals are also proper for our consideration, such as
the form of boats causing the least resistance, and also the best mode of
traction along canals. At this late hour of the evening, Ishall only men-
tion docks, harbours, and sea-works in general; for the subject, if I went
into it, would lead me to occupy your time too long.

The electric telegraph is also a subject in which mechanical engineers
are concerned—at least with reference to the machinery required for the
submersion of submarine cables. It is evidently a problem, what is the
best machinery for that purpose.

Then there is sanitary engincering—drainage, cleansing, ventilation,
water supply—and the ventilation of mines. There is the arrangement for
the production and supply of gas; and on this subject I may say, that it
is desirable the matter should be studied with a view to discover some
mode of diminishing the cost of gas.

B
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The next subjeot upon which I shall touch is that of accurate workman-
-ship, one of the most important means of promoting economy in machinery,
for it is the means of diminishing friction, wear and tear, and breakage, and
tends to economise power, money, and materials. It is simply by accurate
workmanship that Mr. Whitworth has produced a rifle that will carry a
ball accurately a mile. This leads to the question of improvements in
tools, another most important matter, but so well appreciated in this great
mechanical city, that I need not do more than mention it.

Another point of great interest is the reform of the present system of
measures, especially those of length. The civil engineer uses the mile for
measuring a long distance, the ckain for a shorter distance, the yard for
earth or rubble, the foot for ashlar masonry, timber, and the larger dimen-
sions of iron structures; for scantlings of timber and iron, he uses the inch,
which is also the unit of the mechanical engineer, and this is divided into
eighths, sixteenths, and thirty-second parts. Now this complexity is most
inconvenient, and should be reformed; but the difficulty is to get people
to agree to a standard.

Legislation, too, as it affects engineering, is a subject of most impor-
tant moment for our consideration. The patent law, although now
greatly better than it was some years ago, still requires improvement,
as regards both the law itself and its administration; and that is a topic
that should be thoroughly discussed by an institution of engineers—of per-
sons who both hold patents of their own, and use those of others, and who
are therefore liable to be concerned very frequently with the patent law.
Another kind of legislation to which an institution of engineers should
turn its attention, is that concerning the public safety. If any laws of

the kind be provided, they should be such as shall not check the enter-
prise of engineers and mechanics, nor waste time, nor involve any greater
restraint or inconvenicnce than is absolutely necessary. And in order
that the legislature may be fully informed of the facts that should guide
them in framing laws on such matters, it is of the utmost importance that
those subjects should be publicly discussed by such institutions as ours.
I refer to this now, because I am sorry to observe a disposition on the
part of some very eminent persons, to recommend restrictions that I should
think very injudicious. For instance, at a recent meeting at Birmingham,
one of the most distinguished men in the world—Lord Brougham—sug-
gested that the speed of railway trains should be limited to twenty-five or
thirty miles an hour. Now, with proper care and good management, a
speed of seventy miles an hour can be made as safe as one of seventeen:
accidents do not arise from the degree of speed, but from bad con-
struction or mismanagement; and the putting of a restriction on the speed
is not, thercfore, the proper way to prevent them. Goed workmanship
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and good management are what are required, and not a diminution of
speed. To prevent a horse from running away, we should not tie his
legs, but put a good rider on his back.

Having thus far touched upon a fow of the subjects which it will be our
province to elucidate, I shall conclude. The matters I have brought under
your notice, are but a few of those which lie in the vast field that is before
us. The locality in which our Institution is established, is probably the
very best we could have selected, and on this point I cannot help repeating
to you the excellent observation that Sheriff Bell made at a public meet-
ing last year. He remarked that Glasgow combined in itself the advan-
tages of Manchester, Liverpool, Birmingham, and Newecastle, with some
peculiar advantages of its own; that it had the manufactures of Manchester,
the shipping of Liverpool, the hardware of Birmingham, and the coal of
Newecastle, along with its own advantages. In fact, considering the vast
extent and great perfection with which some branchesof practical mechanics
are here carried on, more especially in undertakings on a large scale, such
as iron shipbuilding, and steam-engine making, we may say that Glasgow
is the METROPOLIS OF MECHANIOS. If an institution of engineers is to
make good progress anywhere, it ought to bein Glasgow. I trust that, in
this respect, my most favourable anticipations will be before long fulfilled,
and that our Institution will prove of benefit to practice, to science, and to

the country.

On the motion of Mr. NEIL RoB8ON, seconded by Mr. JaMEs FERGUSON,
a cordial vote of thanks was passed to the President for his address..:

The following discussion then took place :—
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On Mr. WhitwortR's proposed System of Decimal Divisions of the Inck.

The PRESIDENT—Teferring to the observations which he had made, in
the course of his introductory address, on the acknowledged evils of the
existing system of measures of length—said, that propoeals for obviating
those evils were proper subjects for the Institution to discuss. Amongst
those proposals was that of Mr. Whitworth, to adopt a decimal division of
the inch for all purposes of mechanical engineering, instead of the binary
division now used. Mr. Whitworth proposed to adopt a system of gauges
and sizes, which should be certain exact numbers of thousandth parts of an
inch, instead of certain exact numbers of thirty-second parts, and to substi-
tute for the present numbers on the wire-gauge, which are of uncertain
meaning, and indicate different sizes in different localities, a series of num-
bers expressing the number of thousandth parts of an inch in the thickness
of the wire or other thing measured. Thus, No. 64 on Mr. Whitworth’s
wire-gauge would mean ‘064 inch (;§45ths), and would nearly agree with
the present No. 16 ; and the numbers on the new gauge would follow the
order of size, instead of the reverse order, as they now do. Mr. Whit-
worth’s proposal had been discussed at great length at the recent Man-
chester meeting of the Institution of Mechanical Engineers; and its essen-
tial principle had been adopted by that body to the extent expressed by
the following resolution :—

“This meeting pledges itself to the adoption of the decimal scale, the
inch being divided into a thousand parts.”

The President added, that he did not propose Mr. Whitworth’s system for
adoption by the present meeting, but as a matter worthy of consideration
and discussion.

Mr. Jorr Downis laid before the meeting a scale used by him in the execution of Go-
vernment orders, and in which the inch is divided into hundredths. He also exhibited, as a
practical application of the decimal system which had long obtained, a couple of gauges for
shot—one being what is termed high gauge, and measuring 4:117 inches; and the other
low gauge, measuring 4-088 inches. He remarked, that very great difficulty was found in
working to the ygypth, or even the y}4th of an inch; that these quantities were quite inap-
preciable by the present class of workmen, although he did not doubt that, in course of time
and with proper training, the accuracy of workmanship corresponding to them might be
attained.

In reply to a question from Mr. NriL RoBsox,

The PreEsipENT stated that, at the Manchester meeting, it was only with reference to
the inch that the decimal system of subdivision had been discussed.
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Mr. RoBsox thought it was somewhat premature to come to a determination on the sub-
Ject, especially as regarded larger measures than the inch. He would not, however, oppose
the passing a similar resolution to the Mancheter one as far as regards the inch, that being,
in his opinion, a step in the right direction, so far as it went.

Mr. WaLTeR NEIsoN thought that there was no difficulty in working to hundredths
or thoussudths of an inch, such as to affect the principle of decimal divisions, Where
minutely accurate workmanship is not required or attainable, the smaller divisions need not
beused. It was a question of mere name. If a size were expressed in thousandths of
an inch, a man could work as near the particular thousandth required as he could if it
were a sixteenth or an eighth, although his work when finished might be more than one-
thousandth of an inch from the truth in either case. The subject was undoubtedly one of
great importance. It caused an extraordinary excitement at the Manchester meeting of
engineers at which he was present; and it was then attempted to settle and fix upon the
adoption of Mr. Whitworth’s system without further consideration. He (Mr. Neilson) would
certainly object to adopt a decimal division of the inch. Our whole system of measurements
required reformation. Any partial plan would merely increase the confusion. No one could
for a moment deny the absurdity of the existing system of weights and measures of this
country, He did not believe a single person present could repeat from memory the entire
table of weights and measures. Our neighbours, the French, have long since adopted &
beautiful and complete system—one that can be taught to & person of ordinary intelligence
in a very few minutes, whilst its elements are so simple, that the whole will be easily
remembered during one's whole life. Now, if we in this country adopt a new decimal
system with the inch as unit, we shall copy the French as far as regards the principle, whilst
our actual measures will be quite different from theirs. Their system and measures have
now had a long trial, and are found to work very satisfactorily. Why, then, should we
not at once adopt their system and measures thus ready to our band, instead of wasting
time in discussing a new or different unit? Mr. Neilson was aware that it was a matter
of controversy, whether we or the French had adopted the best standard of linear measure-
ment; but he did not think the difference was of any practical importance, and he should
certainly advocate the adoption of the French system.

The PRESIDENT remarked, that those who spoke at the Manchester meeting, being me-
chanical engineers, discuseed the decimal system with the inch for its unit as being the most
convenient for them, and did not enter into the question as to what might be convenient for
others. .

Mr. D. MoRE said, he understood the Government contemplated before long taking into
consideration the reformation of the weights and measures of the country; and he thought
the Institution should send up a petition to Government in favour of a general decimal sys-
tem, and that the various scientific institutions in England should be invited to Join in such
a petition. He quite agreed with Mr. Neilson, that Mr. Whitworth's proposed system was
of too partial a natare.

After a few further remarks from various gentlemen, the discussion of the subject was
adjourned to a future meeting.

The following paper was then read :—
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On M. Beaufumé’s System of Heating Steam-Boiler and other Furnaces by
means of Gas produced by a Partial Conversion of the Coal. Compiled
from Documents communicated by the CouNr pk LA TAiLLE DES
EssARTs.

INsTEAD of burning coals in the furnaces of steam boilers in the ordinary
way, M. Beaufumé first converts them into gas, and then burns this gas
beneath the boilers. The ordinary coal gas or carburetted hydrogen pro-
duced by distillation in closed retorts, though well adapted for lighting
purposes, is too costly where great heating power is required. The gas
produced by M. Beaufumé, is a mixture of carbonic oxide and carbu-
retted hydrogen, and possesses great heating, but small lighting power.
He obtains the gas by partially burning and wholly distilling the coal in a
furnace or gasifier, into which the proper quantity of air is forced. This
air passes through an incandescent layer of the coals, and its oxygen com-
bines with the carbon to form carbonic acid gas, which passing upwards
through less heated layers of coal, assumes a second equivalent of carbon,
and becomes converted into carbonic oxide. It is a mixture of this
carbonic oxide with the distilled hydrocarbons of the coal which is con-
veyed to and burned in the furnace of the steam boiler, after being mixed
with the quantity of atmospheric air necessary for complete combustion,
which takes place without the production of smoke.

The inflammable gas is produced in what M. Beaufum¢ calls a gasifier.
This apparatus is represented in longitudinal and transverse vertical sec-
tion in figs. 1 and 2, Plate I, and consists of a furnace, A, very like a
locomotive fire-box in shape, and surrounded on all sides except beneath
the grate-bars, B, by a water space, ¢, which prevents loss of heat by
radiation, and in fact constitutes a small detached boiler raising a certain
amount of steam to be added to that of the main boiler. The furnace is
filled with fuel to a considerable height, say 20 to 28 inches, according
to the quality of the coal. The coal is introduced by two double-valved
passages, D, in the roof of the furnace. When the outer cover, E, of
either passage is opened, the valve, F, at the inner end is closed to prevent
the escape of gas. When the fuel is introduced into the passage, the outer
valve, E, is closed, and the inner one, F, opened, and the fuel falls into the
farnace, no more gas escaping from the furnace than the small quantity
filling the passage, 0. Instead of leaving the supply of air to the uncer-
tain action of a draught, the proper quantity is forced between the fire-
bars by a blowing-fan. The air enters the ashpit, G, by apertures, 5, on
opposite sides, whereby a uniform pressure is obtained without partial
cwrrents. When the apparatus is properly regulated, the top layers of
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coal remain in a black and comparatively cold condition, the layers near
the fire-bars alone becoming incandescent. Carbonic acid gas is produced
amongst the incandescent layers of fuel; but this gas passing up through
the comparatively cold layers, combines with additional carbon to form
carbonic oxide. This carbonic oxide, mixed with whatever gases are formed
from the bituminous constituents of the coal, passes off by an outlet, L,
near the top of the furnace, and is conveyed by the pipe, M, to the fur-
nace, N, of the steam boiler, 0. Certain simple but peculiar arrangements
are necessary in the boiler furnace for the efficient combustion of the
gases. The air to be mixed with the gases is supplied by means of the
same blowing-fan which supplies air to the gasifier, and is made to tra-
verse a circuitous passage, P, exposed to the waste radiant heat of the
furnace, so a8 to become heated. The inflammable gases issue from the
supply pipe, M, by a series of passages, R, arranged in a horizontal line at
short intervals apart, whilst the air issues by passages, 8, occupying the
intervals between the gas passages, . In fig. 1, the section is taken
through one of the air passages, whilst in fig. 2, the pipe, M, is sectioned
in such a way as to show the gas passages. ‘With thisarrangement the air
and gases become well mixed, and are burnt in a uniform and complete
manner. Several fire-brick arches or deflectors, T, are arranged in the
furnace to insure the complete inflammation of the gases, by receiving a
portion of the heat of the flames already formed, and communicating it to
the as yet uninflamed gases. These deflectors also serve to a certain
extent to protect the boiler surface from the too intense action of the flames.
The gases remaining after combustion pass through the flues, and escape
into the atmosphere, under the pressure due to the blowing-fan, no chimney
being required.

Amongst details not specially referred to in the preceding description,
are—

The air-ducts, 1, J, the former of which conveys air to the steam boiler
furnace, whilst the latter admits the supply for the gasifier into a passage,
K, beneath the ashpit, @, and communicating with the apertures, g, at
each end. A portion of the air-duct, 1, is seen in fig. 1, where a damper,
Q, is applied for the purpose of regulating the supply. From this point
the passage is carried along to the back-end of the boiler, near the bottom
surface of the furnace, and is shown returning at P, fig. 1; this circuitous
route being adopted to heat the air by the heat that would otherwise be
wasted. A pipe, U, is provided for the discharge of the products of com-
bustion on the fuel in the gasifier being first lighted. The gasifier boiler is
provided with safety valves, v, and the steam from it passes off by the pipe,
w, from which a branch, X, conveys a supply to the small donkey-engine
driving the air-fan, whilst another branch, v, communicates with the main
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boiler, 0. It is found advantageous to inject steam occasionally below the
furnace-bars, B, of the gasifier furnace, and this is done by means of the
pipe, z. Valved openings, a, are formed in the side of the gasifier for the
purpose of examining and stirring the fuel, and doors, b, are provided for
cleaning the furnace-bars and ashpits,

RESULTS OF EXPERIMENTS MADE AT CHERBOURG WITH
M. BEAUFUME'S HEATING APPARATUS.

B ‘é 4 Water Evaporated.
g -
3 Kind of
Date. gg Eég Fuel. During Per Per Ib. Observations.
F= g"g the Hour, of
- e ¢ Expmt. . Coal.
-3
Series No. 1. The Boiler of the Forge heated by the ordinary Furnace.
May {m . | Ibs. Lar Ibs. | Ibs. Ibs.
718 80| 970 ge 4620 | 543-5 | 4'865
8|8 81 1014;} Neweastlo| 4905 | 5619 | 4835
Series No. 2. The Bosler of the Forge heated by the Beaufumé Apparatus.
May
28 |8 45 903? Large 5640 | 6444 | 6-21
29 | 8 30 | 1058} |- | Newcastle| 7110 | 8365 | 671
308 80|1021°§ | Coal. 6621 | 7785 | 8-26
Beries No. 3. The Boiler of the Forge heated by the Beaufumé Apparatus.
June
2|8 80| 847 |[SmallCoal.] 6181 | 8756 | 724
4|8 30| 811y |Cardift | 6744 7918 [ 830
6|8 of 1 }fﬁ‘;:{};' 5518 | 6897 | 725
8eries No. 4. A Tubular Boiler heated by the Beaufumé Apparatus.
June
12|17 0] 1500 ) 12751 | 18216 | 9-085
15(5 15| 849 7353 | 1400-4 | 8-066
16 |7 15| 1235 12218 | 16762 | 9-820 Weather cold.
186 o|1oss '9788 | 16505 | 9345
6313 | 9-245
23 (5 o105yt |Neweastle] 9490 | 18840 | 8897
25|19 o] 2029 . 17719 | 1969-5 | 9-038 :
88 out of =§
26 |2 30| 476} 6921 | 1885-7 | 9-898 106 tubes {5 &
43'”7;&} 8§-
o out o
29 |3 45| 653 6923 | 1846-0 | 10-600 108 s B3
Ci .

An apparatus constructed on M. Beaufumé’s system was last year tried
by the French Government, at the Imperial Arsenal at Cherbourg,* and
the above table and notes are abstracted from a report of the experi-
ments then made, by MM. Guesnet, Admiralty Engineer, and Sochet,

® Permission has been obtained to erect M. Beaufumé’s apparatus at Woolwich dock-
yard, for the purpose of testing its capabilities.
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Director of Naval Construction. Four series of experiments were made,
the results of which are given in the table. The first three series of
experiments were made with the boiler of the establishment, called the
Northern Forge at Cherbourg.  This boiler was of 12 horses power, it had a
total heating surface of 1674 square feet, and its ordinary grate surface was
12} square feet. The gasifier supplied by M. Beaufumé had a grate sur-
face of 5} square feet, and a depth of fuel of 274 inches could be consumed
in it. The apparatus was 11} feet high, and occupied a space of 10 feet by
6} feet. The air-supplying fan was driven by a donkey-engine at the rate
of 1000 revolutions per minute, and the blast produced was equal to a
column of water 197 inches high.

The fourth series of experiments were made with one of four tubular
boilers, lying in the boiler-yard at Cherbourg, ready for the steamer
Antelope.

MM. Guesnet and Sochet conclude their report in the following
words :—

“From what has been said, it is obvious that M. Beaufumé’s heating
apparatus works with perfect regularity; is quite free from smoke; and
effects a great saving. The saving derived from it, as compared with the
ordinary system of heating, reached as much as 38 per cent. in our experi-
ments, and there is no doubt that the saving of ome-third may be
reckoned upon with certainty.

There are no difficulties in working the apparatus; it requires perhaps
a little extra care and attention, but not so much as to constitute a matter
for serious consideration.

It has the advantage, above all, of being able to use economically fuel
of a kind which can only be burnt in ordinary furnaces with great diffi-
culty, such as small coal.

It has the inconvenience of throwing a quantity of carbonic oxide into
the boiler-house, and although this is not of much importance on land, it
might be serious on board ship. This defect is less, the less frequently
the fuel is stirred up; and with Cardiff coals it scarcely exists, as they do
not require stirring up. We must also remark, that although M. Beau-
fumé's apparatus has reached a practicable state, it is still too recent an
invention to be incapable of improvement, and M. Beaufumé hopes, and
we believe it quite possible, to remove the defect in question altogether.

With this apparatus the getting up of steam at starting requires no
more time than with ordinary furnaces, when the boiler works every day;
but it is otherwise when the apparatus is cooled down, and no motive force
is at hand to drive the blowing-fan, hefore the gasifier is itself capable of
driving it. An extra half hour is, under these circumstances, always

required to get up steam in the boiler. This is doubtless a great incon-
c
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venience, but it would disappear if a small donkey-engine, with a small
boiler capable of getting up steam very rapidly, were employed specially to
set the apparatus agoing.

Finally, this apparatus takes up a little more room than is ordinarily
required.

‘We do not think that the inconveniences we have pointed out can be
compared with the advantages of regularity, freedom from smoke, and
great saving which it possesses, more particularly over all land boilers;
and we consider this new system of heating so decided an improvement
upon other systems, that it will be desirable to make some attempts to
introduce it for marine purposes also.

‘We must not conclude this report without mentioning, that the Beau-
fumé apparatus may be employed in the arsenal in other ways besides
heating steam boilers. It could probably be used with great advantage
in the farnaces of the forge, and it would be desirable to try it for this
purpose at Guérigny.”

The PrESIDENT gave the following additional particulars:—The experiments at Cher-
bourg were made under very unfavourable circumstances. The boiler used in the firat,
second, and third series of experiments was evidently a very bad one, as, with the ordinary
furnace, only 4-83 lbs. water were evaporated per 1b. of coal. In all the experiments the
water supplied to the boiler was cold; and as it is usual to reduce the results of experi-
ments of this kind to the results which would have been obtained if the boiler had been
supplied with water of a temperature of 212°, we must add 18 per cent. to the results ob-
tained in the first, second, and third series, and 16 per cent. to those obtained in the
fourth series of experiments. With this correction, the results obtained become in one case
9°8 1be., and in another 10+5 lbs., evaporated per Ib. of coal. The proprietors of the apparatus
obtained even better results in their own experiments, in which the water supplied was of a
temperature of about 100°. One of the best results obtained was equivalent to an evapora-
tion of nearly 12 Ibe. of water per Ib. of coal from a temperature of 212°,

Mr. WALTER MACFARLANE, being uuder the impression that the paper on Mr. Beau-
fumé’s apparatus had already been published in one or two scientific periodicals, expressed
his opinion that sufficient original talent might be found amongst the members of the Insti-
tution without having recourse to materials which were patent to the entire public, as
appeared to have been the case in the present instance.

The PRESIDENT explained that the report of the experiments at Cherbourg had been
translated into English, and printed for private circulation only; and that one or two
copies had been given to the editors of the periodicals referred to, after it had been
arranged to bring the matter before the present meeting. Nothing, however, but the report
or portions of it bad as yet been published, whilst the abstract from the report formed only
a portion of the paper just read, that paper containing, in addition, a full description and
drawing of the apparatus, and various important particulars—in fact, the more valuable
portious of the paper had not been published.

Mr. Wn.LiaM DARLING said, that a great portion of the heat derivable from the fuel was
already given out during the formation of carbonic oxide, and that the combustion of this
gas could only yield a small additional quantity of heat corresponding to its conversion into
carbonic acid. The furnace was a variety of the many schemes for admitting air behind
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the fire-bars, a mode which failed in practice, as evinced by the large quantities of carbonic
oxide poured forth from our chimneys every day. He thought M. Beaufumé’s system
too roundabout.

Mr. J. G. LAwRIE thought the Beaufumé apparatus a mere modification of the innumer-
able smoke-burning furnaces already in existence. Its chief point seemed to be a proper
regulation of the supply of air, although this regulation might not be effected in the same
way as in other arrangements. The whole secret of smoke-burning lay in proportioning the
supply of air to the actual requirements of the fuel, If theve was too little air, there was
smoke; and with too much air, there was waste of fuel,

Mr. Jorx ELDER thought the evaporation of 10 lbe. of water per lb. of coal was too
strong a fact to leave room for a theoretical discussion on the action of the gases and the
burning of the smoke. Such a result was much beyond his experience; and if the fact of
its being obtained could be established, the value of the system could not be disputed.

The PRESIDENT remarked, that the results mentioned rested on the authority of the
French engineers appointed by Government.

Mr. ELDER thought that the burning of 40 lbs. of coal per square foot of grate might
be due to the blast.

The PRESIDENT said that the burning of so much coal per square foos was owing to the
fact, that a partial combustion only took place in the gasifier.

Mr. G. HARVEY remarked, that the heat given out on the formation of the carbonic
oxide was not loet, the gasifier being surrounded by a water-space which utilised it.

Mr. D. MoRE remarked, that, however good the results obtained might be, we must think
of the stokers. The escape of the gas into the boiler-honse was a great objection ; and, unless
that could be done away with, the apparatus could not be used. He thought that if the
coals were thoronghly consumed, and reduced to ashes in a common furnace, as much heat
would be got as by the roundabout plan of first making gas of tham,anddwnburningthe
gas. No more heat could be got out of the coal than was in it.

Mr. J. ELDER had generally observed that the greater the heat of thefnmaoethsbetm
was the result obtained; and he thought that the good results in the present case might
arise from the very great heat in the furnace.

The PRESIDENT remarked, that the gasifier furnace was surrounded by water to keep
down the heat, as the inflammable gases could not be produced in the manner wanted were
the heat of the gasifier to become too great. The furnace of the main boiler was fitted with
fire-brick arches to distribute the heat amongst the gases, and to render the combustion
complete.

Mr. D. Mozn said, that however interesting patent smoke-barning schemes appeared to
be theoretically, he had generally found the promised saving of fuel to end in smoke. He
was disinclined to believe French experiments and figures, having more faith in English ones,

Mr. TAIT said, he should receive the particulars and alleged results of such experiments
with much doubt and hesitation, and from what he knew of similar experiments, he believed
that the economy of fuel consequent on the peculiar arrangement of this furnace, would be
found when worked with ordinary care, and under ordinary circumstances, to be somewhere
about half that reported. It was possible, however, that its economy might be on a par
with that of furnaces of ordinary construction.

The PrEsIDENT mentioned that an apparatus on Mr. Beaufumé’s system was shortly to
be erected near Glasgow to heat four reverberatory furnaces; and when it was in action, the
members of the Institution would have an opportanity of ascertaining the results for them-
selves. He moved a vote of thanks to the Count de la Taille des Essarts, by whom the
paper had been communicated. This vote was seconded by Mr. RoBsoN, and passed.
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Tre SEcoND MEETING of the Session was held in the Philosophical So-
ciety’s Hall, on Wednesday, 25th November, 1857. The PRESIDENT
occupied the chair during a portion of the proceedings, after which it
was taken by WALTER NEiwsoN, Esq., of Hyde Park Foundry, Vice-
President.

The following paper was read :—

On Blowing-Fans. By MR. JoHN DowNIE.

About ten years ago the writer had his attention drawn to the subject
of fan-blowing, in consequence of the great absorption of power by two
4-feet fans of the ordinary eccentric construction, applied to the blowing
of foundry cupola furnaces at the works with which he was then connected ;
and with the view of endeavouring to economize that power, a series of
experiments were then begun, which have since led him to adopt a totally
different form of wind-case and rotating propeller. Figs. 1 and 2, Plate
11, are vertical sections of the apparatus, and a working specimen of a
8-feet drum or propeller is exhibited, which last will give a much better
idea to practical men of the general construction employed.

The first alteration from the old stereotyped form), was suggested by the
fact, that in nearly all fans of the ordinary construction, a considerable
outward current, or ‘ blowing-out " of the air, takes place at the ear open-
ing—generally in the directions indicated by the arrows at A in fig. 83—
whilst the air rushes in at the lower portion of the opening, as shown by
the arrows at B.

Conceiving that if this counter-current (through which the propelling
blades or paddles had to be driven) were removed, a considerable saving
in power and gain in effect might reasonably be looked for, the first altera-
tions that were made went solely to remedy that defect. This was done
by bringing the circumferential sheet-iron of the case down to the vertical
centre line, a piece, of the forn indicated by the dotted lines, being intro-
duced in the common fan, so as to do away with the blunt point, ¢, and
presenting instead a knife-edge, as it were, at the point of delivery. This
simple expedient had an extraordinary effect in reducing the *“blowing-
out” qualities of the fan under experiment, although the fan'still adhered
to a little of its old practice.
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Is, however, gave sufficient indication of being a move in the right
direction, by saving power and gaining effect, to induce the writer to design
a new fan, to blow in two opposite directions at the same time, and to do
the work of the two fans already referred to. This gave an opportunity
for going into the question of the general proportions of the parts of such.
a machine. The first thing that strikes one as peculiar in a 4-feet fan of
the usual proportions, is the large allowance of ear opening (generally half
the diameter of the blades), compared with the area of the discharge aper-
ture(usually about 12 inches square in such a fan); and the inquiry naturally
arises, why an area of more than 900 square inches should be allowed in
the ear openings, to supply a discharge of about 144 square inches? Again,
the large ear openings necessarily induce a shallow case, and admit of only
a very short blade or paddle, so that the inward current of air is met by
the heels of the blades running at a very high velocity, and it does not,
nor can it, impinge on these without considerable resistance. The blunt
point, too, at c, fig. 8, i3 not much in favour of speedy egress afier the air
has attained the velocity of the blades. In fact, it cannot be expected,
that air, brought gradually to a high velocity by circular motion, will,
without resistance, leave at a tangent the circle in which its motion has
been generated; and it is this resistance which causes and explains the
counter-current, or ‘ blowing-out” at the ear openings, and the conse-
quent loss of effect and absorption of driving power.

The writer, following out these ideas, constructed the double eccentric
4-feet fan-blower, shown in section in figs. 4 and 5. In this blower the ear
openings are of only one-third the diameter of the blades, and have an area
of about 400 square inches. The points of discharge or deflection, b, are
carried round about 45° past the vertical centre line of the fan, and the
discharge aperture is increased to 36 X 12 inches, or to an area of about
430 square inches, so as to be a little in excess of the inlet area, and thus
secure free egress to the air, which, being driven off in the circle in
which it is set in motion simultaneously at the opposite knife-edge points,
D, is then gradually brought to the straight line of the conduit pipe.
The rotating propeller was similar in form to those used in the two super-
seded fans, the only difference in construction being the substitution of a
wrought-iron centre disc, to which the blades were riveted, instead of
the usual cast-iron centre. It may here be observed, that the same
driving pulleys and gearing were used in both cases. The distance the
air had to travel before discharging into the cupola furnace, was about
100 feet, and the indicated pressures were all taken at the tuyere pipe
at that distance from the fan. The power absorbed was ascertained by a
dynamometer brake, and the pressure of the air by a siphon tube filled
with water in the usual way.
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The following experimental data and results exhibit the effest obtained
by altering the form of the fan-chest or wind-case.

Velocity of
Revolutions Pressure
blade tipe in Power
Kind of Fan. Diameter. in Inches
Ill:l:.u. l;“l t P | of Water. Expended.

No. 1, Common, .......... 4 feet 1500 812+ 73 16 B.P.
No. 2, Common, .......... 4 feet 1200 250 5 12 n.p.
No. 8, Doubleeccentric, .

('F' 6 & T)ueerrs 4 feet 1500 8126 10 14 n.p.

Fans, Nos. 1 and 2 thus absorbed altogether 28 m. p., these results being
obtained whilst the fans were blowing into the tuyeres, the area of which
" was about 100 square inches.

The results noted for fan, No. 8, were obtained when discharging air
both ways, whilst on the blast being concentrated to one set of furnaces (the
velocity remaining the same), the pressure was equal to 12} inches water,
about 94 H.P. being expended. The tuyere area of the cupolas was
enlarged fully 50 per cent., or to about 160 square inches, when the new
fan was started, the results consequently showing a greater proportionate
advantage arising from the alterations. )

Other fans were constructed on the same plan, with similar results, but
with no modification in their construction, save that the wind-case formed
a separate part, and side cheeks were bolted on, of the full diameter of the
blades ; so that in case of accident, or for repair, they might be taken off, and
the propeller removed from the case, without taking the whole machine
to pieces. This arrangement has frequently been found of much impor-
tance in the writer’s practice, as fans so constructed have been taken apart
for trifling repair and put together again in little more than half an
hour, thus saving great trouble with furnaces and much valuable time, a
consideration of no mean importance to the ironfounder.

‘We now come to the modified form of propeller represented in figs. 1
and 2. Hitherto the form of wind-case was nearly all the writer had
attempted to alter, but, about five years ago, a new feature presented itself
in the requirements of two large cupola furnaces, which were connected to
a chimney 200 feet high, by a flue near their tops, and consequently
necessitated a very great increase in quantity and alsoin density of blast.
On looking around for something to supply this want, and on comparing
notes, the writer found that the fan with improved wind-case (which has
just been described), gave as good results for the same expenditure of
power as any of the ordinary fan-blowers then in use, and he set about
designing a propeller of the form exhibited and represented in figs. 1 and
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2. This fan or air-propeller is made with curved thoroughfares diverging
from points near the centre to the periphery of the drum, the whole being
closed at the sides, and also between the outer ends of the thoroughfares
round the circumference.

The objects the writer bad in view in adopting this construction were—

1st. To prevent the air in front of the blades from getting over their
side edges and ends, to react inside the wind-case.

2nd. To prevent the air driven off at the points of discharge from
getting back again, and to thus compel it to go right ahead.

8rd. To cause the air driven off in the circle in which it is set in
motion (as already described) to leave the case with the minimum resist-
ance, and thus produce a better effect.

The results obtained on trial exceeded the writer's expectations, and they
forcibly indicate that the propulsion of a forced current of air is a matter
as yet little understood by mechanical men, and that a large field for in-
vestigation is still open to all who choose to give the subject their attention.
To ironfounders, particularly, the per-centage of saving obtainable in time
and fuel is enormous, and will in a few months’ time well repay the expense
of a properly-constructed machine.

The following tabular statement gives the results obtained by the fan,
combining the various improvements.

locity of | press:
Kind of Fan. Revol\lrtlone Bvlf"";c:ily"oi"‘ in Inches | FOver Area of Tuyere
Miate. | Feetver |of Water.| EXP ®
Second.

80 inch Fan,............ 1100 1626 8 abt. 5 H.P. 150 &q. in.
86 inch Fan,...ccoveeees 1200 188 11 “ 8 m.P 500 «
Do.  .ivveerennes 1500 2856 15 “ 10 B.p. 500 ¢
60 inch Fan,............ 1000 218 15 ¢“ 12 m.p. 500 ¢
Do.  ciceecrenene 1200 260 18% % 15 B, 500 ¢

These are the results obtained with the fans in use at the North Woodside
Iron Works, where they may be seen at work during melting time by any
one desirous of examining them.

The writer some months ago supplied a 50-inch fan to the Anderston
Foundry Company for their large 10-feet cupola furnaces, but as their
steam-engine was already burdened, they could not spare the power
necessary to drive it efficiently. It was taken out after trial, and their old
one, a very excellent specimen of the common construction, 42-inch dia-
meter, again put in. During the time the new one was in use, the results
were noted by Mr. MTlwham, the manager, who has very kindly fur-
nished the following details:—
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“The old 42-inch fan running at 1814 revolutions per minute, the velo-
city of the blade tips being 240 feet per second, gave 10 inches of water,
when blowing into tuyeres with an area of about 450 square inches.

The new 50-inch fan running at 1054 revolutions per minute, the velo-
city of the blade tips being 280 feet per second, gave 14 inches of water,
when blowing into the same tuyeres.”

The conclusions to be drawn from the experiments described are, that
with a given proportion of driving power, a considerable increase in effect,
both as regards pressure and quantity of air discharged, may be obtained,
by a suitable adaptation of parts in the fan-blower; and no doubt many
improvements remain to be made in this much-neglected, though most
valuable assistant in the daily enlarging operations of the engineer and
ironfounder.

At this stage of the proceedings the President vacated the chair, which
was taken by Walter Neilson, Esq.

The discussion of Mr. Downie's paper was deferred until after the fol-
lowing paper was read :—
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On a Blowing-Fan. By W. J. MacQUORN RANKINE, LL.D.

To reduce to the smallest possible amount the waste of power in a
blowing-fan, the changes in the velocity and direction of motion of the
air ought to be made as gradually as possible.

The velocity of the air required in the discharge pipe is in general
considerably less than that of the air in contact with the tips of the fan-
blades. In order that this diminution of speed may take place by degrees,
and may give rise to increased pressure instead of merely wasting power
in eddies, friotion, and noise, there should be a certain clear space all
round the fan, in which the air, after leaving the fan-blades, may perform
a certain number of revolutions before being discharged. The advantage
of such a space appears to have been known by practical experience to
Mr. Appold some years ago. Mr. James Thomson was the first to point
out the theoretical reason for it.

In the experimental fan, made by Mr. J. R. Napier and the author of this
paper, the mean radius of the case is to the radius of the fan, as the velocity
of the tips of the blades is to the velocity of the air in the discharge pipe;
that being the proportion indicated by theory as the best.

Besides the change of velocity which the air undergoes in passing from
the fan to the discharge pipe, there is the previous change, both in velocity
and direction of motion, when the air receives its whirling motion from
the fan; and this also ought to be performed as gradually as possible. . In
the experimental fan referred to, the blades are made of the curved form
shown in fig.-6, Plate II., so that their inner edges cleave the air without
striking it. The air, in passing outwards along the blades, gradually re-
ceives from them a more and more rapid whirling motion, until at the
outer edges, where the blades are in the direction of radii, the velocity
of the air is the same with that of the blades.

The fan works with no noise, except a slight fluttering sound, inaudible
beyond a few yards. The absence of noise is a sign of economy of power.

The proportion of the power wasted during the changes in the motion of
the air, may be estimated by comparing the pressure which would be pro-
duced in the discharge pipe if there were no waste of power, as computed
theoretically, with the actual pressure as ascertained by experiment.

The theoretical pressure depends on the figure of the blades, and the
ratio of the diameter of the fan to that of the case, and is determined by a
mathematical equation, which will be found in an appendix to this paper.
It is sufficient to state here, that the theoretical pressure at the outlet of
a fan formed and proportioned like that now described, is that due to the

D
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weight of a column of air of one and three quarter times the height from
which a body must fall to acquire the velocity of the tips of the blades.

In the experiment made, the number of turns per minute was 1000.

The circumference of the fan is 11 feet.

Hence the velocity of the tips of the blades was 188 feet per second.

The height due to that velocity is 520 feet; and one and three quarter
times that height is 910 feet.

It is usual to measure and state the pressures produced by blowing
machines in inches of water. For the purposes of this calculation, it is
sufficiently accurate to take air as having one-eight-hundredth part of the
specific gravity of water.

Then 910 feet of air = $}8 == 1-14 feet of water = 137 inches of water,
which is the theoretical pressure at the commencement of the discharge pipe.

The pressure was ascertained by experiment at a part of the discharge
Pipe, between 40 and 50 feet from the fan; the pipe was about one foot
square, and the loss of pressure in overcoming the friction in it, must
have been at least two inches of water.

Hence we have—

Inches of Water.
Theoretical pressure at outlet of case, a8 above, .......ccceonmsecevesnsenns 187
Less friction in discharge pipe,...ccie.ceus covrecrerireerracinneressneinaes 2-0
Theoretical pressure at the part of the pipe experimented on, ........... 117
Actual pressure,......... seseeancssssnasessesnsanasasasosen sessesesnesenseassasens 110
Leaving pressure wasted in the moving of the air by the fan, ........... *7 inch;
or one-nineteenth part only of the theoretical pressure at the outlet of

the fan-case.

More experimental fans are now being made, and the results produced
by them will be communicated to the Institution.

Dimensions of Fan.

Diameter of each ear,
Do. of fan,........
Least radius of case, ......
Greatest, .....cooeeirnrcenncensoracss eesesrrenssrasarssensas 48
Breadth, .....ccciurvnennnnns eeereeerecstoiaraeanenrtaneas 12

. The following is the formula to calculate the theoretical pressure at the
outlet of the fan-case.
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Let V = velocity of tips of blades, in feet per second ; v = velocity of
air discharged at the outlet of the case, in feet per second ; then theo-
2_V_£4_;_v’ ; finally, the theoretical pres-
sure in feet of air X gy — theoretical pressure in inches of water,
nearly.

The difference between this and the actual pressure, shows the loss by
friction and agitation of the air.

retical pressure in feet of air =

The following discussion took place on the subject of the two preceding
papers:i—

Dr. RANKINE further explained the principles on which his fan was constructed, and parti-
cularly the necessity of leaving a sufficient space round the tips of the fan-blades for the air to
make one or two revolations, and become rednced in velocity before leaving the case. He
said it was to be regretted, that the power expended in the experiments could not be ascer-
tained, from the imposeibility of applying a dynmamometer to the shaft, which drove other
machinery besides the fan. In the portion of the air-pipe between the fan and the point at
which the pressure was tested, there were several abrupt angles, making the conrse of the
air very irregular, and 2} inches would probably more nearly represent the loss of pressure
sustained, than the 2 inches mentioned in the paper; bat it was thought better to err on the
safe side. The result obtained was therefore very good, as, notwithstanding the smallness
of the deductios made for resistance in the pipe, it showed that not more than the power
corresponding to & inch of preasure was lost or misapplied in moving the air. He intended
making farther experiments in which he should not adhere exactly to the form shown. He
‘would communicate the result of those experiments to the Institution.

The CHATRMAN (Walter Neilson, Esq.) remarked, that the subject before the meeting was
one of great importance. Blowing-fans were of late years much more generally nsed than
formerly. He had no doubt many present could remember the time when there were only
one or two in all Glasgow, whilst there would now be hundreds. Not only smiths’ forges,
bat large cupolas used to be blown by bellows. Many would agree with him that a large
amount of coals or H. P, was daily wasted in Glasgow in driving improperly-constructed fans.
It was undoubtedly a question of great practical bearing, and the Institution would be doing
its duty in requesting Dr. Rankine to follow up the application of his theoretical principles.
‘Whilst we had the theory from Dr. Rankine, we had, on the other hand, Mr. Downie's
practical results. There seemed to be a little difference of principle in the two arrange-
ments; Mr. Downie’s fan expelled all the air as it was admitted, whilst the other fan
expelled only a portion.

" Dr. RANKINE said, he had not come forward with theory merely, but with practice; be
had given the performance of an actual fan. The theory had been understood many years
8go; but the subject of air in motion was at present so obscure, that he wounld be a bold
man who should publish an untried theory about it. He had said nothing about the fan,
until he had actnally seen it working, It was not quantity, but pressure which was required
from this fan. The tips of the fan-blades moved at the rate of 183 feet per second, which
was much faster than the rate at which the air was required to move along the pipe, and
#t was proper to let the velocity gradually subside, before the air left the case. In the fan
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he had tried, the air would perform about two revolutions in the space outside the blade tips
before leaving the case. All the air entering the cases goes onward, and none reissues at
the eye. He thought there was more resembiance between his and Mr. Downie's fan, than
was at first apparent. Mr. Downie’s fan was constructed on good principles, and he liked it
much. The practical results Mr. Downie had obtained, were certainly very good.

Mr. J, R. NAPIER said, there was a remarkable circumstance connected with Dr.
Rankine’s fan, which was erected at the works with which he was connected. Dr. Rankine
said it ought to produce 12 inches of pressure, and they got 11} inches, The theory was,
therefore, not far off the mark in this case. He thought the absence of noise was a direct
proof of economy of power.

Mr. JamEs RussELL inquired on what grounds the abeence of noise was considered to
indicate economy of power? They had an ordinary paddle-fan some time since, which made
a terrific noise ; when, however, the blades were fixed to a central disc instead of the common
arrangement of arms, there was almost no noise at all; but there was no apparent diminution
in the power expended. If the baving little noise was a criterion, it would be easy to
ascertain which was the best fan.

Dr. RARKINE said, that of two similar fans, the quieter one would certainly be the more
economical. The degree of noise was by no means the sole criterion, but the presence of
noise was an indication of vibratory motion, which must have had power spent on its pro-
duction, and it would be better to save this power than make the noise.

Mr. Davip RowaN inquired the reason of the peculiarity in Dr. Rankine's fan of giving
the air just two turns in the case. Would not more power be consumed by conveying the air
over a longer course, and could not the velocity be reduced otherwise? Would not a diffi-
culty be experienced in arriving at the conclusion that the air did make two turns, seeing
there was no division in the case to separate the currents? If two turns in the case did
the air good, why not give it four or five turns ? He thought that in the fan shown in the
diagram (fig. 6), the air would be too violently acted upon in consequence of the smallness
of the blades.

Dr. RANKINE said, there was no particular virtue in two turns; but it happened to be what
was required according to theory, in the particular case for which the fan was designed.
There was in every case a certain proportion of the parts which would leave just sufficient
space to rednce the velocity of the air to what was wanted. If the air made three turns
instead of two, its velocity would be still more reduced. The rule was simply to the effect,
that if the velocity was to be reduced one-half, the outside diameter of the case should be
doable that of the blade tips. Partitions were not put in the case to separate the succeasive
turns of the current of air, as it was better to avoid the increased friction that they would
cause. No doubt a slight loss of power was caused by the increased length of course, but
this loss was to be put against the loss that would accompany a too sudden change in the
velocity of the air. There was undoubtedly less loss with a gradual change in the velocity.
The matter rested only in part on reasoning, seeing the experimental results that had been
obtained. Other experiments were to be made, and he did not think they had as yet by
any means reached the best forms and proportions.

Mr. DowNIE remarked, that if the diameter of Dr. Rankine's fan was increased, it would
give a longer and a better form of Llade. In his opinion, the sooner the air was discharged
the better, as it would get rid of friction inside the case. As regarded the loss of pressure
caused by the friction of the air along the pipe, he had found in actual experiment, that at
100 feet distance the loss was equivalent to 2} to 22 inches of water. For every rectangular
bend in the pipe, there was about 5 per cent. of pressure lost. The quantity of air discharged
was a point of great importatice with reference to the power expended. He had found that the
same power supplied a much greater quantity of air under a given pressure, when the dis-
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charge took place from two points of the fan, than with the common arrangement. His im-
proved fan gave a much higher result for the velocity of the tips of the fan-blades, than
most other fans. Mr. Schiele had seen a 80-inch fan of his running at 1200 revolutions
per minute, and giving 8% inches of pressure, whilst blowing into tuyeres 150 square inches
in area; when he stated that a fan of the same diameter on his own principle would require
to run at the rate of about 3000 revolutions per minute, and would not even then produce
s0 great a pressnre with the same area of discharge.

Mr. WiLLiax Howis remarked, that a great deal depended on a’proper arrangement of the
pipe conveying the blast. By rounding what had been angles in a blast pipe, and extending
the tuyeres, he had some years ago very much improved the action of a cupola. In com-
paring the result of different fans, it would be necessary to ascertain if any of the differences
weze caused by the arrangement of the pipes.

Dr. RANKINE said, it wonld be useful to place some sort of instrument in the pipe to
register the velocity of the air, so as to afford a means of comparing results.

Mr. DowNIE said, the velocity of the air depended in a great measure on the size of the
discharge aperture ; if this were enlarged, the velocity would be increased. If the outlet
'were too small, a portion of the air would have a tendency to come back through the ear.

Mr. Isaac WaiTESMITH thought the form of the blade hed not been sufficiently dis-
cussed. In the ordinary fan, the blade was convex on the leading side, and the blade
imparted the greatest velocity at the ear, and caused the pressure to increase as the air moved
outwards. Such a form might be given that the air would be gradually taken up at the
ear, and have its velocity as gradually reduced towards the periphery.

Dr. BANKINE 8aid, the velocity in an outward or radial direction was certainly greatest
at the ear, but the circular or whirling motion increased as the air moved outwards from the
ear to the blade tips, and it was desirable to change this as gradually as possible.

Mr. THoMAS BROWN said, that the blade in Mr. Downie's fan being concave on the
leading side, would have a tendency to hook in the air. He should certainly turn the
curve the other way, as it was an object to throw off the air as soon as poesible. He (Mr.
Brown) bad made fans which discharged the air at two opposite points, and had found it
a good plan. He thought the ear opening in Mr. Downie's fan was too small.

Mr. DowniE said, that a convex blade tended to batter the sides of the case, and appealed
to the practical results that had been obtained with his fan.

Mr. WiLLiam JOHNSTONE, considering thet the subject was one of great practical
importance, proposed that a small committee should be named to investigate, and report
upon it.

Dr. Ranx1xz seconded this proposal, which was unanimously approved of.

After some discussion, Messrs. John Elder, Isaac Whitesmith, Wm. Tait, and W. 8. Dixon
were named for the committee, but a final arrangement was postponed until a future
general meeting,

The thauks of the meeting were passed for the papers communicated by Mr. Jobn Downie
and Dr. Rankine,

A portion of the following paper was then read :—
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Description of a Steam Pumping-Engine now being constructed for the Glasgow
Water Commissioners, at their Reservoir in Drygate Street. By Mz. D.
MACKAIN.

This engine is represented in side elevation in fig. 1, Plate IIL., and in
plan in fig. 2, the pump being shown in section in the plan. The engine
consists of a horizontal cylinder of 25 inches diameter, with a stroke of 4
feet, and is provided with a fly-wheel. It works two horizontal pumps of
14 inches diameter, with a stroke of 4 feet, and by means of two ram
plungers.

This engine is being constructed from the designs of the writer, and is
nearly a counterpart of another engine which has been in use for some
years at the same place; the differcnce being that in the case of the
earlier engine, the two pumps were closely connected, having only a plate
with a stuffing-box between them; whilst in the engine now being made,
there is a space of about 84 feet between the pumps, permitting each to
be more easily inspected and repaired.

The inducements for constructing the engine in this form are—Ist,
The lessened cost of building the engine-house, nothing beyond a founda-
tion being required. The side walls are merely for shelter from the
weather, and are in no way connected with the engine. 2nd, The con-
struction of the engine, requiring no heavy weights to be raised when
the ordinary repairs of pumping-engines have to be made, which, at a
station, where there is no staff of men beyond the engineman and fire-
man, is found to be important.

One of the upper clacks is represented in vertical section in fig. 1,
Plate IV., and in plan in fig. 2. It is of brass, and consists of an annular
ring, working on a spindle in the centre. With this construction, the
water passes through the centre of the valve when it is raised, as well as
round the sides. The extreme diameter is 15§ inches, that of the central
space being 6 inches.

The lower clacks are of the usual butterﬂy-valve shape, of leather
strengthened with iron plates. A valve of this kind, in use in the
engine at Dalmarnock, is represented in vertical section in fig. 8, Plate
Iv.

The valve seats, or cases, are all bulged out round the sides at A, so as
to permit the free passage of the water past the valves when the latter are
raised.

The piston-rod of the steam-engine passes through both ends of the
cylinder, being connected to the fly-wheel on one side, and to the pump
plungers on the other side. The plungers slide in brass collars in the
pumps, and are connccted by pump-rods which pass through stuffing-
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boxes, so that every precaution has been taken to prevent the sa.ggmg"
to which horizontal engines are liable.

The water pumped by the engine in use, is the surplus, beyond the
wants of that part of the city termed the low-service district, which the
main engines at Dalmarnock raise from the filters on the banks of the
Clyde.

This surplus escapes by two overflow pipes, at the height of about 100
feet above high water of neap tides, and it is collected in a reservoir of
masonry.

The average level of the water in this reservoir is from 5 to 6 feet
below the overflows. From this level, the engine at Drygate raises the
water to the further height of from 180 to 200 feet above the reservoir,
or to a total height of from 270 to 800 feet above low water. The points
of delivery of the water are not of these heights, but it is necessary to
force the water under the pressure corresponding to them, in order to
overcome the friction in the distribution pipes.

Th eengine already in use began to work permanently in August, 1855 ;
and, with little intermission, it has continued to work since that time for
seven days per week, and about twenty-three hours per day.

Only one of the lower clacks has as yet been changed, as worn out.
The two upper valves have been removed, the injury to them having
proceeded from defects in the brass of the lids, or valves.

The districts of the city which this engine supplies with water, are :—

St. Rollox, and Garngad Road.

The Rottenrow, and houses on the high ground near it.
The upper floors of Blythswood Hill.

Garnet Hill.

Hillhead, and the Great Western Road.
Woodside Crescents, and the New West-End Park.

The rapid increase of the population in these important districts, has
rendered the construction of an additional engine necessary,

Mr. MACKAIN said the engines described had been adopted on account of their simple
construction. They required very little repair and their expense was much less than that
of ordinary pumping-engines. He thought the smallness of the wear was attributable to
the employment of a fly-wheel, by which the working of the valves was better regulated.
It was well known that in pumping-engines without fly-wheels the valves experienced severe
shocks from the steam. In answer to an inquiry Mr. Mackain said, that the pressure on the
pump-valves was about 80 1bs. to the inch; that the engine worked at the rate of 25 revo-
lutions per minute; that the pump raised 1200 gallons of water per minute 200 feet high ;
and that the engine cost £1200.
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Mr. WarTer Nznsox ssid, he had seen the earlier of the two engines described, at work.
It was exccedingly simple, compact, and cheap. He thought, however, that a short stroke
for pumping-engines was entirely wrong. The longer the stroke was the better. His firm
had recently made pumping-engines with strokes of eight to ten and even twelve feet, for six-
teen to eighteen inch pumps, and he should recommend a stroke of twenty feet where it was
attainable. The great aim in constructing pumping-engines, was to reduce the shocks
occurring at each reversal of the motion of the parts. In an engine with a five-feet stroke,
this reversal occurs three times as often as in an engine with a fifteen-fest stroke, the same
quantity of water being lifted in both cases. He would recommend any future pumping-
engine like Mr. Mackain's, to be made with a sixteen-feet instead of a four-feet stroke, and
he did not think the cost would exceed half as much again as the engine described, whilst
it would stand much better. The fly-wheel performed an important duty; it caused the
motion of the plunger to gradually increase to a maximum at the centre, and then as
gradually decrease towards the end of the stroke. In the common Cornish pemping-
engines, on the other hand, the steam lifled a dead weight throughout the stroke, and then
let it suddenly fall. At the same time, the shock was found to be very little in the Cornish
engine ; but this class of engine was not so suitable for supplying water to towns as for
mining operations.

Mr. MACEAIN quite agreed with Mr. Neflson as to the preference to be given to long-
stroked over short-stroked pumping-engines; but the engines he had described were merely
for a temporary purpose, and looking forward to their being superseded by works of a mare
permanent character, he had, as much as posaible, studied economy in the construction and
working of the present engines.

Mr. WALTER NErLsox said, he ought to have mentioned that he was aware the present
engines were auxiliary engines, and merely temporary. As such, they were the cheapest,
and did the greatest amount of work that could be obtained for the outlay.

The PresIDENT remarked that the different principles upon which pumping-engines were
constructed, formed a very important subject for discussion by the Institution. The engine
described by Mr. Mackain appeared to be the best that could bave been adopted, consider-
ing the special circumstances of the case. He had seen the earlier Drygate engine, and
could speak highly of it.

The discussion of this subject was continued at the next meeting, as will be found
reported at page 84.
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Tae TriRD MEETING of the Session was held in the Philosophical
Society’s Hall, on Wednesday, 28d December, 1857, the PRESIDENT in
the chair. .

Mr. D. MACKAIN gave some particulars of Pumping-Engine Valves, in
completion of his paper read at the previous Meeting. These particulars
are incorporated in the paper as given at page 30.

The following paper was then read :—

On a Pumping-Engine Valre—By MR. WALTER NEILSON,
(of Hyde Park Foundry.)

The accompanying drawing, fig. 4, Plate IV,, is a section of valve-
boxes and valves, as made by the writer, for plunger pumps.

The suction opening is marked 8; the discharge, p; and the opening
to the pump, p.

The valve-seats, A, are, in this case, of cast-iron, and have grooves
turned in them to receive hardwood bearing surfaces, o, for the valves to
beat upon. The wood is driven in, in short pieces, and afterwards
turned up in the usual manner. It will be observed, that the valve-seats
are fitted into the chests or boxes with a very great angular bearing, so
that, on taking off the valve-chest cover, the valves and seats can at any
time be easily lifted out. When put in, they are kept in their places by
spindles; a solid one, B, for the under or suction valve; and a tubular
one, ¢, for the upper or discharge valve—these spindles being screwed
through the valve-box cover.

The valves, which are made of gun-metal, resemble what is called the
double beat or equilibrium class, being indeed designed from the double-
beat Cornish steam valves, as made by the writer.

The stroke of the pumps attached to these valves is 33 inches; the
diameter of the plungers being 14 inches.

The head pressure is from 200 to 300 feet; and the speed 23-825
strokes per minute. The valves work with remarkable ease, being
scarcely heard to fall, and they are free from the concussion generally
attending force pumps with any considerable head pressure. ‘The plungers
are worked from crank discs on a shaft over the well; this shaft gearing
with the crank shaft of the engine. The fly-wheel is upon the pump

shaft, which makes rather less than one turn for two of the engine.
B
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.

With a long stroke, the valves should, perhaps, have a larger opening
in the top than is shown in the figure, particularly if there is a great head
of delivery, so as to reduce the pressure upon the valve. In such case,
more time would be given at the turn of the stroke for the valves to
close, as in all cases the valves ought to close before the return stroke of
the pumps acts upon them. It is very probable similar valves may have
been used by other parties; but the writer thinks no apology is neces-
sary for bringing the matter before the meeting, as it is one of the chief
objects of this Institution, to collect and discuss the results obtained in

actual practice.

The following discussion then took place on the subject of Pumping-
Engines, in continuation of what was said at the previous meeting, as
reported at page 32.

Mr. MACKAIX said the valves in use at the main engines —the cylinders of which were 72
inches in diameter—at Dalmarnock, on the banks of the Clyde, were butterfly valves of 36
inches diameter, formed of leather (hippopotamus hides), having malleable iron plates above
and below, rivetted together, as represented in fig. 8, Plate IV. When the engines were
first started, and the demand for water by the city did not require them to be driven at a
greater speed than 160 feet per minute, these valves lasted from six to twelve, and some-
times fifteen months; but the great increase in the demand for water since that time, had
required the engines to be worked at the rate of about 280 feet per minute, and this speed
subjected the valves to great concussions, aud caused much wear. He had now great
difficulty in obtaining iron of sufficient strength to withstand the concussion, without being
too heavy. The iron used was Lowmoor plate, 4 inch thick. The valves generally split
in two, and thus the leather mounting was lost. This had made them expensive, and he
was making some experiments to ascertain the safety and economy of brass valves as a
subetitute.

In the ordinary pumping engines, the sides of the clack seats were cylindrical, and the
valves filled nearly the whole space, so that when the water was forced through them, they
had to rise high to afford sufficient area for its passage, and frequently broke the guards
used to restrain them. The shock on shutting was also great, being proportioned to the
square of the extent of fall of the valve. To remedy this defect, in reconstructing the
clack seats, ho had enlarged their diameter immediately above the valves, to the extent of
about 6 inches beyond the body of the valve seat. This afforded a clear lateral space all
round the valve for the escape of the water, as shown in the figures. The result was, that
the valves did not now rise to the guards, and their fall being much lessened, the shock was
consequently greatly diminished.

He had tried a lower, or suction valve, of the form of Harvey & West's, at the Crunston-
hill Works. Its diameter was 20 inches, and the weight of the valve was 2 Ib. per inch of
ares, whilst the height to which the water had to be raised by atmospheric pressure was about
24 feet, thus making, with the weight of the valve, a virtual column of pearly 29 feet of
water. This was too much for the velocity of the piston; the water did not flow with
rapidity enough to fill the pump barre], and the engine struck heavily on the return atroke.
This compelled him to abandon this kind of valve, after three or four hours’ use.
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In reply to questions from Mr. Dixox and Mr. ELDER, Mr. Mackain said that the
reservoir from which the Drygate engine pumped water, was about 10 feet below the
pumps, and the average height of the surface of the water about b or 6 feet more. The
water pumped by the six main engines at the Glasgow Water Works, Dalmarnock, was
drawn from the filters on the opposite bank of the river by suction pipes placed under the
Clyde. The water was drawn up through the suction valves or lower clacks, and fell into
the pump barrel above the piston or plunger. The vacuum required was about 18 feet in
ordinary circumstances, but when the filters were drained, and the Clyde low, the vacuum
was greater. The pump plunger, when at the top of its stroke, was about 4 feet above the
suction valve.

Mr. ELDER, recurring to the question before the previous meeting, regarding long and
short strokes for pumps, said it was very important. Did not the question resolve itself
into one of capacity ? If two pumps were of the same capacity, ssy one twice the length
of the other, and the other twice the transverse area of the first, and they made the same
number of strokes per minute, the action on valves would be precisely the same in both
cases, notwithstanding the difference in the length of stroke.

Mr. NEnsox said, that whilst he gave due weight to the preceding observation, he
should not give up the notion of *long strokes,” particularly in pumps used for mining
purpoees, where they were limited as to the diameter of the pump. An enlarged diameter
also involved an enlarged planger, which would increase the difficulties connected with the
gland, whilst there would also be more friction with the larger planger. These objections
were of much importance in connection with mine pumps, more of which were at work,
perhaps, than any other. He should certainly adopt as long a stroke as possible for such
pumpe.

Mr. BxrL remarked that it would be usefal to have a record of the various proportions
of transverse area to stroke that had been adopted, with the results obtained in each
case.

Mr. D. More being asked his experience of the friction of glands and collars, and of
large and small plungers, said that be had, some time back, bad something to do with a
pump, 14 in, diameter, 3 feet stroke, for p.umping very dirty water, when they were very
much bothered with valves resembling that in fig. 6. The pump barrel eventually burst,
and they sabstituted three pumps, 10 in. diameter, 2 ft. 6 in. stroke, with valves like that
shown in figs. 1 and 2, and they had since had no trouble whatever with them, beyond
putting in a new bucket once. These pumps were worked by triple cranks and had been
seven years in use.

Mr. ELDER stated that he had recently made a pump four feet in diameter, with a stroke
of fourteen inches, and had ‘found it to act very well. He was to a certain extent com-
pelled by the peculiarities of the case to adopt this proportion, but it had succeeded so well
that he should be inclined to adopt similar proportions in future, when circumstances ad-

. mitted of it.

Mr. Fxrousox thought some mechanical difficulties wounld attend the use of sach pro-
portions. In the case of plunger pumps, the gland would present a very serious difficulty.

The PRESIDENT observed that the subject before the meeting was one of great importance,
and that much valuable information had been given, not only by the authors of the. papers,
but also by various other gentlemen. He proposed a vote of thanks to Mr. Mackain and
to Mr. Neilson for their papers, which was unanimously passed.

The following paper was then read :--
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On a Speed Governor. By MR. G. H. Surm.
[conDENSED RETORT.]

Maz. Sarrs exhibited a working model of his governor, of a size sufficiently
large for a small steam-engine. In this governor, a set of vanes are
mounted loosely upon arms radiating from a boss which is capable of
sliding longitudinally upon, but turns with the revolving spindle of the
apparatus, and which is connected to the throttle valve, or other regulator,
80 as to adjust it when moving longitudinally. The main acting surface
of each vane lies to one side of the arm on which it is mounted ; but the
vane also projects a short distanee on the other side of the arm, where it
is jointed to a link, which last is jointed to a boss, fixed or adjusted upon the
spindle. When the engine rotates at its proper speed, the vanes are
disposed obliquely, and the resistancg created by their rotation balances
a weight or spring acting in the opposite direction. On the engine’s rate
increasing, the resistance to the motion of the vanes acts with considerable
leverage upon the sliding boss, and causes it to rise and adjust the valve.

On th eengine’s rate becoming too low, the weight or spring, being under-
balanced by the resistance to the rotation of the vanes, causes the sliding

boss to descend, and so adjusts the valve. The stationary boss to which

the inner ends of the vanes are linked, and which acts as the fulcrum

whereby an increased leverage upon the sliding boss is obtained, can be

adjusted for different speeds, when the apparatus is in motion. The work-

ing model has adapted to it a simple self-recording apparatus, by which it

has been ascertained that the time occupied by a rise of the sliding boss,

sufficient to close the throttle valve of a steam-engine, never exceeds one

second.

Mr. Smith considers this governor to possess the following advantages :
—1. Simplicity, rendering it inexpensive, and not likely to get out of
order; 2. Rapidity of action much greater than in common governors;
8. Power of adjusting the governor for different speeds whilst in action;
and 4. Suitableness for marine engines, in consequence of its acting equally
well in all positions.

Mg. SurTH put the working model of his governor in motion, and explained its action.

Mg. P. STIRLING, observing that the principal feature in the governor appeared to be its
being made to run much faster than the main shaft of the engine, inquired how the high
velucity rendered the governor more sensitive than the ordinary ball governor. Suppose
the vanes were detached and free to rise in the air, and revolving at a rate just sufficient to
maintain them in one position ; how many more revolutions per minute would be required
to raise them up?
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Mg. Surra said, his governor did not act like a solid screw in water. The vanes were
contrived so that the up-bearing pressure of the air acted with considerable leverage to
tumn them on their arms. As the vanes rose they became more nearly horizontal,. or at
right angles to the spindle, and if they attained the horizontal position they would not rise
further, but before they did so the throttle valve would be closed.

In reply to an inquiry by:Mr. Stirling as to what would occur if the vanes did not
change their obliquity, Mr. Smith sald no practical velocity would then make them rise
with sufficient force to do the work required from the governor. The model governor
exhibited was capable of raising a weight of 5 lbs. on its velocity being increased.

Mr. HowpEN thought, from the description of Mr. Smith’s governor, that it would be
incapable of keeping an engine at its normal speed. It possessed the same faults as the
ordinary ball governor.

Mr. S8arTH said, it was much more sensitive than the common governor, and that it was
capable of being adjusted to different velocities whilst in motion. He had not seen any
other governor possessing this power.

Mr. J. R. Naper said, Mr. Smith’s governor might be of great importance at sea. A
sensitive governor was much wanted for marine engines, the resistances to which varied so
much and so rapidly. A screw propeller, for example, was at one time in the water, and
at another time quite out of it, and a governor was wanted which would prevent the engines
from running away in the latter case. Mr. Smith’s governor appeared to be more sensi-
tive than the ball governor, and to possess more power to overcome the resistance to its
adjusting sction. It would be desirable to try it at sea.

Mr. ELDER remarked that sensitiveness was undoubtedly very desirable. Ordinary
governors in many cases did not operate until after the change of velocity had caused the
injury which the governor was intended to prevent. Before the ordinary governor could
act on the throttle-valve, the change in the velocity had to overcome the imertia of the
balls, The action of Mr. Smith’s governor did not depend on its rotating mass, but on the
atmosphere. On an increased velocity increasing the pressure of the air, this shifted the
vanes at once, the inertia to be overcome in them being inappreciable. The leverage
obtained by the arrangement of the vanes was a great improvement on the ordinary
fan governor. He referred to Hick's governor, which he had seen tried, and which, if
anything, acted too soon, or continued to act on the throttle valve longer than was neces-
sary. It would sometimes quite close the throttle valve without being able to reopen it.

Mr. HowDEN observed, that the ordinary ball governor was wrong in theory, as was
also Mr. Smith's. Assuming the normal rate of the engine to be 40 revolutions per minute,
as long as this was maintained the balls would move in a particular plane. On an increase
in the velocity, the balls would rise and close the throttle valve to an extent which should
bring back the speed to 40 revolutions. If the engine, however, returned to this speed, the
balls would descend to their former position, and reopen the throttle valve to its former
extent. But as this would cause the velocity to increase again, it is obvious that the balls
would not descend to their former position, but to some point between that and the
position which the increased velocity caused them to assume. In other words, the engine
could not, under the circumstances, continue at a uniform speed. He could not see the
benefit of adjusting the governor whilst in motion. If it required adjustment when a
uniform speed was wanted, a man might just as well stand at the throttle valve, and
regulate the speed by means of it without a mechanical governor at all.

Mr. STIRLING remarked, that in most cases the governor would be adjusted to the re-
quired velocity once for all, and that the power of adjusting it when in motion would be of
little use; neither did he think this was new. He had not received an answer to his former
question; wherein was greater sensitiveness due to higher velocity? If the vanes moved
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82 times faster,’ and were 82 times lighter than the balls of a common governoe, the
momentum would in each case be the same, and a given change of velocity would in
each case take the same time to produce a given effect.

Mr. ELDER said, that if the vanes acted in water, the difference between their action and
that of the common ball governor would be more perceptible. In the new govemnor the
effect was produced by the action of the vanes on the atmospbere, and not by the mere inertia
of their mass, as in the common governor. He thought the new governor would be more
sensitive.

Mr. Tarr said, that when recently in the United States, he had seen what he considered
to be the simplest, neatest, and most efficient of governors. It was the invention of a Mr.
J. P. Mornris, and was very similar in principle to the ordinary ball governor. A great
peculiarity about it, was its smallnesa, Its entire weight was 14 Ib. The ball arms were
only 9 inches long, the balls being 2} to 8 inches in diameter. It was applied to an equi-
librium throttle valve; and the steam cylinder was 4 feet long, and 16 inches in diameter.
With an average rate of 80 to 40 strokes per minute, an alteration of 2 to 8 strokes was
checked on the instant. The Americans generally made the steam pipes of their engines
much smaller than we. He thought we erred much in the form of cur throttle valves, and
that instead of the common form with a heavy spindle working in stuffing boxes, it ought
to be light, and as easily moved as possible. He would lay a drawing of Mr. Moge1s'
governor before the Institution at a future meeting.

After a fow further rewarks, a vote of thanks was passed to Mxz. Surra for his paper, and
for his exhibition and explanation of the working model.

The following paper was then read : —
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On a System of Decimal Measures of Length, Surface, Bulk, and Weight,
having the Sixteenth-of-an-Inch as its unit and basis. By MR. J. Simon
HoLLAND.

[cOXDENSED REPORT.]

Tms paper comprehended a condensed resumé of the various papers
previously published by Mr. Holland on the subject of Decimal Measures,
advocating the Sixteenth-of-an-Inch, or, as he proposes to term it, the
Steen, as a unit and basis, together with some extensions of his system,
to meet measurements of mechanical force and power. It was argued, that
if the pound were made the basis of a decimal system of weights, the
gallon of bulk, the acre of surfaces, and the inch or foot of lengths, we
should abandon above twenty old measures, and then havea very imperfect
system ; whereas, by removing only three more, we could make the system
perfect, or nearly so: that if a single unit were to be adopted as the basis
of measurements of every kind, mechanical engineers must allow that the
steen was immeasurably superior to any other, as there were millions upon
millions of bolts, nuts, rivets, rods, bars, chains, and other articles measured
by multiples of the sixteenth-of-an-inch. Allusion was made to the
several proposals to make the inch, foot, or métre the unit of a new
decimal system, and attention was called to the subjoined table, which
will afford a means of comparing the effect of their adoption in the case
of measurements below two inches :—

Comparative Table, showing dimensions below two inches in present measures, in decimals of an

inck, in decimals of a foot, in the French matrical system, and in “ Steens,” or sizteenths
of the present inch.

Present
Moasares. Inch Decimalised. Foot Decimalised. French Mbtre. Steens.
Inches. Tenths of an Inch. Hundredths of a Foot. Millimdtres. Steens.

s 1-875 1-5625 4-76241 8
4+ 25 2:0833 684989 4
o 8125 2:604167 7-98786 5
4 876 8-1256 9-52483 6
I 4875 8-64588 1111280 7

3 5 4:16667 12-69977 8
625 5-20838 15-87471 10

; 76 6-25 19:562488 12

¥ 876 7291667 22-22460 14

1 10 8:388 26-899564 16

1 1125 9-875 28:57448 18

1 12-5 104167 81-74948 20

1 1876 11-4588 8492487 22

1 15. 126 . 8809931 24

1 1625 185416 44°27425 26

1 176 14°5888 44-44920 28

1 1876 15°626 47-62414 80

2 20. 16-667 5079908 82
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It was argued that no instrument for measuring quantities of any kind,
was po much used as the two-foot pocket rule of the mechanie, and it
was obviously desirable to have a rule as long as could be conveniently
carried in the pocket, but not too long, nor should its folding joint break
a unit of length. The steen suited all this very well.

The paper went on to show how nearly a variety of measures, expressed
in multiples of, or derived from the steen, would coincide with measures
in actual use in Britain, and in various foreign countries ; and, in conclu-
sion, the author proposed that a steam-engine should be called a one-horse
power engine, which gave out 1000 pedlibs of work per second; the
pedlib, derived from the steen, resembling our present foot-pound, the
ped being equal to 6§ old inches, and the lib. to 1-102,310,62 old pounds.

For a full account of Mr. Holland's proposed system, readers may con-
sult the Mechanic's Magazine, Vol. LXV., pp. 892, 415, 461, 564; Vol
LXVIL, pp. 176, 444, 495.

The discussion on the subject of decimal measures was deferred until
after the following paper was read :—
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On Decimal Measures. By Mr. WALTER NEILSON (of Hydepark Foundry).
[ABsTRACT.]

A system of measures ought to be as simple as possible, easily com-
mitted to memory, and easily retained there;—like the mechanic's rule
in his pocket, not cumbersome, but convenient, and always at hand when
wanted.

Memory evinces its power through association; and the parts of the
system should therefore, when contemplated together, be so connected in
the mind that one of them will at any time recall the others, or introduce
a train of thought which without any extra mental effort brings them all
forward in the order in which they were originally associated.

To illustrate the application of this important principle to a system of
measures—let us take the French measures of length, capacity, and
weight.—In the first place, it is necessary to fix upon some standard, some
quantity or unit by which the measurement is to be made, and the
standard should be a quantity conveniently between the maximum and
minimum quantities, to which the measure is to be applied.

The standards adopted by the French are :—

For length,........cceerveniimneiniiiiieiitieiceniinennnnes a metre
For capacity, ...c.ccueueenennsinnnnnnneenoriensrenanneeneens a litre.
For weight, .....ccocviiiiienntrummunniiiiicrinienninseeneas & gramme.

Here we have only three standards, a single one for each of the three
kinds of measures. The decimal multiples are designated by the unit,
with the specific terms taken from the Greek for 10, 100, 1000, &c. pre-
fixed, whilst the decimal submultiples are designated by similar specific
prefixes, taken from the Latin.

The superior simplicity of this system is obvious at a glance when we
compare it with our own system of measures, if, indeed, we can apply the
word “system " to a congeries of the most dissimilar terms imaginable, no
one of which gives the least indication of the kind or proportion of the
term next it in the scale.

Inches, feet, yards, fathoms, poles, furlongs, miles; these are the words
which ought to be so associated in the mind as to simplify the exercise of
the memory. The proportions between the quantities bearing these names
are expressed by the numbers: 12—8—2—2§!—40—8|—a greater jar-
gon of dissimilar numbers could scarcely be conceived. As to standards,
one is reminded of the showman's answer, “ Whichever you please, my
little dears;” the mechanical engineer takes the foot, the civil engineer the

yard, and the mining engineer the fathom.
r
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It is not the writer's intention to discuss the various decimal systems
proposed, but he would call attention to the fact, that the French have
been using a decimal system for many years, and that French engineers
can think and calculate in métres and millemétres much more easily than
we can in feet and inches; and, although he is not altogether prepared to
recommend the métre system as the best that can possibly be got for our
adoption, he still thinks that much could be advanced in favour of such a
step.

Setting aside the Americans as forming part of ourselves, the French
are the nation, of all others, whose intercourse we most court, whilst they
are amongst the most advanced in science and art. It is not likely that if
we adopt a peculiar decimal system, they will change theirs to assimilate
it to ours, whilst it is undoubtedly desirable that our and their systems
should be alike.

The attention of the Institution has already been drawn to the decision
recently come to at Manchester, by the Institution of Mechanical
Engineers—to divide the inch into hundredths and thousandths. This
will probably suit the convenience of the machine-makers in Manchester,
but it will be of little advantage to marine engineers, shipbuilders, and
others, towards simplifying their calculations.

The Manchester resolution is unmiistakeably a tacit admission of the
propriety of adopting decimal divisions, but why take up the inch, divide
it—and stop there? The stop can be but temporary—go on we must;
but on attempting to do so, we find ourselves saddled with a particular
unit, the suitableness of which is far from being general, unless we patch
up the new system in nearly as confused a manner as the old.

Before adopting the Manchester resolution, we must be prepared to
adopt the inch as the standard or unit for all measures of length. Are
we prepared for this? Are we prepared to take 10 inches as the next
decimal multiple? If we are, we take a measure equal within one-sixth
of an inch to a guarter métre, and if we come so near the métre system,
why not adopt it at once? It would only reduce our inch by less than
one-sixtieth.

As far as engineers are concerned, there appears to be no great obstacle
to the adoption of the métre system. Many think the 12 in. rule the most
convenient workman’s measuring instrument possible, as regards size, but
speaking as an engineer, I do not see that a rule measuring half a métre,
and folded in two, into a quarter of a métre, would not be quite as con-
venient.

The following are the various divisions the rule would have, with their
equivalents in inches : —
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Entire rule.......cccooovvriniiininnnnaan § métre or 50 centimdtres=— 19-68 inches.
Folded into.....ccieeerervernunisneenias F L 1 T = 984 ¢
4 matre divided into 5 parts,........c............ 5 ¢ = 1968 “
5 cntimetres “ 6 ¢ ... 1 u" = 894«

This last measure is within one-fiftieth of an inch, equal to § inch, a
quaantity the mechanical engineer has perhaps more to do with than any
Other. Finally, dividing the centimétre into 10 millimétres, we get a
measure slightly larger than 4 inch, more familiarly known by the
anomalous appelation, “balf a sixteenth.” This would be a convenient
minimum division, as Jow as sight could command. Lower divisions must
be known by touch and measured only by gauges.

One important difficulty would present itself on introducing a new sys-
tem, in connection with the various valuable publications bearing on science
and art. They cannot be so easily changed, and are a class of works the
production of which in new editions would be most costly. It is to be
feared that nothing but time would relieve us of this difficulty : neverthe-
less much assistance would be derived from comparative tables and scales
of the old aud new measures, which an extensive demand would soon call
into existence.

The following discussion took place on the subject of the two preced-
ing papers :—

The PrEsIDENT feared the greatest difficulty connected with the introduction of a decimal
system of measures would arise in teaching workmen to use it. There were many present
who were qualified to judge whether this would be the case or not, and he hoped they
would state their opinions. )

Mr. J. R. NAPIER said, he had contemplated using decimal measures, and adopting the
foot as a unit or standard ; but if Mr. Neilson would adopt the mdtre, he would follow his
example. ‘

Mr. RAusay thought it would be easy to supply workmen with decimal rules, and that
they would soon get into the way of nsing them.

Mr. HaLL said he had resided thirty years in France, and would state his experience of
the French system. When he first went there, he had to get rid of English measures and
use French ones—those existing before the present métre system. When it was proposed
to introduce this system, it was said by many that there were difficulties that would never
be got over. There were three different kinds of the foot unit to be done away with.
However, all difficulties were quite overcome in from eighteen months to two years, and
the métre system was found a very great improvement. There was mo practical difficulty
experienced in its introduction. The relation which, in the new system, existed between
the different kinds of measures, and the manner in which the several standards were deter-
mined, had many advantages and conveniences. Thus the weight in kilogrammes of any
substance gave its specific gravity. The new system was introduced in 1882, and was
now universal.

Mr. W. TAIT said that if the various employers gave sets of decimal rules to their work-

~
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men, and directed them to work with them, the latter would soon be able to use them miore
easily than the old rules. He did not anticipate any difficulty on this score.

Mr. Morx thought that before deciding on a new system of measures they should
ascertain what the government proposed to do in the matter. They should not pledge
themselves to any system, unless it was to be a national one. He thought the French
system as good as any other. He suggested that the council should communicate with
government, and offer to assist in introducing whatever system should be decided upon.

Mr. J. FErGusoN remarked, that the foot divided into tenths had been used by civil
engineers for several years.

Mr. W. NEiLsoN remarked that, as regarded communicating with government, we could
scarcely step before the Institution of Mechanical Engineers, who had first taken up this
matter, and he thonght we should communicate with them. He considered the Manchester
resolution as decidedly wrong. He thought this society should express their agreement or
disagreement with that resolution. They should either raise their voice against, or sup-
port it.

The PrESIDENT said, that at the Manchester meeting, it was the inch only that was
discussed, and regarding it they came to the conclusion that it was best to subdivide it into
thousandths. The question whether any other unit was better than the inch, was not at all
discussed. If the Institution of Engineers in Scotland intended to express an opinion on
the matter, it would be well first to consider other measures besides measures of length,
such as measures of weight. It would be comparatively easy to make standard measures
of length, bearing any determinate proportion to the standard yard kept in the Exchequer
Office at Westminster ; but it would be very different with weights bearing complex ratios to
each other. The present government standard of weight was a plece of platinum weighing
11b. It was a delicate matter to make weights equal to multiples of this standard, but
even this was easy compared to the making of a weight bearing the ratio to the standard
that a kilogramme would have.

Mr. W. JOHNSTONE said, a general system could not be adopted without the intervention
of government. Land was at present conveyed by the imperial acre, and the laws respecting
such conveyance, as well as all the laws in which measures of any kind were adopted, would
require to be modified. He thought we were not yet in a position to commaunicate with
government, and that the matter had not been sufficiently discussed.

The thanks of the meeting were passed to Mr. Holland and to Mr. Neilson, and the
discussion of the subject was adjourned.
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TeE FourTE MEETING of the Bession was held in the Philosophical
Society’s Hall, on Wednesday, 20th January, 1858, the PRESIDENT in the
chair.

The following paper was read :—
On a Screwing Machine.—By MR. S. M‘CorMICK.

Some years since, the writer being extensively engaged in manufactur-
ing screw bolts and wood screws for railway fastenings, was much troubled
with continual stoppages, arising from breakage and rapid wearing out of
the screwing apparatus. The constant annoyance and expense attending
the old system, led him to search for some other mode of screwing; and it
occurred to him, that if bolts could be screwed whilst the material was red-
hot, a great saving would be effected, and the anmoyance removed. The
idea of rolling with three rollers suggested itself, and a small machine was
immediately made, with which, after a great many trials and failures, he
succeeded in making screws of both fine and coarse threads with consider-
able facility. At this stage the matter was laid aside for a considerable
time; but in 1858, a favourable opportunity offering, further experiments
with improved machines were made, and the plan was . fully tested and
proved to be really practicable.

The machine before the meeting is one of the latest, and certamly one
of the best made according to the writer'’s system, and he thinks that as
far as it goes, it admits of little if any improvement. Several additions
have suggested themselves, but these have for their object merely to
facilitate the insertion of the blanks, and to determine the length to be
screwed ; they are all of an automatic character, and would make the
machine almost entirely self-acting. The operator would only have to lay
the hot blank in a receptacle provided for it, and to move a small engaging
lever. These additional contrivances can be applied to this or any other
of these machines.

The distinguishing feature of this machine is, that it forms the screw
threads whilst the material is red-hot, by simple rolling. In the ordinary
screwing machines the threads are cut out of the material; in this they
are formed by simple pressure, and there is consequently no waste. It
will be readily understood that the operation must be performed witl:
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great rapidity, otherwise the cooling of the material would render it im-
possible.  The rolling matrices or dies move at the rate of about 180
revolutions per minute, and being at least three times the diameter of the
screw or bolt, the latter will make 540 revolutions in the same time.
Suppose & wood screw to have 15 turns in 2% inches, it will require 30
turns to screw it and will take yth of a minute, so that such screws would
be screwed at the rate of 18 per minute. In practice, however, not more
than one half of this number can be completed in the time, as it requires
more time to put the bolt into the machine than to screw it. From 2,000
to 6,000 per day may be stated as the performance of one machine, but
the number altogether depends on the size and length of the screws.
Besides rolling screws, the machine is well adapted for rolling iron or
other metal into ornamental or useful shapes. The writer is informed
that there are some small machines so’employed in the vicinity of Bir-
mingham. A few rough experiments were made to try the comparative
strength of bolts made on this principle, and common bolts. A hole of
the length to suit the bolts to be tried, was drilled through a piece of metal.
The bolt was put into the hole and screwed up until it gave way, and
either broke or had the thread stripped off. All the hot-screwed bolts
were broken, the others stripped. These bolts were of the same kind and
size, made from the same bars and by the same workmen.

The working part of the machine substantially consists of three spindles
mounted in brasses of a peculiar form, which will be understood by
examining the drawings. One end of each of the spindles is formed into
a toothed pinion cut out of the solid. The other end is prepared to receive
a matrix or die, and each has turned on it a spherical bearing near the
pinion end. The spindles are shown in fig. 1, plate V; and in section,
and numbered 1, 2, 8, in tigs. 2 and 8. The brasses in which these
spindles work are placed in the front pedestal, B, of the frame, figs. 1
and 2, and are constructed so. as to be adjustable to all the angles and
distances of the spindles required to suit the different sizes and pitches of
the screws, being fixed by set screws. A pedestal, c, figs. 1 and 8, supports
the graduated plate, in the centre of which is fixed the brass forming the
bearing for the three die spindles. This plate partially revolves in the
pedestal, and carries round ‘with it the three spindles, which assume a
twisted appearance in turning with each other. It is to admit of this
twisting that the journals of these spindles are made spherical, no other
form being suitable. Each pitch and diameter of bolt requires an angle
of its own, which is found by applying a directing screw of the pitch and
diameter required to the under side of the upper or central die, and
turning round the graduated plate until the screw is parallel to the central
line of the machine.
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Motion is communicated to the machine by two pulleys, b, E, fig. 1,
driven by separate belts in opposite directions. The insides of the rims
of both these pulleys are turned conical, correspondjng in taper to the
rim of the internal pulley, 7. This pulley, F, is connected to a hollow
shaft, g, fig. 1, by a broad cutter which passes through an elongated slot
in the shaft, and also through the spindle, H. This spindle, g, is fitted
loosely in the hole in the shaft, and is connected by a peculiar coupling
to the end of a bent lever, 1; thus connecting the pulley, ¥, by means of
the spindle, B, with this bent lever, the end of which extends beyond the
front of the machine a sufficient d.lstance to allow the operator to depress -
it with his foot. At 3, fig. 2, is a ‘catch jointed on the front of the
machine, and actuated by a slight spring, and having two notches cut in
its edge, to retain the bent lever in position. When the lever is placed in
the upper notch, the pulley, », is then in a central position, and the
machine is at rest. When the lever is placed in the lower notch, the
pulley, ¥, will be in contact with the pulley, E, and will revolve with it;
and when the lever is released from the catch altogether, it will be ele-
vated by the spiral spring, and the pulley, F, will then be brought into
contact with the opposite pulley, D, and will revolve with it in the reverse
direction. A toothed pinion, seen in section at K, is keyed on the shaft,
G, and drives the large toothed wheel, which is keyed on a shaft, L. On
the end of this shaft, L, is cast a hollow case, M, figs. 1 and 4, in which
is keyed an internally toothed wheel, gearing into and driving the three
die spindles simultaneously.

In making a screw, the operator first pushes down the bent lever, 1,
into the lower notch of the catch, and the machine then revolves in the
direction which screws the bolt inwards. - He then puts a bolt, N, ﬁg 1,
into the central opening between the dies, pulls down the handle with his
left hand to a regulated stop, which depresses the upper die upon the
bolt, whereupon it immediately turns, and is screwed inwards by the
simultaneous revolution of the three dies as far as the thread is required.
The operator then with his toe touches the catch, which releases the bent
lever, and the spring instantly elevates it, whereby the pulley, F, is pushed
into contact with the opposite pulley, D, and the motion of the machine is
reversed, so that the bolt is screwed out, and when released from the
guide, drops upon a shelf or other receptacle. During the operation a
stream of water is constantly running on the dies.

The furnace in which the bolts are heated should be close to the
machine, so that as little time as possible be lost in handing them from it
to the machine. The heat required for bolts is not high—just fairly red ;
that for wood screws is higher—a brighter or full red.

The matrices, or dies, for coarse threads or wood screws, are best made
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of cast-iron, cast in a chill mould; those for fine threads, of cast-steel or
malleable iron, case-hardened.

The machine before the meeting is constructed for screws of from
1 to § inch in diameter. Machines may be made, however, to screw from
4 inch upward. The following are some of the advantages claimed for
this mode of making screws :—Additional strength acquired by the pecu-
liarity of the operation ; saving of waste (in wood screws this amounts
to 15 per cent. of the finished weight), the whole quantity cut away in
the common way being compressed into the screw; great rapidity and
facility of production; saving of all antifrictional material, such as oil;
non-requirement of high-priced labour, three trained boys only being
needed.

Mr. A. M'Ox1E, who exhibited one of Mr. M‘Cormick’s machines at the meeting, stated
that six or seven of them had been made, and that the machine shown was one of the three
last constructed, with improved arrangements of parts. One machine had been sent to
Manchester, and another to Belgium. Mr. Whitworth, who had seen a machine at work in
their (Messrs M‘O.'s) establishment, in September, 1856, expressed himself as much pleased
with its ingenious arrangement. Mr. M‘Onie, however, considered that the machine was
better suited for making wood screws than for screw bolts. He also thonght that the
machine was yet susceptible of improvement, by having some kind of self-acting gearing
attached to reverse the screwing action, so that the length screwed might be certain, and not
dependent on the attendant, as in the present machine. The cost of the machine shown
was about £80, inclusive of the dies, or screwing rings,

Mr. M‘ONie exhibited some specimens of wood screws and screw bolts, made by the
machine, and some of the dies used. He remarked that he could not himself say much
about the results obtained with the machine, a3 he had not given that point close atten-
tion, the inventor having himself superintended the construction of the machine, and any
experiments that were made with it.

The CHATRMAN proposed a vote of thanks to Mr. M'Cormick for his paper, and to Mr.
M*‘Onie for exhibiting the machine at the meeting, remarking that it would be exceedingly
advantageous if such an example were followed, since actual machines would be much better
understood than drawings, and even than models. The vote of thanks was unanimously

passed.

The following paper was then read :—
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On the Navigation of Canals by Screw Steamers. By N1 Rossow, C.E.

IT is not the object of this paper to go into any lengthened history of
the various modes of haulage which have been tried on canals in general ;
but rather to collect and make known to the members of the Institution
. some facts connected with recent successful attempts to introduce screw-
propulsion on the Forth and Clyde Canal, with which the author is best
acquainted, and which, as is well known, is one of the principal arteries
of inland navigation in Scotland. And by so doing, to direct the minds
of the ingenious mechanical engineers of which the society is composed,
to the great importance of the subject, and to elicit opinions as to its
farther development, with a view to improve the mechanical details and
arrangements of the power employed.

But whilst this is the chief object of the author in bringing the subject
before the Ipstitution, he will venture to digress so far as to introduce
a few preliminary observations on inland navigation in general, and
will briefly notice a few of the English Canals on which this new
mode of haulage has been tried and is now in use. The several expe-
rimental attempts which have been made to introduce other modes of
haulage on the Forth and Clyde Canal, will then be given somewhat in
detail, and the paper will be brought to a close by a description of the
system now being introduced on that canal; reference being made to
drawings illustrative of the boat Thomas, and her engine, with which
the first really successful experiment was made under the Canal Company’s
more immediate control, with the advice and under the superintendence
of their officers. In the concluding remarks, the author will contrast the
expense of horse and steam haulage, as brought out by the results so far
as they have gone.

It cannot be denied that, since the introduction of railways, canals,
which prior to that event formed the principal mode of conveyance for a
very large proportion of the goods and mineral traffic of the country,
have been thrown into the shade; and that the attention of practical men
has been more devoted to the development of railway traffic, not only as
regards the mechanical appliances for its transit, but also as regards the
acquisition and carrying of large quantities of merchandise and minerals,
than to the improvement of the more ancient mode of conveyance.

There is no good reason, however, why this should be so; for although
in some cases canals may be the avowed rivals of railways, in others they
are or might be made the means of feeding their traffic, or of relieving

e
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them of a portion of the heavy merchandise and mineral traffic which
railways cannot always carry with advantage to themselves. It does not
follow that, because a railway may be carrying a large amount of tonnage,
it is doing so profitably ; on the contrary, it is to be feared that in many
cases, if the cost were fairly set against revenue, the result would be
found quite the reverse ; the rates obtained being inadequate to meet the
greater wear and tear of the iron road, as compared with the water-way,
and the many sources of expense to which railway plant is subjected.
For passengers, and for light and perishable goods, and for goods requiring
quick despatch, canals never ean nor ought to compete with railways; but
for bulky and heavy goods and minerals, the author is convinced' that
they can and will maintain their ground, provided their managers keep
pace with the improvements and requirements of the day.

In Great Britain and Ireland, the total length of eanal and ibland river
navigation is about 4000 miles; and it is estimated that there has been
expended in the construction and improvement thereof at least £50,000,000
stexling. These figures of themselves sufficiently demonstrate the impor-
tance in a national point of view of this great interest.

For the most part, canals carry on toll ; that is to say, they are open to’
any trader, however small, who chooses to send his own boat with horves:
to tow it, on payment of the fixed rate of toll, and in this respect they
are similar to turnpike roads. In a few instances, canal companies act
a8 oarriers on their own acoount, but it is questionable how far they do’
wisely in this. It consists with the author’s knowledge that the Forth
and Clyde Company, who ceased altogether to be carriers about five years
ago, except to a very small extent, have made more money by falling
back on their simple provinece of keeping the canal in repair, and acting
a8 recipients of toll

It appears that the first attempt to propel boats by the screw on the
English canals was made about twenty years ago between London and
Manchester ; but from the great namber of locks—there being about one
to every mile—and from the narrowness and want of depth of the canals
which compose that route, it was not so successful as to lead to any
" practical result at the time. Within the last three or four years,
navigation by screw boats has been introdueed on the Air and Calder
navigation, on the Leeds and Liverpool canal, and on several others in
that country; and so far with suceess. The best practical result, as regards
speed and economy of working, is obtained onthose canals of which the
depth ¥ not less than six feet; breadth at water level 50 feet, and at
bottom about 85 feet; but as the majority are of less size, it is to be
hoped that the time will come when screw propulsion  may be applied
with advantage on our shallowest and narrowest canals ;- and to that end,
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the bringing of the subject to the notice of such meetings as this will no
«doubt tend.

The first attempt to move a vessel by steam on the Forth and Clyde
‘Canal was made about the beginning of the present century, and it appears
that Mr. Symington was connected with the fitting-up of the boat. This
boat was propelled by two paddle-wheels, close together at the stern, with
the driving enenks between them. It ran for some little time; but its
chief merit was considered to lie in its being an ice-breaker, for which it
answered admirably. Although the records of the canal do not mention
the fact, there can be little donbt that this was the Charlatte Dundas, con-
structed by Symington in 1802, and with which he made one of his first
-«ssays in steam navigation.

In 1828, the Cyclope, a boat for carrying passengers, was &tted up as a
steamer with paddle wheels at the stern. She was 64 feet long, 16 feet
broad, and six feet deep ; carried about 40 tons of goods, and went about
34 miles per homr on the canal, and about six miles on the Firth of Forth.

In 183] the Manchester steamer was built, propelled likewise by one
wheel gt the stern. She carxied from 50 to 60 tons of goods, and steamed
about 44 miles on the canal, and seven miles on the firth.

The Lord Dundas was also built in 1881 as a passenger boat. She had
two paddle-wheels, one on each side of the stern, and steamed about 73
miles an hour on the canal.

All theee boats geased to be used on aceount of the cost of working being
greater than horse haulage, and from constant failures in the machinery.

It was proposed at one time, and actually tried, to haul vessels on the
canal by laying a ehain along the bottom, to be acted upon by a pulley in
she boat, the pulley being worked either by hand or steam power.

Another experiment was the laying down a line of railway on the
towing path, on whish a logomotive engine ran and hauled boats behind
her; a previous trial for hauling them by a locomotive for common roads
running on the towing path having signally failed, as might reasonably
have been expected.

In 1844, a Mr. Kibble patented a paddle wheel composed of a number
of float-boards fastened on an endless chain, working round two drums.
It was thought that this mode of propulsion was well adapted for canals,
and a boat fitted with a paddle of this description on each side was tried,
but given up on account of the expense.

The late Mr. Smith of Deanston had a plan which he intended for the
small canals in the West India Islands, of having a wheel passing through
and projecting below the bottom of the boat, so as to run on the bottom
of the canal, and thus haul the boat. This plan was tried on a reach of
this canal about ten years ago, but did not answer.

-
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In addition to these, the author understands that several attempts were
made to introduce steam on the Union and Monkland Canals, which
communicate with the Forth and Clyde Canal, but are of less depth and
width. In 1846, a steamer with double screws was tried on the Union.
In 1845, a steam tug built by Mr. Wm. Napier, junior, was tried on the
Monkland Canal.

From some cause or other, it appears that all these attempts, not only
on the Forth and Clyde, but on other canals running into it, were more
or less failures ; and that it is only within the last two years that anything
like a systematic carrying out of steam propulsion has been accomplished.
The available depth of water on this canal is about eight feet six inches ;
average width at water surface, 60 feet; and at bottom, 80 to 40 feet.
Its length is 89 miles, and there are forty locks, the dimensions of which
are :—Length, 70 feet; width, 20 feet; and least depth on sill, 9 feet 4
inches. The Monkland Canal now amalgamated with it is 12 miles long,
but its available depth is only about half that of the Forth and Clyde ;
width at water surface, 40 to 50 feet; and at bottom, 25 to 80 feet;
length of lock, 70 feet; width, 18 feet 6 inches. The total merchandise
and minerals conveyed on the Main Canal and its Monkland branch, is
upwards of two millions of tons per annum.

At present there are five screw-steamers belonging to different traders,
daily at work on the main line, and one belonging to the Canal Company,
who are also fitting up another with screw-machinery to serve as an ice-
breaker, and have drawings in progress for engines to be fitted to a canal
and sea-going steamer.

The lighter Thomas, to which this paper more particularly refers, was
not originally built for being fitted with the screw, nor is she of a class
adapted for going out into the firth, but nevertheless she may be taken
as a fair sample of a large class of lighters in use on the canal. She is 66
feet long; 164 feet broad; draws about 63 feet of water; and carries
from 70 to 80 tons of cargo. The screw lighters belonging to the traders
are larger, and are fitted to navigate the firths of Clyde and Forth, as
well as the canal, and carry from 100 to 120 tons of cargo.

The engine and boiler of the Thomas, as will be seen from the drawings,
Plates I. and IL, are placed in the stern behind the bulkhead, which
partitions off the stern portion to the same extent as the stern portion of
the other lighters of the class which are used for horse haulage; and this
space, small though it is, is found amply sufficient for the boiler, engine,
and coal bunker, with room for attending the engine and stoking the
boiler. Fig. 1, Plate L, is a longitudinal vertical section of the after
part of the Thomas; fig. 2, Plate I, is a transverse vertical section
taken immediately behind the boiler; and figs. 1 and 2, Plate II., are
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vertical and horizontal sections of the boiler, the latter being taken at the
fire-box tube plate. The weight of the engine, boiler, and propeller,
including 13 cwt. of water, does not exceed three tons. The dimensions
of the boiler and engine are as follows, viz. :—

Inside dismeter of body of boiler, 8 feet; and swelled to 8 feet
5 inches, at surface water line. Height of boiler, from fire-bars to
crown, 7 feet 8 inches. The boiler is furnished with 54 brass tubes
of the average length of 3 feet 5 inches; and tapered from 24 inches
diameter inside at the fire-box tube plate, to 1} inches inside diameter
at the uptake tube plate ; which gives the heating surfuce in fire-box and
tubes as follows, viz. :—

Square feet.

Fire-box, 2°6” X 1’ 6”, . . . . . - . . . 11-78
“  Tubeplate, . . . . . . . . . 2:54
Total fire-box surface, . . . 14-82
54 tubes 8 feet 6 inches long, and 2 inches avenge dhmeter, . . 96-60
Total heating surface, . . . . . . 11092

Pt In.

Diameter of cylinders, . . . . . . . . . 63
Stroke of piston, . . . e . 10
Valves worked by link motion, extseme thmw, . . ]
Diameter of screw pmpeller, . . . . . . 8 6
Pitch of screw, . . . . . . . . . 4 0

The engine cylinders are bolted together, forming the steam chest
between them, in the usual way. The cylinders lie on the bilge of the
lighter, and their connecting rods are attached directly to cranks at right
angles to each other on the engine-shaft which is coupled to the propeller
shaft. The screw of four feet pitch at 180 revolutions per minute, gives
8 speed of five miles an hour, while the advance of the screw due to the
speed is 5:909 miles per hour, showing a slip of the screw of fyths,

It is found that 85 lbs. per square inch of pressure in the cylinders is
sufficient for propelling the lighter with a full cargo of from 70 to 80 tons.
In breaking through the ice on the canal in December, 1856, the boiler
was worked up to 85 lbs. pressure, and at that pressure the boiler was
more than capable of supplying the cylinders with steam. The contracted
area of the water surface gave rise to a suspicion that the boiler might be
liable to prime, and after some experiments with a glass model boiler, it
was resolved to fit in a current plate, round the inside of the boiler shell.
Without estimating the merits of the current plate, it may be stated that
the boiler is quite free from priming with the steam taken from the crown
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with a 1§ inch pipe. The taper tubes were deemed a desideratum, with
the view of obtaining an increased influence from the fire throughout the
short distance it has to pass from the furnace to the uptake, and also
to allow the upper tube plate to be reduced in d.umeter thereby increasing
the surface of the wager in the boiler.

On a late trial of four trips from Port-Dundas to Bowling (a distance of
12 miles) and back, making a distance of 96 miles run, passing through
144 canal lacks, and getting up steam eight times, the consumption of coal
(good Monkland soft coal) was one ton three cwt., which, at average length
of runs on the Forth and Clyde Canal, might be stated to be equal to 100
mileg steaming by one fon of coals.

As the engines were fitted to the lighter as an experiment, it was deemed
desirable to make them of sufficient power to tow another lighter of simi-
lar size, which they are quite able to do; but the traffic the ligher is at
present employed in, does not afford opportunities for using the surplus
power in towing.

The boiler has been proved to be 8o capable of raising steam, that the
Canal Company have contracted for two similar boilers with iron tubes,
to supply steam for two 94 inch cylinders with 15 jnch stroke of piston.
These are to be fitted to an ice-breaker, which is also used for the service
of the canal works.

The lighter has been constantly at work for the last 15 months between
Port-Dundas and Bowling, a distance of 12 miles, carrying general mer-
chandise in gonnection with the Dumbartonshire Railway, and without
losing a single trip through any accident, injury, or repair of the machin-
ery. The only alteration made in the engine was the substitution of cast-
iron valves for brass valves, and the only mishap which has befallen any
part of the working gear was the breaking of one of the arms of the screw
propeller. She can easily make three trips a week, and usually performs
the voyage each way in four hours, when not detained at the locks by the
passing trade; which, jncluding the detention in passing through the 18
locks, is at the rate of three miles an hour; but when fairly clear of the
locks, her average speed is five mjles per hour.

There is very little additional swell, or washing of the banks, at this
speed, and, on the whole, there does not appear to be any appreciably
greater wear and tear of the canal than that arising from the passage of
boats drawn by horses; at all events, no more than would be compensated
for by the saving in upkeep of the banks, in having no towing path to
uphold, were horse haulage done away with.

Altogether, the result proves that by means of the screw the navigation
of canals by steam is perfectly practicable. But it is still doubtful how
far this power can be applied to propel, with advantage, more than the
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boat in which the engine is placed, owing to the difficulty of steering boats
towed behind, especially in narrow canals; and to the circumstance that
when the tug, with its train of boats, approached a lock, each would have
to be disconnected and taken through singly. The author inclines to the
belief that, as a general rule, an engine must be put in each boat. That
this can be done to advantage with boats for goods, he thinks has been
proved; but the problem has still to be solved, whether the system can be
profitably applied to boats carrying minerals alone, on such canals as the
Monkland, of which the available depth is only 4} feet, and the width
proportionably small. These' boats, or “scows” as they are termed, carry
on an average 55 tons; are in length 66 feet ; width 13 feet 4 inches; cost,
built of iron, about £250; and are usualy hauled by one horse. The
speed when loaded is about two' miles an hour clear of the locks, and
going back empty it is a little more.

It is obvious that if every such coal boat must have ar engine for itself!
three things will be required. 1. The machinery must océupy little room,
in order to leave space for the cargo. 2. The first cost must be small.
8. Its working must be economical, both as regards repairs and consump-
tion of fuel. The author does not despair of seeing all these acoomplished,
and hopes that the time is not far distant when the haulage, even of coal
‘“scows,” will be done more cheaply than by horses.

Meantime, he wishes it to be understood that the following comparison'
of the cost of the two systems, applies exclusively to the résults obtained
from the experiment with the ZT%omas, running to and from Bowling with
goods, and being somewhat in favour of steam, may be accepted as a good
omen' that Better results will yet be obtained. For, although this portion
of the canal is favourably adapted for steaming, so far as depth and width
are concerned, yet, owing to the great number of locks, and ddtention
there, it is, in other respects, less favourably adapted than other portions,
where the reaches are longer and the locks fewer.

COMPARIBON OF COST OF HORSE AND STEAM HAULAGE.

Horse Hasilage to and frim Bowling. Goods Lighter.

One master, per week, . . . . . . £1 1 0
One mate, do. . . 18 O
One horse and one man tracking, andmkingtwotﬂpopermek, 1 8 0
Ropes for tracking, . . « . 2 0
. . 389 0

Add interest on cost of lighter, £450, at 5 per cent., and for repairs
and depreciation, 7} per cent. on same amount, per week, . . 11 7%
Total per week, . . . . . . . £410 7%

Thus, at two trips per week, £4 10s. 74d. =~ 48 miles gives 1s. 104d.,
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as the cost per mile per boat load of 75 tons, or 3-10ths of a penny per
ton per mile.

One master, per week, . . . . . . . . £1 1 0
Opemate, do. . . « o .« o« . . . 18 0
One engine driver, do. . . . . . . . . 100
0il, tallow, and gasket, do. 8 8
1562 cwts. coals per week, . 5 6}
8 8 2}
Add interest on cost of lighter, £450; engine, £320; together £770,
at 5 per cent., md’l}perunt.onmmiorupuumddo—
preciation, amounting per week to . . . . . 117 0}
—
Total perweek, . . . . . . . £ 5 2}

Thus, at three trips per week, £5 5s. 24d. + 72 miles gives 1s. 5}d.,
as the cost per mile per boat load of 75 tons, or 28-100ths of a penny per
ton per mile.

From the slow rate of trackage by horses, no more than two trips per
week are got, while with steam three trips are easily made; and hence
arises a very considerable part of the above saving in favour of steam
power.

From these figures it appears that the cost by steam baulage is at the
rate of 17°5 pence per boat load per mile, or 23-100ths of a penny per
ton per mile; and by horse haulage 22-5 pence per boat load per mile, or
8-10ths of a penny per ton per mile; including, in either case, an allow-
ance for tear and wear, and repairs and interest oun the price of the boat,
and the same on the machinery in the case of steam. These rates are
calculated on the supposition that the full load of 75 tons is carried both
ways; but as that will not always be so in practice, the cost will generally
be somewhat higher, whether by steam or horse haulage. And when the
boat is only loaded in one direction and comes back empty, the cost will,
of course, be still higher.

Mr. RoBsoN remarked, that the paper showed how the navigation of canals, by steam,
had been effected at a less cost than by horse-haulage, in one particular instance. It would
be observed that in the Thomas, with which this result had been obtained, the engine and
boiler were put into a very small space at the stern. If, however, steam power was to be
rendered applicable to canals of very small depth, like the Monkland, the engine and
boiler would have to be squeezed into a still smaller space. He confidently expected this
would be done, and it was one of the objects of his paper to bring this point before the
institution, in the hope of eliciting a suitable plan from some of the ingenious mechanical
engineers amongst its members. If tiie system was to be applied to coal scows, it was neces-
sary that the engine, boiler, and propeller should not cost more than £150, Mr. Milns, the
superintendent and engineer of the Forth and Clyde Canal, was present, and would be glad
to answer any questions.
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In answer to an inquiry from Mr. W. JoBNeTONE, Mr. MILNE stated, that at the low
speed of five miles per hour of the Thomas, no appreciable wave was raised in the canal.
If that speed was exceeded, a wave would rise; but at a speed of five miles and under, the
canal banks were unaffected. That speed was quite sufficient for all the purposes of the
traffic.

In reply to Mr. Dixox, Mr. MiLRE said that the Thomas’ engine was sufficiently power-
ful to carry a much larger cargo than the present boat was capable of taking.

Mr. TArr expressed his surprise that so small a boiler as that in the T%omas should do so
much duty. Seventy tons was a large load for the boiler to propel at the rate mentioned.

Mr. MrLNE thought the efficiency of the boiler arose, in some measure, from the use of
the tapered tubes. He had had considerable difficulty in getting such tubes; but he had
recently succeeded in obtaining tapered iron tubes, a specimen of which he exhibited, and he
intended to use them in futare. The heating surface in the Thomas’ boiler was 18 feet per
superficial inch of piston, whilst in a number of locomotives, with which he was acquainted,
it was, on an average, 28 feet.

The CHAIRMAN, referring to the mention in the paper of trains of boats, asked if the dif-
ferent traders could be got to bring their boats punctually at the times appointed for starting
the trains ?

Mr. MruNE thought that this was one of the great difficulties connected with trains of
boats—the several traders could never be depended on to have their boats ready at the
proper times; but the greatest difficulty with trains would be at the locks. The boats
would have to be detached, and passed through one at a time, and when boats were passing
in the opposite direction, further delay would be cansed, as, if the going boats claimed the
lock each time it was full, the returning boats would claim it each time it was empty.

The CHAIRMAN remarked that, in the comparison given in the paper between steam and
horse-haulage, the latter had been put down at y%d. per ton per mile. He had ascer-
tained that with minerals, the cost of horse-haulage was, in many cases, not more than 3d.
per ton per mile.

Mr. MiLNE stated, that in the case from which the data for comparison were derived,
there were only two-thirds of the mileage that was generally got with minerals. There
were three locks every two miles on the canal between Port-Dundas and Bowling; whilst
on the minersl canals where the horse-haulage was so low, the number of locks was much
less; besides the coal scows met with much less detention, when loading and unloading,
than boats carrying a general goods cargo.

Mr. RoBsox said he was aware of instances where the cost of horse-haulage was as low
as Ad. per ton per mile. In one set of figures he had seen it }d. per ton per mile, and he
had thought it would be difficult to do it more cheaply. However he had seen reason to
alter this opinion. In horse-haulage, the namber of trips was limited, whilst with steam,
one-third more trips could be got with a boat.

Mr. MiLNE was satisfied that with steam they would be able to carry at two-thirds of
the cost of horse-haulage, under any circumstances. Horses could not last beyond a certain -
time, whilst with 7} per cent. set aside for repairs, the duration of an engine might be said
to be unlimited.

The CHAIRMAR observed, that Mr. Robson's paper was a most important one. Canals
were the best means of conveyance for heavy goods of small value for their weight, at low
speeds, on account of the small propelling power required, and the consequent small cost.
They had been neglected of late years, but undeservedly so, and it was gratifying to see
them again attracting attention. Steam power bad been found advantageous in every other
application, and he thought it would eventually prove so in this. As mentioned in the
paper, many schemes had been tried; amongst others was that of warping, by means of a

H




58 On the Navigation of Canals by Screw Steamers.

chain lying along the bottom of the canal. He believed this plan had beem used with
advantage in tunnels where there was no towing path; but he thought it must be expen-
sive. He thought it a pity that some other ingenious projects that had been formed had
not been tried. There was one in particular, invented by Mr. Charles Liddell, in which
fixed engines and wire ropes were to be used, and which would probably give very good
results, if the traffic were sufficiently great to keep the apparatus continually at work.

In conclusion, the CHAIRMAN remarked that the case of the Thomas, detailed in the
paper, was one of the first, if not the only instance, in which steam power had been applied
with practical economy.

A vote of thanks was passed to Mr. Robson for his paper, and to Mr. Milne for the
information he had communicated.

The following paper was then read :—
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On a Joint-Chair for Railways.—By MR. WILLIAM JOHNSTONE.

TaE object of the present paper is to bring under the notice of the Insti-
tution a joint-chair recently adopted by the writer in constructing the
permanent way on new lines of railway, and also on old lines requiring
to be laid with new material.

The ordinary plan of joining the rails is to secure the two ends of the
bars in a joint-chair, by means of a wooden key.

The new chair is made to fit the section of the rail, leaving it only as
much play as will allow it to slip on, and it consequently requires no
key. All the intermediate chairs are made 8o as to receive the ordinary
key for fastening the rail in its place. The sleepers on which the chairs
are fastened, are placed at equal distances of 8 feet 8 inches from each
other, excepting those next the joint, which are each 2 feet 6 inches apart.

The advantages gained by this kind of chair are:—

1st. Becurity against accident, since the rails cannot get displaced at
their joinings, as in the old plan, where the safety of the train passing
along depended on the key at the joint being in its place.

2nd. Simplicity of application to either new or old roads.

8rd. The reduction in expense attending both its first application and
its future maintenance.

‘Where railways are constructed upon the old plan of having the joints
secured by keys, the surfacemen of the railway require to make morning
and evening examination of the rails, and sometimes oftener, principally
to see that the joint keys are in their places. Notwithstanding this ex-
amination, the writer is aware of accidents, some of a serious nature,
having occurred in consequence of the joint keys getting displaced ; and
it was to obviate this, and to render the security of railway travelling
independent of the faithfulness of such an examination by ordinary werk-
men, that he was induced to adopt this plan of joint-chair. .

Previous to introducing this chair, the writer is not aware of any
permanent way having been constructed on the plan recommended. It
has now been used upon upwards of forty-five miles of railway, and it has
been found to suit the purpose, making a very smooth road. So far as
safety is concerned, this chair appears to be equally as good as any kind
of fish-jointing, whilst its first application and future maintenance are
entirely free from complication.

A specimen was produced at the meeting, showing the manner in which
the rail and chairs were placed. The arrangement is shown in figs. 3 to
6, Plate VII, fig. 8 being an end elevation.of the common intermediate
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chair, with the rail in section wedged in its place; fig. 4 an end elevation
of the improved joint-chair, with a rail end in its place’; whilst figs. 5 and
6 are side elevation and plan of the ends of two rails, with the joint-chair
and the adjoining intermediate chair on one side.

‘

Mr. N Roesox said, he could bear testimony to the smoothness of road where the new
joint-chairs had recently been laid down ; but he had doubts if it would last. When the
joints began to wear, the ends of the rails would get loose, and there being no wedges to
tighten them, would be liable to shake. As a proof that the rails did wear in the chair,
he might mention that he had recently seen some I rails which had been turned, and
of which quite one-eighth of an inch had been worn away. The loosening consequent on
the wearing of the rail would, when once begun, be always getting worse. Notwithstand-
ing this drawback, he considered the joint-chair very ingenious and very safe. He wishel
to know how long it had been in use? i

Mr, JonxsTONE s2id, that wedges were used in the adjoining intermediate chairs, and
would prevent or very much reduce the shaking anticipated by Mr. Robson. Some of the
Jjoint-chairs had been in use three years, and not the slightest wear was perceptible in them.

Mr. Tarr thought the new joint-chair was much better than fish-jointing. Fishing always
got loose, in consequence of the great weight which was brought to bear on the bolts He
thought that the new joint-chair would eventually wear loose; but the nearness of the
adjoining wedged chairs would render the leverage very small, with which any lateral strain
could act on the end of the rail.

Mr. RoBsoN remarked, that he never had a very high opinion of * fishing,” according
to the mode first introduced. Several years ago he had occasion to be on a part of one of
the Scotch lines, where they had just commenced that system of securing the joints, when
he had noticed both nuts and bolts lying loose at the sides of the rails, and was informed by
the platelayers that this occurred constantly, so much so that a man had to examine and
screw them up almost daily. More recently, on asking a former advocate for it his opinion
of the system now, his answer was, that ‘‘it was not worth the money it cost over and
above the ordinary mode of laying.” He ought, however, to state that very great improve-
ments had been made on the system since it was first introduced, and tbat the objections to
it were thereby to a great extent removed, and he would not like /his remarks to be con-
sidered as condemnatory of all kinds of fish-jointing. He understood that some of the
most important railway companies were now making use of it, and that in particular the
London and North-Western Company, who looked after these matters as well as any
railway company in the kingdom, were adopting a plan of fish-jointing of a superior kind.

Mr. JorNsTONE said, that any kind of “fishing” was complicated, and it was difficalt to
get ordinary workmen to do it properly. He had always found that where ordinary work-
men were employed upon a fhing, it was necessary that every part about it should be as
simple as possible; otherwise it was impossible to get it done efficiently.

Mr. RoBsox inquired if, in repairing the road, there was greater difficulty in taking
out a rail and putting in a new one, than with the ordinary plan? The great merit of the
common plan consisted in the facility and rapidity with which the chair keys could be
knocked out, and a new rail inserted at once. Ile thought the new joint-chairs would
require a little more time.

Mr. JounsTONE stated that the new joint-chair did not render the putting in of a new
rail any more difficult than in the common plan. It was simply necessary to shift the
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sleeper a little, and although a little additional time might be required for the operation, it
was nothing compared with the advantages attending the use of the new chair.

The CHAIRMAN said the new joint-chair was very simple and ingenious. The invention
was one of those, respecting which it struck one as strange that it had never been thought
of before. It had been in use during three years with success, and was certainly a consider-
able improvement in *‘ permanent way,” in which, as every one would allow, much improve-
ment was wanted.

The thanks of the meeting were voted to Mr. Johnstone for his paper, and for the speci-
men chair exhibited.

The following paper was then read :—
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On Pointing Fire-Arms. By Mr. J. G. LAwRIE.
[aBsTRACT.]

EvERY improvement in the power of a fire-arm, every increase in the
distance to which shot can be thrown, demands additional accuracy in
pointing the piece.

When the soldier's musket was harmless at a distance beyond 250 yards,
and field-pieces were limited in effective power to 700 yards, very different
means sufficed for taking aim than are desirable with a power of impul-
sion increased fivefold. Fire-arms are now constructed, as regards the
distance to which, and the accuracy with which they throw projectiles, with
a perfection unknown a few years ago. The soldier’s former musket, called
“ Brown Bess,” was incapable of throwing a shot with a force to penetrate
beyond a distance of 200 to 300 yards, and even at that or a much less
distance was altogether uncertain of hitting. The same imperfection
existed in all classes of ordnance.

To remove this uncertainty of hitting in the use of small arms, or in
other words, to make a musket when placed in a fixed position, throw a
shot twice through the same path, rifled barrels are successfully employed,
and there are grounds to believe that by means of Whitworth's polygonal
rifle bore, the same important desideratum will shortly be accomplished
with ordnance. Before the invention of the Minié bullet, rifled barrels
were objected to in consequence of the difficulty and time required in
loading the gun; but now that this bullet so facilitates the loading of
a rifle as to require for that operation no more time than is necessary to
load & plain barrel with a plain ball, the soldier's musket has in the Minié
rifle reached a high degree of perfection.

‘What is the history of this unrivalled weapon? Its history is the same
as that of all other revolutionary improvements. The work of twenty
years, the labour of a lifetime, was necessary to introduce it. In 1826,
M. Delvigne first invented it, and having made experiments with the
elongated ball, brought it before the French authorities. From 1826 till
1887 no official would listen to him, and he had to contend against the
ignorance and prejudice of all the civil and military authorities of France,
although he pointed out that the best troops of France under the most
experienced officers had been beaten by the rifles of the peasantry of the
Tyrol. The loss, however, of officers and men in Algeria was so great,
that in 1838 the Duke of Orleans before going to Africa organized a bat-
talion of the Tiralleurs de Vincennes (then called Chasseurs d'Afrique) to
take with him. In 1844 Captain Minié invented the hollow ball. At
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length in December, 1854, during the heat of the Crimean war, through
the influence of public opinion, brought to bear chiefly by the Tsmes, Mr.
Sidney Herbert, the Secretary-at-war of the British Government, in the
House of Commons announced the intention of the Government to arm the
whole of the troops with the Minié rifle, and that these weapons were being
issued as fast as they could be supplied from the manufacturers,

Thus, a period not much short of thirty years elapsed before the
superiority of the rifle barrel, with its peculiar ammunition, was estab-
lished.

Perfection in ordnance, similar to that attained with small arms, is now
the great engineering problem of the day in gunnery. The malleable iron
gun made by the Mersey Steel and Iron Company, which possesses great
power of throwing heavy shot to distant points, has hitherto sustained all
the proofs to which it has been subjected, and is now at Shoeburyness
ready for service. The 86-inch malleable iron mortar made by Mallet in
London, and called Lord Palmerston’s Mortar, has not yet proved itself quite
sound, having, on each of the two trials made with it, shown symptoms
of defective strength ; but it is believed that this mortar will yet be made
effective. The object of these arms, and of others which have been made,
is to throw heavy metal to great distances; and that object is probably in
a fair way of being accomplished ; but no attempts to construct rifle ord-
nance so as to throw heavy weights with accuracy to great distances have
hitherto been equnlly successful. Lancaster’s oval bore has proved a total
failure, and other efforts having been equally fruitless, attention is now
closely directed to Mr. Whitworth’s rifle cannon with a polygonal bore.
From this gun very favourable results are anticipated.

In proportion, however, as the power of fire-arms is increased, the pro-
blem of how to use them presses for solution. When firing at distant
objects, or indeed at objects beyond a very limited distance, the piece is
elevated to an angle depending in amount upon the remoteness of the
object, and therefore a means of arriving at a knowledge of the distance of
the object to be fired at is essential to an effective use of the weapon.

At the Government School of Musketry at Hythe in the South of England
—a school established for the purpose of instructing the troops in the use
of the Minié rifle, now called the Enfield rifle—the soldier is instructed
how to handle or manipulate his rifle, and how to judge of the distance of
the object to be fired at. The first of these instructions is manifestly of
small importance, and of easy acquirement, compared with the second. A
soldier of ordinary intelligence should speedily become familiar with the
mode of handling a rifle, but it would appear to be excéedingly difficult to
convey, even to a soldier of unusual intelligence, the power of judging
with much accuracy whether an enemy be at the distance of 600, 800, or
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1000 yards, and upon the possession of that power of judging the distance,
depends the effective use of the weapon.

The solution of this problem in the manner pointed out at Hythe, is
rendered materially more difficult by the varying circumstances in which
a soldier is placed by excitement, by change of ground, change of atmos-
phere, and fatigue.

When an object is distant 100 feet or 100 yards in front of the place
from which an estimate is made of the distance of that object, the difficulty
of making that estimate with any accuracy, has probably been often expe-
rienced by engineers; but if there be such difficulty with so short a distance
as 100 yards, how much greater must it be when the object is distant 3ths
of a mile! According to Sir Charles Shaw, the accuracy of firing by
ordinary troops when the distances are known is remarkable, but those
very troops when required to fire consecutive shots upon an enemy ap-
proaching at a trot or gallop, would probably be far less successful when
in possession of no other means of knowing their distance, than their own
estimate by the eye.

The Hythe instructions for judging distance appear exceedingly crude,
and seem but little suited for an effective use of the new and powerful fire-
arms. Instead of the uncertainty which appears to surround the plan of
the instructions, another method of procedure, consisting chiefly in a
change in the sight, seems to supply not only the information aimed at by
the instructions, but also to remove an imperfection in the construction
of the rifle as at present made.

The rifle at present in the hands of our troops is represented in ﬁg 5,
Plate 1V. A sight is placed on the top of the barrel, at A B, and is so
constructed that the soldier can alter the height of the top of it, by
pushing up or down a slide working upon two guides.

In using the rifle, the soldier first, in conformity with the Hythe instruc-
tions, estimates the distance of the object, then adjusts the top of the sight,
A, to the point graduated as corresponding with that distance, and putting
the rifle to his shoulder, elevates the point until his eye, the top of the
sight, and the muzzle are in line. If the stock of the musket used in
this manner fits the arm of the soldier when firing to one distance, it
manifestly cannot fit it when firing to any other—an objection which every
marksman knows is by no means immaterial.

Two forms of sight have been devised by the writer—one for ordnance,
and one for small arms; or rather one for distances under 1000 yards,
and ome for greater distances. The sights are very simple, and depend
upon the principle that the more distant an object is, the smaller it
appears.

For long distances, the sight consists of a small telescope, which is pro-
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vided with two fine steel wires, or, as is customary with opticians, two
threads of spider's web. These threads are placed across the object-glass
at its focal distance, and can be separated or approximated in a manner
which by a micrometer screw affords the means of measuring the distances
between them to any amount of minuteness. Thus, whether the object be
cavalry or infantry, the distance is known by a scale graduated on the
telescope, indicating the distance asunder of the threads.

The form of sight for field-pieces and rifles, which are not used for dis-
tances so great as ordnance, and therefore do not require so much power,
is intended to be always attached to the weapon itself. In fig. 6, a rifle is
shown with one of the several forms of this sight.

A sight, o, shown enlarged in fig. 7, is placed on the barrel. This sight
is a plate having apertures cut through it, which apertures, 2, 3, 4, &c.,
correspond respectively to the apparent height of a man at the distance of
200, 300, 400, &c. yards; and therefore an eye at E, looking through the
aperture 2, at a soldier 200 yards off, will just see him from head to foot.
In the same way, looking through the aperture 8, it will just see a soldier
3800 yards off, and so on with the other apertures. But in firing at an
enemy 200, 300, or 400, yards off, the barrel must, in each case, be ele-
vated to certain angles, each distance having an angle of its own, depend-
ing upon the power of the rifle.

In constructing the sight, the several apertures are cut in such positions
as to require the elevation of the barrel of the rifle to the proper angle, in
order to make the object visible through the ‘corresponding aperture. If,
in looking through the aperture 3, for example, the object.be seen from
head to foot, the barrel is at that moment elevated to the proper angle;
and in the same way, if in looking through any other aperture the object
be seen from head to foot, the barrel is simultaneously elevated to the
proper angle. Thus, in using the rifle, the soldier has no concern with
the distance of the object, but has to perform only the one operation of
looking at the object through the aperture which contains it from head to
foot—a mechanical process unaffected by any external circumstances of
ground, atmosphere, or change of dress.

If the objects, of which the distance is measured, whether by this last
sight, or by the telescope, be of an invariable height, and if sufficient care
be taken in the observations, results of very considerable exactness are
obtained—results, however, not comparable to trigonometrical measure-
ments, but vastly superior to any estimate the most practised eye could
make.

These sights appeared to the author so simple in principle, and so simple
in construction, that he made a search to learn whether they had not been
previously in use. The result of the search was to ascertain from

1
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Coddington's Optics,* that the same principle, embodied in a differ-
ent mechanism had been used for astronomical purposes, and also that
an instrument called the stadia, which consists of two divergent limbs,
like two sides of a triangle, has been or is in some use in the French
service. This instrument is held before the eye at a distance determined
by the length of a cord grasped in the teeth, and is graduated to show
the distance of the object, which corresponds to the distance from the apex
of the parts of the divergent limbs, which just span the object.

It is, therefore, not new to measure distances by telescopes, nor by
instruments like the stadia; but the author believes it is quite new to
elevate or point fire-arms by mechanism in which a telescope or other
sight is used in such a way that the single act of gauging the object
elevates the barrel to the proper angle. For long distances the author
uses the telescope sight in this manner, and for shorter distances the sight
described in fig. 7, or another form depending on the same principles.

Mr, Lawrie not being present when the paper was read, the discussion
. of it was postponed until the next meeting, when the following observa-
tions were made :—

Mr. LAwRIE explained the action and advantages of his rifle-sight at length. With the
common sight, the distance had first to be estimated or guessed, and the sight to be after-
wards adjusted to it. His sight itself afforded a very simple and sufficiently accurate
meauns of ascertaining the distance, whilst the very operation of finding the distance adjusted
the plece for firing with the corresponding elevation. With the common sight, again, the
fixed reference point was at the muzzle of the piece, and the piece was adjusted by raising
or lowering the breech, and the consequence was that the piece had to be applied to different
parts of the shoulder for different distances; and if it fitted the shoulder in one position, it
could not do so in others. With the new sight the fixed point of reference was over the
Jock, and the piece was adjusted. by raising or lowering the muzzle—the position of the
piece against the shoulder remaining the same, or very nearly so, for any distance. The
improved sight had been tried upoa a rifle, and no difficulty was found in using it.

In reply to an observation respecting the difticulty of adjusting the elevation of a rifle,
when fring at troops in a kneeling or lying position, Mr. Lawrie said his sight could do no
more than common sights under such circumstances. In reply to a remark that the sight
was in an awkward position at the muzzle of thepiece, and would be liable to injury, he
said it could easily be made strong enough, and it might be made of considerably thicker
metal than the barrel, without inconvenience.

Mr. FenTon thought that sights would be of very little use in an engagement, after the
first round, as the view would be much obscured by smoke.

* Edition 1825, page 129.
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Mr. TArr was of opinion that there could be no question as to the relative merits of the
old and new sights. Mr. Lawrie's ‘was clearly superior. If the apertures were correctly
made, and in their proper relative positions corresponding to different distances, the use of
the sight must give the exact range in each case—and anything better than this could
scarcely be expected.

In reply to a question from Mr. Downig, Mr. LAWRIE stated that a rifle, with his
improved sight, had been placed in the hands of the Woolwich authorities for examination,
and was still there, no report having been made.

On the motion of the CHAIRMAN, the thanks of the meeting were passed to Mr. Lawrie
for his paper.
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Tue Frera MEETING of the Session was held in the Philosophical
Society’s Hall, on Wednesday, 17th February, 1858, the PRESIDENT in the
chair.

A discussion took place on the subject of Mr. J. G. Lawrie's paper read
on the 20th January. This discussion is given at page 66.

The following paper was read :—

On employing Steam expansively.—By Mr. ALEXANDER MORTON.

The economy of fuel obtained by the expansion of high-pressure steam,
has been the subject of much discussion and experiment amongst engi-
neers; although many have still doubts on the subject, and we hear of
many failures, yet there are successful trials which sufficiently prove that
economy really does result from expansion, if the proper means are em-
ployed. Tt is well known that, in most cases, success has been owing to the
steam being supplied with additional heat, whilst expanding. When steam
or air is compressed, a certain degree of heat is made sensible, which dis-
appears on its being again expanded. Gay Lussac says, if air be com-
pressed into one-fifth its original volume it will ignite tinder, but he does
not state at what speed the compression takes place. Those workmen who
daily use the fire syringe can produce fire when the air is far less com-
pressed, and if the speed of compression could be sufficiently increased,
air might ignite tinder when very slightly compressed. It would be
unreasonable to believe that the amount or degree of heat made sensible
by compression could cause re-expansion, so as to raise the weight by
which it was compressed, at a greater velocity than that of compression,
without being supplied with additional heat from surrounding bodies.
It is a universal law, that force, whether in the form of heat or anything
else, cannot be gained or created ; therefore the amount of heat made sen-
sible by compressing air or any elastic fluid cannot expand it at a greater
velocity than that at which it was compressed, without abstracting ad-
ditional heat from surrounding bodies. The amount of heat required to
expand saturated steam depends wholly upon the speed of expansion; and
on examining indicator figures taken from engines working expansively,
it will be found that the speed of the piston distinctly alters the curve.
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If a given volume of air in contact with a given volume of water of an
equal temperature is very slowly expanded, the temperature will very
slightly diminish ; but when it is expanded at a great velocity, the temper-
ature will be greatly reduced, and as the speed of expansion is increased,
a proportionally greater diminution of temperature is indicated by the
thermometer 'immersed in the water. When a piece of copper wire is
drawn through a die less than itself, being thereby lengthened, if it is
wholly immersed in a given quantity of water, the rise in temperature
will correspond to the speed with which the wire is drawn. If a fly-wheel
running at a given velocity be immersed in water, the motion gradually
diminishes, and the water rises in temperature; but if the wheel be held
against the side of the dish containing the water, a greater rise in temper-
ature will be indicated. .If the total heat in a given weight of steam is
measured by suddenly mixing and condensing it in a given quantity of water
of the temperature of 40° Fahr., 1040° becomes sensible ; but if the steam is
slowly condensed in a small surface condenser, 680° only may become
sensible. Experiments which I have performed, giving these and many
similar results, prove that the amount of heat made sensible depends upon
the speed with which equilibrium is destroyed or restored. The latent
heat in steam can be viewed as a motion of its matter, and the heat
made sensible in restoring equilibrium depends wholly upon the period
of time in which it is restored. Time, heat, and motion, may therefore
be intimately connected.

Fig. 1, Plate VIIL is a representation of a column of high-pressure
steam issuing freely into the atmosphere. If the hand be held at the base
of the column, a great degree of cold is felt in the surrounding air
immediately in contact, and the greater the pressure of the steam before
liberation, the greater will be the degree of cold felt. If a spring balance
(baving a very light disc attached) be held in the issuing column, an
oscillatory motion will be imparted to the disc, the time of an oscillation
depending upon the pressure or on the speed of expansion. As we
ascend the column, the time of an oscillation is greater, and as the pressure
of the steam is increased, the temperature of the issuing steam near the
base of the column diminishes, as shown by inserting a thermometer. The
steam on being liberated suddenly expands, and the surrounding air en-
deavours to supply the demand for heat; but, as the heat in the air is
unable to supply the expanding steam with sufficient rapidity, the steam
partially condenses, and the heat produced by this partial condensation
maintains the remaining steam, which causes the volume to alternately
increase and decrease, producing the oscillations shown in the figure. To
trace this phenomenon still further, I experimented with a small high-pres-
sure engine, driven at different speeds, with the view of determining the
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speed best suited for different pressures, with different degrees of expan-
sion. In experimenting at slow velocities, no condensation of the steam
in the cylinder was perceptible, and the figure traced by the pencil of the
indicator showed a regular curve, represented in fig. 22 When the
velocity was increased the figures became oscillatory, and a greater con-
densation of the steam in the cylinder was very evident on opening the
discharge cock. As the speed was further increased, the oscillation and
condensation rapidly increased, and the indicator figures became no guide
for the quantity of steam used, but the greater amount of fuel required
distinctly proved that the steam was not sufficiently supplied with heat
for the rapidity of its expansion. On examining figures taken from
engines working expansively, it will be seen that the speed of the piston
has a great effect in changing the form of the curve. When the piston is
at its point of greatest speed the pressure falls quickly, and as the speed of
the piston diminishes towards the end of its stroke, the figure falls less and
less quickly. The influence of the same law is shown on compressing
steam into a less volume; the greater the speed of compression, the greater
is the rise in pressure. Locomotive and other engines working expansively,
by means of the link motion, compress a certain volume of the exhaust
steam at the termination of each stroke; and on measuring any of the
figures of such engines, it will be seen that the greater the speed of com-
pression, the higher the pressure of the compressed steam. An example
of this is given in fig. 4 When steam of a certain pressure is suddenly
exhausted into the atmosphere, or into the condenser, the sudden expan-
sion of the steam robs the cylinder of a great portion of heat, and by
altering the speed of exhaust, the condensation of the entering steam can
be increased or diminished. Short-stroked engines running at a high speed
open the exhaust with a greater speed in proportion, consequently a
greater amount of heat is robbed from the cylinder. It is a great mistake
to construct an engine with a sudden exhaust and a large condenser.
The Cornish pumping engines have very small condensers, and very slow
exhausts, which gives them an important advantage over the generality
of short-stroked crank engines. If the exhaust steam could be removed
from the cylinder before being expanded, then our only loss would be the
pressure of the steam at that period. In Cornwall the steam induction
passages are virtually the largest, and the eduction the smallest, quite
contrary to the general practice elsewhere.

The jacket in these engines supplies heat to the cylinder, and the steam
maintains nearly a uniform temperature throughout the stroke, and
instead of throwing the whole of this valuable heat into the condenser, a
certain portion of it is retained, and compressed in cushioning the moving
mass at the termination of the out-door stroke. This portion of super-
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heated steam filling the clearance space above the piston, superheats the
entering saturated steam, admitted suddenly by the sudden opening of the
large steam valve; and this heat maintains the steam in its gaseous form
without extra fuel, since it is recovered from the previous-stroke steam.
There are other means of superheating steam; for instance, if steam be
generated in a vessel at a high pressure, and then allowed to expand
freely into an empty vessel, that portion which enters first expands,
and is immediately afterwards compressed by the following portion. The
volume of the steam by this compression becomes superheated, and pos-
sessed of an elasticity greater than that due to its density. Watt denied
that there was any increase in the total heat in saturated steam. Southern
asserted that the whole of the augmentation in temperature was so much
additional heat. When steam is generated under an increasing pressure,
we find that the pressure rises very slowly at first, but the more the tem-
perature rises, the more rapidly does the pressure increase. From this
fact many have thought that less fuel was required to evaporate water at
the higher pressures, but Watt, Christian, and many others, found that an
equal quantity of fuel was required to evaporate equal quantities of water
under different uniform pressures. Experience has shown that rather
more fuel is required to evaporate water at the higher pressures, and this
is probably because the difference of temperature between the furnace
and the boiler is less as the pressure is increased, and the loss by radia-
tion is also increased. With ordinary pressures, only about 5 per cent.
extra fuel is required. When evaporating water under an increasing
pressure, the whole volume of water in the boiler has to be raised to
a corresponding temperature, and we know that an increase of about 40°
Fahr. is required in raising the pressure from one to two atmospheres,
and only 46° Fahr. additional in raising it from two to four atmospheres.
If the steam space is small, and if there is a great body of water in the
boiler, the fuel required to raise the pressure from 15 pounds per inch to
30 pounds per inch, may be nearly double that required to raise the pres-
sure an additional atmosphere, namely from 30 to 45 pounds per inch. This
is the cause of the greater velocity as the pressure increases. Some very
successful trials of mixing saturated steam with superheated steam have
Leen made lately, and many would at first wonder when told that two
different steams of the same pressure, when mixed together, suddenly
became of a higher pressure. In several experiments which I have per-
formed with steamsof littleabove atmospheric pressure, with their respective
temperatures about 500° Fahr. and 214° Fahr., the pressure instantaneously
increased. Iintend in future experiments, if possible, to define the amount.
Having already said that the latent heat made sensible by condensing a
certain weight of stearu depends upon the speed of condensation, I may add
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that I am of opinion that saturated steam, when mixed with water at about
60° Fahr., is condensed at the same speed as that at which it was generated ;
because the same quantity of fuel which generated the steam, can, if
applied directly to the water, raise the same volume through nearly an
equal number of degrees; but apart from this, if high-pressure steam be
condensed without being allowed to expand (which is easily accomplished
by filling the condenser with air at nearly the same pressure), the heat
made sensible is less than that of low-pressure steam, if measured in the
same manner. The greater weight of the air slightly prevents the speed
of condensation. Steam can be viewed as a body in motion. If its motion
is destroyed in a given period of time, the amount of heat made sensible
is equivalent to that required to give an equal body the same amount of
motion in the same time. In expanding steam under a steam-engine
piston, a very small portion would resume the form of water if 1000°
Fahr. were liberated to supply the then remaining steam, as generally
believed ; but as the steam very slowly resumes the form of water in
expanding, a great quantity would consequently require to condense to
supply the demand, and in a steam-engine where no means of supplying
the expanding steam is adopted, if cutting off at, say, half stroke, with an
ordinary motion, no water in the cylinder may be perceptible; yet, if the
steam be cut off at one-fourth of the stroke, the piston running at the
same speed, the greater quantity of water in the cylinder will distinctly
tell upon the fuel consumed.

Steam, viewed as a body in motion, cannot be expected to impart motion
to another body, without an equivalent diminution in its own motion; yet
in considering the action of steam in an engine working with a uniform
pressure throughout the stroke, many entertain the idea that the steam is
nothing impaired, when the stroke is accomplished, because they find a
cylinder full of steam at the same temperature and pressure as at the
beginning of the stroke; and a cylinder full of steam is thrown into the
condenser. This is no doubt the weight of steam thrown into the con-
denser; still it forms no measure of the quantity of steam which left the
boiler. On motion being given to the piston a certain portion of the
steam loses its motion, and becomes water of the surrounding temperature.
Additional steam from the boiler occupies the place of the previous steam,
and thbis change of motion continues as long as the piston continues to re-
ceive motion. Undoubtedly a very small percentage of the motion in steam
is utilized in this manner, compared with the quantity thrown into the con-
denser; but by increasing the load on the piston it is easy to see that
a greater per centage will be utilized, and that greater economy of fuel will
follow. Oliver Evans, and many others, have distinctly mentioned that it
did not require double the fuel to double the work of an engine working
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fall pressure. There are many aware that steam assumes the form of
water in expanding under pressure, who still believe that the portion
condensing gives out 1000° Fahr. (which is termed the latent heat) to
superheat the steam still remaining. If, however, the motion in steam
could be absorbed by producing motion in another body, and still 1000°
Fahr. made sensible, we could then gain motion or heat without fuel; but
when we consider that the motion in steam is wholly absorbed by another
body, we cannot expect even 1° Fahr. to make itself sensible in expanding
the remaining steam. On again referring to the indicator figures, shown
in Plate VIII., we find that when the steam is suddenly expanded, it
rapidly diminishes in both temperature and pressure, and being below the
temperature of the cylinder and piston, it abstracts the heat from the
cylinder and enlarges the whole volume, which again diminishes by the
rapid expansion. This change of motion, or condition, abstracts an equi-
valent amount of heat from the cylinder which must be supplied from the
entering steam, with a proportionally increased expenditure of fuel; con-
sequently, the greater the degree or speed of expansion the slower should
the velocity of the piston become, unless the motion in the steam is pre-
served by heat from another source. The motion in steam, or any other
body, can be preserved with a less expenditure than that required for its
production, and in steam-engines where this has been attended to, great
economy has been obtained. I do not mean that steam should be super-
heated above what is necessary to preserve its motion, for, if the steam
be superheated, the whole is thrown away at the termination of the stroke,
unless means are employed for recovering the heat. A certain portion of
this heat is recovered in the Cornish engines, as I have already noticed,
by closing the equilibrium valve before the end of the stroke; and as the
moving mass is increased, the greater volume of this superheated steam is
retained and compressed. It is proverbially well known throughout
Cornwall, that the duty of the engines has increased as the mines have
been wrought deeper, and the moving mass consequently increased ; and
many have also found a gain by increasing the moving mass in crank
engines. I have already briefly explained the cause of this increased
duty, when considering the action of an engine working with a uniform
pressure throughout the stroke. When the load is increased in the Corn~
ish engines the degree of expansion is also increased, the velocity of the -
piston diminishes, and a greater portion of the superheat is recovered from
the previous-stroke steam, by retaining a greater portion in the clearance
space in the manner already explained. These advantages outweigh the
loss by the extra friction of the greater moving mass. I have, by repeated
experiments, found that, as asserted by high authorities, the consumption
of fuel required to raise a given volume of water through a given number
- K
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of degrees is equal, whatever is the time in which it is accomplished. By
the consumption of 1 pound of fuel, a certain volume of water is raised in
temperature 10° Fahr. in an hour; and the econsumption of 2 pounds of
fuel can raise the same volume of water twice as rapidly, that is, 20° Fabr.
in an hour. Hereis therefore a means of gaining or losing time ad lbétum
if the rise in temperature is the work required from the fael. It follows,
as a consequenee, that if we construct a furnace to consume 4 pounds of
fael per hour, instead of 2 pounds, we can then raise double the quantity
of water through a given number of degrees in a given period of time,
which will undoubtedly be a great gain. When saturated steam is mixed
with water at about 40° Fahr., 1040° Fahr. become sensible; but by
another experiment, to which I have already alluded, 680° Fahr. be-
come sensible. Here then is a means of losing heat, because the steam
was condensed in a longer period of time. If the motion of a body
be absorbed by another body of an equal weight in an almost inconceiv-
ably short period of time, an equal amount of motion is produced in the
Jatter body; but if the first body impart its motion during a greater length
of time, a correspondingly longer period of time is required to produce
the same motion in the second body.

From these considerations, it would appear that time, heat, and motion
ean be lost; but I have already alluded to the intimate connection
between the three, and no one of them can be lost without producing an
equivalent of one or hoth of the other two. We have been led to believe,
upon high authority, that there is no more possibility of increasing the
power of an engine by merely altering its working parts, than there is of
increasing the effect of a waterfall, by arranging the pipes which serve it.
Fortunately, those who have found it necessary to apply a constant stream
of cold water upon the crank-pin and other bearings of short-stroked
engines, cannot believe in such an absurdity, knowing that heat cannot
be made sensible without destroying motion. Witness the effects of
experimental engines, constructed with the view of economizing fael, by
carrying the expansion of saturated steam very far. Experience has
taught us that our previous theory of expansion was at fault; and, with-
out fear of contradiction, I assert that the engines in Cornwall have, for
the last twenty years, given more economical results when cutting off at
about half stroke, than the generality of our high-pressed double-cylinder
expansive engines (excepting cases where an additional amount of heat is
supplied to the steam, corresponding to the speed of ifs expansion).

I shall now endeavour to explain the action of the steam in the cylin-
der of the experimental engine, when the velocity of the piston was
increased, fig. 8 being traced by the pencil of the indicator. I may first
mention that almost precisely the same figure was traced whether the
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paper’s surface was rough or smooth, or the pencil spring of the indicator
strong or weak. When the steam first enters the cylinder, the piston is
at that instant in a state of rest or equilibrium ; the action of the steam
upon the piston causes it to recede very slowly at first, and a certain por-
tion of the steam's motion is destroyed, having been absorbed by the
-piston. But as the steam valve is still open, fresh steam is supplied from
the boiler, and as the piston’s motion is accelerated, a greater portion of
the motion in the steam is absorbed ; and as soon as the steam supplied
is deficient, either from the passage being too contracted, or from being
wholly intercepted by the closing of the cut-off or steam valve, the pres-
sure immediately diminishes, as shown by the first fall in fig. 8. At this
point the steam has so suddenly impartedl its motion to the piston, that its
temperature is reduced below that of the cylinder in which it is contained ;
but although it is at a low temperature, it bas not resumed the form of
water, but is what I shall term supersaturated steam, being possessed of
a density greater than that due to its pressure. This supersaturated
steam being of a lower temperature than the cylinder and piston, absorbs
heat from the cylinder,—this heat endeavouring to restore equilibrium by
supplying the demand, and the motion or pressure of the steam again
increases, as shown by the rise of the second oscillation. The piston
being still in motion, again absorbs the motion of the steam with greater
rapidity than that with which the cylinder can supply the requisite heat ;
and the steam, consequently, falls in temperature. This change of motion
would continue as long as the piston continued to move, the cylinder still
endeavouring to supply the heat required by the expanding steam. It
will be distinctly noticed, on examining the figure, that as the velocity of
the piston diminishes towards the termination of its stroke, the time of an
oscillation increases, and the variations diminish, as already explained
when considering the same phenomenon in a jet of high-pressure steam
issuing freely into the atmosphere. If a certain weight of cast-iron, at
the highest temperature of the cylinder, is immersed in cold water, a very
small quantity of heat is made sensible; and on noticing the indicator
figure at the period when the first abstraction of heat from the oylinder
takes place, we find that the whole volume of the steam in the cylinder
bas been raised in pressure by the heat it has received from the cylinder
and piston in a very short period of time. I must remind you that steam
supersaturated by expansion, requires very little heat to recover its
motion, compared with that required for its production. On comparing
figs. 2 and 8, or on measuring the curve of compression, we find that the
pressure increases in a much greater ratio at the higher velooities,

We have generally understood that any body falling freely by the action:
of gravity, and having its motion destroyed by a perfectly elastic material,
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would rebound and ascend to precisely the same height as that from
which it fell, in an equal period of time ; if, therefore, a body descends in
one second of time, by the end of the next second we expect to find the
ascending body at precisely the same height, and equilibrium again
restored—quite independently of the time occupied in the change of
motion. If we can conceive the change of motion to have been accom-
plished in no time, then this law would be correct; but as we know this
to be impossible, we may rest assured, that whatever time is occupied in
destroying motion, the same time is required to reproduce it in the same
body. When a body is projected upwards with the velocity of thirty-two
feet per second, its motion is destroyed in ome second of time by the
action of gravity, and we find that exactly one second of time is required
before it returns with the same velocity. This is, undoubtedly, a universal
law, and shows that time can be lost. I have now to mention an equally
important law—namely, that the heat made sensible by destroying motion
or restoring equilibrium in any moving body, depends wholly upon the
time in which the motion is destroyed. If the heat made sensible by
destroying the motion of any body in a unit of time can be wholly utilized,
in again restoring an equal motion, this will undoubtedly be accomplished
in a nearly equal period of time; but if two units of time have elapsed in
destroying the motion, then the heat made sensible cannot possibly restore
a similar motion in less than two units of time. I have repeatedly proved
this by experiments, and I find steam forms no exception, being merely
water in motion. Those who have performed experiments with the view
of discovering the amount of latent heat in steam, arrived at different
results, the cause of which I shall, with your permission, endeavour to
explain in a fature paper, along with drawing and description of the
apparatus I employed.®

In conclusion, I would remark that the key to the various phenomena
1 have been discussing, as well as to many others, lies in the fact that
gravitation endeavours to restore equilibrium or rest in all bodies.
Motion follows on equilibrium being destroyed, and ceases on its being
restored. Thus in the case of the jet of steam (fig. 1) issuing freely into
the atmosphere, at first a certain portion of the air is robbed of its heat
to supply the suddenly expanding steam, and then an equal portion of air
is heated, and equilibrium again restored.

The PresipExt said he had requested the secretary to put on the board some extracts
from a table of results obtained by Regnault, which seemed to bear upon the part of Mr.
Morton's paper, in which he treated of the heat made sensible on condensing steam. A

® Mr. Morton’s sacond paper is given at page 97.
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translation of the paper from which these fignres were taken, was in a volume of the
Cavendish Society’s publications. With reference to the cold felt in a jet of steam issuing
into the atmosphere, he might mention that Messrs. Joule and Thomson had made some
experiments with compressed air allowed to rush out freely into the atmosphere. They
found that the temperature fell in the rapid part of the current, but the heat was almost
all reproduced when the motion had quite subsided. Mr. Joule had also tried some more
recent experiments on steam, which had not as yet, he believed, been published. He
might, however, mention that nearly similar results had been found in experimenting with
steam; the heat, however, not being so completely reproduced as in the case of gir. As
regarded the latent heat of steam, Mr. Morton differed from other experimenters. In one
case he had found 1040° given out, and in another only 680. These results did not agres
with those obtained by Regnault, and noted on the board ; Regnault’s experiments were
most elaborate, and conducted with every poesible care at the expense. of the French
government. The entire table for the boiling point of 212° Fahr., gave the result of 44
different experiments, and the greatest difference in the latent heat obtained was not above
1-300th part. The six experiments noted on the board were made by Regnault, to test
whether a difference in the rapidity of condensation made any difference in the result.
Thus in one experiment the time occupied was three times as long as in another in which
about one-fourth more steam was condensed, and yet the difference in the results was
exceedingly small. In another set of 78 experiments, Regnault found that the total heat
of steam of different pressures was about 8-10ths of a unit of heat more for every degree of
increase of the boiling point, corresponding ¢o the pressure. Thus steam of a pressure
corresponding to 222°, would give out 8 units of heat more in condensing, and cooling to a
fixed temperatare, than steam of atmospheric pressure corresponding to the boiling point of
212°, With regard to the oscillations shown in the diagram, fig. 8, he might observe that
their cause had been much questioned. Some had thought the oscillations entirely due to
the action of the indicator spring, but this could not be considered to have been proved,
and there were good grounds for attributing them to the varying condition of the steam.
Questions of some importance were brought forward in the paper, as to whether cushioning
was a source of economy, and as to whether loss of heat was caused by allowing the steam
to escape too suddenly from the cylinder.

Mr. MackArx stated that he had been in Cornwall, and had seen several of the pumping-
engines there, although he could not say he had had time to examine any of them very
minutely. He was much struck with the differences in the speed of the engines ; they came
home rapidly, and went out slowly. He thought their great economy arose from the
thorough condensation which was allowed to take place. The most economical engines
only made from 2 to 8 or 4 strokes per minute; when the speed was raised to 6 strokes per
minute, the economy ceased.

Mr. ALLAN said that he had seen diagrams like fig. 8 taken from a locomotive when
going at a great speed. He did not think economy could result from cushioning ; and the
quicker they got rid of the steam the better. Of course, a slight cushioning was desirable,
to ease the change of motion of the reciprocating parts, but more cushioning than was
necessary for this would be injurious.

Mr. TArT gave particulars of some experiments he had recently made with a cylinder 16
inches in diameter, having a stroke of 8 feet. He had employed steam of various pressures,
from 50 lbs. down to 80 lbs. With the steam at 50 1bs., and cut-off at 9 inches, and the
speed 86 strokes per minute, the diagram showed oscillations, but not so marked as those
represented in' fig. 8. He had no hesitation in attributing these oscillations to the tremor
of the moving mass. In this experiment 4 ¢ubic inches of water were used per stroke.
With s pressure of 80 Ibe., and cut-off at 18 inchee, only 8 cubic inches of water were
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used per stroke; this experiment gave far the prettiest diagram. There was 1 or
2 1b. to spare at the end of the stroke, whilst in the first case the pressure was below
the atmosphere at the end of the stroke. When altering the expansion by means of the
link motion, the cushioning was greater, the greater the cut-off. The link-motion was bad
expansion gear, and caused an injurious back pressure, by retaining too much cushioning
steam. With regard to the steam jet issuing from the pipe, he thought that the cooling
effect was partly due to the inrushing of the air drawn into the steam current.

Mr. B. Coxxor thought it difficult to conceive how the pressure could vary alternately
in opposite directions, in the way shown in Fig. 8. It was natural to suppose that the
pressure would vary gradually; he should be inclined to attribute the oscillations shown
entirely to the imperfection of the indicator.

Mr. MorTON said that in Regnanlt’s experiments, nferud to by the President, the quan-
tity of steam condensed in a given time was varied, and consequently the rate of generation ;
but that did not prove that the speed of condensation was varied. The condenser was the
same size, and the water surrounding it of the same temperaturs in all the experiments.
In order to vary the speed of condensation, it would be necessary to use water of different
temperatures, and condensers of different sizes. It was by using a small condenser that he
had obtained the result of 680° latent heat. In his experiments he had used condensers,
each one smaller than the previous one. In one case he obtained 900°; with a amaller
condenser he obtained 720+; and with a smaller still, only 680°. He did not consider the
three indicator figures as at all good with reference to the performance of the engine.
They were, in fact, all bad figures; but he had used them to show the effect on the curve of
compression, by altering the speed, and for other special purposes connected with the objects
of his paper. With reference to the steam jet, he had in some experiments encased the jet,
to prevent the inrush of air, but the fall in temperature was still shown.

On the motion of the PRESIDENT, the thanks of the meeting were voted to Mr. Morton

for his paper.

The following discussion then took place on the subject of—




This discussion was in continuation of that held on the 23d December,
1857, and recorded at page 43.

The PrrSIDENT said, it was now time to proceed with the discussion of the subject of
Decimal Divisions, which had been adjourned at the December meeting. At that meeting
two papers had been read on the subject: one by Mr. J. Simon Holland of London, who
recommended that the sixteentlpof an inch should be taken as a standard unit of length,
that it should be termed a ‘‘steen,” and that units derived from it should be employed for
weight, money, and measures of all kinds. The other paper was by Mr. Walter Neilson
of Hyde Park Foundry, who recommended the adoption of the entire French system of
weights and measures, the use of which was gradually spreading over the Continent of
Europe. At the first meeting of the session in October the Institution had had explained
to them Mr. Whitworth’s proposed system, the chief feature of which was the division of
the inch into one thousand parts. The paper in which Mr. Whitworth explained and
advocated his system, had since been published in full, and some extracts from the com-
parative tables given in it had been put upon the board for the information of the meeting.
He would call on Mr. NE1LsoN for any further remarks he had to offer on the subject.

Mr. Nx1Lsow said, Mr. Whitworth’s system was very good for screw-taps and dies, and
wire guages, and for such articles of minute dimensions as were made of certain fixed sizes.
The main object, however, of that aystem was to obtain uniformity in small gauges and
sizes, and it could scarcely be said to touch upon the broad principle of decimal divisions.
Such minute measurements as thousandth parts of an inch, were quite out of the province
of an ocular scale, and could only be recognized by touch. Gauges and size scales, marked
with subdivisions of tbe inch, might be used for such minute measurements, without
creating inconvenience in connection with scales for larger sizes having quite a different
standard or unit. He would, however, go further, and look to the establishment of a com-
plete decimal system, and in that case it would be necessary to consider how the inch would
answer as a unit for sizes and measures greater than an inch. He had previously endea-
voured to show that the inch would be a very inconvenient standard for a complete system,
and he need scarcely observe that one of the chief objects of a new system must be to reduce
the number of different units of size, so as to simplify calculations and the retention of
tables of measures in the memory. Nothing could be simpler than the French matre
system. He would not then go into the question of its desirability for extra large measure-
ments, but the great convenience of the various subdivisions of the métre was indisputable.
He had had a half-métre rule constructed, which he exhibited. The smallest divisions on
it were millimdtres, quite minute enough for any measurement the eye had to estimate;
the divisions next in size each measured one centimétre, almost exactly equal to our three-
eighths of an inch, than which there was not a more used measurement in engineering practicr.
Then we had two centimétres, almost the same as our three-quarters of an inch; and three
centimétres, almost an inch-and-an-eight, also very much used measurements. . From the
constant practice into which engineers were forced by circumstances, many acquired a second-
nature facility in calculating quantities containing such measurements as §ths, Jths, Jth
inch, but it was obviously much simpler to calculate quantities in which those often-recurring
sizes were designated as 1, 2, or 8 centimdtres. If the French system were adopted, there
would not be the alightest difficulty in working out Mr. Whitworth's system of tap and die
scales, and wire gauges, in accordance with it. The various sizes might easily be numbered
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to correspond to their measures in the minuter subdivisions in the mitre scale; just as in
Mr. Whitworth’s system the numbers were made to correspond to thousandths of an inch.

The PrEsipENT remarked that amongst the inconveniences attending the introduction of
any new system, would be the necessity of altering a variety of useful memoranda which
an engineer carried in his memory, and of which many happened to be very conveniently
expressed according to the present system. He might instance the following amongst sach
memoranda :—The tenacity of good bar-iron, 60,000 lbs. per square inch; that of boiler-
plates, 50,000 1bs. per square inch ; that of ordinary cast-iron, 16,000 to 18,000 lbs. per
square inch. The greatest tension in a square cast-iron bar, when broken across, is
40,000 1bs. per square inch; the weight of a wrought-iron bar, 8 feet long and one inch
square, 10 Ibs. Such numbers as these would have to be unlearned, and new numbers
learned, were the units of measure changed. It would be well that any one advocating a
new system should consider how inconveniences of that kind were to be got over.

Mr. NE1Lsox observed that it was quite possible the data referred to might in many
cases be expressed in simpler figures than those at present used. He thought few engineers
trusted to their memory for data and figures like those mentioned ; for his part, he con-
sidered it safer to refer to tables when they were wanted.

The PresinENT thought it useful to be able to do without tables as far as possible.

Mr. Waw. JouNsTONE observed that civil engineers had already adopted the foot and acre
as units, and invariably used decimal divisions of those units, finding them extremely
convenient. He thonght great inconvenience would be caused by substituting the French
metre system in civil engineering; as far as regarded civil engineering, the present
system was so simple and comprehensive that there was no call for change.

Mr. Mackaix differed from the last speaker respecting the inconvenience that would
attend a change. If the meétre system were once adopted, calculations could be made
and quantities compared in it as easily as, if not more casily, than in the present system.

Mr. Nr1Lsox could not see how they differed in principle from the French system, if they
divided the foot into ten like the civil engineers, and the inch into ten, as Mr. Whitworth
proposed, whilst by at once adopting the French system, they would avoid the awkward
combination of two such different units as the foot and the inch.

In reply to & remark from Mr. A. SMITH, to the effect that it was expected that the advo-
cates of a new system should point out its special advantages, Mr. LAWRIE said that any
one could easily discover the advantages of a decimal system, by calculating the solid
coutents of a block according to it and according to the old system. A vast difference in
trouble would be met with.

The PRESIDENT mentioned one decimal set of measures which was already used exten-
sively in Britain: the nautical mile, which was divided into 10 cables, each cable being
divided into 100 fathoms, The nautical fathom was not exactly six feet, but sufficiently
near to be considered as such in rough calculations,—namely, 607574 feet.

Mr. Ne1Lsox said it was perhaps unfortunate that none of our present measures exactly
came in with any in the French system, but as in any new and complete system all but
one of our present measures would have to be rejected, this objection could scarcely be
said to apply particularly to the French system As regarded the comparative facility
attending a decimal system, he might observe that he, and he believed most engineers, as
it was, reduced everything to decimals in calculating quantities containing our present
incongruous measures. He knew of a French engineer that came over and worked in an
English establishment, who got a foot-rule in his pocket, but who was so bewildered with
eighths and sixteenths, that he found it the simplest plan to convert sizes into centimétres and
millimétres, when he bad to make any calculation in connection with them. The engineers
in the south of France used rules marked with English measures on one side, and French on
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the other, and converted English sizes by finding them on one side, and then turning the
rule for the corresponding French measurement.

The PresipENT here introduced to the meeting Mr. Frxrox of Low Moor, a member of
the Institution of Mechanical Engineers, who stated that they had had the question of
decimal measures before them in England for some time. The matter might, however, be
said to be in safx quo, and it would be premature to put forward any decided opinion, the
sabject having been referred to the council of the Institution of Mechanical Engineers, who
had not as yet come to any conclusion. He was very glad to hear what was being said on
the subject at the present meeting, as it might enable him to throw new light upon it at
their next meeting in Birmingham.

Mr. Wix. Howie made, and Nr. NxrLsox seconded a motion, which, with an alteration
saggested by Mr. A. SaarH, and agreed to by the proposer and seconder, was to the effect
that—

The present council be constituted a committee to consider and report
on the subject of decimal divisions.

This motion was unanimously carried.
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Tee SixteE MEETING of the Session was held in the Philosophical
Society's Hall, on Wednesday, 17th March, 1858, the PRESIDENT in the
chair,

The following paper was read :—
On Winding Appavratus, including Mining Hoists. By Mr. JAs. ROBERTSON.
) [aBsTRACT.]

THE object of this paper is to describe a system of Hoisting Machines, the
leading feature of which consists in the introduction of wedge-surface
frictional wheels for connecting the winding barrels or drums with the
actuating power, instead of the cog wheels ordinarily employed.

From the peculiarity of these wheels as regards the mode in which they
act on each other, the forms of ordinary hoisting machines, for many
gituations, require to be considerably modified to secure their proper
action; and it is in their various modifications, joined with the general
facilities they afford for simplicity of construction and their safe and
effective action, that their claim to attention mainly consists.

The more prominent advantages attending this system of wheel-gearing
as applied to hoists are—its non-liability to fracture, its smooth unbroken
action, and its ready facilities for reversing, breaking, engaging, or disen-
gaging, without the intervention of clutches or other appliances hitherto
in use for these purposes.

In working, all hoisting machines are liable to sudden jerks or strains,
arising from various causes, such as the uneven winding of the chain or
rope on the winding-barrel, and partial unwinding—caused by its read-
justing itself; extension of the slings immediately connected to the weight,
sudden entanglement, over-winding, and other accidents, which frequently
occur, even in careful hands—causing the body in motion to become
suddenly at rest, or to acquire a motion backwards, whilst the winding of
the chain continues ; thus allowing the load and machine to acquire momen-
tum in opposite directions, and changing the nature of the effect on the
machine and lifting chains from a steady tension to an effect approaching
percussion.

To meet these irregularities, considerable allowance of strength is
usually given in constructing hoisting machines, beyond what is necessary
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for fair action; but in many cases, especially in high-speed power hoists,
the irregularities are such that no practicable extra allowance of strength
will give safety in all contingencies, as the jerk or concussion at times
becomes so great that something must necessarily give way, where all the
connecting gear is of a rigid unyielding nature.

It is chiefly to power-hoists that the improved system has been and is
being applied. In large-size and high-speed hoisting machines, such as
pit winding engines, it is chiefly the non-liability of the wedge-surface
frictional wheels to fracture, and their smooth action, which are of most
advantage. In small hoists and steam-cranes this quality is also an
advantage; but the facilities for reversing, breaking, engaging, and disen-
gaging, together with the motions peculiar to this system, are of more
advantage, as they simplify and render these machines more manageable
generally—cheapening and presenting inducements for their more extended
use.

A simple and useful arrangement consists of a winding-barrel, driven
by a grooved wheel keyed on the barrel spindle. The shaft carrying the
pinion may be connected to be driven continously by any power. Motior
is communicated to the barrel by drawing the wheels into contact, which
can be done very simply in many ways. A small separation of the grooves
(grooved surfaces) serves to throw the wheels out of gear; and when out
of gear, the barrel being unconnected with any retarding cause beyond
the friction of its bearings, is free to unwind by hand or by the weight.
Under various forms this simple arrangement has been applied to sack-
liftis and other similar lifting apparatus; their arrangement varying with
the situation in which they are placed, and with the conneeting gear by
which they are driven.

In a modification of this movement, having a breaking arrangement,
the driving pinion revolves continuously, and the beam on which the
barrel bearing rests nearest the wheels is hinged at one end, and is moved
up and down at the other extremity by a small eccentric with a handle.
When the beam is lowered, the weight of the barrel and wheel holds the
wheel effectively in contact; and when the lifting-rope descends in the
line of the centres, the weight of the load also tends to hold the wheels in
gear. When the handle is lifted upwards, the wheel is lifited up out of
gear from the pinion, and is brought into contact with a grooved concave
stationary break, fixed on the side opposite to the pinion, so that the
connecting and breaking actions are managed by one handle.

In a third modification, an internal reversing wheel is used, which, on
changing the grooved pinion from the inner to the outer rim, gives reverse
motion, suspending its action when held in a central position. The back-
ward motion works at a higher speed than the lifting one.
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In a fourth modification, a bevil-wheel reversing movement is applied
to a hoist—the pinion when revolving continuously in one direction com-
municating a reverse movement to the hoist, when it is drawn from the
one wheel to the other. When it is held in a central position, it is out of
gear, and the barrel is free to unwind by hand. Self-acting break move-
ments are easily connected to both these last modifications, so as either to
hold the winding barrel stationary when the pinion is in a central position,
or allow a weight suspended to descend gradually.

Various modes of working grooved-surface concave, convex, and disc
breaks are employed, and arrangements for rendering their action simul-
taneous with the disconnecting or reversing of the barrel motion. This
form of break is much more powerful under the same pressure than
smooth-sarface breaks, and one of its principal advantages is the ease
with which the amount of retarding action can be moderated ; this arising
from the wedge action requiring a greater amount of traverse between
tight and loose positions than is experienced with smooth surfaces.

In a simple modification of grooved-wheel winch or hoist, driven by a
belt, the pulley spindle has keyed upon it a grooved pinion, and revolves
continuously with the pulley. The chain barrel has keyed on it at one
end a wedge-surface wheel gearing with the pinion on the pulley spindle,
and on the other end an internal break rim. The barrel revolves loosely
on its spindle, and the spindle is supported in its position by eccentric
snugs formed on each of its ends, which rest in the cheeks. On one end
the snug is extended beyond the cheek, and a handle fixed on it. By
moving the handles backwards or forwards, the spindle is partially turned
round, and in consequence of the eccentricity of the snugs, this motion
gives the barrel a small amount of lateral traverse, in consequence of
which, when the handle is brought into a forward position, the wheels are
in gear and the barrel in motion, whilst on the handle being drawn
backwards, the internal break rim is brought into contact with the seg-
mental breakpiece fitted on the cheek ; and finally, when the handle is
held in a central position, the barrel is free to unwind. This kind of hoist
can be variously formed, so as to be suited for fixing either on a floor,
wall, or ceiling.

Fig. 1, Plate IX,, is a front elevation, and fig. 2 is an end elevation of
a steam winch, worked by one steam cylinder, the crank shaft being made
to revolve continuously in one direction, whilst the motion of the barrel
is reversed by means of an internal reversing wheel of the kind already
described. The frame of the winch is constructed of the usual form, with
two cheeks, A, connected together by stay rods, B, the barrel gearing working
between the cheeks. A small frictional pinion, c, is keyed on the crank
shaft, b, which acts on the internal or external rims, v, ¥, of the reversing
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wheel, and gives reverse motions, the power being further reduced at the
winding barrel, @, by & grooved pinion, B, and wheel, . The pinion, g,
is keyed on the spindle, J, of the reversing wheel, E F, the wheel, 1, being
keyed on the winding barrel, 6. The outer rim of the reversing wheel is
grooved externally, to form a break wheel, and is acted upon by a concave
segmental break, K. The changing of the pinion, ¢, to different rims, &, F,
of the reversing wheel to suspend or produce motion in either direction,
is provided for by passing the end of the crank shaft, D, nearest the
grooved pinion through an eccentric bush, L, on turning which bush par-
tially round a slight lateral shift is given to the pinion. The adhesion is
maintained on either side by a small balance weight, u, keyed on the bush,
L, and when the weight and its connecting lever is in a vertical position,
the pinion, c, is out of gear, and when the weight, M, is turned to either
side, the pinion, c, is brought into contact with the reversing wheel, E r.
For regulating the motion of the winch, a handle, N, extends conveniently
outwards from it for the hand, and this handle, N, is keyed on a spindle,
0, which passes through the cheeks, A, and along the entire length of the
winch, and having upon it in appropriate positions various levers for
working the break, reversing movement, and steam valve, and so arranged
that when the handle, X, is held in a central position the break is applied,
the pinion, c, out of gear, and the steam shut off. When the handle, N, is
moved forwards, the break is disengaged, the pinion, ¢, thrown into gear
for lifting, and steam to the amount required at the same time admitted
for lifting. When the handle, N, is drawn backwards, a corresponding
action at double the lifting speed is obtained for lowering, and at a less
distance back for lowering a weight by the break, without the steam.
To prevent the engine sticking on the crank centre, a small jet of steamn
can be admitted to keep the crank shaft constantly in slow motion. All
the movements of the winch are managed by one handle, and without any
jarring action.

Whilst this frictional system applies with much advantage to small
hoists and cranes—simplifying and making them more manageable—for
heavier operations, such as pit-winding engines, the writer would urge its
advantage more pressingly. In the latter, greater interests are concerned,
and from the liability to accident to which the machinery now employed
in this branch of industry is exposed, any contrivance offering with
reasonable likelihood to lessen this liability, at least deserves attention.
In a good example of the application of the improved gearing to a double-
cylinder pit-winding engine, with winding gear complete, the cylinder,
valve gear, both ends of the crank shaft, and also one end of the pirn
shaft, are supported on a pair of triangular cheeks, firmly stayed and
bolted together by means of hollow cast-iron stays, made in the form of
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common flange pipes. The inner pedestal of the pirn shaft rests in the
cheek adjoining the pirn, and directly below the centre of the crank
shaft, so that the driving pinion, together with the crank shaft and small
fly wheel, rest with their entire weight on the driven wheel keyed on the
pirn shaft to give the required adhesion. But, incidentally with this
design, a firm and compact winding engine is obtained without any
necessity for a sole plate, and requiring no greater amount of material
than, if so much as, the common winding engine, to give the requisite
strength. The connecting rods of both cylinders are coupled on one crank,
and the slides and other parts are of simple arrangement and of easy
access. The valves are worked by link valve motions, so arranged that
the weight of the link and rods of one engine balances that of the other
without the intervention of balance weights. The winding shaft extends
out in the same vertical plane as the engine shaft, and its outmost bearing
is supported on a casting set on the same level as the engine, so that there
is little building required for a foundation. A break is hinged on the
cheek, and acts on the grooved wheel on the pirn shaft, being pressed on
it when required by a foot lever which acts by a amall eccentric on the
break piece. A small shaft is carried in, and extends between the cheeks
of the engine, carrying on it two levers for working the valve motions,
and a handing bar for regulating the engine, the link gear giving easy
control, whilst, at the same point, are also conveniently placed the foot
break and steam valve levers. Steam is admitted by a steam valve at
each casing, connected by a rod extending between the casings so as to
make their action simultaneous.

To insure the certainty of continuous adhesion, the brasses of the crank
shaft next the pinion are set in a guide pillow block, somewhat similar
to a railway-carriage or locomotive axle box; so that the brasses are at
liberty to slide down free of any obstruction except the wheel. No per-
ceptible wear takes place in the wedge-surface frictional wheels, so that
the position of the gearing will not change; but this arrangement of
pillow block is adopted to insure the continuance of the adhesion, and as
the journal is both secured by a cover and free to gravitate to the wheel
by its own weight, the contact can never fail.

Supposing the joint effect of the coupled engines to be equal to 24
horses power when working at 85 revolutions of the crank shaft per
minute, and that the pinion on the crank shaft is 24 feet in diameter, the
wheel 7 feet in diameter, and the pirn 8} feet in diameter, then the
circumferential motion of the pinion will be 667 feet per minute,
requiring a pressure of 7 cwt. to give sufficient adhesion for that motion
and for the power transmitted. As the adhesion is-one and a half times
the pressure, the force transmitted to the wheel at its peripbery is equal
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to 10} cwt., which is the standard dynamical effect of the engine. The
pirn being one-half the diameter of the wheel, and the motion being
reduced to the same extent, the effect or pull at the rope is equal to 21
cwt. The pressure exerted, however, actually in this case, on the wedge
surfaces, by the weight of the end of the crank shaft with the pinion and
small fly wheel, is equal to 28 cwt., which is four times more than is
required for the power of the engine, and it will take a lift of 4 tons 5 cwt.
before the wheels will slip. There is, therefore, provision for certain
action considerably beyond the power of the engines under all circum-
stances. Yet, should the cage get jammed in the guides, or should it
overwind, or should any other disturbing cause occur whilst the engine
is in full motion, the wheels will rather slip than allow the momentum of
the engine to break the rope, and so bring the engine to rest gradually.
There is, at the same time, no jolting action with these wheels, like that
experienced with toothed gear, and fracture is scarcely possible.

A contrivance to prevent overwinding is also connected with this
engine, and consists of a shaft parallel to the winding shaft, extending the
entire length of the engine and pirn shafts, and passing through and
resting in the cheecks and outer end pirn soleplate. It has keyed on it
arms or cams which extend under the pirns, and are set to the exact
height which the rope winds when the cage is at the mouth of the shafl.
The ropes have on the back of them a piece of rope about an inch thick ;
and when the rope begins to wind beyond the proper height, it is built upon
the pirns higher than usual, and draws in the thickened piece, pressing down
the cams on the cross shaft. Opposite the steam valve, and opposite the
break, there are arms or levers keyed, which, on either of the pirn cams
being pressed down, simultaneously shut off the steam, and press up the
break so as to stop the engine suddenly, and prevent the cages from
reaching the pithead pulleys.

Mr. RoBerTsoN mentioned that about thirty hoists had been made altogether of one or
other of the kinds represented in the drawings exhibited. One of the pit-winding engines
was being executed, but it was not as yet at work. Some of the hoists made, perhaps half
of them, had been fifteen months in use. Eight steam winches of the kind represented in
figs. 1 and 2, Plate IX., had been made. The frictional wedge-surface gearing had been
introduced in Lancashire to a greater extent than in the Glasgow district.

In reply to an inquiry by the President, Mr. ROBERTSON said, that the adhesion of the
surface was found to be about one and a half times the pressure holding the wheels together.
The angle of 40° was adopted in the grooves in ordinary cases. For a slow motion, and
to transmit a great strain, an acuter angle, such as one of 80°, might be used. The grooves
had at first been made with an angle of 50°; but, so far, the angle of 40° had been found
the best in practice.
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In reply to inquiries from various gentlemen, Mr. ROBERTSON stated, that the largest
size of wheel yet made on the wedge-surface system was 13§ feet in diameter; and 24 horses
power was the greatest that the wheels had yet been made for. He would be glad to
make heavier and larger machinery on his system if he could get orders for them, for he
found that the larger the apparatus the better was the action. They had now, after con-
siderable labour and experience, arrived at a proper way of constructing the gearing, and
could confidently state that the gearing would run for years without being worn. Some
wheels had been running for six, nine, and even nineteen months, and the marks of the
turning tool were still perceptible in the grooves. Usually the grooves were turned with
half-inch pitch. At first a great deal of trouble was experienced with minor details. The
speed rings had not been found to answer where driven by a long ‘‘ swaggering™ belt, but
with a short belt they acted quite well.

In reply to inquiries from Mr. Napier, Mr. RoBERTSON stated that the frictional gearing
had been applied to a screw propeller in one instance—namely, in a boat built by Messre.
Tulloch & Denny of Dumbarton. Several trial trips had taken place, and the wheels had
answered every expectation; the boat, however, was a yacht, and being completed late last
autumn, was laid up during the winter. One of the most important applications of the
system was that to screw propeliers. There could not be a doubt that it was the best thing
for geared screw-propeller engines. In the case referred to, the pinion was fitted with
three feathers upon the propeller shaft, in a pretty tight manner, but so that the thrust
sustained by the shaft would not affect the pinion. Sufficient pressure was obtained
between the pinion and driving wheel, by means of springs applied to the bearings of the
shafts. The wedge-surface system had been applied, in one instance, in the construction of
a ship’s windlass. In this case a peculiar arrangement was adopted: a wedge-surface
chock, fitted with a long lever, was applied between concentric external and internal wedge-
surfaces, in such a way that on lifting the lever the chock slipped round, but took a firmer
hold, and turned the windlass on the lever being brought down.

In reply to an inquiry from Mr. More, Mr. RoBERTSON said be had made careful experi-
ments to ascertain the friction on the brasses, having tested it by means of weights. He
had found that the surfaces would transmit a strain equal to one and a half times the
pressure on the shafts, without the slightest chance of alipping. The cleaner the sarfaces
were, the better they held; the actual adhesion seemed, in practice, to be greater than
what might be expected from Morin’s well-known experiments on friction, and it had been
suggested that a kind of metallic cohesion came into play.

In reply to an inquiry from the President as to the effect of grease or water upon the
surfaces, Mr. ROBERTSON said, that with small sizes the surfaces must be carefully kept
free from grease, but with large sizes it was not eo important. He had had complaints as
to the working of some wheels, and on inquiry found that oil had been poured on them.
On the surfaces being freed from the oil, the wheels worked perfectly well. When the
wheels were upwards of two feet in diameter grease did not affect the working so much. He
had not found water to make any difference; it might increase the adhesion, but, so far as
ascertained, it did not diminish it.

The PRESIDENT remarked that water would be likely to increase the adhesion, as it was
known to increase the friction of metals.

Mr. WavTER NELSON said, Mr. Robertson had introduced a very great improvement in
wheel gearing, and one that would create a revolution in the construction of a great many
machines in which wheels constituted an important part. The paper, and the practical
information farnished by Mr. Robertson, in reply to the numetous inquiries which had
been made, showed that he had devoted to the subject an astonishing amount of time and
persevering labour. The value of the paper was also enhanced by the carefully-executed
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illostrative drawings by which it was accompanied, and he was sure Mr. Robertson was
entitled to the best thanks of the meeting.

The PresmoENT said, Mr. Robertson seemed to have solved the problem of making
frictional gearing work in an efficient manner. Frictional gearing, as hitherto made with
smooth surfaces, had always failed from the slipping of the wheels; but Mr. Robertson had
devised such a form of surface as would give sufficient adhesion. The new gearing had
come into very extensive use, considering the short time since it was first fntroduced.
Many present would probably remember that the subject was brought forward at the meet-
ing of the Institution of Mechanical Engineers, which took place in Glasgow about
eighteen months ago; considerable advance had been made since that time, as was shown
by the great variety of additional applications brought hefore the present meeting. It
would be very desirable to see how the system answered when applied on a large scale. It
would soon be known how it answered for the screw propeller, and if it succeeded, that
would prove a most useful application. The President said he bad much pleasure in
seconding the vote of thanks to Mr. Robertson, and it was unanimously passed.

The following paper was then read :—
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Description of the Great- West-of-Scotland- Fishery Company's Steamer,
“Islesman." By Mr. J. R. NAPIER.

Taus vessel was designed for carrying live fish from distant fishing stations
to market, and as speed was not very important, if the fish could be kept
alive and in healthy condition for about a week's voyage, it was not
thought necessary to aim at a greater rate than eight nautical miles per
hour. This speed has been attained in the Jfslesman, whose dimensions
are—length on the water line, 105 ft. ; breadth, 20 ft. ; and depth, 12} f.
Shortness was considered to be a good quality for manceuvering in the
narrow creeks, where it was possible many of the Company’s best stations
might be, and breadth is, undoubtedly, a good quality where the wind is
frequently to be taken advantage of as a propelling power. With this in
view, two masts were provided-—not for appearance, but for use—with
three fore and aft sails, it being considered that as these sails were so
easily worked with few men they would be more frequently set, and do
more duty than any other kind. The Company have lately altered the rig,
thinking it necessary to do so in order to deliver their cargoes above the
Glasgow bridge. Still, however, the original rig has the most advantages.
There is no peculiarity in the form of the vessel to require notice. The
arrangements, however, for carrying the live fish are, I believe, new.
Though I am not sufficiently acquainted with former arrangements of
welled smacks to describe them minutely, I believe one or two bulkheads
divided them into compartments, and small holes were formed in the
bottom of the vessel to the sea. These compartments or wells were con-
stantly full of water, and the circulation of the water for the preservation
of the fish depended on the motion of the vessel. The water went out at the
small holes when the vessel rose out of a wave, and a fresh supply entered
when she sank into a wave. In calm weather, however, when there was
no such motion, I understand the fishes frequently died. The arrange-
ments of the Islesman were specially designed to prevent the death of the
fishes in calm water, or when the steamer was at rest in a port, and also
to get the full use of the vessel when there might be no live fish to carry,
but plenty of dry cargo.

Fig. 1, Plate X., is a longitudinal vertical section of the Jslesman; fig.
2 is a transverse vertical section through the engine-room; and fig.
8 is a transverse vertical section through one of the fish tanks or wells,
The vessel is divided into seven water-tight compartments—three of
these are the tanks for the live fish—the mode of construction being
seen in fig. 8. At the fore part of each tank a sluice opens a passage
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to the sea, the orifice of which has a cover formed with small holes
to prevent the ingress of molluscs, &c., and the egress of the con-
fined fishes. A large pipe from the bottom of each tank, and connected
to a centrifugal pump in the engine-room, completes the arrangement.
The wells at the load-water line have a capacity of about 8000 cubic feet,
and it was considered advisable to have a pump of sufficient power to
discharge this volume every ten minutes, or 800 cubic feet per minute.
Professor James Thomson of Belfast was applied to, and gave the design
of a pump, which has fulfilled every expectation. This pump is seen in
figs. 1 and 2, Plate X., and is shown drawn to an enlarged scale and in
vertical section in figs. 1 and 2, Plate XI. ; whilst the following descrip-
tion, which Professor Thomson has kindly supplied, explains its action :—
DEescrrerion oF ProressoR TroMsON's CENTRIFUGAL PoMp.—“In
centrifagal pumps, when doing actual work in raising water or forcing it
against a pressure, the water necessarily has a considerable tangential
velocity on leaving the circumference of the wheel. This velocity in
wheels in which the vanes or blades are straight and radial, is the same as
that of the circumference of the wheel ; in others, in which the vanes are
curved backwards, it is somewhat less ; but in all cases it is so great that
the water on leaving the wheel carries away, in its energy of motion, a
large and important part of the work applied to the wheel by the steam-
engine or other prime mover. This energy of motion in centrifugal pumps
and centrifogal fans, as ordinarily constructed, is mainly consumed in
friction, and eddies in the discharge pipe, which receives the water or air
directly from the circumference of the wheel. In the improved centri-
fugal pump, there is provided, around the circumference of the wheel, an
exterior chamber, in which the water continues some time revolving in
consequence of the rotatory motion it has on leaving the wheel. This
chamber is called the exterior whirlpool chamber, and is ordinarily about
double the size of the wheel in diameter. The water revolving in this
chamber is in the same condition as water revolving in the whirlpool,
which I have called the Whirlpool of Equal Energies,-or Free Mobility.
In this whirlpool (when some slightly modifying causes, such as the fluid
friction, are neglected), the velocity of the water is inversely proportional
to its distance from the centre, and the sum of the accumulated work ar
energy of motion and the work in the condition of water pressure of two
equal masses of water in the same horizontal plane is the same, so that
when the velocity diminishes, the pressure increases; the energy of motion
given up in the diminution of veloeity being converted into water pressure.
It is by this conversion of energy of motion into water pressure, through
the medium of the exterior whirlpool, that a decided increase in the
working efficiency of the centrifugal pump is attained ; the work contained



92 Description of Steamer ¢ Islesman.”

in the rapid motion of the water leaving the wheel, which in centrifagal
pumps as ordinarily constructed is wasted, being in the improved pump
usefully employed in increasing the pumping power of the machine. In
connection with the description of the pump, it may here be added, that
in fixing on the dimensions of the pipes, it was kept in view not to make
them on the one hand too large or too heavy for the convenience of the
vessel, nor on the other hand too small for conveying with sufficient
freedom the large quantities of water proposed to be pumped.”

The engines are horizontal, having cylinders of 24 in. diameter and 3 f.
stroke, with a peculiar arrangement for working expansively—the inven-
tion of Mr. Dowell, at present in the employment of Messrs. Robert Napier
& Sons. It is extremely simple and complete ; the lead, or opening of the
valve, at the commencement of the stroke, is constant, or nearly so, and
the amount of steam admitted when the piston has travelled equal dis-
tances from either end of the cylinder is nearly equal, whilst the amount of
expansion can be varied with great ease by merely turning a screw. Mr.
Dowell has kindly supplied the following description :—

DescriprioN oF MR. DOWELL'S GEAR FOR OBTAINING VARIABLE Ex-
PANSION W1TH EQUAL DISTRIBUTION OF THE STEAM.—“In this arrange-
ment, the variable expansion is obtained by operating on the steam slide
valve of the engine, 80 as to vary the travel, the lap, and in this case the
lead also, remaining the same for all the different travels. The ordinary
single eccentric, with its appendages of catches, gab, and starting bar, is
retained, whilst a curved lever is introduced, and the usual eccentric rod
reduced to a length of about 2} times the throw of the eccentric, its end
being connected to the lever. The curved part of the lever is constructed
with a radius equal to the length of the eccentric rod, and is furnished
with the means of traversing the eccentric rod pin to any part of the arc
at pleasure, the admission being increased on its approaching the fulcrum,
and vice versd. This is effected in the simplest manner, by means of a
screw and hand wheel attached near the fulcrum of the lever, and acting
on the slide. A pointer is fastened on the screwed rod to indicate the
grades of expansion. The motion is transmitted to the valve by attaching
the gab rod to any convenient point of the lever, generally about the
middle of the arc.

¢ In fig. 3, Plate XI., the mechanism is shown in a position to correspond
with the crank on the dead point, the piston being about to commence
the out stroke. The valve is shown with the opening for admitting steam
sufficiently advanced to give the desired lead. The arc of the lever is
constructed, as already mentioned, with a radius equal to the length of
the eccentrio rod, and in its present position the centre of the eccentric is
also the centre of the arc. It will be plain, therefore, that the slide
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attached to the eccentric rod joint can pass from one end of the arc to the
other without disturbing the lever or valve, and consequently with the
lead remaining unchanged. Suppose now the crank to have travelled to
the other dead point for the commencement of the in-stroke, it will have
moved through exactly a semicircle, and will therefore be diametrically
opposite to its former position. As the eccentric's motion is similar to the
crank’s, its new position will likewise be diametrically opposite to its first.
Let E £ be these two positions. On the line, F 0, drawn from the centre
of shaft perpendicular to the diameter passing through & £/, place the ful-
crum of the lever at such a distance from the shaft as will be presently
explained. It may, however, be anywhere on the line, ¥ 0, as far as
variable expansion is concerned. Suppose it placed, for the present,
at F: then from », as a centre, describe an arc of a circle, passing
through the points, E, E’; then into whatever position the lever moves, the
centre of its arc will always be found in this circle; and on the arrival of
the eccentric at £/, both the centres will be found exactly at the same
point, so that the eccentric rod can slide from end to end of the arc, as at
E, without disturbing the lead.

¢ It was stated already that the admissions varied as the travels. This,
however, is not literally correct, for the lever can be of any length,
provided the fulerum be on the line, 0 ¥, and if infinitely long, the travels
would be equal for every grade. Correctly then, the admissions of steam
vary as the angles, which lines drawn from the centres of the eccentric
pins on the lever to the centre, 0, make with the radius lines of the eccen-
tric, when in the position, E, or . These angles may easily be found by
the methods usually adopted for setting the valves of ordinary engines
with a single eccentric.

“ As regards the equal distribution of the steam, this requirement is
accomplished by prolonging the lever to a greater length along o ¥ than
would give travels proportional to the admissions, as in the ordinary link
motion. In consequence of this prolongation, the angle of the eccentric
for the in-stroke is increased by a considerable amount, whilst that for the
out-stroke is diminished by about the same amount. This variation in the
angles of the eccentric is followed by a corresponding modification in the
angles moved through by the crank until suppression occurs, amounting
to an increase of twice the small angle for the in-stroke, and a diminution
of twice the other angle for the out-stroke. This result exactly suits the
angles moved through by the crank for the in and out strokes, the former
being considerably in excess of the latter for the same positions of piston.

“It may be noticed that the prolongation of the lever to the extent
shown in the diagram has no equalizing effect on the admission at points
in the lever corresponding to admissions of three, two, and one-tenth of
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stroke, the fulorum being nearly at right angles to the centre line of
motion at #;ths grade. These grades are easily managed by a slight
alteration in the lead, being made to increase from f; to % for the in-
stroke, and to diminish from f; to 45 in the out-stroke, the change of lead
to effect a close enough equality being § inch in each case.

% This change is accomplished by having the centre of the lever arc in
a circle, about } inch farther from the fulcrum than the one passing
through the points, 2 . Besides equalizing the admission, this variation
of lead is useful in equalizing the openings which would otherwise be less
for the in than for the out stroke at these points.

“The accompanying table exhibits the distributions and leads as ar-
ranged for the Jslesman—the points of release and compression being also
recorded :—

Distribution; giv-

ing the distances [Compression; men-
Polnts of Suppres-|travelied by piston|  Leads. | Belease; measured (0, B U0 008
slon; being s | at gupp, for both from end of stcoke. stroke.
lmean of both
in tenths of stroke.
In. ! Qut. In. Out. In. Out. In. Out.
Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inches. | Inchea
6 21 22 it ﬁ 1
5 17, 1 4 7 7:
4 18 16 3 full. | 3 bare. [ b. 9%
] 10 11 s s Gi 6 11 11
] 6 s foll | A bare| 74 18 134
1 8 3 3 10 11 1 16

“The length of the connecting rod of the engine in this case was four
times that of the crank. It is plain that the shorter the connecting rod
is, the more difficult it is to equalize the distribution, a8 it requires a
greater length of lever. For the usual proportions of connecting rods and
cranks in marine engines, a distance from centre to fulcrum of about
twice the length of the ecoentric rod will be found to give distributions
practically correct. In the Jslesman it was 1°9 times, but it would bave
given a better distribution if made twice the length, which, however,
could not be conveniently accomplished in the arrangement. In oscillating
engines, for which the scheme is extremely well adapted, and in other
vertical engines, it is not desirable to arrange the distributions perfectly
equal; a sufficient excess of admission is usually given to the lower side of

. the piston, to cause the difference of mean pressure in favour of the lower
side to be exactly equal to the unbalanced weight of the piston, rod, &e. ;
but in horizontal engines, and more especially in those intended for high
speeds, there is nothing conduces more to their perfect action than having
the distributions as equal as possible.”
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The engine is connected to the propeller by a wheel and pinion, so as
to multiply its revolutions. As regards giving the propeller the same
speed as, or a higher speed than, that of the engine, I am aware there are
great differences of opinion, but as I believed that the most efficient
vessels were those with short-pitched propellers, of such a diameter as not
to churn the water, from the upper portion being too near the surface,
the Company were advised to adopt the wheel and pinion. The diameter
of the propeller is 6 feet, and the pitch 65 feet ; and when the engine
makes 70 revolutions per minute, it makes 172-3.

The windlass may be noticed as a revival of an old form, and I am sure
it will be admitted by those conversant with the patent articles usually
supplied to ships for raising and lowering their anchors, that a mechanic
might turn his attention to the subject with great hope of making a more
efficient machine. The Jslesman’s is submitted as simple and efficient. The
chain barrel is small, and the wheel large. The motion regular. The space
it occupies is small, and by means of the friction break the anchor can be
lowered at any velocity the captain pleases. There is a paul on the large
wheel, and the chain stopper is a flap or valve on the inside of the hawse
pipe.

I have already mentioned that the vessel was divided into seven water-
tight compartments, and supplied with a pump capable of discharging at
least 800 cubic feet of water per minute. Notwithstanding the great
safety of such arrangements, the Fishery Company were obliged to have
the after part plated over, and made water-tight, and two of the wells or
tanks shut up, ere the surveyors of the Board of Trade would grant a

license to carry passengers.

The PrEsDENT observed that the paper, or rather the combination of papers which they
had just heard, called their attention to several matters of great interest. Mr. Napier had
described the means provided by the Great- West-of-Scotland-Fishery Company, for carrying
fish 80 as to be kept alive until their arrival at market; then they had a description of
Professor James Thomson's excellent pump, which had proved so efficient; and finally,
they had a description from Mr. Dowell, of his simple arrangement of valve gearing adjust-
able to different grades of expansion. He might mention that he had seen this valve
gearing in operation at Govan, where it answered well.

Mr. STierLING inquired what, if any, economy in fuel, had followed the use of the new
gearing ?

Mr. NAPIER could not say what economy had been obtained in this case; but if any was
obtainable by * expansion,” this arrangement should give it, as with it the valve was
actusted as was required by the advocates of “ expansion.”

The PremiDErT said that, in the new arrangement, the steam was cut off more accu-
rately than by the ordinary link motion; it had not the defects of the latter, which gave

.
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irregular amounts of lead, and cushioning, and unequal admissions on opposite sides of the
piston.

Mr. STIRLING said, that as “cushioning” had been mentioned, and as many persons
recommended it, he wished to state that he never knew any benefit to arise from it. There
ocould mnot, he thought, be a better cushioning than that of the crank, which caused the
motion of the piston to be reversed in a beautifully gradual way.

At this stage of the proceedings, the arrangement and action of the valve gearing was
further explained by Mr. Napier and Mr. Dowell, in answer to inquiries. After which,

Mr. W. NEiLsON, recurring to the question of cushioning, remarked that, as the valve
gearing at present under discussion was applied to a condensing engine, there would be no
cushioning; but as regarded high pressure non-condensing engines, it was s question
whether advantage might not be derived from a little cushioning.

The PRESIDENT observed, that Mr. Napier's paper comprehended several other subjects
besides the valve motion. There were the tanks for bringing the fish alive to market, the
pump for emptying the tanks, and the windlass. The paper next on the list was on
steam, and it would be well to postpone further remarks on that subject till that paper was
read. He would be glad to hear any remarks on the other subjects referred to.

Mr. FErGUSON inquired what sauccess had been obtaired with the Islesman— had more
lve fish been brought to market than previously ?

Mr NAPIER said, that the Jelesman had, as yet, only made one voyage, and it was early
to judge of the enterprise.

In reply to a question whether the valve motion could be applied to locomotives, Mr.
DoweLtL said, it did not reverse. It was very suitable for stationary and oscillating-
cylinder engines, and avoided the awkwardness and complexity attending the application of
separate expansion valves to such engines.

The thanks of the meeting were unanimously passed to Mr. Napier for his paper, and to
Professor Thomson and Mr. Dowell for their contributions to it.

The following paper was then read :~
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On employing Steam expansively. By Mr. A. MoRTON.

REFERRING to my first paper on this subject,® I shall now endeavour
to explain the apparatus employed when experimenting on the latent
heat contained in steam. In the diagram fig. 5, Plate VIIL, the apparatus
is represented in section as employed when the steam was condensed by
being mixed with cold water in the calorimeter. The boiler, A, is made
of very thin copper, and is covered with felt to prevent radiation. The
calorimeter, B, is made of tin plate. At c is the steam pipe for conveying
the steam from the boiler to the calorimeter. A thermometer, p, indicates
the temperature of the steam in the boiler, whilst a thermometer, E, indi-
cates the temperature in the calorimeter. A small cock, ¥, is used for
adjusting the weight of water in the calorimeter when placed in the
balance. In performing the experiments, the boiler, A, was correctly
weighed, when empty, in a spring balance ; and then a sufficient quantity
of water was introduced, and the whole was again weighed. The gas
flame was, by repeated experiments, so adjusted that two ounces of water
were evaporated in ten minutes. I may mention that a gas flame is a
very regular fire to experiment with, The calorimeter, B, was then filled
with water at about its maximum density, and at a temperature of 40°
Fahr., and when placed in the balance the extra quantity of water was
allowed to escape by the cock, F, until the exact weight became 10 Ibs.
The weight of the calorimeter itself, when empty, was always balanced, so
that 10 lbs. was the exact quantity of water introduced. This was a
constant quantity throughout the experiments. I at times varied the
temperature of the water, but the experiment I am describing was per-
formed with water at 40° Fahr. Although the temperature of the room
was 8° Fahr. above the temperature of the calorimeter, the elapse of ten
minutes made no difference on the mercurial thermometer, E, perceptible
by the naked eye; but, independently of this, I followed Rumford's plan
in adjusting the temperature of the calorimeter, so that the opposite
differences of temperature between it and the surrounding air at the com-
mencement and conclusion of the experiments were equal; therefore the
error on this point was almost nothing. The flame was then applied to
the bottom of the boiler, A, and its temperature rose to the boiling point
as ascertained by the thermometer, D, the small cock, @, being open to
the atmosphere. The quantity of water carried off by the vapour in
raising the temperature to the boiling - point depends upon the time

* At page 68.
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occupied, if it has free access into the air ; but this item was so very small
in my experiments that I need not give it a figure. The boiler, 4, being
now ready, the time was noted correctly, and the communication opened
between the boiler and the calorimeter by turning the cock, H. At the
expiration of ten minutes the communication was closed, and the gas flame
withdrawn, After slightly stirring the water in the calorimeter by moving
the thermometer, E, the increased temperature was noted and found to be
55° Fahr. The calorimeter was then weighed to ascertain the exact
quantity of water added by the condensation of the steam. The diminished
quantity of water in the boiler served as a check upon the additional
quantity found in the calorimeter, which, by repeated experiment, was ren-
dered always 2 oz. I may mention that the time occupied in weighing the
boiler and calorimeter at the termination of the experiment, did not occupy
above 80 seconds, the parts being rapidly placed on a spring balance, and
the weight, when empty, being a noted quantity. The weight of water
in the calorimeter, which was raised 15° Fahr., was exactly 80 times the
quantity or weight of steam condensed; therefore the latent heat was
readily calculated to be 1040° Fahr. The next experiment was performed
under precisely the same circumstances, with the exception that the
boiler was turned half round, and the surface condenser, 1, inserted in the
calorimeter. At the expiration of ten minutes, the water in the calori-
meter rose only 18:5° Fahr., which gives 920° Fahr. as the latent heat. By
reducing the temperature of the gas flame, the greatest result I ever
obtained with this condenser was 960°. I next diminished the size of my
condenser, in other respects adhering to the same adjustment as in the
first experiment. I then found that I could diminish the sensible heat in
the calorimeter; and, with the condenser shown in fig. 5, and made of
very thin tinplate, when the boiler evaporated two ounces of watex in ten
minutes, the latent heat was reduced to 680° Fahr. I may mention that
on slightly agitating the water in the calorimeter, during the time of the
* experiments, I could raise the temperatare, so that 720° Fahr. became the
amount of latent heat made sensible in the calorimeter. That the slight
agitation of the water did not produce the extra heat, proved I by attempt-
ing to increase the heat by rapid motion; but although I continued stirring
and agitating the water until I was tired, I did not discover 1-8th of a
degree extra heat inthe ten pounds of water. Now, by merely moving the
thermometer occasionally during the time of an experiment, the latent,
heat became increased. The cause of this increased heat in the calori-
meter I now explain, as arising from the extra speed of condensation,
from the hotter water in contact with the surface being displaced by the
slight agitation, so that the surface of the condenser was maintained at a
lower temperature. I don't mean to say that 1040° Fahr. is the greatest
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poseible amount of latent heat made sensible by rapid condensation; but
having made hundreds of experiments, I assert that this number is a very
near approximation when the steam is at about atmospheric pressure, and
the condensing water with which the steam is mixed at about 40° Fahr.
Having discovered that the heat made sensible in other bodies depended
wholly upon the time in which the motion was destroyed, I conceived that
steam would follow the same law, and it was with the view of ascertaining
this that I experimented, rather than to define the quantity, as the best
experiments ever performed with this subtle agent can only give an
approximation ; but I have now no hesitation in saying that steam is merely
water in rapid motion.

The most elaborate experiments on the latent heat ever performed have
been at the expense of the French Government; and until the recent
experiments by Regnault, the sum of the sensible and latent heat was sup-
poeed constant at all pressures. Agreeing with Watt, Arago, Dulong, and
many others, and knowing of their experiments and the manner in which
Regnault’s experiments were generally received, I hesitated, and repeated
my experiments before venturing to write anything on the subject. In
all Regnault’s experiments of which I have read, I find from drawings of
the apparatus he employed, that he adopted a large surface condenser,
and that the speed of condensation was nearly the same in all his experi-
ments, except that the higher the temperature of the steam when admitted
into the condenser, the greater the speed of condensation, and consequently

. the greater was the heat made sensible in the calorimeter {rom the same
weight of steam. On examining the experiments which he has tabulated we
find, in the column indicating the weight of water condensed, sometimes a
double quantity, and one would at first imagine that the steam must have
been condensed at a proportionate speed. But, suppose one particle of
steam enters the condenser, the difference of temperature will, in & very
short period of time, cause it to resume the form of water; whilst if
two particles of steam had entered the condenser instead of one, it would be
quite possible for them to be condensed with exactly the same speed, quite
independently of each other, provided the condenser was sufficiently
large, as it appears to have been in Regnault’s experiments, when the
weight of steam condensed in the time is considered. An increase in the
difference of temperature between the condenser and the entering steam,
is the only means of increasing the speed of condensation with the same
apparatus. I believe steam can be condensed with the same speed, inde-
pendently of quantity; and, as a consequence, the generation of steam
maust follow the same law ; hence, if the difference of temperature between
the furnace and the boiler remains the same, any quantity may be gene-
rated in a certain time, the speed of generation remaining constant.
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Regnault found, that as the temperature and pressure of steam was
augmented, the greater was the amount of heat made sensible. From
this it is concluded that high pressure steam contains the greatest amount
of total heat. The heat made sensible, I find, depends upon the conditions
of the experiment, and when high pressure steam is condensed without
being allowed to expand (as mentioned in my first paper), the heat then
made sensible in the calorimeter is not any greater than that of low pressure
steam when treated in the same manner. I also mentioned that when high
pressure steam expanded from one vessel into another, it suddenly became
superheated steam. Now, unless Regnault had followed a similar course
(that is, unless he prevented the steam from expanding in the act of con-
densing), a greater amount of heat would undoubtedly become sensible in
the calorimeter. I have experimented on the latent heat contained in
‘steam for some years, and like many others, could not satisfactorily
account for the different results obtained, varying from 940° Fahr. to 1070°
Fahr., with exactly the same weight of steam condensed ; but, on con-
sidering steam to act like other bodies in motion, I followed a different
track.

It is easy throughout numerous experiments to generate exactly the
same weight of steam in the same time, and it has caused much astonish-
ment that the total heat should vary so much in different experiments. In
fact, of all the experiments made public no two agree; but what I have
already mentioned indicates in what direction we may look for a solution
of the difficulty. It is now my opinion that, although Regnault paid,
every attention in his experiments, he was unaware of the influence of
time in them. '

We are all aware of the heat made sensible at the crank pin and
other bearings of short-stroked engines when running at a high speed.
This may, to a certain extent, be modified, by cushioning a certain
portion of steam at the termination of each single stroke in proportion to
the weight of the moving parts, and the time in which the reciprocating
motion is destroyed. Short-stroked engines should run with a less mean
velocity of piston, because the motion is more quickly produced and
destroyed. Three or more times the strain of the greatest steam pressure
may be exerted on the crank pin if the weight of the moving mass is too
suddenly brought to rest, and therefore we need not wonder at the heat
made sensible at the crank pin. If, for example, a pendulous cylinder
engine is so proportioned that i‘s cylinder is suspended at exactly the
same distance from the centre of oscillation as a second's pendulum, and
if this engine be driven at double the velocity of a second’s pendulum,
viz., 60 single strokes per minute, then a greater power will be absorbed

. in giving it motion, and there will, consequently, be a greater motion
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to be destroyed at the termination of each oscillation, and a certain heat
will be made sensible in the bearings. In the numerous instances in
which power is misapplied in a similar manner, the same cause will satis-
factorily account for the heat made sensible where it ought not to be ; and
until time is considered, and every steam-engine regulated according to
its construction and to the degree of expansion adopted, economy cannot
be the result. Many expansive engines would have proved themselves
very economical had they been driven at the proper speed; but, unfortu-
nately, this has to be settled when the engines are designed, and when on
starting the engines their speed is found deficient, they are then forced
at the expense of extra consumption of fuel. If the Cornish pumping
engines were forced to run at double their velocity, where would the
economy stand? Their speed is diminished, accordingly as a greater
degree of expansion is adopted, the boiler pressure remaining the same,
that is, generally, two or three times the highest pressure required in the
cylinder.

I bave some remarks to make upon the oscillations produced in steam
when rapidly expanded. Many consider that the oscillatory motion pro-
duced in the pencil of the indicator is due to the elasticity of the spring
and to the action of its own momentum. No doubt such effects can arise
from the elasticity and momentum of the spring, but why cannot steam
exhibit a similar oscillatory motion? Steam is more elastic than any
spring, and at high pressures, or, in fact, at any pressure, is not void of
weight. Josiah Parkes was the first who studied this phenomenon in
steam, and I daresay many still recollect his percussive theory. I have
made experiments on indicators loaded with weights, and many similar to
Parkes’, and I am confident that if the steam in a steam-engine cylinder is
expanded at a greater velocity than corresponds to the heat surrounding
bodies can supply, oscillations will be produced exactly like those seen,
felt, and heard, when a jet of steam issues freely into the atmosphere as
explained in my previous paper. I have made an indicator so that it
would not oscillate by its momentum, and still the oscillatory figure was
produced by the pencil when the velocity of the piston was sufficiently
increased.

I have, in these papers, endeavoured to show that time is required fox
the generation, expansion, and condensatinrn of steam, and there is no
practical difficulty in giving sufficient time to accomplish either with
economy. I have before suggested the use of two condensers for each
double-acting engine, so arranged that one would receive the greatest
volume of the steam before the completion of the stroke, and the other
would communicate and act during the return stroke, alternately. Still,
I see no difficulty, in many instances, in having the steam fully expanded -
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long before the termination of the stroke ; a greater time could then be
obtained for condensation, by opening the exhaust slowly before the com-
pletion of the stroke, the momentum of the moving mass being sufficient
to fulfil or complete the stroke. Considering gravity as the result of
motion, it follows as a probable hypothesis, that bodies descending are
acted upon differently from those ascending against that force ; however,
if this force be destroyed by artificial means, a motion is the result, and
any body having this motion against the force of gravity will, in a certain
time, have it destroyed, and equilibrium will be restored without producing
one fraction of heat; but if the motion be destroyed in a less period of
time, then a proportionate amount of heat will appear as the result.
Could we supply a force acting against gravity so as to neutralize its
cffects, any body once in motion would continue so for ever; but so long
as any constant force in one direction exists, every body in motion on
this earth will, by that all-prevailing force, have its motion destroyed
and equilibrium restored. When motion is destroyed by other means, a
certain heat becomes sensible, according to the time in which the motion
is destroyed. This heat would have constantly increased by every sudden
destruction of motion, had we been deprived of an atmosphere; but the
heat is absorbed by the air which, in consequence, ascends, causing an
equal quantity to descend and occupy its place. The heat which the
ascending quantity of air absorbs is required by that portion which
descends, consequently equilibrium is restored by the motion of the air
during a certain time. Heat cannot be measured quantitively, as if it
were an isolated fluid ; but motion must be included, and we can form no
measure of motion without including time.

The theory which I now advocate is based upon my experiments; and
if I am correct, a low temperature with slow combustion will evaporate a
greater quantity of water per pound of fuel than a high temperature,
because the higher the temperature of the furnace, the greater is the speed
of generation. The motion of a steam-engine piston may be accelerated,
during the first part of the stroke, in such a way that the expanding steam
cannot follow with sufficient rapidity for its motion to be utilized before
the completion of the stroke (see fig. 3); but if the steam be supplied with
heat sufficient for the speed of expansion, it will follow the piston at any
velocity, the greater heat increasing the velocity at which the steam can
expand. When speed is required, the saturated steam may be supplied
with heat whilst expanding or on its way to the cylinder by the gases
passing from the furnace to the chimney. This would prove economical
in engines already constructed, because the portion of heat which the
expanding steam requires for its velocity may be said to be wholly con-
verted into power on expansion, us the steam is then found to be minus
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that additional heat at the termination of the stroke. Steam may be
superheated beyond what is due to the velocity of its expansion ; and, in
that case, the extra heat would be uselessly thrown into the condenser at
the termination of the stroke, unless means were employed to recover it.
I have already mentioned the way in which a certain portion of this heat
is recovered in the Cornish pumping engine; also the increase of pressure
which arises when superheated steam is condensed by being mixed with
saturated steam. My opinion at present is, that the elasticity of the steam
thus suddenly mixed, becomes equal to that of saturated steam of the mean
temperature of the two.

Future experiments may determine the advantages to be derived from
this system, and I have little doubt that we will arrive at a better mode
of recovering the superheat than that adopted in Cornwall. Steam when
suddenly expanded extracts heat from surrounding bodies, and from the
experiments which I have adduced as proof of this phenomenon, it would
appear to demand an exact equivalent of heat for the increase of its own
motion. I mentioned that on experimenting with a jet of steam issuing
freely into the atmosphere, a mercurial thermometer was the instrument
used in determining the degree of heat in the surrounding air, as also in
the jet itself; but in other experiments I employed a quantity or mass of
wire gauze (similar to that used in Stirling’s refrigerator), which I
immersed amongst a known quantity of water so as to measure the quan-
tity of heat contained in itself after the experiment, and I found less heat
as the velocity of expansion increased ; the higher pressures abstracting
more heat from the wire gauze instead of increasing its heat, as one would
have expected from the descriptions of Ericsson's caloric engine. These
facts first led me to consider what heat would be abstracted from a steam-
engine cylinder when high-pressure steam was suddenly exhausted ; and
on experimenting with a high-pressure engine, the steam being suddenly
exhausted at about two atmospheres’ pressure, the indicator fell about
81bs. per inch, and, least the spring of the indicator should assist, I
clamped the indicator 2 Ibs. below the atmospheric line, and at every
exhaust it lowered to almost the same point as when free. I tried oil at
the grease cocks, and found a partial vacuum. As the cause of this partial
vacuum, I assign the great abstraction of heat from the cylinder by the
sudden exhaust. Alban, in his work on the high-pressure engine, attri-
butes this phenomenon to the momentum of the steam, but I think my
experiments on the abstraction of heat by sudden expansion show that, in
all cases, a slow exhaust will be economical. I am aware that many
engines, with their present arrangement of valves, would be crippled in
speed if the exhaust was in any way throttled. But what I advocate is
economy, and there are many existing engines wherein the steam could
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be fully expanded long before the termination of the stroke, the moving

parts having sufficient momentum to accomplish the stroke, thereby
admitting of a slow opening of the exhaust.

The discussion on this paper was deferred until after the reading of a
paper “On the Expansion of Steam in Steam Engines,” by Mr. J. G.
Lawrie, which, from the lateness of the hour, was postponed to the fol-
lowing meeting.
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THE SevENTH MEETING of the Session was held in the Philosophical
Society’s Hall, on Wednesday, 31st March, 1858, the PRESIDENT in the
chair.

The following paper was read :—

On the Expansion of Steam in Steam Engines. By Mr. J. G. LAWRIE.

BY the law of Boyle and Mariotte, the pressure or elasticity of saturated
steam is proportional to its density, and the weight being given is inversely
proportional to the volume. By this law, the pressure of saturated steam
of a given weight and double volume, is one-half; of a quadruple volume,
one-fourth; and so on in the same ratio, under the condition that the
Pm;;e:;:: °"‘£ is a constant quantity. Upon this law
and these facts engineers have constructed the hypothesis, that when
steam expands to twice its volume, the pressure is reduced to one-half ;
when it expands to four times its volume the pressure is one-fourth; to
ten times its volume the pressure is one-tenth, or, in general terms, that
the pressure is inversely proportional to the volume which contains the
steam when expanded or compressed. On this principle the diagram,
fig. 4, Plate XI., is constructed, showing that a volume of steam, repre-
sented by A B ¢ D, expanded to fill A B E F, is reduced in pressure to one-
half; that if it be expanded to fill A B G H the pressure is one-third ; that
if it be expanded to fill A B J K the pressure is one-fourth, and so on,
reducing the pressure to one-tenth, when it fills the whole cylinder A B L M,
which represents a volume ten times the original volume, A B ¢ D.

On this principle the action of steam in steam engines has been investi-
gated. Engineers and writers on the steam-engine have assumed it as the
foundation of all their calculations concerning the quantity of steam and
water employed in the cylinders and condensers of engines. On an analo-
gous principle Carnot, the eminent French mathematician, based his
dynamical theory of heat, and his exposition of the development of power
in the steam-engine and other machines, the action of which depends on
heat. On Carnot's principle, steam, in being expanded, loses no heat
and gains none in being compressed.

According to the principle deduced by engineers from the law of Boyle

o

expression,
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and Mariotte, if the steam originally employed to fill the space A B ¢ D,
have its initial pressure doubled, and be expanded as before to fill the
space A B L M, the power, as indicated by the diagram, will be considerably
increased. If the initial pressure be quadrupled, as in diagram fig. 5, and
expanded as before, the power is further increased ; and by every increase
in the initial pressure of the steam the power is augmented until, if the
pressure be increased to an amount enormously large, say infinitely
increased, the power is also enormously large; or, if the pressure be infinite,
the power derived is also infinite.

On the principle which leads to this conclusion, namely, that the
power or mechanical effect which can be derived from a given weight
of steam, or, which is almost the same thing, from a given amount of heat,
can be increased to be enormously great, by using steam of exceedingly
high pressure; all the books written expressly for the steam-engine with-
out, perhaps, a single exception, or rather with no other exception than a
paper read by Professor Rankine before the Royal Society of Edinburgh,
investigate the branch of the subject which relates to the operation of the
steam.

The discoveries, however, of recent years—the discovery of James P.
Joule of Manchester, proves this whole system to be completely erroneous.
It proves that if heat, by means of steam, imparts power to the piston of
a steam-engine, it cannot also remain as heat in the steam, or in the water
of which the steam is composed. It proves that, for every horse power
imparted to the piston, there is removed from the steam and utilized, a
quantity of heat which is capable of heating a pound weight of water 423°
Fah., or when steam is used in the engine of a pressure represented by
20 lbs. per square inch above the atmosphere; for every horse power
imparted to the piston, a quantity of steam, amounting in weight to gy of
a Ib., which is somewhat greater than half a cubic foot, is condensed.
That, with steam of 20 Ibs. pressure for every 10 horses power given out by
the engine, 5'2 cubic feet are condensed ; for every 100 horses power, 52
cubic feet are condensed ; and so on, reckoning {fid; of a cubic foot for
every horse power, no matter how great or how small that power may be.
That this condensation does not arise from radiation nor from a loss of
heat, but from the fact that heat cannot, at the same time, give power to
the piston of a stcam-engine, and exist as heat either in the steam or in
anything else. That no amount of clothing put on the cylinder would
prevent this condensation, nor would a steam-case prevent it, although
with a steam-case applied, the greater part of the condensation, or gene-
rally, the whole of it would take place, not in the interior of the cylinder,
hut in the interior of the steam-case. This law of the exact convertibility
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of heat and power, or mechanical effect, completely upsets all former
calculations of the dynamical action of steam.

By the light of Mr. Joule’s discovery, it is obvious that the diagrams in
figs. 4 and 5, do not represent the action of steam in the steam-engine.
As the steam issues from the boiler, and impels the piston from A B
to C D, it is continually being condensed in the cylinder, and by the time
when the piston reaches ¢ p, at which point the steam valve is shut, the
space, A B C D, is filled, not with steam alone, but is partly filled with
water, the result of the condensation equivalent to the power developed,
and the remaining space only is filled with steam. Again, as the piston
progresses from ¢ D, onward to L M, the steam is momentarily being
condensed, while it is momentarily impelling the piston onward. The
condensation takes place, as already stated, at a certain rate for every
horse-power developed, but at a rate of bulk of steam which gradually
increases as the pressure becomes less. When the piston is travelling
from A B to C D, the communication with the boiler being open, the
pressure is maintained, although condensation takes place by the influx
of new steam; but when the piston travels from ¢ p to L M, no addi-
tional steam is admitted, and as the condensation which takes place
reduces the pressure, the diagrams, figs. 4 and 5, do not truly repre-
sent the pressure of the steam during the expansion. In figs. 6 and
7, diagrams are shown representing both the pressures, as in figs. 4
and 5, and also the reduction which takes place in these pressures due to
the condensation of the steam by the development of power. In these,
figs. 6 and 7, the spaces shaded with vertical lines show the pressures
after condensation, and the spaces shaded with horizontal lines show the
amount of condensation. The diagrams are divided into ten parts, and
at each point of division along X x, is stated the fraction to which, by
condensation, the pressure is reduced below the amount assigned by the
mode founded upon the law of Boyle and Mariotte, which is noted along
the curve; whilst at each point of division along Y y, is stated the rate of
condensation for every 10 horses power developed. Thus, in fig. 6, the
rate of condensation for every 10 horses power varies from 52 cubic feet,
at the beginning of the diagram, to 54 cubic feet at the end ; and in
diagram 7 the rate of condensation varies from 8°8 cubic feet to 92 cubic
feet.

These results are expressed without difficulty in the exact language of
algebraic notation; but to do so is inappropriate in a paper of this
character, and the subject has already been investigated analytically in an
elaborate and philosophical manner by those whom Mr. Joule calls our
illustrious townsmen, Professors Rankine and Thomson.
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These eminent authors show that the power which can be obtained
from a given weight of steam is not infinite, nor even enormously large,
as would be the case if the hypothesis formerly assumed from the law
of volume be true; but that it is limited to the number of horses power
contained in the heat, of which the steam is deprived, reckoning a horse
power of 33,000 lbs. 1 foot high, equal to a quantity of heat which would
raise the temperature of 1 1b. of water 42} degrees. They show that the
heat of which the steam can be deprived so as to produce power cannot,
or rather, has not in any case much exceeded one-sixth of the whole heas
which it receives from the fire. They show further that, except in cases
in which expansion has been largely and judiciously employed, this limit
of power, equivalent to about one-sixth of the whole heat received from
the fire, has not been approached, and cannot in any other way be
approached.

The spaces shaded with vertical lines in the diagrams 6 and 7, show the
pressure of the steam at the several parts of the stroke, on the supposition
that the steam receives no heat from and gives no heat to the material of
the cylinder; but in every working engine the steam, as it cools down in
temperature by expansion, receives heat from the cylinder, which, again,
during the early part of the following stroke, receives heat from the steam.
Thus, when the cylinder is not provided with a steam-jacket, the twofold
operation takes place of the material of the cylinder receiving heat during
the early part of the stroke, which it transfers to the steam during the
latter part of the stroke. If, in this twofold operation, the cylinder
delivers up to the steam, with sufficient rapidity, during the latter part of
the stroke, all the heat which it received during the early part of the
stroke, no loss or gain is occasioned in the indicated power of the steam ;
but if less than the whole heat is delivered up, a loss arises to the extent
of the difference; or if it be delivered up with insufficient rapidity, which
there is reason to believe is the fact, a loss is occasioned to some amount.

The principles now explained afford a ready solution of the utility of
the steam-jacket, an appendage which, though it has always been found
highly useful in practice, has nearly, with the same uniformity, been pro-
nounced useless by writers on the steam-engine. In the steam-cylinder
water is produced principally from three causes:—

1st. By being carried in suspension in the steam from the boiler.

2nd. By condensation of the steam in the development of power.

8rd. By condensation of the steam in heating the material of the
cylinder from the temperature to which it had been reduced in the pre-
vious stroke.

Each of these causes produces a considerable quantity of water, which,
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when the cylinder is unjacketed, is passed, together with the heat it con-
tains, to the condenser, while in a jacketed cylinder, the water is produced,
not in the cylinder, but in the jacket, and being passed, not to the con-
denser, but to the boiler, is economised. Even the heat contained in the
water due to the first of the above causes is econumised when a steam-
Jjacket is employed, because, during the expansion part of the stroke, the
water carried in suspension is converted into steam.

In practice, engines are comstructed to work expansively in two ways.
In one, two cylinders are employed, the steam from the boiler entering a
small cylinder, where it is partially expanded, and passing to another of
larger dimensions, where it is expanded to the limit intended. In the
other way, one cylinder only is employed, in which the steam is admitted
during a portion of the stroke and expanded during the remainder. In
the engine constructed with two cylinders, the quantity of steam used per
stroke of the engine is measured by the volume of the second or large
cylinder added to the amount utilized due to the power developed; and
in the engine constructed with one steam cylinder, the steam used per
stroke for the same amount of expaunsion is the volume of the cylinder
added in like manner to the amount due to the power developed. There-
fore, on comparing the modes of expanding by the one plan and by the
other, the comparison falls to be made between an engine having two
cylinders and an engine having one only, in which engines the large
cylinder of the one is of the same volume as the single cylinder of the
other.

So far as my information goes, more minute and accurate experiments
made with engines having only one cylinder are on record than are those
made with engines having two cylinders, Indeed, I am not aware of any
prominent experiments made to ascertain the consumption of fuel of engines
having two cylinders being on record. In Lancashire, the association
formed for the prevention of boiler explosions and the economy of steam,
furnishes periodically a mass of information of great utility ; but although
that information establishes the fact, that a high rate of economy is obtained
by engines constructed in either way, yet as the consumption of fuel by
each of the 600 engines on the list of the association, is blended with the
consumption necessary to heat buildings, or to perform other operations,
no exact information is obtained from the reports, neither of the consump-
tion of any individual engine, nor of any relative consumption of different
engines, sufficient for a safe comparison.

The best engines on the list of this Association, both double and single
cylinder engines, have a consumption of fuel of 3-1 Ibs. per indicated horse
power of 83,000 Ibs. ; but that consumption, including what is due to
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other operations besides that of the engines, furnishes no exact information
beyond the fact that the consumption of the engines alone must be small.

The diagrams, figs. 8 and 9, were made by the engines called Lion and
Lioness, the property of the New River Water Works, London, and
constructed at Soho by Messrs. James Watt & Co. With these engines
most accurate experiments have been made, in some of which the duty
ranged as high as 107,000,000 Ibs. 1 foot high per 112 lbs. of coal ; and
in one extending over a period of ten months, the duty of 112 lbs. of coal
was in excess of 90,000,000 Ibs. 1 foot high, being a result equal to
2-46 1bs. per horse power of 88,000 Ibs. 1 foot high over and above the
resistance due to the working of the engine. In contrasting the effect of
fuel as measured in the steam-cylinder from the diagram, and as measured
by the ultimate effect of the engine, in delivering water over a stand pipe,
for example, the one result falls to be reduced by the resistances of the
engine, whilst the other is clear of all deductions. Hence the result in
the instance of the Lion and Lioness engines, which was measured by
the delivery of water over a stand pipe, is a consumption of fuel per
indicated horse power, measured in 'the cylinder, of 1§38 X 2'46 lbs.
= 1845 lbs.

I am not acquainted with any experiments made with any other engine
of any construction, which show a result equal to this of the Lion and
Lioness, taking into account the duration of the experiment.*

* A series of diagrams were exhibited at the reading of this paper, which were made by
engines having an expansion-valve arranged on the author’s plan, and capable of working
with the utmost accuracy.

These diagrams showed the action of the steam when supplied to the cylinder during
different portions of the stroke, varying by an inch from 8% inches to 12 inches in a stroke
of 81 inches, and an examination of them discloses the exceedingly remarkable fact, that in
those diagrams in which expansion was not carried far, the final pressare of the steam was
considerably less than the gaseous laws of expansion would assign, while in the diagrams
in which expansion was carried farthest, the final pressure was considerably greater than the
gaseous laws would assign. In the several diagrams, the final pressure was marked as given
by a measurement of the diagrams, and also the pressure assigned by the gaseous laws of
expansion. In these pressures a regular gradation of differences exists, and this remarkable
fact plainly indicates the operation of an important influence, exercised partly by the alter-
nate heating and cooling of the cylinder, and partly by the water suspended mechanically
in the steam. This influence it is impossible to measure with precision, in any calculations
of diagrams, to ascertain the consumption of steam or fuel due to these diagrams; and on
that account, chiefly, I am of opinion that diagrams do not, in any instance, supply avail-
able information for an accurate measurement of the steam used.

In the calculation of the quantity of steam used in the series of diagrams, the part of it
which was condensed in the development of the power, as defined by Joule's 1aw, was separated
from the part of it which passed to the condenser in the form of steam ; and it appears that
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But, whether the results obtained with the Lion and Lioness be sur-
passed or not by any other engines of either the double or single-cylinder
arrangement, the comparative excellence of the two arrangements is not
by that single fact decided. There are other elements, not elicited in
the experiments with these engines, that fall to be taken into account.
Against the single-cylinder arrangement it has been contended that, as
the power of the engine becomes large, either by an increased diameter
of the cylinder or by an increased pressure of the steam, a shock is
incurred at the commencement of each stroke that is destructive to the
smooth working of the engine ; and it has also been contended that the
double-cylinder arrangement, by dividing the power between two cylin-
ders, diminishes the gross weight of the machine and the cost of construc-
tion. The first of these objections to the single-cylinder arrangement is
by no means a new one, having been urged in the history of the steam-
engine against each increase made to the diameter of the cylinder, and
each increase in the pressure of the steam; yet locomotives, having
cylinders of a diameter increased from 12 to 20 inches, run at speeds
increased from 20 to 60 miles an hour, without shock of any kind ; and
marine engines, with cylinders of gradually increased diameter, worked
by steam of gradually increased pressure, move without halt at a speed
of 400 to 500 feet per minute. In the steam-ship Australasian, recently
built by Messrs. J. & G. Thomson of Glasgow, the engines, which have
cylinders 96 inches in diameter, turn the centre with the utmost smoothness,
when worked with steam of 20 lbs., and moving at 400 feet per minute.
The cylinders of this ship being 96 inches diameter, and the steam 20 lbs.,
the effect is the same as that of cylinders of 68 inches, with steam of 55 1bs.,
or as that of cylinders of 48 inches with steam of 1251bs. The criterion,
therefore, of the engines of the Australasian, is a sufficient reply to the ob-
jection of shock, until engines of greatly increased power become necessary.

Bat the practice of all engineers, with engines of moderate dimensions,
is alone sufficient to establish the fact, independently of reference to such
engines as those of the Australasian, that, provided the engines be of the
requisite strength, without which no machine can operate satisfactorily,
the severity of the shock depends not on the weight of moving mass, nor
on the pressure of the steam, nor in any degree upon the length of the
stroke of the engine, but upon the manner in which the steam is cushioned
in the returning stroke. When that cushioning is adjusted so as to bring

when the engine was working with steam throughout the stroke, this quantity amounted to
about 5} per cent. of the gross quantity used, and when the steam was cut off at 3} inches
from the commencement of the stroke, the quantity which was condensed amounted to about
14 per cent. of the whole.
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up the pressure of the inclosed steam to an amount approaching that of
the steam in the boiler, by the time the valve opens for the admission of
fresh steam, no shock occurs, nor can occur. The second objection
urged against the single-cylinder arrangement, of being more expensive
and heavier than the double-cylinder kind is not so capable of precise
argument, because, after any comparison that could be made of the weight
and cost, the question would still, to a considerable extent, remain a matter
of opinion, whether the weights and costs were calculated of the correct
amounts. When it is considered, however, that for the same amount of
expansion the large cylinder alone of the double-cylinder arrangement, is
equal in volume to the single cylinder of the other kind, there is obviously
a considerable margin in the small cylinder and appendages of the double-
cylinder arrangement, to apply in the additional etrength necessary for
the single cylinder of the other kind. Another advantage in favour of
the double cylinder has been urged in a supposed more uniform develop-
ment of power; but, although that advantage does exist when single
engines are employed, it does not exist when two engines at right angles
are employed.

Having stated the chief arguments advanced in favour of combined
cylinder engines, it now becomes desirable to consider what has been or
may be advanced on the other side :—

1st, It is contended by those in favour of single-cylinder engines that
they are of a lighter and cheaper construction.

2nd, That they have smaller surfaces to clothe in order to prevent
radiation, and to encase in a steam-jacket.

8rd, That the alternate heating and cooling of the cylinder, which takes
place more or less when steam is used expansively, exists to a less extent,
and is spread over a smaller surface in the single than in the double-
cylinder arrangement.

4th, That there is less friction, a smaller consumption of stores, and
that considerably less attention is necessary with one cylinder than with
two.

In drawing an inference from these arguments, Mr. Joule comes to
our aid, by informing us that if the steam in the different arrangements
is passed to the condenser at the same temperature, no difference in the
indicated power derived exists, whether the expansion has taken place in
one or in twenty cylinders; and therefore the minor, or rather secondary
elements of the question alone remain to guide the engineer to a selection.

In a consideration of the expansion of steam, it would be improper to
omit a notice of certain statements made last session in the Institution of
Civil Engineers in London. It was stated during a discussion of a paper
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by Mr. Armstrong, “ On High Speed Navigation,” that a record of the
performances, for three or four years, of H.M. paddle-wheel steam-ship
Fury, of 515 horses power, showed that, whilst working full power, 50
tons of coal were consumed per day of 24 hours, or 427 lbs. per
horse power per hour. When working at the first grade of expansion,
40 tons of coal were consumed per day, or 4'65 lbs. per horse power
per hour; and when working at the seventh grade of expansion, 15
tons of coal were consumed per day, or 12-3 lbs. per horse power
per hour. Similar results were stated to have occurred in the Des-
perate, Terrible, and other vessels, and an opinion was expressed that
in marine engines the attempts hitherto made to comply with the
conditions necessary for realising the benefits to be derived from working
expansively had not been attended with adequate success. The loss when
working expansively was believed to arise in a great measure from the
condensation, by means of the extended surfaces through which the steam
passed, as only indifferent means were adopted for keeping up the tempe-
rature, and in that way there must necessarily have been a loss of
mechanical effect.

Without knowing the details of the experiments.referred to in these
statements, it is impossible to account satisfactorily for the results obtained,
nor to say whether they can be accounted for by the loss alone arising
from the increased radiation of the extended surfaces; but no one who
bas witnessed the effect produced on judiciously-constructed engines
by an increase in the steam cover of a valve, or who has travelled in
a steamer in which the boilers are short of steam, and. noticed the
result of putting the expansion valve in action, or who has stood on
a locomotive engine and tried the effect of modifying the action of the
valve by the link motion, need be told that a better effect is not derived
from steam worked expaunsively, even though by an imperfect manner
of applying the principle, the benefit can be dissipated. The effects
of expansion which occur in the instances I have quoted are mani-
fest; and although they are not absolute demonstrations of the benefit of
expansion alone, in consequence of the steam being used at a higher
temperature when the pressure is increased, yet they furnish the data of
demonstrations which are conclusive. It is to be regretted that the details
of the experiments made in these Government steamers have not been
published ; because while they remain unexplained and not understood,
they are calculated to produce an impression with regard to the use of
steam which is injurious to the progress of economy.

Allied to the subject of expanding steam is the problem of obtaining
steam. The steam upon which scientific experiments are usually made is

P
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raised slowly, and contains only the water of saturation, which is in
chemical combination ; but the steam with which engines are worked is
raised in all the hurry inseparable from the small evaporating surface in a
boiler, and contains considerable quantities of water in mechanical sus-
pension, in addition to that in chemical combination. This water contains
more than double the quantity of heat which the same bulk of 20 lbs.
steam contains, and as it carries nearly the whole of that heat to the
condenser, it causes first a large loss of heat, and also a farther loss of
power by burdening the condenser and air pump.

In some vessels means have recently been employed to superheat a part
of the steam used, and a most satisfactory economy is reported to have
been derived in every instance. There is no reason to doubt that this
economy has been obtained. By converting the water which the steam
contains into steam, an improvement must unavoidably be derived, and
by superheating the whole mass, so as that it will continue uncondensed
or unreduced to water, when its temperature is lowered during expansion,
a further and considerable advantage will also be derived.

The idea of superheating steam is not by any means a new one, but its
introduction has been materially retarded by a desire to superheat to an
extravagant extent, which was and still is so difficult as to be practically
inconvenient.

There does not appear, however, any difficulty in syperheating to such
an extent as to utilize all the water in the steam, and to prevent
condensation during expansion. '

The greatest improvement of which the steam-engine is, I believe, at
present susceptible, is a judicious use of moderately-superheated steam in
combination with expansion in a single-cylinder engine. In the marine
engine and in the locomotive these desiderata can be carried out with
facility, and in both economy of fuel is of the utmost importance.*®

* Formerly the water produced in the steam-cylinder was considered due principally to
radiation, and to some considerable but undefined change in the specific heat of the steam
during expansion. The experiments of Regnault, however, informs us that there is no
change in the specific heat of the steam, of any moment, in considering the source of this
water; while the experiments of Mr. Joule point out its true source. But it is remarkable
that both Profeasors Thomson and Rankine, instead of eradicating the notion of a change in
the specific heat of steam during expansion, adopt it. Professor Thomson, in a paper read
before the Royal Society of Edinburgh, explains that, in his opinion, the quantity of heat
necessary to evaporate a given weight of water is not constant, but may be infinitely varied,
and lauds Professor Rankine for his discovery of * negative specific heat.”

Specific heat, however, is essentially a relative measurement of the quantity of heat
necessary to raise the temperature of the substance to which it relates, aud as it would
‘appear to be impossible that it can ever be so amall as to be nothing. it cannot possibly
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‘The following discussion took place on Mr. Lawrie’s paper, and on Mr.
Morton’s, read at the preceding meeting :—

‘The PresmENT sald, that amongst the authors mentioned in Mr. Lawrie's paper as
having contributed to the development of the dynamical theory of heat, the name of Pro-
fessor Clausius of Zurich had been omitted. The researches of Professor Clausins were
contemporaneous with those made in this country, and he arrived at the same results, but
by a process differing from that adopted here. In fact, when the paper was being read in
Britain, in which he (the President) showed how a portion of the steam in an engine
cylinder must condense when work was obtained from its expansion, Professor Clausius’
paper on the same subject was being published in Germany, the anthors being at the time
unaware of each other's proceedings. It was right that Professor Clausius should have the
share of credit due to him. On the subject of the expansive working of steam he wounld
suggest, as a point for consideration, the fact, that the friction of the engine affected the
limit of economy in expansive engines. In an engine working without friction the steam
wmight be expanded down to the pressure at which it was to be exhausted. In an engine in
which friction was to be overcome, the steam should only be expanded down to a pressure
Just balancing the friction; if it was expanded to a lower pressure than this, power would

be wasted in working against friction. Probably some of the engineers present would know
of facts bearing on this point. (The President illustrated his meaning by a diagram.)

Mr. J. BROWNLEE, referring to a statement in Mr. Lawrie's paper, to the effect, that the
steam was partially condensed when working, both whilst the steam continued to be
admitted into the cylinder and after it was cut off, said he did not think any condensation
took place in consequence of the conversion of heat into power before the steam was cut off.
As long as the cylinder was in communication with the boiler, the steam would be in the
same condition in both ; and althongh heat was converted into work, it did not follow that
the steam in the cylinder must, on that account, partially condense, or lose any portion of
its heat in giving motion to the piston. The steam in the cylinder acted simply as a
medium for communicating to the piston force which the fire was imparting to the water
in the boiler in the form of heat. In generating steam under pressure, part of the heat
acted as mechanical force in making space for the new steam amongst that already gene-
rated, and when the boiler communicated with the cylinder the space required, or a part of
it, was obtained by the movement of the piston, the mechanical force being communicated
to it by the medium of the steam in the boiler, steampipe, and cylinder.

Mr. W. Tarr inquired if any of the members present had ever obeerved, whether the
temperature of the steam in a steam-engine boiler was different when the engine was at

become negative, or less than nothing. When heat is evolved by the compression of satu-
rated vapours, it does not follow that there is any change of specific heat; and although in
the case of saturated vapour of water there is a change of specific heat to the extent ascer-
tained by Regnault, yet heat cooled is not due to that change, but arises from the quantity
of mechanical effect converted into heat. It would appear that Dr. Thomson's illustration
of the quantity of heat necessary to evaporate a quantity of water being infinitely variable,
is not complete, if it excludes the power or mechanical effect involved in the operation: if
this mechanical effect be introduced as an element, the heat ceases to be variable, and
becomes what it ought to be, a constant quantity, with no variation but that pointed out
by Regnault.
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rest to what it was when the engine was working? It was well known that often when
an engine had been standing, as during the meal hour, there was an excess of steam imme-
diately after starting. It was also well known that most boiler explosions took place
immediately after the starting of the engine which had previonaly been standing some
time. It had occurred to him that these phenomena might arise from the steam getting
partially superheated. When the engine was standing the damper would be shut, and the
flues being, perhaps, as high as the surface of the water in the boiler, heat wounld be com-
municated divectly to the stesm, and so superheat it. On the engine being started the
withdrawal of steam would cause the water, previously quiet, to boil up, and so mixing
with the superheated steam instantaneously and enonnously increase the volume of steam.
He had been trying experiments for some days with the boiler at their works, but had not
found auy difference of temperature in the steam when the engine was at rest. The tem-
perature was always that due to the pressure, as given in the tables in works on the subject.

The PresipENT remarked that in many cases there was an extraordinary difference
between the pressure in the boiler and that in the cylinder. The preasure in the cylinder
was often very much lower than that in the boiler, or, at any rate, than that on the safety
valve. This was most noticeable in some Cornish pumping engines, and it might be owing
to the fact that in these engines the steam was bottled up for a time in the boiler, and only
let out during the fraction of a second. There was, at any rate, more in this than counld
be accounted for by throttling the steam on its way to the cylinder. Mr. Tait's experi-
ments were of great importance, and he was sare the Institution would be glad to receive
details of them.

Mr. WALTER NEiLsoN thought that Mr. Tait's experiments bore upon something more
important than the diminution in the pressure of the steam when transferred from the boiler
to the cylinder. It was a very common occurrence to find the pressure rising on an engine
being started, at a time indeed when one would naturally expect more or less diminution in
the pressure, on account of the cylinder beginning to use large quantities of steam. He
would very gladly second the request for details of Mr. Tait's experiments. If the tem-
perature of the steam in the boiler rose when the engine was standing, it would give a clue
to the cause of most boiler explosions. He could mention that in the case of the explosion
of a locomotive boiler, into which he had had to inquire, the pressure increased axtraordi-
narily immediately before the explosion, which took place on the engine starting, after
standing a short time. 1t was easy to conceive that if the water was low, the plates with
which the steam was in contact would become heated beyond a proper amount, and that
the steam would become superheated from them ; at the same time the water would be
quiet, the steam pressing down upon it with increasing force, and no ebullition taking
place. The engine then being started, the consequent withdrawal of steam would, for a
moment, reduce the pressure and permit the water to spring up in a state of violent ebullition,
whilst the water mixing with the superheated steam, would instantly acquire a tremendous
elastic force quite sufficient to account for the effects usually accompanying a boiler
explosion.

Mr. D. More said he had been called upon to report on several boiler explosions, and
could state that they had almost invariably taken place immediately after the engines were
started. In most cases there was plenty of water in the boilers, and the valves and every-
thing else about the boilers appeared to have been in perfect working order. He proposed
that a committee should be named to investigate the subject during the recess. He
thought Mr. Tait had suggested something very like the true explanation of the phenomena.
When the engine was at rest and the valves all closed, the water in the boiler was
quiescent, and the steam bore down upon it and restrained the ebullition ; but on the feed
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pump throwing in a jet of water, motion was produced in the water in the boiler, and it
immediately went into a state of violent ebullition. Some of the members present would
probably remember the boiler explosion at Hamilton & Arthur's works. The engine was
standing from 6 to 7 P.\., the water was at its proper lovel, and before starting at 7 p.:, the
pressure was obeerved o be 25 lbe., the usual thing. Immediately after starting the boiler
buret, doing enormous damage, and showing that there was some far greater element at
work than a pressare of 26 lbe. to the square inch.

MMr. MAckAIn stated that he had observed an increased pressure on starting an engine
with which he had something to do some years ago.

The PRE:DENT said an important suggestion had been made by Mr. More as to forming
a committee to investigate the causes of steam boiler explosions. An association had been
eatablished at Manchester, and was now in active operation, for the prevention of bofler
explosions, and generally for collecting facts in connection with steam-engines and boilers.
M. More's suggestion, if carried out, would lead to the establishment of a similar body
here, where their operations would, undoubtedly, be very useful. It would be desirable to
consider the best means of setting on foot such an association. The Manchester association
gave their attention, not only to boiler explosions and their prevention, but also to the
collection and publication of facts bearing on the economy. of fuel, and that body was
proving itself of great utility.

Mr. MoRE proposed that—

¢ The Council of the Institution be constituted a Committee to consider
as to the best means of obtaining for Scotland the benefits of such an
Institution as the Association for the Prevention of Boiler Explosions.”

Mr. W. JonxnsToxE seconded Mr. More's proposal, which was adopted unanimously.

Mr. JAuzs BROwNLEE said that, in some cases, water was heated much beyond the
boiling point, particularly if the pressure on it was more than one atmosphere. In one
experiment he had himself heated water ap to 270° Fah. under atmospheric pressure. If
any motion was imparted to the water in this condition, it immediately exploded, giving
off the steam corresponding to its extra temperature, and its temperature fell at once to 212°,
If a little oil is put on the surface of the water, or if its surface is kept quiet, it is easily
heated to a higher temperature than that due to the pressure on it.—In answer to an
inquiry, Mr. Brownlee said, that in the experiment referred to the water had been previounsly
boiled to expel the air.

The PrEsmENT said it was thought that the presence of air in the water affected its
boiling. If distilled water is boiled in & glass vessel, it boils by starts; its temperature
appears to vary abruptly. Chemists are well aware of this fact, and are in the habit of
causing the water to boil gently by placing in it angular pieces of metal, silver chains, or
wire. The bubbles of steam form on the surfaces of the metal, and rise in continuous streams
from salient points of the pieces of metal or wire.

Mr. WaLTer NEILSON, referring to the indicator diagram (fig. 3, Plate VIIL) accom-
panying Mr. Morton's paper, inquired if it had been decided whether the oscillations shown
were due to the indicating instrument, or to fluctuations in the steam pressure in the
cylinder ?

Mr. MorTON said he considered the oscillations in the figure to be caused partly by the
indicator spring and partly by the steam. He had fixed the indicator at the lowest point
to which it had previously descended, and the steam drove it still lower. The oscillations
were less in cased cylinders. He had no difficulty in conceiving how the steam must
oscillate or fluctnate. He had employed various indicators, the springs of which acted
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differently, and he had still found an oscillation in the figure, which could not be fully
accounted for by the indicator spring.

The PrEsiDENT said he concurred with Mr. Morton's views on this point. He thought
his experiments proved that fluctuation must take place in the steam pressure; and he also
thought that, on the whole, this was what might have been expected.

Mr. Tarr asked if Mr. Morton bad, in his experiments, observed whether the governor
had made any sudden changes? The oecillations might poesibly have beex due to such
changes. Hehndoﬁgnmdimuhowhgoodlhﬂ