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CHAPTER X.
CONSTRUCTION OF STEAM FIRE

ENGINES .

«

In designing a machine , of whatever description it may be, and for
whatever purpose it is intended , it should always be borne in
mind that , the more perfect its adaptability to the purpose , the
fewer the parts , the more exact the fitting , and the simpler the
construction , the better . A machine may he looked on as comprising
two great parts , the design and the manufacture ; and experience
shows us that any mistake in one seriously compromises the other ,
and ends between the two in failure .
On the design of a machine rests its success ; for a well designed
though badly made machine carries a promise of success within
itself ; but a badly designed machine , however well it may be
made , augurs nothing but failure under any circumstances . De¬
signing comprehends not only the arrangement of certain pieces of
inanimate matter to form a whole which is to be applied to a given
purpose , but also the proper selection of the materials for each
part , the right proportion of each part for the strain it is to
encounter or the work it has to do, and finally the selection of the
least expensive way of carrying it out . This last point is of con¬
siderable importance both to manufacturer and consumer ; for a
design may be made which shall involve such a cost in manufacture
as would seriously interfere with its employment from the enhanced
cost caused thereby .
In the construction of machines the following points are
most important , and should never be lost sight of :—First , the
quality of the materials used ; second, exactness in manufacture of
parts and excellence of workmanship throughout ; third , the use of
such machines as will produce quantity of work, combined with
uniformity and excellence of finish, so that the produce may be
sold at a low price with a moderate profit , and be used in a large
and extended quantity , which will prove preferable to a small make
and a large profit .
Wherever steam is employed, it is, or should be, the rule to
apply it in the simplest possible manner , and with the smallest
possible loss of power, and it should be applied as directly as
possible to the work to be done. If a rotary movement is required ,
a crank will do the work ; if a reciprocating rectilinear motion (as
in a pump ) is wanted, then the reciprocating motion of the piston
should be applied direct .
The simplification of machinery , however, tends to lessen the
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amount of work in a machine , and to diminish the number of
nonscientific admirers , inasmuch as a complicated looking machine ,
with lots of paint and polish, more readily attracts the attention of
the vulgar than one of a more simple and less imposing appearance ;
and as it too frequently happens that the scientific improvement in
a machine is delayed so long as the unimproved will ‘ sell,’ or until
some other seller or maker brings forward the improvement , it is
useless to expect much attention to be given by makers to this part
of the subject .
A steam fire engine consists of three principal portions , the
boiler , the engine pumps and appurtenances , and the framing and
wheels on which the two former are carried .
The efficiency of a steam fire engine, and its capability to do its
work in a proper manner , are dependent on three principal points,
each of which requires great and careful attention to be given to
the details . First , the design, construction , and efficiency of the
boiler ; second, the correct and proper plan or arrangement of the
steam engine which works the pumps ; and lastly , but not least, on
the proper plan and arrangement of the pump , its water passages
and adjuncts .
In order that this may be thoroughly understood and appreciated ,
it has been determined to deal with each separately , and make
such remarks on them as are necessary to render the subject easily
comprehensible , and cause that attention and consideration to be
directed to them which their importance and desirability require ,
especially as the best steam fire engine is yet far from being
attained .
The problem to be solved in constructing a steam fire engine, is
with a very moderate weight , say under 3 tons, to construct a very
powerful engine , which shall possess the greatest efficiency, dura¬
bility , and simplicity it is possible can be attained , as well as ease
of management and smallness of dimensions or bulk .
The first step towards this is obtaining the smallest and lightest
boiler, combined with the utmost strength and durability , that can
give the greatest possible amount of power within those limits .
After which the engine and pumps should receive careful attention ,
in order that with lightness , strength , and durability , they shall
give the greatest possible results in using the steam which is
supplied by the boiler . It is little or no good to design an efficient
boiler to supply steam to an inefficient engine and pumps , for
though it may enable a bad engine to do good duty , yet it cannot
give those results which would be easily attained by a good one ;
therefore it is anything but wise to treat the boiler, engine, and
pumps separately , instead of in combination ; for all three are so
intimately dependent in their results on one another , that no
excuse can be allowed for such a course.
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The mere practical knowledge required to enable a person to
join together some pieces of metal , and thereby form a steam
tight and water tight box of given dimensions , to be used for the
generation of steam to work an engine , is unfortunately but a small
portion of the knowledge required of those who turn their attention
to the subject . It has been almost universally thought that little
more than this is needed, and that provided the metal is tightly
and well put together , or in other words, ‘ made a good job of,’
that this is all required for boiler making , especially if the metal
be of the quality and thickness considered necessary for this pur¬
pose.
Before, however, the knowledge mentioned above is allowed to
be brought into play , there should be a very different kind of
knowledge brought into use, without which the highest efforts and
skill of the other will be useless ; and for the want of which so little
real progress has been made of late years in bringing forward a
perfectly efficient boiler , constructed on correct and scientific
principles . The knowledge wanted for this end is that of scientific
design, or the power of being able to so construct , arrange , and
apportion the heating surface, to the operation of which the water
in contact therewith is exposed, that the greatest possible amount
of heat may be taken out of it by the water , the greatest possible
amount of steam generated , the greatest possible durability of
boiler attained , the greatest possible strength secured , the least
amount of coal wasted, and that all this may be obtained in the
least space, with the least weight , and the least expense.
The boilers used in steam fire engines are on several systems or
plans for gaining the required end, viz. the rapid and steady pro¬
duction of steam , and generating it in sufficient quantity to start
and work the engine in the shortest possible space of time with the
maximum of strength and the minimum of weight , and in order
to do this the water space in the boiler is smaller , and the fire
grate larger than in ordinary steam boilers, requiring greater care
and attention in management , as a few seconds may suffice to
unduly reduce the water level, or increase the steam pressure .
Some of these boilers have been designed with apparently but little
reference to the importance of and benefits to be derived from a
complete and thorough circulation of the water, the predominant
idea having evidently been to get as many square feet of heating
surface into a boiler of given weight and dimensions as possible ;
but it should be borne in mind that more is to be gained by so
arranging the heating surface as to obtain the benefits of circula¬
tion , than by cramming it in without this object . The truth of
this has been well proved in locomotive practice , where boilers
which have had a great amount of heating surface badly arranged ,
have done better work and made steam more freely, by the heating

CONSTRUCTION OF STEAM FIRE ENGINES .

175

surface being decreased, and the circulation of the water rendered
more free thereby .
The present practice of the builders of steam fire engines gives
the preference to the vertical boiler, from its occupying the
minimum of space in length and breadth , and admitting , where
properly designed, of a great power being obtained , with great
strength , in a very small compass. On the whole it may be con¬
sidered as settled , by present experience , that the vertical boiler,
varying of course in its internal arrangement , will be the type
employed in steam fire engines, as possessing most convenience
for the purpose . It has generally been found that although a small
water content enables steam to be raised quickly , it is accompanied
by the disadvantage of an irregular action of the boiler, and an
uneven or irregular maintenance of the steam pressure , rendering
great care and attention on the part of the attendant of very great
importance , which is not the case with boilers which have a large
water content . In practice , however, it is not found that this
causes any real difficulty in using them , but it requires a greater
amount of practice and skill on the part of those working such
boilers than is found necessary in others of a different description ,
and also greater care in regard to the water level being regularly
and evenly maintained .
In boilers of the description now used for steam fire engines
it is found necessary to employ a large amount of heating surface
with a very small amount of water content ; and in most of the
attempts to gain a large duty from them , this water content has
been still further reduced . From this cause it becomes very im¬
portant and desirable that they should be most scientifically de¬
signed, most carefully made , that the highest quality of material
should be employed in their construction , that they should be most
carefully attended to, and kept in the highest possible state of
efficiency.
The employment of steam boilers with small confined water
spaces and limited water content is not an economical proceeding ,
it being constantly found in practice that such are extremely liable
to injury and accident in working . Where a large amount of
heating surface and a limited water content are adopted for raising
steam with the fuel in an intense state of combustion , it becomes
of the greatest importance to secure the durability of the boiler as
well as its safety and the economy of its working , by causing the
heat to be taken up by the water as rapidly as it is generated in
the furnace .
It is also most important that in subdividing as far as possible
the heat generated by the fuel, by the heating surface for evapor¬
ating the water , that this should be done without impeding the
easy circulation of the water over this heating surface, otherwise
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the durability and efficiency of the boiler are easily and quickly
destroyed .
In order to obtain this with the greatest certainty and rapidity ,
it is of the first importance to secure the rapid and constant re¬
placement , in contact with the highly heated surfaces, of an equal
body of water at a lower temperature , to take the place of that
which has passed off in a state of steam and at a high temperature .
This, it will he seen, can only he obtained in a ready and simple
manner by securing the most complete circulation of the water in
the boiler over and in contact with all the heated surfaces ; and
unless it be done by mechanical means, such for instance as a force
or circulating pump , the boiler must be so designed and arranged
as to cause this to take place by the known principles of nature .
Rapidity of evaporation depends upon rapidity of circulation ;
and as heat is conducted with great rapidity through metals ,
provided the inner surfaces are kept constantly in contact with
the water to be evaporated , and not with a nonconducting film of
steam, it follows that circulation is a sine qua non in a good
boiler.
A boiler for generating steam should be so designed or arranged
that there should be the most complete and perfect circulation of
the water , so that the steam formed by contact of the water with
the heated surfaces may escape into the steam room of the boiler ,
and allow its place to be taken by a fresh supply of water . De¬
fective circulation causes an imperfect generation of steam, and a
rapid destruction of the boiler ; and in nearly all the boilers up to
a very recent period the perfect and rapid natural circulation to
be obtained from a well designed boiler has been deemed almost
an impossibility , and mechanical means , on a plan known by the
name of forced circulation , has been adopted .
The vertical tubular boiler as usually made has been and is of
frequent employment , not from any advantage it possesses in raising
or keeping steam , or any economy in fuel , but because it occupies
much less room than the ordinary Cornish or other boilers generally
in use ; therefore it is frequently employed by those users of steam
power to whom space is a matter of importance . These boilers
are not economical in fuel, from the position occupied by the
greater portion of the heating surface , viz. the tubes , being that
which under the ordinary system of boilers is the least advantageous ,
viz. vertical . Dr. Ernst Alban states (page 80 of his valuable and
interesting treatise on the High Pressure Engine ) that , ‘ In one
of my engines I adopted first the horizontal , and afterwards the
vertical arrangement ; but although the latter had 50 per cent ,
more surface than the former , it required 50 per cent , more fuel .’
This he states has been amply proved ; and it is well known in
practice that these boilers are troublesome , from the constant
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leakage of the tubes , which being firmly fixed at both ends, have
to expand somehow, and do not expand equally with the shell of
the boiler, consequently they cannot help becoming leaky ; added
to which, the dirt and sediment are always found to collect around
the lower ends of the tubes , and on the crown of the fire box or
lower tube plate , causing it to crack and bend , and thereby loosen
the ends of the tubes .
In the specification of the patent obtained by Sutton Thomas Wood
in 1784 for improvements in steam boilers, it is stated that ‘ My
third improvement is in causing the heat of the fire to be conveyed
through the water or liquor , either by means of tubes, flues , or
other hollow bodies, or by causing the fire or furnace to be in the
middle or in any other 'part within the body of the liquor , either
in the form of a cone or pyramid , or any other form , and the
water or liquor to surround the same ; nor is it of any consequence
in what form or shape the copper or boiler is made or constructed ,
or in what direction the pipes or tubes are placed, provided it is
constructed upon the above principle of causing the fire or heat
to be conveyed through the body of the wader or liquor contained
therein , instead of conveying the heat or fire entirely through the
water or liquor in the copper , boiler, or vessel ; I sometimes cause
the bottom of the copper or boiler to be made in the shape of a
cone or pyramid , so as to cause a greater surface to be exposed to
the heat of the fire, and the heating or boiling of the liquor con¬
tained therein to be forwarded thereby .’ This is the earliest
description of a modern tubular boiler with internal fire box the
author has met with ; and, so far as he can find, it has been over¬
looked by all who have written on boilers or engines .
The first upright or vertical steam boiler in which the fire and
heated gases ascended through a number of vertical tubes , surrounded
with water , into a submerged chamber or smoke box, constantly
kept below the level of the water , was patented in 1826 by James
Neville , of Shad Thames , London . The submerged smoke box, a
peculiar feature in this boiler, was repatented some years since in
America, and has been lately repatented in England , as also another
feature , viz. the plan of taking the boiler apart by loosening some
bolts and nuts .
The vertical boiler, though possessing but little variety of ex¬
ternal appearance , is nevertheless possessed of almost an intermin¬
able variety of plans of internal arrangement , according to the
views or inventive capabilities of various designers ; and the plans
adopted by most of the makers of the boilers for use in steam fire
engines will be found described in the following pages, where the
other boilers not vertical are also noticed .
The following peculiarities of principle and internal arrange¬
ment have been used by the makers of English steam fire engines,
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all of which have been more or less successful ; but other plans are
believed to have been tried by mere amateurs or persons not
practical mechanics , or properly acquainted with the subject they
have meddled with, whose attempts in this direction , so far as can
be ascertained , have ended in total failure ; for which reasons
reliable information has not been obtainable . Fortunately , there
is but little to be gained from the failures of such a class, or other¬
wise the omission might have rendered the subject less complete
and useful ; but it is to be hoped that in future the old proverb
about experience , &c. may be found of advantage to them .
It is proposed to divide the boilers into classes as follows, and
then describe each more in detail :—
First . Mr . John Braithwaite .—Forced combustion ; down or
descending draught ; long taper flue, totally submerged ; com¬
pound of vertical and horizontal ; ordinary circulation , no special
plan being provided .
Second . Messrs. Shand , Mason, and Co.— 1. Vertical ; forced
draught by steam blast ; ordinary tubular ; submerged smoke box ;
ordinary circulation . 2. Vertical , with conical fire box and
vertical flue ; no tubes ; ordinary circulation . 3. Vertical , with
conical fire box and vertical flue ; feed water casing ; no tubes ;
ordinary circulation .
Third . Messrs. Merry weather and Sons.—Vertical ; forced draught
by steam blast ; pendulous circulating water tubes ; specially de¬
signed for circulation .
Fourth . Mr. Wm. Roberts .—Vertical ; forced draught by steam
blast ; water and flue tubes ; specially designed for circulation .
Fifth . Messrs. Lee and Larned .—Vertical ; forced draught by
steam blast ; designed specially for circulation .
Sixth . Mr . T. W. Cowan and Mr. J . Shekleton . —Vertical ; forced
draught by steam blast ; ordinary tubes from top of fire box through
to top of boiler ; no internal smoke box ; ordinary circulation .
Seventh. Messrs. J . W. Gray and Son.—Horizontal ; tubular ;
differential tubes ; forced draught by steam blast ; circulation pro¬
vided for by causing the boiler to rotate on bearings over a furnace
containing the fire.
The boilers designed , patented , and used by Mr . Braithwaite con¬
sisted of a vertical fire box end of a circular form, and a horizontal
barrel connected therewith . The fuel was burned in a closed fire
box and ash pan , on what is termed the ‘ forced combustion ’
principle , by means of a constant blast , or stream of air , from
bellows or their equivalent ; the products of combustion escaping
from the furnace to the chimney by means of a long flue with a
gradually diminishing area , placed below the level of the water .
This flue extended near the top of the water from the fire box to
the furthest end of the barrel , where it turned downwards, and
returned nearly to the fire box at a lower level, was then turned
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downwards at a still lower level, and returned again to the furthest
end of the barrel of the boiler , passed out through it , and then
went up the chimney .
At a later period he employed an ‘ exhauster ,’ by means of
which the air was drawn or sucked through the fire and flue tube ,
instead of being forced through them by the bellows ; and this
arrangement he also employed in some of the locomotives built
by him , with perfect success.
These boilers were found to be very economical in fuel , and to
generate steam very freely and with considerable rapidity . They
were applied to stationary purposes, to locomotives, and also to
steam boats ; and in the case of the 1Novelty ’ locomotive , at the
competition at Rainhill in 1829, the work done by the engine , which
was exactly in the same proportion to her weight and dimensions
as the work done by the others , was done at a higher speed, and at
a less cost ; or what the ‘ Rocket ’ did for 1^ cl., at a speed of 12U
miles per hour , was done by the ‘ Novelty ’ at the speed of 201miles per hour , and the cost of one halfpenny .
The boilers used by Messrs. Shand , Mason, and Co. have been
of several descriptions , but all of the vertical kind , and on the
same principle of the forced draught by the blast of the waste
steam from the cylinder .
In the first steam fire engine made by them in the year 1858,
the author is informed that they employed a vertical tubular boiler
with submerged smoke box ; since which period they have tried
various other arrangements , all however being vertical boilers.
In 1861 Messrs. Shand and Mason patented an upright conical
boiler, which was used in some of their steam fire engines , and
consisted simply of an external and internal cone, with an annular
space between . The internal cone formed both fire box and
chimney , avoiding thereby all flues. The hind axle was passed
through the boiler and fire box by fixing a horizontal annular
tube through the body of the boiler and the fire box in a suitable
position, the said tube forming a water space in connection with
the annular water space of the boiler.
Experience , however, showed the defects of this plan ; and in
1862 they patented a further improvement in these boilers , by
which the overheating of the upper part of the internal cone or
chimney was avoided. It consisted in making it so that the in¬
ternal cone or fire box was contracted below the water line of the
boiler , and above dhe horizontal annular tube through which the
hind axle passed, so that the upper or contracted part of the
internal fire box formed a parallel tube , or nearly so. The con¬
tracted part of the chimney of the fire box was surmounted by a
casing, which formed an annular space, ascending on the inside to
near the top of the boiler . Into this space the feed wTater was
N 2
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forced, and when full it flowed over into the water in the boiler .
If desired , another annular casing could be employed , fixed to the
top of the boiler , to conduct the feed water , as it flowed over, down
to or below the water line .
The boiler shown and described in the steam fire engine
patented by Messrs. Shand , Mason, and Co. in 1863 has a conical
fire box, with water space surrounding , vertical tubes , a submerged
smoke box, and a water ‘ displacer ,’ or £pocket ,’ as they term it ,
by means of which the water content of the boiler is diminished ,
at the same time the steam room is increased ; the boiler is also
arranged so as to be taken apart for repairs , by means of nuts and
bolts . Fig . 39 is a section of a vertical single cylinder engine of
their make .
The use of water displacers in steam boilers to obtain a large
water surface for the heat to act on, with at the same time a very
small bulk of water in the generating vessel to be heated , was
patented by Matthew Pitts in the year 1793, and also again by
Mr . John M‘Curdy, of the Strand , London , in 1825.
The water displacer , or steam ‘ pocket ,’ was shown in a drawing
by the late Mr. James Boydell (the inventor of the well known
traction engine that bears his name ) to many persons during the
years 1857, 1858, and 1859, both in London and Manchester —
frequently in the presence of the author , as a means of increasing
the efficiency of traction engines ; but he spoke of it as having
seen it years before, and did not claim it as a novelty .
The use of vertical tubes with the fire inside them , a smoke box
completely under the water, or submerged , and the means of taking
the boiler apart for repairs , by the use of bolts and nuts in place of
rivets , were patented in 1826 by Mr. James Neville , of Shad
Thames , London , as may be seen on referring to the patent speci¬
fication .
The vertical tube boiler, with submerged smoke box, first used
by Messrs. Shand and Mason in 1858, has been long made in
America , and is used by the Amoskeag Company in New Hampshire
for their steam fire engines , and is patented by them . This boiler,
known as the Amoskeag boiler , in which a submerged smoke box is
used , was made and employed as a stationary boiler in the year 1856,
by Messrs. Bean and Scott , who in the year 1857 built at their
works in Lawrence , Mass., their first steam fire engine , which was
fitted with this boiler . In 1858 a steam fire engine was built at
Hinckley and Drury ’s, Boston Locomotive Works, under the
superintendence of Mr. J . M. Stone ; and after this the Amoskeag
Company constructed steam fire engines with this boiler , under
the superintendence of Mr . Bean .
In the water space of these boilers , as now made by the
Amoskeag Company, a fluted or corrugated ecirculating ’ plate is
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placed , with the flutes or grooves in a vertical position , the heated
water and steam rushing up in the grooves next the hottest portion
of the fire box, and descending through those next the cooler
portion or shell of the boiler.
The boilers used by Merryweather and Sons, and patented in
conjunction with Mr . E. Field , are vertical , with pendulous cir¬
culating water tubes , the same as were used in the first steam
fire engine ‘ Deluge ’ built by them . They are most perfectly
arranged so as to secure the most complete and rapid circulation
of the water contained in them . They consist of a drum or cylin¬
der, which forms the steam and water space of the boiler, having
a chimney or flue passing vertically through it . The lower plate
of the drum , called the tube plate , is drilled full of holes, slightly
tapered , arranged in circles round the centre flue pipe or chimney ,
into which holes the water tubes are fixed. These tubes are made of
solid drawn homogeneous iron, closed at the lower ends, but open at
the top ends, which are drifted firmly into the drilled holes in the
tube plate . Into these water tubes , which hang down vertically over
and also surround the fire, are placed the circulating tubes, each
about one half the diameter of the water tubes , and formed of
light copper or iron, open at both ends , and so arranged that they
do not reach the bottom or closed ends of the water tubes by about
one diameter of the latter . This, it will be seen, secures an annular
space or water way between the two tubes , so that the water and
steam can pass up in this annular space, and the water descend
down the centre of the inner or circulating tube . Each of these
inner or circulating tubes has a deflector or trumpet mouth end
attached to the top of it, for the purpose of diverting the upward
current of steam and water, which would otherwise interfere with
the descending current .
It is this little trumpet mouth or funnel top on the end of the
circulating tube which makes the circulation of the water perfect ,
as it deflects the ascending current of steam and water which rises
in the space between the tubes with enormous velocity, and enables
the water to regurgitate over the mouth of the funnel , and descend
through the interior of the circulating tube with a nearly similar
rapidity ; whence spreading out in the vacant space between the
bottom of the circulating tube and the closed end of the water
tube , it again ascends through the space between the tubes as be¬
fore. This is beautifully shown in a full sized glass tube , with a
smaller one fitted with the trumpet mouth used for the ‘ circula¬
tor ’ when placed over a lighted jet of gas. From the rapidity of
the circulating currents in the boiler, all the dirt and sediment in
the water are constrained to deposit themselves in the part where
the water is most quiescent , viz. the sides, whence they can all be
readily removed by the blow off cock, or by opening the hand holes.
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These boilers , when used for steam fire engines , have no water
Casing surrounding the furnace to form a fire box, but the two
outer circles of water tubes are made longer than the rest , and are
so arranged as to form the fire box, which from being close to¬
gether they do in a very effectual manner , with a great saving of
weight , as the ordinary water space fire box with its numerous
stays is not required . A sheet iron casing attached to the lower
end of the drum , entirely surrounding the tubes and extending a
short distance below the longest tubes , forms a support for the fire
bar bearers . The other shorter tubes are bent inwards or converge
to a point below the pipe or chimney , so as to deflect the heat and
products of combustion amongst the other tubes , and not allow
them to pass too quickly up the chimney ; and in order to further
secure this , a hollow baffle plate is placed immediately below the
chimney , through which baffle the exhaust steam from the cylinder
passes, and escapes by a central nozzle, forming the blast as used
in locomotives .
It would be expected that the chimney or flue pipe would suffer
in a similar manner to the tubes in an ordinary tubular boiler
with the fire passing through them , but experience proves that
such is not the case, for owing to the perfect and rapid circulation
of the water within the water tubes, the whole of the useful heat
is absorbed with enormous rapidity , and the escaping heat from
the chimney rarely exceeds 600° Fahr . ; thus little chance of injury
remains from this source. This property of rapidly absorbing the
heat renders this boiler very economical in fuel, an important
addition to its many other valuable properties . Another advan¬
tage , and one that cannot be too greatly valued , is the accessibility
for repairs , which it possesses in an eminent degree ; for when
by continual wear or by accident a tube may give way, it can be
easily plugged up, or a new one substituted , in less than half an
hour —in fact, directly the boiler can be cooled enough to enable it
to be done ; and the loss of time , the expense and trouble , in¬
variably encountered with other boilers when any repairs are re¬
quired , are here entirely done away with.
From the results obtained in the working of a stationary boiler
on this principle of 30 n.r ., used in driving the machinery of an
engineer ’s workshop, but which has no brickwork or lagging of
any description about it , it is found that the evaporative powers
are above 11 lbs. of water per pound of fuel, which in this case
was coal and gas coke mixed. These results are obtained from
careful records which have extended over a period of twelve
months , and are found to hold good in the working of several
other stationary boilers on this principle which have been put up .
It is next to impossible to destroy any part of this boiler by lire
except the tubes , and these only by gross carelessness on the part
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of the hand in charge ; whilst from the chimney or flue pipe
passing right through both tube plate and top plate , it enables it
to be so applied as to become a stay of enormous strength , and
being entirely free from the objections found in practical working
against all other vertical tubular boilers, particularly the leaking of
the tubes from unequal expansion of them and the shell of the
boiler, and having part of the length of the tubes in water and
the rest in steam , there can be no doubt that this principle is
eminently calculated to fulfil most, if not all, of the requirements
of a good boiler, applicable alike to stationary , marine , and loco¬
motive purposes . It is light , strong , simple , occupies little room,
not more than J- of that of a Cornish boiler of the same power,
and is far cheaper , being but little more than one half the cost, in¬
cluding brickwork and fittings . The engraving , fig. 36, repre¬
sents one of them for land , or steam ships.
Fig . 36 .
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For stationary purposes the boiler is made cylindrical in form,
with an annular water space a , surrounding the furnace b, as shown ;
but the form may be readily varied and adapted as required to suit
any peculiarities of circumstance or position , whether for land or
marine purposes . In the case of the cylindrical vertical boiler
referred to, a number of tubes c, placed annularly around a flue
tube cl, passing upward through the boiler, hang down or are
pendent from the under side of the water and steam space e, into
the furnace b. Within each of these tubes is freely suspended , by
means of feathers x, a smaller tube / , open at both ends, the upper
end of which rises above the level of the upper end of the outer
tube c, but is short of reaching to the bottom of it, as shown in the
enlarged tube in the engraving . The tops of these inner tubes are
provided with trumpet or funnel shaped mouths or deflectors g,
which, as will be seen, perform an important part in the action of
the boiler. A baffle plate or cylinder h, suspended beneath the
opening into the flue tube d, which passes upwards through the
boiler, prevents any portion of the heat of the furnace from passing
away without having firstly enveloped and become almost entirely
absorbed by the pendent tubes and the water circulating within
them .
This principle of a circulating boiler with tubes within tubes
was attempted to be introduced by Mr. Jacob Perkins , the inventor
of the steam gun , who, in the year 1831, patented his plan for
gaining the desired end , but it does not seem to have been found
successful. There can be little doubt but that this must have been
the result , for the inner or circulating tubes were unprovided with
means of enabling the ascending and descending currents to work
without counteracting each other , and any action of this kind that
took place must have been uncertain , irregular , and useless ; con¬
sequently the results were doubtless anything but satisfactory .
However , when the problem of a light , simple, strong , and power¬
ful boiler was taken in hand by Messrs. Field and Roberts , they
concluded that circulation and complete subdivision of the water
to expose the largest surface to the heat were the points to aim at,
and these they have successfully obtained by the trumpet mouth
or funnel end being placed on tbe circulating tubes in one case,
and the arrangements of Mr . Roberts in the other ; and the result
is a reliable and efficient boiler by both designers . Mr . W. B.
Adams in his radial axle box is another exemplification of a similar
process.
In the ‘ Mechanic ’s Magazine ,’ No. 1671, for August 18, 1855,
a trumpet mouthed tube may be seen in the drawing of Barrans ’
cup surface boiler , in which the suspended water box is shown,
placed in the opening leading from the interior of the water box
into the interior of the boiler, for the purpose , as mentioned in the
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accompanying description , of causing the water to circulate , whilst
the steam formed in the chamber ascends with the water and passes
into the steam space above. This arrangement of the trumpet
mouth on the circulating tube in the water box would prove
tolerably efficient ; but , owing to the large bulk of water contained
in the box, the essential features obtained by Mr . Field in his
boiler—namely , the complete subdivision of the water by the double
small tubes and deflector combined, and the circulation of the
necessary rapidity and regularity to prevent the deposit of solid
matter in the tubes obtained thereby —are totally lost.
The boilers used by Mr . Win . Roberts are vertical , and in
accordance with his patent of 1863. The first boiler used by him
in the first steam fire engine he constructed was square in form,
and on the plan known as Benson’s forced circulation boiler ; but
the performance of it not being sufficiently satisfactory , he de¬
signed one to have a strong natural circulation , and thus avoid the
necessity of producing it mechanically .
In this he has been most successful, and the ‘ Princess of Wales ’
fitted with this boiler, which was one of the best working engines
at the Crystal Palace ‘ trials ,’ only varied two seconds in the blow¬
ing of the whistle from the ‘ Sutherland ,’ as timed by the author .
It has been said by some persons who were by the engine when
the whistle was sounded, that the steam gauge showed 105 lbs.,
the whistle having to be blown on reaching 100 lbs. ; but be this
as it may, the difference was so slight between the two engines as
to show that the boilers are nearly equal in effect.
The ‘ circulating boiler,’ known as Benson’s boiler, and used by
Mr. William Roberts in his self propelling steam fire engine (the
first engine of this kind ever built in England ), in which the tubes
are in the furnace , and the water is kept constantly circulating
through them by means of a force pump , was patented by Moses
Poole of London in 1829, and when applied to a locomotive
carriage , it was proposed , before the steam was raised , to pump
the water through by hand ; and if after steam was up and
the carriage had to stop, then the wheels were to be lifted off the
ground , and the engines would work the pump without propelling
the carriage ; a similar arrangement was adopted in the first steam
fire engine ever built in America, which was done by Mr. P . R.
Hodge , C.E ., in 1840- 1. This forced circulation system was also
used in 1830 by Mr . Harrison Dyer , of Boston, Mass., in his com¬
mon road steam carriage . In this case the boiler or generator was
formed of a coil of half inch copper tubing , with a small reservoir
of steam and water ; and it was provided with a circulating pump
to keep a constant flow or circulation of water through the coil.
The boiler now used by Mr. Roberts , and patented in 1863,
consists of a cylindrical case, placed vertically , and with tubes
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passing through it from end to end. Underneath this boiler is
arranged the tire box, likewise contained in a cylindrical case; and
in a circle around and within this case, and at a short distance
from the side, are other tubes, also arranged vertically. These

tubes communicate at their upper ends with the water in the
boiler, and at their lower ends they are connected with a ring tube,
into which the feed water is introduced.
The steam is taken from the top thereof and connected up to a
ring tube, from which the steam is taken for use. This arrange¬
ment is made in order to prevent priming when the steam valve
is suddenly opened. By arranging boilers in this manner a very
large heating surface is obtained, although the quantity of water
which it is necessary to have in the boiler is but small, consequently
steam can be rapidly obtained. When great rapidity in raising
steam is not necessary, the fire box of the boiler may be surrounded
with a w'ater casing. The author has seen a stationary boiler on
this plan giving good results in driving the machinery of the
factory in which it was placed.
The plan of supplying the feed water, as described, in the boiler
now used by Mr. William Boberts in his steam fire engines the
‘ Princess

of Wales ’ and ‘ Excelsior

,’ will be found

described

at page

375 of Galloway and Hebert’s treatise on the Steam Engine, pub¬

lished in 1836, as the invention and patent of Mr. Moore, of
Bristol, in the year 1824, the same person who patented or invented
the differential pulley block, now lately repatented.
The boiler used by Messrs. Lee and Larned in their steam fire
engines has been thus described:—‘It has a central furnace sur¬
rounded by a shell or wall of vertical water tubes, surmounted by
a steam chamber or drum, which in ordinary work is filled with
water to about one third of its height ; from this chamber depends
a flat water space, or “ suspended slab,” the connection being made
with the steam drum by a series of vertical tubes. Through these
last proceed a series of internal tubes, by which the products of
combustion pass, in an intensely heated state, to the smoke box,
exposing by this means an annular water space to the action of the
heat.
‘A series of short tubes pass, independently of these, through the
suspended slab and the steam drum respectively, through which
the heated current also passes; and the entire arrangement is so
adapted as to present the greatest possible amount of heating
surface obtainable to the action of the fire.
‘ A series of tubes pass from the suspended slab to the water
bottom, into which the bottoms of the outer shells of tubes are
secured, thus maintaining the complete circulation of the water
throughout the boiler.’
The plan of tube within tube and water between, and fire outside
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the large and inside the small tube , was patented in 1830 byMessrs. Ogle and Summers , and used by them in their steam
carriage for common roads.
The plan of forming the fire box by surrounding the fire bars
with the water tubes forming part of the boiler , was patented in
1824 by Mr. Moore, of Bristol (the inventor of the differential
pulley block lately patented ), and also in 1833 by Macerone and
Squire , and used by them in their common road steam carriage .
The suspended ‘ slab,’ or water box, dependent in aDd surrounded
by the fire, was invented by Mr. Joseph Barrans in 1854, and used
in the fire boxes of stationary , portable , and traction engines, and
also in the steam cranes made under his superintendence by the
firm of Gardiner and Mackintosh , engineers , New Cross, London .
The boiler employed by Gray and Son in the engine exhibited
at the Crystal Palace , but which failed from bad workmanship ,
consisted of an iron cylinder 1' 8" longand 2' 4" in diameter , re¬
volving on two trunnions , one at each end, in accordance with a
patent obtained by a Dr. Grimaldi for a revolving boiler . There
were 28 iron tubes of 2" external diameter , and 28, also of iron,
of 1-J" diameter ; the shell was
thick , and the ends -J-".
This boiler arrangement , which has been patented within the
last few years by a Dr. Grimaldi , was originally patented in the year
1825 by Messrs. Thompson and Barr , of Hales Owen, in Stafford¬
shire, and is also described in Galloway and Hebert .
The boilers used by Mr . T. W. Cowan and Mr . J . Shekleton in
their steam fire engines were of the ordinary vertical tubular con¬
struction , the tubes passing direct through the water and steam
into a dry smoke box on the top of the boiler, the top being a flat
plate , with the tubes firmly ferruled and fastened in . The fire
box or furnace was surrounded by a water casing, properly stayed ,
as is usual in well made boilers of this construction .
This description of boiler was described in 1784 by Sutton
Thomas Wood, in his patent before alluded to.
The boilers of the steam fire engines by English makers are
arranged to be fed either by the injector , and from the main
pumps , or by a feed pump in addition to the other two. It is
extremely desirable that , all engines of this description , where the
boilers evaporate the water with great rapidity , and have to contain
a small quantity , should be provided with several means for this
purpose , in order that the derangement or failure of any one or
two of them may still leave means in reserve to prevent the
necessity of drawing the fire, and thus diminish as far as possible
any risk or chance of burning or injuring the boiler . Iteliability ,
simplicity , efficiency, and freedom from derangement , and great
facility in remedying defects, are most important points to be
secured in the feed apparatus of steam fire engine boilers.
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The following list gives the name of each maker of steam fire
engines , and the plans used by them for feeding the boilers :—
Braithwaite .—Feed pump : feed water heated by waste steam .
Shand , Mason, and Co.—Two feed pumps and injector .
Merry weather and Sons.—Injector , and feed from the main
pump , and separate feed pump if desired .
Boberts .—Feed pump .
Cowan.—Feed pump and injector .
Gray and Son.—Feed pump , worked by hand when engine is
standing .
The results of present practice show that on the whole wrought
iron fire bars possess the greatest amount of durability , and are
more advantageous to use than cast iron, provided the clinkers
and dirt be immediately cleaned off on the fire being drawn,
and if at a long spell of work, kept cleaned as often as the clinkers
accumulate .
The engines employed for working the pumps in steam fire
engines vary in plan of arrangement , mode of making them , and
position in which they are placed : some being bolted vertically
against the boiler ; others placed vertically on an independent
frame clear of the boiler ; others placed in an inclined position ;
and others again horizontally with their pumps , and attached to a
horizontal framing . One maker will use cast iron for pumps and
engines ; another cast cylinders and gun metal pumps ; another
wrought iron cylinders and cast iron or gun metal pumps ; whilst
another will use gun metal both for cylinders and pumps .
Mr . John Braithwaite in his first engine drove his steam piston
and pump piston at the same speed, both being attached to one
rod ; whilst in others he increased the velocity of his steam piston ,
and reduced that of his pumps by means of toothed gearing of
different speeds, with, it is said, the most satisfactory results ; but
all his engines had both engines and pumps placed in a horizontal
position , the pumps being made of brass or gun metal .
Messrs. Shand , Mason, and Co. have constructed engines in
vertical , inclined , and horizontal positions ; and with the engines
and pumps attached to the boiler , and also independent of it ;
but in all cases the steam and water pistons have been driven at
the same speed, and a slotted cross head and fly wheel have been
employed . At the present time they appear to prefer the vertical
arrangement of the cylinders and pumps with slotted cross head
and fly wheel, or trunk pump , connecting rod, and fly wheel, in
accordance with their patent of 1863, the pumps being of gun
metal .
Messrs. Merryweather and Sons started with, and have adhered
to, the horizontal arrangement of engines and pumps as originated
by Mr. Braithwaite , and found by him to give such satisfactory

CONSTRUCTION OP STEAM FIRE

ENGINES .

189

results ; no crank shaft , connecting rod, or fly wheel being employed.
The first pumps used by them were made of cast iron , but so many
objections were apparent in practice to the use of this material ,
that they now make them all of gun metal .
Metallic packing is used with the steam pistons of their engines
by the various makers , but these vary in plan according to the
views of each maker , or the experience gained by use ; but here
again the simplest and least liable to derangement will be found
to give the greatest satisfaction .
The steam fire engines at present manufactured in England are
of three different kinds : one, direct acting , long stroke , steady
running , without crank , crank shaft , connecting rod, or fly
wheel, steam cylinder and pump being horizontal ; the second,
short stroke , quick running , with a crank , crank shaft, connecting
rod, and fly wheel, or else fitted with a slotted cross head , the
steam cylinder and pump being placed vertically or horizontally ;
and the third , long stroke engine and short stroke pumps , the
engine running at a greater speed than the pumps ; both pump
and cylinder being placed vertically , and fitted with cross head,
side rods, cranks, crank shaft, connecting rod, and fly wheel.
The first of these plans is exclusively manufactured by Messrs.
Merryvveather and Sons ; the second is manufactured by Messrs.
Shand , Mason, and Co. ; and the third is adhered to by Mr. Wm.
Eoberts . The principle adopted by Merryweather and Sons is the
same as that introduced by Messrs. Braithwaite and Ericsson in the
first steam fire engine constructed by them in the year 1829, and
which was found to work so successfully that they adhered to it in
the others made by them ; the plan adopted by Messrs. Shand ,
Mason, and Co., with the slotted cross head, is that introduced
many years ago by Mr. Macdowall, of Johnstone in Scotland , and
used by him as donkey engines for supplying the boilers of steam
ships with water. An engraving and description of this engine
will be found in the ‘ Encyclopaedia Britannica ,’ p. 681, ed. 1840 ;
and the plan adopted by Mr . Eoberts of running his engine faster
than his pumps , was used by Mr. John Braithwaite in the third fire
engine built by him , where it was found to give most satisfactory
results , but in this case the difference of speed between the two
pistons is obtained without the use of gearing .
The engines made by Messrs. Shand , Mason, and Co. are both
vertical and horizontal , and arevfitted with crank shafts and fly
wheels, the boilers in all their engines being vertical . In the
vertical cylinder arrangement there are twro piston rods attached
direct to the pump plunger , and to a crank on a shaft working
between the steam cylinder and pump , and between the two piston
rods, by means of a connecting rod jointed to the bottom of the
plunger . A fly wheel for carrying the engine over the centres , and
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a feed pump for supplying the boiler worked by an eccentric , are
fixed to the opposite ends of the shaft, and the same eccentric that
works the pump works the steam slide also.
In the horizontal arrangement the piston rod has a slotted cross
head, in which the pin of the crank works, and gives the rotary
motion required for working the valve gear, the pump rod being
continued from the opposite side, and the motion of both steam
and pump piston are identical .
The engravings , figs. 37 and 38, are exact copies from the draw¬
ings of these engines , prepared by Messrs. Shand , Mason, and Co.
for the author ; fig. 37 representing one of their horizontal double
cylinder engines , and fig. 38 one of the patent vertical .
The engines now manufactured by Messrs. Shand , Mason, and
Co. are made on the patent granted to Mr . James Shand of that
firm in 1863. The following description taken from the patent
specification shows that they have a vertical double acting steam
cylinder placed in an inverted position directly over and concentric
with a water cylinder fitted with bucket and plunger . The plunger
is connected direct to the steam piston by two rods, and to a crank
(working between the steam and water cylinders , and also between
the said rods ) by a connecting rod jointed to the bottom of the
plunger . The water cylinder has a vertical frame cast on the top ,
the upper end of which forms a cylinder bottom , to which the steam
cylinder is bolted ; this vertical frame also carries the bearings of
the crank shaft, and on this shaft a fly wheel and eccentric for
working the slide valve and feed pump are fixed. The steam and
water cylinders may be connected by rods or other means , besides
the method above described . The water cylinder , or fire engine
apparatus , is constructed with valves and air vessels, and the
delivery has two outlets for attaching hose, and is fitted with a
stop valve, which can shut off either of the two outlets , but only
one at a time . This steam fire engine is fitted with a self acting
governor , constructed with a small cylinder and piston, com¬
municating with the water discharge passage of the fire engine
apparatus on one side, and the steam chest on the other side ; this
piston is connected to the lever of a regulator , which is acted upon
by variations in the water pressure in the fire engine apparatus .
The framing of the engine is formed of two metal tubes placed
longitudinally , and forming receptacles for branch pipes , stoking
irons , or other articles ; to these tubes the boilers and hind springs
are fixed. There is also a sheet metal trough in front on the
under side, to which the plate of the locking carriage is fixed ; and
on the upper side a tool box, with driving seat and footboard and
seats for firemen ; under this box is a receptacle for hose, which
can be p’aced in coils or wound on a reel . The steam boiler is
placed in the front of the hind axle, and the steam and fire engine
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apparatus at the back , but fixed to the boiler ; this admits of better
access to all parts of the engine . The hind springs are made of
steel plates in the usual manner , but combined with spiral springs
and indiarubber stops to provide a better action and to reduce
weight. There is a foot board in two pieces at the back, on which
the man travels and attends to the tire. When the engine is in
use, these boards are placed one on each side of the boiler to screen
the hind wheels from the heat . There is a furnace door in front
and a coal bunker fixed to the fore locking carriage . The steam
boiler is of vertical tubular construction , and the outer shell sur¬
rounding the tubes is cylindrical . Two detached semicircular
chambers , made of thin sheet metal , are used to fill up the space
between the tubes and outer shell ; these chambers communicate
with the steam space by means of tubes (two or more) and
to the external atmosphere by cocks fixing the chambers to
the shell of the boiler ; these cocks are used to empty any con¬
densed steam that may accumulate in the chambers ; the use of
the chambers is to reduce the quantity of water in the boiler,
causing steam to be raised more rapidly , and to iucrease the
steam space. The chambers may be of any shape and number ,
and are applicable to boilers other than those of steam fire engines .
The boiler is also constructed so that the upper part of the shell
may be detached by means of bolts, or studs and nuts , thus allowing
complete access to the tubes and internal part of the boiler.
The accompanying engraving , fig. 39, is a longitudinal section ,
showing the construction of the boiler, steam engine , and pump .
The fire box A is of conical form, so as to give space for g, large
fire grate or furnace . The fire box communicates with the smoke
box b, and the chimney by the vertical tubes c. In order to
diminish the water space and increase the steam space, two semi¬
circular metal cases or pockets d are fitted into the boiler round
the space occupied by the tubes c. The casing d communicates
with the steam space by two or more open pipes E, which ascend
above the water level, and small cocks (not shown in the drawing )
are fitted in the bottoms of the cases d through the sides of the
boiler to draw off any water that may be formed by condensation .
The upper shell of the boiler can be taken off by means of the
bolted joints f and g ; and the top of the smoke box can be taken
off to repair the tubes , &c., by unscrewing the joint at ir. The
engine is composed of an inverted steam cylinder i, placed above
and concentric with a pump k, which parts are framed together
by the four bars l , which connect the enlarged head of the
pump with the cylinder bottom , and which frame l also carries
the bearings for the crank shaft M. The pump is fitted with
indiarubber discs, which form the foot valve. In action, the
suction is drawn in the up stroke by the bucket o, and in the
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down stroke about half the water is discharged by the displacement
of the plunger n, and at the next up stroke the remainder of the
water is discharged by the ascent of the bucket . The enlarged
head of the pump k is fitted with a large air vessel Q, and nozzles
to take the hose at n. Over the openings to these nozzles at s is
fitted a valve, shown in plan in the engraving , which is so con¬
structed as to admit of both outlet passages being open or to close
Fig . 39 .

Longitudinal

Suction

of Siland , Mason , and

Co .’s Vertical

Engine .

either at pleasure , but not to close both outlet passages at the
same time . The connecting rod t is jointed to the bottom of the
pump plunger N, which is itself attached to the steam piston by
two piston rods, between which the crank works. Upon one end
of the crank shaft M is keyed a flv wheel, and upon the other end
an eccentric , which works the slide valve and the feed pump v.
The governor is constructed with a piston fitted into a cylinder ,
with a trunk and stuffing box ; the connecting link from the piston
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is attached to the lever of the regulator , a pipe is connected with
the steam jacket of the cylinder , and another pipe with the en¬
larged head of the main pump , so that any change in the pressure
of the water in the pump will cause the piston of the governor to
be moved by the pressure of the steam, and thus regulate the
admission of steam to the steam cylinder of the engine .
To renew the valves of the main pump , or to examine them in
case of not working properly , it is only necessary to unscrew the
suction air vessel, and take off the nuts that secure the flange of
the pump cylinder to the pump head at K, and it will drop down,
leaving the bucket o exposed, but suspended to the connecting
rod ; unscrew the lower nut of the bucket , put in the valves neces¬
sary, or adjust them if wrong, and refix. The lower valves in the
cylinder can be revalved by unscrewing the guards . The two
classes of engines are subdivided as follows :—
Cj'lintler .
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.
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30
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3696
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Horizontal Engines Single cylinder
Double cylinder
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Patent Vertical
Engines —
Single cylinder
Medium size .
Large size . .
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7"
8"
10"
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7"
8"
10"

200
300
750

(i )i "

d )i r
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In their steam fire engines, Messrs. Shand , Mason, and Co.
use for their steam cylinders the ordinary slide valve without lap,
arranged so as to admit steam through the whole length of the
stroke , and worked by an eccentric on the crank shaft in the
ordinary manner .
Mr. William Roberts uses the ordinary slide valves for the
steam cylinders of his fire engines , which are w'orked by eccentrics
in the usual manner .
The following are the fittings supplied by Messrs. Shand , Mason,
and Co., with the steam fire engines of their make . Pressure gauges
for steam and water , feed pump , injector , set of spare valves, spare
water gauge glasses, suction strainer , set of nut wrenches, hose and
suction wrenches, screw wrench , stoking irons, two long and one short
branch pipes, two branch pipe staves, five jet pipes or nozzles, a
pair of carriage lamps , an engine lamp , tube brushes , oil and tallow
cans, pole and sway bars for horses, but no hose or suction pipes.
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With the large size double cylinder horizontal, and the large

vertical cylinder engines, there are added one small branch pipe, a
double connecting screw, 20 feet of large hose and couplings, and
a large branch pipe with two nozzles.
The following are the land steam fire engines manufactured for
the London Fire Engine Establishment by Messrs. Shand, Mason,
and Co., with the date at which they were supplied, and general

dimensions:—
Number.

Description.

Diameter
of
cylinder.

Diameter
of
Weight.
pump.
lbs.

x 9"

7" x 9"

i
2

Single cylinder, horizontal

3

Double cylinder, vertical,
now discontinued manu¬
81" x 9" 7" x 9"
facturing .
Patent single cylinder,
vertical, small size . . 61" x 7" 5§" x 7"
All same size, and same in all particulars

4

5, 6, 7, and 8

4928

}f

Date of
supply.

1861
1862
1862

3136

1863
1864- 5

The total number of land, floating, stationary, and other steam
fire engines made by Messrs. Shand, Mason, and Co. since the
year 1852, when they altered the float, and 1854, when they engined
the second, and 1858, when they built their first land steamer, up
to the present date, is stated to be 60.
The steam fire engines constructed by Messrs. Merryweather and
Sons are from the joint designs of K. M. Merryweather and
Ed. Field, C.E., and are strictly reciprocating engines, there being
no rotatory motion in the whole machine, by which means much
complication and weight are saved, thereby allowing extra strength
to be given where it is most required. They are direct acting, with
the cylinder and pumps placed horizontally, and have no fly wheels,
cranks, crank shafts, or dead centres ; the motion is regular
throughout the stroke, and the engines can be started when in
any position, never stick, and can be worked to any speed up to
the maximum with perfect certainty and ease, the motion being
obtained by a cross head on the piston rod actuating a twisted bar,
which by means of a short lever shifts the slides at the required
part of the stroke. This arrangement for moving valves by means
of a twisted or screwed rod will be found described and illustrated
in the patent granted to Weiss, No. 5061, in the year 1824, where
the piston rod was made hollow, and the screw rod worked inside,
the slide being moved as required by the motion of the piston on
the screwed rod. An exactly similar arrangement was patented
by Mellor and Whaley for moving the valves of a steam hammer
at the close of January 1863. A simple arrangement on this
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principle was used by Dundas in his steam hammer , where he
employed a portion of a screw thread or ‘ spiral incline ’ on a
vertical spindle to obtain the motion of his slide valve, against
which inclined surface the cross head or guide of the hammer
pressed a small roller so as to cause the slide to move. This was
employed by him in the year 1855.
These engines are divided into double and single cylinder ,
large size, medium size, and small size, according to the amount
of water each is capable of throwing ; and the following is the
classiiication, together with particulars :—

double
acting Stroke
|Cylinders
Diameter
Stroke
Gallons
per
Pumps
,
Nozzle
HeightDistance
[ Diameter
minute
i
Weight
of. e; ngine

Double Cylinder —
Large size
Medium .
Small .

.
.

,
.

.
.

2 85" 24"
2 8" 18"
2 6£" 18"

2
2
2

ft .
61" 24" 1000 U " 200
H " 18" 750 Iff" 190
4j » 18" 450 1±" 180

1 8£" 24"
] S" 18"
1 61" 18"

1
1
1

61" 24"
H " 18"
4| " 18"

ft .
205
215
200

Dimensions for
shipment

about
58 cwts . 13' 0" x 6' 5" x V 6"
12' 0" xG' 2" x T 4"
50 „
11' 6" x 5' 10" x V 1"
40 „

Single Cylinder —
Large .
Medium
Small .

.

.

.

.

500 if " 180 215 40 „
400 U " 170 190 31 „
250 1" 160 175 25 „

IP 6" x5 ' 10" x7 ' 0"
10' 8" x S' 8" x6 ' 10"
10' 4" x 5' 5" x & 8"

The fittings supplied with each steam fire engine by Merry weather and Sons consist of pressure gauges, 1 copper suction
strainer , 4 copper branch pipes (2 long and 2 short ), 2 standards
for branch pipes, 6 gun metal nozzles, 3 engine lamps with strong
reflectors, water bags for wheels, wrenches for suction and delivery
hose, shifting wrench, set of stoking tools, oil can, set of spare
facings for valves, spare gauge glasses, pole and sway bars for
horses, but no suction or delivery hose.
Messrs. Merry weather and Sons construct their steam fire engines
with the steam cylinders and pumps placed horizontally on strong
Howling angle iron frames , the centres of the cylinders and pumps
being in the same right line with the pump and steam pistons ,
both attached to one solid steel piston rod, and both having conse¬
quently the same stroke . Fig . 40 is an engraving of the engine
as made with double or single cylinders by this firm.
The pumps and steam cylinders are held together by strong
wrought iron stays, which relieve the frame of the engine from
all strain when pumping . The hind axle is placed slightly in
front of the vertical centre line of the boiler , and is bent round so
as to form a segment of a circle in front of it. This disposition of
the axle enables the weights of the cylinders , pumps , and boiler to
be balanced on the hind axle.
The steam slide valves used with their engines are piston valves,
so arranged that a cross head attached to the piston rod , and
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working at one end on a flat twisted spiral bar with the required
amount of turn , actuates , by means of short levers keyed on the
bar , the steam and exhaust slide at the proper moment .
Ey this arrangement they dispense with all fly wheels, cranks ,
&c. ; and by means of the exceedingly simple and efficient con¬
trivance or arrangement of the equilibrium slide valves, they
obtain a ready and sure admission of steam , a sharp exhaust blast ,
and little or no back pressure , the valves being moved with the
greatest ease and certainty .
In the double cylinder engines the slide valves are so set that
each piston brings itself to rest by closing its own steam and
exhaust ports , thus preventing the possibility of striking the
cylinder covers ; the other piston rod then acts upon a valve which
admits steam to the slide which is in a state of rest , causes it to
complete its travel , and reverse the steam to the first cylinder ,
thereby giving the return stroke , and this continues alternately so
long as the steam is allowed to pass into the valve chest. It will
thus be seen that each piston commences its stroke before its
neighbour is brought to rest.
In the single cylinder engines the piston brings itself to rest in
the same manner by momentarily shutting off the steam and
exhaust ports , with the same results as in the double cylinder just
described ; but at the same time it opens a small steam valve,
which completes the stroke of the slide after the piston is brought
to rest , and gives the return stroke . From this it will be seen
that there is no dead point in either class of engine , and that they
can be worked either fast or slow, according to the steam admitted ,
and therefore can never require to be ‘ pinched over,’ as is found
to be the case with single fly wheel engines, and also sometimes
with double cylinder rotating engines. The author has seen
these engines worked so slowly that the motion was barely per¬
ceptible ; and at this rate the stroke would be completed and the
return one commenced with as much ease and certainty as though
it were at full speed, and he has then seen them worked up to 200
strokes per minute .
These engines raise steam from cold water to a working pressure
in from 8 to 9 minutes from lighting the fire, and the steam
is raised whilst the engine runs to the fire, thus doing away with
the necessity of keeping a ring or jets of gas burners constantly
alight in the furnace , which is found necessary with other engines
less capable of raising steam quickly , and thereby saving the
expense. From what has been found as the results of keeping the
gas burning , it does not seem in any way to be more advantageous
than that of using a quick steaming boiler , it having been con¬
stantly found that the engine with the quick steaming boiler and
the fire lighted on receiving the call, arrives at a fire with plenty
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of steam, whilst the cgas burner ’ has to wait some minutes for
steam enough to work with.
In the engines used by Mr. Wm. Eoberts, the cylinder is placed
vertically, and a cross head, keyed to the piston rod, is connected
by side rods to the levers which work the pump pistons. The
cross head works on guide rods attached to the cylinder, and stayed
to the framing of the engine. A short connecting rod, attached
to one of the levers, works the fly wheel and shaft with eccentric
for giving motion to the steam slide, and helps the engine over the
centres.

The following are the particulars of the engines built by Mr. Wm.
Eoberts, taken from the paper on ‘ Steam Fire Engines,’ read by
him before the Society of Engineers on the 5th of October, 1863.
The framing consists of light angle and strip iron, and the hose
box of plate iron ; this is large enough to carry 800 feet of hose,
besides buckets, tools, &c. The driver’s seat will carry 4 branch
pipes and rests, a stand pipe, saw, and other tools, and the tool
box, and the whole of the spanners and tools necessary to take the
pump or engine to pieces, also spare gauge glasses, etc.
The seat is capable of accommodating 16 men, besides the
driver, and the foot plate at least 2 more. Under these seats there
is room for five 6 feet, lengths of suction hose, and three 6 feet
ladders. This is the only steam fire engine that carries ladders.
The shell of the boiler is made of treble refined iron
thick,
the tube plates
thick. The tubes are all best lap welded steam
tubes of No. 11 wire gauge, having one end swelled and screwed
into the tube plates, top and bottom, so that each tube forms a
stay.
The fire box is also composed of best lap welded steam tubes,
the lower ends being screwed into a tube ring, and every alternate
tube going straight up into the boiler, and every other tube bending
inwards and being screwed into a place left for it among other tubes.
The action is this : the feed water goes into the tube ring at the
bottom ; then, rising through the tubes, enters the boiler in forty
places, thus insuring perfect circulation. The steam is taken off
in a similar manner. The water tank is fitted round the boiler,
and is supplied from the main delivery, the quantity being
regulated by means of a ball valve.
The steam cylinder is of the ordinary style, with a plain piston
and slide valve. The cross head is connected with the levers by
means of the rods; these levers, one of which is a bell crank, shown
in the engraving, fig. 33, are securely keyed to the shaft running
through the pump, the short arm of the bell crank lever is con¬
nected by a rod to the fly wheel, and by means of an eccentric on
the shaft motion is given to the slide valve in the usual manner.
Upon the shaft is a cross head, each arm of which is rather less
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than a fourth the length of the lever , so that the stroke of the
pump buckets is rather less than one fourth of the stroke of the
piston ; in each end of the pump , one above and one below, are
the buckets , having a fork to each, which act as guides , and are
connected to the cross head by links . It will readily be seen by
this , that , as the piston travels up and down, the buckets recede
and advance : thus , as the lower bucket rises, it lifts the water
through the upper bucket , and discharges a volume due to the
diameter of the bucket and length of stroke ; upon the return
stroke of the engine the upper bucket rises and delivers its volume
of water , and at the same time fills the lower chamber , ready for
the next stroke of the lower bucket .
It will be seen by this that the water is constantly flowing through
the suction pipes and pump in one unbroken line, giving as much
as 20 per cent , over the theoretical quantity due to the pump when
working with open delivery , and there is very seldom any loss
under 25 lbs. to 30 lbs. per inch. Each bucket is a grating , having
a disc valve of large diameter and small lift, and the buckets , valves,
forks, and links are duplicates of each other . The upper bucket is
readily got at by taking off the air chamber , and the lower one by
taking off the cap at the bottom . Every part of both engine and
pump is easily accessible in case of need , neither the cylinder
cover nor steam jacket being covered.
The engine used by Messrs. J . W. Gray and Son had the steam
cjdinder and pump placed horizontally , with a slotted cross head ,
crank shaft , and fly wheel, very similar to the arrangement em¬
ployed by Messrs. Shand , Mason, and Co., the steam slide being
actuated by an eccentric .
The engine made by Mr. T. \Y. Cowan had the steam piston rod
and pump rod in one, a cross head being keyed on it , and connected
by means of rods to a crank shaft at the back end of the cylinders ,
on which were two balance fly wheels, and the slide valves were
worked by an eccentric . Both cylinders and pumps were placed
horizontally .
*
Steam lire engines may be divided into three classes, slow
running , quick running , and those with the steam piston running
faster than the pumps ; that is to say, those in which the engine
and pump have a long, steady stroke , and are run at from 50 to
100 strokes per minute ; those in which the engine and pump
have a short stroke , and are run rapidly at , say, from 150 to 200
revolutions and upwards in a minute ; and those with the steam
and pump pistons running at different rates . Each of these plans
has its advocates, but it seems that in practice the engine working
at the slower or smaller number of strokes does a greater amount
of work, with a corresponding amount of advantage in durability
of parts , and a far greater freedom from breaking down.
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The long, steady stroke , or slow running engine is to be
preferred in all respects , whilst the third class is also very
successful ; and the author having had numerous and frequent
opportunities of inspecting the working of each plan , at fires
and at trials , cannot arrive at any other conclusion ; and the
superior steadiness in working of the long stroke , or slow running
engine , is very great ; added to which, it is capable of being regu¬
lated with facility, to keep steadily at work when throwing a greater
or less quantity of water, according as the supply may vary, or the
amount required to be thrown be more or less.
It should be remembered that the moving parts of the engine
and pump have to change their direction of motion at the end of
each stroke , and the faster they work the oftener has this to be
done in a given space of time ; consequently the more frequent
change of motion must produce a greater amount of strain and
wear. The ‘Engineer ’ newspaper , in a recent article on steam fire
engines , remarks that ‘ a speed of 220 feet per minute is nothing
for a steam piston , but it is very fast for a water piston intended
for effective pumping .’
This is perfectly correct where proportions are bad, and is found
to be so in practice , especially in the case of single acting pumps
(or those in which the water is forced out by the upward or down¬
ward stroke of the piston ), driven , as is usual in such cases, at some
200 revolutions or upwards per minute ; for it sometimes happens
that the flow of water into the pump is not so rapid as the suction
motion of the plunger , in which case the return stroke is made
partly through a void, or space unoccupied by water , and the piston
comes with a heavy blow on the water contained in the pump
barrel . Ewbank says in his delightful work on Hydraulics , when
speaking of fire engines, ‘we have seen some drawing water through
long suction pipes, and the pumps worked so quickly that the
water certainly had not time to pass through the hose and Jill the
cylinders ere the pistons began to descend.'
This is frequently the means of causing a serious breakdown of
the engine , and also reducing the amount delivered in a given
time ; for though the valves may be so arranged as to open when
the pressure comes on them , yet water being an incompressible ,
nonelastic body, and one which opposes an enormous resistance to
anything like a sudden motion ,—or as the ‘ Engineer ,’ describing
water , expresses it, ‘ nothing can be counted upon for elasticity ,
and but little for momentum ,’—it is evident that the faster the
engine runs under these circumstances , the more serious will be
the damage caused by such an occurrence .
During the late so called ‘ trials ’ at the Crystal Palace in July
1863, with steam fire engines by various makers , both English and
American , the high speed, or quick running , engines caused a good
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deal of trouble ; and one of them , in fetching the water from a
depth , ran so hot in the pumps , that several men of the London
Fire Engine Establishment were employed for some time in pour¬
ing cold water over the pumps to cool them , so as to enable the
engine to get to work ; whilst their unsteadiness and the great
vibration and plunging motion when at work were the common
remark of all present .
There can be little reason, however, to doubt that the quick
running engines by American makers are far superior in all respects
to those of the English makers on the same plan , inasmuch as,
from long practice and a very extended experience under various
circumstances , they have arrived at a proportion of parts which is
found to give the best results in practice ; whilst the general design
of their engines is that best suited to those circumstances under
which they are employed.
Take a common squirt or syringe , with even a tolerably large
hole at the end, and having immersed the end in water , suck or
slowly draw up the piston with a long steady stroke , and it will be
found that the water will follow up the piston , and a full barrel
be the result . Next do the contrary , viz., pull the piston up
quickly or sharply the whole stroke , and what will be the result ?
It will be found that the barrel is not half full, and if the end of
the rod to which the piston is attached be let go, it will be forced
back on the water in the barrel with a tolerably smart shock. Now
this is exactly what takes place in the pumps of a quick running
steam fire engine with bad proportions in ordinary work, and is
the chief cause of their breaking down, from the resistance opposed
by the water to the push of the engine , and the momentum of the
fly wheel, with which all these engines have to be fitted ; and as
they are made light to save weight , without , as a rule , a proper
proportion or analogy being kept up with the other conditions ,
correct principles of construction , durability , and simplicity have
to be sacrificed ; all of which, as before noticed , are to be
considered as of almost the first importance in a steam fire
engine .
The ‘ Practical Mechanic ’s Journal ,’ in speaking of the quick
running engines with vertical cylinders and pumps , says : ‘ It is
impossible to make any steam encine with a vertical cylinder and
piston , if mounted on springs , work evenly or well—no matter to
what purpose the power is applied ; for at each change of stroke
the resistant fulcrum against the steam changes from the inertia
of the engine , phis the spring’s resistance , to the same minus the
latter ’s resistance , or but a fraction of it ; while gravity acts with
the resistance in one half the stroke , and against it in the other ,
so that the engine consumes its power in jumping itself, and by
this deranges all its other motions . (This is proved to be the case
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by the plan adopted in the quick running American engines of
using locking screws, by which the springs are prevented from
acting, and the engine is thus kept steady.) This was found to
be the fatal evil of some of the very earliest locomotive engines
which were made by Sharp, Roberts, and Co., and used for some
time about 1834 or 1835 on the Dublin and Kingstown Railway.
These had vertical cylinders, and they jumped so up and down on
the rails as sometimes to run off, and to so hammer the permanent
way that they were discontinued.’ A moment’s thought will show
the value and superiority in any hydraulic machine of a long stroke

of pump, made at a very moderate velocity; and the superior
durability and freedom from derangement of engines constructed
on this principle is a sufficient proof of its truth .
The advantages of a direct acting steam fire engine, making a
long steady stroke, and a few in a given time, are very great, and
far beyond anything that can be urged in favour of the other class;
for instance, not wanting a fly wheel, crank shaft, and connecting
rod, the weight of these portions, which, whilst they add to the
weight of the engine, cannot in any way add to its strength or
durability, can be far more advantageously employed in adding
strength to the engine by being placed in those parts which are
most subject to strain, and where it is desirable they should be
most free from liability to accident. Again, not having any ‘dead
point,’ as all engines have in which a single cylinder and crank are
employed, the engine is always ready to start without requiring the
use of a bar to pinch her round, and consequently can be started
so gently and slowly as to remove all chance of starting off with
a rush, which so frequently happens with the other class, and is
such a fruitful cause of mischief.
There is no reason, however, why a perfectly efficient and
manageable engine, fitted with a fly wheel, &c., cannot be made;
in fact, such are made and in use in America: and there is no
reason that can be given which would prevent their being made here
if required ; but a very different mode of doing it to that generally
followed must be adopted if a truly reliable and efficient engine is
to be the result. At present the plan introduced by Mr. Roberts
is most successful.
In engines where the suction and delivery are of the same size,
it has been found from carefully conducted experiments, that when
they are run at over 75 to 80 strokes per minute, the small size
of the suction becomes apparent, the loss of water increasing from
5 per cent, upwards as the speed is increased.
M. Morin, in his ‘ Rapport du Jury Central, sur les produits
exposes en 1849’ (vol. ii. p. 14, Paris, 1850), says that the amount
of power lost in lifting and forcing pumps, such as fire engines,
&c., amounts to from 55 to 80 per cent, of the whole! That is to
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say, that of the work developed in pounds raised one foot high by
the motive power in driving the pump , only 45 per cent , in the
best , and 18 per cent , in the worst pumps , is all that is utilised !
taking the water actually raised in pounds , multiplied by the
height to which it is raised in feet. The causes of this loss of
power are owing to, 1st, the small size and peculiar construction of
the valves ; 2nd, the proportion of the sectional area of the barrel
to that of the sectional area of the suction and force pipes ; 3rd ,
to the form of the suction pipe at the end by which the water
enters , and of the force pipe at the end where the water is dis¬
charged ; 4th , to the form of these pipes where they unite with the
barrel ; 5th , to the proportion of the length of the barrel to the
depth from which the water is raised ; 6th , to the roughness of the
interior of the suction and delivery hose.
In order to decide which of the above points causes the greatest
amount of loss, it will be necessary to carry out a series of carefully
conducted experiments expressly directed to this end, so as to be
enabled to ensure their removal . It is evident that the first
cause
may be diminished by increasing the size of the valves, or using
some plan which will diminish the sudden variation in the section
of the stream caused by the valves. This variation is attended by
a corresponding sudden variation of the velocity of the stream , and
involves a loss of power varying as the square of the difference of
the two velocities. This has been fully confirmed by experiment ,
and it will be dependent on the ratios of the sectional areas of the
suction pipe and force pipe to the sectional area of the pump
barrel . Inattention to these proportions is the cause of the second
loss of power. Another cause, to which attention has apparently
not hitherto been directed , is the loss of power due to the com¬
munication of an unnecessary velocity to the water raised . If the
head of water above the piston be considerable however, as in the
force pump , any vis viva which may remain in the water at the
end of the stroke will produce a shock and a corresponding loss of
power. This shock, commonly experienced in the action of force
pumps , is accompanied by a violent and prejudicial action of the
valves, especially when they are made of metal . When the down
stroke of the piston follows so rapidly on the up stroke as to meet
the ascending stream produced by the preceding stroke , the resist¬
ance to its descent is increased , as well as the loss of power due to
the commotion of the particles of the fluid it traverses . Here is
seen the disadvantage of running a pump at high speed, unless very
great attention lias been paid to securing the best proportions
throughout , and from this source a great loss of power is derived .
Pumps working with a long steady stroke are far less likely to
get out ot order, and therefore more certain to give satisfactory
results , for by opening and closing the valves fewer times in the
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course of a minute , there can be no doubt that durability , a most
important feature in a steam fire engine , is considerably increased ;
and for this reason alone , setting aside all others , there can be no
doubt that it far surpasses any other .
The chief sources of the loss of power in fire engines are caused,
1st, by the contraction of the fluid vein in entering the suction
from this into the pumps , and thence into the hose ; 2nd , from
bends and sudden twists, and also sudden changes of form in the
interior passages ; 3rd, from the meeting of two separate currents ,
as by the delivery of two alternate streams into a common passage
from the two pumps ; 4th , from the sudden enlargement of the
water passages ; 5th , to the friction in the tubes and passages.
The effects of mere roughness at high velocities have been greatly
overlooked , and engine makers as well as certain civil engineers
would do well to consult the old experiments of the Chevalier
D’Arcy, who found that the coefficient of resistance might readily
be tripled by this cause.
The inattention of some makers to these points is remarkable
enough , and would lead one to believe they thought (if think they
did ) that water was a highly compressible material , and one that
could be readily squeezed through a keyhole .
In order that the greatest amount of duty from any pump with
a given power may be obtained , a moment ’s consideration will show
that the question of proportion is of vital importance , but in practice
it will be found that this has generally been esteemed by most
makers as a very secondary consideration . This is shown in the
table of proportions worked out from the dimensions furnished by
themselves . It is well known that water is a nonelastic fluid, and
yet it will be seen that the area of the suction by which the water
enters the pump varies from 1 square inch to 1^- square inch of
pump area , up to 1 to 5£ ; and this latter proportion , and others
nearly as bad, are used in quick running engines , where the pump
is filled (?) and emptied more frequently in the same time than a
slower working engine does it in ! This will be easily seen on the
examination of the following table from dimensions supplied by
each maker , but in the case of Koberts ’s engine the slow speed of
the pump piston does away with this disadvantage .
It seems to be an established fact, at least to judge from regular
practice , that in pumping water in large quantities , as in water
works, the best results are obtained by the employment of engines
working at a moderate number of strokes per minute , even though
each stroke is made with a greater velocity of piston than would
be attained by the use of a rotating engine driven at a greater
number of strokes or revolutions ; and that the momentary pause
or stop at the end of each stroke gives the time required to enable
the water to fill all the passages and follow up the piston fully to
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the end of the stroke. This principle was followed by Messrs.
Braithwaite and Ericsson in the first steam fire engine made by
them, with such satisfactory results that they continued to employ
it in the others they made ; and it has been revived and adopted
by Messrs. Merry weather and Sons in the engines made by them,
with equally satisfactory results.
It is continually noticed that the quick running engines used by
the London Fire Engine Establishment give very different results,
when in actual use at fires, to those which the author has seen
attained by them at trials. At trials they are run hard to try to
get the work out of them, but at fires it seems they are never
worked in anything like such a manner. Whether it is that the
men belonging to the establishment dislike to run them hard, or
what it is, is not easily decided, but that they are never worked at
fires with such results as engines by other makers easily attain is
very certain.
The papers constantly remark that, in spite of the presence of
several ‘ powerful land steamers,’ the premises were either ‘ totally
destroyed ’ or ‘ severely damaged.’ If, then, these engines were as
efficient as they ought to be, and are constantly reported by com¬
mittees, &c., how comes it that they are so continually shown to
be little better than a large hand engine? This is said not to
detract from any maker, but simply to announce a fact, as may be
seen any week in any paper, with the view of obtaining a satis¬
factory answer or explanation of these apparent contradictions.
It is believed that the true explanation is, that the principle as
attain
carried out in practice here is wrong, and not calculated to of
the
hands
the
in
when
results
satisfactory
or
either efficient
class of men who work them in general use. No doubt, so long as
they are worked by the hands who have made them, put them
together, and know all about them, they may do better ; but one is
irresistibly led to the conclusion, from what has taken place under
frequent observation, that the English version of quick running
rotating steam fire engines is not calculated to attain satisfactory
results in working, either for efficiency, durability, or the general
requirements which should be sought for in the best steam fire
engine. Of this time will give ample proof ; and modifications
or changes from the present principle and proportions introduced
hereafter must be taken as tacit acknowledgments of the truth of
these remarks.
In practice it is found that an engine making a moderate num¬
ber of long steady strokes in a given time, even with a good velocity
of piston, will give, if the parts throughout are properly propor¬
tioned, far better and more satisfactory results than a short stroked
engine running at a great number of revolutions per minute, even
though the piston travels at a less aggregate velocity. This is
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found to hold good in the case of the pumping engines at water
works, where a long rapid stroke is used, and but very few strokes
made in a given time ; the short pause at the end of each stroke
giving time for the water to fill all the passages, and thus ensure
a solid body of water for the power to work against ; whilst the
wear and tear of working parts must be considerably reduced , from
the less number of times they are passed over, by the direction of
motion being changed .
The capacities of pipes for delivering water vary as the squares
of their diameters , and their delivery about as the square root of
the head minus friction . Water under the most favourable cir¬
cumstances would rise through the atmosphere in a jet to a height
of about two thirds of the head ; that is, from a head of 135' a jet
should rise 90'. Friction would reduce this. Beardmore , in his
hydraulic tables , gives detailed experiments with pipes under
several conditions as to diameter , length of main and head, giving
the height and volume of water discharged . In Preston , with a
head of 110' from a 6" main , during the day with a -J" jet , 57'
was reached in height with 12-5 c. f. discharge , and with a
jet
during the night 64' high was reached with 14-4 c. f. discharge .
In Lancaster , with a head of 225' and an 8" main , with a jet of
1" diameter , water rose to a height of 140' ; and through 100' of
common hose of 3" diameter , a height of 80' was attained .
As a rule , it will be found that the delivery hose used with
steam fire engines is full small, and that better residts would be
obtained by the use of hose of a greater diameter ; but as the
smaller the diameter the greater tire strength , an object of no
small importance when steam fire engines are used, the strength
decreasing as the diameter is enlarged , this disadvantage is tolerated
in preference to that of bursting the larger hose.
This, however, is a reason that cannot be held of much im¬
portance , seeing that the rapid progress being made in all manu¬
factures should enable this difficulty to be overcome, and hose of
the required diameter and strength produced , so as to enable the
power of the engine to be exerted with as little loss and drawback
as possible from this cause.
Another very important point , and one deserving serious atten¬
tion , is that of obtaining a uniform scale of screw threads for the
hose of steam fire engines throughout the kingdom ; for although a
steam fire engine will do good duty through the ordinary hose and
couplings now in use, still it is most desirable to give it every
advantage to do its work well, to obtain the greatest possible results ,
and enable it to perform its duty in the most efficient manner .
An engine may be seriously crippled in its work if used with hose
of too small a diameter , and if attempted under these circumstances
to be run up to its proper power, will quickly burst the hose ; and
r
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if it has to be kept down in its work to avoid this contingency ,
then one of the great advantages of a steam lire engine is sadly
curtailed , or else lost altogether .
The distance and height to which a jet of water can be thrown
by a steam fire engine are influenced by many conditions : the
diameter of the jet , the form of the jet , the diameter of the hose,
the smoothness of its interior , the mode of coupling , the position
of the hose on the ground , its freedom from sharp angles or nips,
&c., all these affect the range most seriously ; but the greatest
impediment , and one which cannot be abolished , is that of the
atmosphere . This, it is generally admitted , increases as the square
of the velocity , and at high pressures does not give proportionate
results to those attained through the same nozzle at a much lower
pressure .
Mr . W. Lee , of the firm of Lee and Larned , the celebrated
steam fire engine makers of New York , states that he finds with
a water pressure of 130 lbs. on the square inch , using a jet or
nozzle of a given diameter , he can obtain as great a distance as
when he uses water at a pressure of 230 lbs. on the square inch
with the same nozzle. At the higher pressure the stream of water
becomes ‘ broken up ,’ and by exposing a greater surface to the air ,
does not go so far.
Theoretically each pound pressure on the square inch in the air
vessel of a fire engine would give two feet, or a little more, in
height of the jet of water ; but in practice this is not accomplished .
A jet of water projected vertically from a vessel in which a con¬
stant level of the water line is maintained , should reach, omitting
atmospheric resistance and friction , to exactly the level of the
water in the vessel, but practically it is found that 0967 of the
height of the head of water over the orifice is the extreme limit .
Such being the case, it is evident that the nearer a fire engine in
practical work is found to approach in height of jet at the pressure
used nearest to the result given above as obtainable with the head
due to it, must be considered to give the most satisfactory results .
Many circumstances in actual working conspire to prevent the
result due to theory being attained . There is first the resistance
of the atmosphere to the passage of the jet ; next , there is the form
of nozzle used, which, if of an improper shape , will reduce the
height or range of the water to an enormous extent ; next , there is
the friction and resistance due to the hose through which the water
passes on its way to the nozzle, which may be greatly increased by
being of an improper diameter , material , or manufacture ; and is
always increased by the length used, and the manner in which it
is laid out .
The loss of power in forcing water through long lengths of leather
or canvas hose has been variously estimated , and experiments have
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been tried to settle this point , but so far as can be found on in¬
vestigating the mode in which they were carried out, the results
are of anything but a satisfactory character , from the omission of
several points required to make them reliable and decided.
From carefully tabulating measured results , and working out a
great number of them , the result seems to show that as a rule a
fire engine does not accomplish when in full work more than from
one half to four sevenths of the theoretic duty in the way of
height and distance that is due to a column or head of water of
the pressure the pump is worked at . The higher the pressure at
which the pump is worked, the more apparent does this discrepancy
become, and instead of obtaining , with a pressure of 120 lbs. on the
square inch , a vertical height of 270 ', which is about the theoretic
height due to that pressure , it will be found that it does not exceed
140', unless everything is under the most favourable conditions .
Again , to double the distance or height within certain limits ,
the pressure requires to be three times as great . It has been found
with a nozzle of 1^" diameter , and a pressure of 60 lbs. on the
square inch , that the stream is thrown to a height of 80' ver¬
tically ; and with a f " nozzle and the same pressure to a height of
90'. With a pressure of 120 lbs. and a nozzle of 1J-" diameter ,
the water has been thrown to a vertical height of 140', in these
cases under the ordinary circumstances of working and weather .
A nozzle of a bad form, or one unsuited to the velocity of the
stream of water , diminishes the height and distance reached by
the water to an almost unknown extent . If the stream becomes
at all spread , so as to present a larger superficies of water than the
sectional area of the nozzle through which it passes, then it will
be found that the range is proportionately diminished ; in fact ,
the moment the water becomes at all spread or divided when
issuing from the nozzle, no matter how close to the nozzle this
division or spreading of the water may take place, it will be found
that the power of the stream is instantly destroyed , and the engine
at once converted into a sort of portable shower bath ; instead of
being , as it is a sine qua non it should be, a machine for throwing
a dense solid body or stream of water to a height or distance with
a great amount of force and effect.
It has been satisfactorily shown and proved by Mr . Scott
Russell , in the practical results of his ‘ wave line ’ system , that for
driving a solid through water at a given velocity, a form of a
character proportioned to that velocity is required , to enable it to
do so with the least resistance to the power applied , and with the
least disturbance to the water . Now as this is required in the case
of a body moving through water , it seems reasonable to suppose
that a similar law must hold good in forcing water , as it may be
termed , through a solid -, or, in other words, to force a jet of
r 2
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water of a given size to a given distance through a hole or nozzle
of a given diameter with a given velocity, there is a peculiar form
of passage or opening which will produce the maximum effect :
that is to say, that by employing a nozzle with the bore so curved
as to present the least resistance to the passage of the water at a
given pressure or velocity (it being of course a sine qua non that the
interior be highly finished as usual ), a clean solid jet may be thrown
further , without becoming broken or spread , than with one which
has the curve of a description less calculated to attain this end,
even though the bore be as highly , or even more highly , finished.
The power of an engine may be uselessly expended in two ways,
each of a most important character , and both requiring the most
careful consideration and attention to diminish them as much as
possible, and each having peculiar difficulties or features of its
own. First , the raising or drawing the water into the pump , from
the source whence it is obtained , will easily and quickly diminish
its useful effect, by requiring the expenditure of power which
should be otherwise employed .
Second, the forcing of the water into the air vessel, whence it
passes through the liose, unless most particularly and carefully
studied and arranged , will swallow up such an amount of power
as will render the engine of but little use in a practical sense. The
position of the air vessel in respect to the pump , and its propor¬
tions , form, and the mode of its attachment , will influence the
results of the working of the engine in no small degree ; and the
proportions and form of the water passages, and the mode in which
the water enters and leaves the air vessel, have also a great and
important bearing on the subject .
Hose badly made , with couplings contracting the water ways,
instead of keeping them the same size as the internal diameter of
the hose itself, and not laid in an even manner and with freedom
from sharp curves or bends, is a very powerful means of neutralising
the effects of the power or force expended on the pumps in forcing
the water into the air vessel.
The form of nozzle by which water is discharged from a force
pump influences largely the amount of the discharge , but it is not
equally well known that the form of the extremity of the suction
pipe by which the water enters has an equal effect in facilitating
its ingress . By M. Eytehvein ’s experiments it appears that by
expanding into a cone that extremity of the pipe by which the
water enters , the diameter of whose wider end is 1-2 times that
of the other , the contraction of the vein may be nearly destroyed ,
the coefficient of the ingress being increased from -62 to '967. An
analogous result may be produced by expanding the extremity by
which the water is discharged . By uniting these expedients , a
discharge may be obtained which is greater than that due to the
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section of the pipe ; practically converting the contraction into an
expansion of the fluid vein . If the length of the intervening pipe
be nearly equal to its diameter , the coefficient of this expansion
will be 1-35 ; if it be the length of sixty times the diameter , it will
be I ' ll .
By increasing the capacity of a pipe , an enormous gain is secured
in the transmission of water , as the friction is so much diminished .
The friction in a small tube of, say, one inch in diameter is so great ,
that one of twice the diameter will deliver jive times the quantity .
A smooth leaden pipe will thus convey or deliver more water than
a wooden pipe of the same capacity ; and it is a well established
fact that the flow of water in pipes of any diameter will be sensibly
affected by any proportionate roughness of the interior .
The pumps used in steam fire engines and engines for projecting
water are of several kinds and varieties , each of which is assumed
to possess various advantages of greater or less importance ; but
with them , as with all kinds of machines , it will be found that the
simplest are the best and most durable , two most important and
desirable qualifications in a steam fire engine .
Pumps have been and are placed in a variety of positions, more
especially the forcing pumps employed in steam fire engines , where
they are placed in accordance with the ideas of each maker for the
best position for work. The vertical position seems to have been
the original one adopted in manual engines , and is adhered to at
the present day, though both inclined , horizontal , and nearly hori¬
zontal have been used at an early date . From this , no doubt , it
has been assumed that a pump should be kept in a vertical position ,
whether worked by hand or steam power.
The steam fire engine , on the contrary , both in England and
America, was originated and made with the pumps in a horizontal
position ; and though they have been and are made with the pumps
in almost all other positions, the horizontal system still keeps its
place , and is found to yield most satisfactory results .
Against the vertical or inclined position it has been urged that
the sand and grit get lodged between the packing of the pump
piston and the barrel of the pump , in consequence of the water
being both above and below it ; and it is known that in practice
such does occur, and that engines have been stopped thereby .
Another objection is, that when run hard or up to its speed, the
engine becomes very unsteady , shaking and jerking about in a
most unsightly manner , so much so as to become very inconvenient
in working , and more liable to a breakdown in consequence. The
author has' seen engines on this plan become so lively when work¬
ing as to cause all the bystanders to withdraw to a respectful dis¬
tance for fear of an accident .
It has been urged against the horizontal pump of a fire engine,
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that from its position it permits the sand or grit brought up with
the water to deposit or settle on the lower side of the pump barrel ,
and thus cause the piston when working to grind or tear it up .
Such may possibly be the case, unless the pump be specially
designed to avoid this drawback ; and it seems that this can be
overcome, for a short time since the author had an opportunity
of examining the pump of the well known engine ‘ Torrent ,’ which
had worked at some hundred fires in London , besides continual
drills and exhibitions to parties desirous of seeing it work during
a period of over two years, and he was surprised to see the excel¬
lent condition it was in, and the perfect freedom from any cutting
or damage presented by it.
This engine has worked with all kinds of water in various parts
of London and the country , and on a great many occasions in the
presence of the author , with water of anything but a promising
character ; and he feels satisfied, from all he has seen and known ,
that by this arrangement all difficulties of this kind have been got
over. There can be no doubt that the lubrication of the pump
piston is a most important feature , and he has seen the great
difference in the working of the engine , when having the piston
lubricated , and when worked without having this attended to ,
especially if the engine has been several days without going out.
The remarks on the pump pistons of the manual engine , and the
difference of friction when lubricated with proper material , amply
prove this .
The pumps used by Merry weather and Sons are double acting
horizontal on the principle of De la Hire , and embody several im¬
provements for which they obtained a patent in the year 1861.
The pumps are composed entirely of gun metal , with the suction
and delivery valves placed at each end below the pump barrel ,
those for tbe suction being placed at the top , and those for the
delivery at the bottom , so that the grit and sand which are found
so troublesome in the ordinary vertical pumps when allowed to get
on both sides of the piston , are discharged by the next stroke .
The valves, which are of the hinged class, are made very long,
have very little rise, and are placed obliquely , the clacks beingmade of gun metal faced with indiarubber : tbe valves and seats
are complete in themselves , and can be readily withdrawn for
examination , and replaced without rejointing in the course of a
few minutes .
The pump piston , which forms the chief claim to novelty , has an
annular space between the two cup leathers , which is capable of
holding about J-th of a pint of oil, and will well and effectually
lubricate the pump and piston during ten hours ’ work. The ad¬
vantages of this arrangement are so obvious as to need no further
comment and on referring to the remarks just made on the friction
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of pumps of manual engines, and the value of lubrication , ample
proof of this will be found.
The pump used by Mr . Roberts , and patented in 1860, consists
of a cylinder or barrel , cast in one length , so as to receive a
bucket or piston near each of its two ends, the portion in which
each works being truly bored. Motion is given to the two pistons
or buckets by means of a rocking shaft, which passes through the
barrel between the two pistons ; and in the portion which is in the
cylinder or barrel there are two arms projecting , one on each side,
to which two links are attached by pins . The other ends of these
links are jointed to the piston or bucket rods, the lower ends of
which are formed with horns or double projections , one set of
which is guided by sliding on the shaft , and the other pair are
guided by sliding on a boss on the shaft. The horns or projections
are made in such manner as to aid in guiding each other . At the
end of the cylinder to which the suction pipe is attached there is
a grating , and each bucket consists of a grating covered with a
flexible disc of vulcanised indiarubber or other suitable material .
The pumps used by Messrs. Shand , Mason, and Co. are of the
bucket and plunger kind , as described in the vertical engine of the
patent of 1863 ; and in the horizontal pumps , which are double
acting , the ordinary leather packed pistons are used.
The pistons of the pumps used by English makers are some
fitted with metallic packing and others with leather packing ; and
so far as experience in working has yet gone, it seems that the
leather well lubricated gives the best results .
The pump of the ordinary manual engine has this great advan¬
tage , that the water never passes the top of the piston , or gets on
both sides of it ; consequently it is in a constant state of lubrication
from the oil placed on its top , and free from fouling with grit or
sand between the packing of the piston and the barrel of the
pump , by which means it is estimated that at least 20 per cent ,
of the labour in working the engine is saved, and made available
in forcing the water , instead of being consumed in overcoming the
drag and friction that would otherwise exist.
That this is the case is evident if it be remembered how greatly
the friction is reduced between two rubbing surfaces when a lubri¬
cant of the proper character is employed between them . It has
been found that the coefficient of the friction of leather on gun
metal without any lubrication is 0-56 ; with water 0-36 ; when
greased and with water 0-23 ; and when lubricated with oil it is
reduced to 0T5 .
The pumps employed in engines used for projecting water are
of several kinds , and may be divided into three principal classes—
reciprocating , rotary , and semi rotary ; each of these being divisible
into several varieties .
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The reciprocating PUMPS are single acting or double acting .
The single acting pump draws, or allows the water to enter the
barrel at one stroke , and forces it out at the next ; and two of
these pumps are generally combined in ordinary practice , as in
the case of the common manual engine .
The double acting pump , as its name implies , forces out the
water at each up and down stroke , or backward and forward
movement of the piston , the water following the piston and filling
the barrel as each movement is made, but changing its direction of
motion at each stroke to either end of the barrel , one pump in this
case producing the result which requires the employment of two
single acting , all dimensions and circumstances being similar .
The rotary pump theoretically produces the best effect, as from
the water rushing continuously in one direction , without change of
motion , into one fixed opening , whilst it is forced continuously out
at another , there is the least loss of power or time in moving it.
The semi rotary pump removes some of the mechanical difficulties
of the rotary , but is still liable to most of its objections , being less
durable than a common pump , and expensive to repair .
The single acting reciprocating pump is either a piston or a
plunger , the piston being the most ancient , and in the form of the
syringe employed in common use for many hundreds of years
before the birth of Christ . The syringe or cylinder and solid piston ,
used to force or throw water , has been attributed to Ctesibius, who
lived in the second century before Christ ; but this is an error , for
it was known to, and described by, philosophers who lived centuries
before him . Theophrastus , Anaxagoras , Democritus , Leucippus ,
Aristotle , and their pupils , were well acquainted with it ; and there
is little doubt but that it was originated in Egypt . Herodotus ,
in describing some peculiarities of the Egyptians , speaks of their
filling syringes and injecting their contents when embalming the
bodies of the dead.
The Hindoos , whose customs and manners have experienced but
little change during the lapse of thousands of years, employ the
syringe in their religious ceremonies, whence it may be inferred that
its use with them is of very remote antiquity , seeing that they are so
attached to the customs of their ancestors, and so averse to change .
A hand squirt or syringe , fitted with a single valve, is figured in
4Arts et Metiers ,’ section ‘ L’exploiter des Mines ,’ and spoken of
as a Dutch invention .
The plunger pump is of very ancient date , being figured and
described by Hero in his ‘ Spiritalia .’ In Commandine ’s transla¬
tion of the work, published in 1583, will be seen a fire engine with
two working cylinders fitted with plungers .
The plunger pump was patented in 1675 by Sir Samuel More¬
land ; and in 1681 he used an engine , fitted with two or more of
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his pumps , at Windsor , where he drew the water from the Thames,
and forced it in a continual stream to the top of the Castle, and
according to Dr. Hutton ‘sixty feet higher ,’ the king and many of
the nobility being present .
The double acting pump , which by means of a single piston in
a single cylinder produces the effect of two cylinders , each fitted
with a single acting piston , so far as can be ascertained , belongs to
M. De la Hire , a Frenchman , who, according to Professor Milling¬
ton , invented , or introduced it to public notice in 1686.
In the cMechanic ’s Magazine ’ for 1833, Mr . Wm . Baddeley gave
a sketch and description of his arrangement of De la Hire ’s double
acting pump , as a very compact manual engine ; the piston was
to be fitted with metallic packing , the valves to be also of metal ,
and no leather to be used about the engine . It is used with single
or double piston, and made with a single or double barrel : of the
various plans adopted , the simplest will be found the best ; and
there can be no doubt that the single solid piston in one barrel ,
with each side of the piston alternately drawing and forcing, will
be found the most economical in maintenance , and not the least
efficient in duty , particularly if care and attention be paid to the
proper area, form, and length of the water ways. This pump was
repatented in the year 1859 by the country pump maker before
alluded to.
Some of these pumps are made with four pistons , two rods, and
two barrels ; others with two barrels and one piston in each, com¬
bined so as to form one pump ; others again are made with a
bucket and plunger , a cross breed between a lift and force pump ;
others again with two pistons on one rod at some distance apart ,
the water entering between the two and passing alternately through
valves in either piston , and being forced out at the return stroke
by each.
The bucket and plunger pump combined, in one or two barrels ,
appears to -be of modern origin, and the author ’s researches show
that it was originated about the commencement of the present
century ; for he finds that the plan of a double barrelled pump ,
with a solid piston in one cylinder and a bucket with the valve
opening upwards or towards the cross head which worked the two
pistons in the other , was invented by the late Kichard Trevethick ,
the well known engineer , and a sketch of it will be found in
Ewbank ’s ‘ Hydraulics .’
In the year 1820 Mr. Jacob Perkins patented a pump which
could be used as a lift , force pump , or fire engine . It had a
trunk and piston working in one barrel , and was what is known
as a ‘ bucket and plunger pump .’ In the same patent the arrange¬
ment now adopted in the ‘ hand pump ,’ as it is termed , is shown.
Drawings of both these are given in his specification for that year .
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Mr . John Bourne , in his ‘Recent Improvements in the Steam
Engine ,’ pronounces the invention of the bucket and plunger
pump to belong to a Mr . David Thomson of the Richmond water
works, who invented it in 1845 ; but a few moments ’ study of Mr .
Perkins ’ patent drawings will show that it was brought forward
just a quarter of a century before.
Ewbank , speaking of these ‘ bucket and plunger ’ pumps , says :
‘ They

are

more

complex , less

efficient , and

more

difficult

to keep

in order and to repair ’ than the ordinary pumps ; ‘ the friction of
the plunger and sucker is much greater than that of the piston of
an ordinary double acting pump of the same dimensions , and the
latter discharges double the quantity of water ; for although double
acting , the effect of these pumps is only equal to single acting
ones. For the above reasons they have, we believe, become
obsolete, or nearly so.’
The employment of two pistons in one barrel is not a modern
invention , for a sketch of one will be found in Besson’s ‘ Theatre
des Instruments ,’ published in 1579. It is so arranged that when
one piston is descending , the other is rising and forcing out the
water .
In 1673 Dr. Conyers proposed, in vol. i. of the ‘ Abridgement of
the Philosophical Transactions ,’ a pump with two pistons working
in the same barrel , fixed on the same rod.
A Mr . Taylor , of Southampton , about 1780 brought out a pump
of this kind , but each piston was attached to a separate rod.
In 1793- 4 a pump composed of two barrels , both of them
forming a part of the column of water to be raised , connected to¬
gether by a crooked tube of equal diameter , out of which the lower
piston rod passed through a stuffing box into the air, as did the
upper piston rod where the column leaves the pump to pass up¬
ward, was made in Paris .
The two pistons fixed to the rods were of the bucket kind , made
as thin and light as possible ; their valves opening upwards, and
their motions being such generally that when one of them was
drawn up , the water rose through the other then descending . But ,
according to the description , ‘ here lies both the novelty and utility
of this machine ; these upward and downward motions are not
reciprocal . Both pistons fall faster than they rise, and thus leave
an interval of time , when they both rise together , during which
their valves respectively close by their own weight before the
column of water falls upon them —in such manner , indeed , that
the column never falls at all . By this important arrangement the
work is constantly going on, and no commotion occurs to absorb
power uselessly, or to destroy prematurely the machine .’
The double piston pump as used in steam fire engines is not a
recent invention : two of them , namely , Hedderwick ’s and Franklin ’s,
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are old ; Franklin ’s having been awarded a prize by the Society of
Arts , and will be found described in the ‘ Trans .’ vol. xxxiii. It
seems that the double piston pumps , as originally made, had the
piston rods fastened on one side of the pistons, by which means
the pull was an unequal one ; but in the pump of Hedderwick ,
above named , they were attached to the centre of the piston , the
lower piston rod passing through the centre of the upper piston ,
on which the piston rod was attached to a fork, bent sufficiently
on one side not to touch the rod of the lower piston , but allow it
to work clear.
On the top of the pump and on opposite sides were placed two
standards , on each of which a brake or handle worked as in an
ordinary pump ; to the inside end of each a piston rod was attached ;
on the top of each handle , rising straight up from just over the
pin or fulcrum on which the handle worked, was a straight horn
or spur, a little longer than the distance from the fulcrum to the
piston rod ; and from one horn to the other a link or short con¬
necting rod was placed , working on a pin at the end of each horn .
Ey this means it followed that on moving either handle the link
transmitted the motion to the other handle and piston also, thus
enabling both pistons to be worked by either one or both of the
handles .
When one of the handles was moved doiumvards the piston
attached to that handle was raised , lifting the water that was above
it, at the same time lifting the other handle through the link
before described , and depressing its piston so that the space above
it became filled with water . On raising the handle again it
depressed the handle it had just raised , lifting the piston and the
water which had passed through the valves in the top piston then
descending , and so at each stroke this process was repeated , and
an almost regular stream of water produced .
It will be seen from this that with an equal diameter of barrel ,
the same length of stroke , and making a similar number of strokes
in a given time , such a pump should do just double the work of
an ordinary single piston pump . It appears , however, that when
the inventor submitted it to the Society of Arts, they appointed a
committee of practical men to test it , and it was found, after being
tested in every way possible, that it actually raised two and a half
times the quantity that a perfectly similar pump , only using a single
piston , did under exactly similar circumstances . They also stated
that it did not require double the power, as the flow of water being
continuous and not interrupted , it was much easier to continue the
motion when once commenced than to renew it perpetually as in
the pump with one piston only.
The next double piston pump is that of Franklin , which had
a different mode of giving motion to the pistons, and is thus
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described . In the barrel of the pump are the two pistons , each
fitted with valves opening upwards , and the piston rod of the top
valve comes out through a stuffing box on the top of the barrel ,
and the rod of the bottom piston comes out through a similar box
at the bottom . The barrel of the pump is fastened to a board, and
on the end of each piston rod is attached a friction wheel working
in guides, so as to keep them in the centre of the line of suction .
To the upper end of the board is attached an ordinary pump
handle , connected at the end by means of slings with the rod of
the top piston ; and from a point at an equal distance on the other
side of the fulcrum a connecting rod descends to join the rod of
the lower piston .
It will be evident from this that when the handle or lever is
lifted the upper piston will be pressed down, and at the same time
the lower piston is lifted up its valves become closed, and the
water forced through the valves in the upper piston and out
through the discharge pipe, this pump being arranged as a fire
engine . When the handle is pressed down the upper piston is
raised with its valves closed, and the lower piston descends, its
valves opening to admit water to fill the space caused by the two
pistons receding from each other . The peculiar advantages of the
double piston pump are, that with a twelve inch stroke it dis¬
charges a quantity of water equal to twenty four inches of barrel
or cylinder , and so on in this proportion , always doubling the
length of stroke , whatever that length may be, thus giving a pro¬
duct equal to two common pumps of the same stroke and capacity
of cylinder .
In the year 1835 Mr. Downton , of Blackwall , patented his well
known pump , which is used both as a lift pump and a fire engine
or force pump . In this plan he used ‘ three or more working
boxes, pistons , or valves in a pump case or cylinder , whereby a
continued jet or stream is procured by the ordinary winch move¬
ment ,’ but this had been done some years before his patent was
taken out .
In some of the American steam fire engines double barrelled
pumps are used , fitted with four pistons , each of which has two
indiarubber valves ; each piston rod being attached to one end of
a cross head , and the piston of the single steam cylinder is firmly
fastened to the middle of the cross bead ; the pumps being placed
one over the other , and with the steam cylinder bolted down to
the framing in a horizontal position .
The rotary pump is, comparatively speaking , of a more modern
date than the others named , but it is of far less extended applica¬
tion . In the collection of mechanical models and inventions made
by M. Serviere , of Lyons, who was born in 1593, was the model of
a rotary pump , consisting of two cog wheels in an elliptic case,
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geared into one another , just as was used by Murdoch in 1799 for
his rotary steam engine , and by the Americans in their steam fire
engines at the present date . This pump will be found described
in a little book published in 1719 by the grandson of M. Serviere,
entitled ‘Recueil d’Ouvrages curieux de Mathematique et de
Mechanique , ou description du Cabinet de M. Grrollier de Serviere ,
avec des figures.’ How much older than the time of Serviere this
pump may be, is not known ; and it is said that Ramelli has
described them in his work.
An old work called cMathematical Recreations ; or, a Collection
of sundrie excellent Problems out of ancient and modern Philo¬
sophers, written first in Greek and Latin , lately compiled in
French by H . Van Etten , and now in English , London 1674,’ shows
a rotary pump similar to that of Serviere ’s, which is called ea most
soveraign engine to cast water high and far off to quench fires ; ’
and as the work is a compilation from ancient and modern
philosophers , it is just as likely to be of very ancient as recent
origin . In the same work a figure of the goose neck as now used
is given .
The centrifugal pump appears to have been invented in the
early part of the eighteenth century , by M. Le Demour , who used
a straight tube placed in an inclined position, and firmly attached
to three pieces of wood projecting from an upright shaft or spindle ,
which was rapidly revolved by a handle at the top. A description
of this pump will be found in the ‘ Machines Approuve ,’ tome vi.
of the French Academy, to which a description of it was furnished
in 1732 by M. Le Demour .
This pump , or rather its arrangement , has been frequently im¬
proved and varied by different persons. Barker ’s mill has been
used as a centrifugal pump , and this was further improved in the
early part of the present century by making the cross arms only
revolve, the rest or lower part of the pipe remaining stationary .
This arrangement was brought under the notice of the French
Academy in 1816.
Dr. West proposed to wind two tubes round a vertical shaft ,
making the upper portion act as the pump , and the lower part as
the mill to turn the whole round . A reservoir was provided on
the shaft , into which the top end of the lower tube was inserted ,
so that the water could run out through it , whilst the lower end
of the top tube dipped into the basin , and the water ran into it
from another pipe , so that part of the water was raised by the
lower part of the pipe and discharged or driven out by the upper
portion , or the upper portion might be carried through the lower
pipe and raise the water direct from the lowest point .
The arrangement of fans or blades revolving rapidty in a box or
case, for lifting or forcing water , seems to have been brought forward
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by Hornblower in 1798 and 1805, who used it for a steam engine .
As employed or made by some makers in England , the form was
originated by an American , and afterwards patented in England
by several persons , each of whom introduced some slight variation
in the construction . A great deal of rivalry has been existing
amongst these persons, and numerous trials and experiments have
been made ; but the results have been anything but satisfactory ,
so far as affording reliable data goes, and it is constantly found
that the results of the ‘ experiments ’ do not accord with those
obtained in 4practice ’ or regular work.
From the celebrated ‘pump experiments ’ tried with two of this
description of pump at the International Exhibition of 1862, it is
stated by one experimentalist that the result of the trial of the first
was that it gave 80 per cent , of the indicator horse power employed,
and the second 53-§- per cent , of the indicator horse power ; and by
the other experimentalist that it was 83-18 per cent , for the latter .
Rotating fans or blowing machines , from which no doubt this
sort of pump was derived , were used by the Spaniards in Peru in
1545 ; but as they are used in China, wdiere change is so little
known , it is highly probable that they are of very ancient origin .
Ewbank says of them : 4Such pumps are in their construction
simpler than other rotary ones ; besides which, no particular accu¬
racy is required in fitting their working parts ; nevertheless , they
are as liable to derangement as others .’
The semi rotary pump is uncertain in date , but it seems that
several modifications of it were proposed in the sixteenth century .
A drawing of such a pump is given by Belidor in his 4Architecture
Ilydraulique ,’ vol. i., in which the case in which the piston recipro¬
cates forms a considerable portion of a circle, and a valve is shown
in the piston .
Bramah patented this sort of pump in 1793 for use as a fire
engine , using two reciprocating pistons with a clack valve in each,
the pistons being keyed on a central shaft and working in a short
case. Barton brought out a fire engine on this principle , but he used
a single piston reciprocating above the shaft instead of -below it .
In 1782 James Watt patented a similar arrangement for a steam
engine ; and Ericsson , in America , has used it for the same purpose .
Several of these engines, it is believed , were fitted on board Ame¬
rican steam ships , and it is thought that some are still in use.
The valves used for the suction and delivery by the builders of
steam fire engines in England are both metal , plain or faced with
indiarubber or leather , and indiarubber ; the former being em¬
ployed by Messrs. Merryweather and Sons, and the latter by
Messrs. Shand , Mason, and Co., Mr. Roberts , and Mr . Gray .
The suction and delivery valves used by Messrs. Shand , Mason,
and Co. consist of indiarubber discs of about 2{" diameter in their
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small engines , with ■
§■
" lift , giving an area of about 21 □ and
there are seven of these for the suction . Those for the delivery
are six in number , giving an area of about 18
and in all other
respects the same as the suction .
For their large double cylinder engines the same kind of valve
is used, with a lift of f " , giving an area of 12T41 □ the suction
valves being the same in all particulars .
The suction and delivery valves employed by Messrs. Merry weather and Field are made of gun metal , indiarubber faced, or
else of faced gun metal only, as required .
Owing to the comparatively slow speed at which their engines
are run to throw the given amount of water , they are enabled to
use the inclined hinged clack valve, which has been found to be
the best for keeping clear of mud , dirt , &c. These valves are
faced with indiarubber , and, together with their gun metal seats,
can be removed for inspection and replaced in a few minutes ,
without rejointing or loss of time .
At each end of the valve chambers are moveable covers, of a
triangular form, as shown in the engravings of their engines , which
have grooved recesses in them , into which leather washers are
placed . These grooves and washers correspond with the raised
faces on the valve chambers; and on screwing up these covers a
perfect joint is made, no matter how often they may be removed—
an operation , however, which practice shows is seldom necessarj '.
The suction and delivery valves employed by Mr. Koberts are
vulcanised indiarubber discs,
in thickness , 7f " in diameter ,
with a lift of
, giving an area of 12T7
both suction and
delivery being the same.
The employment of metallic valves in engines or pumps used in
forcing water is by no means of recent date , for although patented
by Simpkin in 1792, force pumps with metal valves were de¬
scribed by Hero of Alexandria , who lived in the second century
B.c. They were used also in fire engines at that date , and conical
metallic valves were also used by Ctesibius of Alexandria , who
flourished at the same period .
Flexible valves made of leather in the form of discs covering the
passages by which the water enters , and rising by the influx of it,
are old ; for in Agricola ’s work ‘ De Re Metallica ’ there is an en¬
graving of some pumps in which the piston is perforated with cir¬
cular holes for the passage of the water , and a clack or disc is
shown which lies loosely over the apertures , and is kept in its
place by the piston rod which passes through the centre and allows
it to rise and fall when the pump is at work.
Mr . Bourne , in his ‘ Recent Improvements in the Steam Engine ,’
says that valves of this description were first introduced by Mr .
Edward Ilumphrys , the well known engineer , but he gives no date
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for their introduction . The perforated plate valve, covered
by a disc or sheet of flexible material , such as leather , was used
by M. Letestu in his manual engines exhibited in 1855 at the
Paris Exhibition , and has been introduced into use in English
steam fire engines . The same kind of valve has long been used
in steam ships, and also in some of the steam fire engines of
American make .
A steam fire engine should always be provided with the follow¬
ing fittings , all of the best quality , and put on in the most correct
and reliable manner :—The boiler should be provided with two
safety valves, levers, and spring balances , and the valves should be
carefully fitted . It is most important that they should be so con¬
structed as to be free from any liability to stick (valves made of a
semicircular form, with the convex side on the seat, will be found to
give good results in working ), at the same time arranged so as not
easily to be loaded above the proper working pressure ; and they
should be fitted with a ferrule , or in such a manner in connection
with the spring balance as to prevent their being screwed down to
a greater pressure than that decided on as the proper one for
working ; and a severe penalty should be strictly enforced wherever
any attempt can be detected to carry a greater pressure by weight¬
ing or holding down the levers, or the valves are attempted to be
tarhpered with. There should be a steam pressure gauge also attached
to the boiler ; but two, one facing the stoker and the other the
engineman , will be found a more convenient and satisfactory
arrangement . The two best descriptions of gauges are those of
Bourdon or Schaffer.
A glass water gauge should be provided , which should be so
placed as to come on the side where the engineman stands , so as
to be visible both to him and the stoker without their having to
shift their positions to inspect it . It is desirable to see that the
cock at the lower part of the glass where it enters the boiler is
attached in such a manner as to leave sufficient water to cover
those portions exposed to the direct heat of the fire, when the
water just shows in the bottom of the tube . Instances have oc¬
curred where this cock has entered the boiler at too low a point ,
and left too little water in the boiler when worked at a low part
of the gauge , which conduces in no small degree to the injury of
the boiler, and increases the liability to explosion from overheat¬
ing . All the handles about the gauge should be of hard wood
rather than metal , as being more readily handled when the engine
is at work.
In addition to this glass water gauge , there should be at least
tivo gauge cocks, one placed about one inch and a half below and
the other the same distance above the intended working level of
the water in the boiler, as a safeguard in case the glass tube breaks ,
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and also to be frequently tried whilst the engine is at work, as a
check on the glass, which may sometimes get choked and fail to
indicate the true level, even though it be frequently blown through
whilst at work. These cocks should also have wooden handles .
It is desirable that the boiler be provided with three blow off
cocks, placed at equal distances round the circumference of the
lowest part of the water space, in order that in blowing out more
of the deposit may be removed at a time and in a more even
manner than will be found to be the case where only one blow off
cock is used. A surface blow off cock, especially in those boilers
where there is a very small water content , will prove a great assist¬
ance in preventing or diminishing priming , especially if it be so
fitted as to take the water from a large part of the surface. The
outlet of this cock should be so arranged as to blow on to the
ground , or into the bunkers , and thus prevent any chance of
frightening the horses that may be passing at the time , as it will
be found impossible so to regulate this needful operation , if the
water gets dirty or the boiler starts priming , that there shall be
none of them in the way.
The ‘ blower ’ or steam jet in the funnel , to be used for drawing
up the fire and raising steam quickly , should be fitted to every
engine . It is probable that a ‘ ring jet ’ would be found more
efficient than the single opening through which the steam passes
in ordinary practice , as it would tend from its numerous small
openings, each forming an independent jet , to displace a larger
amount of air from the furnace , and would, besides, be found to
make less noise when in operation , this latter being a rather desir¬
able point at times .
It maybe here remarked , that the employment of a jet of steam
to blow up a fire by causing a draft up the chimney , and which has
been claimed by Mr. Goldsworthy Gurney and others as their in¬
vention during the present century , was known to the ancients ,
who employed the aeolipile for this purpose ; and Rivius, in his
book, gives engravings of some applied to this end. In the
seventeenth century the aeolipile was ‘ commonly made use of in
Italy to cure smoky chimneys ; for being hung over the fire, the
blast arising from them carries up the loitering smoke along with
it .’ For this purpose , when filled with water, they were either
placed on the fire or hung over it by a cross handle . iEolipiles
have been found in Pompeii and Herculaneum , which had appa¬
rently been applied to this purpose .
There should also be a pressure gauge so placed as to readily
show the pressure of the water against which the pumps are working , and small pet cocks at each end of the pump barrel will be
found useful in assisting the engine to fetch its water easily when
lifting from a depth .
Q
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Priming cocks should be placed at each end of the steam cylinder
to allow condensed steam and water to escape, and grease cocks or
their equivalent for permitting the lubrication of the slides and
pistons should never be omitted . The importance of and benefits
to be derived from an easy and thorough lubrication of steam and
pump pistons, and steam slides, are not sufficiently appreciated as
a rule , but daily and extending experience shows it most unmistake ably . All those portions where oil syphons can be applied for
lubricating the rubbing surfaces should be carefully fitted with
them , and constant care and attention should be given to keep
them in a state of thorough efficiency. It is desirable to carry
spare portions of the fittings in the lockers of the engines, such as
glass gauge tubes and packing rings , a spare pump valve or two,
spare washers and split pins where used, a few bolts and nuts , and
such other small matters as experience shows to be most likely to
be found wanting during working . The spanners , hammer , files,
and other tools usually required about an engine should not be
left behind , and due provision of oil and tallow should never be
forgotten .
When by wear or any other cause a tube bursts or fails in the
ordinary tubular boiler, it will be necessary to draw the fire, and
empty the water out of the boiler , so as to get at the ends of the
tube , when it can be removed and a fresh one substituted . It will
be found exceedingly difficult, nay, almost impossible , to do any thiog in the way of plugging the tube whilst the fire is in or the
steam up, on account of the small space there is for performing
the operation ; and it will generally be found the best plan to
have the tube replaced at once. If, however, it should be of such
importance that the tube must be plugged , a couple of good hard
wood plugs , with a moderate taper , may be driven tightly in, one at
each end of the tube , as a ‘ makeshift ,’ and to enable the engine
to keep going for a while.
Should a tube fail in the Field boiler, which is one of the tubu lous kind , a fresh tube can be quickly inserted , almost as quickly as
it could be plugged . It is only necessary to draw the fire, let out
the water as in the other , and on opening the boiler , two or three
blows on each side of the end of the tube in the tube plate will
so loosen it that it can be driven out into the fire box, and a
new tube at once put in , and set up by a few blows on a drift in¬
serted in the end of the tube , which makes all tight and sound
again in a few minutes ; whilst, if it should be preferred to plug it
instead of removing the damaged tube , a hard wood plug can be
driven in, the hand hole cover be put on again , the boiler filled
up, and the fire started .
Where , however, any serious damage has been done, or the in¬
jury is of such a character that it cannot easily be rectified by
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those in the neighbourhood , it will be the wisest and cheapest course
either to send the engine at once to the makers , or else give such
plain information to them as will enable the proper person and
materials required to be sent , and the engine put to rights as
quickly as possible and without loss of time .
In many cases it may happen that the regular makers of these
engines reside at great distances from the place where they are
in use, and as it will often happen that what may be required to
be done in the way of repair or adjustment is of too slight or simple
a character to render it desirable either to send the engine that
distance , or make it worth while to have a skilled workman sent to
the place ; to prevent the delay and expense attendant on either
course, it is desirable , therefore , if there be any one ordinarily
skilled in mechanics, or moderately acquainted with them and of
an ingenious turn , that he should study their principles , mode of
construction , &c., by which means it will be found that he can
easily put such matters right .

CHAPTER XI .
TRIALS OF STEAM FIRE ENGINES.
The

following

pages

contain

the public

competitive

trials

of steam

fire engines that have taken place in Europe , with the originators
of them , the prizes contended for, the results of the trials , the
awards, and the particulars of the engines and names of the
builders .
The first public competitive trial of steam fire engines in England
was that at the International Exhibition of 1862, when three
steam fire engines, by English makers , were tried in Hyde Park ,
the prize being a medal .
This competition was got up by the jury of Class VIII . of the
Exhibition .
The second public competitive trial was the celebrated affair
at the Crystal Palace in 1863, during the month of July , in which
three days were occupied. Ten engines by English and American
makers competed , which were divided into two classes : 1st class,
large engines not exceeding 60 ewts., and 2nd class, not exceeding
30 cwts. In the 1st class the best engine was to get 250L, and
the next 100?. In the 2nd class the best was to get 250?., and
the next 100?.
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