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INTRODUCTION.

THE great practical use of machinery to a
commercial country is so well known, and
its superiority to animal force so universally
acknowledged and felt in every branch of our
manufactures, that but little apology will be
necessary for introducing to the man of sci-
ence and practical artizan, a work, the avowed
object of which is, to render the uses and ge-
neral principles of the Steam Engine familiar
to every class of persons. That it has enabled
England to support a proud pre-eminence,
both in arts and political power, is equally
apparcnt; and itis a fact much to be deplored,
that while some of the lecast important of the
arts connected with domestic life, have been
illustrated and explained by men celebrated
for scientific research, a description and ac-
cezat of the uses of this stupendous machiue,
aave been left to the Cyclopedias and other
works of a general nature.
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The principal ob_]ect to be attained by the
em"fﬁqyment of the Steam Engine, as well as
every other species of machinery, being the
reduction of animal labour, it may be advis-
able, before we proceed to the more imme-
diate subject of the present work, to com-
pare the various species of artificial power
that have hitherto been employed for that
purpose; and by this meghod we may be
enabled to calculate with certainty and pre-
cision, on the most economical mode of pro-
ducing a given force. 'I'o form, however, an
accurate estimate of the saving thus cffected,
it will be necessary to examine, though but
briefly, the amount of animal force and its
result as applied to machinery.

From the most accurate observations, n{{.
appears, that the physical powers of the hu-
man race differ very widely, not only in va-
rious individuals, but also indifferent climates;
the value of a man therefore, as a working
machine, will not be so great beneath the
torrid zone as in the more temperate climate
of Europe. This will serve to illustrate the
great advantage which our Colonists, parti-
cularly in the West Indies, would derive from
the more general employment of inanimate
fogce; the day labour of a negro in the sugar
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countries, amounting to little more thigh
third of that performed by an Eurapgatt
chanic. *

A labourer working ten hours per day, can
raise in one minute a weight &uivalent to
3750 pounds one foot high, or about sixty
cubic feet of water in the same time; while
the power of vgs horse working eight hours
per day, may be correctly averaged at 20,000
pounds. Smeaton states, that this animal, by
means of pumps, can raise two hundred and
fifty hogsheads of water ten feet high in an
hour. Itis a well known fact, also, that men
when trained to running, are able on the
average of several days being taken, to out-
strip the flectest horse; and yet it will be
wseen froin the above statement, that his force,
if properly applied, is at least six times that of
the most powerful man.

The use of water as an impelling power,
both for the turning of machinery and other
purposes connected with the useful arts, ap-
pears to have been known at a very early
period. Vitruvius describes a variety of ma-
chines for this purpose, the earliest of which
were employed merely to raise a portion of
the fluid by which they were impelled.  T'he
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mgst simple method of applying this element
as ém_;fgéchamcal agent, evidently consisted in
the construction of a wheel, the periphery of
which was cmuposed of a number of float-
boards. lﬂns, on being exposed to the action
of a runnmg strham, was afterwards employed
to give motion to a variety of mills, and is
at the present time employed in almost

cvery species of machinery:y,..

Among the most celebrated hydraulic ma-
chines, we may enumerate the Machine of
Marly. 'This, when first constructed, appears
to have produced one-eighth of the power
expended, so that seven-eighths of its power
were usually lost. This misapplied power has
been injurious to the engine; and the wear .
ithas occasioned, has reduced the mechanical
effect very materially. But this mnay be con-
sidered as an extreme case, and we select it
merely as an instance of that total ignorance
of the first principles of mechanics, which
characterized some foreign engineers of the
last century.

It may, however, be advisable to examine
the ratio of power expended in comparison
with that of the effect produced in some of
the most simple hydraulic machines; and by
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this calculation, the amount of fncmm, &,c.
may be accurately ascertained.-

.MM«:
Undershot water wheel . ... .. 9 =
Overshot do.  ...... 10 = 8

Hydraulic Ram. (This machiue.ﬂ@s
will make from 20 to 100 sﬂ,‘ﬂtes

per minute.) ................ 10 = 6
Large machine at Chremnitz,

(each stroke .g¢cupying about

three minutes.) .............. 9 =3

But the water-mill, which is the usual ma-
chine employed, even in its most improved
form, is far from being beneficial either to the
agriculturist or the manufacturer. The for-
mer is injurcd by the laws which prohibit the

_draining of mill-streams for the purposes of
<rrigation, by which much improvement is
kept back that would otherwise take place;
while the health of the latter, in the imie-
diate neighbourhood of manufacturing dis-

..»trlcts, is much injured by the stagnant con-
"dition of the water which is thus unnecessa-
rily dammed up.

Wind, which we may consider as the next
substitute for animal power, appears to have
been first employed to give motion to ma-
chinery in the beginning of the sixth century.
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The wse of this species of mechanic force, is
hod%ver prmcupally limited to the grinding
of » the pressing of seed, and other simple
" manipulations ; the great irregularity of this
element grecluding its application to thosc
processesWhigh require a continued motion.

A windmill with four: sails, measuring
-seventy fcet from the extre of one sail, to
that of the opposxte one, cach bemo six feet
and an halfin width, is capable of raising 920
pounds, two hundred and thirty-two feetin a
minute ; and of working on an average eight
hours per day. This is equivalent to the work
of thirty-four men; twenty-five square fcet of
canvas performing the avcrage work of a day
labourer. A mill of this magnitude seldoin
requires the attention of more than two men {
and it will thus be seen, that making allow-
ance for its irregularity, wind pussesses a deg
cided superiority over cvery spccies of animal
labour.

To shew, however, the great advantage
the Steam Engine, even in its rudest state,
possesses over mcre pneumatic or hydraulic
machinery, we will now examine its cffec- -
qg fore when employed in the working of
gomnps. It has been already stated, that
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eight-tenths of the fo ¢ el loyed. Now
it is stated by Dr. Desdguliers, that the at-
mospheric ewe ,,workmg at Griff-mine,
nearly a century back, produced full two-
thirds of effective force for the power em-
ployed ; and this too at a comparatively
moderate expense. We find, farther, that an
hundred weight of coals burned in an engine
on the old construction, would raise at least
twenty thousand cubic feet of water twenty-
four feet high; an engine with a twenty-four-
linch cylinder doing the work of seventy-four
*horses. From this i1t will be seen that a
ushel of coals is equal to two horses, and
<that every inch of the cylinder performs nearly
Ahe work of a man.

An enginc upon Captain Savery’s plan,
constructed by Mr. Keir, has been found to
" raise nearly threc millions of pounds of water
-gne foot high with a single bushel of coals;
#hile the best enginc on Newconf®n's prin-
ciple. will raise ten millions, and Mr. Watt's
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engine upwards of thirty millions of pounds,
thesaqie height. If we add to the advantage
gained by the cmployment of so cheap a
prime m‘éven the vast concentration of force
thus broyght into immediate action, its valuc
may easme appreciated.

One of the large:.ff' cngines yet constructed,
is now in action at the U.uiteg.iw Mine in Corn-
wall ; it raises cighty thousand pounds ouc
hundred feet in height per minute: and to
effect this enormous labour, it only u.qum,a
about thirty pounds of coal for the same pe-
riod of time.

To the mining interests this valuable pre-
sent of Science to the Arts has been peculiarly
acceptable; as a large portion ot our now
most productive mineral districts must _have
long ere this been abandoned, had not the
Stecam Engine been employed as an active
auxiliary in those stupendous works. In
draining of fens and marsh lands this machine
1s in the highest degree valuable; and in
England, particularly, it might be rendered
still more generally useful. In practice it has
been ascertained that an engine of six-horse
power, Wil drain more than cight thousand
acres, raising the water six feet in height;
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while the cost of erection for an engine for
this species of work, including the wg,
will not excced seven hundred poq@d&'f“.

1s more than ten windmills can pérform, at
an annual expenditure of sev hundred
pounds; while, in the formen y the out-
goings will not exceed one Rundred and fifty

9

pounds per annum.

deeTR

To the mariilcr, also, the Steam Engine
offers advantages of a no less important and
novel ndture than those wc have already de-
scnbed. By its usc he 1s enabled to traverse
the waters, both against wind and tide, with
ncarly as much certainty, and, as the machin-
cry is now constructed, with much less danger,
than by the most eligible road conveyance.

In proot of the speed of these vessels, it
gpay be sufficient to state that the passage
from or to London and Margate, which is
~more than eighty miles, by water, is often
performed in the short space of six or seven
hours! It too frequently, however, happens
that the faults of any new invention are un-
justly magnified, while its real advantages are
seldom duly appreciated ; and this axiom has
been fully verified, in the clamour o unjustly
raised against the application of the Steam
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Engme to nautical purposes.  Accidents
, however, of but rare occurrence;
ore than probable, that the great
nts that have been made in the
sfety-valve, will effectually secure
these partiaf™the engine from a recurrence
of those tremendous explosions, which unfor-
tunately characteri“g%‘d;@he first introduction
of Steam Navigauon.

And, lastly, the political econoghist must
hail with the most heartfelt gratification, the
introduction ot so able and cfficient a s‘;ﬁgﬁf
tute for animal labour as the Steam Engine.
It has been calculated that there arc at least
ten thousand of these machines at this time
at work in Great Britain ; performing alabour
more than equal to that of two hundred thou-
sand horses, which, if fed in the ordinary way, g
would require above one million acres of lanﬂm
for subsistence ; and this is capable of supply-*
ing the necessarics of life to more than ﬁftqﬁ;}
hundred thousand hiuman beings. kA

¥
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STEAMTENGINE.

CHAP. I

Nature of Steam— Application of it as a moving
power— Brancas — Marquis of Worcester— Sir
Samuel Morland— Papin—Savery—Newcomen—
Hulls— Falck— Amontons—Deslandes— Francois.

As the whole power of the Steam Engine de-
pends on the cmployment of elastic vapour, prd-
duced from water at different temperatures, vary-
ing from 212°, or thc boiling point of Fahrenheit’s
thermometer, to 300° of the same scale, it may
be advisable in the first instance to examine some
of the principal phenomena connected with the
formation of vapour in its most simple form, and
its application to the stcam engine will then be
sufficiently obvious.
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*. Stcam is highly rarefied water, the particles of
M\cb are ecxpanded by the absorption of caloric,
or thé matter of heat. Water rises in vapour at
all tematurcs, though this is usually supposed

place only at the boiling point: when,
p evaporation occurs below 212° it is
rface of the fluid acted upon,

elevation to a higher "tetigmmtace, by carrying oﬂ'
the heat in a latent form. At tff&common pres-
sure of the atmosphere, onc cubig ~' h of water
produees about 1700 cubic inches ¢ mous va-
pour or steam; but the boiling point, as%ha\e
aheady stated, varies very considerably, and these
anomalics materially cffect the density of the va-
pour produccd. Thus, in a vacuum water boils
at about 70°, under common pressure, at 212°; and
when pressed by a column of mercury, five inches
in height, water does not boil until it is heated to
217°; cach inch of mercury producing by .its
pressure, a rise of about 1° in the thermometer.
According to Dr. Ure’s claborate cmporu&nts,
the clustic forcc of this vapour at 212° is such,
that it is equivalent to the pressurc of a column of
mercury 50 inches in height ; at 226.3°, to that of
40 inches ; at 9:38.5°, to 50.3 inches; at 257.5°, to
69.8 inches ; at 273.7°, to 91.2 inches; at 285.2%
to 112.2 inches; at 319°, to 166 inches; and, My.
Woolf has ascertained that at these temperatures,
omitting the last, a cubic foot of steam will-ex-



of the Steam Engine. - 3
pand to about five, ten, twenty, thirty;:and "

when thus dilated, being in each case ¢
ordinary pressure of thie atmosphere. .-

One pound of Newcastle coal
pounds of boiling water into steam j
required to convert a given
water into steam, is six

raise it from the freezig he boiling point.

T'o shew by di ent the great expan-
sive force of r from water when convertedinto
steam, by th lication of heat, it will only be ne-

cessary fgtake a glass tube, at one end of which is
a bulb @f'two inches in diameter, and dropping into
ita smgle spherule of water, the diameter of which
will scarcely excced one tenth of an inch, or about
the eightecn hundredth part of the size of the glass
bulb, we shall find, that it may very readily be
expanded by the application of heat, so as to
expel the air from the vessel. That this is ac-
tually the case, may be shewn by merely plunging
tﬁe“gnouth of the tube into.cold water, and suf-
feringg the steam to return to its original state,

which being cfleeted by the abstraction of a por-
tion .of its artificial heat, the water will rush in
from the external vessel, and occupy the place of
the steam thus condensed, which could not have
taken place had any portion of the air 1emamed
in the tube or its bulb.

Ftom these data, it will be evident, that whes
stedtt 13 merely employed to displace the air'in a

B2
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close vessel, and afterwards produce a vacuum
by -condensation, no more heat is necessary than
what will raisc the water for this purpose to 212°;
but if} ¢ the contrary, high pressure steam is rc-
quired;: very considerable increase of heat will
be cssent s and of this kind was the clastic va-
pour em W in all the early steam engines to
which we may n#w more immediately direct the
reader’s attention. “@4 :

Among the numeloiMWnpetltors for the ho-
nour of having first suggested steam as a moving
power in mechanics, we must cartamly place
Brancas and the Marquis of Wort:ester in the
foremost rank. The former of these was an Italian
philosopher, of considcrable cminence, and who, in
1629, published a treatise entitled, ¢ Le Machine,
&c.” which contained a description of a machine
for this purpose. The apparatus cmployed by
DBrancas, was in fact nothing more than a large
eeolipile, similar to the blow-pipe invented by
M. Pictet of Geneva, with this difference, that the
aperture in the pipe connected with the body of
the weolipile instead of being directed to the @mp,
(or in this casc, the furnace that heated the ma-
chine,) was made to strikc against the floats or
vanes of a wheel, by which means a rotatory mo-
tion was produccd. :

After the publication of this scheme, whichit
is probable was never put in practice with any
useful cflect, ncarly thirty ycars elapsed cre the
-farther consideration of this important subject
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was resumed by the Marquis of Worcester.- Thpg
mode of employing steam recommended by_the
Marquis, and which he describes in his < Ceg
Inventions” to have completely carried inigffe
was entirely different from that of his pre is0r;
and it is evident that the noble auw had re-
ceived no previons hint of Brancag'.j#ie
he cxpressly states in anothe‘
work, that he * desired no&ﬁ set down any other
mens’ inventions ;" ,qid “if he had in any case
acted on themy,: ® to nominate likewise the in-
ventor.*”’

It is said that the Marquis, while confined in the

S

* This work was written about the middle of the seventeenth
century, and considered as a description of the united discoveries
of one individual, is certainly onc of the most extraordinary
scientific productions which has yet issued from the press in any

“age ornation.  In addition, however, to its value, as containing
the first tangible suggestion for the employment of steam, as an
Wdraulic and pneumatic force, it has unquestionably formed
the foundation of u large portion of the patent inventions, which

mﬁke so prominent a feature in the present day. The praise-
labours, however, of this indefatigable nobleman, shared

wi
the ! which usually attends on projections ; and it was left to
the-a w though certain march of scientific 1mprovement to

uwal:d\to his meinory a posthumous praise. The Marquis also
published a work, entitled,  An exact and true Definition of the
most stupendous Water-commanding Engine, invented by the
Right Honourable (and deservedly to be praised and admired)
Edward Somerset, Lord Marquis of Worcester, and by his
Lordship himself presented to his most exccllent Majesty
Charles the Second, our most gracious Sovercign.” This was
published in a small quarto volume of only twenty-two pages,
and.gonsists of ittle more than an enumeration of the wonderful
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Tower of London, was preparing some food on the
fige of his apartment, and the cover having been
g fitted, was, by the expansion of the steam,

in of‘ thought which terminated in
iscovery. But no figure has been
ns dvention ; nor, as we have good
reason to suppose, ahydescription of the machine
he emplayed, except w,elghth article in
the abave-mentioned work. Wo@ shall content

ourselves, thercfore, with cxtractisg that article
from the noble authar's MS. pre rved in the
British Muscum. .

“ An admirable and most forcible way to"drive
up water by firc; not by drawing or sucking it
upwards, for that must be as the philosophers call
it, infra spharam activitatis, which is but at such
a distance. But this way hath no boundary, if the
vessels be strong enough; for I have takenga
picce of a wholc cannon, whereof the cnd was
burst, and filled it three quarters full of water,
stopping and screwing up the broken cnd, asgilso
the touch-hale ; and making a constant fire uMer
it, within twenty.four hours it burst, and msde 3
great crack ; so that having found a way to make
iny vessels, so that they are strengthened by the

d
propertics of the above engine; and it is certain that he mever
published any key to the first hint furnished in the Ccnlur’ of
Inventivss.
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force within them, and the one to fill after the .
other, I have seen the water run like a jcons
fountain stream, forty feet high; one
water, rarified by fire, driveth up fort
water. And a man that tends the wo
turn two cocks, that one vessel of e
consumed, anothcr begins to foreg, “refill with
cold water, and so successivilyf®the fire being
tended and kept constaptye which the self-same
person may hkewbm;dantly perform in the
interim, betw%n the necessity of turning the said
cocks.” Vj Harleian MSS. No. 242s.

In 1686;"3 schemc for raising watér by the
agency of stcam was offered to the notice of Louis
XIV. by an ingenious English mechanic, of the
name of Morland; this, however, was evidently
formed upon the plan previously furnished by the
Marquis of Worcester, in his Century of Inventions.
s“Morland was presented to the Irench monarch in
+31682, and in the course of the following year his
apparatus is said to have been actually exhlblted
w-St. Germain’s.*  The only notice of this plan

é’z\er Samuel Morland was the son of a baronet of the same
nanke, created by King Charles 1. for his zealous services per-
formed during the King's exile. The son was made Magister
Mechanicorum by the King in 1651, and was justly celebrated at
that period for & number of ‘cry ingenious inventions, among
which we may enumerate the drum capstan for weighing
anchors, the speaking trumpet, and fire engine. The cclebrated
John Evclyn gives the following account of a visit paid him at a

véry late period of his life:—
¢ The Abp. and myselfe went to Hammersmith, to visite Sir

+ being
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oceurs in the collection of MSS. to which we have

feady alluded, and forms the latter part of a
'?Qeautlf'ul volume, containing about thirty-
wht p’ages, and entitled ¢ Elevation des Eaur,
i B sorte de Machines, réduitc a la mésurc,
au ponf“f $.a la balance. Presentée a sa Majesté
tres Chr estzﬁm, par le Chevalier Morland, gen-
tilhomme ordinaive de la chambre privée, el
maistre des mechamqucs du Roy de la Grande
DBrétaigne, 1683.”

The MS. is written upon vellum, richly illu-
minated, and the part which has" reference to
the steam engine occupics only four pages, com-
mencing with a separate title, &c. It is also ac-
companied by a table of the sizes of cylinders,
and the amount of water to be raised by a given
force of steam. This curious memoir forms an
important link in the chain of historical evidence,

Sam. Morland, who was entirely blind, a very mortifying sighs.
He shewed us his invention of writing, which was very inge-
nious, also his wooden kalendcr, which instructed him all‘by
feeling, and other pretty and useful inventions of mills, ptiﬂps,
&c. and the pump he had erected that serves water to his garden
and to pussengers, with an inscription, and brings from a filthy
part of the Thames neere it a most perfect and pure water. He
had newly buried 200!. worth of music books six feet under
ground, being, as he said, love songs and vanity. He plays
himselfe psalms and religious hymnns on the Theorbo.” Diary,
Oct. 25th, 1695.

About the year 1684, Sir Samuel purchased a house at Ham-
merswmith, and it appears from the register of that parish, hg

"was buried Jan, 6th, 1696.
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which tends to prove that the English, though
not the actual inventors of the steam engmc,,«
were unquestionably the first to apply, ;;;e stu.
pendous powers to any useful practical g pse 3
we shall, therefore, offer no apology e
scnting it entire to the notice of the re; ider.

« Les Principes de la nouvelle “Force de Feu :
inventée par le Chevalicr Morland, Pan. 1682, ct
presentée a sa Majesté tres Chresticnne, 1633,

¢ L'cau etamt cvaporée par la force de feu, ces
vapeurs demandent incontinent unc plus grand’es-
pace [environ dcux miile fois] que I’eau n’oc-
cupoit auparavant, et plus lost que d’ctre tou-
jours emprisonnces, feroient crever une picce de
canon. Mais etant bien gouvernées sclon les
regles de la statique, et par science réduites a
la mésure, au poids et a la balance, alors elles
portent paisiblement leurs fardeaux, [comme des
bons chevaux,] et ainsi scrvoient elles du grand
usage au gendre humain, particulierement pour
Iclevation des caux, selon la table suivante, qui
marque les nombres des livres qui pourront getre
levées 1800 fois par heure, a six pouces de lpuéc,
par de cylindres a moitié remplics d’eau, aussi
bien que les divers diametres ct profondeurs des
gdits cylindres.”

‘(:‘x i



10 Hi;toﬁml Account

» Zahle of the Diamcter and Length of Stcam Cylinders ;
e . *0ith the Number of Pounds Weight to be raised.
i @‘f& "

‘«m L
' _CYLINDERS.
Prof. on Pieds. Livres du Toids, pour étic leves.

15
120
405
960

1875
3240

iR
" Diam. e

Nombres des Cylindres, qui ont potig”
Dianictre 6 Pieds, et 12 Pieds de
profondear.

1
]
3
4
5 .
6 10440 7
7 Q0680 T
8 25920
9 29160
10 32400
20 G4500
30 azewen .
40 129600
50 162000
60 194400
70 226500
80 2540200
Y0 291600

:

T he invention of the atmospheric cngme,
though usually ascribed to Newcomen, or his’ co-
adjutor Savery, is unquestionably of French ongm.
An account of it having been published twelve years
prior to the commencement of Ncwcomen’s paa
tent.

In 1695, Papin, then resident at Cassel, pub.
lished a work, describing a variety of methods ﬁt
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raising water in which he enumerates the .above
invention, Being unable to procure this trac}:,
we inscrt the following trans]atmn of that

“ the alternately turning a sminll surface of water
into vapour, by fire.apghied to the bottom of the
cylinder that contams it, which vapour forces up
the plug i ?R;s;,, cylinder to a considerable height,
and whiﬁ‘{ns the vapour condenses, as the water
cools wHen taken from the fire) descends again
by me air’s pressure, and is applied to raisc the
water out of the mine.”

From this it will be cvident that any practical
mcechanic would have suggested the further applie
cation of pumps and a working beam or lever si-
milar to those¢ in Newcomen’s engine.

. To experimentally illustrate the principle on’
‘which the stcam or atmospheric engine acts, we
ﬁéve only to procure an hollow bulb of glass, con-
néctcd with a tube of thc same matcrial, about
fogr or five inches in length, and furnished with a
piston or plug, sliding air-tight. A small quantity
of water being placed in the vessel, must then
be heated to the boiling point, and the vapour
formed will specedily impel the piston to the open
end. Thc bulb must now be withdrawn from the
candle, and on being immersed in a vessel of cold
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water the vapour will rapidly condensc ; and the mi-
.. pute particles of which it is composed will rcturn to
lfheif original bulk. A vacuum being thus formed
within_the vessel, the piston will be driven into
the h a force proportionate to its diame-
ter; sphere or air that surrounds it pres-
sing with t equal to about fiftcen pounds
on each inch'afiis, entire surface. On the heat
being again apphed“‘&j}& process may be repeated
with a similar result. * R
If the glass tube be lengthened, a.pd bent in the
form of an inverted U, or syphon, W the lower
leg immersed in an open reservoir of wmt, thirty
feet below the heated bulb, it will be ioundaftcr a
repetition of the process of condensation, that the
pressure of the atmosphere, acting upon the sur-
face of the water, will so far tend to fill up the va-
cuum, as to raise the water contained in the open
reservoir to the top of the vessel; and it is upon
this latter principle, that Savery’s first engines
were constructed ; the remaining lift being cffect-
ed by the repellent force of steam. As, however,
we propose in this part of the work, to conh@e
ourselves more particularly to the historical data,
connected with the early history and invention of
the steam engine, without reference to the mm‘e
immediate principles of its construction and apph-
cation, it may be enough to say, that an engine for
raising water on this plan, has lately been con-
drived by Mr. Pontifex, of Shoc Lanc, which for
economy in the usc of fucl, and in expense of cree-
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tion, offers very considerable advantages over any
yet ecmployed. S

In 1698, Captain Savery obtained ‘a pat
a new mode of raising water, and commeg
motion to a variety of machines by t
steam ; and in the following year a
dcl of the above engine, was ded to the
Royal Society, who then held W€ sittings in
Arundel House.*® Savery*%ngine as we have
already stated, was. empioyed to raise water to a
given height by the pressure of the atmosphere,
and then to ﬁrCe the fluid up the remaining eleva-
tion, by thie’ power of steam acting on the surface.

In the'cngines constructed under the authority
of 8dvery’s patent, it was necessary for p labourer
to be in constant attendance for the purpose of
turning the cocks, which alternatcly admitted
stecam and the condensing water. M. de Moura
howcever effected a cousiderable improvement in
this part of the engine, by constructing a self-act-
ing apparatus for this purpose. |

'One of the greatest objections™ to this engine,
was the cxtreme danger attendant, on raising

~ * The following notice of this machine is inserted in their
Transactions for that year.

-* 4 Mr. Savery, June 14, 1699, cntertained the Royal Society,
with shewing a small model of his engine for raising water by
the help of fire, which he sct to work before them. The experi-
ment succeeded according to expectation, and to their satisfac-

tion.'
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water to any height beyond the atmospheric pres-
~gupe; and as this seldom cxceeded thirty fect, it
¢ mecessary for the remaining perpendicular
effected by the expansive force of stcam,
pe principle as the Marquis of Wor-

e, and for every thirty-three or four
height, a pressure equal to thc

atmosphere
boiler and receive Ag to burst them open.
On this account it woull¥eguire a separate cn-
gine, for every fourteen fathoms ofighe depth of a
mine, thus raising the water from oo anether ;
but in the event of any one bcconﬁué‘%gnnged,
the whole must necessarily stop. T
‘From this it will be seen, that this engitie was
not adapted either for the supply of towns or the
draining of mincs, (two of the patentce’s principal
objects,) theé latter of which wcre often of cone
siderable depth; but a number of small ones were
erected for the raising of water in gentlemen’s
pleasure grounds, in differcnt parts of England. Dr.
Desaguliers tells us that he madec seven of thege
engines: the first was for the Czar, Peter the
Great, for his garden at Petersburgh, where it was
set up. The boiler was made spherical, and held
between five and six hogsheads. The receiver
held one hogshcad, and was filled and emptied fous
timesin a minute. The water was drawn up b}'
suction, or the pressure of the atmosphere, twenty-
nine feet high out of the well, and then pressed
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up cleven fect higher. The pipes were all of cops .
per, but soldered to the suction piece with soft sobi*
der, which held very well for that heigh e
however, the amount of pressure beert g
must have burst the metal, and produe
mischievous cffects. .

From a MS. in thc possession gfi#ies late Rev.
Mr. Stcbbing Shaw, it app
crected one of these aboytallifelose of the seven-
tecenth century, at We ury, in the county of
Stafford. Inthis place the water rosc so rapidly
and in such, gntitics, from an adjacent coal pit,
that it cwai several acres of ground, where it
remained for sevcral years, although every effort
was made to reduce it, and drain the land.

It was soon found that the mode of producing
a vacuum in these cngines was liable to the most
scrious objections, not the lcast of which was the
unnccessary waste of steam ; and an improvement
on the original construction was shortly effected,
which, although not capable of completely cor-
reeting this defect, produced a considerable save
ing in the amount of fucl employed.

‘It has been already stated, that Savery’s mode
of condensation consisted in throwing a quantity
of cold water on the outside of the steam vessel
employed to form a vacuum in the pipes; and on
the re-admission of stcam it was found necessary
to restore the heat previously absorbed. To pre-
vent this, a small jet was inserted, which striking
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against the steam, converted it into water without
sensibly lowering the temperature of the vesscl.
‘When the repellent force of steam was cmployed
n thi:é;?;}:u@ngine, the waste of fucl was still more
consig@gable; great part of the stcam being con-
| n coming in contact with the surface
at@ls 80 that it could not be brought into
agtion till a Tifg _portion of the cold fluid was
raised to the bom point. As a further im.
provement on this eﬁ% Papin introduced a
moveable disk or float, which Was interposcd
between the water and steam, and ﬁﬁ@emg pressed
upon thc former, forced it up tﬁe*conncctmg
pipe without the steam coming into actual con-
tact with the water.

Newcomen, who is generally considered as the
inventor of the atmosphcric engine, appears to
have been an ironmonger, resident at Dartmouth,
in Devonshire; and that he was a man of consi-
derable practical ingenuity, is sufficiently cvident
from his arrangement of the engine suggested by
Dr. Papin.

Savery’s engine having failed, from the causes
we have alrcady stated, the mincs were ncarly all
at a stand for want of somc chcap and efficient
machine for the purpose of clearing the more.
distant workings. About this period Newcomen,
having associated himsclf with John Cawley, a
native of the samc town, proposed to crect en-
gines capable of supplying this desideratum, and
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taking the exhausted cylinder of Otto Guericke
for a model, applied Papin’s mode of producing a
vacuum to the above machine.

To understand the action of this machf
must conceive a hollow tube or cylin
nished with a piston, made to fit airgf

SN,

indced in all respects similar to a/g@dmmon sy-
ringe. At the bottom of this ar gveral apertures:
one to communicate with th i°8team boiler, and
furnished with a cock t&%pen and shut the com.
munication at g}&gasurc; another for the admission
of cold water3and a third to carry off the con-
densed stga?fh" and ¢jection water. A small lateral
aperture is also formed with a valve to allow the
escape of the air, or permancntly elastic gas,
which will not condense by the application of
cold water: this last is called the snifting clack.

If the piston be now raised to the top of the cy-
]inder, and stecam admitted, the air will be ejected
by the snifting clack. The stcam is then cut off,
and the cold water allowed to enter, which con-
densing, the stcam forms a vacuum beneath the
piston, which is pressed down with a force pro-
portionate to its diamcter.

In a working cngine for the draining of mines,
the piston rod is attached by a chain to the end of
a long lever, working on a fulcrum, at the op-
posite end of which are suspended the rods of
the pumps intended to raise the water: the
weight of these rods exceeds the weight of the

c
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pxston so much as to draw it up to the top of the
gecylinder, and the machinc is thus ready for the
admimon of steam, and thc production of an

to have been erected at Wolver-
half mile-stone leading from

already reR
hampton, near
- Walsingham to €I ’

In 1718, the patent® ‘.amd to ercct an en-
gine for the owners of a collicrysgn the county of
Durham, where several hundred 4 S werc cm-
ployed. Mr. Henry Bceighton, who 'was engaged
as ap agent in this concern, not appronnrr of the
intricatc manner of opening and shutting the
cocks, for the admission of stcam, water, &c.
which were then moved by strings and catches,
invented by a boy of the name of Potter, employed
a banging bar attached to the great working
beam for that purpose.

But the most, important improvement in thc
atmospheric engine, was the application of it by
means of a crank and fly-whcel-to the purpose of
turning mills. It was first described by Mr. Hulls,
who, in 1736, had a patent for an engine to be
employed in thc impclling of vesscls. It was not,

. however, generally used till 1770, about which
period it was attached to an engine, at Bir-
mingham. Scveral other patents have also beea

obtained for this purposc; and, in 1781, the Abb¢

\
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Arnal, Canon of Alais, in Languedoc, enter.:
tained a thought of the same kind, proposing to.
cmploy it in inland navigation. h .

The extensive foundery of Colebrook-ds L

nishing the first atmospheric engm&i‘bf consi-
derable size. It was intended f
Walker colliery, near Newca
crected in 1763. ; _
colossal engine weighed™8xclusive of the bottom,
130 cwt. whijlithc diamecter of the bore, which
was turned “grfectly true, and well polished,
mcasm(.d*hpwards of seventy-four inches.  When
complcted they were cnabled to raise on an ave-
rage above 507 cwt. of water at cach stroke of

the piston.

The double acting steam engine does not differ
very materially from those we have already de-
scribed. It was first suggested by Dr. TFalck,
who published an account of his invention in
1779. The chief improvement which he intro-
duced was the use of two cylinders, into which
the stcam was alternately admitted by a common
‘regulator, opening the communication with the
steam to onc, whilst it shut up the opening of the
other. The piston rods were kept (by means of a
wheel fixed to an arbor) in a continual ascending
and descending motion, in the same manner as,
the fods of a common air-pump, while the nut, .
actmg m the upright racks, was made to work

b c2
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the pumps, which were thus kept in constant
action.

From this it will be seen, that in a double cy-
linder engine, where two cranks are used, the
fly-wheel, which is usna'ﬂy employed as a maga-
zine of power, may be entircly dispensed with ;
which, in the reciprocating cngine, is an advan-
tage of considéigble importance, as the whole
power of the cngéigayst, in certain positions
of the crank, depend™@ipon the action of the
fly-wheel.

The firc wheel of M. Amontons, and the steam
wheel of his countryman Deslandes, were very

ingenious, though both of them much too intricate
for gencral use. The first of these inventions
consisted of a number of buckets placed in the
circumference of a whecl, and communicating
with each other by very intricate circuitous pas-
sages. One part of this circumference was cx-
posed to the heat of a furnace, and another to a
cistern of cold water. The communications were
so disposed, that the steam produced in the
buckets on one side of the wheel, drove the water
into buckets on the other side, so that one side of
the wheel was always heavier than the other, and
this constant addition of weight produced a rota-
tory motion.

Various attempts have been made at different
~ periods to employ the steam engine in the draining
" of land. M. Francois was, we believe, the first
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who suggested its practical application to this
purpose. e proposed to employ an engine on
Savery’s plan, and added machinery to open and
shut the cocks. Two or three large engines have
been constructed in this eountry, which have since
been employed in Holland with the most bene-
ficial eflecis; and there is no doubt but th .t their
value, when duly appreciated, “be sufficiently
obvious. This is more par% rly the case in
those tracts of low ands#¥ampy ground, whose
outfall lics at a considerable distance, and which
has previously to pass tarough ground of a highet
level. In some instances it has been found neces-
sary to cut drains or rather trenches of from ten
to twenty feet in depth, and this too for several
miles in length.

Mr. Savory, of Downham, who, we understand,
has given considerable attention to this branch of
civil engincering, states the cost of an engine of
twenty-horse power fitted up for this purpose at
fifteen hundred pounds, and that this will do as
much work as a mill with a forty feet sail, when
in full velocity. The advantages that may be de-
rived from the usc of stcam’in the fens or marsh
country, appears, from the same authority, to be of
the first importance. In casc of intense frost, the
uniform velocity, with the opportunities of. ¢com-
municating heat, would prevent the engine from
freezing, to which, from the uncertainty of winds,”
the other engines arc very much subject.  The
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consequence is, that a great fall of snow coming
at the same time that the mills have not been in a
state to prepare the ditches to reccive the over-
plus water which it occasions, an inundation gene-
rally takes place in the ofens; and, as the waters
rise very gapidly under these circumstances after
a thaw, it frgmqﬁuently occurs, that when the mills
are set at libertyfrom the cflects of ice, they arc
for some days inwgle‘ of successfully opposing
the accumulation of vdfr. . On the other hand,
by adopting thc means of ‘stéam, thc cngines
would be working in full effect ddfing the conti-
nuance of a frost, and the ditches beirfkept pro-
portionably low, would at all times be capable of
discharging the wager, and thus prevent inunda-
tion.

Mr. S. concludes this part of a very uscful paper
on the subject, by observing, that ¢ asto a district
of country which requires draining without any en.
gines upon jt, at the time of its being undertaken, it
isa matter of doubt in my mind, whether it could
not be drained morc economically by stecam, than
by the means usually adopted, although the ex-
pence of fuel must certainly be very great. Ta-
Jking the average of winds, the mills in the winter
season do not throw so much water in a weeky as
_they would in one third of the time, if they went
with all the velocity of which they are capable.
It follows, that one stcam engine, with equal
powers, would do as much cxccution in the
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course of a scason, as thrce windmills, and con-
scquently a great saving would accruc in the,
first cxpense, and aftcrwards in attendance and
repairs.” *

\

* Vide Communications tot  Doard of Agricultures vol. iv,
p. He.
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Ix the cnginc usually ascribed to Newcomen,
the stcam was not employed as an impelling
power, but was uscd for producing a vacudm be-
ncath the piston, which was alterwards forced
down by the pressure of the atmosphere; and it
was left to the masterly and towering genius of an
otherwise obscurc mechanic, to quadruple the
forec of this stupcndous machine, and by one’
step, perfect the labours of the preceding ccntury.

Mr. Watt's attention was first drawn to this
subject, by an examination of a small model of
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an atmospheric engine, belonging to the Univer-
sity of Glasgow, which he had undertaken to re-

i, In the course of his experiments with it,
he found the quantity of fucl and injection water
it required, much greater in proportion than in
the larger engines; and it occurred to him, that
this must be owing to the cylinder of this small
modcl exposing a greater surface in proportion
to its contents, than was effected by larger cy-
linders. This he cndcavoured to remcdy, by
cmploying non-conducting substances for those
parts of the engine which came in immediate
contact with the steam.  After a varicty’gf cxpe-
riments, the results of which we shall presently
describe, he succeeded in constructing a working
modecl, capable of producing a force cqual to four-
teen pounds on cvery inch of the piston, and which
did not require morc than onc third of the steam
used in the common atmosplicric engine to pro-
duce the sanie cflect.

It will be evident that this was as ncar an ap-
proximation towards perfection as could possibly
have been expected ; and indeced much more than
was likely to be effccted in a large cngine, as the.
vapour left beneath the piston posscssed only ones
fifteenth part of the clastic force of the stcam eme
ployed.to form the vacuum.

Having discovered that the great waste of calo-
ric in the old cngine, arosc from the alternate
heating ‘and cooling the cylinder, by the admis-
sion and subscquent condensation of the heated
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stcam, Mr. Watt perccived that to make an
cngine in which the destruction of steam should
be the least possible, and the vacuum the.pdst
perfeet, it was nccessary that the cylinder should
remain uniformly at the boiling point 5 while the
water forming the steam was cooled down to the
temperature of the atmosphere. To effect this,
he cmployed a separate condensing vessel, be-
tween which, and the hot cylinder, a communica-
tion was founed ﬁby means of a pipe and stop-
cock.

To un(léi‘stan(l the action of this engine, we
may employ a common syringe, counected with
a boiler, as in the atmospheric cngine, and fur-
nished with a pipe passing igto an air-tight vessel,
immersed in water for the purpose of condensa-
tion.

If the piston be then raised, and the communica-
tion with the condenser cut off; the stcam will
speedily expel the air; when this is effected, the
further admission of steam must be prevented, and

the communication with the condenser opened.
The stcam will now expand itself, passing down
the pipc and cntering the condenser; the mo-
ment, howcver, that it comes in contact with the
sides of the cold vessel, it will be condensed and
a vacuum formed ; and this process will continue
to procced, so long as any stcam remains bencath
the piston.

The only objection that offered itself” to this
admirable mode of condcnsation, arose from the
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difficulty expericnced in getting rid of the water
and air that remained in the condensing vesscl.
When stcam was generated from water that had
been freed from air by long boiling, a consider-
able advdntage was obtained; and it was found
that a power nearly equal to the entire pressure
of the atmosphere was produced. The great ad-
vantage thus obtained will be sufficiently obvious,
when it is known that, in the engines previously
constructed, the clasticity of the stcam arising
from the heated injection water remaining at the
bottom of the cylinder, was equal to one-cighth
of the atmospherical pressure, and consequently
destroyed an cqual proportion of the power of
the engine.

The mode of condensing the steam, by the ap-
plication of cold water to the outside of the con-
denser, was soon found inconvenient from the
great size and expensc attendant on the usc of
this apparatus; and Mr. Watt introduced an in-
ternal jet of cold water, which, striking agamst
the steam, instantancous]y reduced it to its ori-
ginal bulk, and thus formed a vacuum. To draw
off the condensing water, as well as to get rid of
the air that was extricated during condcnsation,
he found it nccessary to employ a small pump,
worked by the cngine, the size of which was pro-
portioned to the amount of air and water gene-
rated in the condcnser. In onc of the carly
engines upon this construction, crected at Bed-
worth, three air-pumps were used; two below,
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worked by chains connected with the beam, and a
third, placed above, which received the hot water
raiscd by the others. In the engines now ‘con.
structed, only one air-pump is employed, and this
tully answers the intended purpose.

Another improvement introduced by Mz, Watt,
consisted in surrounding the upper part of the
cvlinder with a cap, through a hote in the centre
of which the piston rod worked air-tight. The
force of stcam was then substituted for that of
the atmosphere, and at a pressure of more than
fiftcen pounds on the square inch; so that when
a vacuum was formed beneath the piston, steam
of comsidcrable impellent force was entering the
upper end of the cylinder, by mcans of a pipe
connected with the boiler.

By thus substituting the force of highly elastic
vapour, for the ordinary pressure of the atmos-
phere, the upper and under side of the piston
were preserved at the same temperature, and the
supply of steam being regulated by the width of
the aperture, any given amount of foree might
readily be produced. In the atmospheric engine
this could not be cffected, as the whole pressure
of the atmosphere was made to act on the piston,
the instant the vacuum was formed by the con-
densation of the vapour bencath; so that in the
cvent of a pump.rod breaking, by which tlie ele-
vation of the water might be impeded, and the
labour of the engine taken off, the rapid descent
of the piston would cvidently cause the destruc-
tion of the entirc apparatus.
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Soon after the completion of his first model,
"iﬁ& .Watt erccted an engine for his friend Dr.
Roébiick of Kinneil, ncar Borrowstownness, with
whom he was afterwards associated in the manu-
facture oﬁ,:lﬁzs improved cngine: the latter gen-
tlcman,%mﬁ%ver, in 1774, disposed of his sharc of
thcdbqsinbss to Mr. Boulton, of Soho*.

_—

* From this nursery of ingenuity has originated some of the
noblest aad most striking chefs d'auvre of mechanieal art yet
witnessed. The following account of this celebrated manufac-
tory is frf)m the pen of Dr, Darwin, 1t was written in 1768, and
when the manufactory, although © biz with promise,” was little
more than a type of its present magatude. ﬁ

““ Soho is the name of a hill in the county of b‘taﬂ'iiri@rabout
two miles from Birmingham, which a very few years age was
a barrenheath, on the bleak sminmit of which stood a naked hut,
the hgbitation of a warrgger.

“ The transformation of this place is a recent monument of
the effects of trade on population. A beautiful garden, with
wood? law’?f&xﬁ water, now covers one gide of this hill; five
spaci(‘nfs ksquarcs of building, erccted on the other side, supply
workshops or houses for about 8iX"hundred people.  The exten-
sive poot dt fhe approach to this building, is conveyed to ularge
wgiter-whcel in one of the courts, and communicates motion to a
prodigiou_g number of different tools. Bhie mechanical inventions

" for 4his puBpose are superion iy multitude, variety, and simplicity,
to ¢hdse of any magufactory in the hnown world. ,
f'Téys, and utchsils of various kinds, in gold, silver, steel, cogyv
r:th’toise-‘shcll, enamels, and many vitreous and metallic com-
«positiens, with. gilded, plated, and inlaid works, arc wrought up
“to phe hfﬁhést tlegance of taste, andhpprfcction of execution i.n
*thj 'plac*e. 1 )
+ 4 Mr? Boukton, who has establigped this great work, has joined
tasteand pll;l;a;:f)ph‘y with manufacgure gnd commerce; and from
the svyrious Pmnc’hcg n&\chcm!slr% and the nuinerous mechanic
grts fie emplys, abd his eftensive correspondence to every corner
- @f the world, i§ furnished with the bighest eatertainment, as well
.#gs the most lucrative cmplogpment.”
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We have alrcady stated, that Dr. Falck deserib-

cd an engine with two cylinders as carly as 1779,

which he called a double acting engine ; but. sﬂﬁllar
advantages were obtaincd by Mr. Watt i an cn-
ginc with a single cylinder. To cffect tHis, he ap-
plicd the power of the steam to press ty'b piston
upwards as well as downwards, by forming -the
vacuum alternately above and below the ceylinder.
When it became necessary to conncet the piston
and beam for an upward, as well as for a down-
ward stroke, a donble chain acting on an arch head
was substituted for the single one previously cm-
ployed ; and this was speedily superseded by a rod
connected wifh the working beam, by means of a
parallcl mofion. ‘

The Lrpansion Ingine was, also ‘invcntcd\‘bv
Mr. Watt, and though not gencrally cmploycd
until 1778, appears from a ]ctter writtgueby him
to a gentleman of Birminghams to have suggésted
itself as carly as 1769. “The principle qf this -Th-
vention, consists in shutting off' the farthoer ¢ntrance
of stcam from the boiler when the pisto'n has-been
presscd down in the cylinder, for a‘cer tamprolﬂr
tion of its total descent, leaving the remaibder fo®
be” accomplished by .the expansive forcé of* that
stcam alrcady introducced. T "\

To regulate the ¥ye of closing this valvc, and ..

as such the precise 'tmoma of stcam adm&ttcd, My, -

Watt employs a plucr-f';tmc with momablc pms,
which may be placed i such mnannemtlnt,»the
gtcam-valve will shut when thie piston*has’ Ck'.—
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_ scended one-half, onc-third, one-fourth, or at any
~ other proportion. By the application of this prin-
ciple the piston is madc to descend with an uniform
velocity, the pressurc on the piston continually di-
minishing-as the stcam becomes more and more
rare, and the accelerating force which works the
engine is consequently diminished.

The advantages attendant on this mode of ad-
mitting steam,-are however greater in an high-
pressure engine, than in those usually constructed
by Messrs. Boulton and Watt.

It does not appear that Mr. Watt produced any
large engines on his improved construction until
1774; and so slow is the pirogress ofimprd\%remcnt
against preconceived habits of long standing, or
intercsted clamour, that he found the term of his
patent was likcly to pass away before he should be
reimbursed. In conscquence of this he applied
to parliament, which, by a legislative enactment,
sanctioned the prolongation of the original term
for twenty-one years.

Soon after the renewal of his patent, Mr. Watt
published proposals for the erection of his improv-
ed engine, and in these the advantages to be ob-
tained ffom its use are placed in the strongest
light. In ah atmospheric engine, constructed on
the most improved plan, a quantity of water equal
to. 9,636, 660 pounds, was raised onc foot high
with a sy’lgle bushel of Newcastle coals; but Mr.
Watt undertook to raise 2¢,553,571 pounds, with

the same amount of fuel.
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The increasing depth of some of the larger
works in the mining districts, has called for a g ‘
portionate increasc of thc power employed&gw nd
many of the engines now erected for the purpose
of raising water, are of proportions so gij tic, as
can be conccived only by actual calcul,dtion. One
of the largest is that erected at the Union mipe in
Cornwall. It is upon Mr. Watt’s double-action
principle, and is loaded to exert its utmost force.
The steam-cylinder is sixty-three inches diameter,
and raiscs water equally in the ascent or descent
of the piston. The weight of water in the pumps
1s 82,000, Qounds, and with this load it makes 6+
double strokes per minute, of 7+ each, or it gives
to the load 100; feet motion per minute. To
effect this, which is equivalent to raising 8,261,500
pounds, lifted one foot high, or the power of 250
horses, it is necessary to consume about thirty-one
pounds of coal per minute. '

In 1797, the ingenious Mr. Cartwright, well
known for the valuc and variety of his scientific
avocations, invented a mode of applying the va-
pour of alcohol, or other ardent spirit, as a substi-
tute for common steam. In addition to the saving
to be effected by this plan, Mr. Cartwright in-
tehded to efploy his engine as a still, by which
the whole cost of fuel would be saved*. Such a

* It is curious, that a distinguished chemist of the present
day should have suggested the construction of an engine on
the following plan, which, it will be seen, is precisely similar
to that described in Mr. Cartwright's specification. "

D
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method, however, supposes a capability of blending
#&e business of a distiller with a variety of trades,
to"which it is totally inapplicable. A scheme
somewhat similar to this, and to which we shall
afterwaids more fully revert, has lately been at-
tempted by Colonel Congreve, in which he pro-
poses to burn a large portion of chalk mixed with
the coal, and thus convert the furnace into an

* ¥ Since the vapour of alcohol, having the same elastic force as
the atmosphere, contains %% of the latent heat of ordinary steam,
and since its elastic force is doubled at the 206th degree (six below
the hoiling heat of water) with perhaps one-third of additional
caloric, might we not, in particular circumstances, employ this
vapour for impelling the piston of a steam cngine? The con-
densing apparatus, could be, I imagine, so constructed, as to
prevent any material loss of the liquid, while more than a
quadruple power would be obtained from the same size of cy-
linder at 212°, with an expenditure of fuel not amounting ta
one half of what agueous vapour consumes; or the power and
fuel would be as three to one, calling their relation in ordinary
steam one to one. A considerable engine could thus also bs
brought within a very moderate compass. Possibly, after a
few operations of the air pump, the incondensible gas may be
80 effectually withdrawn, that we might be permitted to detach
this mechanism, which, though essential to common enginés,
takes away one-fourth of their power. In a distillery in this
country, or on a sugar estate in the colonies, a trial of this plan
might perhaps be made with advantage” While exercising its
mechanical functions of grinding, mashing, or squeczing the
canes, it would be converting ordinary into strong spirit for
rectification, or for the convenience of carriage. Might not
such an engine be erected on a small scale, for many purposes
of domestic drudgery? It would unquestionably furnish a
beautifal illustration in philosophy, to make one small portion
-of liquid, by the agency of fire, imitate the ccaseless circulation
and restless activity of lifc."—Phil, Tran. vol. cviii. p. 398.



of the Steam Engine. . 35

efficient lime-kiln. From this view of the subject,
we think it will be seen, that however plauﬂg!lg;m
or ingenious this invention may appear in tbt‘fory,
there are insuperable objections to its general
employment. We are still, however, g%atly in-
debted to Mr. Cartwright for the “mechanical
arrangement of the engine, described in this pa-
tent, as it furnishes the first hint for an elastic
metal piston, which has since been found of the
greatest use in high-pressure engines.

The first Portable Steam Engine appears to
have been constructed by Mr. Smeaton, who em-
ployed it for draining foundations and other tem-
porary works. It had a pulley, or wheel, to
receive the chain which communicated motion
from thc piston to the pump-rod, instead of a
beam. The pivots of the wheel were supported
by two inclined beams connected at top, whilst
the cylinder and pump were bolted down to the
groundsills. Thus, the whole machine being sup-
ported by one frame of wond, it could without
trouble be set to work in the open air. The
boiler, which required no setting in brick work,
was in the shape of a tea-kettle, and the fire-place
bemg in the centre, was surrounded on all sides
by water, thus presenting the greatest posstblem
surface to the action of the flame. Portable steam
engines are now employed not only in the erec-
tion .of bridges, and in underground excavatlons,
but are also usefully applied to the purpose of
propelling vessels and carriages : the latler appli-

D2
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cation is of a very recent date. Steam navigation,
f‘sﬁhWever, from its great national importance, will
deservedly find a place in a separate division of
this work
Of M¥. Homblower 8 engine, but little need be
said, as in’ p ice he was scarcely able to obtain
a greater efféct from the expansive action of the
steam in two cylinders, than Mr. Watt’s did in
one ; and having attempted in vain to procure an
extension of the original term of his patent, he
was afterwards prosecuted by Messrs. Boulton
and Watt for an infringement on theu'p, m using
the condenhser and air-pump. iy
“The principle of the high-pressure steam en-
gine depends on the power of steam to expand
itself very considerably beyond its original bulk,
by the addition of a given portion of caloric, thus
acquiring a considerable elastic force, which, in
this case, is employed ¥o give motion to a piston.
One of the greatest advantages attendant on em-
ploying the repellent force of steam, as in this
form of the engine, consists in an evident saving
of the water usually employed in gondensation;
and this, in locomotiye engines, for propelling
carriages, is an objcct of considerable importanee,
" Leupold has furnished a description of a high-
“pressure engine, in a very valuable work on ma-
chines, published in 1724. He ascribes the in-
vention to Papin, to whom we have already al-
luded as the inventor of the atmospheric enging.
The apparatus described by Leupold, consists 6?
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two single cylinders, placed at some distance
from each other, each of which is provided with g
piston made to fit air-tight, and connected mﬁh a
forcing pump. i

When steam of considerable elastqufy is ad-
mitted at the bottom of the first ¢ t‘ ider, it is
forced upwards, carrying with it thelidbver of the
pump; at the same time that the steam or air is
expelled from the 6ther. On this opcration
being repeated, or rather reversed, the steam 'is
allowed to enter the sccond cylinder, which is
also connected with the boiler, while the steam in
the first gﬂmdcx is allowed to escape into the air.
From fhis it will be evident that the process of
condensation forms no part of the principle of the
high-pressurc engine; and that the expansion of
gunpowder might be made to produce a pre-
cisely similar effect. .

The amazing force to be produced by the ex-
pansion of highly elastic vapour, did not escape
the penetrating notice of that towering genius,
which was now directing all its energies towards its
improvement. Accordingly, we find in Mr. Watt’s
first patent, the following clause, which expressly
describes this engine: ¢ I intend, in many cases,
to employ the expansive force of steam to press
on the pistons, or whatever may be used instead
of them, in thc same manner as the pressuce of
the atmosphere is now cmployed in common
fire-engincs. In cascs where cold water .can-
not be had in plenty, thc cngines may be
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wrought by the force of steam only, by dis-
charging the steam into the open air after it has
done its office.””

Messrs. Trevithick and Vivian were the first
to employ the high-pressure engine to advantage,
as they fog d it admirably adapted for the pur-
pose of Pi 'Hllmg carriages. In this case the
steam, after having performed its office, was
thrown off into the air; and the condenser, to-
gether with the necessary supply of cold water
which must have accompanied it, was by this
means dispensed with. For the purpose of mo-
tion, the high-pressurc engine certainly. possesses
considerable advantages, not the least of which is
its cheapness and portability ; the danger, how-
ever, attendant on the use of steam, acting with a
force equal to from forty to eighty pounds on the
square inch, must inevitably form an insuperable
bar to its general introduction to our manufac-
tures.*

Mr. Woolf’s improvements, which are of con-
siderable importance, arc founded on the same
principle as those of Mr. Watt, namecly, the power

* To understand the power of a high-pressure engine, and
the amount of caloric absorbed to produce a gnven force of
steam, it is necessary to compute this force at the various ther-
mometme degrees of heat, commencing at the lmhng point of
water, This has been most accurately calculated by Dr. Ure,
who, as well as Mr. Dalton, made a variety of experimeats to
illustrate this highly interesting subject, the result of which mll
be found in Appendix (B).
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of steam to expand itself, or increase its volume
in a very considerable degree, after its pass;age;g
from the boiler. From a variety of experirents
made on this subject, he ascertained thaﬁ{i quan-
tity of steam having the force of five, six, seven,
or more pounds on every square inch,g&he boiler,
may be allowed to expand itself tofHi: &ual num-
ber of times of its own volume, when it would
still be equal to the weight of the atmosphere,
provided that the cylinder in which the expansion
takes place, have the samec temperature as the
steam possessed before it began to increase.

The increased degree of temperature necessary,
both to producc and to maintain this augmen-
tation of the steam’s expansive force is consider-
able; and the amount may be seen from the fol-
lowing table:

Pounds per squarc

inch. Degrecs of heat. Expansibility,
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The mest cconomical mode of employing this
principle, consists in the application of two steam-
cylinders and pistons of unequal size to an high-
pressure boiler ; the smaller of which should have
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communication both at its top and bottom, with
‘steam vessel. A communication being also
ofined between the top of the smaller cylinder and
the bT of the larger cylinder, and vice versa.
When the epgine is set to work, steam of a high
temperat% admitted from the boiler to act by
its elastic Won one side of the smaller piston,
while the steam which had last moved it, has a
communication with the larger or condensing
cylinder. If both pistons be placed at the top of
their respective cylinders, and steam of a pressure
equal to forty pounds the square inch, be ad-
mitted, the smaller piston will be pressed down,
while the steam below it, instead of being allowed
to escape into the atmosphere, or pass into the
condensing vessel, as in the common engine, is
made to cnter the larger cylinder above its pis-
ton, which will make its downward strokec at the
same time as that in the smaller cylinder ; and,
during this process, the steam which last filled the
larger cylinder, will be passing into the condcnser
to form a vacuum during the downward stroke.
To perform the upward stroke, it is merely
nccessary to reverse the action of the respective
cylinders ; and it will be effected by the pressure
of the stcam in the top of the small cylinder,
acting beneath the piston in the great cylinder;
thus alternately admitting the stcam to the dif-
ferent sides of the smaller piston, while the steam
last admittcd into the smaller cylinder, passes
regularly to the different sides of the larger piston,
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the communication between the condenser and
steam boiler being reversed at each stroke. - *’

The economical application of this - #Eng““iﬁ?é;
may however be best understood by gifiéxami-
nation of its effective force when appliell to the
raising of water. It appears th\a;ﬂ%double cy-
linder expansion engine was “cifistructed for
Wheal Vor mine in 1815. This has a great cy-
linder of fifty-three inches in diameter, and nine
feet stroke, the small cylindér being about one-
fifth of the contents of the great one. The en-
ginc works six pumps, which at every stroke raise
a load of water of 37,982 Ibs. weight, seven feet
and a half high. This produces a pressure of
14.1 lbs. per square inch on the surface of the
great piston, whilc its average performance may
be estimated at 46,000,000 lbs. raised one foot
high with each bushel of fuel.

The great mass of inert matter contained
in the working beam of the reciprocating en-
ginc, must of necessity produce a proportionate
waste of power; each clevation of the piston ’
causing a change from a state of rest to motion,
and vice versa. This, however, is in no small de-
gree enhanced, by the mecessity of employing a
fly-wheel of considerable wecight to equalise its
motion. To prevent this loss of power, a variety
of contrivances have becen suggested, for the pur-
posc of producing a continuous action, without
the intervention of a cylinder and piston, thus
dispensing with the beam and fly-wheel.
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“To produce a continuous rotatory motion, is,
bowever, little more than a return to the simple
pﬁnctples on which the earliest engines were con-
structed. We have already stated, that the ltalian
phdosopber Brancas, directcd stcam of consider-
able repellent force against the vancs of a wheel,
which was employed to-give motion to a stamping
press, though the force obtained must have been
very inconsiderable. The principle of this in-
vention was also 8pplied to a very ingenious,
though we fear useless rotatory engine, con-
structed by Kempel.

It consisted of a hollow cylinder, furnished
with two arms, at the end of which were trans-
verse apertures; and this was connected with a
large eolipile or boiler, by means of a movcable
socket. The steam employed to drive the arms
was of considerable elasticity, and rushing out at
the apertures with considerable violence, pro-
duced a rotatory motion.

About the same period, Mr. Sadler, of Oxford,
‘took out a patent for a similar machine, though
we are not aware that it was ever usefully em-
ployed, the rarity of steam being such, that even
if none be condensed by the cold of the atmos-
phere, the impulse must necessarily be exceed-
ingly feeble, and the expense of steam, to producc
any serviceable effect on the machinery, exceed-
ingly great.

A very ingenious, and not less simple mode of
prodtgng a continuous rotatory motion, is de-
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scribed by Mr. J. Cooke in the Transactions of
the Irish Academy.* It consisted of a wheelj
with moveable valves or flaps on its circumferenée,
turning freely on joints, which admittéd their
openings only to a line passing through the centre
of the wheel. These, when closed, lay exactly
on a level with its outer extrerr;ity, buc when
open fell down perpendicular to it. The wheel,
thus formed, was enclosed in a case, which fitted
it exactly, while the upper vdlves were close and
the lower extended. The steam in its passage
from the boiler to the condenser, pushed the ex-
tended valves, and thus gave motion to the wheel.
A working modecl of this engine, without the con-
denser, was, we believe, exhibited before several
members of the academy. In this instance, how-
ever, it must have acted as a high-pressure
cngine, discharging the steam at each division of
the wheel; and we very much doubt whether it
would be possible to pack the hanging valves suf-
ficiently tight to adwmit of their readily fa.lling' to
the position described by Mr. Cooke.

Several other attempts have also been made to
produce a continuous rotatory motion, the most
important of which will be found in the analysis
of patents prefixed to this work ; but the only one
which appears at all likely to succeed in practice
has lately been .invented by Mr. Masterman,
and to this we would more particularly call the

* Vol. iii. p. 118. A.D. 1769.
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' reader’s attention. In his engine, Mr. Masterman
Jfitoposes to employ water as the propelling power,
ch he effects, by enclosing it in the tubular

rim of glarge wheel, furnished with valves open-
ing in onédirection. This wheel is made to re-

volve on a hollow axis connected with the steam
boiler. The arms which radiate from the axis
are also hollow; and on the admission of steam
from the boiler, it is conducted through the arm
immediately opposite, and entering the rim of the
. wheel, comes in contact with, and presses against
the column of water on the onc side, and the
closed valve on the other. The water being pre-
viously heated to the boiling point, no cofiden-
sation ensues, but the whole weight of water,
*which was previously balanced in two columns of
equal length, is driven by the pressure of the
steam to the side opposite to that at which the
elastic vapour entered, and that side of the wheel
will nccessarily preponderate. If this process be
repeated, the steam being allowed to blow through
each radiating arm in succession, a continuous
rotatory motion will be produced. Should it be
found adviseable to employ steam of less elasticity,
a condenser may be added, and this too without
materially increasing the expense. '

In Messrs. Boulton and Watt’s Bell-crank Engine,
the cylinder is supported by brackets proceeding
from a cast-iron condensing-cistern, and is placed
over one end of it. The beam which is formed
likglwight—angled triangle, has its centrc of mo- -
e .
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tion at the right angle, and the axis of it is s‘
ported by bearings screwed to the cistern ;
the opposite end to that upon which tb )
is placed, the horizontal arm of the trinijgle

the working arm of the beam, to the e&@ehuty of
which the power of the cylinder is applied. The

connecting rod is jointed at the upper end of the

perpendicular arm, and extends to the crank,

which is supported in bearings screwed to the

cistern at the same end at which the cylinder is

placed, the dentre of motion being at the same
level with the 'top of the cistern; and beneath the
cylinder, the hypothenuse of the triangle of the
beam forms a brace to strengthen it. Two of
these beams are used, and are applicd on opposite
sides of the cistern, upon the same axis of motion,’
and are united together by cross rods, thusform-
ing two connecting rods and cranks upon one
axis of motion, the fly-wheel being placed at one
cxtremity of the axis. To connect the piston-rod
with the ends of the arms of the beam, or the base
of the triangle, a rod is fixed across the top of the

piston rod ; and to the two ends of this two other
rods are linked, which descend to the beam, and

are pointed to it at the ends. By this means, the

ascecnt and descent of the piston-rod produce a’
corresponding action of the beam upon its centre

of motion; the upper end qf the perpendlcular

arm moving backwards and forwards, thus by

means of the connecting rods turning the cranks.

The rods which descend ftom the bar, whith"is
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ﬁx«ed across the top of the piston-rod to the ends
ighthe beams, are so constructed, as to preclude the
e su;y of employing the parallel motion. This
engm%ﬁyery compact ; it requires no fixing, and
the auupmp which is placed in the middle of the
cistern, is worked by two rods jointed to the hori-
zontal arms of the beams.

The atmospheric engine was first employed in
North America, about 1760, and two engines on
this principle were erected in New England be-
fore the revolutionary war. One was also cm-
ployed for the purposec of draining Scbuyler cop-
per mige, on the river Passaick, in New Jersey.
The greater part of these engines, however, were
executed in England. Some ideca of the slow
pragLess which has been made by our transatlantic
bretbren, in this very important invention, may
be furnished by the following fact, that no more
than' four engines of any importance were at
work in the whole continent of America at the
beginning of the present century. Of these, two
were erected at New York, the first of which was
employed fof the supply of that city with water,*
and the other gave motion to a saw-mill. The
remaining two were erected at Philadelphia, and
belonged to the corporation of that city.

% This engine is upon the principle of Boulton and Watt's '
dﬁble action engines. It has two boilers ; one of wood, and
~the other of Sheet iron. The fly is driven by a sun-and-planet,
wlled, and the shaft works three small pumps. ‘
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The city of Philadelphia was for many years sup-"'

gine; Mr. Evans, the Trevithick of Agy
has, however, lately substituted a hlgh
engine in its place. By this means, in faelalone,
a saving of seventeen dollars per day has been
cffected.

Trinidad appears to have been the first West
Indian colony in which the resident planters could
overcome their ancient prejudice in favour of the
cattle mills, which arc still generally employed on
sugar estates. Mr. William Lushington, who had
a considerable property on that island, introduced
a large cngine by Boulton and Watt in 18044 and
so great was the saving effected by its use, that
the labour of three mills, each of which were
equally expensive, was usually performed by the
one machine.

I'rom the result of some .experiments lately
made with two stcam cngines, constructed by Mr.
Maudslay for the island of Ceylon, it appears, that
this species of power has been equally efficient in
the dressing of rice and preparation of oil. The
apparatus employcd for this - purpose was con-
trived by Mr. Hoblyn, a gentleman well known
for his distinguished scientific attainments, and it
has been found that, allowing thrce hundred work-
ing days in the year, and the engines to work ten,
bours per day, they would afinually convert
576,000 of paddy into a quantity of rice equalto
147,347 bags, which, at nine rix-dollars a bag,
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would amount to 116,085 sterling, while the
e quantity of paddy being converted into rice
Dy the common method, would produce only
64 7991.W The saving, therefore, by these two
macbmégﬁﬁs more than 50,000. per annum.

But the introduction of this valuable meccha-
nical agent to the mines of South America, did
not take place till 1815; and in the following
year a report on the subject was published in the
Lima Gazette. After describing this important
event, it adds, ¢ Immense and ind spssant labour,
and boundless expense, have conquéred difficul-
ties hitherto esteemed altogether msupgrable ;
and we have, with unlimited admxratlon, “wit-
messed the erection, and astonishing operation of
the first steam-engine. It is established in the
celebrated and royal mincral territory called the
mountain Yaiiricocha, in the province of Tarma;
and’we have the felicity of seeing thc drain of the
firse shaft in the Santa Rosa mine, in the noble
district of Pasco.”” They add, *“ We arc ambitious -
of transmitting to posterity, the ‘dctails of an un-
dertaking of such prodigious magnitude, from
which we anticipatea totrent of silver, that shall
fill surrounding nations with astonishment.”

It appears that the new world is principally in-
debted to the agency of M. Frangois Uville for
‘this improved era in their mining annals. This
gentlemah havibg found that a large portion of
the most valuable mines in Peru were falling into
decay, and in some cases totally drowned from
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the impossibility of draining them by manual labour, "
applied to Mr. Trevitgick of Camborne m Cosp
wall, one of the patentees of the high-pre ',
gine. This ingenious mechanie apphw "mself
with such extraordinary diligence to ﬂiq+subject,
that in less than nine months the materials for as
many cngines were completcly ready ior their
destination. This- apparatus, which cost about
ten thousand, pounds, left Pcntsmouth in the be-
ginning of September, 1814, accompanied by M.
Uville and thh:e Englishmen, to direct the erec-
tion of ther”machmery .

Mr.. Trevithick was afterwards cmployed to su-
perintend the Royal Mint established at Lima,
and on his arrival in South America, was received
with such enthusiastic gratitude, that the Lord
Warden proposed to ercct his statue in massive
silver. The engines employed were exclusrvely
on the high-pressure principle, and will be found
under his patent in the Appendix to the present
work. Indeed this appears to be the only engine
likely to act with“an advantageous effect, the ex-
treme rarity of the atmosphere in those elevated
regions, precluding the cconomlcal use .of the
common engine.

We have hitherto viewed the steam engine, when
employed as asgubstitute for animal force, jn giv-
ing motion to mills, raising of water, and a variety.
of other employments, all of which, however, are
‘sf a fixed and stationary nature. But somé pro-
gress has likewise been made towards the applica-

E
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tmn of the same power to moveable machinery,

L when constructed for this purpose it is called

. tive engine,

T‘eemplq meut of an intcrnal mechanism to
impel waggons on a planc road is of very carly
date, but the first application of the steam engine
to this purpose took place, we believe, in the Royval
Arsenal at Paris, towards the close of the last cen-
tury. From this time till 1802, but little progress
appears to have been made in the use of this spe-
cies of wheel carriage; but aboutsthe latter pe-
riod, Mr. Trevithick commenced a series of expe-
riments on the usc of the high-pressure engine
for the above purposc; and this, with some im-
provements, has since been adopted.

When these engines were tirst tricd, it was
found difficult to produce a sufticient degree of
{c-a.&tion between the wheels and the track road,
so that the tormer turned round without advanc-
ing the vchicle. This was rehedied by Mr. Blen-
kinsop, who, when he adopted this species of con-

' veyance, took up the common rails on one side of-

~ the whole length of the road, and replaced tlfgm
vith rails which had large and coarse cogs pro-
jecting from the outsidé. The impelling wheel of
the enmne was made to act in these teeth, so that
it contipued to-work in a rack the whole length
of the rdad.

" An enginc of four horses’ power, employed by

. Ms. Blenkinsop, impelled a carriage lightly loaded
at', the ratec of ten miles an hour, and when con-




. of the Steam Engine. 51

nected with thirty coal waggons, each wexghmg
more than three tons, it went at about ones
of that pace. Lo

The application of the steam cngmiz’”&%ﬁrﬁpe[
carriages on the public roads, has hitherto been
considered as a refinement in, mechanics, rather to
be wished for, than a matter of reasonable expec-
tation. It has however becn stated, that a vehi-
cle of this description is now constructing in Irc-
land, intended::as a stage-coach, and it is added,
that when loaded with a weight equal to four tons,
it will be enabled to advance at the rate of fifteen
English miles per hour. But it must, we think,
be sufficicntly apparent that the employment of
this spccies of prime mover on a common gravel
road, would be in the highest degree destructive,
and a considerable inercase in the toll worild be tlre
certain conscquence.

In proot, howeves, that the necessity of em-
ploying an iron tra¢k-road for these vchicles is
not so serious an objection as at first view might
be supposed, more particularly in our mining dis-
tricts, the neighbourfiood of Newcastle alone, af-
fords, within an cxtent of twenty-cight ‘square
“miles, more than sevepty-five miles fitted for this
species of conveyance; and it is a well known ,
fact, that therc are many situations in wﬁxgh iron

rail-roads might be advantageausly empldyed, in
which it would be quite impossible to open a’
navigable canal.







STEAM NAVIGATION.

CIIAPD. IIL

Introduction and Improvements effected by Hulls—
Duquet—Jouffroy— Fulton— Miller—Symington
—Stanhope— Linnaker—Thumes and Clyde boats
—Progress of Stcam Navigation in America.

Tue possibility of employing stcam as a moving
power in the navigation of vessels, was known early
in the last century; its practical application how-
cver, on alarge scaie, has not been fully established
above twenty vears.

In 1698, Savery reccommended the use of pad-
dle-wheels, similar to those now so generally em-
ployed in steam vesscls, though without in the re-
motest degree alluding to his engine as a prime
mover; and it is probable that he intended to em-
ploy thc force of men or animals working at a
winch for that purpose. About forty ycars after
the publication of this mode of propelling vessels,
Mr. Jonathan Hulls obtained a patent for a vessel,
in which the paddle-wheels were driven by an at-
mospheric engine of considerable power.

In describing his mode of producing a force
sufficient for towing of vesscls, and other purposes,
the ingcunious patentee says,  In some convenient
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part of the tow-boat there is placed a vessel about
tarp-thirds full of water, with the top close shut ;
this vessel being kept boiling, rarcfies the water
into a steam ; this steam being conveyed through
a large pipe into a cylindrical vessel, and there
condensed, makes a vacuum, which causes the
weight of the atmosphere to press on this vessel,
and so presses down a piston that is fitted into this
cylindrical vessel, in the same manner as in Mr.
Newcomen’s engine, with which he raises water
by fire. «

“It has becn already demonstrated that when
the air is driven out of a vessel of thirty inches
diameter, (which is but two feet and a half}) the
atmosphere will press on it to the weight of 4 tons
16 cwt. and upwards ; when proper instrnents for
this work are applied to it, it must driveta vessel
with great force.”

M. Hulls’ patent is dated 1736, and he cm-
ployed a’crank to produce the rotatory motion of
his paddle-wheels, and this ingenious mode of
converting a reciprocating into a rotatory motion,
was afterwards recommended by the Abbé Arnal,
Canon of Alais in kanguedoc, who, in 1781, pro-
posed the crank for the purpose of turning pad-
dlc-wheels in the navigation of lighters.

It is probable that Mr. Hulls anticipated some
objection to his new mode of propelling vesscls,
and it appears from Captain Savery’s statcment, to
which we have already alluded, that a strong pre-
judice had been raiscd against the use of propel--
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ling wheels in vessels.  Mr. Secretary Trenchard,
who was at that time at the head of the Admxra&;y*
had also given a decided negative to the p'ropbsl-
tion. In answer therefore to the ochctlons which
might have been anticipated, Mr. Hells proposed
the {pllowing querics, which he afterwards solved
in the most satisfactory way.

“ Query 1.—Is it possible to fix instruments of
suflicient strength to move so prodigious a weight,
as may be contained in a very large vessel? .

Answer.—All mechanics will allow it is possible
to make a machineto move an immensg weight, if
there is force enough to drive the same, for every
member must be magle in a proportionable strength
to the intended work, and properly braced with
laces of iron, so that no part can give way, or
break.

Query 2—Will not the force of the waves
break any instrument to pieces that is placed to-
move in the water? -

Answer. Yirst, It cannot be supposed that this
machine will be usced in a storm or tempest it sea,
when the waves are very raging ; for if a merchant
licth in a harbour, &c. he would not choose to put
out to sca in a storm, if it were possible to get out,
but rather stay until it were abated. bccomhy,
when the wind comes ahead of the tow-boat, the'
fans will be protected by it from the violence of
the waves, and When the wind comes side.ways,
the waves will come. edge-ways of the fans, and
‘therefore strike them with the fess folqc. I‘hndly, .
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‘there may be picces of timber laid to swim on the
?&*ﬁtface of the water on each side of the fans, and
so’eontrived as they shall not touch them, which
will protect thctr*from the force of the waves.

Up inland rivers where the bottom can pos-
sibly be reached, the fans may be taken out, and
cranks placed at the hindmost axis to strike a shatt
to the bottom of the river, which will drive the ves-
scl forward with the greater force.

Query 3. 1t being a continual expensc to keep
this machine at work, will the expensc be an-
swered?

Answer. The work to be done by this ma-
chine will be upon particular occasions, when

. all other means yet found out are wholly insuf-
ficicnt. How often does a merchant wish that his
ship were on the ocean, when, if he were there,
the wind would serve tolerably well to carry him
on his intended voyage, but does not serve at the
same time to carry him ‘out of the river, &c. he
happens to be in, which a few hours’ work at this
machine.would do. Desides, I know engines that
are driven by the same power as this is, where
mategials for the purpose are dearcr than in any
navigable river in England. Expcrience, there-
fore, demonstrates, that the expense will be
but a trifie to the value of the work performed
by those sort of machines, which any person who
knows the naturc of thosc things may casily cal-
culate.” :

M. Duquet appears to have tried revolving

w
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oars as early as the year 1699, and experiments
were made with them on a large scale both ag!
Marseilles and at Havre:* this mode, however, of
1mpcllm<rhvcssc]s was soon given up as imprac-
ticable; and after our countryman, Hulls, the
Marquis de Jonfifroy unquestionably holds the
most distinguished rank in the list of practical
cnginecers, who have added to the value of this
invention,

It is cvident from an article published in the
Journal des Dcbats, that in 1781 the Marquis
constructed a steam-boat at Lyons, of 140 fect in
Iength. With this he made several successful
experiments on the Saone, near that city. The
events of the revolution, which broke out a few
years afterwards, prevented M. de Jouffroy from
prosccuting this undertaking, or reaping any ad-
vantage {rom it.  On his rcturn to Irancc after a
long exile, in 1796, he learned from the news-
papers that M. Dec Blanc, an artist of Trevoux,
had obtained a patent for the construction of a
stcam-boat, built probably from such information
as he could procure relative to the experiments of
the Marquis. The latter appcaled to the gpvern-
ment, which was then too much occupied with
public affairs to attend to those of individuals.
Mcanwhile Fulton, who had gained the same in-
formation, and was making similar experiments

* Vide Recueil de Machines approuvées par L' Académie
Royale de Sciences, tome i. 173.
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mear the Isle des Cygnes, alarmed M. De Blanc,
e knew that he bad much wore to fear from the
influence and mechanical skill of an Anglo-Ame-
rican, than- from ghat of an emigrant. KEe accord-
ingly alleged his patent right, and requested the
stoppage of Mr. Ifulton’s works, who returned for
answer, that his essays could not affect I'rance, as
he had no intention to set up a practical compe-
tition upon the. rivers of that country, but should
soon return to America, which he actually did,
and commenced the crection of’ those engines to
which he has since laid claim as exclusive in-

- ventor.* ,

‘Shortly after the first experiments were made
bj' the Marquis de Jouffroy, a gentleman of the
name of Miller, who resided at Dalswinton, pub-
lished a work, in which bhe described the appli-
cation of wheels to the working of triple vessels
on canals; and in 1794 he completed a model
of a boat on this construction, impclled by a
stcam engme. :

From this period till 1801, but little progress
appears to have been made in this species of na-
vigatien : in that ycar Mr. Symington, who had

L
noe

* The Quarterly Review, in an admirable article inserted in
the thirtj eighth number of that work, very justly exposes the
pn:t,cnsxons of the Amdricans to this inv ('ntu)n ; and points out
some of the advantages which society owe {to the above modest
and philanthropic individual, not the least of which is the at-
‘tempted introductivn of the torpedo, and other apparatug for
destroying human lifc by wholesale.
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w”

been employed in the construction of Miller* ;
vessel, tricd a boat propelled by steam on: gbﬁ
Forth-and-Clyde Inland Navigation : this, ‘héw-
ever, wasgshortly laid aside, og account of the
injury with which it thrcatened the banks of the
canal, from thc violent agltatlon produccd by the
paddle-wheels.

Mr. Symington’s mode of connccting the pis-
ton and paddle-wheel, was by placing the cy-
linder ncarly in an horizontal position, so that by
this means the nccessity of employing a working’
beam was avoided. The piston was also sup-
ported in its position by friction-wheels, and com-
municated, by means of a rod, with a crank con-
nected with the wheel, which imparts a motion
to a paddle somewhat slower than its own. «The
paddle-wheel was placed in the middle of the boat
towards the stern, and on this account it became
necessary to have a double rudder, connected by
rods, which were moved by a winch placed at the
head of the boat. *

Mr. Symington also employed stampers placed,
at the head of the boat, for the purposc of break-
ing the ice on canals; and this plan, we Bdic"x‘c,‘
was also adopted in the original constraction of
the vessels intended for the Arctic expedition.

In 1795, a very ingcnious apparatus was in-
vented by Lord Stanhope, and tried by that no-
bleman in Greenland Dock. In.this experiment,
the paddles were made to resemble the fect of @ -
duck, and were placed under the quarters of the

. ow
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;vessel. This plan was also tried in America, but
3.does not appear in either case to have answered
thé expectations of its projector.

A plan has also been tried which in some mea-
sure resembles the French chain-pump.  This
was, we believe, first employed in the Duke of
Bridgewater’s canal, and consists in the usc of a
chain, with a number of paddles attached to it,
going over two whecls placed level with the water
line. A steam engine acting on the forcmost
‘roller, gave motion to the chain, and a continuous
parallel motion was thus cftected.

In 1800 Mr. Linnaker obtained a patent for
propelling vessels by forcing a strcam of water
from the stern, an additional supply being at
the same time drawn in at the head of the vessel.
This ingenious contrivance, however, appears to
have been practised nearly a century back : a very
<ircumstantial account of the apparatus for this
purpose being prefixed to the Specimina Ichnogra-
phica of John Allen, published in 1730.

The first really practicable, and we may add
profitable attempt at stcam navigation in Europe,
_appears to have been made on the Clyde in the
'):car 1812. This was a vesscl for the conveyance
of passengers, with an engine of only three horses’
-power, and which was of considerable draught.
On account, however, of the numerous shallows in
our rivers, it has.since been found advisable to con-
struct the vessels cmployed in this spccies of na.
vigation so as to.draw as little water as possible.
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The greatest number of boats now in use either

on the Thames or Clyde navigation, are fitted up’

for the conveyance of passengers. They have
two cabins, onc before the engine, which is
smaller, and at a reduced price, ‘while the second,
or large cabin, is usually fitted up in ti.e most
clegant manner. In some cases the cabins enjoy
the additional advantage of being heated by
stcam, while others are heated by means of a
pump, which forces a current of air over the
chimney into the cabin. The engine-room is
seldom more than twenty feet in length, and
little morc than halt' as many in width; this
being sufficiently large for an engine of twenty
horses’ power, with all requisite apparatus, two
boilers, and abundant stowage for coals. By an

ingenious contrivance, the chimney, which is of

considerable height, is made to lower nearly level
with the deck. The joint that covers the flue
during this process, acting upon the same princi-
ple as the sliding shells of a lobster’s back, which
completely prevents the cscape of smoke.

From a scrics of accurate experiments and cal-
culations latcly mage, it appears, that the expense
attendant on the navigation of a small vesscl is
much larger in proportion, than where an engine
of greater power is ¢employed ; and, conscquentb,
we find that stcam-boats of great burden are now
constructed. In America, more particularly, these
boats usually run from three to four hundred tons
burden, the great width of theig. rivers rendering

o
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b
; vessels of this sizé perfectly manageable. Mr.

nan,: however, recommends the use of a
ve'éﬁe’l whase dimensions shall not exceed seventy
feet m kecl, and ninety tons burden, as the most
cligible size for a*luggage and passage boat.

It has beeu 1 d, and we think with some de-
gree, 6f reason, “that the sccurity and comfort of
passengers. by stcam-boats would be best con-
sulted by.the employ ment of a subsidiary vessel of
sufficient burden to convey the engine and heavy
luggage. By the adoption of this plan, the
danger to the passengers trom the bursting of the
boiler, or othcr-apparatus, would be entirely pre-
vented, and the high-pressure engine generally
emplb’)?cd It would also remedy the loss and ‘in-
convenience attendant on the continual shaking
of, the vessel, which, if large and lightly con-
structed will be shaken asunder by the enginc in
a very shot period. And last, though ,certainly
not thq least among the advantages likely to ac.
crue.from the adoption of this plan, it would ma-
terially diminish the disagreecable cffect arising from
the heat of the furnace-and noise of the engine.

- To remedy the inconvenience that has some-
times bcen e\peucnccd from the difference in the
draught of*vesscls by which the paddle-wheels are
at ore time sunk bencath the centre of their axis,
whlﬂ: at another “time= thc_y scarccly touch the
water, 3 made of adwstmg their relative height
has been lntrqducecl. -Af apparatus ‘calculated to

» ‘cffect this very desirable ohject,"withopt rctarding
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the motion of the vesscl, was lately presented to
the Socicty of Arts, by Mr. Dickson, who re-
ceived the sijver medal for the abowp conTti-
nication.

Mr. D. states, that she great utility of this
improvement consists in its app ’, to sailing
vessels: for instance, suppose a: steam vessel to
be going direct against the wind by means of the
whole power of her steam engine, and that the
wind should change and become favourable, the
propellers may, by thesc mcans, be immediately
raised out of the water, and the vessel allowed to
have the whole cffect of the sails, thereby saving
the cxpense of fuel.  All stcam vessels now i
use, expericnce so great an impediment from the
propellers being always in the water, as to render
sails of no benetit. Another advantage will be de-
rived when there is only a gentle breeze in the
vessel’s favour, as the propellers can be.set to
work, which will take hold of the water at plea-
sure, and thereby unite the power of the steam to
that.of the wind, which will securc the passage in
the given time, at much less expcnse, as the en-
gine will only consume fuel in proportion fo the
labour it has to perform. A farther advantage

will be found<when the vessel has only a side
. wind; for, by the use of this contrivahce, onc of.
the propelling wheels’ can be worked with its full
power in the water, and the othel cntu‘cly hftcd

- out, if neccssary. .
For the par posc of accumtc]y trimming the ves-
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sel, Mr. Dodd recommends the use of a tank or
tern, placed bencath the projecting deck on
each side.the vessel, the water ballast for which
may be raised by the working of the engine. This,
on being discharged by ineans of a plug, would
give a prepﬂ‘ﬁderancc to the opposite side of the
vessel, and as it would be placed at thc end of a
lever, the fulerum of which is the kecl, a small
quantity of water would have considerable effect.
A contrivance necarly similar to this, has becn
adopted for a considerable period of time on board
one of the Gravesend steam vesscls. It consists
in the use of a small carriage made to contain an
iron cable, which is occasionally employed to
oor the vessel, and its weight is such that the
vessel may readily be-trimmed by moving it from
side to side.

Mr. Maudslay has lately constructed a large
engine for a stcam-boat invented by Mr. Brunel,
which has two cylinders acting alternately upon
different cranks, formed upon the same axis at
right angles to cach other, so that the motion is
continued without the action of a fly-wheel. In
this engine, one boiler 15 placed between the two
cylinders, and one air-pump and condenser ex-
haust them both; so that by these means an en-
gine of considerable power is contained in the
smallest possible space.

Some idea of the prevalence of steam navigation
in the more northern parts of our island, may be
.formcd from the following estimate f’f the' number
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of passengers who have availed themselves of this
species of conveyance in the course of one year,
On the Forth and Clyde canal, between Glas ‘
and Ldinburgh, 94,250; between Glangﬁ' and
Paislcy, by the Ardrassan Canal, 51,700; and
from Glasgow, along the Monkland canal, 18,000.

Steam-boats of a large size age mow employed
i the Adriatic.  One (La Carolina) goes regularly
every second day from Venice to Trieste; another
(L’ Eridano) passes between Pavia and Venice,
and with such celerity, that the voyage is accom-
plished in thirty-seven hours.

We have now to notice the labours of our trans-
atlantic brethren in this important branch of naval
engincering. DProfiting by the hints thrown out
both by the Marquis de Jouffroy and Mr. Miller,
Fulton, who had also seen Symington’s boat, order-
ed an engine capable of propcelling a vessel to be
constructed by Messrs. Boulton and Watt. This
was sent out to Amecrica and embarked on the
Hudson in 1507,* and such was the ardour of the

* Its first appearance on these waters, is thus described by
the biographer of Fulton.

‘“She had the most terrific appearance, from other vessels
which were navigating the river, when she was making her
passage. The first stcam-bouts, as others yet do, used dry
pine wood for fuel, which sends forth a column of ignited vapour
many feet above the flue, and whenever the fire is stirred a galaxy
of sparks fly off, and in the night have a very brilliant and beau-
tiful appearance. This uncommon light first attracted the atten-
tion of the crews of other vessels. Notwithstanding the wind
and tide were adverse to its approach they saw with astonish-

F
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Americans in support of this apparcntly new dis-
‘ffj;gvery, that the immense rivers of the new world,
%ose great width gave them considerable advan-

tages over the canals and narrower streams of Eu-

rope, were 800n navigated by these vesscls.

The c1ty *New York alone posscsses seven
steam-boats, fof commerce and passengers.  One
of those on the Mississippi passcs two thousand
miles in twenty-one days, and this too against the
current which is perpetually running down. The
above boat is 120 fcet in length, and carries 460
tons, at a very shallow draft of water, and conveys
from New Orleans, whole ships’ cargoes into th(,
interior of the country, as well as passengers.

The following list of steam-boats now in opera-
tion on the river Mississippi, and its tributary
streams, has been published by Mr. Robinson.

i Tons. 1 Tons.
Vesuvius ' 390 @ Kentucky S0
Etna 390 | Governor Shelby 120
Buffalo 300 !l M.dison 200
James Monroe 90 " Ohio 443
Washington 400 | Napoleon 332
Constitution 75 || Volcano 250
Harnot 40 || General Jackson 200

I

ment that it was rapidly coming towards them; and when it
came so near as that the noise of the machinery and paddles
was heard, the crews in sogae instances shrunk bencath their
decks from the terrific sight, and left their vessels to go on
shore, while others prostrated themselves, and besought Provi-
dence to protect them from the approaches of the horrible mon-
ster, which was marching on the tiges, and llghtmg xts path by
the fires which it vomited.
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Tons, Tone,
Eagle 70 f Experiment 40 i
Hecla 70 | St. Louis . %308
Hendcrson 65 ' Vesta 100
Johnston 80 || Riflleman - v Q50
Cincinnati 120 ]l Alabama £ 200
Exchange 200 . Rising Sht'n‘@ 150
Louisiana 54 | General Pika 250
Jaines Ross 820 | Independence 300
Frankfort 320 || Paragon 400
Tamerlane 320 || Maysville 150
Cedar Branch 250 ! Total =259
. Building.
Tons, Tons.,
2 at Pittsburgh of 180 tons 360 ' 1 at Portland (Kentucky) 300
2 at Wheeling, of 500 and ' 3 at New Albany each 220 660
100 600 | 4 at Clarkesville 500
2 at Steubenville 90 | 1 at Salt River 160
1 at Marietta 130 ' I at Vevay 1to
1 at Maysville 110 :: 1 at Madison 120
2 at Cincinnati 720 | 1 at Rising Sun 90
2 at Cincinnati 115 and 1 on the Wabash 80
250 365 E 2 at New Orleans each 200 400
2 at Newport 500 —
1 at Jcﬂ"e:sonville 700 | Total 5995

In addition to which there have been lost by
accidents of different kinds, the following steam-
boats : Orlecans, 400 tons; Comet, 15; Enterprise,
45; Dispatch, 25; Franks}"in, 125 ; Pike, 25; New
Orleans, 300..

The Savannah, of 850 tons burden, crossed the
Atlantic, agd arrived at Liverpool f'rorn the United

States in twenty days, the greater part of which
F2
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time the steam engine was in action. The steam

' apparatus in this vessel occupies the greater part
®f the hold from the main-mast to the fore-mast,
a small space being reserved at cach side for the
conveyance of coals which in this engine amounts
to about ten tons per day, and from this it will be
seen that there is but little room can possibly be
left for the stowage of cargo, &c.*

The paddle-wheels in the Savannah, are affixed
to a cast-iron axle-tree, passing through the sides
of the vessel above the bends; nearly the whole
of cach wheel Dbeing taken to picces, and re-
moved in the event of bad weather: two prin-
cipal arms, which arc also of cast mectal, being
the only parts remaining, and these in high seas
are placed in a horizontal position, producing
but little inconvenience in the navigation of the
vesscl.

According to Mr. Buchanan the expense of a
steam-boat on the Clyde navigation, with two ¢n-
gines, cach of which make forty-tive twenty-two
inch strokes per minute, appcars to be rather
more than two thousand pounds.t  The following
cstimate contains the scparate items.

* Vide Act regulating the Stowage of Steam-vessels, in Ap-
. pendix.

4 The number of hands employed in this vessel were cight ;
viz. captain, pilot, enginc-man and assistant, seaman and as-
sistant, and the steward and assistant. Those carrying goods
only, have seldom more than five hands.
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Thebull ............ Ceeieae £ 700
Steam Engine ................ ceee s 700
*addle wheels and other machinery .. . 800
Joinerswork .............. .. ..., 200
Upholsterers’ work ................ 70
1970

Contingent expenses ........ cpanees 330
Rrs —

2300

Mr. Dodd cstimates the expense of completing
a vessel of an hundred tons burden, and drawing
four feet six inches water, at about six thousand
pounds; while the first cost of a steam-boat on
Mr. Symington’s plan, dving the work of about
twelve horses, and travelling at the rate of two
miles and a half per hour, has been cstimated at
about cight or nine hundred pounds. The con-
sumption of coals however, in this and in all other
engines connected with steam navigatio is much
morc considerable than when employed on land.
In a fourtcen-horse power engine, on Messrs.
Boulton and Watts construction, they consume
1 cwt. 1 qr. 20 Ibs. per hour of good Newcastle
coal: while an engine of thirty-threc horses’
power, requires a proportion scarcely equal to
two-thirds that quantity.

The employment of' high-pressure engines for
the purposc of stcam navigation, has unfortunately
given risc to a considerable prcjudice against
the general use of this cconomical and expedi-
tious prime mover. The attention of the legis-
lature was first drawn to this subject by the
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‘;fe“xplosion of a high-pressure boiler in a vesscl
#mployed for the conveyance of passengers in the
neighbourhood of Norwich, on which occasion
the consequences were of the most terrific nature.
As, however, the matter was very fully examined
by the Committee of the House of Commons,
appointed to inquire into the various particulars
connected with this unfortunate catastrophe, we
shall content oursclvés by referring the reader to
the important facts contained in the annexcd ab-
stract, which fully demonstrates the possibility of
constructing a steam vessel, uniting the essential
qualities of safety, cconomy, and celerity.



CHAPTER V.
T * - | ’

Abstract of Evidence before a Select Committee of the
Touse of Commons on STEAM NavicaTion.*

Mr. Bryay Doxxkix was called in and
examined.

Wirxess went down to Norwich, as a volunteer,
to inquire into the causce of the explosion of a steam-
boat. Was accompanicd by Mr. Timothy Bramah
and Mr. Collinge. Was of opinion that the im-
mediate cause of that explosion had been the use

* The Committec commenced its sittings May 8, 1817, and +
consisted of the following highly respectable individuals:—
Charles Harvey, Esq. in the chair; Mr. William Smith, Mr.
Davies Gilbert, Sir Martin Folkes, Sir James Shaw, Sir William
Curtis, Sir Charles Pole, Mr. Alderman Atkins, Mr. Williains
Wynn, Sit Edward Kerrison, Mr. Lacon, Mr. Shaw Lefevre,
General Thornton, Mr. Edward Littleton, Mr, Finlay, Mr.
Leader, Mr. Alderman Smith, Mr. Wrottesley, Mr. Barclay, Sy
James Graham, Mr. Swann, Mr. Charles Dundas, Mr. Ho}mﬁs,
Mr. Thompson, and Mr Bennet. o

On the 14th of the same month, Sir Matthew Ridley and Mr.
Ellison were added to the Committee.
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of steam of a very high expansive force; the ap-
Emmatc cause was a deficicncy in strength of
end of the boiler. The boiler was cylindrical.
The cy“lmdncal part, and one cnd, was wrought
iron; and the other end was cast iron. It ap-
peared to have been previously of wrought iron,
but, for some reason, the wrought iron end had
been cut -out, and a cast iron end substituted in
its plaice.—Was of opinion-that any high-pressurc
boiler so constructed was unsafe.  The difficulty
of' obtaining a proper degree of strength at all
times, in the materials of’ which the boilers were
madc, arosc from the constant deterioration which
they must be suffering from the action of the fire,
and from the various degrees of expansion and
contraction, operating on different parts of the
boiler.—Would not choose to usc a high-pressure
engine, from the danger which arose from their
use.—Thought it just to state to the Committee,
that there was an advantagé to be derived from
the use of high-pressure engines on board of
boats, which were nccessarily loaded differently at
different times. ‘This different loading required a
different power in the stecam enginc, and the high-
pressure enginc was capable of having the addi-
tional power given to it without difficulty ; whercas,
in the lower-pressure engines, they were confined
to the power first assigned them.—Scarcely ever
saw the low-pressure engine beyond six pounds
to the inch.—~Had known one boiler worn out in
six months, and another used for seven or four-
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teen years. The strength of cast-iron boilers was
extremely uncertain : cast iron was liable to con-
tract in various degrees in different places, and
therefore was liable to break.—Thought that all
cast-iron boilers were dangerous when used for
steam of high cxpansive force. It was more prac-
ticable to make a boiler of the malleable metals to
resist a high pressure, as far as the tenacity of the
mctals was concerned; but another difficulty oc-
curred which prcvente('l the application of the
malleable metals to boilers tor high-pressure
cngines, which was that of rendering the joining
of the plates secure.—Believed that wrought-iron
boilers were much less frequent than the cast-iron
boilers, and in Wolfe's engines they were scarcely
used at all.— Should think that the cast-iron
boilers would be cheaper than wrought, if made
of cqual strength.—Considered that in casc of the
cxplosion of a cast-iron or a wrought-iron boiler,
the cast-iron would be attended with the greatest
danger. In cmploying the malleable metals a
simple rending gencrally took place, so that it
would scldom happen that the upper part of the
boiler would be torn off'; but, in a cast-iron boiler,
the fragments would be scattered about, and be
more destructive.—The boilers invented by Mr.,
Linns and Mr. Wolfe were all of them cast iron.
—Mr. Wolfe’s had been in use ncarly ten years,
Considered low-pressure boilers as safe from ex-
plosion in all instances, used with no farther pres-
sure than six pounds.—Had seen very few boilers
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~constructed for the purposc of a low-pressure en-

&'_qe, or a condensing engine, that would sustain
' ‘wpressure of ten pounds without occasioning con-

siderable leakage, or without forcing the joints.—
Had never heard of an explosion with the low-
pressure boiler of any consequence whatever,—
merely giving way of the plates, or the wearing
out, not such a bursting as could be called an cx-
plosion.—Conccived Wolfe’s mode of construct-
ing boilers to be a considerable improvement,—a
very material onc. Had likewise been told,
though without having seen one, that Trevethick
had invented a method of making boilers by in-
creasing their length and decreasing their dia-
meter, so as to render them capable of sustaining
pressure to a much greater degree than here-
tofore.—In high-pressure engines the expansive
force of stcam was very variable, from thirty
pounds to onc hundred and twenty pounds upon
the square inch, or cven perhaps higher than
that.  Instances had bcen known in which a
boiler had been worked at onc hundred and sixty
and one hundred and eighty pounds.—Had no
doubt but Cornwall had derived incalculable ad-
vantages from the use of high-pressure engines.—
According to the general construction of low-
pressure boilers, they were so rivetted together,
as to withstand the low pressure they were in-
tended to bear; and they always gave indications
of an increase of pressure long before any danger
could be apprehended from them either by the
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joints giving way, or the steam forcing a passage
through.—Had witnessed several experiments .on :
Wolfe's engines, where the object was to- nger.
tain the comparative expenditure of gosis or fuel
in grinding corn, between his engines and the
low-pressure or condensing engines; anc the re-
sults were decidedly in favour of Mr. Wolfe’s
engines.— Apprehended that there was no saving
of fucl, or very little, in the common high-pressure
engine.—The average effect in Wolfe’s engine,
was the grinding cighteen bushels of wheat with
one bushel of coals; while the average effect of
Boulton and Watt’s engine, or the low-pressure
engines, was the grinding of from ten to twelve
bushels of wheat with a bushel of coals.

Seri ITv~t, Esq. was called in, and examined.

Had formerly been commandant of Upper
Louisiana.—Knew that in the United States a
great number of stcam-boats had been established.
The first was at New York. There were then
running between New York and Albany, ten
boats: two between New York and the state of
Connecticut; four or five to New Jersey; be-
sides the ferry-boats, of which there were four.
'These boats were all worked by low-pressure en-
gines : no accident had ever happened to any one
of them: they had been running since the year
1807 ; and the boats at Albany performed about
forty trips each per annum.—They went a dis-
tance of a hundred and sixty miles in twenty-ope
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bours, and came down in ninetcen: sometimes a
., little longer, but never shorter than ninetcen;
‘that was the quickest passage.—Some of them
went about seven miles an hour in still water:
some boats had gone nine, ten, or eleven miles;
but that was under particular circumstances.
They had come from Newhaven to New York
(nincty miles) in six hours and a half, without any
sail.—Those which went-to Albany passed up the
North River; and the others, to Connecticut,
passed through Long Island Sound, forty miles
broad in one part of it. On the river Delaware
there were a number of boats also established,
which plied between Philadelphia and Trenton in
New Jersey; also others between Philadelphia
and Newcastle, and Philadelphia and Wilmington,
beside ferry-boats. Several of those boats had
low-pressure engines; others had high-pressure
engines, from onc huudred to onc hundred and
forty pounds on the square inch, and as high as
one hundred and sixty ; but those engines were
constructed upon Oliver Iivans's plan, called the
Columbian plan. They were of wrought iron.—
There were no boilers cast in America. Presumed
that might arise from their not having founderies
in which they could cast them sufficiently largc.
They werc all wrought-iron boilers, or copper : all
which had to pass through salt water werce copper.
The boat Etna, which passed between Phila-
delphia and Wilmington, was a high-pressure en-
gine, and outstripped all the other Dboats : therc
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was no competition at all between them. There
were boats from Baltimore to Norfolk, which.
passed a part of the Chesapeak, sixty miles in’
width, They have been to New Londqy":"which
was still more exposed ; and had been' up to New
Hertford. Thosc were low-pressure engines.—
‘The Powhawton steam-boat was”built at New
York; went into the opep eccan; encountered
for three days a very severe galc of wind, arrived
safe at Norfolk, and up to Richmond. The gentle-
man was now in England who navigated her; and
had heard him say that he felt himself as safe
as he should in a frigate; and he said there was
this advantage, that the stcam power enabled him,
when they could not have borne sails, to put the
head of the vesscl to the sca instcad of lying in
the trough of the sea, being exposed to be over-
run by the waves.—The largest stcam-boats in
Anicrica were those on the Mississippi, the Etna
and the Vesuvius which ply between New Or-
leans and Naches. They were four hundred and
fitty tons, and they carricd two hundred and
eighty tons merchandise, onc hundred passen-
gers, and seven hundred bales of cotton, besides
the passengers transported to New Orleans.—
Remembered only three accidents having hap-
pencd to steam-boats in America. The first hap-
pened on the Ohio, and was occasioned by the
negligence and inattention of the cngineer, who
loaded the safety valve, and neglected to attend
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anchor: thefire was in a very high state, and of
;ggbbmse preduced a vast deal of steam that did not
'Iescape by the ozgdinary opcration of the cngine,
which would discharge it and carry it ot —What
was called the safety-valve had been improperly
loaded and neglected.—The next accident hap-
pened not frof any fault of any body, but from
an act of God: s “,hghtnmg, as was satisfac-
torily explained to thefgiiiblic, both by thc pas-
sengers, and those interested in the boat. That
was at Charlestown, in South Carolina. The pipe
which carried the smoke up to the top attracted
the lightning, and it went down, and split the
boiler.—A third accident happencd lately to the
Powhawton. She was not in opcration when it
happened : they were out of fuel; they stopped
their boat, and lay still upon the water, while
they went after wood; still, however, they kept
up their fire; and the stcam was so high, that it
exploded in that situation, there being no con-
sumption of the steam as it accumulated. These
are the only accidents that ever happened, cxcept
such as have happened from vessels taking fire.—
No accident had ever happened in America to a
high-pressure engine, cither in a manufactory or
out of it; and there were many engines used in
the manufactories, and in flour-mills and saw-mills, '
constructed upon the plan of Oliver Evans, which
acted on the high-pressure principle to one hun-
dred and fifty pounds an inch. He had worked
one hundred and sixty, but one hundred and
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twenty was his constant average. The fuel, ;g
most placcs, was wood ; at Pittsburgh,'and on the
Ohio river, it was coal and wood ; at Plttsburgh
and at Laceling, and at a hundred other phces,
there was a solid mass of coal fifty miles square.
They drove a shaft horizontally into the hill, and
the coals were abundant aboye their head ; in the
mountains, as fine coal *in the world. It
was delivered af thre: hiolilgl’ of the inhabitants at
sixteen bushels per dollar.—The number of steam-
boats was rapidly increasing upon both the low
and high pressure system, because they had dif-
ferent interests and ditferent companies. Mr.
Evans being a patentee, they had to give some-
thing for the use of his patent ; if they could not
make their bargain with him, they used the low-
pressure engine; but there was a new engine,
built for one-third of the money, coming into use
in several of the stcam-boats, invented in Ame-
rica, a perfect rotatory engine; and it was sup-
pascd that it would supersede all other engines.—
Knew of no other guard than that of properly
constructing the safety valves, and the manner of
loading them, so that they could not get on more
than a certain weight; they must of course con-
struct them strong enough, and prove them.
They were under no Government regulations.—
It was supposed that a rotatory engine consumed
less coals than one with a reciprocating beam.
"T'welve bushels of coals, with the rotatory motion,




80 Steam Navigation.

“would perform the same work as the other engine
with twenty.

Mr. TimorHY Braman, of Pimlico, Lngineer,
- called in and examined.

Did not think that a high-pressure engine,
under any guard that could be applied to it, was a
safc cngine to uséiin a steam-boat.—Thought
that if a boiler was prm;ed to .sustain onc hun-
dred pounds, and strained with a force equal to
two hundred pounds, it might afterwards, per-
haps, break at forty, the straining having injured
it.—Apprehended that a boiler, upon a proper
construction, of wrought metal, might be tried
with a certain force, so small in comparison with
‘that pressure which it was intended to bear, as
‘not to incur any risk of being injured in the
proof, and have a complete surplus of strength, so
as to enable it to be afterwards used without any
danger in the use.—Would recommend the use of
two safety-valves, one to lock up; and to have it
examined once a week, or as often as might be ne-
cessary, to sce that its action was perfect.—Had
seen many cast-iron vessels burst. The wrought
iron generally tore and opened out, to admit of
the fluid escaping; it was generally the fluid
which did the mischief when the wrought iron
was used, and it was both the fluid and the mate-
rials which did the mischief when the cast iron
burst. The effect m cast metal was to carry the
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pieces of the metal to a considerable dnstance,
which was seldom the case in the wrought, uuleas
where there was any cold shut in th m% Thp«
cast would burst like a_ shei ,”pro‘]ectmg the par- .
ticles of the mctal to a comsiderable, . dtstance—-—
Where wrought-iron boilers hat Wpurst the injury
sustained by the, #ndividuals had~ anse’h ftom the
. fluid’s escaping, aml i : _'?1bmlers 4t had fre-
" quently been by % igdpeibn of metal. - Copper
being pures was aet Sﬂbj&@t to the same. dangm

R 2R
© Mr. Jouy' T urLon, of Stratf'old, in Esse\,
cqllcd in and examined.’ '

. Was aqquamtcd with the accident which lately
happened to the steam-boat at Norwich. Had =
heard that the plate of cast iron was of inadequate
thickness for the strain to be*put upon it. With.
respect to the impropriety of cast iron compared . -
with wrought, had also constructed -oune of the
high-pressure boilers preciselyin the same lfﬂp-
ner: the boiler wasproved te one hundred pounds
a square inch by the waMroproof commoniy used”
with about forty- pounds -pressure ;- but the cast -
iron broke onc day with less than- twenty pounds’
pressure of steam ; the fracture béing, caused evi- -
dently by the heat expapding unequally, and-
being kept:from going fo the férm it would other-
wise assunde. --Had soen the Wellustrget boiler in-
tended, to™boil" sugar. " . The, vfhickn.eﬁé was - in-
tended to be dbout two mchao, or two inches and
a quartef; but by msertmg the core unequally,
G
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tye thickness on one side was three quarters of an
1;, on the other side the thickness of the metal
was ‘two, inches and a quarter, or.thereabouts;
therefom, to the general dificulty of cast iron
was addeﬂaQSOSt improper construction.—Under-
Jstmd fgo‘,n&(ﬁ &1& who were working there, that
there b been S0 lethmg like.a mercury gauge
attached to.it, but g _mercury mever fluc-
‘ tuatcd ,.!t,Wﬁs m~ st "ewas a pressure of
move thai: pne hiundred poundsi— Considered
thag-a wrougm-xmn botler nﬁgﬁt bé- ré‘ndered safc
by the use of a columa ef mercury in a siphon or
+titbe of sufficient size. “When that mercury was
displaced by the expansive force of the steam,
. which’ w’on'ld be regulated by the height of that
»tube, to admit of the efflux of the steam from the
boil¢r as: j;ut 88 it was' generated by the fire ; in
that*case,’ the eﬁpanswe force could not increase
in 'the bo'lm, the mer;ﬁury‘ Would be blown out,
ahd the steam m)uld -escape. . Condmved it essen-
~.fial ‘to heve a:second. safetysvalve, which should
be imdet the ‘cotitrol_ef the master or proprietor
. of the' warki’;"‘ and -there was ancther small con-
'h‘imce m importaht te the ‘safety.of the boiler.
+Boilers hidl frequeritly been weakened very much
“the wafer h*iﬁgﬁ%emwvapomted too low.
»% femedyy ﬂigs;& & hple" shoudd “he . -previously
. -Bared in-the  bottdtn, syeéttedi by #.piece of lead,
. 80 that the: WWQ"% ianﬁ jf@rfocdy gecure as
. Jong'as it dvas’ eqvered w;ﬁi aters . buty the mo-
mexft th@ w@gr deﬁ xt, fhe@had wo,hid’ melt, and
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the steam being blown through the hole, w

put out the fire. Besides gwmg the ssgnaf «ﬁf
what was wanted, it would at énce pl-lgr an m&m
the cause of dJanger.—Considered d‘l& ﬁle mer
curial gauge acted asa safgty valve&mhwh ‘cotild,
not ‘be stopped &r put out ofr-grders. and. A dad
the advantage of exhibiting, c}ig}nng gll txmesn of
the boilér’s working, jjiashite @fthe s@gﬁm within
the boiler, bygthé AiiBetion. that took - plaee in
that columin,ss’ m&ca&&bﬁ the ‘appearance upog.
the surface’of- thén mercdiy l‘i th&mercllry i)e-.
came- 'statmmtryv it mght« readily tbe" suspected
that' that tube ‘was stoppedi therefore it would
point -out itself instantly that. it ‘had become’ not
- ‘what it ought to be. The safety~valve bad. not
that- advantage, 88 .it did not’ mdwata any thing
till the steam was;| blomi gut by ralmng the weight.

—With ‘fespect. to- thﬁ valte of h:ghqmggsme
steam for working engiuea An Gor,uwall,,af late' a
a most valuable impmvement Aad taka phﬁé;
and if i€ was an object tosaye coal mabem-maséls
upon: a large sceale,L Mgba-pmg&re»ﬁeam ilmtﬁe
an ohjéct-of great - imiportindete ifhem,ﬁ@ked
upon the pringiple that Mg, Wolfe had in the first
place introduced, but which had beeh a@pﬁed by,
Mr. Sunm&mndothers. :’Wm of owﬂiim that those”
high-pressrifé botlers might:bé-mege with gqual
 safety .ap: low-pradisuré foilers.~~tad grepared a
statement of tlie wqu d@eﬁg ‘the. g,ngmesMé’
prmmpa}e mines n thé coW of Cornwall. If

. stated the qansqmpubu ofwcoai‘wd the"awork

& A
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~done by every cngine therein named; from which
)

it'appeared that the average work of engines then

.in.the county. of Cornwall was to raise about

twenty milhons of pounds of water onc foot high
by the cogsnmptlon of one bushel of coals: that,
by the. 1ntr%n of high-preSsure steam, under
the best mode,o ‘mahag‘ement, an cftect equal to
from forty-thre& to-{or, - millions pounds of
water was raised to thes height by the same
quantity of coal, thereby producmg above double
the . effect. —Apprehended that condensing or
low-pressure engines were equally liable to be
blown up by the carelessness and inattention of
the engineer conducting them with high-pressure
engines. In France, at Crusal, some very good

‘engines were erected by Mr. Wilkinson, at a very

large wark ; they were on Boulton and Watt's
principle: one of them blew up,.and killed several
people.—~Congeived that the mercurial gauge, if

- of sufficient i)ore, might be applicd with case to

the high-pressure boilers, s0 as to pioduce safety
as certainly as the column of water, which was in

* fact a water-gauge, such as, waS.usually apphed to

the low pressure. —-Concemed that there would
be no dxﬁlcd.liy in comstrut;tmg a Safety-vava, 80
as to operata with cestainty, n@d yet, bemfe from
any impediment which the engjnegr might iuten-
tionally place in the way of ite’operation, \ Without.

mcumdg any very, c93319er914gexpense.
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Mr. Joux CoLLINGE, of Bridge Road, La’mbet“ﬁ‘ﬁ,-w'

Enginecr, examined. ¢’

Went to Norwich, in consequence*of the ac-
cident that happened to the steam-boat there.—
Attributed the explosion of that_epgine to the
construction of the boil&:;. It was composed en-
tirely of wrought . HO% excepf one €nd, and that
was capped with ¢ast iros. “"The’ cy lindrical part
was made of wrought iron. »+~Was of opinion that
any material ander very severe pressure was
liable to fail, and cast iron f'or this reason, be-
cause, in all large bodies, it was found that the
air could not wholly escape in the act of fusion.
Had occasionally had large masses of cylinders
and pans to break up, and frequently found cells
where the air could not escape. There was cer-
tainly a much greater dependeﬁce upon wrought
iron or upon wrought metal ; perhaps it would be
better to include copper.—In the event'of any
accident happening to the boiler, the greatest
mischief would be likely to arise from cast iron,
because cast iron flew off in tragments, and
wrought iron from its superior tenacity did not.
—Remembered an accident having occurred at
Malden, where a boiler, nineteen feet long, was
" blown off from. the seat of its conpection with
the base. Had found; in making wrought-iron
boilers, that, if they were made of metal of a
considerable substance, they could not be so well
united to make them steam-tight; it was a' very
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difficult thing to do. The rivets that were ap-
plied to wrought-iron boilers were put in hot,
and, when they were hammered, to sccure the
joint, they got cold, shrunk, and did not always
fill the hole through which they had passed.—
Had no conception that any safety-valve could be
applied to render them perfectly secure under
heavy pressurc.—Thought the mercurial gauge
would be the greatest safety for a boat, if it could
be judiciously applicd.—The condensing engincs
should not be more than four pounds to an inch;
and, if the capacity of the vessel allowed of it, the
condensing engincs answered every purpose, bes
cause the making a wrought-iron boiler would be
on such a scale of thickness, that, if more than
the usual pressure was applied, the rivets would
fail, and constitute a security against any fatal
occurrence.—Thought from the power that was
wantcd into steam-boats, condensing engincs were
the best engines applicable for that purpose.—
Did not conceive it impossible to construct a
wrought-metal boiler, with safety-valves properly
adjusted to its capacity, and a mercurial gauge,
supposing that to be capable of being applied,
which should render a high-pressure engine, on
board a steam-boat, what might be called per-
_fectly safe.—Thought that in order to give secu-
rity to the public in travelling by stcam -boats, it
mlght be necessary to have an examination of
each engine two or three times a year, as it would
create confidence.
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Mr. WiLLiam Cuapmay, of Newcastle-upon-Tyne,
Civil Engineer, examined.

Considered all engines, whether high-pressure
or low-pressure, as dangerous to the passengers,
unless due precaution was taken tc emit the
stcam, when exceeding a given pressure ; for, in
low-pressure engines, the boilers were always
liable to burst, or to alter their forcc, when the
pressure became greater than the resistance. All
wrought-iron boilers, but those that were cylin-
drical in the section, and with hemispherical ends,
or portions of spheres, or cones, or coniads, were
liable to alter the form by the natural expansive
force of the steam, and therefore all boilers of
thosc forms owed thcir safety to their weakness,
because, if weak, they would alter their form
without danger, and, if strong, they have been
known to bend the iron so abruptly as to break
asunder. — There  were  high-pressure  engines,
working with a force of from fifty to sixty-five
pounds per inch, and no accident had happened to
any of them but to one, the safety-valve of which ‘
was stopped up by a man sitting upon it pur-
poscly. e said, he would have a good start,
and surprise them. The consequence was, the
boiler blew up, and killed and wounded a very -
considerable number of people.—Considered that
the high-pressure engine could only be rendered
safe by having the boiler of the form already de-
scribed, and the cylindrical part of an unlimited
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- dmmeter, with a competent thickness of wrought
iroh or copper, and the plates secured to each
other by a double line of rivets. It was also
requisite that there should be two safety-valves,
each laden with any determinatc weight per su-
petficial inch of the narrowest part of the seat of
the valve. Onc of those valves should be at
perfect liberty to be raised at the pleasure of the
manager, because sometimes it was expedient to
raise it. The other should be under a cover of
such description as not to be opened at all at the
discretion of the cngineer, but with sufficient
apertures for the cmission of the steam, and for
any of the passengers to sce that the valve wasg .
not made fast. It was also requisite that there
should be a mercurial gauge of not less than an
inch in diameter, and whose longest limb should
not be greater than two inches and one-cighth for
every pound per inch upon the safety-valve for
each. It was necessary, by occasional inspec-
tion, to take care that the mercury did not stiffen
by gxydation, occasioned by the heat and motion
to which it was in a slight degree liable.—Con-
ceived that a high-pressure engine, thus guarded,
might be used with perfect safety -on board a
steam-boat, so long as the Doiler was kept in
order; but the boiler bottom was liable to erode
or consume by the action of the fire, and theres
fore required watching.—Thought a boiler might
last twelve months, provided its bottom was made
of charcoal-iron, beat, not rolled, because there
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was a great deal of difference in the grain.—
Would recommend all the boilers on board steam- -
boats to be made either of copper, or charcoal-
iron plates, beat under the hammer, and not
rolled. The resistance of the cylindiical boilers
would be precisely in the inverse ratio of the
diameter.

Mr. PuiLip Tavror, of Bromley, Middlesex,
Manufacturing Chemist, examined.

Considered the first and most material point to
attend to in the construction of high-pressure
boilers was, that their diameters should be small
in proportion to their capacity; that as small a
proportion of the external surface of the boiler as
possible should be cxposed to the destructive
action of the fire; and that that portion of the
boiler which was subjected to the action of the
fire should be so situate and guurded, that, in
case of explosion, the least possible mischief
should arise. In all boilers which he had made
use of, no portion of the boiler was exposed to
the action of the fire, without its being constantly
covered with water. In the boilers constructed
under his direction, the fire was applied under
an arch of not more than two feet and a half in
diameter: this provided against any extensive
remts taking place in the cvent of explosion.
All the boilers he had hitherto employed had
been constructed of malleable iron, commonly
known by the name of charéoal-iron, rivetted
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together, and secured by strong wrought-iron
bolts. From observing the danger arising from
the introduction of flat cast-iron ends, had inva-
riably terminated the ends of the boilers by
wrought-iron ones, nearly hemispherical: this
mode of construction, so far as his experiénce
had gone, combined more strength and dura-
bility than any other. The precautions he had
uscd to guard against the nuisance of such boilers,
had been by adapting to them two safety-valves;
one under the control of the enginc-man, the
other secured in a strong cast-iron case, locked
down, and loaded with such a weight, as would
suffer the steam to escape when it had arrived at
an improper degrec of expansive force; safety-
valves not having at all times answered the pur-
pose intended. Had, likewise, in every instance,
attached to the boiler a mercurial column, the
bore of which was proportioned to the sizc of the
boiler ; and considered an iron tube, of an inch
diameter, sufficient to guard against accident,
when applied to a boiler four feet in diamcter
and twenty feet in hecight; because the limit
given by such a column came far within the
limit of absolutc safety. The external limb of
the mercurial gauge had, in all cases, been pro-
portioned to the strength of the boiler applied,
taking care that the expansive force of the stcam
would displace the mercury long before any dan-
gerous cxpansive force would arise. In order to
guard against the boiler being injured by the
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action of the fire, from a deficient quantity of
water in the boiler, had inserted a leaden rivet in
such a situation, that it would melt as soon as it
was uncovered by the water, and produce an
opening, which would suffer the escape of the
stcam.—Considered cast-iron boilers sate, pro-
vided their various parts were made of small dia-
meters in proportion to their capacity ; such, for
instance, as those constructed by Mr. Wolfe.—
Thought that a boiler constructed on this prin-
ciple was equally safc with those called con-
densing engines, because a greater attention to
strength is always paid in the construction of high-
pressure boilers than in the construction of those
for low-pressure engines, in proportion to the
pressure they have to sustain.—The high-pressure
engine, constructed by Mr. Wolfe, employed not
only tlie expausive force of the stcam, but alse
that power which was acquired by its condensing;
and the effect in Cornwall had been, that engines
on this construction had done double the quan-
tity of work with the same quantity of fuel.—
Should consider any measure tending to impede
the use of high-pressure engines injurious to the
country.

Mr. Hexry MaubsLay, of Lambeth, Engincer,
examined,

Never considcred high-pressure engines were
applicable to boats, because the purposc of high-
pressure engines was to save watcr, and water
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b seould not be wanted on board a vessel; the dif-
ference between the one and the other made no
saving, either in the weight or expensce, taking it
ultimately, particularly when stcam-boats were
properly contrived.—Built the Regent stcam-boat
with a low-pressure engine:  There was a disputc
between two men, and one of them swore that he
would blow his boiler up but he would beat the
Regent in coming up. The man certainly did
exert himself’ as much as he could, and kept his
steam as high as he could get it, and it flew out
of the safety-valve very frequently, and he hurt

« his boiler materially from doing so; bat he did

not beat the Regent: but, it it had been a high-

pressurc engine, he would cither have beat her,
or blown up his boiler, because he had the power
in his own hand. Had employcd two and some-
times threc safety-valves: to make it quitc easy
for the man to move them, had a sort of bell-pull
to pull it up cvery hour, it he pleased, to keep it

m action ; because, it was clear, the spindle might

corrode and stick fast for want of usc. Supposing

it not touched once a week, it would not be a

safety-valve any longer, because a very little fric-

tion would add a great many pounds weight to the
opposition the steam ought to meet with.—Never
knew a low-pressurc cngine unsafe, but it ap.

"peared that high-pressure engines had been.—

Conceived that the same motive which would in-

duce the engineer to work it avith an improper

pressure, would induce him ¢® leave it untouched,

-
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that it might have an improper pressure.—~Con-~
sidered that wrought iron was extremely safe,
compared to cast iron.

-

Mr. ALExaNDER GaLLAwAY, of Holborn, Engineer,

g called m apd cxaminéd.

Would recommend that, for steam-boats, the
condensing cngines should be used in preference
to high-pressure engines; and, for these reasons:
In the first place, the great advantage promised
from a high-pressure engine was, that it could be
worked in a situation where water could not be
procured, and therefore it was, for such a situa-
tion, a valuable machine 5 but, in situations where
water could be readilv procured, it was not so.
And in reference to the comparative price be-
tween a high-pressure engine and a low-pressure
engine, and in reterence to the space that it oc-
cupicd, and in reference to the superintendence
that it required, it was decidedly ecvident no
economy was produced. Speaking of it as a mat-
ter of safety, it would be necessary to say, that
experience had fully proved that the maximum
of force to be obtained by a condensing engine
was when the steam was rarefied from three to six
pounds on the inch. Thc engine was then by far
more cfficient than when the steam was rarefied be-
yond that point. And it would appear equally clear,
that whether it was a cast-iron boiler, or a

wrought-iron boiler, or a copper boiler, the force

of the engine was better performed hy steam at



m Steam Navigation.

g%ree pounds and a half than at any increased ex-
~pansive force; the boiler being subject only to
‘three mstemd of six pounds, it must be less liable
to explode or burst at thas than at an increased
expansive force. W ould farther say, that every
man that was called to'wirk a condensing stcam-
engine knew, that, “fi‘dh, his steam was at three
pounds and a half, it performed a greater quan-
tity of labour than at any other tiric; for, if it
was increased, a vast labour was thrown on the
air-pump and the condenser, and the ‘engine re-
tarded ; therefore, a man had no inducement to
increase the expaunsive force of the steam, know.
ing that no uscful end could be obtained by so
“doing, but giving himself additional labour, and
consuming moic fuel, and performing less work.
All boilers on board steam-boats should have the
fire in the interior of the boiler, becanse it was of
very little importance, when upon the subject of
safety, whether the passengers were to be endan.
. géred By an cxplosion, or whether the vessel was
to be weakened in its timbers, or cssential secus
rities, by the improper application of the fire to
the boiler; would therefore recommend that the
fire should be.,contained in the interior*of the
boiler, and that there should be an additional
safety-valve, which should be solely subject to the
superintendence of the proprietor,eand that the
manager of the machine should have  no possible
access to it.— Would certainly recommend a
.wrought-metal boiler i preference to a east.iron
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boiler; and the rcason was clear, that the operas ’
tion of casting, however skllf'u]]y managed, was
always an uncertain process.—Th8ught that'if an
additional safety-valve was applied to a boiler,
and that safety-valve placed beyond the power of
being interfered with y?gny person but the pro-
prictor, then the boilegswould be secure from ex-
plosion, if the safety-valve should be judiciously
loaded ; but if that safety-valve was even placed
beyond the reach of the operator, and at the
same time injudiciously loaded, a calamity might
take place, the samc as if no such security ex-
isted~Undecr all the circumstances of the case,
would most .dccidedly recommerd” a condensing
enginc; a condensing engine, with a wrought-
iron boiler; because, when cast iron became sub.
ject to high expansion and contraction, the con-
stant repetition of those cffects in a very great
degrece impaired the strength of the boiler.—
Would ventare to say, that all engines in steam-
boats should be subject to regulation and'i inspec-"
tion by competent persons. A stcam-boat must
have a register; and, before such register should
be granted, the engine should be inspected, to
see whether it was of a character to deserve-its
being considered safe.—Was quite satisfied, that,
taking for granted that condepsing and high- .
pressure engines were judiciously formed, the one
would takeas much fuel as the other, there would
be no material saving, if any; but if two prin-
ciples were associated together, as in the case of
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’IéWolfes engine, there “ould be a considerable
saving.

Mr. Jom: Brarrawarre, of the New Road, Fitz-
roy Square, Engincer, called in.and examined.

With respeet to hf&ﬁ-prcssurc stcam, . would
engage to make a boileg, or direct one to be
made, which would defy any engincer, or other
person, to blow up, or burst; and had lately
ctected five boilers, which he was ready to prove
to any gentleman, and even to any engincer, that
they could not destroy them.—Recommended to
Mr. Martineau, for whom he crected them, that,
as there had been an accident in his neighbour-
“hood, he ought to have a boiler to bear three
times the pressure he meant to put upon it; and,
if it did bear that pressurc, and they applied two
safety-valves, with a mercurial stcam-gauge pro-
perly weighted and-adjusted (one of those safety-
valves being-at the*will of the persen about the
boiler, and the other locked up) it would be im-
possible to explode a boiler of that description.
Saw the boiler after it was exploded at Wellclose-
square ; and also conversed with one of the men
that was saved, who said, that he had carried an
additional weight to put on the safety-valve. just
before it exploded; that the mercurial gauge
there was plugged up, so that it was useless; be-
sides whlch, instead of the safety-valve being
weighted equal to forty-five pounds, they added a
" #igble weight, which -increased ‘it to ninety
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‘ﬁ},l,.}ue‘\
pounds weight upon an inch, and the boxler
was very improperly made.—Would recommend
wrought-iron boilers in preference to cast on
board of stcam-boats. ’

Mr. Jom. Havrr, of Dartford, Engineer, called in
and examincd.

Had only to observe, that he made his boilers
of cast iron, and proved them by an hydraulic
press, made for the purpose; and had gone as
high as two hundred and fifty pounds to an
inch, which he considered enough. Nothing hap-
pened; and hie meant the next time to try what
they would bear; and had no doubt they would
bear from seven hundred to one thousand pounds
to an inch; for he believed they could be made
stronger than wrought-iron boilers; wrought-iron
boilers being rivetted together, could not be so
strong as those cast in a solid mass.—Had a boiler
made composed of three tubes on a large one, and
two smaller ones below ; the lower tubes which
were exposed most to the fire, had cracked, gene-
rally by cooling, after the engine had done weork-
ing. Had known that in three or four instances;
perhaps in an hour after thc engine had done
working, the tubes below had cracked, and the
other not.—Supposed that in the event of explo-
sion the greatest danger would be from the
wrought-iron boiler.—Considered it quite .prac-
ticable to adjust a safety-valve to a_ boiler, which
should not be accessible to the. engineesi:but

1
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jﬁkh should sufficiently protect the boiler from
mischief, and which once adjusted, would always
act, and might always be dependcd upon.

Mr. Arexanper Tivrocu, of Islington, called in
and examined.

Was of opinion, that attending to what should
be attended to in cvery steam enginc, and cm-
ploying proper enginecrs, a stcam engine would
be perfectly safe, whether with high-pressure or
low-pressure stcam. The boilers ought always to be
furnished with safcty-valves, onc ot' which should
be covered, and out of reach, with a box over it,
but perforated, so that it might be seen when the
steam operated on it. A mercurial-valve is also
very good, that is, an inverted syphon, with a co-
lumn of mercury, proportioned to the purposes
for which it is to be employed.—Did rot appre-
hend much danger to arise, in case of explosion,
from the mercury, because the tube being always
perpendicular, the mercury, when shot out, would
fall down in rain. 'Was of opinion a boiler might
be made safe, cither of wrought or cast iron ; but,
for great strain, would prefer cast iron, contrary
to the opinion of many people; and the reason
for this preference was the same for which it was
preferrcd in making cannon. It was not pos-
sible to get thick plates of wrought iron perfect
throughout, and it was necessary to trust at last to
rivets in joining them’; but cast-iron boilers could
be made of any strength. Instead of Laving a
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boiler that would stand sixty, it might be made &
stand six hundred of either wrotght or cast iron.
Another reason why he would prefer cast iron
was, that the sheet iron corroded much quicker,
and was destroyed by oxydation, so that a boiler
might be safe when first set up, and s.and its
proof, but very soon become unserviceable, or at
least, comparatively so. Boilers should always
be cylindrical, and for an obvious recason: capa-
city should be got by length and number, rather
than by diameter. There was no more danger to
be apprehended from steam, as to bursting, than
from the employment of condenscd air, only that
the water might scald: but, as to the danger of
the fragments being scattered about, it was the
same with air as with steam, and yet all the
engineers constantly employ cast-iron receivers,
condensers, or air-vessels, where pressure was
wanted.—In case of actual explosion should think
the greatest mischief would arise from the cast-iron
boiler.—Was aware that there might be cavities in
cast iron, but a boiler being proved to a strain
beyond that it was to be exposed to by heat, the
satety of the boiler was secured, for the tempe-
rature never could be at that point which would
endanger a fracture from that circumstance.

Mr. GeorGe Dobp, Civil Engineer, of Oxford
Street,

Stated, that out of five steam-boats under his
direction, only two had suffered by partial acci-
H 2 '
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dents, and these were owing to the carclessness of
the engine workers. His boilers were made flat
sided, with flat and dome roofs, the largest of them
containing at least fiftcen hundred rivets, cach of
which in some measure answerced the purpose of a
safety-valve.—Was of opinion that to all boilers
there should be two safety-valves. The one which
would be accessible to the engine worker should
be loaded with the minimum of the pressure that
the chief enginecr saw fit that the boiler should
sustain; and that the onc which would be nac-
cessible and locked up should be loaded equal to
the ultimatum that he would, under any circum-
stances, permit the boiler to support.—Would not
allow the safety-valves to be loaded with more
than half the weight which had been previously
tried, and found the boiler was capable of sup-
porting.—Was of opinion that a boiler whose
sides and eunds were flat, if properly constructed,
and of sufficient thickness in the plates of wrought
iron, might be safely used on Dboard steam-boats
having thc low-pressure engine.—In the Rich-
mond steam-boat the firc was entircly surrounded
by the water. It was the casc also in the Ma-
jestic; but, in the Thames, and in the new boat
to Richmond, and the ncw boat to Gravesend,
they were what was called open furnace-mouths.
Under the furnace-mouth was placed an ash-hole
of cast iron, bedded in clay, and upon fire-bricks.
—Recollected the boiler of the Caledonia, Lon-
don and ;\Iargatc- steam-pachet, bursting at sea,
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by the forcing out of three of the rivets over the
furnace-mouth, which cxtinguished the fire ;" but
it was not productive of any injurious conse-
quencces to any of the persons on board ; and the
Cork and Cove packet-boat in Ircland, with two
hundred and fifty officers and soldiers on board,
burst her boiler when lying alongside of the trans-
port that was receiving the troops. The burst-
ing made a fissurc, or opening, of nine inches by
cighteen inches; but the steam which escaped did
no injury cither to the persons on board or to the
vessel; nor does it appear, under any circum-
“stances of the bursting of a wrought-iron boiler at
the low pressure, the steam not being more than
ten or fiftcen pounds to the inch, that the steam
which might be suddenly let loose or disengaged
would have power sufficient to raise the deck of
the vessel, or to injure the parties on board.—
The Richmond steam-yacht cost, in the first in-
stance, including the engine, 1500L  The engine
itselt’ cost about 1000/.  The Majestic cost about
2000l and the engine about 2000/ more. The
Thames cost 25004 including the engine at
about 1200L 'T'he new vessel built to go to Rich.-
mond, the hull and joiners’ work cost 750/. ; and
an cngine of fourteen-horse power and apparatus
cost 1170, The new Gravesend stcam-yatch, the
hull only has cost 750/. and the engine 1370/ ; but
there were various other expenses before these ves-
scls could be finished.—Had just got a new boiler
from Messrs. Jessop's, of Butterley, for the Thames
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steam-yacht, which was charged 215{.—A safcty-
valve would cost about 4/. and a mercurial tube
for the same purpose 2.—Had dcclined purchas-
ing the Norwich steam-packet because it had a
high-pressure engine.—Went with a party of Ger-
man gentlemen from Bremen, who were anxious
to make an immediate purchase of a steam-vesscl;
and they also declined to purchase that, or any of
the boats upon the river Yare, solely becausc
they had high-pressure steam engines on board.

Mr. Ricuarp Wricur, of Blackfriars Road, Ln-
gineer, called in and examined.

The boiler of the Norwich steam-vessel was eight
feet long, with a cylindrical boiler four feet two
inches diameter; it was first made with an in-
ternal angle iron at one end, and an cxternal
angle iron at the other end. In consequence of
the internal angle iron having given way, a cast
iron end was substituted, which certainly was not
accurately performed. It was originally intended
to sustain a pressure of forty pounds to thec inch.
—Should think -that both wrought and cast-iron
boilers might be used with equal safety ; but that,
in proving them, they ought to be kept under the
pressure a considerable time, say a quarter of an
hour, or half an hour. Sudden pressure may
cause flaws in a boiler, which may give rise to
accident afterwards; but, if under pressure a
considerable time, the action of it might be
seen, .
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Mr. Joun RicHTER, of Cornwall Place, Sugar
Refiner, called in and examined.

Was acquainted with the circumstances attend-
ing the explosion of the engine at the sugar house
in Wellclose Square ; and had attended from time
to time, during the whole pcrio?] of the construc-
tion of that boiler, for the purpose of boiling
sugar by mecans of high-pressurc steam; it was
necessary they should have a pressure of from
six and thirty to five and forty pounds to an
inch.—Saw the boiler when the bottom only was
put up, and was at that time informed that they
had cast the dome part of it, and that it was not
suflicient, and that thcy were casting another.
Some months afterwards found that other placed
there. Saw them at work; and was informed by
Mr. Haigh, who was the enginecer, that they were
boiling at cightcen pounds an inch, but found the
index of the gauge standing at five or six and
thirty.—It was a mercurial gauge, intcnded as an
index, and mecasuring inches. In consequence of
complaints from Constant, the I‘renchman, in.
whose housc it was, that it would not do its work,
and his fears in pressing it on to do its work, the
maker of it became anxious to shew that it would,
and a day was appointed for this to be done.
Constant, at three o’clock in the morning, bggan
his work, and continued boiling till about cight,
but boiling with a great deal of difficulty, because
hc was afraid of putting the engine to the-pressure
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he required. He gave it up; he said he would
boil no more; and the men in attendance, who
belonged to the engineer, went to fetch the en-
gincer. He and his mcen came down, and per-
suaded Constant to have the fire lit again. He
consented, after a great deal of' difficulty, and
went to another pan in an adjoining building,
and there he was at work when the accident hap-
pened. They were urging the stcam, and actu-
ally had put an immense weight upon the lever of
the valve, so as to render it totally uscless.  This
was gscertained by a Frenchman, who saw it, and
who stated to the man that he was doing mischiet,
and doing wrong. He was told to hold his
tongue, and mind his own business; that he knew
his business, and they knew theirs: the conse-
quence was, that immediately afterwards it blew
up. After this accident went every day to the
ruing, for the purpose of ascertaining what had
been the cause of the bursting; and saw the ex-
cavation, until the parts of the boiler, which was
of cast iron, were found, and then finding parts of
this boiler in different places, the seat of thc
boiler being where it had been placed, but the
rest scattered about in different directions. "T'he
bottom of it was two inches and a half thick, the
upright sides of the bottom one inch and a half
thick ; the lower part of the dome was seven-
sixteenths thick, and one of the parts at which it
must have-burst, and where the boiler was com-
pletely defective in the casting, was lcss than the
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eighth of an inch thick; it was not thicker than a
crown-piece: the wonder is that it stood at all.—
It was not intended to be worked above forty-
five, and was ordered to be made to sustain the
pressure of a hundred pounds to an ii ch. The
whole house was blown to pieces, which arose
from the fragments of the boiler striking the
story posts, by which the support being taken
away, the walls fell inwards.

Mr. Joux Srrrn, of Dartford, Engincer, called
i and examined.

If it was required to make the strongest boiler
imaginable, should consider cast iron preferable,
because it could be got to an unlimited strength
of resistance, while wrought iron could only be
had of a certain thickness.—Was of opinion that
the proof arising from the pressure of cold water
was sufficient to ascertain the safety of a Doiler,
which should afterwards be exposed to the opera-
tion of fire, or of highly heated steam; cast or
wrought iron being at its greatest strength at 300
degrees of heat, which had never been arrived at
yet by stcam.—Considered the mcercurial gauge,
and two safety-valves as cssential in the construc-
tion of boilers; and was of opinion, that, by thc
adoption of those precautions, high-pressure steam
might be used with safety, either with wrought-
iron or cast-ifon boilers.
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Mr. WiLLiaM Brunrton, of Birmingham, Civil
Engincer, called in and examined.

Had been concerned in making boilers for
high-pressure engines, which might be so con-
structed as to becomc useless before they were
dangerous, upon the principle of having the exte-
rior part of the boiler independent of the flue, so
much so, that, while the flue is injured by the
current action of the fire, the exterior part of the
boiler remains, as to sttength, unimpaired.—Con-
ceived that a boiler thus formed, when the flue
has been worn very thin, and then exposed to a
greater pressurc than it could sustain, the thin
parts of the flue would act as so many safety-
valves.—Belicved it possible to construct boilers
which would bear an expansive force of six hun-
dred pounds to an inch.—Usually employed two
safety-valves ; one in an iron box under lock
and key, and that only at the control of the pro-
prietor, and the other open to the cngine-man;
and a mercurial gauge as an inverted syphon,
which, in the event of the steam being stronger
than the mercury can sustain, the mercury will
be driven out, and the boiler thereby relieve
itself. — In the high-pressure hoiler, the injury
which would arise from its bursting, would be
done principally by the fragments projected; in
the low-pressure boiler, the mischief might arisc
chiefly from the hot water and steam. Could
mention two instances in illustration of this; the
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first of a low-pressure boiler having given way in
the bottom, when a stream of hot water was pro-
jected against the engine-man, causing his death;
the second instance was of a high-pressure boiler,
in which a hole was suddenly opencd, the water
projected itself, and completely wetted a boy,
standing within a yard of the orifice, who was not
at all injured thereby. Should say the fragments
from the cast-iron boiler would be equally de-
structive either with a high or with a low pres-
surc. Considered that the fragments from a
wrought-iron boiler would be* projected with
cqual force with onc of cast iron under cqual cir-
cumstances.—Kncw a wrought-iron boiler which
burst with high-pressure steam; and a fragment,
the largest piece, was carried to the distance of
one hundred and fifty yards.—Was induced to
prefer wrought to cast-iron boilers from the exa-
mination of several cast-iron boilers, which were
cracked or broken in the lower part of them,
which appeared to arise from the unequal tem-
perature and expansion in the exterior part of the
boiler, which was caused by a quantity of water
at all times under the flae, and consequently of
lower temperature than the water above the flue ;
thereby causing thc upper part of the boiler to
cxpand in a greater ratio than the under part of
the boiler.—For steam navigation, would recom-
mend a wrought-iron boiler, if properly con-
structed, and, at least, two safety-valves; the one
to be placed under the lock and key of the pro-



108 Steam Nuvigation.

prietor of the vessel, so secured as not to be ac-
sessible to the engine-man; and one over which
the engine-man had the usual control.—Would
1ecommch the valves to be nearly flat, or quite
s0, as they would be less liable to be fastened by
the difference of temperature to which the valve
and the scat might occasionally be subjected.

_ o, . .
Mr. Georce Dobp again called in and examined.

Had been on board and was well acquainted
with twenty stcam-boats; Kknows that there are
more than forty in Great Britain; many of which
had cost 3,000L others 6,000/ and one on the
Thamcs above 10,0007 ; considered a fair average
to be 3,5004 cach, making the vested capital
140,000L.  Most of them were fitted up with pe-
culiar elegance and accommodation, the furniture
and decorations alone forming an expensive item ;
they were also very expensive to maintain, espe-
cially on the Thames, by reason of the great cost
of coal. They were most numecrous on the
Clyde, wherc they had been productive of essen-
tial benefit to the gencral commerce and traffic’
of Glasgow, Port Glasgow, Greenock, and the
nelghbourmrr country,— All of them had low-
pressure condensing cngines, and wrought shect-
iron rivetted boilers, except the remaining steam-
boats betwecn Yarmouth and Norwich, and onc
in Holland, built at Yarmouth; and they were
high-pressure cngines.
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Mr. Josias Jessor, of the Adelphi, Civil En-

gincer, called in and examined.

Had no doubt but what the low-pressure boiler
was more secure than the lniglx-preésu.c, yet,
from the natural wear and tear, both were liable to
accidents. If an accident happencd to one of a
high-pressure, its consequences certainly would
be more dangerous than that of a low-pressure
engine.—Thought that to ensure safety, the boiler
should be able to withstand the proot of two or
three times the pressurc to which it was after-
wards likely to be put, or rather the pressure to
which it should be limited ; if, for instance, it was
meant to work it at fitty pounds’ pressure, and it
stood the proof of one hundred and fifty pounds,
the presumption would be that it was sccure;
but, in the coursc of two or three ycars, any
boiler would wear out.—Would recommend an
additional  safety-valve, to which the person
working the engine should not have access.—
Preferred malleable iron or copper for boilers,
‘because it would not burst by an explosion as
brittle metal would; it would probably rend at
the joints.—Was of opinion that the boiler should
be adapted to the shape of the boat; and that
being taken for granted, the satety would depend
upon the strength of the metal, and not upon the
form. It should be made of such strength, that
any indenture would not affect it.  Although the
form approaching to cylindrical was of course
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stronger than amy other form, that which ap.
proached nearest to a spherc was the strongest,
but a cylinder with hemispherical ends was best.

L]

Mr. Arexanper Nivoro, of Dublin, Civil En-
gineer,.called in and examined.

Was of opinion that the best form for the saf'ety-
valve was that of an hemispherical cup, with its
convex surface downwards, resting upon a collar,
and to the bottom of the cup a weight was to be
hung, which had previously been adjusted; by
this means, the valve was always stcam-tight in
every position, yet without danger of adhering,
and must be lifted by the steam when it exceeded
a given pressurc; but the valve might also be
lifted by a chain attached to its upper side, which
was inclosed within the iron case, and might be
drawn up by the enginc-man, or any person on
board, and which did not allow him to kcep it
down, or to confine it. Had also found it neces-
sary to prevent the accumulation of water upon
the top of this valve, arising from the condensed
steam, when escaping; this was done by a small
waste-pipe descending from the bottom of the
pipe which conveyed away the waste stcam. Had
thought it advisable to make the stcam-valves
large, that the weight which was laid on, being of
itself large, might easily admit of addition. Em-
ployed two boilers communicating, and two safety-
valves ; and a mercurial gauge, provided with
receivers, so as to prevent the loss of the mercury
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in case of any sudden collapsation or disengage-
ment of steam, also a tube of glass attached to the
boiler, which exhibited the level of the water in
the boiler, and precluded any idea of gdanger in
the minds of the passengers.—Was of opii .on that
the construction of the cast-iron boiler admitted
of its being made of wrought iron with equal
strength ; then the explosion of the cast iron one
would be more dangerous, as it would fly in
pieces, whereas the other would probably tear.
It was scarcely possible to form cast iron cvery-
where cqually strong, and if a part be weaker
than the rest, either on purpose or by accident,
that would not have the safety that would be ob-
tained by a wrought-iron boiler; for instance, in
cast-iron boilers, it was common to have holes,
and if these were filled with some metal of dif-
ferent melting temperature from cast iron, more
fusible tor instance than that, the juncture would
part first, and it might be madc to tear as a
wrought-iron boiler would do; and again, the
wrought iron was so much more liable to oxyda-
tion than cast iron, that although found very effi-
cicnt at first, its strength and tenacity might he
very speedily altered ; for these reasons, cast-iron
boilers had been preferred where high-pressure
engines were used ; and, in small tubes, the tena-
city of cast iron could be made greatly to-exceed
that which could be given to wrought iron in the
same form.
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Mr. ArtHUR WooLr, of Pool, in Cornwall, Civil
Engincer, called in and examined.

Approved of the cast-iron boilers in preference
to any mixture of metals, particularly those com-
posed of a number of tubes; it being always ne-
cessary in boilers to have a certain quantity of
surface exposed to the action of the fire, to con-
tain heat and steam; and if that were done in
one vessel, of course it must be of considerable
size greater in diameter than if composed of a
number of tubes; and the rish of explosion is in
proportion to its quantity of surfacec.—Considered
his patent boilers calculated for cvery purposc;
they were generally adapted to high-pressure
steam; his patent was taken out for a safe boiler
for a high-pressure engine; iudeed, in his own
cngines, he did not work the steam to that height
as was done in what were called the high-pressure
engines, as the novelty of his engine was that it
worked the steam twice over.—Made his boilers
to stand from fourteen to twenty times the pres-
sure he cver ‘made use of, and employed two
safety-valves.—Did not think that the wrought-
iron boiler would scparate into so many picces as
#he cast-iron boiler, but had no hesitation in say-
ing, that cast-iron boilers were safer than wrought-
iron boilers.—Could make a cast-iron boiler
stronger and more to be depended on for great
pressure than wrought-iron ; but where great pres-
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surc was not wanted, wrought-iron could be made
sufficiently strong to depend on; and was of opi-
nion, that as great a number of accidents had
happened from the bursting of wrought-irog boil-
ers as tromn cast ones.

Mr. Axprew Viviax, Miner and Engineer, of
Cambourne, in Cornwall, called in and
examined.

Considered that the danger attendant on work-
ing stcam cngines arose from making the stcam-
vessel of insuflicient strength for the steam ; every
cngineer ought to be well acquainted with the
power of the steam, and make the steam-vessels
in proportion to the strength of the stcam re-
quircd.—Reccommended the use of not less than
two safety-valves on cvery hoiler where a high
pressure of steam  was required, and that the
boilers be made of suflicient strength, and proved
before used.—"To prove the boiler, it was first
necessary to fill it with water, loading the safety-
valves with ten or twelve times the weight re-
quired for the engine, and then by injecting
water into them, so as to lift those valves with ten
times the weight requircd.—Conceived that a
boiler so proved, and furnished with safety-valves,
properly adjusted to its contents, perfectly safe in
working with stcam, whether high ‘or low pres-
surc.—Was accustomed to load the engines in the
mines under his directidn, to about forty pounds
an inch; and the valves were then, loaded to



‘ W zﬁn Stean Navigation.

abnﬁ fortyoﬁve pounds.—Thinks it very possiblc
to lock up one of the valves, which may be so
constructed as not to be liable to accidents from
explasion.—Did not see any reason why, in any
situation whatever, the use of an engine should be
limited to the low pressure, or that which is
usually called the condensing engine.— Con-
ceived that cast iron could be made much stronger
than wrought iron, with less difficulty ; some of
the cast-iron boilers being made two inches thick;
and to make a wrought-iron boiler equally strong
as that, would be very difficult to be accomplished
by workmen.—Had known of no accident with
high-pressure steam and cast-iron boilers; but
had known an accident happen working with
Boulton and Watt’s low-pressure engine, which
was on thc 28th of November, 1811, in Wheal
Abraham mipe; a wrought-iron boiler, working
with low-pressure steam, exploded there, and
scalded six men, three of whom died of the burns
they received in the®oursc of a week afterwards.
2_Did not recollect any instance in which a
wrought-irofi boiler exploded, so as that any per-
sons were killed by the fragments.—Did not con-
¢eive that water could issue to any great distance
. from a high-pressure bgiler, as it must soon be
steam.—Had never known any persons scalded
by the steain or the water issuing from & high-
pressure boiler; but remembered many instances
f persons being scalded*from the same cause by
wa_low-pressure engine, only one of, which came



directly under his own eye -
nion, that boilers made of wrotgh )
pressure engines would soon become leaky, and
that too without exploding. Knew an instance
of a boiler of that description made, which be-
came leaky and unfit for use in a very short time;
the consequence of which was, the working of the
mine was stopped, and a great number of people
thrown out of employ.—Supposing the only ob-
ject to be safety to the lives or limbs of the per-
sons who should be surrounding the engine,
would, in that case, prefer having the boiler of a
high-pressure engine of cast iron, because it could
certainly be made stronger than wrought iron for
the same cxpense; while he considered the risk
was so small as that it scarcely need be taken into
the question, because all cxplosions might be
easily prevented by proving the boiler every time
it was cleansed, which he thought should be
at least cvery month.—Had found the use of a
high-pressure cngine of gre'u: advantaae to the
Cornish mines, which could be proved by tHe
monthly rcports.—Conceived that every engine
ought to have two safety-valves, and one should
be locked up to prevent careless engine-men
doing mischief, which loy-pressure engines are as
liable to as high.—Was of opmnon that a high-
pressurc engine did greater duty with the same .
cbals than a low, which could also be proved by the .
monthly reports.y—Bei*ﬁg desired to attend the

Hon. Committee on the part of the proprietors of
12
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three of the largest mines in Cornwall, the united
mines of Crowan, Dolcoath, and Weal Unity,
they wished to state their hope, that the Legis-
fature would not intcrferc to prevent the use of
high-pressure engines, either on board boats, or
in any other way.

Mr. Tromas Leax, Inspector of Steam engines, of’
Crowan, in Cornwall, called in and examined.
»

Was employed by ncarly the whole of the
miners in Cornwall to inspecct their engines, and
make monthly reports of the work they performed.
—Conceived there was no danger whatever in the
use of high-pressure steam engines; and for this
reason, that, in gencral, for an engine intendced to
be worked with high steam, thc materials. were
made stronger in proportion than the materials
used for stcam of low-pressure.—Considered’ it of
importance that every boiler should have two
safety-valves, onc of which should bLe confined
from the enginc-man.—In a boiler in which great
strength was required, would certainly rccom-
mend cast iron, and had no doubt but it could be
made much stronger than wrought iron, the ex-
plosions that had happened in Cornwall having all
been in wrought-iron boilers, and from low-pres-
sure steam.—In every bodler that was built, there
was one part’of it weaker than another, and it was
haxdl) possible for a boiler to be thrown about in
fragments to do mischicf. Should not feel any
hesitation to sit on the cast-iron boilers in Corn-
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wall when an explosion took place, bemg con-
vinced the explosion would take place at the un-
der part.—Was in the Habit of working the high-
pressure boiler at forty pounds to an inch, while
they were proved to three hundred, and that too
without injuring the boiler.—Apprehended, that
with a boiler so constructed, so proved, and
guarded by two safcty-valves, there would be no
danger whatcver in any situation ; and was also of
opinion, that the high-pressure engines in Corn-
wall had saved at lcast two-fifths of the whole
consumption of coals in the county ; in some in-
stances it had saved three-fifths.

Mr. GeorGe Dobp again called in and examined.

Withess wished to offer to the Committee a
sccond safety-valve, which admitted of being
locked up so as to be inaccessible to the engineer.
This was furnished with a flat bottom, resting
upon a flat circular ring ; the stcam escaping from
the sides of the box through apertures, so con-
structed as that nothing could be introduced to
impede its action.

Wirriam Lester, Esq. of Lambeth, called in and
examincd.

Witness attended for the purpose .of delivering
in the drawing of a valve so constructed, as to
prevent the posslbxllty of any person having ac-
cess to it to prevent its action; it was selfla,ctmg
entirely from the gravity of a column of water
acting upon the valve, which prevented its being
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locked by any mode, and it could not adhere be- .
cause it was not a cone acting in another cone,
but a flat surface pressing upon the top of a cy-;
linder; and being encloscd in a box, and the
steam getting out at the bottom, no matter could '
get upon the valve to causc its adhesion.

REPORT.

Tre Sclect Commiitice appointed to consider of  the
means of preventing the mischicf of Explosion from
happening on bourd Steam-Boats, to the danzer or
destruction of hi~ Majesty's Subjects an board such
Boats ; and who were empowered to report their obser-
vations and opinion thereupon to the House s together

- with the Minutes of the Evidence taken before thems
have, pursuant to the Order of the House, considered
the matters to them referred, and agreed to the fol-
lowing Report :—

Your Committee entered on the task assigned
them, with a strong feeling of the incxpediency
of legislative interference with the management
of privatc comcerns or property, farther than the
public safety should demand, and more especially
with the exertions of that mechanical skill and
ingenuity, in which the artists of this country arc
so pre-eminent, by which the Jabour of man’has
been greatly abridged, the manufactures of the
country carried to an unrivalled perfection, and
its commerce extended over thie whole world.
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Among these, it is impossible for a moment to
overlook the introduction of steam as a most
powerful agent, of almost universal application,
and of such utility, that but for its assistance, a
very large portion of the workmen cmployed in
an cxtensive mineral district of this kingdom,
would be deprived of their subsistence.

A reference to the evidence taken before your
Committce, will also shew with what adyantage
this power has lately been applied, in Great Bri-
tain, to propel vesscls both of burden and pas-
sage; how much more extensively it has been
used in America, and of what farther application
it 1s certainly capable, if it may not be said to be
cven now anticipated in prospect.

Such considerations have rendered your Com-
mittee still more averse than when they entered
on the inquiry, to propose to the House the
adoption of any legislative measure, by which the
science and ingenuity of our artists might even
appear to be fettered or discouraged.

But thcy apprehend that a consideration of
what is due to public safety, has on several occa-
sions established the principle, that where that
safety may be endangcred by ignorance, avarice,
or inattention, against which mdxvxduals are un-
able, either from the ‘want of knowledge, “or of
the power to protect themselves, it becomes the
duty of Parliament to interpose.

In illustration of this principle, many instances .
might be given; the enactments, respecting party-
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walls in building, the qualification of physicians,
pilots, &c. the regulations respccting stage-
coaches, &t. scem all to be grounded upon it.
And your Committee arc of opinion, that its ope-
ration may, with at least equal propriety, be ex-
tended to the present case, on account ot the
disastrous consequences likely to ¢nsue from the
explosion of the boiler of a steam engine in a
passagc,-\ essel, and that the causes by which such
accidents have generally been produced, have
neither been discoverable by the skill, nor con-
trollable by the power of the passengers, cven
where they have been open to observation.

Your Committec tind it to be the universal opi-
niom of all persons conversant in such subjccts,
that steam-engines of some construction may be
applied with perfect security, cven to passage-
vessels; and they generally agree, though with
some exceptions, that those called high-pressure
engines, may be safely used with the precaution
of well-constructed boilers, and properly adapted
safety-valves; and further, a great majprity of
opinions lean to boilers of wrought iron or metal,
in preference to cast iron. )

Your Committee, therefore, in consequence,
have come to the following resolutions, which
they propose to the consideration of the House :

1. Resolved, That it appears to this Committee,
from the evidence of several experienced engi-
neers, examined before them, that the explosion
in the steam-packet at Norwich, was caused not
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only by the improper construction and materials
of the boiler, but the safety-valve connected with
it having been overloaded ; by which the expan-
sive force of the steam was raised to a degree of
pressure, beyond that which the boiler was cal-
culated to sustain.

2. Resolved, That it appcars to this Committee,
that in the instances of similar explosions, in
stcam-pachets, manufactories, and other works
wherce stcam-engines were employed, these acci-
dents were attributable to onc or other of the
causcs above alluded to.

3. Resolved, That it 1s the opinion of this Com-
mittee, that, for the prevention of such accidents
in future, the means are simple and casy, and not
likely to be attended with any inconveniences to
the proprictors of steam-packets, nor with any
such additional expense as can cither be injurious
to the owners, or tend to prevent the increase of
such cstablishments.  The means which your
Committee would rccommend, are comprised in
the following regulations :

That all stcam-packets carrying passengers for
hire, should be registered at the port necarest to
the place from or to which they proceed :—That
all boilers belonging to the engines by which such
vessels shall be worked, should be composed of
wrought iron or copper :—That every boiler on
board such steam-packet should, previous to the
packet being used for the conveyance of pas-
sengers, be submitted to the inspection of a skil-
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ful engineer, or other person conversant with the
subject, who should ascertain, by trial, the
strength of such Dboiler, and should certify his
opinion of its sufficient strength., and of the sccu-
rity with which it might be employed to the
extent proposed :—That every such boiler should
be provided with two suflicient safcty-valves, one
of which should be inaccessible to the engine-
man, and the other accessible bhoth to him and to
the persons on board the packet:—That the in-
spector shall cxamine such safety-valves, and
shall certify what is the pressure at which such
safety-valves shall open, which pressure shall not
exceed one-third of that by which the boiler has
beea proved, nor onc-sixth of that which by cal-
culatio#t it shall be reckoned able to sustain:—
That a pcnalty shall be inflicted on any person
placing additional weight on cither of the safty-
valves.

4. Resolved, That the Chairman be directed to
move the House, that leave be given to bring in
a Bill for enforcing such regulations as may be
necessary for the better managcment of steam-
packets, and for the security of his Majesty’s sub-
Jjects who may be passengers therein.



CHAPTER V.

Cylinder and Piston— Condenser — 4'r- Pump.—
Barometer and Steam-Gauge—HWorking Beam—
Parallel Motion — Counter — Sun  and Planet
Wheel—Fly and other Modes of regulating Ve-
locity— Boiler—~—Safety-1 alves— Furnace.

H avrxe taken a brief review of the early history

and general principle of this stupendous machine,

it may be advisable before we proceed to é de-
scription of the principal engines now émployed
tc examine more minutely the separate Pparts and
the progressive improvements effected in each.
The cylinder and piston being those parts of
the engine in which the effective force is more
immediately produced, may first claim attention.
The piston of the atmospheric engine is gene-
rally madc of cast iron nearly fitting the inside of
the cylinder, a circular ledge or rim being formed
round it to receive the packing, without which
the steam would find a passage through the inter-
stices in the cylinder. Mr. Smeaton, who greatly
amproved thc atmospheric engine, coated the
under side of the piston with elm or beech
planks about two inches and a quarter thick; the

wooden bottom being screwed to the iron with a

double thickness of flannel and tar, to exclude the
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air between the iron and the wood. By the
adoption of this improevement its property of con-
ducting heat was reduced, and the wood having
been previously jointed with the grain radiating
in all directions from the centre, was not liable to
expand by the heated stcam. 'This piston was
kept air-tight by a small stream of water conti-
nually falling on its upper surfice; but in Mr.
Watt’s engine he was compcelled to effect this by
improving the fitting of the piston] the old mode
being inadmissible. It is now cast with a pro-
jecting rim at bottom, which is fitted as accu-
rately to the cylinder as it can be, to leave it at
full liberty to risc and fall through the whole
length. The part of thc piston above the rim is
about two inches less all round than the cylinder,
to leave a circular groove for the hemp which
forms the packing. To keep this in its place, a
lid or cover is put over the top of the piston, with
a ring or projecting part, which enters into the
circular groove for the packing, and pressing
upon it the plate is forced down by screws, which
work into the body of the piston. By this means
the packing is made to fill the diameter of the
cylinder with tolerable accuracy, and to prevent
for a time any stcam passing between the piston
and the cylinder. When, however, by continued
working the piston became too casy, and so ocga-
sioned a waste of steam, it was found necessary
to take off the top of the cylinder to get at the
screws, even when fresh hemp or packing was not
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wanted, and this operation being attended with
considerable labour, was:geldom resorted to by
the enginc-man till a great waste of steam had
taken place. By an improvement on this piston
introduced by Mr. Woolf; this is now effected
without taking off the cylinder cove:,- except,
indeed, when new packing is required.

To accomplish this, Mr. Woolf fastens on the
head of cach of the screws a small cog-wheel or
nut, and these are all connected together by
means of a cehtral wheel working loose upon the .
piston-rod in such a manncr, that if any one of
the screws be turned a similar motion is given to
the remainder, a cap being provided in the upper*

“end of the cylinder screwed down by bolts to
makc it stcam tight. In a piston 'thus ‘con-
structed, there s little difficulty in drawing down
the packing, by applying a key to the square head
of the projecting screw employed to communicate
with the rest. Another mcthod contrived by
Mr. Woolf for the smaller pistons differs but little
from the preceding in construction. Instéad of
]mviné several screws all worked down by one
motion, there is in this but one screw, and that
onc cut upon the piston-rod itself; on this is
pl:iccd a wheel, the centre of which is furnished
with a female screw, which is forced down by
means of a pinion furnished with a sqaare pro-
jecting head turned in a similar manner to the

preceding. i}
Tor high-pressure cngines, however, the mefallic
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piston invented by Mr. Cartwright has the most de-
cided preference. This not only saves the trouble
and expense of packing, which must be frequently
renewed 1n all other engines, but also a great deal
of steam, on account ef the more accurate man-
ner in which it is made to fit the cylinder ; this is
effected in the following manner: Two metal
rings are accurately ground into the cylinder, so
that no steam can pass between their exterior sur-
face and the inside of the cylinder, their upper
and under sides arc also ground perfectly flat, and
applied one upon the other.  On the upper ring
is placed a plate of metal, rather smaller in diame-
ter than the cylinder, while a similar flat platc is
placed below the under ring, both of which, with
the rings' between, are attached firmly to each
other by means of the piston-rod passing through
them.
« A shell being thus formed, the rings are each of
them cut into three pieces, and in cutting them,
=such a portion of the metal is taken away as to
leave room to introduce between two of the picces,
a spring in form of the letter V, the open end of
which is placed outwards, almost close to the cir-
cumference ; by which means the two pieces
against which the two sides of the spring act, are
pressed in the direction of the circumference,
against the ends of the third picce, so that the
three pieces are thus kept so uniformly in contact
with the cylinder, that the longer the machine is
worked, the better the rings must fit. To prevent

-
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steam passing through the. clts ifi.the lower rings,
the solid parts in those ‘upon the upper side, are
made to fall upon the divisions and springs of the
under ones, thus interrupting the communication
that would otherwise remain open, and forming a
perfect break-joint. The interior surface -of the
cylinder in which the piston works, requires ‘o be
bored with the greatest exactness, though this was
bat little attended to in the carly atmospheric en-
gines, some of them being composed of timber
hooped together in the same manner as barrels are
constructed. Mr. Watt, in his first attempts at
improving the stcam cngine, employed this mate-
rial in the construction of his cylinders, though he
afterwards abandoned it for those of bored metal ;
the operation of boring being performed with the
greatest precision, by an apparatus invented by
Mr. Wilkinson*.

Mr. Murray has also cffected considerable im-
provements in this part of the engine, and the
boring machines employed in his manufactory are
of considerable value. They are worked by a
separate stcam engine, which is never stopped
during the operation, as in that casc a shoulder or
ting would be formed, running completely round
the evlinder.” .

In small engines, it is common to place the cy-
linder within the boiler, in which case no artificial

* For a desc:iption of Mr. Wilkinson's patent -cy"lindertappa-
ratus, see Appendix, A,
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mode of retamzﬁ’g thie.. i required; but to
this arrangement mﬁ’th ' of larger dimensions
there are several objections, not, the least of which
is the frequent repairs that are neccssary in the
boiler ; and a similar eflect has becw produced by
the use.of a double cylinder. This was first
adopted by Messrs. Boulton and-Watt, the outer
cylinder or_ stegm-jacket keeping the inuer cy-
lindcr at the temperature of boiling water, by the
action of a partition of stcam made to pass be-
tween.the jacket and the working cylinder.

We have already stated, that Mr. Watt’s great
improvement consisted in condensing the steam
in a separate vessel where a vacuum was formed
by the continucd application of cold water. A
metal box constructed for this purpose, and tur-
pished with a pump tor drawing oft the water and
air, is called a condenser. It is necessary that the

¢ parts appropriated to this purposc should be hept
as cold as possible; and upon this account the
air-pump and condenser are placed 1 a cistern off
cold water, which is kept full by the continued
action of a pump, also worked by the engine, and
called the cold water pump, a little being allowed
to pass off’ continually to preserve the water at an
equable temperature.

The air-pump and condenser are usually of the
same size; if of oune-eighth, the capacity of the
working cylinder, it will be found sufficient to
keep the condenser empty in Mr, Watt’s single
enginc. The best proportion for a double action
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cyhnder a’nd h*f Eogtll of stroke, ‘the con.
denser, as in the tingle engine, being of similar
capacity. . . '

In Mri Maudslay’s portable cngine the con-
denser is an hollow cylinder, and the air-pump is’
placed within it, so that there is no necessity for
a pipe of communication from tpe air-pump to
the copdcnser; and in this case a small cistern is
fixed over the pump to contain the hot water, the
discharge-valves being placed in the lid, which
thus forims the bottom of the cistern or hot well,

In the carly engincs, on Messrs. Boulton and
Watt’s construction, the air-pump and condensing-
cistern were placed at the outer end of*the beam
in which case the pump-bucket being drawn up
by the descent of the piston, the engine required
less connter-weight than in the present form, in
which the air-pump must be wholly worked by 3y
the counter-weight. It was necessary also, that
the parts appropriated to the condensation of
stcam should be kept as cold as possible; on which
account, the air-pump and condenser were placed
in a cistern of cold water, which being conti-
nually on the overflow, carried off' the excess of
heat.

The modc of condemmg by outward cold was
not however found sifhieieqt; and Mr. Watt
afterwards introduced a smahs jet of water, the
dimensions of the air-pump being so far increased,

X ‘



130 %l Description.
u to extractw-ﬂﬂ& nnjeét;m-water as well as the

" To shew the degree of vacuum in the con-
‘denscr, and consequently the amount of pressure
on the piston, a baromcter-rauge has been em-
ployed. This is justly considered as a most im-
portant instrument, though unfortunately for the
profit of steam engine proprictors but little at-
tended to. This gauge is in fact a common baro-
meter tube, of thirty inches in length, with
graduated scale, and connected with the con.
denser by a small tube turnished with a stop-cock.
When the air is cxpelled from the evlinder this
must be closed, otherwise the steam entering the
tube would blow the mercury from the cup. On
the cock being turncd. and the communication
opencd with the condenser, the exact degree of
vacuum will be shewn by the height of' the mer-
curial column, which, it the condensation be not
complete, or air be admitted, will descend, and
on the contrary, it pertect, it will ascend, as in
the Torriccllian tube.

The steam-gauge employed by Mr. Watts con-
sists of an inverted syphon or bent tube of glass
or iron, one leg of which is jointed to the steam-
- pipe, while the other is open to the atmosphere.
A quantity of mercury being poured into the
fube, it will occupy the lower or bent part, and
the surface of the fluid metal in one leg being ex-
posed to the pressurc of the steam, while the ex-
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ternal air acts upon the'other, if is evident that
the difference of level of the two surfaces will ex-
press the pressure of the steam in the height of
the mercurial column passing up the gradusted
tube. . .

This gauge is just the reverse of the preceding ;
the barometer shewing the pressure of the atmos-
phere on a given space of the piston, while the
stecam-guage indicates the force of elastic vapour
entering from the boiler. It is the duty of the
fire-man frequently to look at this gauge, that he
may know when to increase the fire in the fur-
nace, and thus a sufficient supply of steam’ will
always be secured to the engine.

In the carly atmospheric engines, the working-
beam was composed of a large and almost un-
hewn tree; but Mr. Smeaton employed a framing
of wood tor this purpose, which was afterwards
much simplified and improved by Mr. Horn-
blower.

In double-acting engines it is usual to have the
beam cast in one picee, the extremities being
tummed in a lathe to torm cylindrical pins, upon
which are fitted sockets or picees, having other
pins projecting from them to form the points of
the parallel-motion and connccting-rod. Thus,
there is one pin on cach side of the socket, the two
links of the parallel-motion being fitted to the two
projecting pins at one cnd, while the double joint .
of the connccting-rod is fitted on the two pins at
the other end of the beam. The advantage of

K2
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this construction is, that the joints at the ends of
the beam bccome unmiversal joints, having liberty
of motion in all directions; and in somc of Mr.
Murray’s best engincs, the same contrivance is
applied to the crank-pin and connecting-rod.

The two great links of the parallel-motion, are
each composed of a strap or loop of iron, bent so
as to form a double link, in the upper bend of
which are two sockets for the pivots at the end of
the beam, and at the lower end are two others,
for the pivots which project on cach side of the
piston-rod socket. The brasses of this joint are
held in by wedges, put through the two links at
the lower end, which, on being driven inwards,
tighten the fittings at pleasuie.

To ascertain the number of strohes made by
the cngine in a given time, a simple apparatus
was coutrived by Mr. Watt, called a couunter.
This is in some cascs attached to the beam, cach
stroke moving onc tooth, and the ndex hand
shews how many strokes have been made in a
given time; and by comparing this register with
the diameter of the piston and the baromeser-
gauge, the exact power of the engine is accu-

rately shewn.
The fly-wheel has justly been considered one

of the most important and valuable parts of the
steam-engine : when combined with the crank, it
is employed to convert a reciprocating into a
rotatory motion. If of moderate size, it should
be cast in onc picce of metal; this, howcver,
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cannot often be accomplished " from its great
weight, the fly-wheel of a large engine frequently
exceeding ten tons. When of this size, the ring
is usually cast in six pieccs, of about a ton cach,
and connected by wrought-iron bolts; but a
method has lately been introduced in large en-
gines, of cubstltutuw the dove-tail for that mode
of connecting the parts. In this case the arms
arc fastened into the ring, and the segments of
the ring fastened together by a system of dove-
tails, which admit of being put together only iu
one direction, which is contrary to that in which
the centritfugal force acts. It is a great object in
constructing fly-wheels, to choose that form which
otfers the least possible resistance to the me-
divm through which it revolves, and on this ac-
count the ring should be smooth and truly cir-
cular; the radii being made with a thin edge to
the air. It is alse neccessary that the various
picces connected with the fly, should be cast in
the most solid manner, as the centrifugal force of
so large a mass frequently moving at the rate of
more than three hundred feet per second, would,
in the event of any part flying off, be productive’
of the most fatal consequences. -

Messrs. Murray and Wood form the radiating
arms or cross bars of an clliptic figure, the nar-
rowest edge meeting the air; and to these eminent
engineers we are indebted for the following rule
for proportioning the fly-wheel of the stcam en-
gine. Multiply the number of horsc power of the
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engine by 2000, and divide it by the square of
the intended vclocity of the circumference of the
fly-wheel in hundred-weights. Of this rule Mr.
Buchanan furnishes an example: to find the
weight of a fly-wheel proper for an engine of
twenty horses’ power, supposing the fly-wheel to
be 18 feet mn diamecter, and to make 22 revo-
lutions per second: wheel 18 teet diameter = 56
fect circumference; x 22 revolutions per minute
= 1232 feet motion per minute + 60 = 205 feet
motion per second for the motion ot the circum-
ference of the fly-wheel.  Then 903 feet per mi-
nute squared, = 420;, and twenty horses' power
x 2000 = 40000 + 420% = 90+ cwt. of the
wheel requirced.

In addition however to this mode of regulating
the velocity of the steam engine, a variety of
plans have been suggested for equalizing the ad-
mission of steam; the most simple ot which is by
means of a handle connected with the throttle-
valve. This is a thin circular vane placed in the
stcam pipe, turning on a pivot across its centre,
\\Inch comes through the pipe, and has a small
handle fixed on the end of it, bY turning which,
the passage is opened or shut.  When the vane is
set, so that its plane. is perpendicular to the axis
of the pipe, it nearly fills the circular passage, and
allows very little stcam, if any, to pass by it; but
wwbcn the vance is turned edgeways, it presents a
wery mpall surf‘u‘c, and leaves the passage ncarly
open; 50 that by thus turning the handle, the
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attendant can at any time regulate the spced of
the engine.,

The governor or double pendulum, is also em-
ployed for this purpose. This consists of two
balls, suspended by joints projecting from a ver-
tical axis, which being caused to rcvolve by the
machine to which it is- connected, will increase
the diamcter of the path described by the balls
with the incrcasing speed of the machine ; or, in
other words, their centrifugal force will cause
them to flv off from the arbor in a degree pro-
portionate to the velocity of the machine; and
this motion is made to actuate the lever con-
nected with the valve, which admits the steam
from the boiler to the exlinder.

Another method, is to have the small pump
worked by the engine, and raising up water into
a cistern, from which it runs out again in a con-
stant strecam. By this mcans the water will ac-
cumulate, and rise in the cistern, if the cngine
work rapidly, ~o as to pump more water into the
cistern than will low out of it in the same time;
and, on the contrary, the surface of the water will
sink in the cistern, it the engine work slowly,
and a float being in the cistern, and connected
with a wire to the throttle-valve, a proportionate
ctiect will be produced on the enginei®

»! #

* The patent regulator invented by Mr. Job Rldtpf
scribed in Appendix, A,
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The only materials that have hitherto been
employed in the construction of steam-engine
boilers, are iron, copper, wood, and stone. The
latter of thesc was introduced by Mr. Brindley,
who, in 1756, erccted a steam engine ncar New-
castle-under-Lyne with a boiler of this description.
It was composcd of brick and stone firmly ce-
mented togcther, and the water was heated by
iron flues passing in various dircctions.  An ad-
mirable cement for this species of boiler may be
formed of boiled linseed oil, litharge, and red
and white lead mixed together to a proper con-
sistence, and then applied as a species of mortar
to the stones.  1f the joints be properly filled, a
cistern thus constructed will never leak, nor want
any very considerable repair.

Savery’s boilers were of copper, and centained
about five or six gallons ot water ; and the, Mar-
quis of Worcester states, that he employed ¢ a
picce of a whole cannon™ for that pugposc.

The atmospheric-engine, constructed by New-
coman, was provided with a boiler of considerable
dimensions, composcd of wrought-iron plates, the
upper part being of an hemispherical form to
resist, the elasticity, of the stcam ; and it is of con-
‘siderable importance that this part of the boiler
be accurately proporfioned to the power of-the
engine. If the boiler-top be too small, it requires
the steam to be heated to a greater degree to in-
crease its clastic force sufficiently to work the
engme, and then the condensation on cntering
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the cylinder will be greater. If the top contain
cight or ten times the quantity of steam used at
each stroke, it will require no more fire to pre-
scrve its elasticity than is sufficient to keep the
water in a proper state of boiling; this, there-
fore, may be considered as the most cligible size.

Wooden boilers have as yet we believe been
cxclusively confined to America. They were in-
troduced by Mr. Anderson and Chancellor &i-
vingston. The merits of this boiler are, cconomy
in construction, and a very material saving in
fucl ; the latter of which advantages will be rea-
dily seen from the circumstance, that wood is a
bad conductor of heat, while metal is one of the
best.  That there is a great saving in the employ-
ment of this specics of boiler where wood is cheap
is sufficiently evident; that part, however, which
is above thc water, and consequently exposed to
the action of the steam, speedily decays, and the
clastic vapoug passes through the joints. This,
however, might be remcdied, by coating the in-
ternal surface with thin metal, which might rea-
dily be connected with the furnace and flue, so as
to make the whole boiler stcam-tight.

The boiler of Messrs. Boulton and Watt’s cn-
aine is so placed as to receive the greatest pos-,
sible degree of heat, the flame passing through a
long flue which twice encircles the lower fart.
This is kept constantly supplied with water, to
repair the waste of cvaporation by means of a
pump communicating with the hot-wcll; and as it



138 General Description.

is necessary that this should alwavs be preserved
at the samc level, the feed-pipe is closed by a
valve in the bottom of the cistern, which prevents
the water running down into the boiler until its
level subside, and shews that it requires reple-
nishing. To know the exact height of the water
in the boiler, two cochs are mostly employed ; one
of which is carricd below the requisite water-mark,
and the other stands a little above the desired
point. If water should issue from both cocks,
the supply has not been sutlicient, and more must
be admitted ; but if, on the contrary, water pro-
ceced from the one cock and steam from the
other, it may then be considered about the pro-
per level.

The patent boiler employed by Mr. Woolr, is
different from that commonly used in engines
which work with steam of a low pressure, the
water being contained in several ¢y lindrical tubes
of cast iron which are exposed to the heat ot the
furnace nearly in an horizoutal position.  In the
employment of’ this kind of boiler care should be
taken that the flamc and heated air be made to
come completely in contact with the iron tubes of
which it is composcd, and so as to give out the
.least possible portion of heat previous to reaching
the chimncy.

This mode of raising steam of great clasticity,
by exposing a large surface in a number ol heated
tubes, does not appear to have originated with
Mr. Woolf, it having been proposed by Mr.
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Blakey in a small tract which he published in
Holland as far back as 1776. It appears, how.
cver, that Blakey’s tubes were to be placed over
cach other upon the same principle as the ole-
fient gas-retorts, and the®water passing down
the heated pipes, was thus readily converted into
steam.

The high-pressure boiler, employed Mr. Tre-
vithick, is supplied with water previously heated
n aseparate vessel, by a small force-pump worked
by the engine. In some of the improved engines,
however, another and more ingenious mode had
been adopted, the water being driven in by the
action of a volume of highly cxpansive steam.

Among the provisions made for the sceurity of
the high-pressure boiler, we may enumerate the
soft metal plug and double safety-valve. The
former of these contrivances is calculated to pre-
vent the boiler being burst by the sudden intro-
duction of water, when it has been allowed by
carelessness to boil dry, and become red hot; and
by the employment of two safety-valves placed
in different parts of the boiler, the chance of ac-
cident is diminished at least one half; while the
cffect of the engine is in no shape impaired.

The greater part of the boilers employed in
Amecrican steam-navigation arc of wrought iron,
and are usually more than a quarter of an inch in
thickness, of a cylindrical form, and about thirty
inches in diameter, with a cast-iron end aboat
two inches thick; and the testimony of expe-
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rienced engineers both in this country and Ame-
rvica, has invariably shewn, that such a specics of
boiler, when old and thin by long wear, has gene-
rally given way by a small rent or fissure through
which the stcam escaffes, gradually taking off the
internal pressure, and thus sccuning the pas-
sengers adjacent from the dreadfl consequences
which have frequently resulted from the cxplosion
of cast-iron boilers similarly constructed.®
The safety-valve being an object of considerabic
importance, both as regerds thc utility of the en-
gine, and the preservation of those connccted
with its management, much attention has been
given to its construction, and to this highly useful
appendage we would particularly call the reader’s
attention.
The first engine that was made by Captain Sa-

very had a steel-yard safety-valve, to let the steam
.ﬂy off when it affiyed at a dangerous degree of
clasticity. The f6llowing figure will furnish a
sufficiently accurate idea of this simple apparatus.
A, the top of the boiler; B, the safcty-valve or
plog madesto fit air tight in the tube or valve-
seat beneath ; C, the lever working on 4n axis at
D, and furnished with a moveable weight, E,
adjusted to balance the pressure of the stcam.

'y

* In thoge -boilers that are constantly employed with sea-

, & great accumulation of salt takes place; it is therefore

pecessry for ships which perform Jong voyages to be provided

‘with two boilers, each of which should be capable of supplying
the engine with the necessary quantity of stemin.
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When steam of considerable elasticity is required,
the weight is placed at the extremity of the
lever, and, as[sucl.l acts with greater force on the
safety-valve than when removed to a point nearer
to the axis on which it revofves. So that should
low-pressure steam be required, it will only be
neccessary to remove it nearcr the axis or centre,
and vice versa.

‘The Iever and balance-ball which form this ap.
paratus, would at all times be cffectual were they
not liable to be fasteued by the corrosive nature
of the materials of which the valve is composed,
and, what is worsc, their presspf€ altered by the
addition of more weight. This, however, as too
frequent expericnce has shewn, is continually the
‘case, the engincer having more regard for the
full performance of his machine than for his own
safety oredife; and to the overloading of this
valve, these accidents may be principally attri-
buted.

To prevent a recurrence of those accidents
which first drew the attention of the legislature
to this important part of the engine, and to which
we have already referred, under the head of steam
navigation, it appears advisable to inclose the
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safety-valve in an iron box, and so put it beyond
the control of the engine-man.

The annexed figure represents an inaccessible
safety-valve, calculated to answer all the purposes
for which it is intended, namely, the prescrvation
of thosec employed in the neighbourhood of the
boiler, and cconomy-in the use of steam.

In this, as in the preceding diagram, A repre-
sents the boiler, and B the safety-valve, furnished
with a small upright staft, on which slide the ad-
ditional weights CCC. The whole is inclosed in
a box D, picrced with holes to allow the stcam to
escape after it higsaraisced the valve B.

Should high-pressure steam be wanted, it is
necessary only to increase the number of weights,
and the desired effect is produced; or i, on
the contrary, steam of the usual atmospheric
pressu:%* be wanted, the whole of the weights arc
taken off.

The safety-valve invented by the Chevalier
Edelcrantz, has nearly the same properties as that
employed by Mr. Woolf. It consists of a small
brass cylinder which is fixed on the boiler, and
fitted with a piston made to descend with its own
weight when raised by the pressure of the 'steam.
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The lower part of the cylinder being made to
communicate with the boiler ; the upper part is
closed by ‘a small cover screwed on to it, and per- -
forated with a hole, through which the piston-rod
passes freely, which serves the double purpo.e of
keeping the piston perpendicular, and preventing
it being blown out. The sides of the cylinder are
pierced with a number of small holes, placed in
succession at a short distance above cach other,
~o that the open spacc for the steam to escape, in-
creases with the height of the valve, and is ulti-
matcly enlarged so as to prevent any danger of
explosion.  The piston-rod is also furnished with
a number of weights, fitting loosely on a small
shoulder, similar to those employed in the com-
mon hydrometer; and these may be removed or
increased at pleasure.

Another advantage likely to result from the
adoption of this safety-valve i«zﬁthc facility with
which it may be employed to regulate the fire of
the stcam-engine furnace to the intensity of the
elastic vapour required.  This may readily be ef-
fected by a register pressing on the top of the
safvty-piston, and connected with the apertures
for the admission of air, which, by increasing or
decreasing the supply of oxygen, will have a pro-
portionate result on the steam gencrated in®the
boiler, and consequently effect a considerable
saving in the expenditure of fucl. .

Another safety-valve, opening internally, has, we
belicve, also been added by Messrs. Boulton apd
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Watt. This is of great utility, more particularly
in large engines, as it prevents the sides of the
boiler being crushed in by the sudden intro-
duction of water, or any artificial condensation
that may take place from reducing the hcat of
the boiler-head. |
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Tue Engine invented by Savery, and improved by
Pontifex, possesses considerable advantages over
the Marquis of Worcester's apparatus, and 1t is
probable that the extreme simplicity of this engine
will, when better known, bring it into more gene-
ral use. With this view we have selected it as
the subject of our first plate, in preference to the
original engine, the principle of which has been
already very fully explained. The apparatus we
are about to describe, has lately been erected at
the City Gas Works.

Plate1.Fig.1.and 2. represent front and side ele-

vations of the cylmders, and connecting apparatus. *

Fig. 3. Back view, with scction through the

cistern and buckets.
1.



146 General Description.

Fig. 4. and 5. Vertical and horizontal scctions ;
the latter commencing at the dotted line a«, Fig. 1.

Fig. 6. and 7. Side and end view of the
waggon boiler.

b.b. Fig. 1. Two steam cylinders connected by

cross tubes at cc¢, in each of which a vacuum is
alternately formed by the condensation of elastic
vapour, conducted from the boiler by the bent-
tube d, and admijtted to the steam-cylinders by
means of the sliding-valve e.
* Jo f. Fig. 4. Twontubes perforated wijth small
holes for the admission of steam and injection wa-
ter, the latter of which is distributed by falling on
the strap g.

A. The suct:on-pxpe’*ﬁpmceedmg to the bottom
of the well, which in no case ought to excecd
from twenty-eight to thirty feet in depth ; so that
a vacuum being formed in the copper vessels b b,
the water will be raised by the pressure of the at-
mosphere, and passing up the tube A will take the
place of the elastic vapour.

1. 1. Two valves placed at the upper end of the
suction-pipe h, which .allow of the’ upper pas-
sage of the water from the well, but prevent its
return. ‘

J-J- Two similar valves opéning into the air-
vessel &,:to which is attached the nozzle /, serving
to convey the water from the copper vessels to
any required point.

m. The injection-tube, furnished with a valve
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at o, and intended to convey water from the box
n, to the taper tubes f 1.

p- Stop-cock to regulate the supply of condens-
ing water.

q- Tube passing from the bottom of the cistern
n, to the injection-tube m, and furnished with a
stop-cock at s:

The quantity of water in the cistern r is regu-
lated by a floating valve ¢, which in Fig. 3. is re-
presented immediatcly over the pipe ¢, so that the
valve is gpened whenever the water rises beyond
the required depth. ot

u.u. Two tubes communicating with the back
part of the chambers n n, and the inverted vessels
v v, each tube being furnished with a valve at w
to admit the watcr from the chamber to the buck-
cts r x.

r.z. Two buckets suspended by rods, and a
chain passing over the wheel 2, which is fixed
on the end of the axis 3, and supported by a
bracket 4. TFrom the other end of the axis 3
projccts an arm 6 provided with a stud T.

9. A horizontal axis twning in a stuffing-box
at 10, on one end of which is fixed a pinion 11,
which serves to give motion to the sliding-valve e,

To put this engife in action, the steam must be
first raised to the boiling point, and the'valve or
cock opened, which admits it to pass from the
boiler to the pipe d. One of the buckets must
now be made to descend, which will open the

L2

I
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sliding-valve ¢, and admit the stcam into the
cylinder b, 1. The atmospheric air, which will
thus be expelled from the cylinder, is allowed to
pass through the valve j and nozzlel. Theother
bucket must then be depressed, and by its action
upon the sliding-valve it will open a communica-
tion for the injection water through the pipe ¢ ¢,
which passing down the perforated tube f will
immediately. condense the steam, and form a va-
cuum in the vessel. The whole pressure of the
atmosphere being now removed from the suction
pipe h, the water will rush up to restore the equili-
brium, and the vessel b being filled will furnish a
supply at the bent-tube

Having examined the action of onc-half of the
apparatus, we may suppose the same effect to be
produced on the opposite side. The steam will,
in the first instance, be admitted by the pipe ¢, and
a communication afterwards opened by mcans of
the sliding-valve with the condensing water, which
by reducing the steam to its oniginal bulk will form
a vacuum, and the water will again ascend as in
the first vessel.

The stop-cock y must now be opened, and the
bucket » first described made to descend, which
will remove the sliding-valve e to its original
position, and admit the steam to the upper part of
the first vessel, which will depress the water, and
cause it to flow through the valve ;7 and nozzle /,
while at the same time the water will pass through
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the tube u u, in which the valve w is inserted be-
neath the inverted vessel v. The water will con-
tinue to enter the bucket z till its increasing
weight causesit to preponderate, and turn the
sliding-valve ¢ in the opposite direction.

Should there not be a sufficient supply of water
in the cistern » r for the purpose of condensing
the stcam in the large vessels, the stop-cock p
must be opened, and an additional supply of water
will then be furnished from the chambers n » by
the tube m, and in the event of the bucket not be-
ing depressed at the instant that the water is ex-
pelled from the chamber n of the vessel b, the
steam will pass through the tube uu, and act be-
tween the under side of the fixed inverted vessel
v, and the surface of the water in the moveable
bucket x, the descent of the bucket being accele-
rated by the repellant force of the steam, so that
by the alternate action of the buckets z z, the
motion of the engine is rendered continuous.

It appears that each steam-vessel in the engine
cmployed at the City Gas Works, contains about
thirty-six gallons of water, which is raised about
twenty-eight feet three times every two minutes ;
one bushel of coals, or two of coke, serving the
boiler about two hours and three-quarters.

The Atmospheric Steam-engine, which is pest in
the order of invention, is now but little employed ;
indeed, if we except the mining “districts where it
is occasionally scen connected with the pumps for
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raising water, this specics of engine is of very
rare occurrence. The great merit of Newcomen’s
engine consisted, as we havc alrcady seen, in
separating the parts in which the stcan was to
act, from those in which the water was to be raised;
steam being employed merely for the purpose of
displacing the air, and then forming a vacuum
by condensation.

In this engine, steam of modcratc expansive
force is generated in the boiler ¢, Plute 11. by the
action of the fire in the furnace b.

c. The steam-pipe, through which the elastic
vapour passes to the cylinder d.

d. The cylinder, furnihed with a plug or piston,
made to fit air-tight by mcans of a packing of hemp
or any other elastic material.

e. Thepiston, connected with the working-beam
Jf by means of a flexible chain and rod.

f. The working-beam, or lever, supported on
the axis g.

h. The pump-rod, by the alternate clevation
and depression of which the water is raised to any
required height.

i. Injection-pipe, connected with the cold wa-
ter cistern at %, and furnished with a small branch
pipe [, to supply the uplper side of the piston
with water.

. 'm. Eduction-pipe, furnished with a valve at n,
to prevent the return of the water from the hot-

well o,
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7. Waste-pipe, to conduct the superfluous water
from the top of the cylinder to the hot-well.

. Injection and steam-cocks, alternately open-
ed and shut by the plug-frame r, so that when
the steam-pipe ¢ is open to the cylinder, the con-
nection with the injection cistern is closed, and
vice versa.

s. The feeding-pipe, to supply the boiler with
water, furnished with a cock at ¢.

v. The snifting-valve, by which, at every ascent
of the piston, the air extricated from the condens-
ing water is driven out by thec pressure of the
steam.

u. u. Two gauge-cock¥, connected with pipes
passing into the boiler, the one longer than the
other, to ascertain the depth of water. Should ene
of these furnish steam and the other water, the
latter may be considered at the required height.
But if on the contrary both give steam, or both
water, it is too high or too low.

w. Yorcing-pump, worked by the main beam,
for the supply of the injection-cistern, witlt which
it communicates by means of the pipe 2 .

When the atmospheric engine is set to work,
the boiler must be filled rather more than half full
of watcr, and the steam having attained a pressure
of about one pound on -each squarc inch.of the
boiler, the pump-rods will preponderate, and the
piston be drawn to the top of the cylinder. Ina
few moments the eclastic vapour will bec seen to
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isswe from the snifting.valve ¢, and the communi-
cation with the boiler being then closed, the injec-
tion water must be admittcd, which condenses the
steam, and of course forms a vacuum beneath the
piston. The downward pressure of the atmo-
sphere being now unbalanced by any resisting me.
dium beneath, acts upon the piston with a force
proportioned to its diameter, and it is made to
descend with considerable velocity, at the same
time raising the pump-rods 4 w connected with
the opposite end of the beam.

In adjusting the working beam, it is necessary
to allow the end connected with the pump-rods to
preponderate, and this is accomplished by means
of a moveable counter-weight. When an engine
is erected on a mine, where the depth of the shaft
is continually increasing, the quantity of water
first lifted by the pumps being small, the engine
must work slow, and the counter-weight be in
proportion, allowance being made for the light-
ness of the pump-rods, which increase in weight
with thie progress of the mine. In the carly stages,
however, the injection must be very sparingly ap-
plied, so as to condense imperfectly within the
cylinder, or the piston will descend with such ve-
locity as to destroy the whole apparatus.

The boiler of Newcomen’s engine was placed
immediately beneath the cylinder ; but this ar-
rangement has, in the later engines, been materi-
ally improved ; the boiler being now detached
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from the engine-room ; and by this plan a consider-
able saving in the height of the engine-house is
also effected.

We have alrecady stated that Mr. Watt’s great
improvement consisted in condensing the steam
in a scparate vessel : the internal part of the
cylinder being kept at the temperature of boiling
water, so that the continued waste of steam, and
conscquently of fuel, that occurred by forming a
vacuum beneath the piston in the atmospheric
cngine, was in this case avoided.

The nature of this improvement will be best un-
derstood by reference to the Single-acéing Engine,
that forms the subject of Plate 111, in which arepre-
sents the boiler, enclosed in a casing of brick work.

b. The stcam-pipe, connecting the cylinder ¢
with the boiler.

¢. The cylinder, firmly attached to the floor of
the engine-room by the bolts d d, and having its
upper end enclosed by the cap e, through which
the piston-rod is made to work air-tight.

f-g. The beam, working on its axis or fulcrum
at h, the socket in which the axis revolves resting
on the floor and wall .

J» The pump-rod, suspended at the end g of
the working-beam. '

k. The piston-rod, connected by the parallel
motion at f with the working-beam fg.

m. The condensing cistern, containing the air-
pump n, the condenser, and hot-well 0 : a con-
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tinued supply of water being procured by the
action of the cold water pump p, while the over-
flow is carried off by a waste pipe to the well ¢, so
that ncarly the whole of the cxternal part of the
apparatus is kept at the same temperature as the
surrounding atmosphere.

r. and s. The upper andlower steam-valves.

. The exhaustion-valve.

v. The plug-beam, furnished with pins to give
motion to the levers acting on the valves rst.

w. Pump, to raise water from the hot-well o to
supply the boiler, which is ettected by the pipe w
w, the small cistern o being provided with a valve
and lever furnished with a wire passing down to
the boiler at y.  The lower end of the wire is at-
tachedto a weight, which by its descent opens the
stecl-yard valve, and allows the admission of an
additional supply of water when evaporation ren-
ders it necessary.

z. The man-hole, or aperture, formed in the
top of the boiler, by opening the cap of which the
nccessary clearing and repairs are effected.

The single-acting engine (to which we have
thus briefly referred) is merely employed to raise
water ; the steam acting above the piston, while a
vacuum is formed beneath. = A more minute de-
scription of the very compact double-acting cngine
of Messrs. Fenton, Murray, and Wood, will best
serve to cxplain the internal mechanism and
mode of working one of these gigantic machines.
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Before, however, we proceed to an examination
of its internal mechanism, it may he advisable to
take a brief view .of the gencral arrangement of
its parts as exhibited in an engine of twenty-horse
power erected at Leeds.

Plute IV. AAA. Foundation walls and masonry
of the building on whiéh the engine is erected.

B. The steam-cylinder, enclosed in a jacket or
casing of cast iron, to exclude the atmospheric air
from the cylinder, which is thus kept at the tem-
perature of boiling water.

CC. The pipe which conducts the steam from
the boiler to the valve-tube DD.

EE. The cduction-pipe leading to the con.
denser I'.

- G. The air-pump, which with the condenser I
is immersed in the cold water cistern H.

I. The cold water pump, which supplies the
cistern H by the pipe J.

K. The hot water pump, furnished with the
piston-rod P, the upper part of which is connect-
cd with the working-beam at Q, so that at each
elevation of the beam & quantity of hot water is
furnished to supply the wastc by evaporation.

L. The piston-rod, connected with the parallel
motion MM.

NO. Two rods, attached to the opposite ends
of the working-beam, and connected with the air
and cold water pumps 1G. . '

Q. The working-bcam, supported by the cast-
iron column R.
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S. The connccting-rod, the lower part of which
is attached to the crank T, while the other is ele-
vated or depressed by the alternate meotion of the
working-beam.

U. A spur-wheel, attached to the crank-shaft,
and working in a pinion 'V, by which it gives mo-
tion to the fiv-wheel W,

XYZ. Three beveled wheels ; the first of which
is attached to the crank-shaft, and by the inter-
mediate wheel and shaft gives motion to the third,
which by a concentric roller moves the valves.

The parts of the engine we have thus briefly
noticed, differ but little from the ordinary double-
acting engine of Messrs. Boulton and Watt ; and
it will be necessary to refer to the enlarged scale
on the following plate for a more accurate descrip-
tion of the working of the valves, &c.

Plute V. TI'ig. 1 and 2, represent scctions
of the steam-pipcs, valves, and communicating
rods.

C. The steam-pipe, furnished with a throttle-
valve at a, to regulate the supply of steam to the
engine. This is effected by the action of the
Icver& and connecting-rod ¢, which communi-
cates the action of the governor g to the valve a;
while a rotatory motion is communicated to the
axis of the governor, by means of a band passing
from a pullcy on the crank-shaft to a similar pul-
ley on tje axis of the governor.

e. e. Two bent levers passing through a slit in
the middle of the spindle, and turning upon an
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axis at £ The upper part of the spindle is fur-
nished with a socket 4, which is allowed to ascend
when the centrifugal force of the governor in-
creases.  Should, however, its motion decrease,
the balls j j will descend, while the socket A will
ascend, and with it the lever L

¢. A rod connecting the levers / and b, which
by their joint action communicate the motion of
the governor to the throttle-valve a, so that when
the engine is at rest the balls j ;7 will also be rest-
ing against the arms k k, the upper end of the
levers ee will be brought nearer to each other,
and the rod ¢ being raised, the throttle-valve will
be turned in a horizontal direction, thus allow-
ing a large portion of stcam to pass through the
pipe C.

DD. A pipe connecting the top and bottom of
the cylinder with the throttle-valve a.

E. The eduction-pipe, passing down to the
condenscr.

The valves » o have each a cylindrical tube or
spindle passing through the stufling-boxes r and s,
to the upper end of which are screwed two other
stuffing-boxes ¢ and u, so that both valves are al-
Jowed to slide up or down without pcmuttmg the
steam to pass.

p. ¢. Two other valves similar tor n o, whose
spindles pass through the stuffing-boxes # u.

Fig.2. Is a front view of the two sliding bars
which are intended to give'motion to the valves
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nopg. These bars are kept in a perpendicular
direction by the pieces z z, and the guide 1.
In the lower ends of the bars are two friction roll-
ers 3 3, which arc aeted upon by the two cccen-
tric wheels 4 4, and raised and depressed alter-
nately by the upward and downward stroke of the
engine.

The horizontal shaft Z derives its motion from
a similar shaft Y placed at right angles, communi-
cating by means of beveled wheels with the crank-
shaft.

9, 10, 11, and 12, arc four arms, fixed to the
bars v v, and w w, for the pugpose of moving the
valves. .

13. A lever or handle revolving upon a stud
screwed in the pipe E, which, by its action, is
made to open and shut the steam-valves when‘the

-engine is first set to work.

18. A tfhercurial or barometer gauge for mea-
suring the pressure of the stcam above or below
that of the atmosphere.  One end of the baro-
meter-gauge enters the stcam-pipe DD, while the
other is open to the atmosphere and furnished
with a gauge. "

The communication between the. barometer-

gauge and fteam-pipe may be closed at plea-
sure by the'stop-cock 19. In the lower or bent
part of the tube is placed a quantity of mercury,
and it will be evident that upon opening the cock
19, the’ pressure of the steam endeavouring to
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pass by the pipe DD, will be counterbalanced by
the pressure of the atmosphere. Should, how-
cver, the elasticity of the steam exceed that of the
atmosphere, the mercury will be raised in the
outer leg of the gauge, and the difference in the
altitude of the two columns will show the working
power of the steam. When the altitude of the
colurpn I8 cxceeds’ that of 19 two inches, the
pressure of the steam will exceed that of the at-
mosphere nearly one pound per square inch.

A ncarly similar instrument is also employed
to ascertain the degree of rarefaction in the con-
denser. It consists gf a bent iron tube 21, the low-
er end of which opensto the condenser. The nter-
cury is poured into the tube at the open end 28,
and the stop-cock 22 being opened, the mercurial
column at 23 will be depressed, while that on the
opposite side will be raised in a proportionate
degree. This effect is produced by thegvacuum
formed in the condenser. If the condenser and
air-pump are in good order, the mercury will
descend about fourtcen or fiftcen inches, wbipﬁ
will indicate a pressure of so many pounds upon
the square inch.  So that if we refer to the, two
gauges, it will be found that the total amount of
power, or acting force upon the piston, will be re-
presented by the difference in the altitude of the
two mercurial columns added together.

To put the engine in action, the fly-wheel W,
Plate 1V. ‘must be turned till the crank T is in
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a horizontal dircction, when the piston will be
in the middle of the cylinder B, and the cccentric
wheel 4 on the upper side of the shaft Z. "Lhe bar
w w, will also be raised, together with the valves o
and p, and the handle 13 being turned, a passage
will be opened for the steam to blow from the pipe
C, and thus expel the atmospheric air, which pre-
viously filled the different parts of the enginc.
When this is effected, and the temperature of the
engine raised, the lever 13 must be turned to its
original situation; the bar ve, together with its
valves, will descend, and the steam will be shut
off from the upper side of the cylinder; while,
atthe same time, the passage will be stopped be-
tween the under side of the piston and the con-
denser. The injection-cock must now be opencd,
which will admit a small jet of cold water into the
condcnser, and a vacuum will be formed above
the piston, while the stcam is cntering beneath
with a pressure equal to or greater than that of the
atmosphere.

The piston-rod being thus made to ascend in
the cylinder, the opposite end of the beam Q will
be depressed in a proportionate degree, and the
rod S, as well as the crank T, will also descend,
and a rotatory motion be produced. The fly-
wheel will also have acquired a sufficient degreey
of momentum to carry the crank past the perpes-
dicular, and the piston will have arrived at the
top of the cylinder 5 the situation of the valves
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‘being reversed by the action of the excentric
wheels, and a continuous motion is thus produced.

The High-pressube Engine, in its most. simple
form, may easily be described by reference to the
following diagram.

The cylinder A \s furnished with a piston agd
rod B, the latter being made to fit air-tight in-a
stuffing-box at the top of the cylinder. A fours
way cock C is also gprovided for the admission
of highly elasnc vapour, and its subsequent dis-
charge inté the atmosphcre. The action of the
four-way cock will be best understood by the sec-
tion D; in which E represents the waste-pipe con-
nected with the chimney, while two other aper-
.tures serve to convey the steam alternately to the
upper and under side of the piston; and a thl!'d

M
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communicates with the steam-boiler. ~So that if
we supposc the piston to be in an ascending di-
rection, and the steam of course entering the
cylinder bencath, a communication will at the
samc time be formed between the upper side of
the piston and the atimosphere, while the steam
that had previously been employed to depress the
piston is now allowed to escape.  When the piston
has reached the top of the cylinder, the cock is
turned, and its action reversed, the stcam now
entering above the piston, while a communication
is formed for its escape beneath.

The remaining parts of the Righ-pressurc en-
gine, as constructed Wy Messrs. Trevithick, may
- very easily be understood. T'he boiler consists of
a large cylimler of cast iron, made very strong,
and placed with its axis horizontally upon short
feet or pillars of cast iron; the boiler has a flanch
at one of its ends to screw on the ‘end or cever,
which has the requisite openings for the tire-door,
the man-hole, the exit for the smoke, and the
gaugc-eocks. The fire is contained within the
boiler in a cylindrical tube of wrought iron, which
is surrounded with water on all sides ; one end of
this tube is attached to the end or cover of the
hoiler, and is divided into two parts by having
the fire-grate extended across it ; the fire-door
gloses the opening in the upper half, which is the
fire-place, the lower half forming the ash-pit ; the
tiibe extends nearly to the end of the boiler, where
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it is reduced in size, then doubles, and returns
back in a direction parallel to the first tube
or fire-place, to form the flue, till it arrives at the
end of the boiler, through which it passes at the
side of the fire-door, and it is then conducted from
it into the chimney, thus carrying off the sinoke.
At the part where the flue enters the chimney,
is a small door to remove any soot that may have
accumulated.  On the top of the boiler is a safety-
~valve, kept down by a lever and weight, to allow
the stcam to escape in case it becomes so strong
as to cndanger the bursting of the boiler. The
“cylinder of the cfgine stands in a perpendicular
direction, and is enclosed within the boiler, except
a few inches of its upper endl, at which the four-
passaged cock is situate, and the flanch which
screws on the lid, with the stuffing-box for the
piston-rod to pass through. The boiler has a pro-
jecting neck, into which the cylinder is received,
and 1t is fastened in-its place by a flanch round
the upper end of the neck of the boiler, which is
united by screws to a similar flanch peoject-
ing from the cylinder. The upper end of the
piston-rod’ is fastencds to the middlc of a cross-
bar, which is placed in a dircction .at right
angles to the length of the boiler, and guided,
in its ascending and dcscending motion, by
sliding between two perpendicular iron rods, fixed
to the boiler, parallel to cach other, being con."
nected together at top, and firmly supported there
; M 2
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by two diagonal stays extending from the other cud
of the boiler, and secured to the flanch, which
screws on the end of the boiler. At the endsofthe
cross bar of the piston-rod, the two connecting-
rods are jointed, and the lower ends of them are
connected with two cranks, fixed upon an axis,
extending across bencath the boiler, and under
the centre of the cylinder; the axis is supported
in bearings made in the legs which support the
boiler, and the fly-wheel is fixed in it. One of
the cranks is formed by a pin, which is fixed into
the arm of the fly-wheel at thc same radius as
the opposite crank. The fly-whecl is situate
close.to the side of thic boiler, and the pin for the
* other crankis fixed into the arm of a large cog-
wheel, fixed on the axis of the fly-wheel at the
opposite side of the boiler. This cog-wheel com-
municates the power of the engine to other cog-
wheels.  As the piston is alternately forced up
and down by the pressurc of the steam, it carries
the cross-bar with it, and by the connecting-rod
ms the two cranks, together with the fly-wheel,
-#%d other connecting machinery.

The Double-cylinder Expansion Engine, con-
structed by Mr. Woolf, possesses considerable ad-
gantages over that invented by Mr. Hornblower,
with whom, it appears, the idea of constructing an

~engine with two cylinders originated: the only
f"n“ovielty, however, in Mr. Woolf"s engine, consists
;. inthe application of high-pressure steam, and in
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the proportioning of the cylinders to the elasticity
of the vapour employed. Having already explain-
ed the principle upon which Mr. Woolf’s engine
is constructed, it may be enough for our pre-
sent purpose to describe its action, with reference
to the annexed diagram.

E
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A and B represent the two cylinders, in the
larger of which the steam is allowed to expand
itself, after passing from B. The steam,.which in
the first instance is of conmsiderable elasticity, is
admitted to the cylinder B, by the tube and valve
6, and entering the cylinder above the piston 3, |
impels it to the bottom. When this is effected,-
a communication is opened between the upper:
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part of the cylinder B, and the under side of the
piston 4, in the larger cylinder. The commu-
nication between'the cylinder B and the steam-
pipe 6, is now reversed, and the steam is made to
press on the under side of the piston3; a com-
munication being at the same time formed be-
tween the upper part of the cylinder A, and the
pipe leading to the condeuser 3. So that if we
suppose the pistons 3 and 4 connccted by mceans
of their rods with one cnd of an ordinary working
beam, the upward and downward strokes of cach
-will be performed at the same time.

We have hitherto considered the steam as pass-
ing giregt from the boiler to the cylinder Bj
thisy however, is in reality eflected by a morc
circuitous route, as it is in the first instance ad-
mitted to the steam-case of the larger cylinder,
by th@ pipe 1, and passing round a similar case,
encircling the cylinder B, it is then madc to enter
the cylinder by the tube 6. The pipe at Fig. 2.
is merely intended to form a communication for
catrying back to the boiler any water that may
be produced by condensation in the steam-casc,
before the enging arrives at a proper ttmperature
tor working.

Having deseribed the nature of Mr. Woolf’s
qnggne, it may now be advisable to examine the
Jigeler, by which he proposed to generate steam of
gd;iﬂiic,iem: elasticity for the use of the small cylinder,
“Which requires vapour of great cxpansive force.




General Description. 167

The boiler represented by the diagram beneath,
consists of a scries of tubes of cast iron, connect-
cd by screw-bolts with the under side of a larger
vesscl, or magazine of the same material. This is
furnmished with four, and in some cases with five
aperturcs; the first of which, A, is intended for
the admission of watcer, to supply the waste which
continually ariscs from cvaporation, which is effect-
cd by means of a small forcing-pump, as it will be
cvident that the column must be carried to a con-
siderable height, before its weight can so far over-
come the resistance of the steam within the tube,
to allow of'its entering by the ordinary method.

Mr. Woolf usually employs.two safety-valves
which are placed at B, while C represents the
man-hole, and D the pipe by which the steam is
conveyed to the engine. -

o
* These, as well us the flanches, and other atemn-tlght fas
ings of a permamut naturc, are usually connected by §crew
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In Mr. Woolf s specification, a method is point-:
ed out for applying this plan to the boilers of
steam engines already in use, by placing a series
of cylinders beneath the prescnt boilers, and con-
necting them with each other, and with the boiler
above. The tubes may bc made -of any kind of
metal, but cast iron is the most convenient ; their
sizc may also be varied, but in cvery case care
should be taken not to makc the diamcter too
large ; for it must be remembered, that the larger
the diameter of any single tube is in such a boiler,
the stronger it must be made in proportion, to cna-
bleit to bear the same expansive force of stcam as
the smaller cylinders.” It*is not essential, how-.
ever, to the invention, that the tubes should be
of different sizes; but the upper cylinders, and
more especially the one which is called the stcam-
cylinder, should be larger than the lower ones, it
being the reservoir, as it were, into which the
lower ones empty themsclves.

bolts ‘and nuts ; a sheet of woollen or linen cloth coated with
cement, being first introduced to unite the intervening surfaces.
The cement best adapted for this purpose, from its durability
and power of withstanding the sction of steam, may be thus pre-
M ;==Take two o¥nces of sal ammoniac, one ounce of flour of
sulpbur, and sixtces ounees of cast-iron filings; these, after
being well mixed in a mortar, must be placed in a dry situution,
and when wanted for use one part of the above mixture must
be Mlended with twenty parts of clean filings, and saturated with
imitle water. On being applied to the joint it will shortly be-
come as hard as the metallic surface on which it is placed,



Quikiral Discviption. 16
+ The  following - general directions are given
respecting the quantity of water to be kept in a
boiler of this construction ; viz. it ought always
to fill, not only the whole of the lower tubes, but
also the great steam-cylinder, A, to atout half its
diameter, that is, as high as the fire is allowed to
reach. And in no case should it be allowed to
get so low as not to keep the vertical necks, or
branches which join the smaller cylinders to the
great cylinder, full of water, for the fire is only
bencficially employed when applied, through the
medium of the interposed metal, to water, to con-
vert it into stcam ; and indeed, the purpose of
the boiler would in somc measure be defeated,
if any of the parts of the tubes thas exposed
to the direct action of the fire; should present
a surfacc of steam instead of water, to receive
the transmitted heat ; this, however, must, more
or less, be the case whenever the lower tubes,
and even a part of the upper, are not kept filled
with the water. \
Respecting the furnace for this kind of boiler,
it should always be so built as to give a long and
waving course to the flame and heated air, so
that they may, in the most effectual manner,,,};*;
strike against the sides of tbe tubes which com’
pose the boiler, and so give out the greatest
possible portion of their heat before they reach
the chimney: unless this be attended to, there
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will be a much greater waste of fuel than ne
cessary, and the heat communicated to the con.
tents of the boiler will be less from a giver
quantity of fucl.

Mr. Maudslay, in his Portable Engine, dis.
peuses with the beam usually employed for con.
necting the fly-wheel crank with the piston-rod ;
and,* in this respect, as well as in the working
of the valves, his énginc materially diflers from
thosc we have alrcady described.

Plate V. Fig. 1. Front clevation of a ten-horse
power cngine.

Fig. 2. Longitudinal scction of ditto, on the
centre line. ‘

- Fig. 3. End view of ditto.

A. Cast-iron frame of the engine.

B. The cylinder.

C. The piston, furnished with a rod D, and a
cross head and socket E.

F. Guide wheels, which keep the piston and
rod in a vertical position.

G. Frame for ditto, in which the whecls FF are
made to work. '

H. Side rods, which serve to connect the cross
thead E with the double crank 11
##1 1. Two cranks, pade to turn in the plummer-
Plock, or bearing, JJ, at each side of the frame,
and to which the fly-wheel shaft K is connected
by a coupling-box or clutch, at the end next the

enginc. .
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K. Fly-wheel shaft, working in a plummer-block
on the wall,

L. Coupling-box, connecting the engine with
the fly-wheel shaft.

M. The fly-wheel.

NN. Two excentric wheels, supported by the
crank-shaft K, the action of which give motion to
the two beams O and T, by means of the connect-
ing-rods PP.

0. The beam which works the cold-water
pump S.

PP. Two connecting-rods.

Q. The double bearing, on which the cold-
water pump-beam works.

R. A rod which serves to connect the bucket
of the ‘cold-water pump with the beam O.

S. The barrel of the cold-water pump.

T. Beam which works the air and hot-water
pumps, and to which motion is communicated by
the connecting-rods P, as before described.

U. The slings which connect the air-pump rod
to the end of the beam T.

V. The double bearing, or centre, on which the
air-pump beam T works.

W. The air-pump bucket. i
- X. Air-pump cylinder. "»ﬂ“*‘

Y. Hot-water pump, worked by a small rod;
attached to the air-pump beam.

Z. Feed-pipe, to supply ‘the boiler with hot

~WatCl .

T "{1‘
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4. Cross rail on which a guide is fixed to con-
fine the air-pump rod in a vertical position.

..b. The condenser. .,

¢. The cold water cisterns, connected by a
pipe d.

e. Eduction pipe, or passage for the steam from
the cylinder to the condenscr. ’

J- Injection cock, to admit the cold water into
the conderser.

g. Foot valve, at the bottom of the air-pump,
and communicating from thence to the condenser.

k. Hand gear, tor, stopping or starting the en-
gine. .

i. A rod, connccting the band gear with an
excentric &, fixed on the crank-shaft ; the action
of which communicates a vibratory motion-to the
rod i ‘

-I. Connecting-rod, and double-ended lever m,
fixed at the extreme end of a spindle, while a be-
viled wheel is attached to the other; the latter of
which works the spindle of the steam-cone .

o. The steam-cone, or cock, for admitting the
steam from the boiler to the cylinder; beyond
which is a contrivance for shutting off the steam, at
the half, or any other part of the stroke, by which
a;very considerable saving in the steam, and con-
sequently in the fuel, is effected.

It will very readily be seen, that the cone em-.
ployed in this engine, for regulating the ggssage
of the steam from the boiler to thdtjlindexfiffers
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very materially from the valves in' Messrs. Mur-
ray and Wood’s engine, and a slight examination
of the sectional view in Plate V. will shew that the
greater degree of friction that must of necessity
attend the former contrivance, is more than com-
pensated by its superior tightness and simpli.
City. ) [

A. represents an end view of the clinder and
steam-cone. .

B. Side view of ditto.

C. Plan of ditto, taken at the horizontal line D.

E. Steam-pipe.

I'. Pipe, communicating with the condenser.

G. Stcam-cone, ground into its scat, and con-
nccted with the grease-cup H, by the means of
which a regular sum)ly of oil is furnished.

I. Plan of the steam-cone and passages, by
which a communication is-alternately opened be-
tween the steam-pipe and the upper end of the
cylinder, and the condenser and the lower end of
the cylinder, and vice versa. .

When we consider the reciprocating steam en-
gine in its present most improved state, both with
respeét to the admirable expedients for adapting
it to the end proposed, and the skill displayed in
the workntanship, we may almost venture to con-
clude that it has reached its utmost degree of per-
fection ; and yet it must be acknowledged, that
it absorbs nearly half the power of the steam
employed in friction, and in alternating its
movements. This fact will be apparent%; cal-

-
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culating what pressure on the piston of a‘ecipro-
cating condensing engine, would be required to
produce its nominal power ; and it will be gene-
rally found, that (with the common specd) this will
be obtained by accounting only from six to seven
pounds pressure, per squarce inch, on the piston %
small power engincs ; seven to cight pounds as to
engines of from ten to thirty-horse powers; and
from eight to nine pounds as to engines of larger
powers, though the actual pressurc on the piston
is nearly sixtecn pounds.

We have secn, that stcam engines were, in the
first instance, used for raising water, for which
purpose the alternating motion of the beam is well
adapted ; at present, however, by far the greater
number of rceiprocating stcam engines arc re-
quired to impart a rotatory motion to the ma-
chinery attached to them.

The loss of power, to which we have alrcady
alluded, togcther with the expense of the con-
struction of the reciprocating engine, have induced
. numerous attempts to invent an cngine imparting
a rotatory motion in the first instance ; and the re-
. cent application of this prime mover to the pur-
poses of navigation, has also acted as an additional
‘sgimulus to the attainment of so desirable an ob-
. jabt, the inconveniences of a reciprocating -engine
! bemg most sensibly felt in steam-vessels. Hither-
to. however, those attempts have been attended

: w aly partial success ; for though many patent
L in s have come under our observation, the
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principal of which will be found in the Appendix
attached to this work, they have altogether failed
in attaining any decided superiority over: the
reciprocating engine, either from excessive fric.
tion, or the cxpcense and nicety of workmanship
required both in their construction and repairs.

Those difficultics appear .to be obviated in
Messrs. Masterman’s Rofatory Engine, ih a much
greater degree than in any other that has come to
our knowledge : the entire friction of one of those
engines (without a condenser) having been proved,
from actual experiment, not to exceed half ‘a
pound per square inch on the valves ; the expense
of construction being very considerably less than
that of reciprocating engines, particularly in the
larger powers, and the extraordinary simplicity of
its parts securing it from almost any expense for
repairs.

For stcam navigation it appears admirably
adapted, and when used with mercury instead of
water, combines, in an eminent degree; economy
of space and fuel ; and this, in the latter case, it
will be evident must be very considerable, on ac-
count of the almost total absence of friction.

Plate VII. Fig. 1. is a vertical and central sec-
tion of the revolving part of the engine, called tlhé
troke, which is composed of a centre-a, called
the nucleus, of six hollow arms b, 1 to 6, call
radii, and of a hollow ring cc, called the annu]us.

Fig. 3. represents the nucleus; one end m ] is a
perfect circular plane, called the face; six. Q?;les
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: »Wa’r*ﬁgnn and dimdupioiéiiemenk in the
- fied-at eqmﬂdmamesvﬁ@ﬁ?éhch othér, Wing
. aditecndn parallel: withi ‘the axis e, until half way
) thfough the nucleus, then, assuming a direction at
_-nght angles with theaxis, they open in the pem
B phery «of the nucleus,
+.‘The axis passes through the centre of the nu-
cleus at right angles to the plane of the face.
The annulus consists of six equal parts, in cach of
which is fixed a steam-tight valve, exactly sumlﬂg
wnd opening in- the same direction by a hinge
- placed in the side of the annulus nearest the axis.
i The rods which form the hinges of the valves,
projett through stuffing-boxes in the side of the
annulus; and on each of these projections is
gilaced a lever, at such an angle with the valve as
to point to the axis when the valve is. half open;
-dnd- at the extremity of each lever is a weight d,
more 1han sufficient to counterpoise the weight of
the valve agamst*whxch it acts. In the side of
- the annulils nearesﬂ'ﬁ’e axis, are six holes at equal -
. distances from edch otheér; these holes are con-
‘tiécted with the holes opening ih the periphery-of
: i titicles by means of the hollow radii &, 1 to 6,
i Wmmg‘ a ‘steam-tight communication be-
jeer ~eaéh hole in the face and the:inside of the

;4. i§ 2 ‘séction of a metal plate or mask,

lin:h i of @qual diameter with the face, baving *

8¢ giGind perfectly flat. - - 0 wit
the: centre of the mask is a circular
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lmleewldmﬁﬁhauend afthc axig,. - lﬂ the space
surroundmg this hole. there are thregother boles,

Py iy and L The holes i and / are each of such di-
mensions as to extend over one of the holes in the
face and the adjoining space ; and the space in the
mask between the holes 7 and [ is of such dimen-.
sions, as just to cover completely one of the-holes
in the face. -

The boles p i and ! terminate in lateral aper-
tures, as represented in IFig. 5. The hole { is con-
nected with the boiler by a steam-pipe ; the hole
i with the condenser, if one be used, or discharges
the steam into the air. To the hole p is. fixed a
perpendicular pipe, rising above the level of the
troke.”

The mask does not revolve, but is kept closely
pressed against the face by means of the nuts and
rings, Fig. 6. which are fixed on the end of the axis
e; and it is maintained in such a position, that the
space between / and 1 is just abovg the level of the
centrc of the troke, and on"the side of the axis ‘
neortst the closed valve in Fig. 1. _

Fig. 2. is a section on the plane of the axis of
the troke mounted on its axis, together with the
mask applied to the face, and of a reservoir & at
the top of the pipe &, for supplying the interior 0{“ "
the annulus with water. To the end of the aﬁas )
farthest from the face, the machinery to which xﬂ'“
is proposed to impart motion is affixed. .

‘The engine is worked by steam and water as

N .
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follows. - The annulus is in the first place haif fill-
" ed with water, either admitted cold, and heated by
suffering the steam to flow into it through the pipe
e, or admitted in a heated state from the boiler.
On the steam valve being opened, the steam enters
the hole ! in the mask, Fig. 4. through the pipe /,
Fig. 5. and passes thence through the hole in the
face which happens to be opposite to the aperture
in the mask, and enters the annulus; then rising
through the water, it is stopped by the~valve 4,
immediately above the radius by which it entered,
which will then be closed. The steam resisted by
the valve, acte against the surface of the water be-
low it, and pressing it downwards, proportionably
raises it on the opposite side of the annulus, until
the pressure of the column of water acting against
the closed valve, through the medium of the steam,
is sufficient to overcome the resistance. The troke
" is now made to revolve, and, as it revolves, each of
the holes in the face communicates in succession
with the hole I, and, by this construction, one en-
tire hole in the face, or parts of two equal in propor-
" tion to one, is always in communication with the
_ hole ;- so that there is a continual flow of steam
into the annulus, causing the water, through its me-
‘dium, to exert a constant and uniform pressure on
“ ti'valves as they ascend. ‘The holes in the face,
as they pass in succession from'the hole /to'the hole
i are entirely closed by the space: betwcen them;
and, immediately on communicating with the hole
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i, the steam: Mes from the annulumhrough that
hole into the condenser, or into the air; and the
pressure of steatn being thus removed from the
valves, they will open by the gravity of the weights
. dy as they begin to descend, and. thus allow the
column of water to remain on that side of the an-
nulus. Thus a uniform rotatory motion is preduced
and maintained as long as the stcam continues to
flow into the annulus, and acting with a force pro-
portionate to the difference of level in the water.

In Fig. 1. the troke is represented as revolving,
and the stcam flowing into the aunulus, through the
radius b 1; frepresents the steam in the annulus
between the closed valve and the depressed sur-
face of the water; g the water raised on the oppo-
site side of the anuulus, while the remaining or
darkest part of thc annulus is where the valve
and the upper surface of the water are relieved
from pressure, the steam having discharged itself
through b 6.

The steam may be admitted through a radms
more or less horizontal, according as the column
of water is higher or lower, by means of an inner
mask, which changes its position ; the closing spot
of the valves may also be regulated accordingly,
by means of catches acting on their levers. The
troke is of cast iron, and, to prevent condensa-
tion, it is enclosed in a steam-tight case.

From this brief examination of Messrs. Master-
man’s engine, it will, we think, be apparent, that

N 2
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the troke alone performs the united function of
cylinder, piston, beam, crank, and fly-wheel ; thus’
ensuring a decided superiority over the recipro-
cating engine.

Phe advantages resulting from the use of steam
engines have, in some cases, been considered as
fully equipoised by the smoke and noxious effluvia
which procecd from their capacious vomitorices;
and this, in large manufacturing towns, is indeed
an evil of some importance, to obviate which a
variety of contrivances have been suggested.

The first attempt at consuming smoke, appears
to have been made by M. Dalesme, a French en-
gineer, who exhibited a contrivance of this de-
scription at the Fair of St. Germain’s in 1685.* In
1785 Mr. Watt obtained a patent tor the construc-
tion of an economical furnace, which not only con-
sumed the smoke, but employed it as an useful
anxiliary in increasing the heat. To understand
this it will bc necessary to observe, that the densc
smoke which is usually discharged at the top of
the chimney, is in fact, so much good fuel, which
requires but a sufficient supply of oxygen to render
it fit for combustion.

Mr. Watt accomplished this in his early engines
by:stopping up every avenue to the chimney, ex-
ce{'it-such as might be left in the interstices of the
ignited fuel, and the smoke from the fresh coal was
e

"ﬂ"' 'Vide. Transactions of the Royal §ociety, vol. xvi. p. 78.
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consumed by passing through the butmng fuel or
coke.

A variety of 1mprovemcnts have “since been
introduced, an account of which will be found in
Appendix (8,) and we shall content burselvesyin
the present instance, with briefly noticing those
that appear best calculated to answer theis in-
tended purpose.

Mr. Roberton’s plan is nearly similar to that em-
ployed by Mr. Watt. The opening through which
the fucl is introduced into the furnace is shaped
like a hopper, from the mouth or entrance of which
it inclines downward to the place where the fire
rests on the bottom grate. The fresh coals contain-
cd in the hopper answer the purpose of a fire-door,
and the principal point to be attended to in the
management of this furnace is, that the hopper
shall be so filled with small coal as to prevent as
much as possible the passage of atmospheric air by
the hopper. Bencath the lower part of the hopper
the furnace is provided with front bars, which serve
to admit air among the fuel which is undergoing
the process of coking in thelower part of the bopper,
and at the same time offers a ready mode of forcing
the ignited fuel thus deprived of its smoke upon the
centre of the burning mass, wherc it is completely
consumed, while an additional supply of fresh coal
falls down the hopper to supply its place. By this
arrangewment, and the judicious admission of a thin
stratum of fresh air, by a valve placed near the
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mouth of the hopper, the quantity of smoke is
.considerably reduced, the whole of the fael being
brought into a state of ignition before it has ar-
rived at the middle of the burning mass, and a
sifficient supply of oxygen is furnished by the air-
valve for the purposc ot combustign.

Sir William Congreve’s invention consists in the
application of chalk, or any other calcareous sub-
stance convertible into lime by means of heat, as
auxiliaries to the ordinary,articles of fuel. This
is effected by converting the furnace into a species
of lime-kiln, in which the mass of heated coal is
employed not only to heat the boiler, but calcine
a large quantity of the above substance; thus con-
centrating and keeping in action a most powertul
heat in aid of the ordinary operation of the fuel.

The following is the substance of a series of ex-
periments and calculations, made in the Royal La.
boratory at Woolwich, which scrve to; shew the
great advantages attendant on the adopfon of this
method.

Thirty gallons of water were evaporated in seven
hours by balf a bushel of coal, weighing forty-two
pounds, calcining at the same timec one bushel and
a half of lime. Thirty-four gallons of water were
afterwards evaporated in the same time, without
burning the lime, and required one bushel and a
half, er 126 pounds of coal. These experiments
were afterwards repeated, and the same results

obtained.
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It appears thevefore, from these trials, that half

a bushel of coal, with lime, generates very nearly

the same quantity of steam as one bushel and a

half without the lime. This however may be

better illustrated by the following statement” of
the comparative expense.

. . s. d.

First experiment.~~Half a bushel of coal .......... o7
One bushel and a halfof chalk.. 0 2

) o9

Second experiment.—One bushel and a balf of coal.. 1 9

In the first experiment the lime produced by
this species of burning may fairly be averaged at
nine pence, so that, compared with the present
modc, the saving on cvaporating thirty gallons of
water by means of the chalk, where a ready mode
of disposing of the lime can be devised, is nearly
Is. 94. or the total expense of the fuel.

Mr. Parkes employs an air-valve, somewhat si-
milar to that of Mr. Roberton, though placed in a
different part of the furnace; and either of these
plans, if properly managed by the firc-man, would
tully answer the end for which they were intended ;
but unfortunately this requires a degree of mecha-
nical skill and attention seldom found in this class of
persons; and though the nuisance may be abated
for a short time, or while the engine is under the
immediate superintendance of the engineer, no
very permancnt benefit has yet been found to ac-
cruc. To remedy this, Mr. Brunton proposes to
employ a mechanical apparatus completely beyond
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the control of the attendant, whose attention may
in this case be almost entirely dispenscd with. In
Mr. Brunton’s furnace the grate bars arc made to
revolve in an horizontal direction beneath the
boiler, by which means the heat is uniformly dis-
tributed over the wholc of its lower surface, and
a regular supply of coal is furnished from a hop-
per above.

To effect this the axis upon which the grate
turns is connected with the steam engine itself’;
and for a boiler of five feet diameter, it is made to
perform about one revolution per minute. LEvery
time it arrives at a certain point, the channel from
the coal hopper is opened; and in order to pre-
vent the air from passing down through the coul,
the patentce in his specification describes a rim,
upon which the regulator is intended to lay, de-
scending into a trough for the purpose of forming
a water or sand valve. ‘There is also a regulator
to the feeder, connected with the damper, so that
if the boiler become too hot, or the pressure of the
steam increase, the quantity of coal supplied should
be diminished in a proportionate degrce. ‘The
nature of this very ingenious apparatus will how-
ever be more fully understood by a reference to
the improved furnace, &c. erected at Messrs. Smith
and Liptrap’s distillery, Whitechapel.

. Plate VIII. AA. Waggon boilers, to which the
supplemehtary boilers BB are attached ; the small-
er or supplémentary boilers being placed immedi-
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ately over the fire, while the larger boilers derive
an additional supply of heat from the passage of
the chimney C.

D. Chimncy doors.

EEE. Hoppers by which the coal boxes FFF
are supplied with fuel.

FFT. Coal boxes furnished with sliding plates,
through the openings of which the coals arc al-
lowed to fall on the ignited fuel.

GGGG. Steam-pipes joining the waggon and
supplementary boilers.

H. Furnace door attached to the supplementary
boiler by a cement joint.

I1. Doors opening into the air-flues, to assist in
che combustion of the smoke, and to withdraw the
dust that may fall over the edge of the fire-grate.

K. Axis or spindle upon which the grate is
wiade to revolve ; the motion being communicated
direct from the engine by the pinion and wheels L.

M. Foundation plate, in which are formed the
pivot holes for the axis K and the upright shaft N,

). Feed-pipes of the waggon boilers.

P. Steam-pipe leading to the cngine.

Q. Pipe communicating with the safety-valve V.

R. Horizontal shaft communicating with the
vertical axis N, and also with the enginc by which
the whole apparatus is turned.

SS. Chains attached -to the damper chains, by
which the lever T is moved, and the wedge U
made to risc or fall with the damper glatc; s0 that

0
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when the stcam is in cxcess, it may diminish the
supply of coals in proportion to that excess, and
vice versa.

V. Nafety-valve,

W. Sclf-acting stop-valve, to prevent the steam
passing from one boiler to the other when two
boilers are used. .

X. A rod connected with the lever Y, which by
pressing upon the stop-valve, closes the commu-
nication between the two boilers, when a reduced
supply of steam is required.

Z. Gauge pipes to ascertain the amount of water
in the boiler.

a. Man-hole of waggon bhoiler, furnished with
an internal safety-valve b,

¢. Stone float wighin the boiler,

d. Bridge walls.

J- Sand trough, in which revolves a thin plate
attached to the fire grate, to prevent the air pass-
ing in any other way than through the bars.

h. The fire bricks surrounding the grate bars.

» 1. A scraper attached to the grate, and, which
revolving with it, cleans the air-fluc.

From the above dcscription it will be evident,
that the great advantage arising from the employ-
ment of this apparatus, consists in an cquable sup-
ply of coal, and in the smoke arising from its com-
bustion having to pass over thc entire mass of
burning fuel prior to entering the chimney. By
these means, the greater part if not the whole of the
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smoke is consumed; and it will be evident that
the inflammable materials of whith it is composed,
will furnish an additional supply of valuable fuel,
which would otherwise be thrown unconsumed
into the atmosphere.  As, however, diret experi-
ment is the only sure test, by which this, or in-
deed any project, can fairly be tried, we annex the
results arising from two experiments; the one
made at the distillery of Messrs. Liptrap and
Smith, Whitechapel, London, to whose kindness
we are indebted for the means of completing the
above description, and the other at the Old Union
Mill, Birmingham.

At the Old Union Mill, Ninc days experiment,
Common Furnace consumed - 465 cwt.
Fire Regulator - - - 200

‘The Whitechapel Distillery, Eighteen Days experiment,
Common Furnace consumed - 284 bushels.
Fire Regulator - - - 194






APPENDIX (A).

List of Putents for the Steamr Engine, with an Analytical
Aecount of those more immediately connected with its Im-.
provement and general Application to the useful Arts,*

. Savrry, London, July 25, 1698,

This patent, which is the first upon record, for ap in-
vention in which steam was employed as a prime mover or
principal agent in hydraulics, describes two modes of cf-
fecting this very desirable object.  In the first, it is used
merely to produce a vacuum by condensation ; and, in the
latter, the impetlent or expansive force of the steam is made
to act upon the surface of the fluid to be raised, and by its
pressure ina close vessel, the water is driven up a con-
necting tube to the required height. ”

In this engine a vacaum being first formed by the conden-
sation of stcam, the water was afterwards raised by the pres-

® A complete livt of the patent-right inventions connected with this branch
of our manutactures, has long been a desideratum ; while a reference to the chro-
nological arrangement will shew the progressive improvements that have been
effected 1 1ts construction. In addition to this, the futurc experimentalist may
derive considerable benenit from the labours of his precursors thus at one view pre-
scnted to his notice. It 1s scarcely necessary to add, that a large portion of these
exclusive monuopolies are of hittle value beyond that of swelling the feés of the
patent office; many of them bewng precisely the samc in both principle and

application,
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sure of the atmosphere to a given height from the well into
the engine, and then forced ont of the cngine up the re-
maining height by the pressure of steam upon its surface.
This action was performed alternately in two reecivers; so
that while the vacuum formed in one was drawing up from
the well, the pressure of steam in the other was forcing up
water to an clevated reservoir, and by this means a con-
tinued stream of water was produoced.

T. NewcoMmes and J. Cawrey, 1705,
This engiue has been very fully described i a preceding
page; to that, therefore, with a reference to the plate, we
shall beg to refer the reader.

J. Huwue, London, Dec. 21, 1736.

The mode of propelling vessels by the application of pad-
dle-wheels now ~o ¢enerally wdopted, appears to have been
originally suggestcd by this patent. Meo Hull proposed to
cmploy the atmogpheric engine of Newcomen, which, by
means of a crank communicuting with the working beam,
imparted a rotatory action to the wheels or paddles which
were placed at the bow of the vesscl,

Jasmes Brisprey, Lancashirve, 1759,

The boiler in this engine was proposed to he made of
wood and stone, with a cast iron fire-place within side of it,
and surrounded on all sides, so as to give its heat to the
water.  The chimney was an iron pipe or tube, also im-
mersed in the water of the boiler; and this plan Mr. Brind-
ley expected would save a considerable portion of the fuel.

Brarney, 1766.

This patent which consisted in an improvement upon
Savery’s engine, was in principle similar to that of Dr, Papin.
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In this casc a quantity of oil was placed in the receiver,
which, rising to the surfacc, formed a specics of piston or
float between the surface of the water and the hot steamn;
thus preventing the continued condensation of clastic va-
pour, which would necessarily occur in engines upon the
original construction.

To effeet this two receivers were to be used, one in the
same situation as Savery’s, which was to receive the air;
and the hot steam, when admitted into it, forced the air to
descend by a pipe to the secoud recciver, which was at the
bottom of the well from whence the water was cxpelled,
and proportionably raised in the force pipe.

JoWarr, Birmingham, Jan. 5, 1769.

To the great and comprehensive genius of the late M.,
Watt, and the spirit of rivalry which was excited in thé&¥
mcchanical world on the publication of this patent, which,
thongh the carliest, is certainly the most important of his
inventions, may be ascribed the completion of those im-
provements that have subsequently been effected in the
steam engine.  This patent, the term of which was pro-
longed for twenty-one years from the expiration of the
original grant, contains the following principles, which, for
their importance, we insert in the author’s own words :
““ First, That the vessel in which the powers of steam are to
be employed to work the engine, which is called the cy-
linder in common fire engines, and which 1 call the steam
vessel, must, during the whole time the engine is at work,
be kept as hot as the steam that enters it first, by enclosing
it in a case of wood, or any other material that transmits
heat slowly; secondly, by surrounding it with steam or
other heated bodies ; and, thirdly, by sutfering neither water
nor any other substance colder than steam, to enter or
touch it during that time.

¢ Sccondly, In cngines that are to be worked wholly or
*a 2
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partly by condensation of steam, the stecam is to be con-
densed in vesscls distinet from the steam vessels, although
occasionally commuunicating with them.  These vessels 1 eall
condensers 5 and while the engines are working, these con-
densers onght to be kept as cold as the air in the neigh-
bourhood of the engines, by the application of water, or
other cold bodics.

“ Thirdly, Whatever air, or other elastic vapour, is not
condensed by the cold of the coudenser, and may impede
the working of the engine, is to be drawn out of the steam
vessels by means of pumps connected with the engine.

“ Fourthly, I intend in many cases to employ the expan-
sive force of steam to press on the pistons, or whatever may
be used instead of them, in the same manner as the pres-
surc of the atmosphere is now employved in common fire

ngines. In cases where cold water caunot be had in
plenty, the engines may be wrought by force of steam only,
by discharging the steam into open air after it has done its
office.*

“ Fifthly, Where motions ronnd an axis are required, |
make the steam vessels in the form of hollow rings, or cir-
cular channcls, with proper inlets and outlets for the steam,
mounted ou horizontal axles, like the wheels of water-mills.
Within them are placed a number of valves, which suffer
bodies to go round the channels in one direction only.  In
these steam vesscls are placed weights so fitted to them as
entirely to fill up a part or portion of their channels, yet
rendered incapable of moving frecly in them by the mcans
hereipafter mentioned or specificd.  When the steam is ad-
mitted into these engines, between the weights and the
valves, it acts cqually on both, so as to raise the weights to

"
[N

* This should not be understood to extend to any engine where the water to he
raiscd enters the steam vessel itself, or any vessels having an open communication
with it.
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one side of the wheel, and by the re-action of the valves,
suceessively to give a circular motion to the wheel, the
valves opening in the direction in which the weights are
pressed, but not in the contrary one, as the steam vessel
which moves round it is supplied with steam from the
builer, and that which has performed its office may cither
be discharged by means of condensers; or into the open
air. '

“ Sixthly, T intend, in somce cases, to apply a degree of
cold, not capable of reducing the steam to water, but of
contracting it cousiderably, so that the engines shall be
worked by the alternate expansion and contraction of the
stean.

“ Lastly, Instead of using water to render the piston or
other parts of the engines air and steam-tight, T employ
oils, wayn, resinous bodies, fat of animals, quicksilver, an*
other metals, o their fluid state,”’

J. Sigwarr, 1769.

This cngine produced a rotative motion by a chain going
round a pulley, and also round two barrels furnished with
ratchet-wheels, with a weight suspended to the free end of
the chain, which thus served to continue the motion of the
apparatus during the return of the piston.

M. WasusorouaH, -Bristol, 1778.

This invention, like the preceding, was intended to com-*
municate a rotatory motion, without the intervention of a-
crank. It had a toothed sector on the end of the working
beam, acting in a trundle, which, by meaus of two pinions,
with ratchet-wheels, produced a rotative motion in the
same direction by both the ascending and descending stroke
of the piston; and by shifting the ratchets, the motion
could be reversed at pleasure.  In this engine Mr. Wash-
borough employed a fly-wheel, which may not unaptly be
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considered as a magazinc of power in this, as in every other
species of machinery.

J. Steep, Lancashire, 1781.

This specification was to secure to the patentee the appli-
cation of a crank for producing continuous motion ncarly

similar ‘to that now in usc.
““

J. HorNBrLowER, Penryn, Cornwall, July 31, 1781.

The expansive principle of Mr. Watt is in this cngine
employed by means of two cylinders, by the use of which
the force of the apparatus is more nearly equalised.  As,
however, this invention has been the basis of several im-
provements of the first magnitude in the introduction of
double cylinder engines, we subjoin the specification in Mr.
;Iomblowcr's own words.

" ¢ First, 1 usc two vessels in which the stcam is to act,
and which in other steam engines arc called cylinders.  Se-
- condly, I employ the steam after it has acted in the first
vessel to operate a second time in the other, by permitting
it to expand itself, which I do by connecting the vessels
together, and forming proper channcls and apcriurcs,
wherceby the steam shall occasionally go in and out of the
- said vessels. Thirdly, I condensc the stcam, by causing it
to pass in contact with metallic substances, while water is
applied to the opposite side. Fourthly, to discharge the
engine of the water employed to condensc the stcam, 1 sus-
pend a column of water in a tube or vessel constructed for
that purpose, on the principles of the barometer, the upper
cend having open communication with the steam-vesscls,
.and the lower cnd being immersed iy, a vessel of water.
%Fifthly, to discharge thc air which enters the steam-vessels
with the cb‘ndcnsing water or otherwise, I introduce it into
a scparate vessel, whence it is protruded by the ad¢hission of
steam. Sixthly, that the condensed vapour shall not re-
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maiu in the steam vessel in which the steam is condensed,
1 collect it into another vessel, which has open commu-
nication with the steam-vessels, and the water in the mine, '
reservoir, or river. Lastly, in cases where the atmosphere
is to be employed to act on the piston, I use a piston so
coustructed as to admit steam round its periphery, and in
contact with the sides of the stcam-vessel, thereby to pre-
vent the external air from passing in between the piston
and the sides of the steam-vessel.

J. Warr, Birmingham, March 12, 1782.

This invention, which is for an improvement on Mr.
Watt’s prior patent, consists principally in an advantageous
mode of stopping the admission of stcam at a given point,
so that a part of the working stroke is effected by the expan-
sion of that portion of the clastic vapour which has already
entered the eylinder.  Several very ingenious contrivances
are also described by Mr. Watt for equalising the motion of
the piston.  The first of these is by a chain acting upon a
‘spiral or fusee; sccondly, by levers acting unequally upon
cach other ; and, thirdly, by a large weight attached to the
working-beam at a considerablg height above the centre of
motion. In the last of these methods, when the piston be-
gins its descent, the weight will oppose itsclf to the motion
of the piston, until the descent of the latter have inclined the
beam so- much, that the centre of gravity of the weight is
perpendicularly over the centre of motion of the beam : the
weight will then have no cffect on the engine; but after it has
passed this position, it must cvidently tend to aid the effort
of the piston to draw up the load of water in the pumps,
and render its motiom cquable.

©J. Warr, Birmingham, Junc 14, 1785.
The objact of the present invention is to facilitate the
combustion of smoke by a morc equable supply of oxygen,
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and consists in causing the smoke, which is usually emitted
on a supply of fresh fuel, to pass, together with a current of
air, through the ignited mass- that has already ceased to
smoke, by which means it will be effectually consumied,
and couverted into heat or flame.  This invention is put in
practice, first, by stopping up every avenue or passage to the
chimuey, cxcept snch as are left in the interstices of that
part of the fuel which is ignited; secondly, by placing the
fresh coal above, or nedrer to the external air, than that
which is burntug, and already converted into coke or char-
coal ; and, thirdly, by constructing the fire-place in such
manncr, that the fresh atmospherice air which animates the
fire, and the smoke which proceeds from the fresh fuel,
must take a downward direction, so as to pass through
the whole mass of burning fuel to the most remote part of
the fire-place ; and by this means the whole of its hydrogen,
azote, and carbonaceous matter is uscfully employed.

T. Burcess, June 9, 1789,

In, Mr. Burgess’s apparatus, which was intended to pro-
duce a rotatory action, a heavy fly-wheel was set in motion by
the alternate clevation and (&prcssion of the working-beam.
This was effected by an clastic cord passing round a collar
on its axis, one end of which was connected with the work-
ing-beam, while the other supported a weight. The move-
able collar being furnished with a click acting in a ratchet-
wheel firmly screwed to the fly-grbor.  From this it will be
seen that the clevation of the piston would give a propor-
tionate impulse to the fly, which could not be impeded by
its subsequent depression, the moveable ratchet-wheel al-
lowing the fly to continue its rotative motion.

Messrs. Braman and Dickinson, Jan. 15, 1790,

* For an engine on a rotative principle.
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J. SapLER, Oxford, June, 10, 1791.

The above patent, which Mr. Sadler states in his speci-
fication to have for its object, the reducing of the consumption
of coals, and consequently the expense of generating steam,
appears bat little calculated to answer this or any other use-
ful purpose. Mr. Sadler produced a rotatory motion by a hol-
low cvlinder connected with a boiler, which was driven
round by the emission of stcam from two moveable arms
turning upon the same axis.

Francis Toamresox, 1703,

A double-acting engine, for turning machinery by a crank.
This was eflected by employing two cylinders, oue inverted
over the other; both pistons being connected by oue rod,
which pussed through the upper end of the inverted cylinder,
where it was connected with the beam, and thus made a
double stroke.

R. StreeT, Christchurch, Surrey, May 2, 1794.

J. Srrove, Bingham, Nots. May 31, 1796.
This patent was obtained for"unprovcments in the piston-
cylinders and valves, none of which were ever generally
adopted.

“W. BatLey, Manchester, June 28, 1796.

" E. CartwricaT, Middlesex, Nov. 11, 1797,

In this engine the condensation is performed by the ap-
plication of cold to the external surface of the vessel con-
taining the stcam. This is effected by admitting the elastic
vapour between two metal cylinders, lying one within the
other, and having cold water flowing through the inner onc,
and surrounding the outer one. By these means a very
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thin body of steam is exposed to the greatest possible sur-
face of cold metal. By means of a valve in the piston,
there is a constant communication at all times between the
condenser and the cylinder, either above or below the pis-
ton, so that whether it ascend or desceend, the conden-
sation is always taking place. This mode of condensation
also affords an opportunity of substituting alcohol in the
place of water, for working the engine, which could not be
effected where the injection water mixes with the clastic
vapour; and by the cmployment of ardent spirit, Mr.
Cartwright calculates that a saving of half the fucl usually
cmployed might be expected.

T. RowxrrEE, Blackfriars, May 1, 1708,

J. HorxBLowER, Penryn, Cornwall, June 8, 1708.

The rotative engine described in this specification, though
‘very ingenious in its coustruction, is much too complicated
to be generally adopted.

» J. Dicksox, Dockhead, July I4, 1798,

This enging, like .the preagding, has never been employed
on a large scale, which may be principally attributed to the
air-pump and quicksilver, which form an essential part of
its construction.

F. Rarozo, Lisbon, Aug. 29.

G. F. QuEiroz, Waltham Green, Middlesex, Sept. 1798.

Mr. Queiroz’s improvements consist in diminishing the
friction, in communicating a circular motion, and in a consi-
derable alteration in the form of the boiler, by dividing it
into several ecompartments, by which a greater surface is
exposed to the firc than by the ordinary mcthod, and con-
sedutitly more steam produced by a given quantity of fucl.
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J. WiLkinsoN, Rotherhithe, July, 1799.

The advantage derivable from Mr. Wilkinson’s invention,
consists in a closcr application of heat to the bottom of the
stcam boiler: this he effects by constructing it of consi-
derable length, and without any flues round the exterior
surface. The heat {rom the flues, passing uniformly along
the bottom, riscs up at onc end, and rcturning by flucs
passiug through the water to the other, opens into the chim-
ncy which carries off the smoke.

M. Murnay, Leeds, July 16, 1799.

With a view to save fucl, Mr. Murray provides the top of
the boiler with a small cylinder and piston, connected with a
rack, by mcans of which the steam within the boiler raiscs
up or depresses a damper in the chimney. He is thus
enabled by the increase or decrcase of the stecam to keep up
a duc proportion between the elasticity of the vapour thus
generated and the draught of the fire.  Mr. Murray’s se-
cond improvement consists in placing the ordinary steam
cylinder and piston in a horizontal, instead of a vertical
direction, and by this means a mgich longer stroke may be
obtained than in the usual way. He also causcs the pistons,
by their reciprocating motion, to produce a circular motion of
cqual power, and enables the engine to fix the wheels neces-
sary for producing motion alternately in perpendicular or
horizontal directions.

W. Mvrpock, Redruth, Cornwall, Aug. 29, 1799,

Mr. Murdock describes his improvements under four heads,
viz. First, a more equable mode of boring the metallic cy-
linders and pumps by means of an cndless screw worked by
a toothed wheel.  Sccondly, by simplifying the construc-
tion of the stcam-vesscl and stcam-case in engincs formed
on Mr, Watt’s principle, which he effects, by casting the
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stcam-case of one entire piece, to which the cover and bot-
tom of the working cylinder are attached. He likewise
casts the cvlinder and steam-case in one piece of cousi-
derable thickness, and bores a cylindric interstice between
the steam-case and steam-vessel, leaving the two cylinders
attached at oune end, and he closes the other by a ring of
metal.

Thirdly, he simplifies the construction of the steam-
valves or regulators, in Mr. Watt’s double engine, by con-
nccting together the upper and lower valves so as to work
with one rod or spindle. The stcam or tube which con-
nects them being bollow, serves as an eduction pipe to the
upper end of the cylinder, and a saving of two valves is
effected.

Fourthly, by the assistance of two cogged wheels working
in an air-tight vesscl, a rotative engine of considerable power
is produced, though from the great difficulty attached to the
making it air-tight, and the waste of steam in condensation,
_the plan does not appear of much practical utility.

J. Bisuor, Covent Garden, Sept, 23, 1799,

This apparatus, which may be considered as a modifica-
tion of Amonton’s fire-whecl, consists of three parts: First,
a wheel similar to an overshot watcr-wheel; sccondly, a
large close vessel or case, made of copper or iron, in which the
wheel is fixed, and which is to work in a vertical direction ;
and thirdly, an air or stcam-pipc and valve, which passes out
at the top of the close vessel, through a small reservoir of
cold water, for the purpose of condensation, if necessary.

Motion is given to the wheel, and to any connccting ma-
chinery, by the power of ascending steam, in the following
manoer : the close copper vessel in which the vertical wheel
is fixed, is filled with water above the axle of the wheel.
Fhe application of fire at the bottom of the vessel will raise

~the steam ; and the steam in its ascent, by cntering into and
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acting upon thé bucket of the wheel, will give it a rotatory
motion, producing a power of about nine pounds for every
gallon of water employed. A contrivance is also added for
the production of a vacuum by the means of an air or steam
pipe, by which a considerable reduction in the expenditure
of fucl is cffected.

P. CrowrHER, Neweastle-upon-Tyne, Feb. 28, 1800.

J. and J. Rosrrrsox, Birmingham, Aug. 13, 1800.

Messrs, Robertson’s invention consists in preventing, in a
great mcasure, the escape of steam which usually takes
place even in engines of the best construction by the wear of
the materials of which the piston is composed, and by an
apparatus cxclusively the invention of the patentces, the
small portion of clastic fluid that finds a passage during the
action of the cyvlinder is employed on another piston, thus
augmenting the power of the engine. 'These desiderata are
stated to be cffected by the use of two steam cylinders, one
smaller than the other, with pistons fitted to each, and
whose united action is described in the above specification.

The patentees have also effected a considerable saving of
the fuel usually employed, by an improvement which evi-
deuntly possesses very considerable advantages.

The coal is admitted into the furnace by a hopper or mouth-
picce, so that it may fall into the fire-place above the bars,
as the fuel is expended.  From the upper side of the
hopper a strcam of fresh air rushes downwards on the fire,
and by the adoption of this plan a large portion of the smoke
is converted into flame.

E. CawrwricHr, St. Mary-le-Bone, Feb. 5, 1801.

The engine here described was never, we believe, fairly
tried, at least judging from the simplieity of its parts, capa-
hility of control, and great portalﬂty it is not too much to
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suppose, had its merits been better knowm it would (with
" some modifications) have come into more gencral use.

\V. Hasg, Saxthorpe, Norfolk, May 14, 1801.

After leaving the cylinder in order to be condensed, the
stcam is in this apparatus conducted through a vessel con-
taining a number of metal pipes filled with water from the
condenser. This being surrounded by the steam, imbibes a
portion of its caloric, while it facilitates the process of con-
densation. The water thus heated is immediately conveyed
to the boiler, which is prescrved at the boiling point by a
small addition of caloric.

M. Murray, Leeds, August 4, 1801,

This patent comprises six principal objects: First, by an
improved air-pump, the gaseous matter is discharged from
the cylinder without any cffort in opening of valves, or
pressing through a body of water; and it also causes the
water and air to be discharged scparately and by diffefent
ways : this is effected by tuking ‘out the air alone by a
. bucket, and the water alone by another, or by an eduction-
pipe twenty-eight feet long. The second principle is an
improved method of packing the cylinder’s lid, stuffing-
boxes, &c. by bringing the moveable parts of each in im-
mediate contact; this is effected by placing the necessary
packing on the upper side of the cylinder lid, which prevents
the piston-rod receiving friction from any oblique pressure,
by the lid being screwed down more upon one side than the
other. :

The two next improvements rclate to the construction
and circular motion of the valves, the uppermost two being
inverted ; and:the valve-rods are made to pass through the
reservoirs of oil, or other fluid matter, which effectually pre-
vents the air from ing guating itself into the engine.

The next principle i§#s new. method of connecting the




piston-rod to the pulllel-nmuon and the last relates to the
construction of fire-places, by which the smoke arising from
the firc is consumed, and made part of the fuel; on this
latter head, howevery Mcssrs. Brunton, Parkes, i;nd Losh,
have made considerable improvements, so much so, indeed,
as to supersede the application of this clause in Mr. Mur-
ray’s patent.*

J. Braman, Pimlico, Nov. 28, 1801.

Tn this engine Mr. Bramah cmployed a four-passaged cock

: the emission of steam from the boiler, which in this

¢ is made 'to enter into a hollow at the large end of the
cone of the cock, and to pass away to the coudenser by a
passage at the smaller end of the conc of the cock. By
this means the metallic fitting is always rcndered perfect,
the plug being pressed into its scat by the force of the
stear, acting upon a surface cqual to the small end of the
cock, from which the pressure is relieved. Mr. Bramah,
also, makes his four-way cock turn continually in the same
direction, by which means the samc effects are produced as
by turning it backwards and forwards, but the wear is ren-
dered more equable.

W. Symincron, Kinnaird, Stirlingshire, Oct. 14, 1801.
For a rotatory and other motions, without the interposition
of a lever or beam.
J. SHARPER, Bath, Jan 28, 1802.

R. TreviTHICK and A. Vivian, Cambﬁqwe, Cornwall;
March 4, 1802, " ¢

The high-pressure engines of Messrs. '&nthxck and Vi-
—fr?

* This patent was, we believe, set aside by & of stire facias instituted
by his Majesty’s Attorney General, at the ﬁ of Messrs. Boulton and
Watt, who Lad previously practiscd some thipfihtained in Mr. Maurray’s spe-
cification,
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vian, were expressly intended for the propelling of carriages
upon rail ronds. When employed for this purpose the boiler
was composed of cast iron of a cylindrical form. This was
mounted horizontally upon four wheels, the cylinder of the
engine being placed vertically in the end.  'Two connecting
rods, descending from the cross bar of the piston, were
then made to communicate motion to the wheels by means
of a crank; no fly-wheel being necessary, the momentum
of the carriage carrying the cranks past the lines of the
centre.

M. Merray, Leeds, Yorkshire, June 28, 1802,

* This patent, which was for a portable engine, combining
some of the most useful of Messrs. Boulton and Watt's
inventions, was at their instance repealed in the following

ycar.
T. Sa~r, Dristol, Dec. 21, 1802,

The principle of this invention may be thus described :
at the bortom of the boiler an opening s made vearly as
large as the flue; on this vpening js fixed a tube, through
which a communication tukes place between that part of
the fire-place in which the flame rises or circulates, and the
interior space of the boiler in which steam is produced for
the supply of the cngine.  This aperture may remain open,
but Mr. Saint recommends the application of a safety-valve
so placed that no part of the heated air contained within the
boiler shall be permitted to escape through the opening, but
that the flame frqhx the furnace may be admitted as often as
a rcduction in thg clasticity of the compound stcam will ad-

mit,

Y
M. %LLLI\GSJEY Dec. 22, 1802.

W ol
The usual mode of nﬁuforatmg and finishing cylindcrs,

through the agency of an. ‘borizontal apparatus impclling the
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borer in a vertical dircction, is upon many accounts incon-
venicnt, the send and borings occupying one side of the cy-
linder, and \\c.l.m;; away the edges of the cutter. By the
application of Mr. Billinasley's appuaratus, this.process is re-
versed by cansing the borer to revolve in an horizontal direc-
tion, and thus allowing the sand &e. to fall freelv to the lower
opening in the evlinder.  In this method, the finishing part
of the cutter is emploved upon a ¢lean face of metal, and
not beinyg encumbered with the cuttings, the borer goes
completely throngh, without any attention being, uecessary.

J. Leaen, Merton Abbey, April 7, 1803,

A Woorr, Woud Street, Spafields, July 29, 1803.
Anaccount of the above patent for an improved mode of
converting water or other fluids into steam, will be found
. ’ .
prefxed o the description of Mr. Woolf's engine.

B. Dox=ix, Dartford, August 3, 1803.

A rotatory motion is here produced by the application of
steati below the surface of a vessel of water, containing a
hucket-wheel, the clastic fluid acting upon each bucket in
suceession, These, when filled with and rendered buoyant by
the steam, will ascend with considerable foree, carrying with
them any other moveable.apparatus to which they may be
attached,

1803

Frecmantle in

W. FreEmanrLE, Hoxton, Nov. 1

The first improvement described by *q
this specification, consists in making the;@gam cylinder or
cvlinders in such a manncr that the diameter of the bore
shall be about cqual to the length of thﬁ*’strokc, by which
means the friction will be consndcrabWreduced

Another part of Mr, Fr (,emdnll?’,s invention is an universal

* g g
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circular valve, which, when the engiue is at- work, vibrates
on its axis forty-five degrees each way, and by its altermate
oscillations admits the steam uniformly above and below the
piston.  When the steam is.admitted into the top of the
cvlinder, the bottom communicates with the condenser 5 and
rice versd. . =

When the stcam is only applied to the bottom of the
piston, as in the atmosphgrie engine, two steam cylinders are
to be employed instead of one, and by this means the force
of the engine is fo nearly equalized as to act with a much
smaller fly than is usually emploved.  In the latter case,
however, the pistons of the eylinders are made to act on the
two arms of a crank, placed at right angles to cach other;
and the valve i§ not to vibrate but revolve on its axis, muking
Pug turn to cach stroke of the engine.

’?;,fl'h‘;., rallel motion emploved in Mr. Freemantle's en-
ginc spext described : this he eflects by the application of a
compound lever.

Another improvement is in the cold-water pump; this
consists m placing an air-vessel so as to communicate with
the ascending column of water immediately below  the
lower valve of the pump. Now it i~ cvident, that before
water can be raiscd into the barrel, a partial vacuum will bie
formed in the air-vessel, the amount of which will depend on.
the height of the vessel above the,surface of the water in the
welk® In pups of the ordinary construction it somctimes
happens, th

mbiihe velocity of the piston exceeds that of the
water : heneefmiolent concussion is produced highly detri-
mental to the b .and connccting apparatus; this is pre-
vented by the ad ¥tion of Mr. Freemantle’s improvement;
for, instead of a$acuum being formed below the piston, air
will be extractedidfiiam the air-vessel ; and, as the piston de-
scends, the pressu" g the air on the surface of the water in
the well not being c&ﬂ%’bulanccd, will continue to rise in
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"

the vessel till the equilibrium is restored ; and when the
pnton aécends again, the barrel will not only be supplied by
the pipe, but also by the air-vessel.

R. WirLcox, Bristol, April 30, 1804.

The improvement for which this patent is taken out, con-
sists in lessening the consumption of fuel by i @ application
of vapour in a high state of clasticity ; and in'an addition to
the chimney flue of a furnace, by which the descent of the
smoke and heated matter to a lower level than that of the
fire-place is regulated and adjusted at pleasure.

As the caloric which escapes by the chimney in various
manufactorics is very considerable, and, according to Mr.
Willcox, more than suflicient to work an ordfhary steam en-
gine by condensation, he finds it most advisable to load thg
sufety valve, and constract the engine of the requisite strength
to bear an clastig action of from fiftcen to one hundgeed and
fifty pounds on the inch; and in this manuer the machine is
worked by its elasticity only. By this application of the steam,
the patentee states that the power of a four-inch cylinder
may be made to equal that of one twelve times its diameter.

Among the advautages derivable from the use of this en-

_ging, it is said that the constant heat of the cylinder and

the pipe that leads to it, which can never come in contact
with the cold water, and the increasing heat of.-the water in
the cylinder, which soon acquires a high te'mperature, and
then continues its place, by its diminished jiécific gravity,
must tend in the highest degree to prevepf®& wasteful con-
densation of stcam.

A. Woorr, Wood Street, Spaficlds, m 7, 1804.
This engine is in many respects snrmtar to Mr. Horn-

blower's, with the addition of emphymg steam of a high
* B ()
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‘pressure, and in proportioning the capacities of the two cy-
linders to the increased expansibility of the clastic fluid, ac-
cording to his table.  Mr. Woolf, in his specification, states
that he bas ascertained by actual experiment that steam
acting with the expansive force of four pounds upon the
square inch, against the safety valve, exposed also to the
weight of the atmosphere, is capable of expanding itsclf to
four times the volume it then occupies, and would still be
equal to the pressure of the atmosphere ; so, in like manuer,
quantitics of steam of six, seven, cight, &c. pounds the
square inch, can expand themselves to six, seven, or cight times
their volume, and still be equal to the atmosphere, or capa-
ble of producing a suflicient action azainst the piston of a
steam engine, {0 produce the upward action in Newcomen's
atmospheric engine,

Anengine constructed on Mr. Woolf”s plan, must have two
steam vessels of different dimensions; according to the tem-
perature, or cxpansive force, to he communicated to the
steam. Each stcam vessel should be fornished with a piston,
fittivg air-tight, and the smaller cylinders should have a
communication both at top and bottom with the boiler which
supplies the steam, capable of being opened and shut during
the working of the engine.  The top of the small ¢ylinder
having a communication with the bottom of the larger ¢ylin-
der, and the bottom of the smaller with the top of the larger,
with proper iﬁcans to open and shuat these alternately by
means of cod nd valves. A communication should also
be formed by\ ame means between the Jarger eylinder
and a condensing®@@bsscl, into which a jet of water is ad-
mitted to render thé condensation more complete.

When the cngiﬂé is at work, steam of high temperature is
admitted from the biler, to act by its clastic force on onc
side of the smaller pisten, while the stcam which had last

&
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moved it has a communication with the larger stcam vessel,
now moving towards that'end of its cylinder which is open
to the condensing vesscl. : '

If both pistons end their stroke at one tine, and hoth are
placed at the top of their respective cylinders, ready to de-
scend, then the steam Cntcuuer above the smaller piston will
carry it downwards ; while the steam below it, instead of
being allowcd to escape into the atmosphere, will pass into
the larger cylinder above its piston, which will take its dowu-
ward stroke at the saie time with the piston of the smaller
cylinder.  Both pistons having thus reached the bottom of
their respective cylinders, the steam is to be shat off from
the top and admitted to the bottom of the smaller cylinder,
and the communication opened between the top of the
simaller aud the bottom of the larger cvlinder; the steam
which, in the downward stroke of the engine, filled the
larger cevlinder, peing now open to the condenser, and the
connnumdeation between the bottom of the larger cylinder
and the condenser shut off, and so alternately admitting the
steam to the ditferent sides of the smaller piston, while the
steam last admitted into the smaller cylinder passes alter-
nately to the different sides of the larger piston, the top and
bottom of which are made to communicate alternately with
the condenscer.

. J. Rinkr, Belfast, March 26, 1805."

The improvements described in this pecmatlon consist,
first, in lining the steam-cylinder with a . fv metal, similar
@ of finishing its

inner surface by draw-boring, &c.; sccundly, in applying a
hollow piston-rod, answering the purpnsc"‘"hf an cduction-
pipe ; and thivdly, in the order of opening and shutfing the
valves.  The last aud most importaut part, however, of
Mr. Rider's inveution requires a more particular deseripticn.

to pewter, of a suflicient thickness to a
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Upon-an herizontal arbor, which may be denominated the
main arhor, arc placed three whéels, a drum er barrel, and a
pinion ; onc of these wheels, that is to say the main wheel, is
fittgd by means of a socket upon the main arbor, so as to
reu)lvc upoh its. &\M‘ and has tccth both upon the exterior
and interior pcnphcry of jts rim. “ ithin the circle of the
interior cogs of this wheel a punon is fixed to the arbor, its
diameter being one+third of the interior diamcter of the
main wheel. The moveable barrel turns frecly upon the
main arbor, and it carries a cord, with a wcight hauging at
its end similar to a clock-weight. Dedides this the ends of
the barrel are picrced.with two orifices, each at about half
the exterior radius of the main wheel from the arbor; these
aperturces serving as pivot-holes, whercin an arbor turns,
carrying a wheel, of which the diameter and number of
teeth arc equal to thosc of the pinion : the latter whecl may
be called the barrel-pinion ; its teeth work in the teeth of
the pinion, and also in the interior teeth of the main wheel.
By these means the barrel may be turned round upon the
main arbor, while the arbor itself is turned by the pinion.
The exterior tceth of the main wheel turn the pinion of a
sr_'apom(-nt.-whccl and pallets. Near one end of the main
arbor there is a ratchet-wheel and click ; and near the other
cnd a wheel, which is acted upon by an endless serew upon
an horizontal shaft, worked by the usual motion of the en-
gine. This arrangement serves to regulate the rate of the
engine’s moﬁop, for the tmmng of«the worm-wheel, last
described, causes tl\e weight to be raised which hangs to the
cord winding upetsthe barrel; and this weight is connected
to one end of a ]cver, the other end of which is attached to
the stcam valve, so that its elevation depends upon the
height to which the weight is raised. 'The' aperture of this
valvis Tormed like an inverted cone ; ; and while this valve
shuts and opens twice at every stroke, the lever does not
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prevent such opening and shutting, but mergly limifs the

extent of the epening by the action of a rod conngeted withe
1t; so that whcu the weight 1s lll"hdbt,.th(l valve is least

opened, and vice versa. lattle power is lost by these means,

and the speed of the engine can be uwuratclv mgul,ttql by

adjusting the length of the pendulum to the arrungement  of

tecth in the wheels and pinions. . ;

.
J. HoRNDLOWER, “Pcm'yn, March 26, 1805.

T'his steam wheel which differs considerably from Mr.Horn-
blower'srior pateir: for a rotatory motion, consists of three
principal parts: The exterual circular case, which is shaped
like a globe, from which about forty degrees are cut off at
cach pole; secondly, a partition which divides the case into
two parts transversely in the plane of its axis ; and thirdly,
the moveable or circulating parts which are analogous to the
piston in the common steam engine.  To form an idea of
these last, we must concecive an hollow nave attached to an
horizontal axle, which nave is pierced with two pair of cir-
cular holes onits eylindrical surface, cach pair corresponding
at opposite sides to cach other; through these boles pass
radii, moveable round iheir own axis for one-half a circuit,
to which are attached tlat uli:ulrunts, placed so that the
planes of those at opposite sides of the nave should be at
vight angles to cach other. By this arrangement, when one
of them is placed so that its planc shall be at right angles to
the axis of the nave, the plane of the other will coincide with
that of the axis. In the partition which forms the sccond
principal part of the engine, are two cavities at opposite
gides of the centre, one of which corresponds exactly to the
shape of the greatest sutface of the quadrant; the other is
much smaller, and only admits the quadrant cﬂgcwuys;
these cavities are continued in a sort of éasc of 'thy same
shape, for one-fourth of the circle on cach side, by which
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mean there gre always two of the quadrants, or the greatest
- part of them, working in ecach cavity at the same time.
The quadrants are made hollow so as to admit of their being
stufﬁ"d at their edges, as is alse the recess in which they
circulate. -

From this it will Be seen that the external circular case
is divided by the partition and the quadrantular pistons into
two scparate chambers, cach steam ticht ; into one of these
chambers a pipe is conveyed from the boiler, and from the
other chamber another pipe communicates with the conden-
scr; now as the quadrant which occupios the greater cavity of
the partition opposcs a much greater surface to the pressure of
the steam than that which lies edzeways in the smaller cavity,
it will be forced forward towards the cold chamber, in
which, when itis arrived, it meets a sloping block so shaped,
that in passing it it is turned round one quarter, or so us to
be at right angles to its former position, and thus enters the
smaller cavitics edgewayvs, while by the same movement the
opposite quadrant is turned tlat across the entrance of the
larger cavity of the partition, and on entering it is impelled
in its turn by the steam, as before described. r'he axis, or
arbor, on which the nave is fixed, which sustaius the quad-
rants, passcs through the outer case in an horizontal direg-
tion, and to its extremitics arc to be fixied those wheels
which ere to give motion to the machinery required to be
worked by the stcam-wheel. The outer,casc is fixed.in a
vertical position, and has a flat plate cast at the part in-
tended to be lowest, by which it may be bolted to the floor
of the building in which it is ecrected. It is formed so as to
scparate into three horizontal scctions, the middle one of
which is for the purpose of admitting and properly fastening
the partition with its stuifing boxes; the upper section
serves as a lid, and all are secured to each other by flanches

and screws,
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W. Earwrg, Liverpool, March 26, 1805

J. C. StEvExs, May 31, 1806.

This patent is for a high-pressure boiler, resembling Mr.
Woolf's; it may be thus described. Suppose a plate, of
brass, of onc foot squarc, in which a number of holes are
perforated, into cach of which is fixed onc ~und of a copper
tube, an inch in diameter, and two feet long, and the other
cnd of the tube inserted in like manner into a similar picce
of brass : these are to be enelosed at cach end of the pipes
by a strong cap of metal so as to lcave a small space between
the plate and cap. The necessary supply of water is then
to be injected by means of a forcing pump communicating
with one of the caps, while the steam is conveyed from
the other to the required point.

A. Bronig, May 31, 1805. '
The cast-iron boiler invented by Mr. Brodie, may be con-
structed of any dimensions, and the iron plates of which it is
composed are made with flanges of:the required size, and
put together with rivets and screws.  To prevent the boiler
giving way by the force of clastic vapour, it is strengthened
by wrought-iron stays, and the vesscl thus made is supported
by iron legs, so that the fire is allowed to communicate with
the whole of its lower arca without being connceted with
the brick work with which it is usnally surrounded.

JamEis Boaz, Glasgow, July 2, 1805.

This patent is for an improvement on Savery’s engine,
which Mr. Boaz effects by scparating the stcam from the
water to be raised.  For this purpose he employs a floating
piston upon Papin’s plan, and such an arrangement of the
forcing pipes that the repellent force of the stcam is always
acting upon the same body of water,
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+A. Woorr, Spaficlds, July 2, 1805.

. To prevent the danger attendant on the use of Mr.

Woolf's high-pressure cugine, he in this patent recom-

mends the use of oil, or the fat of animals placed in the

reccptacle, which in his former patent contained stcam of
great elasticity.  The vessel employed to contain thesc

fluids forms a complete case or envelope to the working cy-

linder, so that the whole is maintained at oue uniform tem-

perature, which is to be kept wp by a fire under or round
the receptacle. By this arrungewment, the necessity of ems

ploying steam of a great eypansive force is obviated, and

steam of a comparatively low temperature will produce alj

the effects that can be obtained from steam of a Ligh ten-

perature, without any of the risk with which the produc-

tion of the latter is accompaunied. e also proposes a

mcthod of preventing the passage of any of the steam from

that side of the piston which is acted upon by the steam, to”
the other side which is open to the condenser. In the

double-action steam gugines he effects this by cploying,

upan or about the piston, a colmmn of mercury of an alti-

tude cqual to the pressure of the steam. In working the

single cngine, a less considerable altitude of mctal is re-

quired, begause the steam always acts on the upper side of
the piston; and in this casc oil, or the fat of animals, will an-

swer the purpose sufficiently well, and at much less cost.

W. DEvERELL, Blackwall, August 2, 1805.

This specification describes an improved construction of
the firc-place, an improvement in the cold water pump, and
a saving in the method of applying the stcam. The prin-
cipal of these is that of conuccting the stcam-boiler with
three iron eylinders, filled with water instead of placing it on
brick work. Lu describing the peculiar advantages resulting
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from this part of. the invention, Mr. Deverell says, “ In the
present mode of setting boilers, the brick work’ underneath
them is attended with frequent repairs, owing to the action
of the firc upon them ; nor is this expense the only incon-
venience : the whole concern is, for the time that they are
repairing, completely stopped.” These inconveniences Mr.
Deverell proposes to remedy by the adoption of metallic
supports for the hoiler.

As a morc economical mode of applying the steam, Mr.
Deverell, like Mr. \Woolf, proposes to have two working cylin-
ders placed near to one another, cach having a pipe of com-
munication, with a large vessel in which the stcam, after pass-
ing from the small cylinder, is suffered to expand itsclf before
entering the large cyvlinder.  The pistons in the two cylinders
work alternately up and down by means of valves or cocks,
opening and shutting as in the common engine. Suppose
the small piston hgg made a stroke, and a passage is opened
to the steam vessel at the end of the stroke; at first begin-
ning to work the engine the vessel will be full of stcam of
about cighteen pounds pressure, adnitted from the boiler,
but afterwards will only be supplicd by the stcam thrown in
from the small cylinder. If the stcam in the boiler be of
forty-four pounds pressure per squarc inch, the ratio of the
two working cylinders may be as one to three, for then
the smaller one will supply the larger with stcam of about
cighteen pounds pressure.

The improvements thus cffected consist in a saving of the
pressurc of the atmosphere, and in the steam which would
othcrwise be discharged and uscless going from the smaller
working cylinder to the stcam vessel, and from thence to the
larger working cylinder, from which it is afterwards drawn
ofl and condensced.
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-8, MILLER, Gresse Strect, St. Pancras, Oct. 30, 1805,
J. TRoTTER, Soho Square, Nov. 14, 1805.

A. Fuint, Northampton Street, Nov. 16, 1805.

This engine, which may be used either as an hydraulic ma-
chine, and impelled by a continuous stream of water, or as a
rotative stcam-cnging, consists of two hollow eylinders, one of
which is so much smaller than the other that it may lie within
it. Theyare both to be turned true, and placed concentrically:
they are also furnished with tlat steam-tight tops and bot-
toms, either cast with them, or fastened by screws,  The
inuer cylinder has a partition in its middle parallel to its top.
It revolves within the outer cylinder, and has a pipe passing
through the centre of its top and that of the outer evlinder,
from its upper division, in the latter of which tops it is
made stcam-tizht by stufling boxes.  ghis pipe comnm-
nicates with another, that passes to the boiler, having the
parts in contact with it also made steam-tight so as to admit
of its circular motion. gnother pipe, in a similar manner,
passes from the lower division of the inner eylinder through
the bottom of the outer cvlinder, to form a connection with
the condcenser.

From the side of the inner eylinder projects a picee similar
to a piston, which fills the scction of the cavity in the line of
the radius, between the two cylinders: this rectangular
piston is so contrived, that it may be stufied round the
cdges and be made steam-tight.

The outer cyvlinder has two semi-cylindrical cavitics cast in
its sides opposite to each other, with their open parts turned
inwards ; cach of which is of sufficient size to admit within it
a portion of a smaller cylinder, which is placed upright be-
tween the two large eylinders,  In these spacés arc placed
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ralves, which retire alternately into the lateral cavities of the
outer cylinder to admit the piston to pass by them. These
valves consist cach of the segment of a gylinder of the
height of the dnner cylinder, connected with a circular top
and bottom, turning on centres; and an axle from caeh
passes through the top of the outer cylinder, through steam-
fight joints, by which it may be turned round from without.
At one side of the piston a perforation is 1.ade into the
‘upper cavity of the inner evlinder to admit the steam ; and
at the other side of the piston a similar perforation is made
into the lower cavity of the inner eylinder to form a com-
munication with the condenser.  An arm also projects from
the revolving steam-pipe, which as it moves round strikes
against other arms projecting from the axles of the valves,
and opens them in suceession, while conneeting rods passing
between the arms of the valves and other arms, are so ar-
ranged as to close one valve when the other is opened.  The
steam being now admitted will pass on from the steam-pipe
through the upper cavity in the inner cylinder, to the space
intercepted between the two large c#inders, the shut valve,
and the piston, and will impel the piston round till it has
passed the open valve 5 after which the revolving arm before
micationed closes the open valve, aud opens the shut valve,
which operation is successively repeated.  In the mean time
ihe confined stcam enclosed in the space first mentioned,
cscapes at the opening of the valve into the lower cavity of
the inner cylinder, and from thence to the condenser, and
thus maintains that inequality of pressure at the opposite
sides of the piston which causes it to revolve.

R. WirLcox, Lambeth, May 21, 1806.

Mr. Willcox’s improved steam cngine consists of an outer
v .
fixed cylinder, and an inner revolving one, cach furnished
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with pallcts or cocks, which in passing each other are moved
SO &8’ {o recede from each other's w ay; but in other parts of
thc circle they project so as to traverse the space between
the two cylinders, and form steam-tight pastitions, one of
which being fixed, and the other moveable, the steam forces
the latter round, and with it the moveable cylinder, the axis
of which gives motion to the machinery for which the en=
gine is erected.  On one side of the fixed pallet is a valve,
which by a pipe communicates with the boiler, and on the
othér side is placed a sccond valve which leads to the con-
denser. The ends of the cylinders are made steam-tight by
rings which press the packing against them ; and the cdges
of the pallets are made steam-tight by the intervention of a
hempen cloth. That part of the surface of the cock which
comes in contact with the revolving evlinder, hag a groove
cut down it, into which a piece of mctal is fitted, thut is
pressed agaiust the cylinder by screws, so as to come in
close contact with the revulving ewinder.  In cases where
this engine is employed to raise or give motion to any fluid
introduced within its inferior chamber, the cffects produced
will be similar to those of & lifting or forcing pump, and it is
likewise applicable to all engines which operate by giving
motion to fluids.

»

R. Dopp, Change Alley, London, Junc 6, 1806.

W. Nicudrsoy, Soho Square, Nov. 22, 1806.

The method ifr which stcam is directed to be applied in
the specification of this patent, is similar to that in which
water acts in the ancient instrument called the water-blast,
and in the same manner will impelforward air, or any otheg
gascous substance, in contact with the perforations of the
tube through which it passes. The nppnmtus employed by

'
e e



» (
Mr. Nicholson consists of a boiler, from the top of whiclt a

horizontal tube passcs in a dircction perpendicularly ovet the
centre of an air receptacle, when it bends doggwards for a
small distance,.that the current of steam proceeding from it,
may cnter a vertical pipe beneath it, the lower end of which
passcs a little way underncath the water, with which the air™
receptacle is about half filled.  The usc of the water in the.
air receptacle is by condensing the steam to scparate it from.
the air, so that the latter may pass on freer from any aqueous
mixture than it otherwise would. A way is described of ap-
plying this operation of steam, in forcing air forward, to aid
the water-blast, in which the water is made to pass through
the side apertures of the descending pipe from an external
vessel, while the air pressed forward by the stecam, passes
down a pipe which enters a small way into the upper part
of the same descending pipe.

H. Mauvpsiay, Margaret Stréet, Caverdish Square,
Junc 13, 1807.

These improvements, as will he séen by reference ta the
plate and deseription, consist in reducing the number of
parts in the common stcam engine, and so arranging and
connecting them as to render it more compact and portable.

»

This is effected by employing metallic frames, beams, &c.
instead of wood, brick-work, and other matcrials usually &p-
plied to that purposc.

]

T. Prestox, Tooley Street, Borough, Jan, 26, 1808.

A new method of setting boilers.
T. Smirh, Bilston, Staffordshire, June 3, 1808.

T. Pricr, Bildton, Aug. 24, 1808.
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T. Mgap, Yorkshire, Aug. 24, 1808,

This patc‘xgt is for a rotative engine, and the inventor
employs two moveable pistons which alternately revolve
round their axes or ceutres,  To effect this, two circular
plates or shells of metal are made similar in their construc-
tion, cach of which has a flanch and a semi-circular cavity
formed for the reception of the pistons. A hollow part
is also formed vound the centre of cach for a small c¢ir-
cular plate to turn in; and near the ‘cdge of this recess
a small grooveis made containing the requisite packing wad-
ding, &c. On the outside of cach of the metallic shells
there is a hollow pipe or boss for the reception of two spin-
dles that pass through them. Two holes are also made
through one of the plates for the insertion of pipes, one for
the purpose of conveying steam into the shells, and the other
for conducting it from them into a condeuser. One of the
shafts or spindles.is made hollow, tq permit the other (o pass
through it, To the lower part of cach of these shiafts a pis-
ton is fixed ; and cach has also attached to its upper part an
arm With a friction-wheel near its outer extremity. When the
pistons arc put in motion the friction-whecels work in, and
communi¢ate motion to the fly, and other apparatus -to be
impelled.

L]
J. P. FEsexMEYER, St. Clement Danes, June 15, 1809.

E. Lax~g, Shelton, Staffordshire, Aug. 9, 1809,
W. C. Excurisn, Twickenham, Nov. 28, 1809.
W. NosLg, Battersea, Dec. 14, 1809.

S. CrLeGe, Manchester, July, 26, 1809.
For a rotative enginc, the piston of which makes a complete
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tevolution in a channcl at a distance from the centre of mo-
tion. Although this apparatus is exempt from some portion
of the friction inherent in engines on the rotative construction,
it still remains more considerable than Mr. Clégg scems to
suppoéc. The difficulty also of making such an extent of
surface air-tight, and the liahility of some of its parts to de-

"Appendiz.

rangement, appear great drawbacks upon its ut.ity.

R. Wirry, Kingston-upon-Hull, Feb. 12, 1810.

This invention consists in making, arranging, and com -
bining the reciprocating rectilinear motion with the rotative
in such a manner that the stcam-cylinders, with pistons
moving in them in a rectilineal direction, do at the same time
tarn upon a horizontal axle or shaft. To effect this the pa-
teutee employs four cylinders fixed at right angles to each
other on a hollow nave or axle, by means of screw-bolts ; and
the pistons working in these eylinders are made tight at their
extreme ends by the usual packifig.  These pistons, which
ure firmly connected together in pairs, by reciprocatiyg rods,
must be made of such a weight, that a vacuum in one of the
cylinders may easily raise them both together in a perpendi-
cular direction.  An axle which is fixed horizontally is ground
air-tight into the hollow nave, like the key of a cock, with
wwo ducts or tubes in it; one of these tubes is placed at the
upper side of the axle, and is connected with the steam-pipe;
the other is fixed on the opposite side, and joined to the
pipe that leads to the condenser.  Lach cflinder is made to
communicate through the hollow shaft where'the two ducts in
+",e fixed axle (which resemble two water ways in a cock)
correspond with each other, and at each half revolation the
holes in the bottom of the cylinders open alternately into
these two ducts. The hollow shaft must be made of sufficient
length on cach side of the wheel to admit of being supported
in brass pivot holes. The cylinders and pistons being thus ar-

c
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ranged, and one pair of them being nearly in a vertical
position, if the stcam be admitted into the upper cylin-
der by the “proper duct, its expansive force will raise
this pair of pistons, and thus destroy the equilibrium of the
wheel, producing a rotatory motion.  In revolving, cach of
the cylinders till be filled with stewm from the upper duct,
and discharged when they deseend to the lower oue. Thus
after the cvlinder has cleared itsclf of air at the commence-
ment of its operation, the lower eylinder will be under a va-
cuum, while the upper one connected with it, will be receiv-
ing steam from the boiler.  Hence the pistons will evidently
be coustantly receding from the centre on one side of the
wheel, aud approaching the centre on the other, thus pro-
ducing a coutinuous motion.

A. Woorr, Lambeth, June 9, 1810.

The working cylinder for this engine has no boltom, but is
enclosed in another cylinder of such dimensions, that the
space between the two is e jual, at least, to the contents of
the working cylinder, the lower rim of which is about the
same distance from the bottom of the enclosing cylinder as
the sides of the two cylinders are apart. *

Into the'énclosing cylinder such a guantity of oil or fat is
put, as shall, when the piston is at its greatest height in the
working cylinder, fill all the space beneath it, and also fill the
enclosing vessel to the height of a few inches above the lower
rim of the workingscylinder. A small quantity of oil is also
poured in abovq&fthe piston. [If the engine is to be open to
the atmosphere,’ ‘the enclosing vesscl has a communication
with the boiler above, which, when opencd, causes the oil or
fat to ascend beneath the piston as it rises; and when the pas-
sage to the boiler is eloscd, and that to the condenscr opened,
the pressure of the atmaesphere forces the oil back again into
the enclosing vessel. In a closed or double engine, the com-.
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munications from the boiler and condenser are to be to the
top of the working eylinder, and to the bottom of the enclo -
sing vessel,  In’ the event of evaporation, micans are to be
provided by cocks, or valves, and a spring-pump, to keep
the oil at a due height dver the piston. By thus interposing
oil between the piston and steam, both above and beneath;
a considerable saving of steam, and cousequ.ently of fuel, s’
effceted.

R. Wrrry, Kingston-upon-Hulk Oct. 30, 18)].

This specification describes several improvements on a prior
patent obtained by Mr. Witty,  They consist principally in
making the piston draw or force ronad the machinery to be
worked by it, whilst itself moves both in a rectilinear and
rotetory direction in a cylinder or steam-vessel, which also
revolves upon an axis,

To admit the action of the steam, and of the condenscr, in
the revolving cvlinder, its axis is bored lengthways in two,
places, so as to form two passages, cach of which communi-
cates by lateral pipes with the end of the cylinder opposite
to the side of the axis in which it lics 5 the extremity of this
perforated axis is formed of a conical shape, nnd turns in a
e made to fit ity in the same mannce that thé revolving
part of a contmon cock turns iu its barrel.  Fromn the upper
part of this box a pipe passes to the steam-boiler, and from
the lower part another pipe procecds to the condenser, and
lateral apertures are made through®the sides of the axle to
the two passages within it, which, as the #xle turns, alter-
nately communicate with the steam-pipe and the pipe of the
condenscr in the box, in the same manucr as a two-way cock
is made to act.

Several principles are mentioned by the patentee, on which
the cylinder prepared as above, can force itself round ; which
are all of the nature of crank or cardioid motions. The first

*c &
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of these pril;(-iples stated by the patentee effects a rotatory
movement by the action of a moving groove on a fixed cen-
tre; which groove is placed at right angles to the cylinder,
in a frame that is connected with piston-rods proceeding from
the opposite ends of the cylinder, and of coursc partakes of
their alternating motion.  Another principle cousists in the
operation of the ends of piston-rods, proceeding from tha
opposite extremities of the cylinder, on the @utside of the rim
of a large wheel, whose centre is placed at the distance of
about half the stroke of the piston from the asis of the eylin-
der. The rim of the whecl projects so as to extend to the
line of the piston-rods, which are bent round to support fric-
tion wheels outside it, that alternately come in contact with
steps on the rim, and by them force round the wheel, by a
motion similar to that which levers would cause, when made
to press alternately on the outside of a heart-wheel.

“€. BropEerir, Great Poland Street, Nov. 2, 1811,

R. W, Fox and J. Leax, Budock, near Falmouth, Dee. 10.
h « 1812,

The two Principles on which the patentees profess to have
founded their improvements upon furnaces, are, First, That
an artificial blast will produce an equal quantity of heat with
one-fourth less fuel than the nsual open draught; and, Sc-
condly, That the separasion of that part of the boiler, which
is immediatcly over the firc, will permit stcam of a higher
temperature to be collected, which might be advantageously
applied in its passage to a lower temperature. In this con-
strirction the air for the consumption of the fuel is not per-
mitted to cnter the lower parts of the firc-placg in the usual
way, but is injccted or forced through openings by machinery
attached to the steam enginc,

£
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W. CHAPMA;I, Murton House, Durham, Dec. 30, 1812.

In this patent a moveable chain is employed to impel car-
riages upon a plain road instead of the crank usually applied
to the carringe wheel.  Mr. Chapman also employs an addi-
tional number of wheels for the support of the carriage, by
which means a cousiderable saving in the cost of the rail-way.
is effected. .

W. Bruxrox, Butteiley, Derbyshire, May 22, 1813.

The pedestrian apparatus or walking machine described by
Mur. Brunton, is constructed to obviate the necessity of em-
ploying an iron rail or carriage way. This he attemnpts to
cflect by the use of metal legs occasionally raised and de-
pressed by the power of a steam engine similar to the motion
of the human frame, when in the act of walking. That this
however is not considered sufticient, cven by the patentee,
we have abundant proof, and the specification contains a de-
scription of various modes of connecting the machine with an
indented raily, &c. any of which are in the full as expensive
as the common cogged wheel and tooth track road employed
by Mr. Blenkinsop.

R. Dux~kix, Penzance, Jan. 30, 1813.

For lcsscnihg the consumption of steam and fuel.
R. Wrrry, Kingston-upon-Hull, June 5, 1813.
J. Barron, Tufton Strcet, Westminster, Nov. 1, 1813.
J. Warrg, Leeds, Dec. 14, 18!4.
" W. A. NoBLE, Riley Street, Chelsea, March 23, 1814.

J. U. Rastrick, Bridgnorth, Salop, April 1, 1814.
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T. Tixpary, York, June 18, 1814.

For improvements in the application ef stcam to the pro-
pelling of carriages.

R. Dopbp and G. SterHENsoN, Killingworth, Northumber-
land, Feb. 28, 1815,
For improvemcnts in the construction of Jocomotive
engines.

W. Losfi, Northumberland, April 8, 1815,

The first object to be attained by the adoption of this pa-
teut is a considerable saving in the consumption of fael em-
ployed in heating the boiler.  This the patentee proposes to
effect by employviug two furnaces, and thus preventing the
usual current of cold undecomposed atmospheric air from
passing along with the heated gaseous matter. When the
atmospheric air in this undecomposed state comes in contact
with iron, and some other metals at a high degree of heat, it
has the effect of oxidating their surfaces, both by its own de-
composition, and by that of the water which it always car-
rics with it; and those oxidated surfaces separate in succes-
sive coats of scales, till by degrees, the metal is entirely cor-
roded away, so that by the adoption of Mr. Losh’s plan, a
considerable saving in the expense of repairs and loss of time
in replacing the boiler is effected.

M. BivLLinGsLEY, Bradford, Yorkshire, April 20, 1815.

R. TreviTHICK, Cambrone, Carnwall, Junc 6, 1815.

In addition to the packing usually employed in the high-
pressure engine, Mr. Trevithick introduces a column or ring
of water, which running round the piston renders the whole
air-tight, By this mcans ,!;e avoids a great proportion of the
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usual friction, a very moderatc, degree of tightness in the
packing, being in practice found sufficient to prevent the pas-
sage of so dense a fluid as water. The second part of this
invention consists in causing steam of a high temperature to
spout out against the atmosphere, and by its recoiling force
to produce motion in a dircction contrary to the issuing
streamn, similar to the motion prodaced in a vcket-wheel, or
to the recoil of a gun, by which mcans a rotative action is
produced. Mr. Trevithick also describes three other improve-
nicnts on the high-pressure engine, the latter of which, though
only applied to nautical purposcs, is by far the most impor-
tant. It cousists in employing a spiral worm or screw si-
milar to the vanes of a smoke-jack, which being made to
revolve at the head or stern of the vessel, produces the re-
spuired motion.

J. T. Dawgs, Bromwich, Stafford, Fcb. 6, 1816.

The parallcl motion usually employed is in this engine ren-
dered unnecessary by the immediate application of the piston
to a crank, whose arbor supports the fly-wheel, and commu-
nicates motion to the connecting apparatus.

G. . Munrz, Birmingham, March 2, 1816.

For a mcthod of abating, or nearly destroying smoke, and
of vbtaining a valuable product therefrom.

A. RoGErs, Halifax, March 23, 1816.

For an improved method of setting boilers.

W. StensoN, Coleford, April 9, 1816.

G. BoprEy, Exeter,*April 27, 1816.

For an cngine to work cither by stcam or water,
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J. NaviLLg, Northampeon Square, Aug. 14. 1816.

For a new aud improved method of generating steam.

W. Losn, Newcastle-upon-Tyne, Scp. 30, 1816.

That part of Mr. Losh’s patent which rclates to the loco.
motive engine, consists in an improved mode of connccting
and supporting the apparatus by mcans of pistons working
in steam-tight cylindcrs, which answers the purpose of a
spring carriage, and produces a continued cquilibrium in the
various parts of tRe engine.,

G. Maixwaring, Marsh Place, Lambeth, May 22, 1817.

This invention consists in conveying the steam (after leav-
ing the cylinder in order to be condensed) through a passage
or passages surrounded with water supplied from the hot-
well. In these passages arc fixed a number of metal pipes
or tubes which are filled with water from the surrounding
casings, and which has its temperature increased by contact
with the steam passing to the condenser. The water thus
heated is conveyed by a force-pump to the boiler, and a con-
siderable saving of fuel is thus effected.

Jonx OLpuaM, South Cumberland Strect, Dublin, Oct. 10,
1817.

For an improvement in the mode of propelling vessels b’y
the agency of steam,

Mosks PooLE, Lincoln’s Inu Old Squape, Dec: 15, 1817.

WiLuiam Mouwr, Bedford Square, London, Jan. 15. 1818,

Jonn. Scurr, Pengo Place, Surry, Jan. 23, 1818.
For an improved mode of propelling steam-boats.
i,
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Jonn Munro, Finsbury Place,"Middlesex, Feb. 12. 1818.

Josuua RourtLeDGE, Bolton-le-Moor, Lancashire, Feb, 27,
1818.

For improvements upon the rotatory engine.

WiLLiam Crurcn, Clifton Street Finsbury Square, April 8,
1818.

Tromas JoNEs and CHARLEs PrLiMLEY, Birmingham, May 7>
1818. .

In this specification the patentees describe an apparatus
intented to operate cither as a blast or steam engine, and the
piston is rendered air-tight by means of a column of water.

JouNn Marim, Marsham Street, Westminster, Aug. 5, 1818.

Sir WiLLiasm CoxerEVE, Cecil Street, Westminster, Oct. 19,
1818.

The principle upon which elastic vapour is employed in
this engine, consists in collecting its force beneath the pres-
sure of a column of watcr or other heavy fluid, and its effect
to producc motion will then be regulated by their re-acting
pressure.

To apply this force to the greatest advantage, this ingenious
experimentalist recommends the cmployment of an apparatus
resembling the overshot water-wheel, but in this case the
wheel is immersed, in a fluid in which it is made to revolve,
and the steam entexing beneath the hollow boxes or float-
boat is made to produce a continuous rotatory motion Dy its
ascent to the surface.

James Frasgr, Long-Acre, London, Nov. 12, 1818.
For improvements in the ste:’mm-a-boiler.
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Ricnarp WricHT,LToken-Iouse Yard, London, Nov. 14,
1818.

Joun PonTiFrx, Shoe Lane, London, Jan, 7, 1819,

Jon~ Skawarp, Kent Road, London, April 3, 1819.

For an improved mode of generating steam,

Wirriam Bru~rtox, Birmingham, June 29, 1819,

An account of Mr. Brunton's mode of consuming smoke,
will be found in a preceding page.

Joux OLpnam, South Cumberland Street, Jan. 15, 1820,

For improvements on a previous patent, dated Oct. 10,

1817.
JouN Barton, Falcon Square, London, May 15, 1820.

Jon~ Hacue. Great Pcarl Strect, Spitalficlds, June 3, 1820.

Jonn WaKEFIELD, Ancott’s Place, Manchester, June 6, 1820,

For improvements in the construction of furnaces by which
a saving of fucl may be effected.

WiLrLiam BreNTow, Birmingham, 1820.

For an improved mode of constructing furnaccs.

Jos RipEr, Belfast, Ireland, July 20, 1820.

For improvements capable of producing a concentric and
revolving cceentric motion, applicable to stcam engines, &c. |

Joux Moore, Castle Strect, Bristdl, Dec. 9, 1820.
For an ingenious, though we fear uscless, rotatory cngine.
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WiLLiam PrircHARD, Leeds, .Yorkshirc, Dec. 22, 1820,
For a saving of fuel by the combustion of smoke.

Wirriam Arpersey, Homerton, Middlesex, Feb. 3, 1821.

Tuomas Mastermax, Broad Strect, Ratcliffe, Feb. 10, 1821,

For a rotatory engine which we have already very fully
described.

Rosert StEIN, Walcot Place, LambethyJeb. 20, 182k

Hexry PENNECK, Penzance, Cornwall, Feb. 27, 1821,
For lesscuing the consumption of fucl.
Hexry Browsy, Derby, March 16, 1821,
For saving fuel and consuming smoke.
Aarox Maxny, Horscley, Staffordshire, May 9, 1821.

Tnosmas BExxer, Bewdley, Worcestershire, Aug. 4, 1821.

Fraxcis Arerox Egrris, Britannia Terrace, City Road,
Nov. 9, 1821.

CrarLEs Broperir, London, Dec. 5, 1821.

Jurivs Grirrira, Brompton Cresceut, Dee. 20, 1821,

For an improved locomotive engine,
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Abstract of Evidence and Reports made by a Sclect Com-
mittee of the House of Commons, on Steam Engines and
Furnaces.

MICHAEL ANGELO TAYLOR, ESQ.
In the Chair.

-Mr. Josern GrEGson, Surveyqr, called in and examined,

Was of opinion that the nuisance that arose from the smoke
of stcam engine furnaces might be attributed to two causes :
one, the putting on the fire or furnace too much crude
fuel at one time ; the other, from the chimuics being com-
monly too low, in proportion to the fuel consumed.—Had
seen this nuisance effectually removed ; but it had gencrally
been attended with an increased consumption of fucl : it was
seldom adopted but where the parties had bcen or were
under an indictment.—His own invention consisted in
causing all the smoke sfter it had arisen from the fire, to re-
turninto the heat of the fire before it entered into the flue or
chimney, and so was consumed; 2dly, By putting on no
more fucl at any one time than the smoke of which can be so
consumed, and that without opcning the furnace door for
the purpose ; 3dly, By supplying every fire with air, in order
to counteract the effect of those winds that operate against
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the draft.—Had employed it in the fires and boilers of pri-
vate houses, under steam engine boilers, and in wealding
furnaces, where a number of bits and scraps of irpn were
packed togcther, and subjected to an intcnse heat; they
were, in that state, then rolled or hammered into one com-
paet body.—The result however in the latter case was, that
although cvery thing acted according to the pizas laid down,
and the fire was regularly supplied with fuel, and the smoke
completely destroyed, yet the heat necessary to weald those
scraps of iron together could never be attained, and this was
in consequence of the continued repetition of the supply of
fucl, damping and preventing that heat coming over which
arises after all the volatile parts of the fucl has been driven
off ; and which heat, being entirely pure, was called a white
or wealding heat.  The firnaces requiring a white heat and
higher degrees, were wealding, melting and smelting fur-
naces, and vitrifying furnaces, as the makiug of glass and por-
cclain, The melting and smelting furnaces were in many in-
stances supplied only with coke, but witness was not aware that
a wealding or glass furnace could be at all worked with coke.
—Considered that a good effect would be produced by raising
the chimneys; as by increasing the draft the smoke would be
then more consumecd, and by its height more dispersed by
the wind.—~For every fire consuming orie bushel of coals
per day, the chimney should be at least thirty feet high,
and one foot higher for every additional bushel consumed,
measuring from the body of the fire.—At the new steam
engine of 100 horsc power at the East London Water works,
Old Ford, there was a method of consuming the smokc; a
singular plan was adopted at the corn mills at Islington,
Liverpool ; at the corn mills. Newcastle, Stafford, a steam
engine, of 14 horse power, had worked for nearly a whaole
day without smoke, owing to the quality of the coal, which
was only 5d. per cwt.; at the lead mills, Tottenham Court
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Road, a small stcam engine was worked with ¢oke ounly; at 4
brewery in Stafford, & small stcam engine, and a large one at
the Meddock Mills, Manchester,; consumed the smoke on the
patent principles; inall, six different engines.—Remarked,
however, that under the very best circumstances and con-
trivances, there were times in which the smoke of erude fyel
could not be consumed, viz. at the first lighting of the fire,
and at any sudden changes of damping or raising the fire.—
The expense of setting up a six horse-engine, on the witness’s
plan would be about 16/.; and a thirty-six one, about 304, or
321.; an old furnace could be altered for 164, and it would
be about one-tenth saving of fucl ; it would be upon the gaiu-
ing, and not the losing side.—In poiut of fact, the expense of
the application of this patent would be shortly saved by the
saving of fuel. The same principlewould also apply to the
stecam packets. The smoking of an ordinary chimney was
rcmoved by a common fire constructed on that principle.
The expense of altering an old engine of a hundred-horse
posver, upon the new principle, would not be less than 100/
—In the making of gas, the coal was only subject to a red
heat, aud the gaseous vapours of which mizht he considered
as distilled over, while the principal part of the fuel remuined
as coke ;3 but in a common furnace the coal was entirely con-
sumecd, leaving only ashes or a vitrified clinker ; the smoke
containing much ammeniacal matter, could not be burnt but
in a very intense heat, approuching to a whitc or wealding
heat; conscquently, when the smoke was burnt under the
boiler it was yery destructive to the metal ; but being burnt
upon his principle, that destruction was wholly avoided ; the
smoke was thus subjected to the required hcat, an entire
change or decomposition taking place, and the product was
principally steam ; whereas the coal gas never having been
subjected to that heat, there was greater difficulty in frecing
it from its impurities ; thercfore the vapour arising from
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burnt smoke, was more pure than that arising from the burn-
ing of coal gas.

Mr, WiLLiam Mourt, Assistant to Messrs. CookE,
called in; and examined.

The former mode of heating the boilers, was by putting
the coals over the bars in the common way; but his im-
proved method was to make the flame come over the coals,
which were laid upon an iron plate, and the flames made to
‘pass over the surface of the coals upon the iron plate which
lighted the coal at the top, and the red part of the coal was
next the bottom of the boiler; by that means, the smoke as
it rosc from the coals was consumed in its passage over the
bars.—The consumption of fuel of the old boiler was regular-
ly cighteen bushels of coals in twenty-four honrs; but when
altered in this manncr, twelve bushels produced a similar
effect. 'The smoke bore no proportion to what it was under
the old method.  Had put up a small boiler for a stcam en-
gine upon the same plan, and found it answer. Thought it
would be applicable to soap manufactorics, because their
boilers were generally long boilers : in some steam engines, it
would be ditficult to do it, because the fire was obliged to
rise in the front, and pass that way.

GeorGe LEman Turtnirr, M. D. of Suho Square,
called in; and examined.

Believed the atmosphere of London to be prejudicial to
health ; the accounts which had been published at different
times, concerning the relative duration of life in London and
in the country, might be considered as having proved that
duration to be cousiderably diminished by a residence in this -
metropolis. [t was probable that this depended upon the at-
mosphere of London. There was a great variety of causes
which contributed to render that atmosphere unfavourable
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to health ; and it might be presumed that the quantity of
carbonaceous matter suspended in it, was one of the causes of
its insalubrity. The rapid advancement to recovery twhich we
frequently sec in sick persons, during a short residence in the
country, proved the influence which the atmosphere of Lon-
don had upon health ; there were many diseases incident to
the human body, in which the influence of that atmosphere
might be morc easily detected than in a state of health. In
certain diseases of the lungs, especially, it might be proved
that the smoke of London was prejudicial.—Conceived that !
the fog peculiar to London, so different in its sensible pro-
perties from awny fog in the country, depended upon the
smoke of the metropolis, and was prejudiciad in many discased
states of the lungs.—The greater the quantity of carbonic
acid gas in a given volume of air, the greater would be the
insalubrity of that air. But in crowded cities, the air was
contaminated from a varicty of other causes, which chiefly
owed their origin to the cxhalations, cither from the living
animal body, or from decomposing animal and vegetable
matter, when the principle of vitality was cxtinct.—Conceiv-
ed the smoke arising from steam-engine furnaces might be
prevented : it could be cftected by making the stoke pass
through an iguited tube, whilst the combustion of the soot
was there assisted by a°fresh current of atmospheric air,
Saw no reason why a simple apparatus might not be so con-
trived, as to render that combustion complete. But it ap-
peared to be deserving of consideration, whether this an-
nihilation of gmoke ought to be confined to manufactories.
If, instead of burning common coal, that fuel were first di-
vided, as it now was in the gas-light manufactories, into coke
and carburctted bydrogen gas, and these were afterwards
consumed m union, the brilliancy and warmth which was
now enjoyed by the fire-side would, to say the least, be un-
diminished, whilst the smoke would be entircly destroyed.
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Thia might be tried without any difficull};, by the judiciops
admissipn of gas into a common®grate filled with coke; the
materials in fact would be the same as of our common fires,
but employed in a state of greater purity. -There *was no
limit to this mode of destroying smoke: and should a plan
of this nature be hereafter adopted, chingics, as they were
now constructed, would be quite unnecessary; a small tube
would be sufficient. :

Mr. WicLLiam Losh, of Newcastle-on-Tyne,
called in, and examined.

Considered it impossible to state any thing which could
be satisfactory, without referring to a plan. Would only
state, that in some engincs which had been erected according
to witness’s plans, the smoke was entirely consumed.—Was
of opinion that for smelting ores, long horizontal flues would
be advisable, and would nearly do away with the nuisance;
but for glass-houses, witness did not know of any practical
remedy.

Mr. WiLLiam Bruntox, of Birmingham, Civil Engineer,
called in, and examinced.

Furnaces for consuming smoke, as they were usually con-
structed, consisted of two distinct parts : 1sf, the grate upon
which the coal was consumed; 2dly, the feeding-mouth into
which the coal was put (with the shovel) preparatory to its
bejng pushed forward upon the grate, at the end of the feed-
ing-mouth ; opposite to that which joined the grate, was
fitted a door, in which were holcs with covers,' for regulating
their apertures, bJ which atmospheric air ‘was admitted at
pleasure. The process was thus: whils¢ the coal alrcady
upon the grate was in high combustion, and had ceased to
smoke, the coal in the feeding-mouth, being exposed to the
heat of the fire, underwent a degree of coking, and the

D
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smoke was thereby evolved, which, combined with a portion
of air admitted at the openir'lgs in the door, passing into the
chimney over the hot fire, was consumed. When the fire
was to be rencwed, the coal thus acted upon, was forced
forward upon the grate, still carefully preserving a strong fire
of well burnt coal gn the farther end of the grate, inorder to
consume the smoke, which would now be given out by the
coal thus brought into active combustion ; at this period a
much greater portion of air must be admitted, than would be
needful when the coal last forced forward had attained its
full heat.

The following were the principal objectious to the general
adoption of this species of furnace: First, the process of cok-
ing, or preparing the coal in the feeding-mouth, was very im-
perfect, and but a small part of the coal necessary to feed the
fire was affected by it, so as to give out less smoke when forced
upon the grate. Sccondly, though the judicious admission
of air to enable the smoke to ignite was found advantageous,
yet a small excess admitted was found to have a very injurious
effect in cooling the boiler; and as the quantity of air re-
quired for the combustion of the smoke must vary every mo-
ment of the mterval between the times of rencwing the fire,
(perhaps fifteen or twenty minutes,) nothing short of the
greatest care avd unremitting attention to the admission of
the air could accomplish the object with economy. This
carc on the part of the workmen could very rarely be obtain-
ed; and proprietors of steam engines have found that, for
want of this, the burning of smoke has been too expensive
for them to ﬁersevcre ime—aVitness having turned his at-
tention for some years to " this subject, had discovered a
method by which ghg smoke might be cShsumed cconomi-
cally, and its practicability less objectionable than the methods
wanally adopted : lst.,wby putting the coal upon the grate by
#mall quantities, and at very short intervals, say every two or
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three seconds; 2dly, by so disposing of ﬁxe coal ppon the
grate, that the smoke cvolved mhst pass over an of the
grate upon which the coal was in full combustion, and was
thereby consumed ; 3dly, as the introduction of the c%al was
uniform in short spaces of time, the introduction of the air
was also uniform, and required no attention from the fire-
man. As it respected economy, lst, the coal was put vpon
the fire by an apparatus driven by the engii.e, and so con-
tfived, that the quantity of coal was proportioned to the
. quantity of work the engine was performing, and the quantity
of air admitted to consume the smoke was regulated in the
same manner ; 2dly, the fire door was never opened except-
ing to clean the fire; the boiler of course was not exposed to
that continual irregularity of temperature which was unavoid-
able in the common furnace, and which was found exceeding-
ly injurious to boilers ; 3dly, the only attention required, was
to fill the coal receiver every two or three hours, and clean
the firc when necessary ; 4thly, the coal was more completely
consumed than by the common furnace, as all the effect of
what was termed stirring up the fire, (by which no incon-
siderable quantity of coal was passed into the ash-pit,) was at-
taincd without moving the coal upon the grate—Conceived
that in a twenty-horsc cngine, the increased expense of
ercction would be between 75/, and 100/,

FIRST REPORT.

Tux Select Committee appointed to inquire how far it may be
practicable to compel Persons using Steam Engines and Furnaces
in their different works, to erect them in,adnanner less prejudi-

" cigl to Public health and Public comfort; and to report their
Observations thereupon to the House;;;Have agreed upan the
following Report : a

p2

)
"
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_Tuar fgg t'ﬁervanced‘period of the Session,: at which
the appaintment of your Committee took place, it wag not to
be e%ed that they could form any ultimate decision as to
the précise object of gheir inquiry; but as far as they have
hitherto proceeded, they confidently hope that the Nuisance
50 umversally and so justly complained of, may at lcast be
considerably diminished, if not altogether removed. :

Your Committee have had under their examination, Men

whose minds have been long and pragically directed to the
" extinction of the evil; and from their Evidence, the House
will be enabled to judge how far their opinions correspond
with those of your Committce.

The disinterested communications made by Persons whose
private interests might have led them to a different line of
conduct, cannot be too highly valued and extolled.

July 12, 1819.

SECOND REPORT,

From the Select Committee on Steam Engines,
Furnaces, &c.

‘ MICHAEL ANGELO TAYLOR, ESQ.
In the Chair.

Mr. Josian Parkes, of Warwick, Worsted Manufacturer,
called in, and examined.

Had pmm&» varions methods for reducilg the smojge
arising from a steam engine, for about six years; had so fr
been able to acco:hphsh the removal of the nuisance, that for
about twelve hougp of the day the smoke was nearly invisible ;
had three boilers; Ml found that in an hour after ¥ the
fires, there washeat enough to cgpsume the whole of the simoke
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arising from them. Had adopted a mode’ of firfjg, which
was practised with it, greatly conducive to economy*of fuel.
The daily consumption was twenty-fiye cwt. to su@ the
engine, dye-house, and washing coppere ; while witness’ ‘was
formerly in the habit of usiug from thirty-six to forty bun~
dred weight. Employed steam at a pressure of three pouuds
and a half on the inch, the ordinary pressurc of Messrs.
Boulton and Watt's engines. Hagdapplied the improved ap.
paratus at Messrs. Barclay and Perkins’s brewhouse, and was
perfectly satisfied with the resnlt; and the destruction of the
smoke was nearly complete. But the Newcastle coals made
a great deal more smoke and less flame than the Stafford-
shire, and therefore the destruction of the smoke became 8
much more difficult object. Had an air-valve to regulate the’
quantity of air admitted to burn the smoke, which was regu-
lated or closed at pleasure. Had reduced the consumption of
coals, by the combined adoption of the mode of firing with the
destruction of smoke from thirty-six hundred weight to twenty-
five hundred weight, daily. When much smbke was being
madc, had uniformly found the drafi increased, because, by
the conversion of the smoke into active flame, the rapidity of
its passage was facilitated. —Witness wished to state oue
further circumstance ; that he believed that this plan of burn-
ing smoke was applicable to works of various descriptions ;
and from the effect produced at Messrs. Barclay’s brewery
under the three boilers that he had altered, he had received
directions from them to proceed with one of the large brew-
ing coppers. Thought it might be applied to annealing and re-
verberating {hrnaces, and most close fires. gla charging the
-ﬁm-plnce, the fuel was gradualy pushed backwards as it be-
came ignited, until the whole capacity of the furnace was one
mais of coals ; the feed-mouth was also ‘len filled up, and
the door was clased for the day. Thtﬁfheqmred about two
hours. Had stgted that the heat was ‘increased by the ad-
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mission,t&f‘air to burn the smoke; and to ascertain the
amonnt, had placed n thermometer in such a posture, when -
the smoke was being consumed by the admission of the air,
that it stood at 214 d&rees ; by the sudden closing of the air- *
valve, the smoke passing away unconsumed, the thermomete? ~
fell to 200°. The appearance of the flame when no air wa®
admitted was red and dusky, intermixed iith quantities of
smoke; and large quantities of soot were seen to come over -
from the fire with it; but when the air was admitted, the
smoke caught fire with a brilliant white light, and the soot
was evidently consumed. It was the combustion of the }
charcoal which produced the light. The expense of altera-
tion upon witness’s plan would be but trifling, probably
"about 20Z. or 301 to each boiler ; but the premium had not
been determined. Asa proof of the small expense, and the
little time attending the necessary altcrations, the three
boilers at Messrs. Barclay’s brewery were altered in five
days.

»
4

':bi'f
e

Mr. WiLLiam PHipson, of Birmingham, called in,
and cxamined.

Had paid a great dcal of attention to the diffcrent plans
that had been suggested for burning smoke, and had found
them in general, if not always, attended with an increased
gonsumption of fuel ; and likewise so much care and skill
tequired from the fireman as was seldom to be found in per-
sons so employed. Had succeeded in considerably diminish-
ing the smoke ; but was very far from the perfection which
had been obtained by Mr. Parkes. Had been many ycars
acquainted with Mr, Parkes, had watched very closely the
improvements that had been making within the last few
years at his mill, apd bad found that he had succeeded for
some time past, in ;ifgnch more complete manner than any
other person, and now, considered that he had attained com-
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plete success in the consumption of smoke, attended with a
considerable saving of fuel. Had scen the furnaces at Messrs.
Barclay’s brewhouse since they had been altered, gnd con-
sidered the destruction of the smoke gs complete there asat
Mr. Parkes’s at Warwick. Had heard it remarked that
there was still a great quantity of smoke at Messrs. Barclay
and Co.’s; this agose from three large brewing-coppers, which
bad not been altered by Mr. Parkes; and the issue of smoke
from those coppers was so great as to deceive persons who
\vicwcd the works from a distance. Believed Mr. Parkes’s
plan was applicable to all kinds of boilers, and to most kinds
of closc fire-places, but not to open fires.

Freperick Perkixs, Esq., called in, and examined.

Had been induced to try the method which Mr. Parkes
had invented for abating the nuisance of smoke, and had ap-
plied this -apparatus to two boilers, and believed they were
altered in the space of three or four days. When worked
there was no smoke excepting at the first lighting of the fire;
after the fire was made up, and a regular heat produced,
little or no smoke escaped from the chimney when the air
valve was open.  Believed that the consumption of fuel was

decreased ; but could not say decidedly.

Mr, JamEs SrurreLL, Brewer, in the Employ of Messrs.
Barclay & Co. called in, and examined.

Before the adoption of Mr. Parkes’s alteration for con-
suming the smoke, had made a very considerable portion of
smoke from the stcam engine, but since the adophon of Mr.
Parkes’s plan, there was scarcely any smoke after the first of
the morning ; the firc, when once made up, would last from
ten to twelve hours. The application had also been made to
another copper, which was called the. blowing-off copper, for
Blowing-off and steaming casks, and there the plan had been
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as su‘w in the steam gngine, very much to'thesatis-
faction house. Thought that the consumption,of coal
would be reduced in the blowing-off copper.

Mr. Bensamin Hawss, Jun., Soap-boiler, called in,
and examined.

Had altcred a steam cngine furnace under Mr. Parkes’s
direction, and found a very considerable reduction of smoke
in consequence; with respect to fuel, could hardly state
whether there is any saving, not having had the returns.

Cuampes MiLLs, Esq., a Member of thc Committec,
s examined.

Had been at Warwick, and scen Mr. Parkes’s manufactory,
Saw the three furnaces in operation, and had an opportunity,
by looking imto the fire-place, of sceing the diffcrence that
was caused in m fire by the opening and shutting of the air-
valve. In there seemed to be a thick smoke, and
the fire clouded in the other casc the smoke was wholly re-

- moved, and there ‘waga perfectly clear fire. Went out of the
engine-house into-the court, to observe the top of the chim-
ney: inone case observed scarcely any smoke visible coming
from the cbnmney ; in the other, when the alteration was
made, to try the experiment, found a very considerable
qu%tity of smoke to arise.

+ DuGDALE STRATFORD DUGDALE, Esty., 2 Member of the
' Committee, made the following Statement.

Had attended ﬁr. Parkes’s manufactory, for the purpose of
seeing the trial of the experiments for consuming smoke by
a method he had hteWntmduced which appeared to be
very simple, an and at the sunge time to be perfectly eflicacions.
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MicsagL Ancero TavLor, Esq., Chairman of the §ommittee,
made the following Statement.

&

I was applied to about six weeks ago to take Waewick in
my way to London, for the pyypuse of seeing the furnaces
that were uscd in the works of Mr. Parkes. I of course ap-
pointed a time, and on my arrival at Warwick, in com'pany‘
with Mr. Denmanga member of this house, went into the
manufyctory of Mr. Parkes, and made every observation I
could to satisfy mysclf of its efficacy in meeting the object
which I had in view, that of diminishing the smoke of fur-
naces erccted for the purpose-& of heating the boilers used for
:working stcam engines, and for furnaces necessary in (gﬁ‘emnt
branches of manufactures, as well as in hrewhouses. ¥ never
thought, as far as my present inquiry and observation was
dirccted, that the experiments which had been made, and
which had been reported to me by Mr. Parkes and other
gentlemen, could lcssen the smoke that arises from furnaces
uscd in the smelting of ores, or in the v:l:piﬂfng of glass.
My object in going to Mr. Parkes’s was to as%tam how far
his experiment could succeed in furnaces of the description I
have before alluded to, let their power and extent be what
they might, and to judge from every experiméiit I couldwthere
make, whether his plan would be generally applicable. On
going into Mr. Parkes’s premises I could not percenve the
least smoke arising from any chimney in the place, s0 much
so that T was at a loss to ascertain which was the chimney
attached to the furnace which supplied the heat for the
steam cngine. I also noticed very accurately the garden
which immediately adjoined the furnace, to see if from the
flowers and from the different plants that wére in that gar-
den there was upon them the affection of seot or smoke; I
could perceive none, though I inspected them' ‘Very narrowly.
1 was auxious to make this trial, knaffing from experience
that the volumes of smoke which issue from the furnaces on
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every side of'the river Thames opposite my own house, actually
blacken every flower I have in my own garden at Whitehall.
1 afterwards went to the bleaching-ground, to judge whether
there were any marks of soot ,or smoke upon the tenter-rail,
on which were always hung the ditfcrent articles for bleach-
ing ; 1 found no appearance of soot or smoke; the bleach-
ing-ground was almost adjoining to the futnace. On going
into the place where the furnace was crected, I desired
that I might be allowed to assail the furnace in what-
ever way I chose, aud by any experiment I thought proper
to make ; I mean by the word, assail, to sec if by any expe-
riments of mine I could create smoke. In the first place, I
desired that the furnace might be opened and raked for a
considerable time ; no smoke was occasioned, indeed none
had issued. I then directed that the valves which sccured
Mr. Parkes’s experiments, and gave effcct to his object, should
be shut, and immediately the place was involved in smoke,
which ceased on resorting to the apparatus again. Not sa-
tisfied with that, I desired that a very large body of coal
might be put into the middle of the furnacc, and that Mr.
Parkes’s apparatus should remain in the way it did remnain
when' I saw no smoke ; I then inspected whether or not,
from that immense body of fuel, which I put on adventi-
tiously, any smoke issued ; none appeared. On the shutting
of the different air-valves, an immense body of smoke issued
this convinced me that his apparatus was perfectly adapted
to the object I had leng in view; and that though' many
others had niet my observation, yet none appeared to me
so simple as his; and I desired Mr. Parkes to come to Lon-
don, and apply in my name to persons who had steam engines,
and see if they would permit him to have their furnaces so
altered, that the public might judge whether or no his appa-
ratus would give as fair a promise of success in London as it
had done at Warwick. - 1 waited on ‘Messrs. Barclay and
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Perking a few days ago, in company with Lord: Harewood,
Lord Rosslyn, and several other gentlemen, mény of them
Members of this House, to see whether the experiment had
succeeded in the furnaces attached to that brewery. Every
trial was made in my presence, and every trial succeeded;
and I have no doubt that if there was occasion, several Mem-
bers of this House, who were present, would attend and give
evidence to the same fact. The success of the experiment
was as complete at Messrs. Barclay’s as it was at Mr. Parkes’s
at Warwick.”

Kirkmax Finvay. Esq. a Member of the Committee,
examined.

Had been with other members of this Committee at Messrs.
Barclay’s brewhouse, and was quite satisfied as to the reduc-
tion of the smoke in the furnaces to which Mr. Parkes’s ap-~
paratus was attached.

MRr. WiLLiam BrunToN, Birmingham, called in, and
examined.

Had lately erected cight fire-regulators, all of which had
given the greatest satisfaction as regarded burning the smoke, -
one of which was at the Whitechapel distillery, and another
at Liverpool; and they had uniformly effected a saving of coal,
which on the averagec was more than 30 per cent. They
were applied to boilers which were originally erected by
Messrs. Boulton and Watt, and justly considered upon the
best construction of the common furnace. *In London, a
grate of five feet diameter, consumed three bushels per hour;
in Staffordshire and Lancashire, about three hundred weight.
First, by the use of the fire-regulator there was much-less
scoriee or clinker formed from the same quantity of coal than
in the ordinary fire, and that was formed in thin lamine upon
the grate; and in general, while three bushels of cals per
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hour wergmhming upon the grate, the bars were séidom so
hot as to discolour writing paper, when pressed against them.
Secondly, another effect, of considerable importance in Lon-
“don, was that the fire-bricks which formed & part of the fire-
place were not even vitrified, and would therefore last very
much longer th:m in the usual furnace. Thirdly, the boilers,
in consequence of the regularity of the heat, might fairly be
expected to last much longer, aud the supplemcutary boiler,
on which of course the greatest wear would take place, might
at any time be taken down, while the principal boiler, with
all its connecting pipes, remained unmoved.

In the fire-regulator, first, by the very equal distribution
of the coal upon the surface of the grate, a thin fire and
a sharp draught was maintained, and this was effected by
the coal being introduced in small quantities falling upon
the whole of the area of the fire in regular succession. Se-
condly, the coal was introduced upon the fire without open-
ing the fire-door; and this was cffected by dropping the
coal through- the roof of the, supplementary boiler. Thirdly,
the decomposition of the coal was much more perfect
than by the common furnace, and this was effected by the
revolving of the grate, which exposed each side of every
piece of coal'on the grate to the current of the fire passing
constantly in one direction across it. Fourthly, the intro-
duction of the coal was completely governed by the steam
generated, analogous to a water-wheel, governing by its ve-
locity the quantity of the water permitted to fall upon it;
thus, considering the production of the steam as the effect,
and the introduction of coal as the cause, the former had a
perfect check over the latter, and at no time admitted more
coal into combustion than was really necessary for the per-
formance of the work which the engine wus then doing.
Fiftbly, the whole apparatus, beiug a very simple mechanical
arrangement, acted independently of cither the skill or the
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carclessness of the fireman. N, coals should be put upon a
steam engine fire until they were small enough to pass a
thnee~1nch mesh ; therefore the necessity of breaking the
coal to that size was advantageous. Had lately burned a
species of small coal, which had till now Leen regarded as
perfectly useless; and as such there were thousands of tons
cncumbering the ground in the Staffordshire ¢ollieries, inca-
pable of being used with effect in any other furnace than the
fire-regulator ; and this hitherto supposed rubbish had pro-
duced 70 per cent. of the effect of saleable coal ; thus bring-
ing into uwse that which was of no value.—In obtaining the
maximum effect thought it advisable to employ a thin fire,
with a sharp draft, witness being of opinion that the greater
quantity of oxygen brought into contact with the coal in com-
bustion, the greater heat or effect was produced from it. The
fire-regulator, and the other modes proposed for burning
smoke, stood upon very different grounds; for the value of a
boiler as an implement for gencerating steam, depended upori
the quantity of coal which might be burned under it produc-
ing a maximum effect ; and when any change was made in
a furnace, by which either the quantity of ¢oal consumed
with a maximum effect was diminished, or the effect of the
same quantity of coal decreased, in either case it was injuri-
ous. 'The fire-regulator, while it increased the quantity of
coal consumed, increased the effect also, and thereby increased
the value of the boiler to which it was attached, as it would
raise a greater quantity of steam at a much less expense. The
usual plan adopted consisted of a mere change, in the form of
the furnace, which when appreciated by the proprietors, was
of no more valuc than it was before ; but the fire-regulator
made a positive addition to the size of the boiler, and was
tangible property, and when the propmetor took his stock
stood for its own cost. g
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Mr. Jamrs Scorr Smrrn, Distiller, valled in, and examined.

Had found that they could consume the smoke to a very
great cxtent, and although it was not completely invisible,
yet it was never offensive.  Had never understood that it was
possible to consume the smoke entircly. The fire-regulator
invented 'by Mr. Brunton had many advantages; 1st. The
boilers-to which it was attached had their power greatly in-
creased ; would last a longer time, and wonld not be so liable
to leak as those on the old plan, which arose from the cir-
cumstance of the fire-door not being opened to introduce the
. fucl, consequently the frequent draughts of cold air were ex-
cluded, and the boilers' retained an uniform temperature.
2ndly, There was a great saving of fuel, viz. 38 per cent.
and this was the average of a three-wecks’ experiment with
the fire-regulator, compared with the work of three men in
a three-weeks’ experiment on the old principle.-~Considered
Mr. Brunton’s machinery and alterations altogether, had cost
two hundred and fifty pounds.

MRr. WiLLtam BruxsTox, again called in and examined.

Conceived that the general expense of altering an old fur-
nace for the purpose of applying improved apparatus, so as
to make it effectual to a twenty-horse engine, would be about
three hundred pounds; out of which the patentee received
about sixty or seventy pounds.

Mr. Perer WaiTrieLD Brancker, Sugar Refiner, called in,
and examined. >

Had applied to Mr. Brunton to erect an additional boiler,
having heard that it would also have the effect of burning the
smoke. The apparatus was finished carly in May. Had
watched the process carefully, and took notice of the differ-
ence of the power of the stcam, and the quantity of smoke
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compared with what was emxtted formerly, and Iound that
although the apparatus was not perfect for want of the other
boiler being also fixed, that thc quantity of smoke was very
trifling indeed, little or nothing, and that the power of steam
was very much inereased ; the quantity of coals saved, as far
could be judged, was something better than one-fourth, about
30 per cent.  'Was perfectly satisfied with the result, %mh
had caused a good dcal of inquiry in Liverpool, many ‘per-
sons having been to examine the apparatus.

Mr. JouN WAKEFIELD, called in, and examined.

Thirty years ago was acquainted with the town of Man-
chester. A Mr. Drinkwater had then erected the first mill
that was built for mule-spinning in England, in a pobulous
part of Manchester; who did not wish to be offcnsive to his
neighbours there.  Witness had turned his attention to
that subject with Boulton and Watt’s assistance, and con-
sumed a part of the smoke, but it took more coals by tep per
cent. than the old mode. In the year 1816 again turned his
attention to this subject ; it was much wanted in Manchester,
and no progress had appcared to be made. In 1817, print
works were erccted near to Earl Wilton’s, at Heaton, on his
lordsliip’s property ; this was to be on condition that they
should make no nuisance on his grounds, which witness had
done with a low chimney, not so high as that of the houses:
the next was Mr. Jonathan Pollard’s, who had an engine set
up by Boulton and Whatt, and he tried a smoke-burner made
by Mr. Robertson of Glasgow, butit did not give satisfaction.
His principle was applied, which saved twenty-five per cent.
in coal, and consumed the smoke completely,. except a little
at the renewal of the fire, which was now obviated. Mr.
Jowle, a brewer in Salford, was under indictment by the
magistrates for a nuisance occasioned by the smoke ; he ap-
plied to witness, hearing Mr. Pollard’s was done, and the
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elteration Wi made under his brewing coppers; it-had the
desired effect, and he so much approved of'it, by its saving of
twenty-five per cent. and making his premides cleqnnr that
he had his steam engine boilers altered, for whichlie was not
‘indicted ; and he also had other works where he had altera-
uomg made in the same wanver.—Had applied the same in-
n—’hoolher works at places for calico-printing, where the
p ¢ lay ou the ground, and where the oxides of #ron and
‘ g, stained them, which inconvenience was now obviated
to theg satisfaction. The expense of witness’s apparatus .
for thentv-horse power engine would be twenty or
twgnty-ﬁve pounds, beg@ides the charge for remuneration.

[ .

REPORT.

Tae Select Committee appointed to inquire how far it may be prac-

» ticable to compel persons using Steam Engines and Furnaces in
their different works to erect them in a manner less prejudicial to
public health §nd public comfort ; and to report their Observa-
tions thereupofi to the House ;—Have, pursuant to the Order of
the Housej &xamined the matters to them referred ; anrd have
agreed to the following Report :

Tuz revival of your Committce has afforded a full oppor-
tunity of ascertaining how far the reduction of smoke in fur-
naces of different descriptions can be practically accomplish-
ed; and the evidence detailed already, will shew that the

~object the House had in view has been satisfactorily and
eﬁ'ectunlly obtained.

Jnly 5, 1820,
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Stat. 1 and 2. Geo. IV. Cap. 4. entitled
AN ACT

For giving greatcr Facnhty in the Prosecution and Abatemé’n of
Nuisances arising from Furnaces used in the working d&w
Engines,—' —To commence Sept. 1st, 1821, d f

: pw;
WaskEas great inconvenience has arisen, and a gr%t -des

gree of injury has been and is now sustained by his Ma;iaty’s

subjects in various parts of thc Usted Empire, from .the
improper construction, as well as from the negligent usc of-

Furnaces employed in the working of Engines by Steam:

And whercas by law, every such Nuisance, being of a public

naturc, is abateable as such by indictment ; but the expenscs

attending the prosccution thereof, have deterred parties sof-
fering thercby, ffom secking the remedy given by law :—DBe
it therefore enacted by the King's most cxcellent Majesty,

Ly and with the advicc and consent of the Lords Spiritual

and Temporal, and Commons in this present:Parliament as-

scmbled, and by the authority of the same;That it shall and
may be lawful for the court before whom aug¥teeh indictment
shall be tricd, in addition to the judgment pronounced by
the said court in case of conviction, to award such costs as
shall be deemed proper and reasonable to the prosecutor of
prosecutors, to be paid by the party or partles so wnwcted
And be it further enacted, that if it shall appear to ‘the
court before which any such indictment shall be tried, that
the grievance may be remedied by altering the construction of
the furnace, or any other part of the premises of the party or
parties so indicted, it shall be lawful to the:court, without
the consent of the prosccutor, to make such order touching
the Jnremisqs, as shall be by the §g}§g;cdurt thought expedient
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for preventing the nuisance in futurc, before passing final
sentence upon the defendant or defendants so convicted.*

——*—-—
MINUTES OF EVIDENCE,

Befm a Select Committee of the House of Commom on
Steam Packets.

SIR HENRY PARNELL, BARONET,
In the Chair.

Gﬁonon Hexry FreELING, Esq. called in, and examined.

Had the principal %anagcmcnt of the Holyhead stcam
packets.—The Postmasters General having been obliged to
purchase all the sailing packets, and to clear the station for
the introduction of those vesscls, the object was, at first, to
make the steam auxiliary to the sailing packéts, but it was
found that the steam packets could do even more than the
sailing packets, consequently two sailing vessels were kept
as auxiliary to the stcam.—Had three steam packets em-
ployed ; the Royal Sovereign of 210 tons, and the Metcor of
190 ; the Sovereign is fitted with two engines of forty-horse
power each, and.the Méteor with two engines of thirty-horsc
power ; they ‘were both constructed by Boulton and Watt,
and thé vessels built in the river Thames, by a person of the
name of Evans, at Rotherhithe, on purpose for the scrvice,
under the inspection of the offtcers of the Navy Board ; they
were built upon Sir Robert Sepping’s principle of the diagonal
fastening, ahd made particularly sttong. The thicd is the
Ivanhoe, of 165 tons ; it was formerly on the Holyhead sta-
tion as a private vessel, and has an engine of fifty-six horse

# By Section 3. it is provided, that the provisions of this act
shall not extend to Steam Engines employed solely in the workmg
of mines, or smelting of memls.
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power. The general effect of the experiment; ¥ regard to
maiutaining a communication between the two ‘countries, has
been, that the intercoursc has been very much facilitated ;- it
is now almost reduced to a certainty. In the year pteceding
4he introduction of the steam vesscls, a hundred mails exactly
arrived in London after they were due, and in the nine months
that the stcam vessels have been running since May last,
there have been twenty-two only. The weather at the begin-
ning of the winter, was worse than has been known formore
than sixty ycars. Had proof that the steam packets would
go to sea in weather when sailing packets could not have gone
to sea ; the captains had always consfered that it would not
be prudent to go to sea, if they were obliged to be under a
threc-recfed mainsail, and the stcam packets had gone out
in weather in which the sailing packets would have been
obliged to be so. The average of the passages of the Sove-
reign from Howth to Holyhead, was six hours and fifty-seven
minutes, and the Metcor seven hours and four minutes and
a fraction. To Howth, the Sovereign seven hours, thxrty—su;
minutes and a quarter ; the Meteor eight hours and thirteen
minutes : the shortest passage was from Howth, five hours
and thirty minutes. The best point for a ateam vessel, in
very bad weather, was directly head to wind ;" both wheels
could then act at the same time. The captains gometimes
kept the vessel away, when it was blowing very strong, two
or three points ; then, when they got on the opposite coast,
they would take in their sails, and steam to the harbour in
smoother water. Conceived that the success of these two
vessels, the Sovereign and the Meteor, might be attributed
to the superior manner in which they were .constructed.
Had attempted to gain some mformal;lon about every steam
vessel which had been built, and was convinced those
vessels would . do what no othes,, vessel . could do; they
would go to sea in weathg: rhen nothing else could.

E .
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Attributed it ‘not Gnly to the machinéry, but to the weight of
theﬁull; a lighter vessel 4n a heavy sea would be checked,
but 'those vessels had from Jheir weight a momentum so
great, that it carried them on when a lighter vessel wounld
have bt@n checked ; the weight acting as a fly-whee),~—~Was.
of bpiaian that three packets were a sufficiecnt number for
mainﬁiﬁmg the communication between Holyhcad and Dub-
lin,’ io that two should sail cvery day. With the view that
there lmght be a sufficient time allowed for looking over the
machitiery and the vessels, it was arranged that they should
each ‘be six days at sea anll three days in harbour, which
afforded ‘ample time fo’iuspectmg the machinery; and that
had been fixed in a great measure with rcference to the en-
gineers themsclves, who stated that that time was more than
sufficient for it.—There had been some accidents to the
engines, but these had been attributed to the use of cast iron;
the cross bars and the beams were of cast iron, and if any
water was in the cylinder at starting, the check caused the
cast iron to break; had now got them made of wrought
iron, but the lower beams of the engines were still made of
east iron ; there must be some part of the engine left to give
way-in ease of ‘any cmergency, which' was better than de-
stroying thé eylinder.—Believed the Postmasters General had
some idea; of trying whether what are called Scotch engines,
might not be better for a third vessel, in case of one being
built ; they were more simple, though perhaps’ not quite so
efficient, not so liable to derangement, and were eonse-
quently bétter for a heavy sea; and if the vessel was properly
built, witness did not think there could be any«great differ<
. ¢nce in the rate of speed.—The boilers in the Holyhead
packets™ were low pressure; - Believed Mr. Watt Was the in-
‘'ventor of the origihal high-pressure eéngine, but afterwards
abandoried it on scéount of the danger.—No cases of late
“had' happened of accndeuim the bursting of boiters.
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Grorece Henry FrerLing, Esa. agam callpd in, and fur-
ther examsqed C
Wished to explain some parts of hjs evidence gn,m ina
former day. Did not put any fuel or coals over, boﬂer
swhich was the cause of the Robert Bruce catchmg % and
being burnt. The coals are stowed in iron cases made for
the purpose, in the engine room. The other point wasas to
the Ivanhoe. Witness was asked whether she was so scrong
as the other vessels, the answer was simply ¢ No.” “But
shc was not three years old ; she was inspected at Liverpool
a short time ago, and appearcd®as strong as any of the -steam
vessels, except those on the Holyh#hd station.—On board
the Royal Sovercign there are twenty births, and two rooms,
one for ladies and one for gentlemen.

Carrain WiLLiaM Rocegs, called in, and examined.

Commanded one of the Holyhead packets. Had cross-
cd in the Metcor on the 5th of February, in the heaviest
sea witness had seen during the cight years he had been in
the station. Went in the Mecteor on the 5th of February,
when no sailing packet could carry canvass ; they must have .
laid to ; left at nine at night, and arrived at six thc next morn-
ing. Was satisfied his stcam vessel was capable of perform-
ing what no sailing vessel coulddo. Had found that a steam
vessel was capable of making her passage much sooner, under
all circumstanccs, than a sailing vessel; in ene-half of the
time upon the average. With the wind at W. N.W. blowing
hard, and leaving Holyhead in a galc of wind, witness had
found a steam vessel had been much casier than a sailing
vessel ; their cxtreme length overcame the short sca. —In
building a’steam bout she ought 1:0 have a ﬁne entrance and
her bow to flear off, not to shove any \yamr bgfore her ; any
water she shoves before her mist be an,:;npednnent to the
sailing ; she should have a ﬁqt‘adgnganpe, a good l,melof
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bearing, and Her trausome pretty square, and not teo high ;

the more a vessel was atopped from pitching and rolling, the
quicker she would go. Had found with regard to the
Scotch boats that all their transomes were too high and too
narrow, the consequence of which was, that with a head
sea they would go with their stern under. Had scen
them go boat and cvery thing under; the transome being
square and low and fine under, so as to give them a
right line of bearing, would stop their pitching and
rolling, and make thcm casy on the sca, and add to their
speed. The Meteor and the Sovereign were filled up solid
to the floor-head, caulked inside and out, having no trec
nails, but bolted and copper nailed. The bolts were driven
nmpon a ring, and clenched at both ends. The diagonal
fastening is a plank three inches thick, forc and aft, three
and a half thick midships, and nine wide, leading from the
floor-head to the shelf, taking in five or six timbcrs 3 and
filled by truss picces into triangles, so that it was almost
impossible that the form of the vessel would alter. Would
prefer Boulton and Watt’s engine to any other ; their boil-
‘ers werc very superior, and never shdrt of steam. DBoulton
and Watt had becn’ accustomed to vessels for rivers, and
the engines were made rather too slight for the chaunel ;
the shaft was hollow, and of cast iron, but they had been
replaced by solid shafts. Sails assisted thc vessel very
much ; had #sed thcm every way, except going head to
wind, within four points of the wind. *Had found the
Sovereign go as fast in a calm as at any other time. It
nfust not be thought that a steam boat running before the
wind in a gale and a heavy sea, ought to make the quickest
passage, as they were then obliged to shut off half the
stcam, or grea&,part of it ; for should the full power be on,
the wheels Tunning' two or thrce times round without
touching #ny thing between the trough of the sea, and then’
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being brought up all at once, something would probably
give way. Was of opinion,- that in the event of the engine
failing, with the assistance of sails and the anchor, the
packet might be kcpt in perfect safety.

H
?‘v...,

Carraiy WiLLiAM Rocms, again called in, and further
examined.

On the 16th of May, blowing hard from the S. W, 3. ». M-
witness left Gravesend on board the Sovereign, in company
with the Metcor steam packet, with seven or eight men on
board of cach. At nine anchored in the Downs, blowing
very hard ; she rode very easy with thirty-five fathom cable
in five fathoms water. On Thursday, the 18th, fresh gales
from W.S.W. 5. a. M. weighed anchor and steamed for
Portsmouth ; wind dead on end. 4. p. M. made the Owers
Light ; hazy weather. 9. p. M. very heavy gales and thick
wcather. Asked the engineer what coals he had on board,
and was told five hours ; were then obliged to steam in for
the land. At 10 made the Nab Light upon the starboard
quarter, about a quarter of a mile; shortened steam for
the Metcor to come up. At 11 anchered at St. Helen’s, in
six fathoms water, with forty fathom cable ; hard gale.
On the 19th, 3. 30. a. M. weighed anchor and ran into
Portsmouth harbour ; made fast to one of the buoys along-
side His Majesty’s ship the Queen Charlotte ; were then
cemployed in getting coals in, and very bad they were. At
4. 20. got under weigh and steamed out of the harbour,
and at 9 passed through the Needles against a flood tide.
This day was finc weather, and light airs from the N. W.
At1.30. p. M. anchored in Falmouth harboyr, and remained
a week to clean the boilers, to caulls-the decks, and so on.
Sailed from Falmouth the 26th, dw N W. fresh gales.
‘At 5. 30. past the Longships Lights. At 9 in » squall, with
heavy rain, the wind shifted to the N. N. E. blowing very
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heavy and a hearyséa, the vessels going from three knots
to_three and a half, head to wind, blowing hard.: At 7
made Lundy Island, bearing E. by S. passed several vessels
lying to ; passed a large smack, lying to, under close reef-
ed mainsail. At 8 made sail upon the vessels ; stood more
to the southward into the Bristol Channcl, to smoothen the
water. At noon more moderate ; water smoother 3 down
all sails and steamed for Milford. At 5 anchored in Mil-
ford, found sevcral vessels had becn out in the gale and
obliged to put back ; the vessels that had been put back,
bound to Liverpool, said they had never experienced worse
weather before for many years. On Sunday cvening, the
wind more moderate, and from N.to N. E. At 8 p. M. got
under weigh. On Monday, at 4 p. M. arrived at Holyhead.
Had been“five days performing the voyage, with the wind
right a-head down the English Channcl and up the Irish.—
Considered it impossible for any squarc-rigged vessel, from
a first-rate down to a sloop of war, to have cffected the
same. In the Downs passéd several Indiamen, and 150 sail
there that could not move down Channel, and at the back
of Dungeness passed 120 more. Witness would describe to
the Committce the exact improvement he would recom-
mend as to the construction of a new steam vesscl.—Should
make her a foot narrower, and raise her floor-heads a little,
take off the roundings, with her engines'put nearer the cen-
tre, the boilers much lower, and the wheels narrower. Had
observed in vessels with wide wheels, the lee wheel was a
great deal under the water, and the other out; by the
width of them it increased the angle ; and although a wide
wheel was of great advantage in a river, it was a great
disadV@h¥ge in a sea : supposing there were two forty-
BAgines, would not have more than a seven-
: \’_&Ahmwe two thigty-horse power, six
and g ke  bé Wt 'On board the Meteor and
‘ Sovemgn, to ﬁevent accidents from fire, there is water all

Pl




round the furnaces and boilers, and they are kept three feet
from the bottom, about fiftech inches from the side, and
twelve inches from the deck ; and it was quite impossible
that any accident could happen ; there is water under and en
the sides of the fire places : in those hpats that are-fitted up

upon the Clyde there is nothing but brick and mortar below
the furnaces. The Metcor and Sovereign hiave iron.

Caprain WiLLiam RogErs, again called in, and further
examined.

In the event of building a new steam packet, would:¥e-
commcnd that she should be built on Sir Robert Sepping’s
plan, as to mode of fastening, &c. only a little finer at
cach end, and onc foot narrower than the Sovereign and
Mecteor, to be 95 feet in the keel, 105 or 106 upon deck,
and 19 feet in the beam, about 180 tohs, her transomes
square, and not very high out of the water. The improve-
ments in the engine would be to make them a little strong-
er, and the boilers a little longer, keeping them more from
the side of the vesscl, so that the heat might not affect her,
and more room to go round them, and to put the boilers
lower down. It would help to prevent their rolling. The
Talbot’s boilers are a little higher than the Ivanhoe’s ; by
putting the Ivanhoe’s lower down, found she did not roll
near as much. Would have the two main beams put close
to the wheel, which would reduce the weight very much,
and strengthen and make the vessel much easier, as by
being so far asunder adds great weight, and acts as a lever.
There should be twelve paddles, about seven feet long, and
nincteen to twenty-one inches wide. :The engine should
be something between sixty and eightx-horse power, but
this must depend upon the finenéss of. the vessel, and the
waler she will draw. If the engine was. to be made much
stronger, in that casc must 'nbg,igo; further than two thirty-
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borse power engines, as -then the weight might be too
much. Sheuld recommend, with regard to the sails, a
large lug forward, and a jib, and a fore and aft mainsail ;
and in case any thing should happen to the engine, would
keep a square topsail on board, and a gaff topsail aft, but
not to be used except in case of necessity.

MRr. JamEes Browy, called in, and examined.

Belonged to the house of Boulton and Watt. Super-
intended the erection of the cngines on board the Metcor
and Sovereign steam packets. Generally considered the
working parts, the cross bars, the side rods, and the side
beams most liablc to fail. Attributed the cross bars having
broken on board these vessels, in some instances, to want
of caution on the part of the cngincer, and in other cases
from stress of weather ; they were now made of wrought
iron for sea vessels. Had put engines into most of the
vessels on the river Thames, the Dover station, and Leith.
Upen the Leith station one or two cross bars had broken,
and that was entirely from want of caution on the part of
the engineer in starting the cngine ; the other vessels were
the Dasher and Arrow, on the Dover station ; there was
onc accident of a cross bar breaking in the Dasher. Did
not conceive that an engine could be made without being
Jliable to break ; there werc some parts so small that they
must give way, and it was better the most insignificant
parts should fail, than some of the principal ones, because
they were easier repaired. Would require more room than
was granted in the Sovereign and Metcor, as it would
be better to get round. the boilers entirely; they could
then be painted every. month, which would be a great
advantage, for the action of the salt water is very detri-
mental to the /iron ; they ought to be painted cvery three
- weeks, or cvery month ; where a boiler will not leak with
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fresh water, it will withsalt water and it forms an tncrusta-
tion upon the surface by e*{posure to the atmosphcre ; they
should be pumped out, and frequently cleaned.. Should
think the engincer gencrally looked over his engine every
morning before he started, to sce that every patt was pro-
perly oiled, and that every screw and joint was tight. If
s0 inspeeted, once a fortnight would be sufficient to exa-
mine the packings of the slides and pistons, Would make
the paddles for a new engine the same as for the Leith ves-
sels ; they are made with wooden floats, in one piece, having
thrce sets of arms, and the bolts are of a pecaltar deserip-
tion, which allows the paddles to slip from the outer end
of the arm towards the centre of the shaft, by which means
a vesscl may use her sails the same as any other vessel 5
should any thing give way, there would be nothing but the
arms in the water. That sort of excessive violence which
may contribute to injure and break the enginc, may be
occasioned by any of the working parts getting loose,
any of the screws getting between the finer parts, or the
water getting upon the top of the piston in starting the
engine, the latter of which is occasioned by the con-
denscd stcam that forms from the boilers after the passage
is over; it gets through the steam pipe to the cylinder and
condenses there, perhaps to the depth of 18 inches on the
top of the piston, and if the engine is statted suddenly
without it being cleared away, it has not time to get
through the thoroughfares. The consequence-is, that it is
jammed between the top of the piston ang the under side
of the cylinder cover, and risks the breakage of somc part ;
as water will not compress, something must give way, and
the weaker parts of course will go first. Hardly thought
it possible that fire could take place without great negli-
gence, because the furnaces were completely surrounded
with five inches of water round every part, and it was only
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in raking out the fire, and neglectmg to water it, that any
accident could take place ; it was raked out upon an iron
floor. No rollmg of the vessel could throw the fire about,
she must be pitching to a great degree if that was to take
place. The coals arc carried in boxes in front of the
boilers, so a&s to be right and left for the fircman. Hardly
conceived on board thesc vessels, where condensing engines
were used, that it was possible that a boiler could burst ;
they were generally provided with two safcty-valves, and
the steam used was about from two and a half to three
pounds pressure upon a squarc inch, at which pressure it
blew off by the safety-valve of its own accord.—~Boulton
and Watt had made their safety-valves for many years in
the way they now are, inaccessible for any person to load
them by putting additional weight upon them ; had scen
the Scotch engine mén, in starting their engines, place their
feet upon the safety-valve. Supposing that the safety-valves
should get choked, the steam would come off at the feed
pipes ; it would not give way under any circumstance, not
even though the valves were choked, the pressurc was so
cxtremely small : the boilers were calculated to sustain 50
times the pressure required of them.—If any part of the
boiler, by length of use, became very thin, and gave way
it would mercly rend, if mallcable iron. The accidents
that happened from boilers, sometime ago, arosc from their
being made on the high-pressigre principle, and being made
of cast iron. The Meteor consumed about seven bushels
*of coals per hour, rather under; she was then working
above her full speed ; the Sovereign was from ninc and a
quarter to nine abnd a half ; the Metcor had two thirty-
horse engines, and the Sovereign two forty-horse engines ;
the latter, when using that quantity of coal, was going ahout
ninc miles and three-quarters per hour. A bushel of good
Newcastle coal was reckoned ‘cqual to onc hundred weight
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of Scotch coal ; so that it came to véry nearly the same
thing ; the Scotch coal generally burnt very free, and so
did the Staffordshire, but the bushel of Newcastle coal
was cqual to a bundred weight of cither. The standard
bushel of Newecastle coals should weigh eighty—elght.
pounds ; the best Wall’s End, eighty ; and the ‘Wylam,
seventy-seven. Had found, that by actual weight, the
specific gravity of the Wylam coal was much under that
of the Wall’s End; the latter was not good for work:,
ing engines. The best coal for stcam engines was the
Halbeath or Inverkeithing, from a place in Fife called
Inverkeithing ; its pccuhar value lay in, burning free,
and becoming a complete white ash, without caking upon
the fire bars ; the sulphur in coals would destroy the fire
bars in a short time. Had found inconvenience from salt
forming in the boilers ; when the man-hole cover was
taken off, and they were cxposed to the atmosphere, the
water then became crystalized, w hich rendered them very
difficult to clcan ; this had becn avoided by constructing
pumps or cocks to let the water through the side of the
ship without thc man-holc being opencd. The salt water
oxidates iron very rapidly indeed, if it be allowed to lie
upon it. On board a steam vessel a boiler constantly in
usc would last from four to five years with care ; it was
the only part of the machinery subject to decay. These
engines, upon the whole, require a considerable degree of
carc and supcrintendence, and skilful cngineers ; more carc
than the land cngines ; cvery engine requires great care.

CaPrrAIN JouN PErcy, called in, and examined.

Commanded the Hero steam packet, from London to
Margate ; and the Victory, belonging to the same com-
pany ; commanded the Victory for three years ; the Hero
was built last ycar. The Hero has two engines of fifty-
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horse power,  made by Murrcy and Fenton, of Leeds, and
carries 427 tons. The Hero consumes pretty well three
quarters of a chaldron, or 27 bushels of coals, London
messurc, per hour ; in general, they make away with six
chaldrons in the passage, that was owing to the want of
flues ; had not flues enough ; had four furnaces. The dis-
tance from London to Margatc was about ecighty-four
miles : generally made the passage in about secven hours
and a half, that was the avcrage passage ; one passage was
made in six hours and sixteen minutes, with the wind and
tide. The paddles were eight feet in the ccutre. Had
been trying an experiment with twelve paddles on a wheel,
and it snswered very well ; last summer worked with six-
teen paddles, three fect and a half between each. The
paddle of the Victory was five feet and a half, in one place ;
the Hero worked morc with the paddles being further
apart, and they were lowered a little. They take of the water
about seventcen or eightecn inches, and the engine makes
thirty strokes per minute. She once did up to thirty-one,
but twenty-nine and thirty is about the average.—The
passage from Loudon to Margate requircd, on au average,
about scven hours and a half, and they went ‘at the rate
of between eleven and twelve miles per hour,

REPORT.

Taz Select Commitiee appointed to inquire into the state of the
roads fro n to Holyhead, and from Chester to Holyhead ;
into Mns for conveying his Majesty's Mail between
London and Dublin, and between the Northern Parts of England
and Dublin, and between Dublin and the interior of Ireland ; and
into the state of the Mail Coach Roads, in Ireland ; and to report
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their observations thereupon ; tqgether with the Mixures of the
Evipexce taken before them, from time to time, %o the House ;
—Have, pursuant to the order of the House, further examined
the Matters to them referred, and have agreed to the following
Reront :

Your Committee have procceded, m compliance with
that part of the instructions of the House, which relatés to
the conveyance of his Majesty’s Mails between Holyhead
and Howth, to examine into the circumstances attending
the cstablishing of Steam Packets, at Holyhead, in the
course of last year. For this purpose two vessels, called
the Royal Sovereign and Meteor, were built, by order of
the Postmasters General, in the River Thames, on a plan to
give to them the greatest possible strength, and the advan-
tage of the most improved engincs. The Evidence which
has been given to your Committee by a Commander of one
of them, Captain Rogers, lcaves no doubt ef the practica-
hility of performing the Post-office service at Holyhcad, by
Steam Vessels, with as great safety as it can be performed
by Sailing Vessels, even in the most tempestuous weather ;
and at the same timc by voyages,’ on an average not ex-
cceding onc-half of the number of hours which formerly
was the average of the voyages of the Sailing Packets. But
your Committce are not as yet prepared to enter into all
the details of this importans subject ; their object in pre-
senting this Report to the House, is merely to convey to
thc Housc an opinion they have come to, in consequence
of the evidence of Mr. George Henry Freeling, and of Cap-
tain Rogers, that the Postmasters General ought immedi-
ately to give orders for building a new Steam Packet, so
that at least there should be three Packets on the Holyhead
Station, before the commencement of the next winter, of
that peculiar construction which has enabled the Sovereign
and Metcor to go to sca throughout the whole of the last
winter. ‘
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Your Committec strongly recommend the same gencral
plan of construction should be adopted in building a
ncw Packet, as that on which the Sovercign and Me-
tecor were built ; and also, that the Engine should be
made by Messrs. Boulton and Watt. They also recom-
mend that the suggestions of Captain Rogers should be
attended to in all matters respecting the building of a new
Packet, as thosc suggestions will come from a person who
appears to your Committee to possess great knowledge in
scamanship and ship-building, and by the cxperience of
commanding a stéhm vessel through a most tempestuous
wintcr,% have made himsclf master of the best method of
managing one at sca, and also of all the main propertics of
the mechanism of the engine. :

Your Committec have annexed to this Report the cvi-
dence of Mr. George Henry Freeling, Captain Rogers, Mr.
J. Brown, and Laptain John Perey, and also tertain Querices
whiech they have sent to several persons who have had the
most cxperienct in constructing und navigating stcam ves-
sels. They intend to continue their inquiries upon this
intcresting subject, and hope to present to the Housc a full
Report upon all its details before the close of the Session.

April 2, 1822,

—

AN ACT
To ascertain the 'fonnage of Vessels propelled by Steam.

50th Geo. 3. Cap. 5. Bz it therefore cnacted, &c. that the
rule for admeasuring ships or vessels to be propelled by
steam, shall be gg follows ; that is to say, the length shall
be.taken on a Saight linc along the rabbet of the keel
of the Ship, fmhk’l':he back of the main stern post to a per-
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pendicular line from the forepart of the main stem under
the bowsprit, from which, deducting the length of the en-
gine-room, and subtracting three-fifths of the breadth, the
remainder shall be csteemed the just length of the keel to
find the tonnage. And the breadth shall be taken from the
outside of the outside plank in the brosdest place of the
ship or vesscl, be it either above or below the main wales,
exclusive of all manner of doubling planks that may be
wrought upon the sides of the ship or vessel ; then multi-
plying the length of the keel by the breadth so taken, and
that product by half the breadth, and dividing the whole by
ninety-four, the quoticnt shall be deemed the true-contents
of the tonnage, according to which rule the tonnage of all
such ships and vessels shall be measured and a.scertaifﬁd_ ;
any thing in any act or acts to the contrary notwithstand-
ing; provided always, that it shall not be lawful to stow or
place any goods (fucl for the voyage cxcepted) in the said
cagine-room; and if any goods shall be so stowed or placed,
such ship or vesscl shall from thenceforth be deemed and
taken to be a ship or vessel which has not been admeasured
according to the rules of this Act, and liable to all the coq»
sequences thercof.
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Chronological Catalogue of Works descriptive of the

Steam Engine.

BRANCAS. Le Mauchine, folio. Roma,

Marquis of Worcester’s Century of Inventions, 12mo.
London, 1663, 1746; Glusgow, 1767 ; London 1786,
1813

Papio. Recucil de Pieces, 8vo. Cussel,
Savery. The Miner's Fricnd, Svo. London,
Isaac de Caus. New Invention of Water Works.*
London,

Ars nova ad Aquam Ignis adminiculo efficacissime ele-
vandum. Caussel,

John Allen. Narrative of several New Inventions and
Experiments, particularly the navigating a Ship in a
Calm, and Improvements on the Engine to raise

Water by Fire, 8vo. London,
Voyage de La Motraye, en Europe, Asie, et Afrique, folio,
3 vol. (See vol. iii. p. 360.) La Haye,

Hull’s Description of a new invented Machine for
carrying Vessels or Ships out of, or into any Harbour,
Port or River, against Wind and Tide, 12mo. London,

1695
1702

1703

1707

17380

1782

1737

* This tract contains a very accurate account of Savery's Engine,

with Plates,
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Desaguliers’s Course of Experimantal Philosophy, 4to.
London, 1763

Blackey sur les Pumpes 2 Feu, 4to. Amsterdam, 1771
Falck’s Description of an Improved Steam Engine,
8vo. London, 1776

Leupold Theatrum  Machinarum Generale, tulio, Lips. 1780
Belidor.  Architecture Hydraulique, 4to.  Paris, 1782-90
Bossut. Traité Théoiique at Expérimental d’ Hydro-
dynamique, 8vo. 2 vol. Paris, 1736-7
Senphin de Mon Copi, (Euvres de. - 1767
Prony. Nouvelle Architecture Hydraulique, 4to.
Paris, 1790-6
" Boulton and Watt’s Ditections for Erecting their new
invented Steam Engine, 8vo.
Short Statement of Boulton and Watt, in Opposition to

Hornblower’s Renewal of Pateat, 8vo. London, 1792
Langsdorf. Lehrbuch der Hydraulik, 4to. Altenb. 1794
Smeaton’s Reports, 4to. London, 1797
Curr’s Coal Viewer, and Engine Builder, 4to. Skeffield, 1797
Walker's System of Philosophy, 4to. 1799

Nicuwe Verhandclingen van het Batasseh Genootschap,
Hotterdam, 1800
Walker on Draining Land by the Steam Eugine, 8vo.
Londun, 1813
Buchanan on Propelling Vessels by Steam, 8vo.
Glasgow, 1816
Dodd on Steam Packets, 8vo. London, 1818
Rees’s Cyclopaedia, Art. Steam Engine. .
Robison’s Mechanical Philosophy, 8vo.  Edinburgh, 1822

PHiLosoPHICAL TRANSACTIONS.

Papin’s Engine, vol. xix. p. 481. 1697
Savery’s Steam Engine, vol. xxi. p. 298. 1699

Payne’s new Invention of expanding Fluids, vol. xli. p. 821 1741

Blake on Steam Engine Cylinders, vol. xlvii. p. 197. 1751
* F 2 .
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Smeaton on de Moura’s Impfovements on Savery’s En-

gine, vol. xlvii. p. 436. 1751
Fitzgerald on’increasing Steam by Ventilation, vol. 1.

58, 870. 1757
Histoire DE L’ AcADEMIE ROYALE DES SCIENCES.
Amontons’ Fire Wheel, p. 101. " 1699

Dupuy’s Steam Engine, with De Moura’s Improvements,

p. 111, ‘ 1740
Gensanne’s Engine, p. 6O. 1744
Lavoisier on the Expense of Steam Engines, p. 63. 1771

MacuiNgs ET INVENTIONS APPROUVEES PAR 1’ ACADEMIE.
Mey and Meyer’s Engine, vol. iv. p. 185. 1720
Bosfraud’s Steam Engine, vol. iv. p. 191, 199. . 1720
Gensanne’s Engine; vol. vii. p. 222, 1734



INDEX.

Air-romp, description of, 128.

Alcohol, vapour of, its use as a substitute for steam, 33.

America, the atmospheric engine first employed in, 46.

Amontons, fire-wheel invented by, 20

Atmospheric engioe, suggested by Pdplll, 10; applied to the
draining of mines by Newcomen, 17 ; description of, 149.

Barometer-gauge, its use, 130, 158.

Bell-crank engine, constructed by Boulton and Watt, 44.

Billingsley, Mr. mode of boring cylinders by, App. 16.

Blenkinsop, Mr. constructs an iron rail-road for locomotive en-
gines, 50.

Boiler, employed by Savery, 136; Newcomen, ibid.; Boulton
and Watt, 187; Woolf, 188; Trevithick, 139; Brunton,
Brindley, App. 2, 25. Fide Steam NavIGaTION.

Books, list of those connected with the steam engine, App. 82.

Braithwaite, Mr. evidence upon steam navigation by, 96.

Bramah, Mr. evidence upon steam navigation by, 80.

Brown, Mr. evidence by, App. 74.

Brancas, suggestion for a high-pressure steam engine by, 4.

Brunton, Mr. evidence upon steam navigation, 1063 improved
mode of consuming smoke by, 184; App. 49, 59, 62.

Cartwright, Mr. suggests the employment of vappur of alcohol
as a substitute for steam, 33 ; patents for steam engmes by,
App. 9, 18.

Century of Inventions, notice of the steam engine to be found
in, 5.

Chapman, Mr. evidence upon steam navigation by, 87.

Clyde navigation, account of, GO.

Cold water pump, improvement in, App.18.
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Collinge, Mr. evidence upon®steam navigation by, 85.

Condenser, introduced by Watt, 27 ; description of, 128, 155;
by Mr. Cartwright, App. 9.

Congreve, Sir William, mode of consuming smoke and saving
fuel, 182 ; rotatory engine by, App. 41.

Cooke, Mr. rotatory engine by, 43.

Counter introduced by Watt, 132.

Crank and fly-wheel first suggested by Hulls, 18.

Cylinder and piston of atmospheric engine, 123, 150; by Boul-
ton and Watt, 153; patents for, App. 16, 21.

Deslandes, stcam-wheel invented by, 20.

Diagonal bracing, utility of in steam boats, App. 66.
Dickson, improvement in steam navigation by, 63.

Dodd, Mr. evidence upon steam navigation by, 99. 108, 117.
Donkin, Mr. evidence upon steam navigation by, 71.
Double-acting engine suggested by Falck, 19.

Draining land by steam engines, 20, 22.

Edelcrantz, Chevalier, safety-valve invented by, 142.
Eduction pipe, 155.

Evans, Mr. high-pressure engine by, 47.

Expansion engine invented by Mr. Watt.
Explosion of a steam-boat at Norwich, 73.

Feeding pipe described, 151.

Fire regulator.  Jide BrRuxToN.

Fire-wheel invented by Amontons, 20.

Fly-wheel, description of, 182; rule for proportioning, 153 ;
dispensed with in a rotatory engine, 180.

Frangois, engine for draiuinﬁ land by, 20.

Freeling, Mr.cevidence Ly, App. 66.

Freemantle, Mr. improved cold-water pump by, App. 18.

Fulton, Mr. introduces the steam-boat in America, 58, 65.

Furnaces, witnesses examined by Committee of House of
Commons upon, App. 44—64 ; Brancker, 62; Brunton, 49,
59, 62; Dugdale, 56; Finlay, 59; Gregson, 44; Hawes,
56; Losh, 49; Mills, 56; Moult, 47 ; Parkes, 52 ; Perkins,
55; Phipson, 54 ; Smith, 62; Spurrel, 55 ; Taylor, 57 ; Tut-
hill, 47 ; Wakeficld, 42.
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Galloway, Mr. evidence upon steagp navigation by, 93.
Gauge-cocks described, 151.
Governor, description of, 185, 157.

Hall, Mr. evidence upon stecam navigation by, 97.

High-pressure steam, its use as a prime mover, 36 ; first em-
pluyed to advantage by Trevithick and Vivian, 88; descrip-
tion of, 161.

High-pressure boiler, 188, 139, App. 25.

Holyhead sailing packets, App. 66.

Hornblower, engine with two cylinders by, App. 6, 10, 23.

Hull, Mr. stcamn navigation suggested by, 53; proposes the
employment of a crank and paddle wheels, 54.

Hunt, Mr. account of American steam navigation by, 75.

Jessop, Mr. cvidence upon steamn navigation by, 109.
Kempel, rotatory engine by, 42.

Lean, Mr. evidence upon steam navigation by, 116.

Lester, Mr. evidence upon steam navigation by, 117.

Leopold ascribes the invention of the high-pressure engine to
Papin, 36.

Locomotive engines, their employment at the Royal Arsenal in
Puiis, 50 ; advantageously used by Mr. Blenkinsop, ¢bid.;
patents for, App. 37, 40.

Lushington, Mr. introduces the stcam enginc to Trinidad, 47.

Linnaker, Mr. obtains a patent for improvements in steam na-
vigation, GO.

Lima, reception of Mr. Trevithick at, 49.

Maudslay, Mr. evidence upon stcam navigation by, 91.

Masterman, Mr. rotatory engine bwy, <14,75.

Mask employed in rotatory engine, 176.

Mead, Mr. rotatory engine by, App. 32.

Mercurial-gauge, its action described, 158.

Meteor, stcam packet, App. G6.

Mississippi, account of steam-hoats employed in it navigation,
66, 77.

Maonrland, Sir Samuel, his ingenious inventions, 7 ; table for the
size of cylinders hy, 10.
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Moura, Savery’s engine improved by, 13.

Newcomen applies the atmospheric engine to the dnini;g of
mines, 17; described, 140,

Nimmo, Mr. evidence upen steam navigation by, 110.

Norwich, explosion of a steam-boiler at, 71.

Patents for steam engine, App. 1—43. Aldersey, 43 ; Barton, 37,
42; Batley, 9; Bennet, 43 ; Billingsley, 16, 38 ; Bishop, 12;
Blakey, 2; Boaz, 25; Bodley, 39; Bramah 15; Bramah
and Dickinson, 8 ; Brindley, 2; Broderip, 36; Brodie, 25;
Browne, 43; Bruuton, 37, 42; Burgess, 8; Cartwright, 9,
13; Chapman, 37; Church,41; Clegy,32; Congreve,41;
Crowther, 18; Dawes, 39; Deverell, 26; Dickson, 10;
Donkin, 16 ; Dodd, 80; Dodd and Stephenson, 38; Dun-
kin, 37 ; Earle, 25 ; Egells, 43 ; English, 32; Fesenmeyer, 32;
Flint, 28; Fox and Lean, 86; Fraser, 41 ; Freemantle, 16;
Griffith, 43 ; Hague, 42 ; Hase, 14 ; Hornblower, G, 10, 23 ;
Hulls, 2; Jones and Plimley, 4; Lane, 32; Leach, 16;
Losh, 388, 40; Mainwaring, 40; Malam, 41; Manby, 43;
Maudslay, 31; Masterman, 43: Mead, 32; Miller, 283,
Moore, 42 ; Moult 40; Muunro, ihid.; Muntz, 39; Murray,
11, 14, 16; Murdock, 11; Neville, 40; Newcomen and
Cawley, 2; Nicholson, 30 ; Noble, 32, 87 ; Oldham 41, 42;
Penncck,43; Poole, 41; Pontifex,42; Preston, 31; Price,ib.;
Pritchard, 43 ; Queiroz, 10; Rapozo, 7hid. ; Rastrick, 37 ;
Rider, 21, 42 ; Robertson, 13; Rogers, 39; Routledge, 40;
Rowntree, 10; Sadler, 9; Saint, 16; Savery, 1; Scott, 40;
Seaward, 42; Sharper, 15; Smith, 31; Steed, G; Stein, 43;
Stenson, 39; Stevens, 25 ; Stewart, 5 ; Street, 9; Strong,1b.;
Symington, 15; Thom#dn, 9; Tindal, 38; Trotter, 28;
Trevithick, 15, 38; Wakefield, 63; Washborough, 5;
Watt, 8, 7; White, 37 # Wilcox, 19, 29; Wilkinson, 11;
Witty, 33, 33, 37 ; Woolf, 16, 19, 26, 34; Wright, 42.

Paikes, Mr. smoke-consuming apparatus by, App. 52; evidence
in favour of, 53, 57.

Papin, Dr. describes a mode of raising water by the agency of
steam, 11 ; description of an atmospheric engine by, bid.
improves Savery’s engine, 10.
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Parallel motion, construction of, 1§8. '

Perey, Capt. evidence by, App. 77.

Piston, description of, 123; improved by Woolf, 125; ex-
pauding metal, by Cartwright, 126.

Plug-frame, its application, 31, 154.

Pontifex, Savery’s engine improved by, 145, 149.

Portable steam engine constructed by Mr. Smeaton, 85.

Report of Committee upon steam navigation, 118 ; upon steam
engines and furnaces. App. 44.

Richter, Mr. evidence upon steam navigation by, 108,

Rider, Mr. improved regulator by, 21.

Rotatory engine, suggested by Kempel, &c. 42; improved by
Masterman, 43 ; patents for, App. 8,9, 10, 12, 17, 23, 28,
29, 32, 33, 35.

Rogers, Capt. evidence by, App.69.

Sadler, Mr. rotatory engine by, 9.

Safety-valve, its use, 110. Fide STEam NAvVIGATION.

Savery, Captain, obtains a patent for a new mode of raising
water, 13, 14.

Smeaton, Mr, portable steam engine, constructed by, 35.

Smoke from steam engine furnaces, mode of consuming, 180;
parliamentary investigation concerning, App. 44. Vide
PaTenTs,

Snifting-valve described, 151.

Soho, described by Mr. Darwin, 30.

Savereign steam-packet, App. 66.

Steam, phenomena conunected with the formation of, ¢, 3.

Steam-gauge its use described, 130.

Steam-navigation, first suggested by Hulls, 54 ; attempted by
Duquet, and the Marquis de Jouffroy, 57.

Steam navigation, witnesses examined by Committee of House
of Commons, 70—122; Braithwaite, 96; Bramah, 80;
Broderip, 43 ; Brunton, 106; Chapman, 87 ; Collinge, 85;
Donkin, 71; Dodd, 99, 108, 117 ; Galloway, 92 ; Hall, 97;
Hunt, 75 ; Jessop, 109; Lean, 116; Lester, 117; Mauds-
lay, 91; Nimmo, 110; Richter, 103 ; Steel, 105; Taylor,

* G
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81, 89; Tilloch, 98; Wivian, 113; Woolf, 112; Wright,
102.
Steam-wheel invented by Deslandes, 20.
Steel, Mr. evidence upon steam navigation by, 105.
Suction-pipe, its use in Savery's engine, 146.
Symington, Mr. description of a steam-boat constructed by, 58.

Taylor, Mr. evidence upon steam navigation by, 81, 89.
Throttle-valve, its use, 156.

Tilloch, Mr. evidence upon steam navigation by, 98.
Troke employed in a rotatory engine, 175.

Ure, Dr. experiments concerning the elastic force of steam by,
2 ; suggests the employment of vapour of alcohol as a substi-
tute for steam, 33, N.

Vivian, Mr. evidence upon steam navigation by, 113.

Voyage from London to Holyhead in a steam packet described
App. 71.

Watt, Mr. James, outline of his improvements on the steam
engine, 25, 33. Vide PaTENTs.

Witty, improved rotatory engine by, App. 83, 85.

Woolf, Mr. temperature and expansive force of steam by, 89 ;
his double-@ylinder engine described, 164.  #ide PaTENTs.

Worcester, Marquis of, one of the first who suggested the use of
steam as a prime mover, 4, 5, 6, 7; various editions of his
work, App. 82.

Wright, Mr. evidence upon steam navigation by, 102.
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Works lately Published by J. Taylor.

PRACTICAL ESSAY

ON THE

STRENGTH OF CAST IRON,

INTENDED FOR THE ASSISTANCE OF

Enginecrs, Iron Masters, Architects, Millwrights, Founders, Smiths, wid
others engaged 1 the construction of Machines, Buildings, &c

CONTAINING

PRACTICAL RULES, TABLES, AND EXAMPLES;

ALSO AN ACCOUNT OF SOME
NEW EXPERIMENTS;
MWith an catensive Tuble of the
PROPERTIES OF MATERTIALS.
By TIIOMAS TREDGOLD, Civil Engincer.

Tiustrated by Four Engravings, price 12s. bourds.

ELEMENTARY

PRINCIPLES OF CARPENTRY ;
A TREATISE
ON THE PRESSURL AND FQUILIBRICM OF BEAMS AND TIVRER FRAMES;

THE RISISTANCE OF UMBER; AND THE CONSIRUCIION OF
FLOORS, ROOUS, CENTRES, BRIDGES, Ac.

With Practical Rules and Examples :
"0 WHICH 1S ADDED,

AN ESSAY ON THE NATURE AND PROPLRTIES OF TIMBER,
Including the methods of Seasoning, and the causes aud prevention of Decay,
with descriptions of the Kinds of Wood used 1n Building.

ALSO,

Numerous Tables of the Scantlings of Timber for diffesent puiposes, the
specific gravities of Materials, &c.

By THOMAS TREDGOLD, Civil Engineer.
Nlustrated by Twenty-two Plutes, price 11. 4s. hourds.
eo——

¢ These remarks point out the qualifications which a writer ought to possess; vize to a sonnil
practical knowledge of his subject, he ongltt to unite sach a jortion of tucoretival mechanics, as
will enable bim to make a judicious selection of results from theoretical authors, and to point
out the inconsistencies of cervtain principles which have been already mtioduced into general
practice. Thesc qualifications we have no hesitation in stating, after a very attentise examma-

tion of the work before us, aie displayed in a superior degree by ite author.”
Month y Review,



2 Works lately published by J. Tuaylor.

AN ESSAY ON THE SHAFTS OF MILLS;
CONTAINING THEIR DESCRIPTION AND USE,

WITH THE KINDS> OF STRLESS TO WHICH TIIEY ARE SUBJECT, AND AN
INQUIRY INTO THLIR STIFENESS, STRENGTH, DURABILITY,
AND PROPORTION;

WITH
A VARIETY OF USEFUL TABLES.
ALsO

An Introductory Account

OF THE
PROGRESS AND IMPROVEMENT OF MILL-WORK,
By ROBERTSON BUCHANAN, Engmecr,

Tllustrated with Three Plates, price 7s. boards.

———

ESSAYS

ON THE CONSTRUCTION AND DURABILITY OF THE
LONGITUDINAL CONNECTIONS OF SHAFTS
DENOMINATED COUPLINGS ;

On Mecthods of Discngaging and Re-cngaging Machinery,
while in Motion.—On Mcchanism for Equalizing the Mo-
tion of Mills, denominated Lift-Tenters, Engine Gover-
nors, and Water-Wheel Governors.—On the Velocity of
Water-Wheels—On Changing the Valocity of Machinery
while in Motion.—On thc Framing of Mill-Work.

By ROBERTSON BUCHANAN, Engineer.

Illustrated with Fifteen Plates, price 12s. hoards.
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'I‘HE datiguities of Athens; mceasured and delineated, by Fames
Stuariy, FoR.S. and F. S. A. and Nickelas Rewett, Painters
amd Architects, in four large Volumes Folio, Price 25/, 4s. in
boards.— 7.5 Work contains 384 Plates, engraved by the best Artists,
¢t Frewws, architecture, Plans, &c. avith Letter-press, Historical and
Deseriptive, llustrating by a Research of many Years® Labour and
great Expenss, the purest Examples of Grecian Architecture, man

o} whick o longer exist, and the Traces of them can be found only in
this Hork.

Contents of the Work.

Doric Portico at Athens, loric Temple on the llissus, Octagon Tower of
Andvonicus Cyrrestes, Lantborn of Demosthenes, Stoa, or Portico at
dAthens: And a large licaw of the Acropolis. Temple of Minerwa,
Tenfle of Erectheus, Th:atre of Bacchus, Choragic Monument of
Thrasyllus, Cc. Proprlea: Ard a large View, and a Plan of 1le
Acropolis.  Temple of Theserns, Temple of Jupiter, Arch of Theseus,
Aqueduct of Hadrian, Monument of Phtlvpappus, Teniple of Corinth,
Bruge of the Uicsusy, Odeum of Regilla, Ruins at Salonica, Antiquities
on the Island of Delos, Gc.—Also a large Map of Greece—DMNiap of
Attica—Plan of Athens, &c.

The Fourth Vol, which is just Published, contains all the re-
maining Sculpture of the Temple of Minerva at Athens,
with sundry Fragments found in the Greek Islands: also
the entire Detads of the Antiquities at Pola, in Istria, from
the Drawings left by Mr, Stuart. Lngraved on 103 Plates,
imperial folio, 71. 7s. Boards.

The Third Volume may be had separate, to complete Sets. Price
6{. 135. in boards.

An T.SSAY on the DORIC ORDYR of ARCHITECTURE, con-
taining an historical View of its Rise and Progress among the An-
cients, with a Critical Investigation of its Principles of Composition
and Adaptation to Modern Use, illustrated by Figures from the
principal .\ntique Examples, drawn to one Scale, on ; Plates, by
E. Aikin, Architect, large Folio, 1/. gs. boards.

The Ancient Buildings of Rome, accurately measured and delineated, by
Antony Desgodetz, with Explanations in French and English; the
Text translated, and the Plates engraved, by the late Mr. George
Marshall, Architect, 2,vols. imperial folio, with 137 Plates, Price
*6l. 16s. 6d. half bound.

Pians, Elevations, Sections and Views of the Church of Batalba, in
the Province of Fstremadura, in Portugal, with an History and
Description, by Father Luis de Sousa, with Remarks, to which is
piefixed an Introductory Discourse upon the Principles of Gothic

Architecture,
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Architecture, by Fames Murphy, Architect, Illustrated with 27
elegant Plates, printed on I[mperial Folio, and hot-pressed, Price
4l. 14s. 6d. half-bound.

SPLCIMENS of GOTHIC ARCHITECTURE, consisting of
Doors, Windows, Buttresses, Pinnacles, &c. with the Measure-
ments ; selected from Ancient Buildings at Oxford, &c. Drawn
and etched by F. Mackenz:e and A. Pugin. On 61 Plates, Quaito,
Price 2l. 2s. in Boards, on Demy ; and on Imperial Paper, 3l 3s.
Boards; to range with Brijton's Architectur»! Antiquities and
Cathedrals.

SPECIMENS of GOTIIIC ARCHITECTURE, selected from the
Parish Church of Lavenham, in Suffolk, on 40 Plates quarto.
Price 18s. boards, on large Paper, 1l. ss.

SPECIMENS of GOTIIIC ARCHITECTURE, selected from va.
rious Ancient Edifices in England, consisting of Plans, Eleva-
tions, Sections, and Parts at large, calculated to exemplify the
various Styles, and the Practical Construction of this Class of
admired Architecture. Accompanied by Historical and Descriptive
Accounts. The Subjects Selected, Measured, and Drawn by
A. Pugin, Architect. Medium Quarto, illustrated by 114 Plates,
correctly Fngraved in Outline, with the Measurements Figured
to the Parts, in 2 Vols. Price 6l. 6s. in Boards, or lmperial

uarto, gl. gs.

The object of this Work is to exhibit a Series of Accurate Speci-
mens of the Early Architecture of England, from the Norman
Dynasty to the Dissolution of the Monasteries.

The ARCHITECTURAL ANTIQUITIES of GREAT BRITAIN:
represented and illustrated in a Series of Views, Elevations, Plans,
Sections and Details, of Various Ancient English Edifices, with
Historical and Descriptive Accounts of each. By Foba Britton,
F.S. A. 4 Vols, Quarto, with 278 elegant engraved Plates, 21l.
in Boards, and on large Paper 3:1.

N. B. The parts may be had separate to complete Sets, at 10s, 6d. each,
large Paper 16s.

An Historical and Architectural Essay, relating to Redcliffe Church,
Bristol, illustrated with 12 engravings of Plans, Views and Details,
with an Account of the Monuments, and Anecdotes of eminent
Persons connected with the Church. Royal Octavo, 16s. Mediom
Quarto, 1l. 4s. and Imperial Quarto, 1l. 11s, 6d. o

N. B. The Quarto sizes will range with the Architectural Antiquities.
BRITTON'S CATHEDRAL ANTIQUITIES OF ENGLAND.

An Historical, Architectural and Graphical lllustration of the
English Cathedra®Churches. By Jobn Britton, F. S, A. Of this
work, one Part, containing 6 or 7 Plates, is published every three
Months, Price 12s. Medium Quarto, and on Imperial Quarto 1l. *

N. B. Salisbury Cathedral is completed in 5 Parts.—Norwich
Cathedral is “completed in 4 Parts,—Winchester Cathedral is

complete in 5 Parts.—York is completed in 6 Parts.—Litchfield is
completed
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completed in 3 Parts.—Ouxford is complete in a Parts.—Canterbury
in g Parts.

The History and Antiquities of the Parochbial Church of St. Savieur,
Soutbavark, illustrated by a Series of Engravings of exterior and
interior Views, Ground Plan, and Details of that Edifice. From
Drawings by W. G. Moss. 17 Plates,. gto., Price, in Boards,
1l. 11s. 6d.  Proof Impressions on India Paper, 2l. 13s. 6d.

Dickinsons Architectural Antiquities of Southwell, &c. Two Parts,
Quarto, with 23 elegant Plates, 1l. 1s. Boards.

Gothic Ornaments of the Cathedral Church of York, by 7. Halfpenny,
105 Plates, large Quarto.

Fragmenta Vetusta, or the Ancient Buildings of York, by ¥. Half-
penny, 34 Plates, large Quarto. *

The Rudiments of Ancient Archstecture, containing an Historical Account
of the Five Orders, with their Proportions, and Examples of each
from Antiques: Also, Extracts from Vitruwius, Pliny, &c. relative
to the Buildings of the Antients. Calculated for tae Use of those
who wish to attain a summary Knowledge of the Science of Archi-
tecture ; with a Dictionary of Terms: illustrated with 11 Plates,
The Fifth Edition, Boards, 8s.

Essays on Gothic drchitecture, by the Rev. T. Warton, Rev. J. Bentham,
Capt. Giose, and Rev. J. Milner. Illustrated with 12 Plates of Or-
naments, &c. selected from Ancient Buildings, calculated to exhibit
the various Styles of different Periods. The third Edition, with
a List of the Cathedrals of England and their Dimensions. Octavo,
10s. 6d. Boards.

An Historical Surwey of the Ecclesiastical Antiquities of France, with a
View to illustrate the Rise and Progress ot Gothic Architecture in
Europe. By the late Rev. @. D. Wtittington, of Cambridge.
Elegantly printed in Royal 8vo. With a Frontispiece of the Fagade
of the Cathedral Chuich at Rheims. 12s. Boards.

A Treatise on the Ecclesiastical Architecture of England, during the
middle Ages, with 1o illustrative Copper Plates, by the Rev. .
Milner, D. D. F. S. A. Royal Octavo. 1ss. Boards.

Observations on English Arcbitecture, Military, Ecclesiastical, and
Civil, compuied with similar Buildings on the Continent ; including
a critical Itinerary of Oxford and Cambridge : also Historical Notices
of Stained Glass, Ornamental Gardening, &c. with Chronological
Tables, and Dimensions of Cathedrals and Conventual Churches,
by the Rev. Fames Dallaway, M. B. F. S. A, Royal Octavo.
128, Boards.

An Essay on the Origin, History and Principles of Gothic Architec.-
ture, by Sir Yames Hall, Bart. large Quarto, handsomely printed,
with 6o Plates elegantly engraved, of select Examples, st. ss.
in Boards.

TAYLOR's BUILDER's PRICE BOCK ; containing a corrvect Listof
the Prices allowed by the most eminemt Sureweyors in London to the
several Artificers concerned in Building : including the Fourneymen's

Prices.
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Prices. A new Edition, corrected; by an Experienced Surveyor.
Sewed, 4s. With an Abstract of the Building Act, and a Plate of
the Walls, &c.

VI'TRUVIUS BRITANNICUS, or the British Architect; contain-
ing Plans, Elevations, and Sections of the regular Buildings, both
Public and Private, in Great Britain. By Woolf and Gandon,
Architects. 2 Vols. Imperial Folio, 111, 11s. half bound.

N. B. Gentlemen who wish to bind these .Volumes to complete
Campbell's Vitruvins, may have them in Sheets, Price <ol. 10s.

There are a few Sets on hand of the 3 Volumes by Campbel,
Price 6l. 6s. in sheets.

The NEW VITRUVIUS BRITANNICUS, consisting of Plansand
Elevations of modern Buildings, public and private, erected in
Great Britain by the most celebrated Architects, engraved on 142
Plates, from ariginal Drawings. By G. Richardson, Architect.
Two Vols. Imperial Folio, half bound, r1l. 11s.

Plans, Elewations, and Sections of Buildings, Public and Private,
executed in various parts of England, &c. including the New
Custom House, London, with Plans, Details, and Descriptions. By
Dawid Lamg, F.S. A. Architect and Surveyor to the Board of Cus-
toms. Elegantly engraved on 59 Plates. Imperial Folio, Price
sl. 58, in Boards.

Plans, Elevations, and Sections of Buildings, executed in the Counties
of Norfolk, Suffolk, Yorkshire, Wiltsbire, Warwicksbire, Staffordshire,
Somersetshire, &c. by Fobn Soane, Architect, on 47 Folio Plates,
21, 128, 6d.

Plans, Elewations, and Sections, of Noblemen's and Gentlemen’s
Houses, Stabling, Bridges public and private, Temples, and
other Garden Building, executed in the Counties of Derby,
Durham, Middlesex, Northumberland, Nottingham, York, Essex,
Wilts, Hertford, Suffolk, Salop, and Surrey; by Fames Paine,
Architect. Two Vols. with 176 very large Folio Plates, 8l. 8s.
half bound.

The Designs of Inigo Jones, published by #. Kent, with some addi-
tional Designs. 2 Vols. Imperial Folio.

Plans, Elevations, and Sections of Hot-Houses, Green-Houses, an
Aquarium, Conservatories, &c. recently built in different Parts of
England for various Noblemen and Gentlemen, by G. Tud, Sur-
veyor and Hot-House Builder; including a Hdt-House and a
Green-House in her Majesty's Gardens at Frogmore, on 27 Plates,
elegantly coloured, with proper Descriptions. Folio, zl. 2s.
in Boards.

Designs for Villas and other Rural Buildings, by Edmund Aikin,
Archite& ; with Plans and Explanations. Together witl: an Intro.
ductory Essay, containing Remarks on the prevailing Defeéts of
Modern Architefture, and an Investigation of the Style best adapted
to the Dwellings of the present Times; engraved on 31 Plateslarge

Quarto, Price 1l. 115, 6d. in Boards.
A
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4 Series of Designs for Villas and Country Houses. Adapted with
Economy to the Comforts and to the Elegancies of Modern Life ;
with Plans and Explanations to each. To which is prefixed, an
Fssay on Modern Architetural Taste. By C. A. Busby, Archuels.
Engraved in Aquatinta, on 24 Plates, large Quarto, in Boards, 11. 5s.

Architectural Designs, for Rustic Cottages, Picturesque Drwellings, Villas,
&c. with appropriate Scenery, Plans and Descrigtions; to which
are prefixed some critical Observations on their Style and Charac-
ter; and also of Castles, Abbies, and ancient English Houses.—

#Concluding with Practical Remarks on Building, and the Causes
of the Dry Rot. By W. F. Pocock, Architect. Elegantly en-
graved on 33 Plates, Royal Quarto, Price 1i. 11s. 6d. in Boards.

Designs for Lodges, and Entrasmces to Parks, I’::ddocks, and Pleasure
Grounds, in the Gothic, Cottage, and Fancy Styles, with charac-
teristic Scenery and Descriptions in Letter-press,by T. D. W, Dearn,
elegantly engraved on 20 Plates, large Quarto, 11, 11s. 6d., Boards.

Sketches in Architecture, consisting of original Designs for Cottages
and Rural Dwellings, :suitable to Persons of moderate Fortune, and
for convenient Retirement ; with Plans and appropriate Scenery
to each; also some general Observations. By 7. D. W. Dearn,
Architect to his Royal Highness the Duke of Clarence. Elegantly
engraved on 20 Rlates, Quarto, large Price 1l. 7s. in Boards.

Plans and Ziews of Buildings executed in England and Scotland in
the Castellated and other Styles. By R. Lugar, Architect, on 32
Plates Royal Quarto with descriptive Letter-press, Price zl. 25. in
boards.

Architectural Sketches for Cottages, Rural Dwellings, and Villas: with
Plans, suitable to Persons ot genteel Life and moderate Fortune :
proper for Picturesque Buildings, by R. Lugar, Architect and
Land Surveyor; elegantly engraved in Aquatinta, on 38 Platcs,
Boards, 1l. 11s. 6d. .

The Country Gentleman's Architect, containing a Variety of Designs for
Farm Houses and Farm Yards of Different Magnitudes, arranged on
the most approved Principles for Arable, Grazing, Feeding and
Dairy Farms, with Plansand Sections, shewing at large the Construc-
tion of Cottages, Barns, Stables, Feeding Houses, Dairies, Brew-
house, &c. with Plans for Stables and Dog-kennels, and some De-
signs for Labourers® Cottages and small Villas. The whole adapted
to the Use of Country Gentlemen about to build or to alter. En-
graved on s1 Plates, with some General Observations, and full Fxpla-
nations to each. By R. Lugar. Quarto, 1l. gs. in Boards.

Designs for Small Picturesque Cottages, Hunting Boxes, Park Entrances,
&c. by £. Gyfford, Architect. Part 1. Engraved in Aquatinta, on
20 Plates, Quarto, 1l. 1s. Boards.

Designs for Elegant Cottages, and small Villas, calculated for the Com.
fort and Convenience of Persons of moderate and of ample For-

' tune,
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"tune, carefully studied and thrown into Perspective, with General
Estimates, by E. Gyfford, Archite&. Part 1I. Engraved in Aqua-
tinta on 26 Plates, Quartoil. z1s. 6d. boards.

Hints for Dawellings, consisting of Original Designs for Cottages,
Farm-houses, Villas, &c. plain and ornamental; with Plans
to each, in which strict Attention is paid to wvnite Convenience
and Elegance with Economy. Including some Lesigns for Town-
houses. By D. Laing, Architect, and Surveyor. Elegantly en-
graved on 34 Plates in Aquatinta, with appropriate Scenery.
Quarto, 1l. ss. in boards. .

Sketches for Country Houses, Villas, and Rural Dwellings ; calculfted
for Persons of moderate income, and for comfortable Retirement.
Also some Designs for Cottages, which may be constructed of the
simplest Materials; with Plans and general Estimates, By Jobn
Plaw. Elegantly engraved in Aquatinta on 42 Plates, Quarto,
1L, 118, 6d. in Boards.

Ferme Ornée, or Rural Improvements, a Series of Domestic and Orna-
mental Designs, suited to Parks, Plantations, Rides, Walks, Rivers,
Farms, &c. consisting of Fences, Paddock House, a Bath, Dog-
kennels, Pavilions, Farm-yards, Fishing houses, Sporting-Boxes,
Shiooting-lodges, Single and Double Cottages, &c. calcuiated for
Landscape and Picturesque Effects, By Jobn Plaw, Architect.
Engraved in Aquatinta on 38 Plates, with appropriate Scenery,
Plans, and Explanations. Quarto. In Boards, 1l. 11s. €d.

An Essay on Brutish Cotrage Architecture, exemplified by fourteen
Designs, with their Plans, &c. on 23 Plates, designed and exe-
cuted by James Malton. The Second Edition, with two additional
Plates, large Quarto, Boards, 1l. 11s. 6d.

A Collection of Architectural Designs, for Villas, Casinos, Mansions,
Lodges, and Cottages, from original Diawings, by Jfames
Randull, Architect, engraved in Aquatinta, on 34 Plates,
Folio, 2l. 12s. Gd. )

The Architect and Builder’s Miscellany, or Pocket Library; containing
original Picturesque Designs in Architecture, for Cottages, Farm,
Country, and Town Houses, Public Buildings, Tumples, Green-
Houses, Biidges, Lodges and Gates for Entrances to Parks and
Pleasure Grounds, Stables, Monumental Tombs, Garden Seats, &c.
By Cbarles Middicton, Architect. On 6o Plates, coloured. Octavo.
1l. 1s. bound. - ’

Crunden’s Convenient and Ornamental Architecture 3 consisting of Oiigi-
nal Designs for Plans, Elevations and Sections, beginning with the
Farm-house, and regularly ascending to the most grand and magni-
ficent Villa ; calculated both for Town and Country, with Expla-
nation in Letter-press, and exact Scales. Engraved on 70 Cop-
per-plates, 16s. Boards.

A Series of Plans, for Cottages or Habitations for the Lalourer, either in
Husbandry or the Mcchanic Arts, adapted as well to Towns as

to the Country. To which is added, an Introduction, contuining
many
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many useful Observations on this Class of building, tending to the
Comfort of the Poor, and Advantage of tlie Builder; with Calcula-
tions of Expenses. By the late Mr. . Wood, of Bath, Architect:
A new Edition, corrected to the present Time, with 3o Plates, large
4to. 1l. 1s.

The Country Gentleman's Architect, in a great Variety of New Designs
for Cottages, Farm.houses, Country-houses, Villas, Lodges for
Park or Garden Entrances, and ornamental wooden Gates, with
Plans of the Offices belonging to each Design ; distributed with
a strict Attention to Convenience, Elegance and Economy.
On 32 Quarto Plates. By F. Miller, Architect, Sewed, 10s. 6d.

Eisays of the London Architectural Society. Octavo, 4 Plates. 7s.
Boards. Also the Second Part, 4 Plates, 8s, 6d.

Aikin*s Essay on the Doric Order, 7 Plates, Imperial Folio. 11 ss.
Boards,
Pitruwius Britannicus, by Campbell, 3 Vols. Folio, 61, 6s. in Sheets,

The Continuation to Campbell, by Woolf and Gandon, Vol. 4 and s,
10l. 108, in Sheets,

Chambers’s (Sir William) Treatise on Civil Architecture.
Chambers's Buildings and Views of Kew Gardens.

Chambers's Designs for Chinese Buildings, &c.

Chambers's Dissertation on Oriental Gardening, 4to. gs.

Guwilt on Arches, 8vo. 4 Plates, 6s.

Ware on Arches, and their abutment Piers, octavo, 19 Plates, 18s,
Ware's Remarks on Theatres, octavo, 3 Plates. 7s.

Atwsod on Arches, quarto, Two Parts. Plates, 18s.

Malton (Fames) Perspective, Quarto, 1l. 1s.

Paine's Plans, Elevations, &c. of Noblemen's Seats, &c. folio, 3 vols,
Half bound, 8. 8s.

The Architectural Antiquities of Athens, by Stuart, 4 vols. of Rome,
Balbec, Palmyra, Pcestum, Jonia, de la Grece, par Le Roy, &c. &c.

The Unedited Antiquities of Attica, by the Society of Dilettanti,
Folio, elegantly engraved and printed, 9/, ¢s. boards.

Pompeiana, by Gell and Gandy. Octavo. sl. 15s. 6d.
Allason’s Views of the Antiquities of Pola. Folio.
Wilkins* Antiquities of Magna Gracia, &c. Folio. 7l. 7s.
Wilkins' Translation of Vitruvius, 2 vols. Quarto, 4l. 4s.
Newton’s Translation of Vitruwius, 2 vols. folio.
Murphy's Arabian Antiquities of $pain, 100 Plates, large folio.
Nicholson's Principles of Arrbigecfd}% § vols. 8vo, 3l. 3s. hoards.
Nicholson’s Architectural ﬁictionary. 3 Vols. 4to
Toatbam's
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Tatham's Etchings of Ancient Ornamental Architecture. 100 Plates.
Folio. 3l. 3s. boards.

A Traatise on Tbmrri}, including some Experiments on Sound, by G.
Saunders, Architect, with Plates, 4to. boards, 16s.

Smeatons Description of the Edystone Lighthouse, Plates, folio.

Reports, by F. Smeaton, Civil Engineer, 3 vols. 4to. 4l. 14s. 6d. bds.

Smeaton’s Miscellaneous Papers, 4to. 1l. 1s. Boarus.

- on Water Wheels, 8vo. 5 Plates, 10s. 6d.

Gray's Experienced Millwright. Folio, 44 Plates. 2l. 2s.

Banks on Mills, octavo, Plates. 10s. 6d. boards.

Gregory's Treatise on Mechanics, 3 Vols. 2], 2s.

Hutton’s Course of Mathematics. 3 Vols. 1l. 11s. 6d.

Hutton’s Tracts on Mathematical and Philosophical Subjects, &c.

3 Vols.
Papaworth on the Dry Rot, 3s.

Randall on the Dry Rot, 3s.

M<William on the Dry Rot and Forest Trees, quarto, 11, 115. 6d.

Perronet sur les Ponts, 2 Tom.

Belidor Science des Ingenisurs, gto. New Edition, with new Plates, &c.

Belidor, I' Architecture Hydraulique, 4 Tom. Quarto.

Noswelle Arch. Hydraulique, par Prony, 2 Tom.

Piranesi’s Works, complete, 23 Vols. large Folio.

Rafael's Ornaments of the Vatican, 3 Parts, Folio.

Dictionnaire d'Architecture, Ciwvile, Militaire et Nawale, tar Rolard,
3 Tom. Quarto, with 100 Plates.

Plans, Coupes, et Elevations des plus belles Maisons et des Hotels, g
Paris, et dans les Environs, awvec des Ornmemens. Folio, 120
Plates, .

Durand Legons & Architecture, 2 Tom. 4to.

Durand Recueil et Parallels des Edifices Anciens et Modernes. g2 very
large folio Plates.

Plans, Coupes et Elecvations de diverses Productions de I’Art Jde ia
Charpente, par Krafft. 201 Plates, large Folio.

Ornamenti di Albertoli, 3 Parts, Folio.

Museo Pio Clementino, 7 Tom.

Mouseo Chiaramonti.

Wiebeking on Bridges, Draining, &c. In German. 4 Vols. 4to. and a

large Atlas.
Wiebeking des Ponts @ Arches de Charpente, gto. with a large Atlas ot
20 plates.

Ornemens de le Pautre. 3 Vols. Folio.

Bourse
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Bourse de Paris, par Brouginara.
Euwres de Weyrotter,
Antiquité de Poestum, par Delagardette. Folio.
Ornemens de Cauvet, Folio.
Suite de Paysage, de Bourgin. Folio,
Cabinet de Poulain. Proofs.
Coupe de Pierre, par Gardelle.
Canaux Navigables, de Lalande, Folio.
Canal Ju Mildi, par Andreossi. 2 Vols, ato.

Encyclopedie de I'Ingenieur, par Delaitre. 3 Vols. 8vo. and Atlas of
Plates.
T'ousse des Terres, par Maignes, 4to.

Traité de I Art de Batir, par Rondelet. 5 Vols. 4to. Plates.
Programme du Course de Construction, par Sganzin, 4to0.
Decorations par Percicr et Fontains, Folio.

Palais et Maisons de Rome, par Percier, Folio.

Manuel du Tourneur. 2 Vols. 4to. Plates.

Dictionnaire des Graweurs. 2 Vols. 8vo. Plates.
Memoire de I' Architecture, par Patte, 4to.

Coupe de Pierres, de Freziere, 3 Vols. gto.

De.cription du Pont a Moulins, par Régemorte, Folio.
Boulet Machines de Theatre.

Scrittori dell’acqua. 8 Vols. gto.

Paris et ses Monumens, par Baltard. Folio.

Musée des Monumens Francais, par Lenoir. 6 Vol. 8vo.
Annalcs du Musée, par Landon.

Bossut Traite &’ Hydrodynamique. 2 Vols. 8vo.

Bossut et Viallet sur la Construction des Digues.
Bremontier sur le Mouwvement des Ondes.

Decessart Travaux Hydrauliques. 2 Vols. 4to.

Ducrest D’ Hydrauferie,

Les Fontaines de Paris, par Duval.

Gauthey de la Construction des Ponts. 3 Vols, 4to,
Lesage divers Memoires des Ponts et Chaussées. 2 Vols. 4to.
Nawier, Projet d>une Gare a Choisy.

Sakolniki Hydrodynamique.

Berard Statique des Foiites.

Brunet, dimension des Fers qui doivent former la coupole de la Halle aux
Grains,

Pyre,
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Pyre, Restauration du Pantbeon,
Clochar Plans de Maisons, &c. D’ltalie. Folio.

New Principles of Linear Perspective, or the Art of Designing on &
Plane, the representation of all Sorts of Objects in a more general
and simple Method than has been hitherto done. Illustrated by 13
Quarto Plates. By Brook Taylor, LL.D. and R SS, The Fourth
Edition, 8vo. 14s. in boards.

Dr. Brook Taylor's Method of Perspective made easy both in Theory and
Prattice. By Foshua Kirby. 35 Copper-plates. The Third
Edition. 2. 125, 6d. Half Bound.

T'he Perspective of Architecture, a Work entirely new ; deduced from
the Principles of Dr. Brook Taylor, and performed by two Rules
of universal Application. With 73 Plates. By Joshua Kirby.
Imperial Paper. 3l. 3s. half bound.

MODERN FINISHINGS for ROOMS, a Series of Designs for Ves-
tibules, Halls, Stair Cases, Dressing Rooms, Boudoirs, Libu,ries,
and Drawing Rooms, with their Doors, Chimney Pieces, and
other finishings to a large Scale, and the several Mouldings and
Cornices at full Size, showing their Construction and relative Pro-
portions: to which are added some Designs for Villas and Por-
ticos, with the Rules for drawing the Columns, &c. at large.
The whole adapted for the Use and Direction of every Person
engaged in the practical Pait of Building, by #. F. Pocock,
Architect, on 86 Plates, quarto, zl. zs. bound.

The STUDENT's INSTRUCTOR in drawing and working the
Five Orders of Architecture; fully explaining the best Methods
of striking regular and quirked Mouldings, for diminishing and
glueing of Columns and Capitals, for inding the true Diameter of
an Order toany given Height, for striking the Ionic Volute circu-
lar and elliptical, with fimished Examples, on a large Scale, of the
Orders, their Planceers, &c. and some Designs for Door Cases, by
Peter Nicholson, engraved on 41 Plates octave. 10s. 6d. bound.
A new Edition coirected and much enlarged.

The CARPENTER's NEW GUIDE, being; a complete Book ol
Lines for Carpentry and Joinery, treating fully on Practica
Geometry, Softits, Brick and. Pluster Groins, Niches of every
Description, Sky-lights, Lines for Roofs and Domes, with a great
Vaiicty of Designs for Roofs, Trussed Girders, Floors, Domes,
Bridges, &c. Stair-cases and Hand-rails of varioas Constructions,
Angle-Bars for Shop Fronts, and Raking Mouldings, with many

"other Things entirely new: the Whole founded on true Geome-
trical Principles, the Theory and Practice well explained and fully
exemplified on 84 Copper-Plates; including sume Observations and
Calculations on the Strength of Timber, by P. Nickolson, 4to.
1l. 1s. the Sixth Edition corrected and enlarged.

The CARPENTER and JOINER's ASSISTANT, containing Prac-
tical'Rul_es for making all Kinds of Joints, and various Methods
of Hingeing them together; for hanging of Doors on straight or cir-

cular
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cular Plans; for fitting up Windows and Shutters to answer
various Purposes, with Rules for hanging them ; for the Construc-
tion of Floors, Partitions, Soffits, Groins, Arches for Masonry :
for constructing Roofs in the best Manner from a given Quantity
of Timber ; for placing of Bond-Timbers; with various Methods
for adjusting Raking Pediments, enlarging and diminishing of
Mouldings, taking Dimensions for Joinery, and for setting out
Shop Fronts; with a new Scheme for constructing Stairs and
Hand-rails, and for stairs baving a conical Well-hole, &c. &c. To
which are added, Examples of Various Roofs executed,: with the
Scantlings from actual Measurements, with Rules for Mortices
and Tenons, and for fixing Iron Straps, &c. Also Extracts from
M. Belidor, M. du Hamel, M. de Buffon, &c. on the Strength of
Timber, with practical Observations. Illustrated with 79 Plates,
and copious Explanations. By Peter Nicbholsom. Quarto 1l. 1s.
bound. 7T'le fourth Edition, revised and corrected,

The Practical House Carpenter, or Youth’s Instructor : containing a great
Variety of useful Designs in Carpentry and Architecture ; as Cen-
tering for Groins, Niches, &c. Examples for Roofs, Sky-lights,
&c. The Five Orders laid down by a New Scale. Mouldings, &c.
at large, with their Enrichments. Plans, Elevations, and Sections
of Houses for Town and Country, Lodges, Hot-houses, Green-
houses, Stables, &c. Design for a Church, with Plan, Elevation, and
two Sections; an Altar-piece, and Pulpit. Designs for Chimney-
pieces, Shop Fronts, Door Cases. Section of a Dining-room and
Libiary. Vuriety of Stair Cases, with many other important Asticles
and uscful Embellishments. To which is added, a List of Prices
for Materials and Labour, Labour only, and Day Prices, The whole
llustiated and made peifectly easy by 148 quarto Copper-plates,
with Lxplanations to each. By William Pain. The sixth Edi-
tion, with large Additions. 8s. bound.

N. B. Thisis PAIN's last Work.

T'he Carpenter's Pocket Directory: containing the best Methods of
framing Timbers of all Figures and Dimensions, with their several
Parts; as Floors, Roofs in Ledgements, their Length and
Backings ; Trussed Roofs, Spires, and Domes, Trussing Girders,
Partitions, and Bridges, with Abutments; Centering for Arches,
Vaults, &c. cutting Stone Ceilings, Groins, &c. with their
Moulds : Centres for drawing Gothic Arches, Ellipses, &c. With
the Plan and Sections of a Barn. Engraved on 24 Plates, with
Explanations. By W', Pain, Architect and Carpenter. Bound,"’;?,l.

Decorations for Parks and Gardens; Designs for Gates, Garden Seats,
Alcoves, Temples, Baths, Entrance Gates, Lodges, Fa;ad%.
Prospect Towers, Cattle Sheds, Ruins, Bridges, Green-houses,
&c. &c. Also a Hot-house, and Hot-wall, with Plans and Scales;'
neatly engraved on 5 Plates, octavo. 3o0s. 6d, sewed.

Designs in Architecture, consisting of Plans, Elevations, and Sections
for T'emples, Baths, Cassinos, Pavilions, Garden Seats, Obelisks,
and other Buildings; for decorating Pleasure-grounds, Parks,

Forests,
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Forests, &c. &c. by Yobn Soane. Engraved on 38 Copper-plates,
8vo. Sewed, 6s.

Grotesque Architecture, or Rural Amusement; consisting of Plans,
and Elevations, for Huts, Hermitages, Chinese, Gothic and Na-
tural Grottos, Moresque Pavilions, &c. many of which may be
executed with Flints, irregular Stones, rude Branc.ies and Roots
of T;l;:es; containing 28 Designs. By #. #right. Octavo. Sewed,
“. L] -

Ideas for Rustic Furniture, proper for Garden Chairs, Summer Houses,
Hermitages, Cottages, &c. engraved on 2 § Plates. Octavo. Price 4s.

Designs for Gates and Rails, suitable to Parks, Pleasure-Grounds,
Balconies, &c. Also some Designs for Trellis Work. On 27
Plates. By C. Middleton. Octavo, 6s.

The Carpenter's Treasure: a Collection of Designs for Temples, with
their Plans; Gates, Doors, Rails, and Bridges, in the Gothic
Taste, with Centres at large for striking Gothic Curves and
Mouldings, and some Specimens of Rails in the Chinese Taste,
forming a complete System for Rural Decorations. By N. Wallis,
Architect. 16 Plates. Octavo. Sewed, 2s. 6d.

Gothic Architecture improved, by Rules and Proportions in many grand
Designs of Columns, Doors, Windows, Chimney-Pieces, Arcades,
Colonnades, Porticos, Umbrellas, ‘Temples, Pavilions, &c. with
Plans, Elevations, and Profiles, geometrically exemplified. By
B. @ T. Langley. To which is added, an Historical Discourse on
Gothic Architecture. On 64 Plates Quarto. Bound, 15s.

Designs for Monuments, including Grawe-stones, Compartments, Wall-
pieces, and Tombs, Elegantly engraved on 4o quarto Plates. Half
bound, 16s.

Designs for Skop Fronts and Door Cases, on 27 Plates. 4to. 10s. 6d.

Outlines of Designs for Shop Fronts and Door Cases, with the
Mouldings at large, and Enrichments to each Design. Engraved
on 24 Plates. Quuarto, ss.

Hawney's Complcte Measurer, a new Edition, much improved, 4s. 6d.

Hoppus's Timber Measurer. Tables ready cast. 4s.

The Foiner and Cabinet-maker’s Darling; containing sixty different
Designs for all Sorts of Frets, Friezes, &c. Sewed, 3s.

The Carpenter's Companion; containing 33 Designsefor all Sorts of
Chinese Railing and Gates. Octavo. Sewed, 2s.

The Carpenter's Complete Guide to the whole System of Gothie
Railing ; containing 32 Designs, with Scales o cach. Octavo.
Sewed, 2s. ‘

A Geometrical View of the Five Orders of Columns in Architecture
adjusted by aliquot Parts; whereby the meanest Capacity, by
Inspection, may delineate and work an entire Orde:, or any Dart,
of any Magnitude required. On a large Sheet, 1s.

Elivation
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Elewation of Black Friars® Bridge, with the Plan of the Foundation and
Superstructure, by R. Baldwin; 12 Inches by 48 Inches, gs.

Plans, Elevations, and Sections of the Machines and Centering used
in erecting Black Friars' Bridge; drawn and engraved by K.
Baldwin, Clerk of the Work ; on 7 large Plates, with Explanations.
10s. 6d.

Elevation of the Stone Bridge built over the Severn at Shrewsbury ;
with the Plan of the Foundation and Superstructure, elegantly
engraved by Rocker. 1s. 6d.

A T'reatise ou Building in Water. By G. Semple, Quarto, with 63
Plates,

Plaxs, Elevation and Sections of the curious Wooden Bridge at
Scbaffbausen in Switzerland, built in 1760 by Ulric Grubenman,
and lately destroyed by the French. 19 Iaches by 29. 1as.
coloured, with a-descriptive Account in Letter-Press.

A View of the Cast Iron Bridge erected over the River Thames at
Vaurball, elegantly engiaved in Aquatinta, from a Drawing by
E. Gyfford, Architect. 1l. 18, or colsured impressions, 1l. 11s. 6d.

A Plan and View of the Chain Bridge now erecting over the Menai at
Bangor Ferry. Price ys. *

A Plan and View of the Patent Tron Bar Bridge of Suspension
erected over the River Tweed, by Captain Brown, Elegantly En-
graved in Aquatinta. o8,

A Perspective View of the Waterloo Cast Iron Bridge erected
over the River Conway, in North Wales, elegantly coloured ;
Price 1l. 115, 6d.

A Plan and Elevation of the Waterloo Bridge erected over the
River Thames. Ilegantly Engraved in Aquatinta. 10s.

Perspective View of the proposed Iron Bridge at London, of
600 Feet Span; by Telford. Size 4 Feet by a Feet, Coloured 2l. 2s.

Observaticns on Brick Bond, as practised at various periods; con.
taining an Investigation of tie best Disposition of Bricks in
a Wall, for procwing the greatest possible Strength; with
Figures representing the difierent Modes of Construction. Octavo, s,

TABLES for the PURCHASING of ESTATLES, Freehold, Copyhold,
or Leaschold, Annuigies, &c. and for the renewing of Leases
held under Cathedral Churches, Colleges, or other Corporate
Bodies, for Terms or Years certain, and for Lives. Together
with several useful and interesting Tables, connected with the
subject.  Also the Five Tables of compound Inteiest. By #.
Inwood, Architect and Surveyor. In small Octavo for a Pocket |
Book, 7s. in Boards, Second Edition, enlarged. ' :
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BOOKS OF ORNAMENTS, &c.

A COLLECTION of ANTIQUE VASES, Altars, Patcras, Tripods,
Candelabra, Sarcophagi, &c. from various Museums and Collec-
tions, engraved in Outline on 170 Plates, by H, Moses, with
Historical Essays. gl. 3s. Half Bound small Quarto, and on large
fine Paper, sl. ss. in extra Boards.

SELECT GREEK and ROMAN ANTIQUITIES, from Vases,
Gemmns, and other Subjects of the choicest Workmanship. Engraved
on 36 Plates, by H. Moses, with Descriptions. Quarto 1l. 1s.
boards.

Ornamental Designs after the Manner of the Antique. Composed
for the Use of Architects, Ornamental Painters, Statuaries, Carvers,
Carpet, Silk, and printed Calico Manufacturers, and every Trade
dependent on the Fine Arts, by G. Smith, with Descriptions.

varto. Neatly engraved in Outline. Royal 4to. on 43 Plates,
Price zl. 2s. in Boards. .

A Collefion of Designs for Modern Embellishments suitable to Par-
lours, Dining and Drawing Rooms, Folding Doors, Chimney
Picces, Varandas, Frizes, &c. By C. 4. Busby, Arcbitefi ; neatly
engraved on 24 Plates, 14 of which are elegantly coloured ; large
Quarto. Price 1l. 11s. 6d.

Designs for the Decoration of Rooms in the various Styles of
modern Embellishment. With Pilasters and Frizes at large. On
20 folio Plates, Drawn and Etched by G. Cogper, Draftsman and
Decorator. 1l. 1s.

Ornaments Displayed, on a full Size for working, proper for all Car-
vers, Painters, &c. containing a Variety of accurate Examples of
Faliage and Frizes, clegantly engraved in the Manner of Chalks,
on 33 large Folio Plates. Sewed, 15s.

Pergolesi’s Ornaments in the Etruscan and Grotesque Styles, large
Folio, Boards.

The Principles of Draawing Ornaments made easy, by proper Examples
. of Leaves for Mouldings, Capitals, Scrolls, Husks, Foliage, &c.
. Engraved in Imitation of Drawings, on 16 Plates, with Instruc-
tions for learning without a Master. Particulatly useful to Carvers,
Cabinet. makers, Stucco-workers, Painters, Smighs, and every one
concerned in Ornamental Decorations. By am Artist. Quarto.
 Sewed, 4s. 6d.

‘Ornamental Iron Work, or Designs in the present Taste, for Fan.
lights, Stair-Case Railing, Window Guard lrons, Lamp-Irons,
Palisadoes, and Gates. Wirh a Scheme for adjusting Designs with
Facility and Accuracy to any Slope. Engraved on 21 Plates.
Quarto. Sewed, 6s.

Law’s new Book of Ornaments. Sewed, 2s.

A4
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A Collection of Vases from the Antique, &c. on 43 Quarto 'Plates
Price 7s. Sewed. ‘

An interior View of Durbam Catbedral, and a View of the elegant
Gotbic Shrine in the same. Elegantly engraved on two large Sheets,
Size 19 by 22. The Pair 123, |

An exterior and interior View of St. Giles's Church in the Fields,
engraved by Walker. Size 18 Inches by 15. The Pair ss.

A North-west View of Greenwich Church, as.

A View of Shoreditch Church, 38 Inches by 20, 3s.

An elegant engraved View of the Monument at Lomdon, with the
Parts geometrically ; Size 21 by 33 Inches, from an Original,
by Sir C. Wren, 7s. 6d.

Sir Christopher Wren's Plan for rebuilding the City of London after the
great Fire, 1666. 1s,

West Elevation of York Minster, elegantly engraved from a Draw-
ing by Fames Malton, Price 15s. :

Tbe Building Act of the x4th Geo. I11. Sewed, 3s. 6d.

N. B. The Notice and Certificate required by the above A#,
may be had printed with blank Spaces for filling up, Price 2d. each,
or 13 for 2s.

Experiments and Observations made with a View of improving the
Art of composing and applying Calcareous Cements, and of prepaving
Quick Lime; with the Theory of these Arts. By B. Higgins, M. D.

A General History of Inland Nawvigation, Foreign and Domestic ; containin
a Complete Account of the Canals already executed in England; it
Considerations on those projefled : to awbich are added, Practical Obser-
wations. A new Edit. Octarvo, 108. 6d. Boards.

A Map of England, shewing the Lines of the Cauals executed,
those proposed, and the navigable Rivers, coloured. On a large
Sheet, 5s.

A new Collection of 100 Views in Rome and its Vicinity, neatly
engraved by Pronti, Quarto, Price 1l. 1s.

An Enquiry into the Changes of Taste in Landscape Gardening ;
to which are added, some Observations on its Theory and Practice;
including a Defence of the Art. By H. Reptos, Esq. Octavo, §s.

Specimens of Anciem Carpentry, consisting of Framed Roofs selectéd
from various Ancient Buildings, Public and Private. Also some
Specimens of Mouldingl for Cornices, Doors, and Windows, by
the late Nflr. Fames Smith, engraved on 36 Plates, Quarto, Price
3128. sewed. .

A COLLECTION of DESIGNS for Household Furniture and
interior Decoration, in the most approved and elegant Taste, viz.
Cuitains, Draperies, Beds, Cornices, Chairs and Sofas for Parlors,
Libraries, Drawing Rooms, &c. Library Fauteuils, Seats, Ottc:ct:aps.

‘ aise
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Chaise Longue, Tables for Libraries, Writing, Work, Dressing, &c.
Sideboards, Celerets, Book-cases, Screens, Candelabri, Chiffoniers,
Commodes, Pier Tables, Wardrobes, Pedestals, Glasses, Mirrors,
Lamps, Jardiniers, &c. with various Designs for Rooms, Geometri-
cal and in Perspective, shewing the Decorations, Adjustment of the
Furniture, and also some general Observations, and . Deséription
of each Plate. By GEORGE SmiTH, Upholder Extraordinary to his
Royal Highness the Prince of Wales. Elegantly engraved on 1538
Plates, with Descriptions. Royal Quarto, Price 4l. 14s. 6d. in
Boards, and elegantly coloured 71. 17s. 6d.

Designs for Housebold Furniture, exhibiting a Variety of Elegant and
Useful Patterns, in the Cabinet, Chair, and Upholstery Branches.
By the late 7. Sheraton. Engraved on 84 Folio Plates, Price
3l. 13s. 6d. in Boards.

Meckanical Exercises; or, the Elements and Practice of Carpentry,
Joinery, Bricklaying, Masonry, Slating, Plastering, Painting,
Smithing, and Turning. Containing a full Description of the
Tools belonging to each Branch of Business, and copious Directions
for their Use: with an Explanation of the Terms used in each Art;
and an Introduction to Practical Geometry. Illustrated by 39
Plates. By Peter Nicbolson. Octavo, 18s. Boards, 21s. Bound.

An Essay on the Shafts of Mills; containing their Description and
Use, with the Kinds of Stress to which they are subject, and an
Inquiry into their Stiffness, Strength, Durability, and Proportion.
With a Variety of useful Tables. Also an introductory Account
of the Progress and Improvement of MiLL-wORK. By Robertson
Buchanan, Engineer. Illustrated with Three Plates, Price 7s. Boards.

Essays on the Construction and Durability of the Longitudinal
Connexions of Shafts denominated Couplings.—On Methods ot
Disengaging and Re-¢ngaging Machinery, while in Motion.—

. On Mechanism for Equalizing the Motion of Mills, denominated
Lift-Tenters, Engine Governors, and Water-Wheel Governors.—
On the Velocity of Water-Wheels.—On Changing the Velocity
of Machinery while in Motion.—On the Framing of Mill-Work.
By Robertson Bucbanan, Engineer. Illustrated with 15 Plates, Price
1as. in Boards.

Curr's Caal Viewer and Engine Builder’s Practical Companion.
Quarto, al. 12s. 6d. :

Smeaten’s Experiments on Under-shot and Over-sifbt Water Wheels,
&c. Octavo, with five Plates, 10s. 6d. Boards.

Experimentil Enquiries concerning the Principle of the lateral

ommunication of Motion in Fluids; applied to the Explanation

of various Hydraulic Phenomena. By ¥. P. Penturi. Translated
from the French by W. Nicholson, with Plates, 4s.

A Treatise on the Tecth of Wheels, Pinions, &c. d~monstrating the
best Form which can be given them for the various Purposes of Ma-
chinery; 'such as Mill-work, Clock-work, &c. and the Art of ﬁnd}in'g

‘ thetr
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their Numbers, translated from the French of M. Camuxs, with Addi-
tions, illustrated by x5 Plates, Octavo, 10s. 6d.

Observations on the Design for the Theatre Royal, Drary Lane, as
executed in the Year 1812 ; accompanied by Plans, Elevations, and
Scctions of the same, engraved on Eighteen Plates. By Benjamin
Wyatt, F.S. A. Architect. Royal Quarto, 2l. 12s. 6d. Boards.

JUST PUBLISHED.

THE ELGIN MARBLES of the Temple of Minerva at Athens,
engraved on Sixty-One DPlates, selected from Stuart and Revett's
Antiquities of Athens; to which are added, the Report from the
Select Committee of the House of Commons respecting the Farl of
Elgins Colle®tion of Sculptured Marbles, and an Historical
Account of the Temple. Tmperial Quarto, ’rice sl. ss. Boards.

Remarks on the Construction of Hot- Houses, pointing out the most
advantageous Forms, Materials, and Contrivances, to be used in
their construction. Also, a Review of the various Methods of
building them in foreign Countries, as well as in England. With
10 Plates, from Etchings on Stone. By /. C. Loudon, F. L. S.
Quarto, 1 5s. Boards.

An ESSAY on the STRENGTI and STRESS of TIMBER, founded
upon Experiments performed at the Royal Military Academy, on
Specimens selected from the Royal Arsenal, and his Majesty's
Dock Yard at Woolwich; preceded by an Historical Review of
former Theories and Experiments, Also, an Appendix on the
Strength of Iron, and other Materials. By Peter Barlow, of the
Royal Military Academy. (ctavo, with numerous Tables and
Plates, Price 18s. in Boards.

DESIGNS for CHURCHES and CHAPELS, including Plans, Elet
vations, and Sections, with somne Sketches for Altars and Pulpits.
By W. F. Pocock, Architect. Engraved on 44 Quarto Plates. Frice
1l. 115, 6d. in Boards.

A TREATISE on the CONSTRUCTION of STATRCASES and
HANDRAILS, showing Plans and Elevations of thé various
forms of Stairs, methods of projecting the Twist and Scroll of
the Handrail, an expeditious method of squaring the Nail, géne-
ral methods of describing the Scroll, and forming it out of the
Solids. Useful also to Smiths in forming Iron Rails, Strops, &c.

- With a new wmethod of applyingthe Face-mould to the Plank
without levelling the Edge. Preceded by some necessary Problems
in practical Geometry: with the Sections and Coverings of
Prismatic Solids. Il{ustratcd by Thirty-nine Engravings. By
Peter Nicholson, Author of the Carpenter’'s New Guide, the
Joiner's Assistagp, &c. &c. Quarto, 18s. boards.

ELEMENTARY PRINCIPLES of CARPENTARY; a Treatise
on the Pressure and Equilibrium of Beams and Timber Frames,
the Resistance ©f Timbers, and the Construction of Floors, Roofs,

Centres, Bridges, &c.; with Practical Rules and Exaraples. 1:1"1:
- . whic
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which is added, an Essay on the Nature and Properties of
Timber, including the Methods of Seasoning, and the Causes and
Preventiop of Decay; with Descriptions of the Kinds of Wood
used in Building: also numerous Tables of the Scantlings of

. Timber for different Purposes, the Specific Gravities of Mate-
rials, &c. Quarto. Illustrated by Twenty-two Engravings. By
Thomas Tredgold, Quarto, 11, 4s. boards,

Ornaments selected from the Antique, lithographed o1 31 leaves
Folio, 1l. 1s. sewed. Exhibiting a variety of Foliage and Fragments
of Ornaments at large, in a bold and free Style.

A PRACTICAL ESSAY on the STRENGTH of CAST IRON;
intended for the Assistance of Engineers, Iron Masters, Aut-
chitects, Millwrights, Founders, Smiths, and others engaged in
the Construction of Machines, Buildings, &c. Containing Practical
Rules, Tables, and Examples. Also an Account of some zew
Experiments, with an extensive Table of the Properties of Materals.
By Thomas Tredgold, Civil Engineer, Member of the Institution of
Cuwil Engineers, &c. Octavo, 4 plates, 125, Boaids.

The RUDIMENTS of DRAWING CABINET and UPHOLSTERY
FURNITURE, containing ample Instructions for designing and
delmeating the ditferent Articles of those Branches perspectively
and geometrically., Ilustrated with appropriate Diagrams and
Designs, proportioned upon Architectwial Principles, on 33
Plates; many of which ate coloured. 'The Second Ydition; to
which is added an Elucidation of the Principles of Drawing Orna-
ments, exemplified on 7 plates. By Ricbard Browa. In Quarto,
1l. s 6d Boards.

The Architectural Antiquities of Rome : measured and delineated
by Lapler and ('resy, 2 Vols, Imperial Folio, Price 18i. 185,

CIVIL ENGINEERING.

J. Tav1oR, having purchased the remaining Copies of the REporTs
of thelate Joun SmeaTon, Civil Engineer, proposes to sell them
for the present at the following very reduced Prices, viz.

RePoRTS, EsTIMATES, and TREATIsES, on Canals, Rivers, Harbours,
Piers, Bridges, Draining, Embanking, Light-Houses, Machinery,
Fire Engines, Mills, &c. &c., with other P’apers, drawn up in the
course of his employmenc. 3 vols. Ojuarto, with 74 Plates, engraved
by Lowry. Boards, 4. 14s. 6d. published at 7L 7p.

MisceLLANEOUS PaPers, comprising his Communications to the
Royal Society, 12 Plates, 4to. bds. 1l. 15, published at 11, 11s. 6d.

e,® The Reports and Miscellanecus Papers together, 4 vols. boards,
sl. s0s. published at 8. 18s. 6d.

An Interesting View of the INTERIOR of ST. PAUL's CATHE-
DRAL, taken trom the great $.W. Pier, and showing the magni-
ficent expanse of the Dome; drawn and engraved by J. Coney ;
size 21 Inghes by 27, Price 15s. On India Paper, 2¢s. -
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The RUDIMENTS of PRACTICAL PERSPECTIVE ; in which

- the Representation of Objects is described by Two easy Methods,
one depending on the Plan of the Object, the other on its Dimen-
sions and Position; each Method being entirely free from the
usual Complication of Lines, and from the Difficulties arisin
from remote vanishing Points. - Illustrated by 38 Plates, engrave
by Lowry. By Peter Nicbolson. Octavo, 14s. boards.

A Treatise on Dry Rot, the Nature and Cause of that Disease in Shifu,
Houses, Mills, &c. ; with Methods of Prevention and Cure. Also
an Inquiry into the Origin of Fungi, &c. By Ambrose Bowden.
With a coloured Plate. 8vo. 7s. boards, -

An HISTORICAL and DESCRIPTIVE ACCOUNT of the STEAM
ENGINE ; comprising a general View of the various Modes of
employing Elastic Vapour as a prime Moverin Mechanics. With
an Appendix of Patents and Parliamentary Papers connected with
the Subject. By Charles Frederick Partington, of the London Insti-
tution, Octavo. Illustrated with Eight Copper-plites, and other
Figures. Price 18s. Boards. -

SCIOGRAPHY ; or, Examples of Shadows, and Rules for their Pro-
jection : intended for the Use of Architectural Draughtsmen. By
Foseph Gwilt, Architect. Lithographed on 18 Plates. Octavo,
9s. boards. )

A PRACTICAL TREATISE on the LAW of DILAPIDATIONS,
Ecclesiastical and Common, Reinstatements, Waste, &c.; to which is
added an Appendix containing Precedents of Notices to Repairs,
&c., with Examples for Making Valuations, Estimates,&c. By
Fames Elmes, Architect. Second FEdition, with additions, 8vo.
Price 4s. sewed.

FINIS.












