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PREFACE.

In order to render this book useful to those who employ, or
are employed about, Steam Engines, I have included in it
various rules and practical data formerly published in my
“Fssay on the Boilers of Steam Engines,” and have en-
deavoured to embody the necessary information relative to
such improvements in principle or construction as have come
into practical use since the date of the former publication.
This will, therefore, probably supersede the necessity of a
new edition of that work.

R. A,

22, Great Winchester Strect,
Old Broad Street, London.
October, 1850.
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RUDIMENTARY TREATISE

ON

STEAM BOILERS.

CHAPTER 1.

On the Proportions of Boilers suitable to different situations and circum-
stances; with Examples.

SEeTION 1.~INTRODUCTION.

WirHoUT agreeing in the opinion expressed by M. Pambour
in the introduction to his excellent treatise on Railway Loco-
motive engines, namely, that the theory of the steam engine
itself has not yet been explained, we may with much truth
affirm, that with respect to the steam boiler, even up to the
present period (1850), his words are peculiarly applicable,
however successful has been the general practice.

Under such circumstances it is not surprising that a great
variety of opinions are held on the subject. This difference
of opinion relates not only to the form of boiler best adapted
to supply the greatest quantity of steam with the least expen-
diture of fuel, but also to its dimensions or capacity suitable
for an engine of a given number of horses’ power; the mere
arithmetic of the question remaining up to this day unsettled,
or not generally agreed on: this latter subject we propose to
consider principally in this and the two following chapters.

The only rule, if rule it be, for adjusting the dimensions of
boilers amongst practical engineers and boiler makers, is to
endeavour to have them larger than nccessary; hence it is

B



2 RUDIMENTARY TREATISE

a common observation with them, that a 10-horse engine
should have a 12 or 15-horse boiler, or a 20-horse engine
ought to have a 30-horse boiler, and so on. And we have
known morc than one extensive and successful manufac-
turer of engines, under 20-horse power, adopting the rule
of making their Loilers always 2horse power more than
the engines they arc intended to drive. Certain vague no-
tions have long existed amongst engineers, as well as with
some writers on the subject, that there ought to be about
5 square feet of surface of water, or of the largest horizontal
section of the boiler, for each horse power; and this mode of
reckoning by water surfacc has more to do with the effective
power of the boiler than at first view appears, but it only
applies to the ordinary wagon boiler without internal flue.
It has also been commonly considered that there ought to be
about 25 cubic feet of space in the boiler for each horse-
power. The first of these data has become common amongst
engine men as their only acknowledged rule for roughly es-
timating the power of a boiler, although both it and the
mode of estimating by the cubic capacity have generally been
scouted by scientific engineers; but with how little reason,
while the latter have not furnished us with better methods, we
shall see in the sequel.

After consulting Farey's, Tredgold’s, and nearly all the
other English works treating on the steam engine, besides
discussing the matter with various eminent scientific persons
and practical engineers, as well as with many of the most
experienced manufacturers in Lancashire, we were convinced
of the necessity of instituting and comparing a great number
of experiments on a large as well as on a small scale, and
under a variety of different circumstances, in order, if pos-
sible, to deduce rules that might at least be applicable to
those forms of boilers in general use.
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SeoTioN 2.—EXPERIMENTAL BoILER.

Amongst our earlier experiments, on a small scale, was
one with a common furnace pot, or boiler, of cast iron, such
as are usually set in kitchens, sometimes called a copper; it
was capable of holding 18 to 20 gallons; the fire grate was
6 inches by 8, or one-third of a square foot in area, and the
whole of the heating surface exposed to the fire was about
3 square feet. Into this boiler was measured 2 cubic feet of
water, which was made to boil, after which it was found that,
by feeding the furnace with coal and the boiler with water,
and at the same time managing the draught of the chimney
s0 as to keep the water boiling nearly at a uniform rate, the
consumption of good coal was at the rate of 4}1bs. per
hour, and the quantity of water boiled away in that time was
exactly 2 gallons, or very nearly one-third of a cubic foot;
the temperature of the water supplied, to make up for the
evaporation, being 62°.

As it is very common to reckon the evaporation of a cubie
foot of water per hour as sufficient to furnish steam for one
horse power, we have only to multiply each of the foregoing
data by three to obtain the following proportions :—

1 cubic foot of water evaporated per hour requires

9 square feet, or 1 square yard of heating surface,

1 square foot of surface of fire grate, and

1381 1bs. of good coal.
‘We thus obtain what may be called a rough estimate of a
boiler of 1-horse power, and with an expenditure of fuel
approaching to what was formerly considered, by the oldest
disciples of the Boulton and Watt school, the proper, though
very ample allowance of 14 1bs. of coal per horse power per
hour.

This experiment, which was frequently repeated and veri-
fied in a variety of ways, was of course made with an open-
topped boiler, which induced me to make several other ex-

B R
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periments with a variety of small closed boilers, more nearly
assimilated to the condition of an ordinary steam boiler
attached to an engine at work; the results were in all
cases, whether under a pressure of 4 or 51bs. per square
inch, or open to the pressure of the atmosphere alone, so
nearly agreeing with the above, that, excepting increasing the
quantity of water in the boiler, which increased the quantity
of fuel used in getting up the steam, but at the same time
lessened the other portion of the general consumption by
lessening the difficulty of regnlating the fire, the evaporation
being steadier, there was no other alteration that materially
affected the results as given above.

SeertoNn 8.—SteEaM ENGINE aND DoiLkr ITorse Powkr.

There is a remarkable coincidence in the figures express-
ing the dimensions of the apparatus and the effect produced
in the above experiment, which renders it extremely conve-
nient for forming a unit measure of steam boiler power ; for we
have only to counccive a vessel, say a cube for instance, of
3 fect square, or @ cubic yard in capacity, with its lower side of
one square yard in area, and exposed to the action of a fire on
a grate of one square foot in area ; let this vessel be nearly half
filled with water, and then, after the steam is once got up, we
have, by burning away 18 to 14 lbs. ¢f coal in an hour, 1 cubic
foot of water converted into steam, equal to the pressure of
the atmosphcre or a little above. This, if well applied, in a
good Boulton and Watt engine, is well known to be at all times
amply sufficient for one horse power. 1t will do this even in
o small short-stroke engine working without expansion, be-
sides allowing various sources of waste and leakage from im-
perfect packing, &c.; but in larger and long-stroked engines,
made to work to a certain cxtent expansively by means of
“Lap” on the valves or otherwise, and not loaded much be-
yond the nominal horse power of the engine, as was the prac-
tice of the above celebrated firm for the last twenty years of
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its existence, the steam from a cubic foot of water usually
produced an effect approaching more nearly to one-and-a-half
horse power, thereby reducing the above rate of consump-
tion below 101bs. instead of 14 1bs. per nominal horse power
per hour. The entire mechanical force developed in the eva-
poration of a cubic foot of water is, however, much greater
than this; but the above may be taken as the worst result ob-
tained from the low pressure condensing engine throughout
the cotton manufacturing district of Lancashire for the last
quarter of a century, where the coal is generally of an inferior
quality ; and where, until within the last ton years, such en-
gines, with steam not exceeding 6 lbs. or 7 lbs. per squaro
inch above the atmosphere, and wagon boilers, were all but
universal.

The measure of a steam engine horse’s power as originally
settled by Mr. Watt, and to which both Farey, Tredgold,
and all other engineers of cminence have agreed to refer as
a standard, is a power equal to lift 150 Ibs. 220 fect high per
minute, or, what is equivalent thereto, 83,000 lbs. raised
1 foot high in thé same time. It may be remembered that
this was no funciful standard of Mr. Watt’s, but really taken
by him as the average power exerted by a mill-horse travel-
ling at the rate of 2§ miles an hour (or 220 feet a minute),
and raising a weight of 1501bs. by a rope, passing over a
pulley, as appears by Mr. Watt’s letter to Dr. Brewster, in
the second volume of Dr. Robinson’s Mechanical Philosophy,
1822. This standard horse power of Mr. Watt's ought not
to be departed from, it having the merit of great simplicity
and convenience. One hundred and fifty pounds being
exactly divisible by siz, which is the effective pressure per
circular inch on the piston (nearly equal to 8 lbs. per square
inch) considered most suitable for the best modern engines
working with little expansion, gives exactly 25, which is
the number of circular inches per horsc power in Boultgn
and Watt's original 40-horse engines very nearly. 1lence,
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'a cylinder of 5 inches diameter (= 2% circular inches area),
with an effective pressure of 61lbs. per circular inch on a
piston travelling at the rate of 220 feet a minute, will give
out one horse power.

Secrion 4.—CoxsumpTION OF FUEL AT FacTory ENGINES.

Regarding the quantity of fuel ordinarily consumed by steam
engines in the factories of Yorkshire and Lancashire, an im-
mense deal of misconception and ignorance has hitherto pre-
vailed in some quarters, which it will be worth some trouble
to remove. Considering the great importance of correct sta-
tistics on this branch of the subject, I took some pains in
endeavouring to arrive at the truth previous to making the
statements on this head in my first practical Essay on Boilers,
published more than twelve years ago. In obtaining the best
authorities in Manchester there was no difficulty, for in the
hundred cotton factories of that city I had direct access
to the coal account of nearly one-half, besides having been
several years previously well acquainted with the minuti® of
the working economy of their engines and boilers. Besides
this, T had a similar acquaintanceship with a still greater
proportion of the factories in Preston, Bolton, and Stockport,
as well as throughout the coiton manufacturing district gene-
rally. Moreover, in stating that the consumption of fuel per
nominal horse power of the engines in the cotton factories,
was something under 10 {bs. per hour on the average, I did
not leave the fact to rest on assertion and authority alone,
however indisputable, but gave various reasons for believing
that it could not be more than 10 lbs.

Notwithstanding this, some authors of large books, with no
mean pretensions to accuracy, as well as writers in the public
scientific journals, have gone on from that day to this reite-
rading the extravagant assertion, that the ¢ ordinary™ con-
sumption of coal in the manufacturing districts is 15 lbs. to
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181bs. per horse per hour, while the same quantity of work
is performed by the Cornish, French, and Belgian engines,
for 24 1bs. to 81bs., or apparently one-sizth of the Lancashire
consumption. Now, to say nothing of Belgium or France,
the engineers of the latter country, being supplied with the
same tools, the same means, and having generally speaking
more science, and some other advantages, ought really to go
a step in advance of the native country of the steam engine.
The great disparity between the Cornwall and Lancashire
statements might have been reconciled by any common-sense
observer asking the simple question, Are not the Cornish en-
gines of very great power, and generally not half loaded, while
the Lancashire engines are frequently loaded to double their
nominal power ?—which would at once account for two-thirds
of the anomaly, while the rest is amply accounted for by the
great superiority of the Welsh coal used in Cornwall over the
“Slack” and “Burgey” used in Lancashire. Although not
very precise, this is a true and very nearly correct statement
of the case, as we shall have several occasions to prove in the
course of this work.

It ought also to be borne in mind that the 14 lbs., or 4th
of a cwt. of coal per horse per hour spoken of, is the whole
or ‘“gross” consumption, which includes all that used for
getting up the steam every morning, as well as to supply
steam sufficient for heating the building. This, in the prac-
tice of the best-regulated cotton mills in Lancashire, is
found to be very considerable, even during summer, in addi-
tion to steam used for a great many other heating purposes
peculiar to the cotton manufacture. One-eighth of & cwt. per
hour is equal to 10 cwt., or half a ton, for 80 hours; and as
184 hours per day (when the engine works 12 hours), or
rather more than 80 hours per week, is about the length of
time that the boilers are at work during each week, in cot-
ton mills, we may state generally that half a ton per horse
power per week is the average gross consumption.

Now, in order to obtain the average net consumption of
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the cotton-mill engines in Lancashire, we must first deduct
the proportion required for ¢ steaming” the mill, which, as
it depends on a great many varying circumstances, is not
easy to estimate. It is generally supposed that in the best
constructed modern factories it is impossible to be less than
from 10 to 15 per cent. There is reason to believe from ac-
counts of coals kept where separate boilers are used for this
purpose, as well as from measurements made of the quantity
of condensed steam-water obtained from the steam-pipes,
that the average quantity of fuel required for heating a cot-
ton mill cannot be so little as 20 per cent. of the whole con-
sumption, and in one instance I found from the last-mentioned
mode of estimating, that it was ncar 30 per cent. ; but, to be
on the safe side, we will only take it at 15 per cent., when it
will leave
14 — (45 of 14 =) 21 =110 lbs. per horse power per
hour for the consumption on account of the engine alone.
When the above estimates were made, the engines in
cotton factories uniformly worked 69 hours per week ;
which ecaleulation it will be best for our present purpose to
adliere to, since the Short Time Act has introduced a very
uncertain element, that is, the want of uniformity in different
mills ; the only thing certain at present ascertained, is, that
the saving in fuel is nothing like equal to the diminution of
the time. This reckoning allows only 11 hours during the
weel for getting up the steam every morning, and for stop-
pages at meal times, which gives one hour and three-quar-
ters per day, with half-an-hour extra for Monday morning.
All persons practically conversant with this subject, know
this is a very low estimate, and would not reckon two
hours sufficient for this purpose, in an average of mills, and
taking the year through. Considering also that there must
be at least as much coal laid on per hour, in getting up the
steam, as is used per hour after, we are certain to be within
the truth by allowing 15 per cent. of the whole consumption
for that purposc. Therefore, we hLave 11'9 less by 2'1 =



ON STEAM BOILKRS. v

0-8 1bs., or say nearly 10 lbs. per horse per hour, as the net
consumption of coal while the engine is at work. There is
great difficulty in coming at the exact proportion in cotton
factories, on account of the consumption for this purpose
being unavoidably mixed up with that for steaming the mill
before mentioned, which is always the greatest in the morn-
ing at the same time when the steam is being got up for the
engine ; consequently very great discrepancies of opinion are
met with on the subject.

Whatevef may be the exact amount of each of the two
items we have been treating of, namely, for getting up the
steam and for heating the mill, we are well assured that the
combincd amount of the two, 80 per cent., at lcast, ought to
be deducted from the gross amount of the coal used, in order
to get at the net consumption while the enginc is at work,
leaving it, as already stated, under 10 lbs. per horse power
per hour.

Now, it must not be forgotten that all the above state-
ments and estimates are founded on the noisinal horsc power
of the engines only, while it is well known that the cotton-
mill engines are very commonly working to double their
nominal power ; and usually considered light loaded if only
working to one-half more, which latter proportion I would
say is within the average load on the engines throughout the
cotton-mill district. This consideration at once reduces the
apparent consumption by one-third, or from 10 lbs. to betwcen
6 and 7 lbs. per horse per hour.

SecrioNn 5.—THE Fruep CyLINDRICAL BoILER.

The second experimental boiler I took some painsiin in-
vestigating was of a cylindrical shape, a kind commonly used
to high-pressure engines, as this one was, and generally con-
sidered very safe and strong. Its dimensions were as follow
(see Fig. 1). The shell of the boiler was b feet in diameter
outside, and 9 feet long ; it contained a cylindrical flue tube,

B3
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Fig, 1.

7

‘/:Z///,/.
Y {//7/
running through the lower part from end to end, of 18 inches
inside diameter. The fire gratc was 3 fcet 6 inches square,
or 12} square feet area, and placed under the boiler close to
onc end. The flame or smoke, after passing from the fire
and under the boiler bottom to the further end, rises up
and returns through the inside flue to the front end above
the fire door, where it is allowed to divide itself into two
brick flues—one on cach side—through which it is conduected
along the sides of the boiler again to the back; here the two
currents again unite, and proceed in one main flue to the
chimney. When the current of smoke and hot air is thus
divided into two flues, it is called a  split draft,” and when
it is continued round in the same direction, it is called a
*wheel draft.”

This boiler, according to the common horizontal measure-
ment of 5 square fcet, would be equal to nine horse power;
but engineers who are in the practice of making this kind of
flued boilers usually consider the diameter of the inside flue
tube as equal to so much added to the width of the boiler,
amode of estimating its evaporating power which gives a
result nearly correct. For in cases like this, where the
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boiler is short in proportion to its length, a great portion of
the flame must act as effectually against the top of the inside
flue as it would have done against a continuation of the
boiler's bottom. So near, in fact, to the truth has all examina-
tions of the power of boilers by this rule proved to be, that
with & proper divisor and due allowance being made for the
capacity of the boiler as respects room for water and steam,
I do not hesitate to recommend its general adoption for
boilers of this deseription. With respect to the proper di-
visor, it may be remarked, that although many practical
engine and boiler makers have generally used the number 5,
which gives, as they term it, 5 square feet of “ surface of
water ” per horse power, others, and amongst them the late
Mr. Benjamin Hick, of Bolton, were accustomed to give 53
square feet, both in cylindrical and wagon boilers ; while many
country manufacturers, when ordering new boilers, have in-
sisted on having 6 feet of water surface per horse ; remarking,
that after following that rule for many years they never got
a boiler too large.

We shall also very soon show that 53 squaroc feet of * water
surface ” per horse is perhaps more eligible as being appli-
cable to a greater variety of boilers.

According to Mr. Hick’s rule, the power of this boiler will
be calculated as follows : —

Width or diameter of boiler . . b fect.
Ditto of inside flue . 1

Multiply by the length . . 9

Divide by 5% or . . 5:5)585(10-6

350
330

This gives rather more than 104 horsc power.
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The evaporation in this boiler was ascertained to be very
regularly from 10 to 11 cubic feet of water per hour, with
from 12 to 15 1bs. of coal for each cubicfoot ; say 43 to 54 1bs.
of water evaporated to each pound of coal consumed. It was
attached to a high pressure or non-condensing engine no-
minally of 12-horse power, but certainly when at the best not
doing so much as 10-horse power, although working with a
pressure in the boiler of above 301bs. per square inch. One
cause of the great want of economy in this engine arose from
what used to be described, before the times of metallic pistons
and railways, the ‘“‘natural defects” of the high-pressure
engine, namely bad * packing ” and bad ¢ exhaust,” by which
nearly double the quantity of steam was used that would have
been required in a low-pressure engino to do the same work,
besides requiring very close attention, and what is called
“hard fiving,” to get the proper speed out of the engine.
This ¢ hard firing,” which for non-professionals may be trans-
lated to mean “ hard work at firing and stoking,” again su-
perinduced other evils, of which by far the greatest was the
“priming” of the cylinder with water, and sometimes dirty
water too, instead of steam, of which and the cause of it more
in the sequel.

As this work is meant {o be practically useful to the work-
ing mechanic and engineer, we make no apology in giving the
following direction and formula for finding the power of any
boiler of this kind on the common carpenter's slide rule, in
addition to the arithmetical operation already given.

Set the divisor or gauge point ¢ r, for the power = 5§
upon A, against the length . = 9 upon B; then against the
diameters of the boiler and flue, added together, d = 64
upon 4, is the horse power Er upon B = 10-2.

1] d=06}
| m.p. =102

As there is no nccessary calculation about a steam engine
that cannot bo done with a few simple operations of the slide
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rule, every workman’s attention ought to be urged to it for
many reasons, but mainly because it gives him ready facilities
in comparing the proportions of engines and boilers by dif-
ferent makers without waiting for long laborious calculations,
only to be done after some of the main circumstances af-
fecting the action of the engine are forgotten. For this pur-
pose mno intelligent engine driver or stoker ought to be
without a slide rule, and for that purpose there is no absolute
need of carrying a “two foot;” one sufficient for all common
purposes is only 4 inches long, with a reversed slide, and may
be carried in the waistcoat-pocket. It has both a direct and
a reversed line on the slider, which gives it several advantages,
besides that of going into one-half the compass; and, as we
shall make some use of it in this work, we shall repeat the
operation as an example.

Reverse the slide, then set the diameter d of tho boiler and
flue upon A, against the length L, upon o, then against Mr.
Hick’s divisor or gauge point 11 = 54 upon 4, is the horse
power H P upon 9.

Al B= 53] d =6}
o [ur=10} | 1 =9

In the same manner, without altering the slide, you have
opposite the other three divisors their corresponding results,
the same as if set down in a table thus :—

The divisor 5 gives the result . 112 horse power.
Ditto 5} ditto . . 10} ditto.
Ditto 5% ditto . . 10:2  ditto.
Ditlo 6 ditto . . 93 ditto.

Another advantage of the reversed slide is, that either the
divisor or the result may be taken on either line A or o, in«
differently, without the risk of any mistake.

‘We shall now compare the dimensions of this boiler with the
unit measure derived from the first experimental boiler.
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Circular feet.

Diameter of boiler squared, or 5° . =25

Deduct area of end of flue, or (13)* . = 2}

Noet area of boilerend . . . =223
This multiplied by *7854. . . = 1786 sq. feet.
Again multiplied by the length, 9 . = 16074 cub. feet.
Which, divided by 27 . . . = 595 cub. yards.

The last two lines give the total capacity of the boiler for
water and steam ncarly six cubic yards. This, equally divided
between steam and water, gives 160 = 2 = 10 = 8 cubic
fect of water per horse. But, as in the first oxperimental
boiler, it was found by several trials that a greater proportion
of water was more cconomical, as tending to balance any want
of uniformity in feeding the fire, or in the action of the force
pump which supplied the boiler with water, and on that ac-
count the quantity of water rcally worked with was about
4 cubic yards, or nearly 11 cubic feet, per horse power.

Since the advent of Jocomotives and tubular boilers, many
engineers will object to this quantity of water as unneces-
sarily Jarge. The results stated, however, were from careful
experiments made purposely to see what quantity of water
was the best under common circumstances, as in this boiler,
which was not supplied with water by self-acting feed appa-
ratus, and therefore not constantly uniform; had that been
the case, and had the fire been also supplied in a similar
manner with fuel, there is every reason to believe the quantity
of water might have been greatly reduced with advantage.

The water room being thus increased, the stcam room was
of course diminished to about one-third of the capacity of the
boiler; a space found to be quite small enough even when the
engine had only half its Joad on. This evil was in some
measure romedied by a method of working, which partially
prevented the occasional boiling over or « priming over” of the
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water from the boiler into the cylinder, although accompanied
with a considerable deduction from the power of the engine,
by a process which is technically called * wire drawing the
steam,” or, in other words, *throttling” or partially closing
the passage for the steam through the main steam valve or
nozzle in the steam induction pipe leading from the boiler to
the engine; one of the effects being that in order to get the
same work out of the engine the steam required to be worked
a great deal higher in the boiler than in the cylinder. This
wire-drawing process was at one time much landed by some
advocates of high-pressure engines and steam-carriago pro-
jectors as an important discovery; it is simply, however, only
an expedient to enable an engine to be worked with too small
a boiler; and if not with an increased consumption of fuel,
certainly with increased tear and wear as well as danger of
bursting the boiler.

The above remarks on wire-drawing steam are nearly in
the same words as a similar statement in the first edition of
my * Practical Essay ; "—that statement, however, like many
others in that work, to be properly understood, requires some
modification and explanation which greater consideration and
more correct observation of results obtained by the application
of the steam-engine indicator now enables me to give. It has
been pretty well known to engineers for the last thirty years,
that great economy of steam and consequently of fuel was to
be obtained by working steam expansively, that is, by causing
the steam to be shut off some time before the piston reached
the end of the stroke, the remainder of the stroke being ac-
complished by the expansion of the steam already within the
cylinder. It is, however, not so well known—at least not so
universally admitted—that all engines working with a crank
and flywheel, if working at a good speed and with a moderate
load, have at all times worked the steam expansively, and must
necessarily do so, even without any lap on the valves or other
arrangement for cutting off the steam. This arises from the
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variable velocity of the piston, which at the beginning of the
stroke is very slow; but as the motion becomes quicker
towards the middle of the stroke, the aperture for the ad-
mission of the steam becomes too small to keep up the
pressure, and the steam in consequence expands. The con-
tinued admission of the steam, however, as the piston arrives
at the slow part of its motion again, and the crank approaches
the centre, would cause a greater expenditure of steam with-
out a corresponding advantage. Ingines, therefore, have
usually been made with a little lap on the steam side of the
slide valve, in order to obviate this defect. This is made very
plain by examining the indicator diagram of a throttled
engine working with a moderate lap on the slide, and its
action will be found to be very nearly the same as that of an
enginc working with a considerable amount of expansion
obtained by a separate expansion valve.

So much for economizing steam by working with a throttled
engine; but it will be well to look to the disadvantages thereby
occasioned with respect to the evaporative power of the
boilers, to say nothing of the danger; for it is quite certain
thdt the risk of bursting the boiler increases directly with tho
pressure. Other things remaining the same, the boiler is
also weaker as its diameter is increased; although giving a
large capacity of steam chamber need not necessarily increase
the diameter of the boiler; for, as we shall soon have oc-
casion to show, a separate cylindrical steam chamber is in
every respect more eligible. The main reason, however, why
the particular way of working the engine affects the evapo-
rative economy of the boiler is this: the more the steam is
throttled, the slower the water boils ; and, other circumstances
being the same, it is quite evident that the less rapidly
ebullition is carried on the less steam is produced, and the
more coal is wasted—an unanswerable argument against the
advocacy of great, rather than good boilers, which we shall
have further occasion to refer to.



ON STEAM BOILERS, 17

SEcTION G.—AREA OF HEATING SURFACE.

The most important consideration that affects the calculation
of the evaporating power of the boiler is the quantity of heating
surface, or surface exposed to the hot air, and the proper
method of measuring it. The usual method of estimating the
whole area of surface exposed to the hot air as heating sur-
face, has been a fruitful source of mistakes and misappre-
hensions among steam engineers: because, as heat is with
difficulty made to pass downwards to any useful purpose, it is
plain that such portions of the surface only as are exposed to
the upward action of the flame and hot air, ought to be con-
sidered as ¢ffective heating surface to its full extent. With
regard to the upright or perfectly flat vertical portions of a
boiler there may be a question, but it seems to be agreed to
by all who have attended to this subject, that at any rate the
ordinary side surface is not more than one-half as effective in
generating steam as the under surface, and we have assumed
this to be the ratio in the following calculation, which is in-
serted merely as an example of & method of computing the
heating surface, which is found to be sufficiently correct for
practice, when applied to the ordinary forms of boilers in
general use. In the boiler under consideration—

Sq. ft.
The area of the boiler bottom 9 x 83 . - . = 315
The two sides together 14 x 18 = 27, take half = 135
The two ends about 12 . . . ditto .= 60
The inside flue 14 x 3:1416 x 9 =424 ; of this
only the upper half can be considered as actual or y = 21-2
effective heating surface
722

This sum divided by 9 gives 8 square yards as the total
effective heating surface of the boiler, which is considerably
less than 1 square yard for each horse power, taking the
boiler to be 101 horse, according to Mr. Hick’s rule. This in
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part accounts for its extravagant consumption of nearly 15 Ibs.
of coal per cubic foot of water evaporated, being 1} 1b. more
than was required in our first experimental boiler, although
the coal was of the same quality in both cases.

We have, however, not yet taken into account the most
important element, if not of the economy at least of the power
of the boiler, and that is the size of the fire grate, which, being
124 squarc feet in area, gives more than 1 square foot for
cach horse power. Hence, by the area of effective heating
surface, the boiler is a little more than 8 horse, whilst accord-
ing to the area of fire grate it is above 12; therefore, we may
take the mean, say about 10-horse power, which gives about
the same proportions as the data assumed from the first
cxperimental boiler.

Tt may here be remarked that, had the situation in which it
was placed admitted, this boiler, for a 12-horse engine, ought
to have been made 12 or 14 feet long, and a little less than
b in diameter, and then il would have done as well without
as with the fluc-tube ; excepting that the lattor makes a good
stay for the boiler ends. The space fixed on for the reception
of the boiler, however, admitted of no extension in any
direction. Nothing is more difficult to arrange economically
than the packing of an efficient and durable boiler into too
limited a space. The foregoing is an example of one belong-
ing to a small work (not a cotton factory) in the centre of the
city of Manchester; and is, perhaps, the best arrangement
that could be made with the means at command, and where
the price of good coals is usually about 6s. per ton; the large
consumption of coal being the principal evil entailed by the
difficulties of the case. In some places, London for instance,
where coal is three times the above price, a different arrange-
ment is more advisable; and it may be interesting in a
practical point of view to know mnot only what ought to be
done in a similar case under such altered circumstances, but
(as T happen to have an opportunity) also to show what
actually has been done by one of the principal firms of



ON STEAM BOILKES. 19

mechanical engineers in the metropolis during the present
year (1850).

SectioN 7.—THE LoxpoN orR SmaLr CornisH BoILER.

This boiler is described in detail, and the various data
connected with it given for the purpose of adverting to here-
after. Tt is called the “ London” boiler for distinction’s sake
only; because the space in which it is placed is so very
nearly (except in height) of the same extent as that occupied
by the Manchester boiler described in the last section, and
because I consider it very judiciously arranged for mceting
the difficulties of a confined situation, such as frequently
occur in the densely-crowded localities of large citios. Tt is
on that account also a useful practical lesson for boiler en-
gineers.

Iig. 2.

The shell of this boiler is 5} feet in diameter and 91 feet
long, being 3 inches wider and 6 inches longer than the
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Manchester boiler just referred to. It has a cylindrical fire-
tube flue ruuning through it of 2 feet 10 inches diameter ;
which, like all other Cornish boilers, contains the furnace and
fire bars. These dimensions, according to Mr. Hick’s rule,
(p. 18), and the following operation by the slide rule, give
Al Gerbl | d=524+28=38
o | B.P. 14 | L = 9}

the nominal power of the boiler as equal to fourtcen horses,
or }rd more than the Manchestcr boiler, so fur as the hoating
surface is concerned.

The fire grate, consisting of 25 fire bars of Fth inch thick on
the top face, with §thinch draft spaces between cach, is 4 fect
long by 2 fect 9 inches wide, or 11 square feet in area, and it
is so arranged with a removable brick bridge that the whole
or any less area of grate can be used that is found most
cconomical, and is at present working with 3} feet length of
fire-bar, or 9 square fcet in area. The greatest rate of com-
bustion when the draft is full on is about 16 lbs. of the
best Ncwcastle coal per square foot per hour; the draft into
the chimney flue, which has no connection with any other
fircs, being at the time equal to the pressure of a column of
water of 0-46 inch high, and the actual velocity of the smoke
up the shaft about R0 feet per second.

The current of flame and hot air in this boiler first passes
from the firc through the flue tube to the back end of the
boiler, whence it returns under one side of the shell to the
front, where it crosses into the other side flue, through which
it proceeds to the chimney in a continuous or wheel draft.

In order to obtain the cubic capacity we have—

Cir. ft.
Diameter of boiler squared, or 525|" . . . = 2756
Deduct area of end of tube, Eé"ﬁf . . . = 8
Net area of boiler end . . . . 19 56

This multiplied by *7854 = 15'36 square feet, and again
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by 91 feet == 145°Q cubic feet for the capacity of the barrel
of the boiler. But there is also a steam dome or box {rom
which the steam pipe proceeds, erected on the top of the
boiler, the ostensible purpose of which is to prevent priming.

This steam dome is oval, in section 2 feet 6 inches by 3 feet
2 inches and 8 feet 103 inches high, equal to about @ cubic
feet, and making the total capacity of the boiler nearly 170
cubic feet, which is only about 10 feet more than the Manchester
boiler, and consequently, like that, it is found to be very
liable to prime. It appears also that allowing 6 inches depth
of water over the top of the flue—which is the least that ever
ought to be allowed for safety—the quantity of water worked
with is equal to about half the net capacity of the barrel of
the boiler, or 73 cubic feet; and calling the boiler 14 horse,
it gives only 52 cubic feet per horse power, or only about
half that required by the Manchester boiler, which is a rc-
markable difference. On the other hand, the steam-room is
larger, being, including the dome, not less than 7 cubic feet
per horse power.

If the heating surface of this boiler be calculated in the
same way as before, in order the better to compare it with
the Manchester boiler, and taking the inside tube flue first
—we have 28 x 3:1416 x 94 = 8335 square feet; but
taking the upper half only as effective heating surface, as
before, it is = 4177,

In measuring the side surface in all boilers set up in this
way, there is a difficulty in fixing the proper line where the
bottom surface ends and the side surface begins, but, as the
side flues are gathered in about 0 inches above the central
line of the boiler, it appears fair to consider the side to ex-
tend to the same distance below, as that would make it
equivalent to so much vertical surface.

The sides, therefore, will be 1 foot deep by 2 x 94 long,
half of which being cffective = 95 square feet.

The bottom surface will of course consist of all the rest of
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the shell exposed to the heat, except that portion occupied by
the central supporting wall ; or

525 x 81416 = 2, — 1'76, x 94 = 61'716 square feet,
which, added to the tube and side surface, gives the total
effective heating surface = 112:988. This divided by 9 gives
12556 guare yards.

In comparing this calculation with that of the Manchester
boiler (at page 17), we begin to see the reason of the great
superiority of the London one, not only in having a larger
proportion of heating surface, but in having a greater portion
of the lower part of the shell effective, principally arising from
the absence of the two supporting walls, which in the former
case confine the bottom heating surface to a comparatively
narrow strip, less, in fact, than is obtained by the top of the
flue only of the London boiler.

The general results of the above comparison show that the
London boiler, which is so very little larger, and, with the
accompanying brickwork, really goes into less space, has 50
per cent. more in area of effective heating surface, to little
more than half the quantity of water, than the Manchester
boiler. The economical results in practice are of course
found to be correspondingly great. The quantity of water
evaporated in the London boiler being considerably greater
for each pound of coal consumed,—in fact nearly double, or
equivalent to saving one-half the coal in doing an equal
quantity.of work. Itis true that a difference in the quality
of the coal used in each case no doubt contributed its share
in producing the different results, although in both cases the
best coals obtainable in their respective districts were neces-
sarily used. There were also some instructive points of
difference connected with the furnace and draft, to be adverted
to hereafter. At present we shall only remark that, in esti-
mating the heating surface, Mr. Hick’s rule of 5} square feet
of water surface or of horizontal section per horse power,
which is quite suitable 1o the Manchester boilers, that ad-
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mit of using a greater quantity of cheap coal on a larger firc
grate underneath the boiler, does not appear so applicable to
the London boiler, with its fire grate of more limited dimen-
sions withinside the boiler, and on that account necessarily
requiring a better quality of fuel. This difference of con-
struction, as respects the furnace requiring a better quality of
coal than is obtainable in Manchester, again creates the neces-
sity of alarger area of heating surface, in order that the smoke
or other products of combustion may pass off into the chimney
at the same moderate temperature in each case. On this
account mainly, there can be little doubt that siz square feet
of section per horse power would be quite as eligible for one
description of boiler as five and a half is for the other. Thus
calculated, the nominal power of the two boilers will stand
thus :—

4
Manchester +16x9 102 horse power.
55
595 . N
London . . o2 + 2;—3(& = 127 ditto.

In recommending, several years ago, an intermediate num-
ber as a divisor that will be more gencrally applicable to all
kinds of stationary boilers,—namely five and three-guarters,
or, what is preferable, perhaps, 578 square feet, which
gives exactly one square yard of effective heating surface
per nominal horse power,— I did not then anticipate so
strong a corroboration of its propricty as the above two cases
exhibit. I shall thercfore have the less hesitation in using
it in this work as the * unit of stcam boiler power,”—as well
as to urge its general adoption by English enginecrs.
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CHAPTER II.

Great Change in, with Review of, the Practice of the Manufacturing
Districts,

SEcTiON 8.—WAGON-SHAFED BOILER.

In order to examinc more accurately the proportions that
have been generally adopted in practice, in connection with
the common-low pressure condensing engine, it will be best
to take an instance of a plain wagon-shaped boiler without
any inside flue (see Fig. 3), say 20 feet long, b feet wide,
and 0 feet 8 inches dcep. This description of boiler has been
until recently in very general use throughout the manufactur-
ing districts of Yorkshire and Lancashire, and with these
dimensions it is called a 20-horse boiler, being well known to
be fully equal to supplying steam for a 20-horse engine, with
a very moderate consumption of fucl. They are also com-
monly made from 16 to 24 feet long, with the same depth
and width, being considered as many horses’ power as feet in
lIength,

Fig. 3.
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In the furnace of this 20-horse boiler the fire grate is
5 feet long and 4 feet wide, containing a set of fire bars in a
single length, each being about 2 inches thick on the upper
face, and 6 inches deep in the middle, with draft spaces be-
tween of 5 to § inch wide, according to the draft and the kind
of coal used. The grate is usually set with a fall of either
8 or 6 inches towards the back, being commonly 21 inches
from the boiler bottom at the front and 24 inches at the back
of the grate.

The boiler is always set up with a whecl-draft, that is, the
current of flame and smoke, after passing under the boiler
bottom, is made to rise up at the back, whence, returning
along one side by a brick flue to the front, it crosses the front
end, and then repasses along the other side again to the back
where it goes into the main flue which conducts it to the
chimney.

The upper part of this boiler is a semi-cylinder, and con-
tains 5% x 20 == 2 = 250 cylindrical feet, x 7854 =
196-35 cubic feet.

The lower part, if made with straight sides and {lat bottom,
would be equal to 4:166 X 5 X 20 = 416:66 cubic feet; but
the capacity of this part is reduced by about !th, owing
to the sides being made concave outwards, 5 or 6 inches on
cach side, for the purpose of obtaining greater strength for
resisting internal pressure; the bottom of the boiler being
arched upwards 10 inches, or 2 inches to each foot in the
width of the boiler, with a similar view, as well as with a
view to'equalize the action or effect of the heat radiated from
the mass of burning fuel on the grate.

Therefore 416:66 — '#ﬁ = 34722 cubic feet.

To this add the upper part = 196-35 ditto.

54357
This divided by 27 =20-18 cubic yards, which is the real
capacity of the boiler.
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Something less than half of this space is allowed for water,
and the remainder for steam. Some deductions require to be
made for stay-bars, straps, and cutters, which are always used
for strengthening this kind of boiler, leaving about 12 cubic
feet of water room for each horse power.

A rule for finding the depth of water in this boiler when
the steam and water chambers are of equal capacity is as
follows :—

Take half the difference of capacity between the lower and
upper part, and divide it by the area of the water surface,
then deduct the quotient from the depth of the lower part of
the boiler, and the remainder is the depth of water, taken per-
pendicularly over the seating plate, at the bottom of the
boiler, when the capacity for water is equal to that for steam,
and which it ought never to exceed.

In this case—

Capacity of the lower part . . 34722 cubic feet.
Ditto of the upper part . . 196-35  ditto.

2)150-87

Arca of water surface (5 x 20 =) . 100)756'48 = half diff,

Quotient . . ‘7543
Subtract from depth of lower p'ut . 4-1666
temainder in feet . . 34128

12

And inches . . . 49476

IIcnce 8 feet 5 inches nearly is the depth of tho water.

The brickwork of the side flues is gathered in 3 inches
below the surface, hence the depth of the side surface is about

325 feet, or measuring by the curved surface about 85 feet,
and the total area of both sides = 3'5 x 40 = 140 square
feet. The total area of the two ends of the boiler below the
tops of the flues is about 28 square feet—less by the area of
surface covered by the brick arch over the furnace mouth
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(about 8 square feet), and by the brickwork at the back, which
divides the ‘“uptake” from the side flue (about 2 square
feet), leaving about 23 square feet, which, added to the side
surface, gives 163 square feet for the total area of vertical
surface ; but, as we have already seen, only one-half of this
can be considered as effective heating surface—it is only
equal to 81} square feet, or little more than 9 square yards.
The area of the boiler bottom, measured by the curved
surface, amounts to 94 square feet, or about 104 square yards,
which is all effective; hence the total effective heating surface
of the boiler is about 194, or say nearly twenty, square yards.

SEcTiI0N 9.—Di1sADVANTAGES AND Disusk or THE WagoN
BoiLgR.

The kind of boiler just described has been in such general
use for so many ycars, and in consequence become so
well known, that this collection of undisputed data in refer_
ence to it will be useful to refer to, as a standard to guide us in
the estimation of the probable effects to be produced by the
introduction of new forms. Up to the year 1830, when the in-
vention of the railway locomotive created such a revolution
in steam engineering, the wagon boiler was all but universal
in the cotton manufactories of Lancashire, as well as being
very general throughout the whole of the manufacturing
districts of England and Scotland. In the year 1840 I had
occasion 1o ascertain that about fths of all the boilers
at work in the immediate neighbourhood of Manchester were
of the wagon shape. The additional increase of new boilers
introduced into cotton factories during that interval, in order
to meet the tendency to work at higher pressure, being
generally either of the flued cylindrical kind already described,
or of the kind called the Butterly boiler, or fish-mouthed
boiler, a modification of the Cornish boiler, excellently adapted
to the inferior coal and necessarily large fire grates of Lan-
cashire. In the paper-making, bleaching, and printing works,
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the introduction of the plain cylindrical or barrel boiler of
great length more generally prevailed; while during the
same period the old-fashioned “ lkettle boiler,” or haystack
boiler of Smeaton, then so commonly used in the collieries
throughout Lancashire and Yorkshire, as it is to the present
day in Staffordshire, was slowly being replaced by the egg-
ended cylinder boiler, which had been many years previously
generally used in the collieries of Northumberland and
Durham.

Since the year 1840, however, the old wagon-shaped
boiler is very fast disappearing from the manufacturing dis-
tricts, no necw ones being now made ; and as the average age
of a wagon boiler when worn out may, I believe, be stated to
be about 20 years, it follows that at the present time, 1850,
there cannot be so many left in a good enough state of repair
to act as criterions of comparison. Conscquently, as the
science of boiler engineering is in this transition state, it may
be worth while going more particularly into some details of
our subject in this place, with a view to show the importance
of obtaining a good proportion between the various dimensions
of the boiler and the horse power of the engine it is
intended to be applied to, by pointing out the particular evil
cffects that have generally ariscn when some of the above
proportions have been materially departed from.

The dimensions just given of a 20-horse wagon boiler
have been frequently departed from in respect of depth, say
from 6 to 8 feet, without making any great difference in the
evaporating power, so long as the bottom surface and area of
fire grate remained the same. Its evaporative economy, how-
ever, was slightly increased by increasing the depth of the
side surface and narrowing the flues.

This Doiler has also sometimes been made with flat sides
instead of being concave outwards; but the alteration always
appeared to me to be detrimental, owing to the hot air in the
side flucs not acting so effectually in a lateral direction as
when it is allowed to impinge wpwards, although the surface
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against which it acts may be ever so little inclined towards
the fire. Besides, the flat sides increased the capacity of the
water chamber, thus causing a waste of fuel in the first got-
ting up of the steam, on account of the greater quantity of water
required to be heated. The celebrated Mr. Murray, of Leeds,
was accustomed to make his wagon boilers flat sided, and of
less depth than Boulton and Watt, and gave as a reason that
he merely considered the side flues as an air casing to the
boiler to prevent the dissipation of heat by conduction; thus
placing very little value on hot air as a steam generating
agent. Yet Murray, it is well known, was eminently success-
ful in his practicc as a steam enginecr, and onc of the most
formidable rivals of Watt; but it must be remarked that, like
onc of his disciples, Mr. Hick, he took the precaution of giving
a so much larger proportion of bottom surface.

Section 10.—ON SmALL Furnaces axp ExcEssive FIRING.

There are many circumstances which occur to alter both tho
power and economy of a boiler in the setting of it up or in the
construction of the brickwork, Ior instance, the seating walls
on which the boiler rests are sometimes made 9 inches thick
instead of 4 or 5; thus reducing by so much the area of the
bottom surface. At the same time, the fire grate is perhaps
reduced 6 inches on each side; thereby, instead of one square
foot per horse power, making it only about three-quarters of a
square foot per horse; and, although this is supposed to be
the proportion of fire grate allowed by Boulton and Watt, and
quite sufficiont, as it is, for Newcastle coal, it is notoriously
insufficient for the common description of coal used in the
factories of Yorkshire and Lancashirc when the engines are
fully loaded; unless, indecd, thin fire bars and a fire-feed-
ing machine, or an extraordinary draft, are used.

It is certainly true that a boiler so constructed and set up
with Boulton and Watt’s proportions, will make sufficient
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steam to work a good 20-horse engine with moderale economy
of fuel ; but it is always found that should the engine happen
to be temporarily out of order, or overloaded for a short time,
80 as to require one-half as much more steam than usual, such
a boiler then requires what is technically known as ¢ hard
firing,” the evils of which are manifold,—too numerous, in
fact, to describe in any one place in this book; oue of the
principal objects of this work being to abate those evils by
pointing out the means of removing the cause. One of the
first results of two or three weeks’ ¢ hard firing” is that the
boiler becomes * burnt out™ in that part of the bottom which
is immediately over the back part of the fire grate. Indeed,
this result is always produced sooner or later when a boiler is
too little for its work, and is no more than ought to be
expected when we endeavour to get steam with a small fire
urged to act with great intensity, rather than with a large
one at a lower temperature.

In order clearly to elucidate the causes concerned in mis-
managing the setting up of boilers, as well as their mis-
management afterwards, we may remark that when a boiler
bottom is “burnt out,” as it is called, Ly hard firing, it is
seldom or never, perhaps, that a hole is burned through the
boiler bottom at one spell; or, if so, an explosion would be
the almost certain consequence. The meaning of the phrase
“ burnt out” is that the “ nature of the iron is burnt out,” or,
in other words, we find certain portions of the boiler bottom,
against which the flame impinges with undue intensity, to be
converted from good tough malleable iron into a state that is
short, brittle, and weak. The thing gencrally commences
and goes on in this way :—when, from whatever cause, the
engine keeper finds his engine short of steam, the fire-
man's well-understood business is, to push the fires a little
harder, which can only be done by more frequent firing; this,
however, soon has its extreme limit in the greatest possible
evaporating power of the boiler, or that point at which the
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production of steam would be just as much retarded by any
increase in the number of times the fire-door is opened and
cold air admitted, as it would be promoted by the more
frequent supply of fuel. The only resource then is, larger
charges of fuel at a time, constituting what is called heavy
firing, and its attendant evil of frequent stoking. When a
fire is thus urged to its greatest intensity for a few days,
serious injury soon begins to manifest itself by what is called
“a coming down of the boiler bottom;” that is, the arched
bottom graduslly assumes a flat or depressed form about a
foot in front of the bridge, and extending from side to side
across the furnace, thus forming a kind of ridge projecting
downwards to the fire; which, at the same time, drags down
into an inclined position the adjoining portions of the boiler
bottom on each side of it. Now it is in the narrow strip of
iron, usually not more than an inch or two in breadth, forming
the bottom of this ridge or protuberance, where we find the
iron permanently injured in the way described. Frequently
the injury will not extend beyond & single plate, especially if
the plate be a little thinner than the adjoining ones. In that
case a segmental or hemispherical protuberance or dish is
formed, which, as the men term it, comes rapidly « to a head,”
from the circumstance of its tendency to collect any deposit
that may be in the boiler. Indeed, the fact of these dish-like
receptacles being commonly found with dirt or other matters
in them, appears to have led most engineers quite astray as
to the first cause of their production, ascribing their first
formation to the accidental presence of such matters, instead
of looking on them as the effects produced, or at most second-
ary causes only.

The true theory of the matter has always appeared to me
to be very plainly pointed out by the fact, which may be safely
assumed, that whenever a plate is thus overheated, the
generation of steam has been so rapid over that particular
place as in a great measure to drive the water away from the
surface of the plate; or at least such a degree of repulsion of
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the particles of the water is effected as to prevent that imme-
diate and intimate contact which is necessary to keep the iron
as cool as the water over it. Now the natural sequence to
this state of things is easily inferred; not that the iron will
get red hot, perhaps, which is in fact not required to produce
the phenomenon in question, but examinations of the iron in
those cases generally show that a blue heat has been produced,
a temperature something exceeding what is called the maxi-
mum evaporating point, and considerably exceeding the tem-
perature of the iron necessary to effect the repulsion of the
water we are speaking of, which has becn stated by M.
Boutigny, of Evreux in Irance, who has taken great pains to
investigate the subject, to be as low as at 350° of Fahrenheit ;
while the water in the boiler may be only 250°, or less. This
repulsion may continue for a few seconds only, while the
softencd plate is exposed to the pressure of the steam forcing
it down in the way described; at the same time, from the
agitation and boiling of the water, the heated part is con-
stantly exposed to the washing of the water over it; thereby
alternately heating and cooling the part which we eventually
find “ burnt out.”

SuerioNn 11.—GENERAL MISMANAGEMENT oF DOILERS AND
TravE or BoiLer MAakING.

Tt most frequently happens, when a boiler bottom is
burnt out in the manner above stated, that the proprietor,
instead of causing an investigation into the circumstances of
the whole case, including his own orders perhaps to overload
the engine or to use an inferior kind of coal, immediately
sends for the boiler malker, or rather boiler mender, when,
after some talk about bad iron, bad or dirty water, and being
short of water, the injured plates are cut out and replaced
with new ones. 'The Uricklayer replaces his bricks and
mortar precisely as before, when, as the same causes continue,
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of course a similar rupture takes place before another month
is over; again-the same tinkering process is resorted to, and
after a few rounds of this kind, when the expense of repairs
has amounted to nearly as much as might have purchased a
new boiler, to say nothing of the trouble and confusion as
well as the interruption of work necessarily attending such
jobs in n regular factory, the wearied proprietor at last
sends for another boiler maker, the old boiler is then con-
demned and a new one ordered in its place. All this takes
place simply for want of removing a few unnecessary bricks
from the sides of the fire-place, and taking carc not to put too
many coals on the fire at a time.

Frequently a 30 and sometimes a 40-horse boiler is ordered
to replace one of 20-horse power. DBut when the new boiler
is to be set up, it commonly happens that the same want of
knowledge is evinced by both boiler maker and bricklayer as
in the case of the first. Occasionally T have known the very
same fire grate used to the new boiler that caused all the
trouble at the old one. Nay, 1 have known instances where
a smaller grate has been recommended by first-rate engineers
to a larger boiler, on the ground that the increased quantity
of heating surface would render a less quantity of fuel neces-
sary, and therefore a smaller grate ;—which appears fcasible,
but is only partly true on the supposition that the grate had
been previously so large as to make it difficult to keep it
covered with any smaller quantity of fuel, which is contrary
to the case supposed.

There is one thing which cannot be too strongly impressed
upon the minds of engincers who are called on to give
opinions in difficult cases of this kind. It is that the evapo-
rative power of a boiler ought not to be confounded with its
evaporative economy; the former corresponding to the quan-
tity of steam it is capable of producing without injury from
over-firing, irrespective of its economy, and is entirely depend-

ent on the area of the fire grate; which, other things re-
c3
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maining the same, limits the utmost evaporative power of the
boiler.

When a large boiler is set up in place of a small one, any
saving produced by the greater extent of heating surface is, in
factories, often counterbalanced by the extra consumption
required in getting up the steam every morning, on account of
the larger quantity of water it contains. Generally speaking,
if there is a sufficicnt supply of steam while the boiler is at
work, all parties are satisfied; and although the consumption
of fucl may be larger than it ought to be, it is seldom found
out immediately, or if so, it is easily laid to the account of the
newness of the brickworlk, and before correct opinions can be
formed of it, many other changes are liable to occur to take
the blame from the unnecessarily large boiler; of instances
that have occurred within our knowledge we may enumerate a
few ; namely, the fireman may have been changed—1ihe coal
has been obtained from a different quarter—some alteration
has again been made in the engine, or in its load—the oil
for the machinery driven by the engine is different—the
weather may be colder and require more steam to heat the
factory, or it may be wetter, and the atmospheric pressure
low, consequently the draught of the chimney will be worse
than usual, nay, the weather may be too warm where there
is a scarcity of condensing water, and consequently the vacuum
of the engine will be impaired ; and in short, where there are
go many circumstances liable to daily variation, it rarely
happens that the exact state of the case is ascertained even by
those immediately interested.

It may, and indeed is, very frequently said that it is always
advisable to have plenty of boiler room at the commencement,
cven if the consumption of fuel should be increased 5 or 10
per cent. ; which is certainly not much in a small concern, say
20 to 40-horse power, when set against the convenience of
having it in your power at any time of adding 8 or 10-horse
power to your engine, by putting in a larger cylinder. But,
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if we oonsider the setting out of new establishments upon the
immense scale of many recently set to work in the cotton
spinning district, where the expense of fuel frequently amounts
to two or three thousand pounds per annum, a saving of only
5 per cent. is not a trifle to be overlooked ; to say nothing
of the absurdity of laying out large capitals upon mere guess-
work principles, or at least in such a manner as to make
extensive alterations in the boilers and engines a matter of
almost certain expectation before the concern is fairly at work.
So far at least as the size and number of thd boilers are con-
cerned, it is a notorious fact that a great majority of the
newly-erected cotton works in Lancashire have had to un-
dergo such alterations.

When the capitalist or manufacturer is about to erect new
works whose moving power is steam, unless he be a man of
sufficiently comprehensive mind to bave a general practical
knowledge of the various trades of builder and bricklayer,
engine and boiler maker, millwright and machine maker, as
well as that of whatever business his factory is designed for,
let him be his own architect and engineer, and it will be in
vain for him to expect anything like a scientific execution of
his plans, although his general design may be ever so judi-
ciously arranged.

The two trades of engine and boiler maker are usually com-
bined in the same party, but in Lancashire it is far from
being general, except in those establishments that are very
extensive ; boiler making being now considered nearly as
a separate trade, which circumstance, perhaps, as much as
any other, was the cause of the present investigation of the
subject.

There is one custom which has a great tendency to retard
improvement in this branch of business, and that is the pre-
valent one of contracting for the making of boilers by weight
instead of so much per horse power, as is the practice of the
engine maker. This custom is general, and is a direct in-
ducement for unprincipled makers to compete with each other
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until there is not enough profit left to repay even so little
skill as is required to make the most ordinary rough draft
on paper of the article wanted.

When a manufacturer wishes to give an order for a new
boiler, he commonly first ascertains the price of iron per cwt.,
and also the rate of wages per cwt. for making, and he has
then only to find out some master boiler maker who will
admit of being squeezed down to the minimum of profit, and
he may then expect the natural consequences of competition ;
namely, & much Jarger boiler than is necessary, besides being
a great deal heavicr than it ought to e even for that large
size. A heavy boiler has also other faults that are more
serious, arising from the difficulty of riveting by mere
manual Jabour very thiclk plates of iron, so as to be perfectly
water-tight, without the use of various cements to prevent
leakage, such as red lead and iron borings. There is also a
very reprehensible practice of making use of a wash for the
purpose of rusting the iron in the imperfectly filled rivet-
holes and unclosed joints of the plates. By using a solution
of sal-ammoniac for this purpose, a coating of oxide or rust is
given to the inside of a boiler, in a few days, sufficient to pre-
vent leakages until the boiler has been a short time at work,
when a little dirt or incrustation comes to assist the rust in
forming a more permanent covering. This, when once formed,
becomes a regular Iining or shield of non-conducting sub-
stance between the heating surface of the boiler and the
water which is to be heated. Thus it is that the unsuspect-
ing manufacturer comes to be furnished with what he con-
siders at the time to be a cheap boiler.
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SectioN 12.—ON ENLARGING THE FURNACE AND LENGTHEN-
ING THE BoOILER.

When a wagon boiler is found to have insufficient power, it
frequently admits of a very effectual remedy by lengthening
the fire bars; and when thc seating walls are unnecessarily
thick, by widening the furnace throughout. A great portion
of the brickwork on each side may be removed by support-
ing the boiler on six or cight cast-iron blocks or short
columns, and with mercly a brick in breadth wall to divide
the flame bed and furnace from the side flue.

When this plan is done carefully, it is always followed by a
great increase in the evaporating power of the boiler, without
requiring any great addition to the area of the fire grate.

Fig. 4.

R
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In effecting this alteration care must be taken that the
enlargement of the fire grate does not injure the draft, other-
wise a contrary effect to that expected has sometimes been
produced, particularly where the chimney is small and no
surplus draft at command. In such a case it is necessary
to diminish by a small amount some of the spaces between
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the grate hars, in order that the total area of draft space
may not be increased in so great a proportion as the area of
the grate itself. The easiest way of effecting this is to chip
or plane off one side of the heads of each of about half a
dozen bars at the sides of the grate, leaving the largest draft
spaces towards the centre of the fire; and if there are two
lengths of bars, confine the operation to the first length, by
which means the combustion will be more rapid where other-
wisc the coals are apt to accumulate.

It has been already remarked that the evaporating power
of a boiler is always found to be, other things remaining the
same, in proportion to the area of the fire grate; and to this
may be added, the evaporative economy of a boiler is always
much increased by any increase of heating surface imme-
diately over or very near the fire, the area of the fire grate
itself remaining the same, or in some cases even diminished.

There is another fact connected with this part of the subject
which must have strack any one who has been at any consi-
derable pains in making observations, which is, that the heat-
ing surface very near to, or over, the fire grate is so much more
effective than those portions of the boiler which are beyond
the occasional reach of the flame, as scarcely to admit of any
comparison.  Certain it is, that 2 or 3 square feet of ad-
ditional surface over the hottest part of the fire grate makes
a considerable improvement in the power as well as in the
cconomy of a boiler, while as many square yards of surface
added to the contrary end has scarcely any perceptible effect
at all, provided that the proportions of the boiler in other
respects remain the same. It has been found that when
boilers of 20 feet long have been lengthened by 10 feet, the
addition has made scarcely any difference in the evaporating
power, while the fire grate remained the same, and the sav-
ing of fuel, if any, has only been very trifling. It ought,
however, to be stated, that those instances were confined to
the generally open burning coal of Lancashire, and to the
Lancashire practice of thin firing and no stoking; and it
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may be doubted whether the same results would be obtained
where a more bituminous coal, together with the barbarous
practice of stoking, are used. In one particular instance I
recently met with in that county, a large boiler, constructed
on the Cornish principle, of 30 feet in length, was made 15
feet longer with very little or no improvement in either power
or economy. Again, I have seen a boiler cut down from 104
feet in length to fifty, without any sensible diminution in ity
evaporating power. In this case, both before and after the
alteration, the temperature of the air and smoke escaping
into the flue of the chimney was so considerable as to causo
water to boil in an open vessel very readily.

Those who are not aware of the great extension of steam
power in Lancashire during the last 20 years, may be sur-
prised at the existence of steam boilers of such a large size
as the one just mentioned; I may therefore state that the
instance above mentioned occurred at the extensive paper
works of Messrs. Crompton, of Ringley Bridge, near Man-
chester; and that several boilers of 60 and 70 feet long may
be met with in the same neighbourhood. There are also a
few instances of very large boilers in factories; one boiler
in particular, worked some ycars in a cotton mill in Manches-
ter, which may be mentioned as probably the largest boiler
in the world : it was a cylinder of 8 feet in diameter and 90
feet long, with a flue tube running through its whole length;
and if it could have been properly fired, would have becn
about 200-horse power.
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CHAPTER III.

On Proportioning Surfaces, Capacities, and Fire Grates, with Rules and
Calculations.

SEcTION 13.—PROPRIETY OF ADOPTING A SQUARE YARD
orF SURFACE FoR EACH Boirrr Horse Power.

Froxt what has been already stated there cannot be a doubt
that an effective heating surface of nine square fecet in area,
together with one square foot of surface of fire grate, is in any
case quite sufficient for each horse power.

It appears also from the two practical examples given (sec.
5-7), that whilst one square foot of firc grate per horse power
was barely sufficient under difficult circumstances, and with
the inferior coal of Lancashire, it was more than sufficient
under similar circumstances in London by just so much as
the Neweastle coal used in the latter case was superior to the
former. Yet in both cases the proportion of one square yard
of heating surface per horse power appears equally cligible;
giving as it does a proportionately greater extent of heating
surface per unit of fire grate, as the heat-producing power of
the coal uscd in one case excceds that in the other.

Where it is expedient to fix on a convenient round number
for a nominal measure of effects expected to be produced by
similar causes acting over certain areas of surface, as the fire
and flame do against the bLottom and sides of a boiler, it is
not easy to conceive more reasons all pointing one way than
in this case point to a square yard as the natural unit or
measure of a steam-boiler horse power.

Although this unit measure accidentally occurred to us at
the commencement of our steam-boiler experiments in the
way previously described, we happen to know that it has been
generally approved by others; and as no one else has pro-
posed any other, that we have heard of, we have the less hesi-
tation in finally adopting it in this work.

The convenience to practical men of adopting round num-
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bers as unit measures, when they come pretty near the ac-
tual values, in all results that only admit of being estimated,
is so great, that some, perhaps, may be induced to suspect
that we have strained the facts a little on purposc to make
them fit the rule. If so, it is only necessary to mention that
the rule has been published for more than & dozen years
past, whilst the remarkable coincidence of the two examples
referred to in corroboration of its being at least ncar the
truth, is only of very recent occurrence; one of the boilers
having been made within the last few months. Besides, it
may be sufficient to state that general rules and proportions,
closely approaching the above, have been notoriously in use
a great number of years, and the facts corresponding with
them are easily proved.

Although any simple methodical system of stating the com-
bined results of calculation and observation is highly to Le
valued, as being conducive to the ready apprehension and
easy application of most useful knowledge, we ought not to
be such sticklers for mere methodism as to risk the smallest
deviation from truth, when the latter admits of correct ascer-
tainment. In physical problems, however, especially of the
nature of those now treated on, there is an absurd refinement
of figures and fractions too frequently to be found in the re-
ports of some of our railway and other engineers. This is
especially the case in recording series of observations, for the
purpose of obtaining averages, or striking a mean in the ordi-
nary way, which may be easily tested by any one, when the
useless exactness of minute fractions, while there are errors
in the integers, becomes immediately evident. This ultra
oxactness increased greatly with the railway mania, and can
be useful in nothing, saving perhaps “cooking accounts,” for
it practically produces more error than the actual errors of
observation themselves are gencrally capable of doing.

For the above as well as other reasons which could be ad-
duced, engineers generally are respectfully urged to sanction
either this or some other moasure, equally feasible and con-
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venient, as the unit of steam boiler horse power. Like the
steam engine horse power, it is not at all necessary that it
should Le an absolute exact average of the power of a living
horse, but as near an approach thereto as to enable any one
not conversant with the details of the subject to have a ready
apprehension of its meaning as an estimate of power, and at
the samo time a tolerably correct idea of the force capable of
being produced by the boiler indicated by it. For this pur-
pose it is also expedient that, whatever difference there is
between the calculated boiler horse power, and the real horse
power, the error should be in excess on the side of the boiler,
as is the case with Watt’s stecam-engine horse power, which is,
8s every ore knows, much more than the strongest horse can
do for any considerable length of time.

This standard of Watt'’s for the steam-engine horse power
bas been vainly endeavoured to be altered ; but the compara-
tive incongruity of all other mcasures that have been pro-
poscd have been at once seen and repudiated.

SrcTiON 14.—PROPORTTIONING THE FIRE GRATE TO THE
HEeATING SURFACE AND THE QUALITY oF THE COAL.

As has already been observed (sec. 12), when a boiler does
not produce a sufficiency of steam, we have in many cases
only to cut away the side walls of the furnace, and thus, by
increasing the width of the fire grate, considerably augment
the power of the bLoiler. This simple and inexpensive plan
of enlarging the furnace and fire grate has been carried
out in very many instances to the extent of increasing the
evaporating power of a boiler to nearly double that which
the quantity of heating surface would otherwise warrant, and
without any very material increase in the ratio of the fuel con-
sumed to the water evaporated.

There are also abundant opportunities of proving that,
with the ordinary engine coal of Lancashire, it is difficult to
keep steam with less than a square foot, and with Newcastle
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coal three-quarters of a square foot, of fire grate per horso
power, whatever amount of heating surface there may be;
which, taken at one square yard per horse power, gives us
in the former case the proportion of nine, and in the latter
that of #welve square feet of effective heating surface to each
foot of fire grate.

It is not meant to be denied that a greater proportion of
heating surface to fire grate than either 9 or 12 to 1, which
we have assumed, would be more economical in theory, but it
would be so in theory only, and not in practice. Indeed, if we
follow theory only, it may be doubted whether & ratio of
100 to 1 may not be nearer the correct proportion, for it
is evident that the hot air or smoke ought not to pass into
the chimney until it is deprived of its power of generating
any morc steam; or, in the language of the chemist, * until
it has imparted the whole of its superabundant caloric to the
water,” always excepting so much as is required to cause &
good draft in the chimney.

In accordance with correct scientific theory, the hot air
ought to be kept in contact with the boilers until reduced
to R12°% or to such a temperature as corresponds with
steam of the required pressure, which for a low-pressure
engine would seldom be much above 220°. This may appear
to some to be a good point of theoretical perfection to be
aimed at, but it is a very fallacious one; and the greatest
possible absurdities have been frequently committed by at-
tempting it in practice. There is nothing to be obtained by
any extension of the heating surface beyond certain limits,
which fall very far indeed short of tho point mentioned. In
fact, I have met with very few instances of successful practice
where the temperature of the gases leaving the boiler has
been less than 400° to 500°, whilst I have found many cases
of very great economy, both with the Lancashire and the New-
castle coal, where the temperature of the smoke (and black
smoke too) passing into the chimney has been equal to melt-
ing lead, or above 600°.
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Now, when I say that nothing is to be gained by an ex-
tension of the boiler surface beyond the limits indicated, I
mean, that the saving would be less than the simple interest
of B per cent. per annum upon the cost of the extra boiler-
plate, and other contingent expenscs required for such ad-
ditional extension of heating surface. The small saving of
fuel is admitted, but in practice it costs more than it is worth ;
and herein engineers may see an example of many cases in
which theory not founded upon experiment and observation
is at variance with practice ; the scientific theorist will not
admit the truth of anything which there is not a good reason
for, while the practical man, quite as dogmatically, but with
Letter reasons for being so, refuses to adopt any plan which
has not been found to answer, whether thcre is a reason for
it or not.

Tt is evident that there will be a different ratio of heating
surface to fire grate, suitable to the different qualities of fuel,
but we are now speaking of the average quulity of engine
coal used in the manufacturing districts. With that, and the
fire managed in the ordinary way, the result of my experi-
cnce is, that 9 square feet of effective heating surface for each
squarc foot of fire grate is sufficient to enable us to make
such an arrangement of the forms of all the simpler kinds of
boilers as in all cases to reach the full limits of real practical
economy-.

The best engine coal about Manchester is generally just as
it comes from the pit, containing all the small and inferior
coal, dirt, &c., which is usually left in"the mine when house-
fire coal only is wauted. The worst coal is commonly called
“ Burgey,” and is of various qualities ; it generally consists of
the tops and bottoms of the seams, together with other refuse
coal that is left after the house-fire coal is mined. It does
not require a larger fire grate than the best, but it is found
to require a much better draft. It is not so good as ¢ slack,”
which is riddled from house-fire coal, cspecially when the
latter is put on by the firing machine.
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The best Newcastle coal supplied to the London market for
engine purposes appears to me to be the different Hartley'’s ;
which I find requires about three-quarters of & square foot of
grate for each horsc power at the same time ; a square yard of
effective heating surface per horse (or in the proportion of 12
to 1) seems also capable of absorbing the heat produced suffi-
ciently to reduce the temperature of the gases, leaving the
boiler to the same degree that was found most economical in
Lancashire, namely, below the melting point of lead. It is
lighter and burns well with less draft than the best Lan-
cashire coal.

For Welsh coal and some others the fire grate will bear a
smaller ratio to the heating surface ; and for coke the least
of all.

Whatever may be the amount of heating surface in a
stcam boiler, the quantity of steam to be obtained from it
will of course depend entirely on the area of the fire grate
being proportioned to the quantity and quality of the coal
which has to be consumed upon it. Conscquently, if we find
o boiler manifestly too small for producing the quantity of
steam that may be required, the object is at once accomplished
by enlarging the fire grate in the way already pointed out,
when any quantity of steam may be obtained that the draft
of the chimney will adwmit of, although with a less degrce of
cconomy in fuel; therefore such alterations are only to be
rccommended in urgent and exceptional cases.

In practising this method of increasing the evaporating
power of boilers, I always found that the maximum ecffect was
produced when the area of the fire grate was increased in a
somewhat greater ratio than the effective heating surface was
diminished ; that is, if a certain effect is to be produced, say,
for example, an evaporating powcr equal to the supply of a
20-horse engine, which we have seen requires 20 square yards
of surface, but if from mal-construction of the boiler or other
circumstances we have only 18 yards, then the furnace for
burning Lancashire coal will require to have o fire grate of
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rather more than 22 square feet in area; or should the
heating surface be only 16 yards, then the fire grate will be
required to be more than 24, in fact about 25 square feet.

It is not that any such great nicety is always required as
is set forth in the above proportions. For in effecting altera-
tions for increasing the power of the boiler that is short of
steam, the best way is to get all the increase we can, and if
too much, trusting to the damper as the most profitable means
of diminishing it. But after an alteration is effected, it is
sometimes of use to know at what rate we ought to work the
boiler at, in order to produce the greatest cconomy it is
capable of under the circumstances. This is more especially
of use when a number of boilers of different powers are work-
ing in conjunction, in order to avoid working too hard, and
thereby, 88 it commonly happens to the most willing horse in
a team, over-firing and injuring perhaps the best boiler of
the set.

For this purpose I have been in the habit of using the
following empirical rule, which is derived from the observa-
tion already made, that in the case of a 16-horse boiler having
8 25-horse fire grate, it is always safer as well as more eco-
nomical to work it rather below than above the arithmetical
mean letween those two numbers (204); therefore the geo-
metrical mean (20) was adopted. An additional reason for
adopting the geometrical rather than the arithmetical mean,
may also find favour with some who, like myself, may have no
abstract love of squares and square roots,—it is the fact, that
the operation on the slide rule for finding any of the threc
numbers in question is in the former case the simplest of
the two; as we may now proceed to show.
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Swrorton  15.—RurLes wor wINpiNe THE Homst Power,
THE AREA OF FIRE GRATE, AND THE ARrkA oF ErrFEcTive
HEATING SURFACE, USEFUL IN ALTERING OR RESETTING
Orp BorrLErs.

Let s = the effective heating surface in square yards.
¥ = the area of the fire grate in square feet.
P = the horse power of the boiler.
Then, using the inverted slide-rule or common rule with
the slide reversed, it must be set as follows :—

A | Horse Power =7 | Fire grate in sq. feet = ¥

o | Horse Power = | Heating surface in sq. yards = s

Suppose, for example, that we have 16 square yards of
effective heating surface in & boiler, with a fire-grate of 25
square feet, and we wish to know the most suitable rate to
work the loiler at. Then place s = 16 on o, against ¥ =
25 on 4, and looking to the left hand, the first two divisions
of the same value that coincide with each other (which are those
of 20) represent the horse power, as in the example below.

P =20 | ¥=23 sq. fect.
p=20 | s = 10 sq. yards.

A
ST

Again, suppose that a boiler is intended to drive a 30-horse
cngine, but it has only 25 square yards of surfuce, and the
area of the fire gratc is required. Then placc 30 = the
horse power on 0, against the same number on 4, and looking
to the right hand, you will find, against 25 yards of surface on
o, the answer to be nearly 36 square feet upon a for the area
of the fire grate; and in like manner against any number
expressing the square yards of effective heating surfuce on
o, you will find the number of square feet of fire grate most
suitable for the given power upon A. In short, the inverted
line ¢ represents a table of 80-horse boilers with various
quantities of surface, and the line A represents a table of
areas of fire grates corresponding to those surfaces.
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A | 80 | Fircgrates 81 34 36 389
“o | 80 | Surfaces R0 2G4 25 23

The rule, when thus set, exhibits at a glance the various
ways in which a 30-horse boiler may be set up.

It will be seen that any one of these three principal data
respecting boilers may thus Le found when the other two are
given, by any workman in the possession of a slide rule; and
it is for his use only that these examples are given.

As rules and examples of the arithmetical operations for
the foregoing questions may be useful to a large class of
workmen who may wish to exercise themselves at figures,
they are also added.

Rutk 1. To find the maximum horse power at which to
work a steam-cngine boiler that is not well proportioned.—
Multiply the arca of the fire grate in square feet by the arca
of the effective heating surface in square yards, and the square
root of the product is the horse power required; provided
always there is not less than 1 square foot of grate for each
yard of surface.

Ezample 1. Suppose a boiler to have 16 square yards of effec-
tive heating surface, and a fire grate of b feet square, or 25
feet in area: required the maximum horse power at which
to work the boiler with Lancashire coal, in order to have as
little waste as possible

Area of fire grate . . . ) sq. feet.
Ditto of surface . . . 10 sq. yards.
150
R}
Answer.
Product . . 400(20-horse power.
400
000

Now if, instead of Lancashire coal, as in the above ex-
ample, we supposc the same boiler to be worked with either
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the best Welsh or with American cosal, which we may sup-
pose, for comparison sake, to be of double the strength of the
Lancashire coal, or, in other words, that instead of requiring
a square foot of grate per horse power we find half a square
foot sufficient,—then the same question may be stated in this
way:i—

Example 2. A boiler baving 16 yards of surface, has a
b0-horse fire grate, required the power it may be worked at
without waste.

Area of heating surface . . 16 square yards, as before.

Horse power of fire grate , 50

Answer.

800(28 28 sq. root, or horse
povwer required.

48)400

384
562)1600
1124

5648)47600
45184

In the same manner, similar operations may be performed
for other fuels, using the number of horses’ power that the
fire grate would be equal to according to the value of the
fuel used, instead of the area of the grate itself.

RuLe 2. To find the proper area of fire grate most
suitable for working a steam boiler, with a deficient
heating surface, in order to drive an engine of any given
number of horses’ power.—Divide the square of the given
horse power by the square yards of effective heating
surface, and the quotient is the area of the fire grate
in square feet for Lancashire coal.

When any other coal is used of a different quality, then
divide the last quotient aguin by a number corresponding
with the quality or value of the coal used, when the Lan-

D
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cashire coal is called 1, which will give the proper area of
the grate in square feet.

Ezample 8. Suppose a steam boiler has 16 square yards of
effective heating surface, what must be the area of the fire
grate to enable it tq drive a 20-horse engine with the greatest
economy in Newcastle coal ?

Horse power . 20
20

4)400 sq. of the horse power.
Surface, 16 —_—
4)100

Square feet 25 area of fire grate for Lan-
cashire coal.

Again, if we consider Newcastle coal to be ird better
than the average of Lancashire taken as unity, its value will
be expressed by 13 or 1-33; therefore,

1:38)25-00(18 7 area of fire grate for New-
1838 castle coal.

1170
1064

1060
931

SecTION 16.—ON THE CAPACITY OF THE STEAM CHAMBER.

Before going further into the general principles that govern
the form and construction of the steam-engine boiler, we have
an element to take into consideration of not much less im-
portance than the heating surface already disposed of, and
that is, its capacity for steam and water, but more particularly
for steam.

The proper capacity of the steam chamber or steam chest,
has been much less considered by engineers than the area
of heating surface. Indeed both theoretical and practical
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men have generally agreed in this matter, as they occasionally
do when they are both wrong, to think it of little consequence.
‘We shall, however, soon see what blind guides a little reason-
ing upon a limited observation of facts is capable of making.

If, instead of the ordinary steam chamber of a boiler, we
have a detached steam chest or close box or vessel, containing
a permanently elastic gas, or even steam itself separated from
water, allowing its temperature to remain the same, and sup-
posing a communication to be made, by means of a cock or
valve, with a second vessel of the same capacity as the first,
and quite empty, then, as soon as the second vessel becomes
filled with the expanded steam, it is evident that by occupy-
ing double the space the elastic force of the steam will be
reduced exactly one-half; the resulting pressure being always
inversely as the expansion. Now, if we further suppose the
first vesscl to be constantly receiving a uniform supply of the
steem, we can obtain a rule for making the two vessels in just
such proportion to cach other as will keep any variation in
the elastic force of the steam, in the first vessel, during any
given short periods of time required for shutting and opening
the valve of communication, within any given limits.

There is no need, however, to follow Tredgold’s example by
giving the calculation, because the two vessels are very far
from being a parallel case to that of a steam-engine boiler
and cylinder. This is owing to the fact, which appears to
have been quite unknown and unnoticed, Loth by Tredgold
and all other writers, that there is nothing like a uniformity of
supply in the boiler ; on the contrary, the supply of steam from
the water in the boiler is more violently intermittent, if the
expression may be allowed, than any mere opening and
shutting of valves can account for.

Although the effect of the action of the fire against the
boiler may be supposed to be uniform, yet by far the greatest
portion of the steam is very rapidly generated during the first
half of each stroke of the piston, and at which time only
ebullition, properly so called, takes place, but which usually

D R
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ceases immediately after the piston passes the point of its
greatest velocity,—and the great difference in the quantities
of steam supplied by water in a boiling state and when not
boiling, although at the same temperature, it is unnecessary to
insist on.

The steam in a boiler continues of course to accumulate,
although slowly, during the time that the induction valve is
quite closed; but as soon as the momentum of the fly-wheel
carries the crank over the centre and opens the valve, the
surface of the water in the boiler is, with the commencement
of each stroke, simultaneously relieved from a portion of the
pressure of the steam, and the water immediately commences
boiling, let its temperature be what it may.

A very demonstrative way of illustrating this intermittent
action of the water of a steam-engine boiler, is to adapt a
test tube with a small portion of the bottom cut off, to the
neck of a Florence flask containing boiling water, and placed
over an argand lamp or gas-light; then by using a cork by
way of piston, and the test tube as a cylinder, the phenome-
non we are speaking of, may be produced in miniature
exactly as it occurs with the steam engine itself; and with
this great advantage that it can be seen, and therefore easier
understood.

It will be perceived by those who may repeat this experi-
ment, that the manner in which steam is produced in the
boiler of a steam engine at work, is partly by a distillatory
process during the times that the valves are closed, or in the
act of closing, or, properly speaking, by evaporation, which is
dependent upon the extent or superficial area of the evapo-
rating surface or surface of water, as well as upon that of the
heating surface; but of course the steam is principally pro-
duced during the short period of violent ebullition, its pro-
duction in the latter case being termed by chemists vaporiza-
tion, which seems to mark a proper distinction; we shall,
however, generally use the more common term evaporation, to
express the compound process we have been describing.
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Returning to the assumed case of the two vessels, and
supposing that the first (which may represent the steam
chamber of a boiler) is constantly receiving a uniform sup-
ply of steam, equivalent to Tredgold's idea of a constantly-
uniform evaporation of the water, then it would evidently
follow that the pressure of the steam must always retain the
greatest degree of uniformity when the flow of the latter
through the channel of communication with the second vessel
(which vessel may represent the cylinder) is interrupted for
the shortest possible period of time; and consequently under
gimilar circumstances a smaller capacity of steam chamber
would be sufficient to render any variation of pressure in-
considerable, than if those interruptions were to occupy a
greater portion of time. A precisely similar conclusion,
founded upon the mistaken assumption of an equability in
the generation of steam, is the groundwork of the erroneous
theory of Tredgold, as may be seen by reference to his work
(art. 210, &c., original ed.).

The above error once adopted led naturally enough to the
conclusion arrived at by Tredgold, after a mathematical in-
vestigation of the point, that an engine working expansively
requires a larger steam chamber than when acting at full
pressure; namely, that in a double-acting engine, with the
steam cut off at half stroke, the capacity of the steam cham-
ber should not be less than eight times the volume of the
steam used for each stroke, whilst for the same engine, work-
ing at full pressure, he states that about three times the
quantity used for each stroke may be sufficient.

The impossibility of such a conclusion being the true one,
would have struck any one practically acquainted with the
subject, from its absurdity, which is only equalled by a simi-
lar statement, quoted by 'I'redgold from Prony’s ¢ Architecture
Hydraulique,” to the effect that it is one of the advantages of a
double-acting engine that it requires a smaller boiler than a
single-acting one; which observation must have arisen from
the same false premises and the same mode of reasoning.
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If, as according to the above doctrine would be the case,
all those engines whose valves are closed for the shortest
portion of time between the strokes required the least capa-
city of steam chamber, then the old-fashioned hand-gear or
tappet-valve engine, in which the action of shutting and open-
ing the valves is effected the most suddenly, would be able to
do with less steam room than the modern slide-valve engine,
which is worked by an eccentric; but it is proverbially well
known that the reverse of this is the case.

With respect to the proportion that Tredgold finally re-
commended in practice, it is fortunate perhaps that he met
with a remark of Dr. Thomas Young’s, to the effect that the
steam chamber should contain ten times the volume of steam
consumed at each stroke; for, after quoting Millington's
opinion, that five or six times, and giving his own that three
times, that quantity is sufficient (which is equivalent in a low-
pressure engine to about 3 cubic feet of steam room per
horse power), he appears to have thought it *“one of those
cases which seems to be incapable of being investigated,
otherwise than by experience,” and ends by recommending,
that « to limit a low-pressure steam boiler of a double-acting
engine to a change of elastic force not exceeding ,';th, we
must have ten feet of space for steam, and ten for water, for
each horse power.”

Although there are many boilers working with this propor-
tion of steamn room, and even with a smaller proportion, all
of them that are capable of doing their work with moderate
cconomy, are either liable to prime, or belong to engines
in which the steam is very much throttled, or wire drawn,
the pressure being invariably a great deal higher in the
boiler than in the cylinder, and in some cases nearly
double. Krom this cause, mainly, we have the tampering
with the safety valves, and consequent accidents continually
occurring where high-pressure engines are in use. In low-
pressure engines this method of meeting the difficulty of
too small a steam chamber, by raising the pressure of the
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steam, is not practicable to anything like the same extent,
on account of the usual method of feeding the boiler with
water by means of the ordinary stand pipe, at which the
water boils over when the steam is too high.

Repeated observation for years has convinced me, that for
working an ordinary condensing engine in a factory, where,
until recently, the steam in the boilers was seldom more than
21bs. per square inch, greater pressure than the average pres-
sure on the piston throughout the stroke, no less than 12 or
14 cubic feet of steam room per horse power is required, to
enable the boiler to do its work properly. On that account
I do not hesitate to recommend the steam chamber to contain

.. at least half a cubic yard for each nominal horse power.

A

SecrioNn 17.—Cavsgs AND ErrecTs oF PRIMING.

The proportion of half a cubic yard of steam room, under
ordinary circumstances, as a minimum for each nominal horse
power, is recommended as the result of no very limited expe-
rience, being from actual personal examination and measure-
ment of several hundred boilers, together with the recorded
indicated power and economy of the engines to which they
were attached, principally with a view to the determination
of this particular datum.

Instances are occasionally met with where double the above
proportion of steam room is not sufficient to prevent the
boiler priming; but there are in such cases always some
special circumstances to account for it. For instance, where
there has been any neglect in cleaning the boiler; but it
fortunately happens that when a boiler primes from this
cause, it not only gives both visible and audible signs of its
taking place, but also leaves in some measure permanent
traces of its having done so, sometimes in the cylinder, but
almost always in the boiler, so that the accuracy of statements
on this head admit of being satisfactorily tested.

The presence of /ﬁsme‘kinds of dirt in the water, particu-
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larly if it be of a mucilaginous nature, is liable to cause the
engine to prime, whatever may be the amount of steam room.
A small quantity of soap has a wonderful effect in this way;
and, generally speaking, with a dirty boiler and a full load on
the cngine there is a continual *flushing” of the water in
the boiler, or an attempt 1o * prime” at every stroke of the
engine. In such cases we always find that the dirt has par-
tially left the boiler and passed into the cylinder, thereby
seriously injuring the packings of the piston and valves,
creating a great deal of extra friction, lowering the speed of
the engine, and causing great consumption of tallow and fuel.

Tt is a remarkable fuct, that when the inside of a boiler is
examined immediately after it has primed much from this
causc, marks arc usually found running in a slanting direc-
tion up the sides of the steam chamber towards the steam
pipe in nearly a direct line, lcading from that part of the
surface of the water which is over the hottest part of the
furnace, just as if a partial explosion (if we may so call it)
of the water had tuken place in that part of the boiler, and
spent its main force in the direction stated. When there is
any considerable quantity of mud or clay in the boiler, the
marks indicating the direction of this explosion or * flushing”
are particularly legible, in streaks or ridges of mud reaching
far above the water surface; and the effects of the violent
agitation of the water in such cases, I have frequently ob-
served in the forcible removal of heavy articles, which had
been placed in the boilers for the purpose of experiment.

This peculiar tendency of the water in a steam-engine
boiler to rise into the cylinder of which we are treating is
well known to all experienced operative engineers, under the
name of “priming,” ‘* flushing,” ** pumping,” and other simi-
lar terms, and is known to many as being the principal, if
not the only thing which makes a large steam chamber neces-
sary ; for under certain circumstances connected with deficient
capacity of steam chamber, the engine is found to prime, how-
ever clean the water may be in the boiler.
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In analyzing the various causes concerned in the produc-
tion of this effect, it is necessary to take into consideration
the effects produced by the necessarily intermittent action of
the valves, referred to in the last section. The supply of
steam to the cylinder being momentarily cut off at the end
of each stroke, as well as for a considerable period during
each stroke, in those engines that work expansively, the ef-
fect is to throw the water of the boiler into a slight undu-
latory motion, as may frequently be observed of that in the
glass-tube water gauge. This undulatory action of water in
the boiler, although caused by and dependent on, appears to
be in addition to, the intermittent state of alternate ebullition
and repose before described. At any rate, from one of these
conditions or from both combined, it is certain that the mo-
tion of the water occasionally becomes so violent as to carry
it in a state of spray or foam into the cylinder along with
the steam, and when in too great a quantity to escape through
the steam port in the return stroke, it infallibly breaks down
the engine.

This effect must inevitably follow the priming of a suffi-
cient quantity of water in the cylinder of a beam engine in a
factory, because it is not and cannot be expected to be calcu-
lated to withstand a sudden blow, and such it is in reality.
For if the water primes into the cylinder in the down stroke,
it must remain on the top of the piston until it strikes against
the cylinder cover in the up stroke, with more or less violence
according to the quantity. From the incompressibility of
water, the effect is the same as if a piece of iron of equal
thickness to the depth of water on the piston was suddenly
inserted in its place. The tremendous effect sometimes pro-
duced when a large engine breaks down from this cause, may
easily be conceived; for as the vacant space left for clearance
at the top of the cylinder is gencrally about the same depth
in large as in small engines, the intruding body of water
strikes the cylinder cover with a proportionally greater force.
Generally the accident does not end with merely straining or
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breaking the crank pin, which may be the extent of the in-.
jury in small engines; but the momentum of the beam is
added to that of the fly-wheel, and their combined force is
exerted directly in splitting the cylinder, or tearing off the
cylinder cover, thence effectually demolishing all the rods and
gearing.

Where a steam engine, or rather the boiler, is overworked,
and the load on the engine not very regular, experiments
tending to the foregoing effect may be said to be going on
almost daily ; and in many cases eveu without the owner being
aware of anything of the kind, until his engine has been
broken down a few times, and after the expenditure of a few
hundred pounds, when, as it is expressively said in Lan-
cashire, “ he finds it out.”

This tendency of the water to rise into the cylinder is
always considerably promoted by the very usual situation of
the steam induction-pipe at the back end of the boiler, which
seems to arise partly from the constant circulation of the
water, which causes a current at the surface to set in the
direction of the length of the boiler from the front end to the
back. This circulation of water takes place in all oblong
boilers, with a certain velocity depending on the ratio that
the intensity of the heat in the furnace bears to the quantity
of water to be kept heated, and is entirely independent of the
other two causes before stated. But it is most probable that
all three are sometimes combined in producing waves, which
take their rise over the fire, and gradually increase in height
as they pass towards the back part of the boiler.

That waves are always generated within a long boiler,
when the engine is about to prime, is a singular but well-
ascertained fact, as is shown by the frequent great and sud-
den depressions of the float at such times, especially if the
latter happens to be pluced at the contrary end of the boiler
to that where the steam pipe is fixed. In watching the
rapidly-successive alternate elevations and depressions of the
indicator, buoy, or float of a boiler in this condition, the
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priming may frequently be observed to recur periodically
after intervals of a certain number of strokes, provided that
the state of the fire and the load on the engine continue per-
fectly uniform.

Those who have leisure and inclination to pursue this part
of the subject, will find it an interesting field of inquiry, and
far from being one of barren curiosity only, inasmuch as a
few well-directed experiments may lead to results, perhaps,
calculated to unravel some of the still unexplained causes con-
nected with violent steam-boiler explosions.

SectioN 18.—ON BoiLrr RooM GENERALLY.

From what has appeared, it would be fair to assume that
the space for steam in a boiler ought not to be less than about
half a cubic yard per horse power; and when I have succeeded
in establishing this position in the minds of my readers, by
showing how universally this proportion is identified with the
most successful practice, there will be no difficulty whatever
in obtaining their assent to another proposition, namely, that
the space required for water certainly ought not to be more
than half a cubic yard per horse power. Therefore, generally,
the total capacity of steam boilers may be stated at a cubic
yard per horse power, not more than half of that space being
water room, nor less than half of it for steam.

In enunciating this proposition I disclaim any right to
being its first promulgator, for it used to be a current saying
amongst the engineers in the north of England more than
thirty years ago, that a good steam engine ought to have an
area of piston equal to 27 circular inches for each horse power,
while the boiler ought to have a capacity of 27 cubic feet for
the same. This is one of those maxims which soon become
established in any profession where there is a good deal of
practice, and it is about as old as the time of the first intro-
duction of Boulton and Watt's patent engines to the collieries
in the counties of Durham and Northumberland.

In so wide a field for experience in the application of steam
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power to an uniform kind of work, the above maxim may be
supposed to have some @ priori claims to be considered some-
where near the truth. I hLave, however, endeavoured to pre-
vent such considerations from influencing my opinions without
further proof; besides, my experiments and observations have
been for more than twenty years principally confined to the
manufacturing districts of which Manchester is the centre,
and more especially to the engines and boilers of the cotton
factories, where also, from a uniformity of work, we have a
similar field for experience to that presented by the collieries
in the north of England, but with considerably greater facili-
ties for investigation and comparison. The concentration of
the cotton-spinning business in large towns, where the con-
stant interchange of opinion amongst the managers and en-
gineers of the various factories tends to produce a certain
degree of uniformity of management, whilst the rivalry of
competition will not allow any one to lag very far behind the
best of his neighbours, has given decided advantages in this
respect to Lancashire.

In stating the quantity of boiler room necessary for each
horse power, there is no need to insist that it does not adrait
of considerable latitude, in which the difference in effect is
scarcely perceivable; but the correct proportion is much
easier ascertained than persons unused to such researches
might expect.

It may surprise some engincers, who have been accustomed
to calculate to the fraction of a horse power, to be told that
the power of the steam engine itself can, in general, only be
approximated to in a very rough way, compared to which the
properly-calculated power of the boiler, with certain given
qualities of fuel, is exactness itself. This arises from the
friction of an engine, which, although capable of being ascer-
tained within moderate limits for any assigned moment, is of
that fluctuating character, and withal so large a portion—from
one-cighth to one-third of the whole load —that there is nothing
about the data of a boiler to be compared to it.
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It is also much easier to acquire a knowledge of a number
of experimental truths on this subject, by a very little ob-
servation and attention, than is usually supposed, and without
directly instituting experiments, or wasting time by what is
very often misunderstood to be ezperimenting, that is, * playing
with models.”

As a description of the best mode of experimenting on a
large and practical scale, we may suppose, what is a very
common case, that any given steam engine has two boilers,
with which it is worked alternately, each having the same
evaporating power, and in all other respects similar except as
to capacity, one of them having 20 and the other 25 cubic feet
per horse power (reckoned on the actual evaporation of the
boiler in cubic feet), of course a direct reference to the coal
account will give the comparative economy of the two boilers,
which we will suppose to be determined in favour of the larger
one. Again, suppose we find, in another similar case, taken
at random, that the proportional capacities are 23 and 27
cubic feet per horse power, and that it is again determined
that the larger boiler works the engine with the least quantity
of coal, we are then assured that the true proportion is above
twenty-five cubic feet per horse. Now if we take two other sets
of experiments on boilers, whose capacities we suppose to be
considerably above the true proportion, say 80 or 40, or any
other number of cubic feet per horse, and compare them in a
similar way, we soon arrive at the fact that the best proportion
lays Letween 25 and 29 cubic feet; and by proceeding in this
manner as opportunities for observation occur, we may ap-
proximate to the true proportion as near as ever we like, in
fact to about twenty-seven cubic feet; for the illustration given
above accurately describes the mode I actually adopted for
arriving at this result.

Although the above comparatively large proportion of boiler
room is given as the average of the best practice in Lancashire,
it must be stated that it is not at all a prevailing opinion
there that so large a proportion is needed. The more popular
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rule in Lancashire is, “ for each square inch in the area of the
piston to allow a cubic foot in the boiler.” Now if the cylin-
ders are of the ordinary proportions, it will be seen that this
ig little more than $ths of what we have concluded on as the
best, which is more nearly at the rate of a cubic foot to a
circular inch; and in the north-country rule before men-
tioned it is exactly so.

Those who have acted upon this popular rule, however, have
Leen principally the makers of small engines, that are used
for a variety of purposes where economy of space is of more
importance than economy of fuel, and where, for the same
reason, the engines are made with very short strokes. It has
been observed, also, that this popular rule has given a pro-
portion that has worked well where engines are working in
pairs and not much overloaded, similar to marine engines;
and from the fact that both Boulton, Watt, and Co., and some
other of our best engine makers, have, during the last ten or
fifteen years, erected several of those “land marine” engines
in the cotton factories, the rule deserves some consideatrion.

It is, however, necessary to bear in mind that the object of
a treatise like the present, professing to lay down a sound
foundation for practical boiler engineering, ought to be first
simply to determine the best proportions of the single boiler
of a single double-powered condensing engine, and without
complicating the subject more than necessary until the data
for this one object is fairly established.

SectioN 10.—Tne “ BourtroN AND WaTT” BOILER.

It is very commonly stated that Boulton and Watt allowed
25 cubic feet of space in the boilers for each horse power;
but it is certain that Mr. Watt never left any opinion to that
effect on record, and it is no less certain that the practice of
the late firm of Boulton, Watt, and Co., gave no sanction to
such statement.

In thus referring to the celebrated firm of Boulton and
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Watt, I do not profess to have any exclusive knowledge of the
rules they used otherwise than by the means that are open to
others, that is, by measuring a good number of the boilers and
knowing their capabilities. The proportions used by other
engineers I also preferred to obtain in the same way, although
kindly offered every information on the subject by some of
the first hquses in the trade.

It is true that some of Boulton and Watt's 20-horse boilers
that I have met with just occupy a spuce of about 184 cubic
yards, or measuring by their extreme dimensions, say 12 feet
long, 54 feet wide, and 74 feet deep—nearly 500 cubic feet—
which, divided by 20, gives just R5 cubic fect of “space” for
each horse power. But this is of course space for stowage, or
room for the boiler to stand in, and notgnside ‘ boiler room,”
as usually understood, although it is not all improbable that
the general currency of the statement may have had no better
origin than a mere commercial arrangement for packing it on
board ship.

There is only one other way in which such an erroneous
statement could have obtaiued currency, and that is by
Boulton und Watt’s 30-horse boilers being mistaken for
20-horse, owing to their ordinary practice, when erecting their
engines in Lancashire, of putting down a 30-horse boiler to a
20-horse engine.

Although it is admitted that the day for wagon boilers is
past, yet it may be useful to put on record the details of some
of the most efficient and economical that are now in use in
the Manchester factories, if it be ouly to mark the progress
that may be made with circular boilers and greater ex-
pansion.

The following (fig. b) is a cross section of a “ Boulton and
Watt boiler,” as erected by Boulton, Watt, and Co., at a silk
factory in Manchester, about fifteen years ago; and as this was
a case (and not an isolated one) in which this particular kind of
boiler was adopted by my advice, I have had special oppor-
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Fig. 5.

tunities of watching its performance. TFig. 6 is a longitudinal
section of the same boiler, showing the uptake of the inside
flue.

Fig. 6.

This boiler is 54 feet wide Ly 74 feet deep, the same as the
20-horse boiler mentioned above ; but instead of 12 feet, it is
15 feet long, and contains an inside flue measuring 20 inches
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wide across the top. This, according to the rule for flued
boilers formerly mentioned, is considered in Lancashire equal
to (63 + 1'66) x 16 1'566) x 16 _ 21'49, or about 214-horse power;
and if we calculate the cubic capacity of the boiler, including
the flue tube, from the same dimensions, we shall find it to
be about 18% cubic yards, or very little more than 500 cubic
feet; and this, supposing it to be taken for a 20-horse boiler
(which it actually is) instead of a 80, gives just 25 cubic feet
per horse power, showing the same result as before.

I shall only add in this place, that this boiler was equal to
drive a Boulton and Watt 20-horse engine with great ease,
loaded to full 30 effective horse power, with less than 10
pounds of coal per horse power per hour, including making
sufficient steam to warm a large factory where it is yet at
work.

With respect to the effect which the propagation of the
above assumed rule for boiler room has had on the practice of
boiler making generally, there is no doubt but it has been
beneficial ; for makers and users of boilers have becn naturally
induced not to depart very far from what they considered
Boulton and Watt’s standard. We have, in consequence, a
great number of boilers of all the various forms in use, ranging
within a few feet above and below this proportion of 25 per
horse power, from which a good average proportion can be
obtained far more nearly correct than if the practice of
engineers had varied at random, or to a greater extent on
either side of this imaginary standard, which accidentally
turns out to be very near the correct proportion. It is a
comparison of a great many cases of this kind which has con-
vinced me that those boilers which are a little above 25 cubic
feet per horse are the most economical. It may be asked how
we are to reconcile the above conclusion with the generally-
acknowledged efficiency of Boulton and Watt’s boilers,
seeing they are not more than grds the usual proportion
of capacity given by other engineers, and less than grds of
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what T now recommend as giving the best results in practice.
This question admits but of being answered in one way, that
is, by a reference to the practice already alluded to, of rating
the boilers at one-half more than the nominal power of the
engines they are intended to drive. The propriety of the
practice was proved in the particular case recited, the engine
to which this boiler was applied being overloaded just in the
same proportion,

SEctioN 20.—CaAPAcitY oF WATER CHAMBER.

In fixing on the proper capacity of the water chamber of a
steam-engine boiler, there are not such peculiar difficulties as
in the case of the steam chamber; and any one at a first
view of the matter would say, as many do say without suffi-
cient consideration, that there cannot be too little water, pro-
vided the boiler is filled to the proper height; for it is quite
obvious the smaller the quantity of water, the less will be the
expenditure of the fuel during the first getting up of the
steam after each stoppage of the engine. It is, however, not
the ¢ getting up” the steam, but the keeping it up, that ought
to be considered of most consequence.

It is a prevailing opinion that, after the steam is once got
up, there is no material difference between keeping a large
quantity of water boiling, and a smaller quantity, provided
the escape of heat is prevented by sufficiently clothing the
boiler with non-conducting substances; but on this subject
engineers ditfer, although why practical men should differ in
opinion on so plain a matter is unaccountable. It appears
very clear to me that a large quantity of water must require
more heat, or heated surface, to keep it boiling, than a smaller
quantity, even supposing .the heat required to generate the
steam to be equal in each case; for there must be a great deal
of power expended in keeping the water in motion, and every
practical mechanic knows that we never get power for nothing.

On the other hand, when there is too small a quantity of
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water, it is difficult to keep the steam sufficiently steady. It
is then quickly got up, but is liable to get quickly down again,
This is more especially the case where the old system of firing
and stoking by hand is still in use; but where any system of
machine firing is used, on the principle of continuous supply,
a much less quantity of water is found to do than was formerly
thought necessary.

The priming of the engine is, also, not altogether umn-
affected by the quantity of water the boiler may contain,
irrespective of the height of the water surface, inasmuch as a
smaller quantity of water becomes much sooner thickened.
The daily accumulations of whatever dirt or impurities enter
the boiler along with the supply water, either in solution
or suspension, become sooner concentrated by boiling; con-
sequently frequent cleaning of the boiler, by preventing
priming, enables us to work with a smaller quantity of water.
It is in this way that there is almost always a saving of fuel
to be cffected by a proper arrangement of deposit vessels in
the water chamber of a boiler; for they displace a certain
quantity of water, and at the same time collect the deposit.
Except for considerations of this kind, it is very evident that
we cannot have too little water room; but our business at
present is only with the ordinarily well-managed boiler of a
factory engine, that is supplied with good water and kept
moderately clean; and with that T consider half a cubic yard
of water room per horse power ought never to be exceeded.

It has been very commonly considered that 10 or 12 cubic
feet of water per horse power is as little as ought to be allowed.
Tredgold recommends not less than 10, in consideration of the
feeding apparatus for water not acting with perfect uniformity,
even if ever so delicately adjusted; but in fact, contrary to
what Tredgold supposes, it is usually found that the feed-water
enters the boiler with the greatest uniformity when the feeding
apparatus is not so very delicately adjusted; for when the float
acts rather stiffly, it is then not so much affected with the oc-
casional ebullition and agitation of the water.
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I have already stated that we ought in no case to have more
than 184 cubic feet, or half a cubic yard of water per horse
power; and lowering the water surface in a boiler at any time
would go far towards convincing any one of this, were it not
that the improvement thereby made may be supposed to be as
much owing to increasing the steam room as diminishing the
space for water. To obviate this source of uncertainty, how-
ever, I undertook a long course of experiments in partially
filling up the water spaces of boilers with large stones and
other articles without altering the water level or the other
conditions of the boiler, somewhat similar to what is repre-
rented in figs. 7, 8, and 9, to the cxtent, in some cases, of
leaving only a mere shell of water between the solid filling-up
blocks and the boiler sides; and it was invariably found that
decreasing the water decreased the consumption of fuel.
Even as much as from 5 to 10 per cent. was occasionally
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geined in this way. When I first mentioned the result of
some of those experiments, the plan of using filling-up blocks
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in the water room was immediately adopted at several works
in the north of England, although often without judgment or
discrimination, and where it did more harm in one respect
than good in another. Nothing could be more simple and
cheap, literally costing nothing; for anything might be used
for the purpose that came to hand, such as iron, stone, timber,
&c. The articles used should be fixed upon a platform made
of iron rods, laid across the internal stays of the boiler, and
sufficiently clear from the bottom and sides, as represented in
the preceding figures. The most convenient articles for the
purpose were large fire bricks, from 18 to 20 inches long, 12
inches broad, and from 4 to 6 inches thick, with an oval-shaped
concavity on one or both sides sufficient to take away about
one-half of the material. With these dimensions, 86 of them
occupy about a cubic yard.

It is proper to mention one practical disadvantage in using
the fire-brick blocks to any great extent. They were found to
keep the steam up for some time after the fire was put out; a
fact decisive of their economy in a theoretical point of view,
yet, owing to the waste of water caused by the stcam blowing
away at the safety valve during the night, or after the engine
had stopped, there was danger of the water getting too low.

There can be little doubt that these filling-up blocks have
a beneficial effect in producing a uniformity in the evapora-
tion, independently of the effect arising from the displacement
of the water, and which may be likened to that of the fly-
wheel on the engine, by becoming a sort of reservoir of heat,
or regulator of the evaporating power of the boiler. This
effect is especially observable if compared to the irregular
action of a boiler with a large inside flue when fired by hand,
the steam being liable to vary very considerably every time
the furnace door is opened.

The plan which most readily suggests itself for diminishing
the quantity of water in land boilers, without diminishing its
depth or lowering the water level, is that of putting one or
more flue tubes through the lower part of the boiler. It is
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the most usual course recommended by boiler makers; and,

when not too expensive, is certainly the best, as it both adds
to the heatmg surface and strengthens the boiler at the same
time, the tubes being made to answer all the purposes of stays.

When the boiler is too short in proportion to its diameter, it
may also be serviceabls, if required, in causing the current of
flame and smoke to continue longer in contact with the boiler,
which leads to the consideration of the subject of the next
chapter.

CHAPTER IV.

Principles determining the proper length of Boilers, with Examples, Rules,
and Instructions in setting up.

SecTioN 21.—ON GREAT EXTENSION OF SURFACE, AND SAVING
Waste Hear.

OnE of the most prevalent sources of error, to scientific not
less than to practical men, is the apparent paradoxical fact that,
whatever length a boiler is made, the heated air or smoke which
escapes is still capable of boiling water in a separate vessel
placed in the flue leading to the chimney. 'I'his naturally in-
duces a suspicion that, in our ordinary methods of setting boilers,
we only obtain a small portion of the heat derivable from the
fuel. Some of our most eminent scientific men have publicly
stated as their opinion, derived from ¢ chemical considerations”
only, that, owing to ‘‘imperfect combustion” alone, to say
nothing of the misapplication of its products, some sizty to
seventy per cent. of the fuel is wasted! And nothing is more
common than to hear the most practical men declare their
belief that, for want of a proper application of those products,
“ one-half of the fuel goes up the chimney.” Hence our
patent offices are filled with the thousand and one schemes,
with their various and endless winding and zigzag flues, of the
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numerous inventors of boilers, many of whom appear to me to
have quite & mania for running after and *“ using up” the
“ whole of the heat,” with a determination far exceeding that
of the perpetual motion seekers, and with quite as little chance
of success.

The fact stated, however, is in no way surprising, although
steam may be thus raised in a close vessel, even to & much
greater pressure and temperature than that in the boiler from
which the waste heat has escaped. It certuinly must be
allowed that steam so obtained, if returned into the boiler at
a workable pressure, is so much clear gain. My argument,
however, only is that it is not much ; and calculated commer-
cially it is worth less than nothing, that is, taking time into
the account; for, according to what is elsewhere observed, we
find the steam obtainable in that way to be produced at so
slow a rate, that its value is less than a very small percentage
on the capital employed to obtain it.

The general leaning of many manufacturers, as well as the
great majority of engineers, to erroneous opinions respecting
the proper length of boilers, as well as the proper quantity of
heating surface, namely, that they may both be almost inde-
finitely extended with advantage, is much to be deplored, and
is difficult to eradicate, except by dear-bought experience—the
best and only proper teacher where parties, from prejudice,
interest, or something worse, are inaccessible to reason. The
only misfortune is that, of the two classes just referred to,
manufacturers or proprietors of steam engines and engineers,
the dear-bought experience of the latter is commonly paid for
by the former! This needs no comment as to the result to be
expected. I can only say that, both previously to and since
the publication of the last edition of my practical Essay on
Boilers, in 1889, I have had many opportunities of witnessing
the effect produced by lengthening boilers, but never yet met
with a single case where any absolute saving accrued from
such alterations, excepting where there had been previously a
manifest deficiency of heating surface or of steam room.
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The exceptions just stated aredmportant, and require to be
particularly noticed, for the neglect of them is generally the
cause of much self-deception on this subject. A manufacturer,
for instance, has got his engine overloaded, causing an in-
creased consumption of fuel, arising from the necessity of
overfiring a boiler too small for the work it has to do. He
then finds, perhaps for the first time, that the temperature
inside the chimney flue is 500° or 600°, and knowing that the
heat of the steam is little more than 212°, he hastily concludes
that the difference is sent up the chimney and lost; and con-
sequently, instead of putting in a larger fire grate, or at the most
a larger boiler, he gives a ready assent to the use of any plau-
sible means of ¢ robbing the smoke of this waste heat before it
escapes.” Hence a boundless field of speculative inquiry is
opened, and how to ‘“use up the whole of the heat” in the
most advantageous manner, becomes a question of intense in-
terest to those whose establishments require the expenditure
of several thousands a year in fuel.

In many attempts to save this waste heat separate boilers
have been added, completely inclosed in the main flues leading
from the boiler to the chimney, without the least perceptible
result as to saving of fuel. These supplementary boilers, or
“ heat savers,” as they are always called (when first ordered),
have been also made without any steam room, and applied
solely for the purpose of heating, or rather only warming,
the water for feeding the larger boiler. It is true that the
water is certainly elevated in temperature on its way to
the boiler; yet exactly how much heat has ever been saved
by such means I believe is yet a question for the philoso-
phers; but judging of the quantity of heat, latent and sen-
sible, saved by its effect in saving fuel, which is the most
sensible criterion for the manufacturer to judge by, it dif-
fers from nothing (if not quite nothing) by less than any
assignable quantity.

In one case to which my attention was particularly di-

¥
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rected at the time, from the tircumstance of its being edopted,
if not at the express advice, at least in accordance with the
opinions, of a very eminent Manchester chemist, the ‘ heat
saver” was a 4-horse cylinder boiler, of 2 feet diameter
and 10 feet long, suspended longitudinally in the main
chimney flue of a 40-horse Boulton and Watt boiler, in
such a way as to be no interruption to the draft; and although
this might be considered equivalent to the addition of at least
10 per cent. to the heating surface of the boiler, in order to
make the experiment more decisive a second ‘ heat saver”
was at the same time ordered, of somewhat thinner iron, but
of exactly the same size, and also fixed at a little distance be-
yond the first. They were connected together by a pipe,
and the first was connected with the ordinary feed pipe of the
boiler. A separate supply pipe was also carried from the hot
well to the farthest heat saver, so that the feed water was
forced through both the heat savers before it entered the
boiler. The ordinary feed apparatus was also retained, so
that either mode of supply could be used for the purpose of
experiment. The chief result, however, was clearly esta-
blished to be no appreciable saving in fuel ; and although the
heat savers succeeded in making the water within them
nearly, if not quite, as hot as that in the boiler, yet it was
observed that there was very little difference in temperature
(only two or three degrees) within the ordinary feed pipe of
the boiler, whether it received its supply from the heat
savers or direct from the hot well of the engine, at least 100°
colder.

This result was evidently a consequence of the fact, that
the quantity of heat required to raise the temperature of the
water in the boiler about 100° was practically nothing as
compared to the quantity required to convert the same water
into steam.
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SEecTioN 22.—GREAT EXTENSTON IN LENGTH NOT NECESSARY.

The plan most commonly resorted to, however, is to
lengthen the boiler, and if in any such case a manufacturer
finds a certain saving of fuel, he usually ascribes the improve-
ment solely to the extension of the distance the smoke and
hot air have to travel before they escape, forgetting that the
increased quantity of heating surface and boiler room may be
quite sufficient to produce the increased economy in fuel,
which in fact is the case nine times out of ten.

Correctly recorded experiments in all cases support the
position I wish to enforce; which is, that in a well-propor-
tioned boiler there ought always to be a sufficient area of heat-
ing surface within as short a space as possible.

The propriety of a practice founded upon this principle was
conclusively settled at that great era of steam engineering,
the opening of the Liverpool and Manchester Railway, by
the successful trial and final adoption of Mr. Stephenson’s
great invention, without which railways would have been
useless for many of their most important purposes—I allude
to the fire-box tubular boiler of the celebrated ¢ Rocket "
locomotive engine: to say nothing of the engine itself, as
being a matter of mere secondary importance for connect-
ing the power with the wheels,—it was the DBoiler that
was pronounced, with scarcely a dissentient among the hun-
dreds of engineers who witnessed its performances, to be
“the invention ” that was to * make” the railway; a pre-
diction that a triumphant career of 20 years without a single
competitor deserving the name has amply verified. It has
in truth made railways, not only figuratively, but actually.

The boiler of the Rocket, which so completely transformed
the slow-going “ puffing billy ” travelling engine of the
Hetton ““wagon-way ” into the iron race-horse of Lancashire,
at the same time added greatly to its power of doing heavy
work. And the more closely the principles involved in that
great invention have been adhered to since it first * burst
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on the world like a rocket,” the more perfect has been the
railway locomotive for efficiency and economy combined ; al
though the most valuable of those principles were either not
very clearly understood, or not candidly acknowledged, by
any party during the celebrated battle of the gauges. And
as it is always good to recur to first principles, it may be as
well to remind railway engineers that the great principle of
the locomotive boiler is gquick "combustion with short and
direct draft, the extreme opposite of the far-famed Cornish
system of slow combustion with long drawn out flue surface,
and points clearly io the policy of increasing the number
of tubes, and consequently the diameter of the boiler rather
than its length.

In adverting to the advent of the first efficient locomotive,
it is impossible to help recurring to the strenuous efforts then
made, in Liverpool and other places, to prove by experiment
the alleged superiority and economy of various new patent
boilers, constructed on a principle completely opposed to that
of the Rocket,—having long continuous winding flues. In
one of the patent boilers it was alleged that ¢ the heat was
all so cntirely used up,” by its extraordinary economical
qualities—that the caloric evolved from the fuel was so com-
pletely abstracted by the rapid generation of steam, and the
heated air and incombustible gases so far robbed of their heat
and cooled down, that the naked hand or arm might be placed
with impunity inside the tube by which the smoke escaped from
the boiler. And as if this experimental specimen of proving
too much was not sufficient, it was gravely alleged to save
one hundred and twenty per cent. in fuel!!

SEcTiON 23.—PRINCIPLES GOVERNING THE LENGTH OF
BoiLegs.

When a boiler is to be set up in the simplest possible way,
that is, without return flues of any kind, it is of some conse-
quence to know to what length the flame is likely to extend,
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because on this will depend in a great measure the extreme
limit of the length of the boiler.

In using fuel with little or no flame, it is evident that a
boiler of a form approaching as nearly as convenient to that
of the equal cylinder, or cylinder of greatest capacity, would
be the best for economy in first cost, and if made with
hemispherical ends, would also be the best for strength.
Therefore a boiler of this form, whose length is equal to twice
its diameter, will be the shortest that can with any degree of
propriety be recommended in any case. And it is possible
that such a boiler might be beneficially adopted in somo cases
where coke or anthracite coal is the fuel used.

There is a current opinion amongst experienced work-
men, that the common wagon hoiler ought to be about three
or four times the length of the fire grate; and it is based
upon the observation, that when a boiler is set up in that
proportion, and the fire “managed as it ought to be,” that
the whole of the flame will be expended against the boiler
bottom, and never pass into the side flucs along with the
smoke. The truth of this observation, however, depends
upon circumstances. If heavy charges of some of the more
bituminous kinds of Newcastle coal are made upon a grate
with thick bars and confined air spaces, it is far too common
to see the flame extend occasionally to double the length of
the boiler every time it is roused up by a very determined
stoker; and it is commonly enough done as a feat to be
boasted of ; it is, however a feat of barbarism that, except
in some possible urgent circumstances, ought never to be
attempted.

With boilers whose fire grates arc square and whose
lengths are not less than four times the length of the fire
grate, I have never seen an instance of the flame reaching
the end of the boiler, where I have not at the same time
found either the fire bars too thick or the fire too thick upon
the bars, or a bad draft, and usually all three together.
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Even when the chimney draft is good, should the furnace
not be kept regularly cleaned and the fire bars free from
clinkers, or should there be a large mass of coals thrown upon
the fire at once, covering the whole of the area, and thus in-
terrupting the due supply of air through the grate, the con-
sequence is nearly similar. In such a case the furnace be-
comes little better than a gas retort, and the gas so made
has been frequently known to fill the chimney and flues, so
as to take fire at the chimey-top, and burn like a gas light.
This thick firing is in fact the ordinary trick of smoke burners.
« Distilling " gas, as they term it, from heavy charges of coal,
and then setting fire to it beyond the bridge, thus occasionally
filling the flues with flame, but generally with a feebly burning
mixture only of carbonic oxide gas and air, whilst in the fur-
nace itself, for want of a due supply of air through the grate,
there may be very little heat or flame produced. These,
however, are exceptional cases; but where the ordinary open
Siring, instead of close firing or ““ charging,” as the destruetive
system of heavy firing is very properly, though innocently,
called by its advocates, is used, and there is a free supply of
air (where only it ought to be) through the fire grate, the flame
from common coal, if well spread out in & thin sheet against
the boiler bottom by means of properly-constructed bridges,
will ordinarily be expended in about twice the length of the
furnace.

In accordance with these and other reasons before given,
I have always preferred having as much of the boiler bottom
as possible exposed in the furnace to the direct action of the
fire and flame.

The proper area of heating surface to the fire grate being
now determined upon, with a proportional space for the flame
to develope itself in, the question next to be decided is,
whether it is better to obtain that surface in as compact a
space as possible, in the immediate vicinity of the fire grate,
or by means of comparatively long narrow flues, either winding
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or otherwise. That the first is infinitely to be preferred to
the latter arrangement is so obvious, that it appears strange
how a contrary practice could have crept into use.

As a general principle, then, in the construction of boilers,
we must select that form which gives the proper quantity of
heating surface along with the greatest capacity as well as
strength for the quantity of material employed, and withal
comprised in as compact a space about the fire-place as
possible. The three last conditions would lead us to prefer
the spherical form, and if it were absolutely necessary to have
the furnace within the boiler, a form approaching to this might
still be the best, as in the fire boxes of some locomotive
engines. The old-fashioned * haystack " boiler is also a near
approach to this shape, and up to a certain size it is yet,
perhaps, as good as any when well made.

The next in degree for simplicity of form is the horizontal
cylinder, and it is almost a necessary requisite, to ensure the
greatest strength and perfection of workmanship, that it be
made without any inside flue. This form of boiler admits of
a fire grate underneath it of its full width; and, if set up
without external side flues, and by means of proper bridges,
the flame may be made to envelope nearly the whole of the
lower half of its external surface very advantageously. There
is, however, an admitted difficulty in adapting the fire upon a
level grate, so as to act uniformly against the convex boiler
bottom ; but their greatest faults have arisen from imperfect
methods of setting, being commonly set up with side flues,
like wagon boilers, to which, unless of very large diameter,
their form is not at all adapted.

SEcTioN 24.—EXPERIMENTAL PROOFS IN FAVOUR OF SHORT
BoIiLERs.

‘Whether there is anything to be gained by making a boiler
of greater length than four times the length of the fire grate,
other conditions being the same, there have been very few



80 RUDIMENTARY TREATISE

experiments on a large scale to determine. The only one of
which the result has been published bearing in some degree
upon the question, is one by Mr. Stephenson, of which some
account is given in Mr. Nicholas Wood's work on Railroads.
The experiment was made with a boiler similar to that of the
Rocket locomotive, when the fact of the very much greater
evaporating power of the fire box, per unit of surface, than of
the rest of the boiler containing the tubes, was decidedly
proved ; and the difference found to be so very considerable,
about 3 to 1, that it had great influence in producing the
present practice of making locomotives with very large fire
boxes, and which has proved to be so eminently successful.
M. Pambour regrets that such experiments had not been
more frequently made, and without which he appears to think
it a difficult matter to settle the true theory of the locomotive
engine. This was not surprising a dozen years ago, when M.
Pambour’s own disinterested and valuable experiments were
made on the Liverpool and Manchester Railway. But, im-
portant as such additional experiments would be, I believe
they are still a desideratum so far as the locomotive is con-
cerned. This is perhaps neither the century nor the country
for carrying out such experiments, unless some direct practical
benefit resulted to some one monopolist or monopolizing com-
pany. The proper length of a boiler is not patentable, other-
wise it would have been found out long ago. The fact is, that
private individuals cannot undertake the expense of expe-
riments on a large scale, and many shrink from the labour.
Even with respect to the ordinary factory boiler, it is no
very easy matter to induce manufacturers to try experiments
of any kind. Although I have for many years urged on them
the importance of settling this particular subject of length,
when about to order new boilers, I have never succeeded, even
partially, except with two or three who took some few steps
towards it. I never made but one direct experiment to this
end, which was necessarily on a small scale, of which I pub-
lished an account at the time. It was as follows:—I made
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an open-topped boiler divided by water-tight partitions trans-
versely into four equal divisions, each nearly filled with an
equal quantity of water ; a coal fire was made upon a square fire
grate, underneath, and close to, one end, of exactly one-sizth
the length of the boiler ; the coal was supplied in the usual
manner by hand, and each division of the boiler was similarly
supplied with water. It was then found that the proportional
quantities of water evaporated in the first and second divisions
were something like those in Mr. Stephenson’s experiment ;
but in the third division the evaporation was still more
greatly diminished ; and in the fourth it- was practically
nothing, or so small as scarcely to bear any comparison to
the whole.

The result of this experiment was sufficient to determine—
what it has since been my uniform practice to recommend—
that the length of boilers need not in any case exceed siz
times their width or diameter; supposing the latter to deter-
mine the size of the square firc grate. This advice has been
extensively acted on for many years with uniform success.
In one instance, where some plain cylindrical boilers, equal
to six and seven diameters in length, were found to be about
as economical as any other kind previously used, other boilers
have been made for the same works successively, equal to five
and jfour diameters, with equal if not increasing economy in
fuel. In this instance I am of course speaking of boilers with
direct draft, and no internal flues nor flues of any kind.

‘When a cylindrical boiler is large enough in diameter to
allow of its being set up with winding flues or a wheel draft,
of course its length may then be advantageously reduced to
the same proportion, or nearly, as in wagon boilers that are
set up in the same manner, or to about four times their
diameter.

This, however, is a method of sctting cylindrical boilers
which is decidedly objectionable. For unless the boiler is
5 to 6 feet in diameter, or upwards, the seating walls in
such a case generally encroach too much upon the necessary
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width of the fire grate; or, if the furnace and fire grate be
made sufficiently wide, then the side flues will be found too
small for the draft or for convenient cleaning, unless the
brickwork is gathered in above the central line of the boiler,
thus making the side surface almost useless as effective heat-
ing surface. Besides, this small space for the side flues often
induces the bricklayer to cover in the flues nearer to the
water level than is prudent, and then it is pregnant with
danger, from the greater liability of the water occasionally
getting too low.

SectIoN 25.—PRroPORTIONING LENGTH TOo QUALITY oF COAL.

When a cylindrical boiler has an inside flue tube, and is
set up with a split draft, as described in sec. 5 (p. 10), then
the above objections do not so fully apply; because the smoke
being then divided into two curreunts, the side flues only
require to be half the arca of the former. In this case, on
account of the inside tube, the boiler cannot be conveniently
less than 5 feet in diamcter, and it need not be more than
about 34 diameters in length. Thus a boiler of this diameter
may be 173, say 18, feet long, and, with an inside flue tube of
2 feet diameter, will have about 22 square yards of effective
heating surfuce, and with 22 square feet of fire grate, say 4
feet wide by 53 long, will be a 22-horse boiler; as appears
by the following example of the calculation, according to the
formula for the short-slide rule (at page 18); only instead of
using Mr. Hick's divisor of 54, use 578 for a gauge point, as
recommended at page 28, which gives the number of square
yards of effective heating surface, thus :—

A | GaugePoint=573 | d=542= 7
o | sg.yards =22 | Length =18

The above is for Lancashire or any other inferior coal,
requiring a square foot of grate bar per horse power. If a
superior quality, say Newcastle coal, requiring only $ths of a
square foot per horse be used, the power of the boiler will still
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remain the same; but to prevent undue waste of heat it is
then only necessary to reduce the length of the grate in
the proportion of 4 to 8, or from 53 feet to little more than
4. It is, therefore, necessary to bear in mind that the rules
given sbove for regulating the length of boilers relate ex-
clusively to the practice with Lancashire coal, and low pres-
sure, stationary, or factory engines, and that where better
coal is used the grate need not be so wide, and the diameter
of the boiler may be proportionally reduced, which would
make it more suitable for high pressure. But in this par-
ticular case it is preferable that the boiler should be extended
in length, rather than diminished in diameter; which would
leave too little room for the flue tube, and alter the character
of the boiler.

Taking the above example, for instance, and adapting the
shape of the boiler to Newcastle coal, it must be lengthened
4rd, thereby making it 4% diameters instead of 3} dia-
meters long, say about R4 feet instead of 18 as before,
the heating surface being of course increased exactly in the
same proportion, or from 22 to 29-8 square yards; which last
number is the number of nominal horses’ power the boiler
would now be equal to, if fired with Newcastle coal upon the
first-mentioned grate of 22 square feet, or § square foot per
horse.

‘While making use of the above examples in illustrating the
subject of lengthening boilers, it must be observed that any
comparative experiment made with boilers of the precise
dimensions here given would not be a fair one; because,
accurately speaking, the flue tube in the last example ought
to be enlarged in its cross sectional area from 4 to 5% circular
feet, or in proportion as the power of the boiler is increased ;
that is, from ® to 2'3 feet in diameter, supposing the same
kind of coal used. This would increase the power as follows :—

A | G, P. = H'73 I d=5 +23=173
o | H.p. =804 | Length = 24
namely, to 303-horse power. The enlarged flue tube would
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also alter the proportions of water and steam room, to provide
for which a separate steam chamber should always be con-
trived.

‘When a flued boiler, either cylindrical or wagon-shaped, has
the uptake inside the boiler, as in Boulton and Watt's boiler
(fig. 6), which is an exccllent arrangement, so that a portion of
the flame may occasionally pass into the tube instead of being
expended against the brickwork, the length of the boiler will
then admit of being reduced to about three times its width or
diameter. This, in fact, is the exact proportion of many
factory boilers of both kinds, thus set up with a split draft,
that have been found to be exceedingly economical.

SecrioN 26.—CorNisg AND BurreErLy BoirLkrs.

In Cornish and Butterly boilers, both of which have the fire
to pass through the inside flue tube first, when this flue
goes quite through to the end of the boiler, I have not found
them to be quite so economical if made much less than four
diameters in length; and this would seem to agree with
the best practice in Cornwall, where, from long experience,
exclusively confined to one kind of boilers, there can be
no doubt that the maximum economical results have long
ago been arrived at, and that is when the boilers are not more
than siz diameters long; the average of about 30 boilers
in two of the best-conducted mines in Cornwall being little
more than 6} diameters long*. Allowing for the superior
quality of the Welsh coal used in Cornwall, which is probably
from 20 to 40 per cent. better than the common coal used

* I am glad to be enabled to make this statement from information kindly
farnished me by one of the first authorities in Cornwall, and the more so0
from the circumstance of having inadvertently admitted into my former work,
on what I now know to be insufficient authority, a statement to the effect
that the average consumption of coal by all the engines in Cornwall was then
about 6 1bs. per horse per hour; an overstatement certainly, but not more so
than has frequently been made by various public writers, advocates of the
Cornish system, when referring to the comparative consumption of the Lan-
cashire engines.
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in Lancashire, this difference of 4rd in the length of their
boilers is fairly allowable, and is consistent with the best
practice in both counties.

If, however, the fire flue tube of a Cornish or Butterly
boiler have a connection with the boiler bottom without going
through the end of the boiler, similar to the uptake of a
Boulton and Watt boiler, which in this case may be called the
down-take, then the length of the boiler may be very advan-
tageously reduced to threc and a half diameters. There are
"some Butterly boilers now working in Manchester of this kind,
which I purposely designed in this proportion in preference to
a grester length, being 8 feet diameter by 28 long, and they
have never been exceeded in economy. These boilers were
9 feet deep, being oval in their transverse section; but there
are many in that district of the same proportion, but circular,
which is preferuble for high pressure, say of 8} feet diameter
and 30 feet long, that are equally economical. Boilers in
this proportion and of these dimensions, with a * take-down”
inside, and set up widh a split draft, if supplied with fuel by
firing machines, and no stoking, are usually found to unite
all the qualities of a good boiler that can be wished except
one, and that is they make more smoke than those whose
furnaces are more completely surrounded with brickwork,
which is a diffculty that seems almost inseparable from all
single furnaces in boilers that generate steam very rapidly,
and is partly to be ascribed to the consequent rapid abstrac-
tion of heat from the fuel.

Excepting the wagon-shape Boulton and Watt boiler, which
is inadmissible except for low pressures, the above-described
Butterly boilérs, when working to the greatest extent of their
power, are certainly amongst the most economical boilers,
taking both fuel and first cost, that are to be met with in the
cotton factories. They are not so well calculated for very
high pressure as the Cornish, but usefully occupy an inter-
mediate position between them and the wagon-shape. They
have been in very general use during the last ten years, and
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the greatest number of them have been made somewhat
shorter in proportion than the above, which may therefore be
taken as affording a safe guide in practice.

From the consideration that the above remarks, together
with the observations heretofore made, point out the proper
limits in practice for all kinds of stationary boilers as respects
length, I have drawn up the following summary of the
principles involved, in the shape of rules. These rules are
not meant for the use of the boiler maker solely, whose best
business often is to make a boiler to fit any place of any
shape, but rather for the guidance of the factory architect in
tirst setting out and arranging his designs for a building, in
order to leave room enough for the engineer’s plans, which
architects very seldom do. This remark, it may be observed,
might not inaptly be extended to some naval as well as factory
architects, who undertake to design steam ships without
bestowing a proper thought about the boilers.

SecTION 27.—GENERAL RULES For PROPORTIONING THE
Lenatii oF BOILERS FOR STATIONARY LENGINES.

Rure 1.—A plain cylindrical boiler, without any inside flue
tube, and hung on what is sometimes called the ““ oven plan,”
that is with a direct draft passing from the fire-place directly
under the bottom of the boiler to the vent or chimney, and
without return flues of any kind, need not exceed in length
siz times its diameter; and it ought not to exceed six times
the square root of the area of the fire grate in feet if worked
with Lancashire, Derbyshire, or Yorkshire coal, which is
equivalent to siz times the square root of the nominal horse
power of the engine in feet. And if worked with the best
Newcastle coal, the boiler need not be more than about 8
diameters long, and ought not to exceed 8 times the square
root of the area of the fire grate in feet, which is equivalent
to 8 times the square root of gths of the nominal horse power
of the engine in feet; and in any case it never ought to exceed
sip feet in diameter.
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Rore 2.—A boiler without any inside flue tube, and set up
in the common way, with external brick flues and a wheel
draft, need not be more than about four diameters long, and
ought not to exceed in length 4 times the square root of the
area of the fire grate in feet for Lancashire coal. If worked
with Newcastle coal, it ought not to be more than about
8 diameters long, and need not exceed in length 5 times the
square root of the area of the fire grate in feet; and in either
case, whether a wagon or a cylindrical boiler, it never ought
to be more than 6, nor less than 4 feet in diameter.

Rure 3.—1If a boiler contains one or more inside flue tubes,
passing quite through it, and is to be set up with a split draft,
it need not be more than about 34 diameters long, and ought
not to be longer than 34 times the square root of the area of
the fire grate in feet for Lancashire coal; and if worked with
Newcastle coal, it need not be more than about 44 diameters
long, and ought not to exceed 44 times the square root of the
area of the fire grate in feet; and never be less than 5 feet in
diameter.

Rure 4.—When a boiler contains one or more internal flue
tubes, with an inside uptake or connection with the boiler
bottom, as in Boulton and Watt’s, or as in the marine
“tubular” and other multiflue boilers, the length of the
boiler need not be more than about threc times its diameter
with Lancashire coal, and ought not to exceed in length 3
times the square root of the area of the fire grate in feet; but
with Newcastle coal its length in feet may be equal to 4 times
the square root of the area of the grate, and need not be more
than about 4 times the diameter of the boiler.

RuLe b.—Cornish boilers and Butterly boilers, set up in
the best manner, with split draft, and using Lancashire coal,
need not be more than about 84 and 4 diameters long re-
spectively; and if using the best coal, they ought not to be
more than 53 and 6 diameters long.

Boilers whose dimensions are proportioned within the limits
stated in the above practical rules, more especially those indi-
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cated by the three last, are mostly the best to be found of each
kind in the manufacturing and midland counties.

The manner of hanging boilers, to which the first rule
relates, is yet generally confined to some country places, where
inferior workmanship only can easily be obtained, and where
the space occupied by the greater length of the boiler is
not of much value; consequently the data for this rule have
not perhaps been quite so exactly determined as may be.
There are reasons for supposing that the direct-draft cylinder
boiler may be made considerably shorter than the proportion
of 6 to 1, as stated in Rule 1, if the fire could be equally well
arranged as in the wagon boiler, the concave bottom of which
is admirably adapted to this purpose, because the middle of
the grate, where the heat is the most intense, is at the greatest
distance below the boiler bottom, while the latter gradually
approaches nearer to the grate at the sides of the furnace, and
thus tends to equalize the action of the fire against the boiler.
The bottom of the cylindrical hoiler being convex downwards,
the action of the fire is of course exactly the reverse of the
above. To say nothing of the injury done to the boiler plates
on this account, there requires to be a greater average distance
between the grate and the boiler bottom ; this again requires
a greater quantity of coal in the furnace, which impedes the
draft and renders stoking necessary, thus causing the flame to
be occasionally extended in length; and although such undue
length of flame cannot be kept up continuously with any
degree of economy, it has given rise to a mnatural though
unfounded prejudice against this mode of setting a boiler,
often expressed in the observation that “all the heat goes up
the chimney.” Erroneous as the idea is that gives rise to this
very common remark, it is not a little strengthened by the
fact that the temperature of the chimney is always very much
greater with a direct draft than it is where winding brick flues
are used, which may be considered only as a portion of the
chimney lying horizontally, the superfluous heat in which is
doing no good, and is really “waste heat,” from the great
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inconvenience and trouble it occasions; whereas when this
waste heat is allowed to go freely up the vertical shaft of the
chimney, it really becomes of great use in incressing the
ascensional force of the current, thus improving the draft and
enabling the boiler to be worked generally with the damper
nearly closed, as all steam-engine boilers ought to be worked.

SecrioN 28.—Borrers oN THE OvEN PraN LABLE TO Ex-
PLOSION FROM SURCHARGED STEAM.

‘When a boiler is set up or “hung” with a direct draft, as
described in Rule 1, it is very commonly but erroneously said
to be on the “ oven plan,” which designation ought to be con-
fined to those only where the flame is caused to pass wholly
or partially over the top of the boiler, although they have
generally a direct draft also. The use of such plans, however,
cannot be too much reprehended as pregnant with danger,
from surcharging the steam with heat, and thereby becoming
liable to explosion. Few, however, if any, are now set up in
that way; but I cannot help thinking that some of the other-
wise unaccounted for explosions which have occurred of late
years have been owing to a similar cause.

Surcharged steam may be produced in a boiler without the
latter being exactly on the oven plan, and I have not the least
doubt that it is frequently, if not constantly, so produced in
cylindrical boilers that have the side flues carried up con-
siderably above the level of the centre of the boiler.

Although out of place to treat on explosions in this chapter,
it is most important to omit no opportunity of inculcating
caution in setting up cylindrical boilers with or without side
flues, if the fire or flue is carried very high up or too near the
water level. It is more especially the case if the boiler is of
small diameter; the flame is then compelled to act strongly
against the top of the side flues, thus overheating the brick-
work, and reverberating partially above the convex sides of the
boiler, having only a slight effect in generating steam.

Should, however, the water level happen accidentally to fall
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only a single inch below the top of the flue, we know very
well how rapidly the stearn would become surcharged with
heat, although, perhaps, no very great addition to the pressure
would be indicated by the steam gauge.

There is no doubt whatever, in my mind, that in such a
boiler, even without supposing the water to fall below its
proper level, the steam is constantly being surcharged, owing to
the boiler plates, in the upper part of the flues, being in such
an unfavourable position for transmitting the heat to the water
partially below them, at the place where the greatest heat is
always found. There must be a particular liability to the
accumulation of surcharged steam where the boilers are well
covered with brickwork or other bad-conducting substances.
The heat imparted to the iron is thus in a manner prevented
escaping in any other way than by conduction up into the
steam chamber and surcharging the steam. This process of
heating the steam will go on at a slower rate certainly, but
not less surely, than if the water had been for a short time
too low.

Now, supposing this over-heating of the steam and the top
of the boiler to occur from either of the above causes, while
the engine is at work it is not perhaps likely that anything
particular will be observed to ensue, unless, probably, the
burning of the clothing or other covering of the boiler. But
let us examine the matter when the engine has been standing
for some time, or when just about to start after the first
getting up of the steam, and we shall find a very different
state of things, the consequences of which, if only leading to
the slightest probability of resulting in an explosion, are too
serious to be passed over without great consideration.

‘We may suppose then that the steam chamber has become
filled with over-heated or surcharged steam from any cause
whatever, whilst the top of the boiler is also in the condition
already described, that is, exposed to a temperature of say
from 850° to 400°; which supposition is quite ¢onsistent with
the fact that the great bulk of the water in the boiler may
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be at the same time considerably below the common boiling
point. And although this last assumed fact is, perhaps, only
of rare occurrence in boilers which have their fires under-
neath them, it cannot be too widely known, that in all station-
ary boilers which have internal furnaces it is not only of fre-
quent occurrence, but it is a common observation of most
practical engineers and workmen, that at the first getting up
of the steam from cold water in a boiler of this description,
with the safety valve and all other outlets of the boiler closed,
the water at the lower part of the boiler is often quite cold,
whilst there is a pressure in the boiler of 10 or 20 lbs. on
the square inch.

From what we know of the very slow conducting power of
water for heat downwards, if some special means of providing
for its due circulation be not used, it is quite conceivable that
a comparatively thin film only of the surface of the water
will correspond in temperature with the surcharged steam, in
the case we have supposed, decreasing in some rapid ratio
downwards to the level of the furnace. It is also evident
that whilst the surface of the water remains perfectly still
and undisturbed, this state of things may continue for some
time, say for several minutes, while the super-heated condition
of the upper part of the flues and the top of the boiler will
go on increasing more or less rapidly, according to the extent
of the flame that is kept up, communicating a correspondingly
elevated temperature to the already surcharged steam, with-
out adding very much to its quantity or pressure. The eva-
poration from the surface of the water will, at the same time,
be also going on, slowly perhaps, but gradually increasing, at
a rate which will then be in proportion to the superficial
extent of the water surface, and the heat of the steam in-
cumbent upon that surface.

As my object in thus tracing the proximate causes concerned
in producing the dangerous consequences that may ensue is
for the purpose of suggesting the means of prevention, it will
be here useful to observe that, whatever may be the pressure
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of the steam due to the actual evaporation at this stage of the
process, it will be nearly doubled by the heat of the steam
chamber, supposing the latter to have arrived at about 400°,
which is still under the temperature that would leave any
permanent traces of its existence on the metal, the lowest
temperature that gives the first discolouration to iron (a
straw colour) being about 480°. Now, excepting by the
thermometer, there is only one other .means of giving the
fireman any ready indication or suspicion of there being
anything wrong about the boiler; and rough and un-
certain as that indication is, it is always sufficient to
create alarm, and induce him to take some instant precau-
tionary step; and whether that step be properly or
improperly taken will make all the difference between
hastening and preventing the catastrophe of blowing up the
boiler. The indication T am alluding to may be thus
described :—whenever a fireman finds that, on getting up
the steam previous to starting an engine, more particularly
after a boiler has been at rest and refilled with cold water,
that the pressure rises to a certain height in about half the
tme that has usually been the case previously; or if, after
firing a certain time, and consulting his steam gauge, he finds
that the steam has run up to 10 or 20 lbs. pressure, instead
of b or 101bs. as he expected, in the same time, and if the
man has been accustomed to the same boiler, and is assured
there is no unusual circumstances, of draft or otherwise, to
account for the difference, then he may be almost certain that
there is surcharged steam in the boiler.

Now an idle or a careless stoker might not perhaps notice
the circumstance just described so long as the required pres-
sure is not reached which the safety valve is loaded to blow
off at; which is the case no doubt very frequently, and the
circumstance is thus passed over without danger or the sus-
picion of danger. But what is the step that a careful, and
still more a timid, man would be likely to take at such a time ?
In all probability, if the means were at hand, he would either
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“feel” or lift the safety valve; and what is the consequence
that would be most likely to follow? In the case we have
supposed it certainly would not be safety, but danger, and
very possibly immediate destruction; for when a safety valve
of any considerable area is thrown suddenly wide open, there
is always a sudden rush of water, or rather water and steam
mixed, to the opening. This is well known to occur uni-
versally under such circumstances, and I have more than once
seen it purposely exhibited by foolhardy engineers, by way of
illustrating the nature of priming, as priming in fact it is, at
the safety valve instead of into the cylinder.

We need not, however, suppose that this is exactly the
course taken in the case under consideration; for a very
careful man would perhaps only ease the safety valve gently
on its seat; and if it was in a cotton mill or other factory
requiring to be heated by steam, the almost certain course he
would take would be to let the steam into the pipes for that
purpose ; and whether he opens the communication suddenly
or slowly, the effect produced is that the surface of the water
is simultaneously relieved from a portion of the pressure, and
in consequence of being so relieved the water immediately
commences boiling, not so violently ‘perhaps on the instant,
but sufficiently so to change it from its hitherto quiescent
condition to a state of active circulation at least, if not of
actual ebullition at the surface. Now this or any other dis-
turbance of the surface of the water, starting the engine for
instance, will rapidly supply the surcharged steam with its
full complement of water, that being all that is wanted to cause
the pressure to mount up suddenly from 20 to 200 or 300 lbs.,
perhaps in a few seconds, or to such pressure as is due to
the final temperature of the steam when fully saturated with
water, the dry surcharged or desiccated steam, as it may be
called, suddenly becoming ordinary steam of somewhat less
temperature, but enormously increased in densityand pressure,
with what effect on the boiler of course depends entirely upon
the strain it is capable of bearing without rupture.
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Supposing the iron to have arrived at about 400° Fahr,,
fully satusated steam in contact with it will assume a pressure
of about 2151bs. per square inch above the atmosphere, a
pressure quite equal to account for many of the disastrous
explosions we have on record.

Without going farther into the subject in this place, if I
have not made it appear very probable that explosions some-
times do take place from the cause stated, I trust that the
possibility of their doing so is sufficiently evident, which is all
that was intended ; for there are many other causes concerned
in producing a state of things liable to lead to explosions
which require to be treated on after we have considered the
proper thickness and strength of iron to withstand any given
strain. My present object is mainly to induce a more con-
siderate attention being paid to the subject of properly
hanging the direct-draft boiler, referred to by Rule 1, so as
entirely to avoid any even remote possibility of danger arising
from the causes pointed out.

With this view, also, the following figures (10 and 11) are
given to illustrate the method I have long recommended and
practised of setting up boilers of this kind ; and although they
amount to some hundreds, I have never yet heard of one that
has exploded. I may also conclude with reiterating the
caution which it was my object to urge at the commencement
of this section, namely, that the flame should never be allowed
to act against the sides of a cylindrical boiler above the level of
its centre, much less above the level of the water.

SecTioN 29.—FIRE AND FLAME BRIDGES.

It is very important that all boilers of any considerable
length, and particularly when erected on the direct-draft plan,
should be provided with several flame bridges under them,
commonly called “ check bridges,” but perhaps improperly so,
from the supposition that their proper office was only to check
or impede the too rapid current of hot air and flame in their
passage to the chimney, and consequently to retain the heated
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Fig. 10.

gases longer under the boiler, which they certainly do quite
as effectually as causing the smoke to travel through long,
narrow, tortuous flues. This, however, is the least important
purpose they subserve,

The above, fig. 10, is a transverse section of one of a num-
ber of boilers which were erected by a firm in Manchester
several years ago, all of which" are yet in work, showing how
the boiler is hung upon cast-iron brackets, riveted to the boiler
a little above its centre, and resting by broad flanges on the
top of the side walls.

This boiler was purposely chosen of this simple and what
may be called rudimentary plan, and put up in the cheapest
and simplest manner with a direct draft, so that any alterations
or improvements that it might have been found expedient to
make, either in the setting or the construction of the boiler,
might be in the shape of additions merely, and thercfore
capable of being separately proved, both as to first cost and
actual worth ; and also that observations might be made upon
it for a sufficient length of time, without the liability of error
either from complication of construction or from interruptions
owing to the necessity of stopping to clean out the flues or
otherwise. It was thus made to answer the purpose of a trial
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boiler, in order to guide the firm to which it belonged in their
choice of the kind of boilers to adopt in the erection of some
new works.

One of the flame bridges is shown in elevation in the pre-
ceding figure (fig. 10). It is an inverted arch, 5 inches from
the boiler bottom, and equally distant all round. Too much
attention cannot be paid to the proper construction of these
bridges; for neglect in this matter has always been the cause
of any great waste of fuel that has ensued on putting up a
direct-draft boiler. If too great a space is left above them, it
is almost as bad as if the bridges were left out altogether; for
then the flame is apt to divide itself into two currents, one on
each side of the boiler, and thus run off to the chimney with-
out taking much effect upon the boiler bottom.

I believe I was the first to design boilers with several flame
bridges of this description, at least to publish an account of
them, and urge their general adoption as an absolutely essen-
tial requisite to all boilers set up on the direct-draft plen,
which I did on the ground that their proper office is princi~
pally for the purpose of spreading the flame and heated air
around the convex heating surface, so as to completely
envelope the lower half of the boilers in a stratum of flame
of comparatively equal thickness or uniformity.

Similar observations may be made with regard to the fire
bridge represented in fig. 11. It is too frequently built by
bricklayers in the form of a horizontal wall of very little
clevation at the end of the fire grate, in evident ignorance of
what the proper functions of a boiler bridge consist, and as is
also evidenced by the name of “stop,” or *fire stop,” that is
commonly given to this bridge, from the supposition that its
only use could be to prevent the stoker from pushing the coals
over the end of the fire grate. Its most important object,
however, is, like that of the flame bridge, to act as & dam for
the current of flame and gas to flow over.

The top of this fire bridge is described by a circle of the
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Fig. 11.

game radius as the boiler, at about 10 inches below the boiler
bottom, as shown in the above drawing, which is a vertical
gection of the furnace across the back end of the fire grate on
a scale of 1th of an inch to a foot. This fire bridge reclines
backwards, with a batter of about 6 inches in the middle,
diminishing to each side of the furnace, where the upper part
of each wing of the bridge is vertical.

CHAPTER V.

On the proper Thickness and Strength of Boilers for Durability and Safety,
with Examples of actual cases.

Section 90.—Practicar LiMits To ‘THE THICKNESS OF
RIVETTED BoOILER PLATES.

TaE proper strength of boilers, to enable them to withstand
with safety the required pressure of the steam is a matter of
such very great importance as regards both life and property,
and the responsibility of the proprietors as well as the con-
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structors of boilers are consequently of so grave a character,
as might well justify the devotion of a much larger space to
this subject, even in a rudimentary treatise. Happily, however,
the principles on which the strength of all boilers depend
are comprised in a very narrow compass, and, of whatever
material the boiler is made, may be stated in few words, the
strength being directly as the thickness of the metal and in-
versely as the diameter of the boiler.

So long as boilers continue to be made by hand labour, and
the quality of iron remains what it is, the thickness of the
wrought-iron plates of which they are constructed is also prac-
tically determined within exceedingly narrow limits. A good
boiler cannot be so made Jess than a quarter of an inch nor
much more than half an inch in thickness.

Some of the best operative Staffordshire boiler makers
are known to be even disposed to narrow these practical
limits still more, or to % and %, and do not hesitate to de-
clare that with the average of workmen the proper thickness
of boiler plates must be confined between a quarter of an inch,
which cannot be properly caulled, and half an inch, which
cannot be properly rivetted.

Without wishing to contravene this opinion, so far as the
inferior limit is placed, it is very probable that the other
and more important limit may be extended to half an inch or
§ with the partial assistance of the rivetting machine, com-
bined with properly paid and therefore superior hand labour.
It is admitted that g-inch plates can now be better rivetted
by the rivetting machine than } inch can be done by hand.
Useful, however, as is the rivetting machine, and important
a part as that invention is yet destined to play in the history
of boiler making, ship building, and bridge building, even
little and apparently insignificant a step as it is beyond the
boiler maker's punching engine, it has already done wonders ;
but it is yet only calculated for plain work, or large tubes.
‘We have not yet got a machine that will go through the man-
hole and close up the end of a boiler.
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Admitting the practical data contained in the foregoing ob-
servations, which I am compelled to do after a recent examina-
tion of numerous boilers in Staffordshire and the other iron
counties, where it is common enough to find many of the re-
prehensible practices mentioned in Section 11 (p. 86) still
prevailing—iwe have scarcely any choice left but to fix on
either § or 4% inch plates, as the thickness at which we shall
most probably continue to get the best boilers made by hand.
Taking everything into consideration, in answer to the fre-
quent question of the best thickness, I usually say without
hesitation {5 for Staffordshire and £ for the best Yorkshire
plates, may be fixed on, as it is generally allowed there is
that proportionate difference in the strength of the two irons;
and with the assistance of the rivetting machine the maximum
thickness may soon be extended to 4% of an inch.

In recommending § iron generally, say for high-pressure
boilers of small and low-pressure boilers of large diameter,
as the least thickness that ought to be permitted for the shell
of any kind of boiler whatever, there are other reasons besides
its being the ordinary thickness for securing the best work-
manship,—the principal one, in my estimation, being that,
owing to its being so much used, we know well what it will
bear. We know for instance that a locomotive bLoiler of
-5 thick and over 3 feet in diameter, will bear a working
pressure of 80 to 100 lbs. per square inch. I have also seen
a boiler of 10 feet diameter and § thick, tested with & cold-
water pressure of nearly 100 lbs. per square inch, which gave
no indication of weakness, although I would very much doubt
the prudence of working such a boiler at 50 lbs., and more so
after its being tested to that extent than before.

It is very commonly stated that boilers should be tested
to three times their intended working pressure; double pres-
sure is, however, quite ample, at least for high-pressure
boilers, but there ought to be no leakages at that pressure.
Some also recommend the propriety of testing new boilers,
in the first instance at least, with air instead of water pressure ;

F 2
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and, as it is quite as important to have the seams as well
caulked inside as out, the use of air instead of water would
give some practical facilities for that purpose.

SecTiOoN 81.—RULES FOR PROPORTIONING THE STRENGTH TO
THE PRESSURE AND STRESS ON THE IRON.

The tensile strain that good wrought iron is capable of un-
dergoing without rupture, is so perfectly enormous that few
people are able to believe that steam boilers are ever actually
burst with the fair pressure of the steam, however great that
may be; operative boiler makers in particular are all strongly
impressed with this ides, hence they are all staunch advocates
of the various theories that it is gas, electricity, or anything
but simple steam, that is concerned in tearing a boiler to
pieces. Natural as it is, on witnessing the astounding effects
produced by the uncontrolled power of steam, to ascribe them
to occult, imaginary, and other far-fetched although so-called
scientific causes, it is very blamable when parties, who ought
to know better, encourage such belief, because it indisposes
men who have the care of boilers from giving sufficient atten-
tion to simple palpable facts and circumstances in practice,
by which, with the aid of a little common arithmetic, it is
probable that all the accidents that have hitherto happened to
steam machinery might easily be explained.

The usual rule for estimating the pressure that may be
safely put on the cylindrical part of & boiler, is to multiply
the number of pounds per square inch seetion that you will
allow the iron to be strained to by the thickness of the plate in
inches or fractions of an inch, and this product divided by the
internal diameter of the boiler in inches, will give the number
of pounds per square inch pressure that each side of the boiler
must bear, in order to subject the metal to the given strain.
Or, in fewer words, the separating force of a cylindrical boiler
is equal to doublle the strength of the iron, the strain being
borne equally on each side.
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If we fix on 5000 lbs. per square inch section as the
greatest allowable strain that iron should be exposed to, which
is about jrd of the maximum strain at which it is liable to
suffer a permanent derangement of structure, and less than
44;th of the ultimate strength of the best wrought iron—the
above rule may be expressed as follows :—

Rure 1.—Multiply double the strain allowable on the iron,
or (2 x 5000 =) 10,000, by the thickness of the boiler plate,
divide the product by the diameter of the boiler, all in inches,
and the quotient is the pressure of steam in pounds per
square inch that the boiler will bear without injury.

Let s = the strain on the iron in 1bs. per square inch section
t = the thickness of the plate.
d = tho diameter of the boiler.
p = the pressure at which it may be worked.

Then the equation for the pressure is—

__ st
P=—
and the general formula for our short slide rule is as follows :—
A | 2s=10000 | & = diameter in inches.
o |t = thickness | p = pressure in lbs.

Example 1.—Required the pressure of steam at which to
work a locomotive boiler of 36 inches diameter and -5 inch
thick, so that the greatest strain per square inch, sectional
area, of the iron shall not exceed 5000 lbs.

A | 2s = 10000 | d = 86 inches.
0 | t =5 =8l | p= BUYIbS.

Ezample 2.—A cylindrical boiler of commen Staffordshire
iron is 6 feet in diameter, and the circular part of the shell
-5 inch thick. It is required to find the pressure of steam it
may be worked at, so that the maximum strain on the iron
per square inch, sectional area, shall not exceed 8000 Ibs.

In this case the gauge point for the strength of the iron is
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2 x 3000 = 6000, instead of 10,000, and the operation is as
follows :=—

A | 28= 6000 | d =6 x 12 = 72 inches.
o | t =-3120 | p = 25 lbs. per square inch.

Ezample 3.—The above is an actual example in practice of
a badly-proportioned high-pressure boiler. It is required to
find the diameter of a good one, capable of working at double
the above pressure, or 50 lbs. per square inch, made of the
best Staffordshire plates of the same thickness (% ths), but
able to withstand a strain of 4000 lbs. per square inch,
sectional area, of metal.

A | 8125 | p = 50 lbs. pressure.
I

o | zé":_sooo | d = 50 inches diameter.

Ezample 4 —A cylindrical low-pressure boiler is 9 feet
diameter and 20 feet long, made of the best Yorkshire iron
ths thick: what is the pressure it may be worked at in order
not to subject the iron to a greater strain than 5000 lbs. per
square inch sectional area of the metal; and what is the
nominal horse power of the boiler with Lancashire coal, the
boiler containing two inside flue tubes on Mr. Fairbairn's
patent construction, each of 8:33 feet in diameter ?

TFirst, for the required pressure:—

A | Rs = 10000 | d=9 x 12 =108 inches.

o | t=¢=1375 | p = 84721bs.pressure.

Second operation for the horse power, according to the
formula, Section 5 (page 18), using & for a divisor or gauge
point, which gives Boulton and Watt's proportions, or about
8 square feet of-effective heating surface per horse power:—

A ] d=9+83+83=156feet | cr=35.
o | Length = 20 | mr = 626,

‘When a boiler is to be made of the very best iron, requiring
the coefficient for its maximum strain, 28, to be fixed at
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10,000 as above, it suggests a very simple arithmetical rule
for finding the thickness for any given pressure, as follows :—
Rure 2.—Multiply the diameter of the boiler, in inches, by
the given working pressure in lbs. per square inch; then the
4 right-hand figures of the product will represent the proper
thickness of the boiler plate in decimals of an inch.
In the last example we have—

Diameter of boiler . . . 108inches.
Pressure per squareinch . 35 lbs.

540
824

The required thickness = 0:3780 inches.

The converse of this operation is also useful ; that is, when
the thickness of the plate is given in decimals of an inch, add
to it 4 ciphers, and divide by the pressure for the diameter,
or by the diameter for the pressure, as follows :—

The given thickness, § = ‘375 inch.

9)3750:000 with 4 ciphers added.
Diameter, 108 i —
12)416:666

p———

84-7% lbs, pressure.

SEcTION 82.—FATRBAIRN'S PATENT DoUBLE-FLUED AND
DouBLE-FUurRNACED BOILER.

The 9-feet cylindrical boiler, in example 4, is an actual case
in practice of & 60-horse boiler, which I designed for driving
one of Boulton and Watt's 60-horse engines at the Hope
Mills in Manchester, belonging to Messrs. George Clarke and
Co., in the year 1844, and which was executed by Mr.
Fairbairn, and put to work the following year with very great
success, together with another boiler of the same kind of still
greater proportions, namely, 10 feet diameter and 24 feet
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long, which has been already alluded to (Section 80, p. 99) as
having been tested to nearly 100 1b. per square inch pressure.
Either of these boilers are able to work the engine up to
its full nominal power with very easy hand firing, and, when
both boilers are working together, still more economically,
which they have generally done regularly, the engine being
loaded up to about 145 gross indicated horse power, and using
not more than 6 lbs, of very inferior coal per indicated horse
power per hour.

Having had the advising and designing the proportions of
these boilers, I need not say they would have been preferred
longer with the same diameter, but it was compulsory to
place them in a very circumscribed space of ground in a
corner of the factory yard, and much against the opinion of
Mr. Fairbairn himself, who had just patented these boilers
and who did not then approve of a greater diameter than 6 or
7 feet, and recommended a much greater length. As very

Fig. 12.
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many of these double-flued boilers are now in use in Lan-
cashire as well as other parts of the kingdom, I make no,
apology for giving the drawings (figs. 12 and 18), showing
a general plan or horizontal section of the boiler and flues, as
well as a transverse section of the same.

The particulars of the 9-feet boiler are as follow :—T'he cylin-
drical part of the shell, as well as the flat ends of the boiler,
are made of g-inch iron; it is 9 feet in diameter by 20 feet



ON STEAM BOTLERS. 108

long, and contains two flue tubes, each 3 feet 4 inches diameter,
but rather deeper at the front ends, which contain the two
furnaces. The flues pass through the water space the whole
length of the boiler, and are made of plates 4% thick, or 4
thicker than the shell, except the tops of the furnaces, which
are of low moor iron, and only § thick. There is sufficient
space between the flues, which are 13 inches apart, for a man
to get through. The flat ends are braced together as usual, and
also have four additional oblique stays at each end, radiating
to different points of the upper half of the boiler; these,
together with the two flues in the lower half, pretty well
equalize the internal strain on the different parts of the
boiler. It was intended to work at about 15 or 16 lbs. per
square inch, therefore it was proved at 30 lbs., that being
about ird of its maximum strength, which it stood without any
deflexion, and which is only about *th of the ultimate or
bursting strength of the boiler.

Although, as appears by example 4, this was called a 62-
horse boiler, it only contained 54 square yards of effective
heating surface ; and it was found to work the most economi-
cally at about 50 nominal horse power, that is, evaporating
about 50 cubic feet of water per hour ; the evaporation then
being at the rate of about 8 1bs. water to one of coal, the coal
being one half “ Burgey " at about 6s. per ton.

The above described boilers were the first that were made
of that large size, after Mr. Fairbairn took out a patent for
them ; and, as their introduction formed a very important era
in the history of working factory engines to a greater extent

r 3
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expansively than previously had been usual, I was at some
pains to investigate all the facts in relation to them. It may
be observed that it was only as to the external dimensions, the
heating surface, and capacity to ensure their efficiency and
economy in fuel, that I am accountable for, in these boilers;
the thickness of the plates, mode of staying, and consequent
strength, being entirely left to the responsibility of the
maker, who is so well known as an authority in such matters;
my only care in this respect being that, as they were in-
tended to work under 20 lbs., that pressure should not be
exceeded, by causing the feed water to be supplied by the
ordinary open stand pipe of about 50 feet high, so that the
population of the factory, under a portion of which the boilers
were placed, should not be dependent on the safety of the
¢ safety valve” alone.

A more particular description of this kind of boiler is given
by Mr. Fairbairn himself, in the British Association Reports
of 1844, in which its smoke-consuming qualities are spoken of,
respecting which it need only be stated, that in this particular
case, as in all other cases, with a good fireman, and a good
draft capable of burning up the whole of the coal with little or
no stoking, there is little or no smoke. But although, from the
shortness of the boiler, in proportion to its diameter, so com-
pletely opposed to the Cornish system, it was predicted as
usual that ¢ all the heat would go up the chimney,” its general
economy was all that could be wished. And the earliest
opportunity was taken of comparing its economy with that of
another boiler of the same kind, of the same diameter and
same size of flues, but of 28 instead of 20 feet long, for which
I was requested to make designs for setting up, at another
cotton factory in the same neighbourhood. This boiler was
made by Messrs. John Petrie and Co., of Rochdale, the same
year, and set up to work onc of their 40-horse patent expan-
sion engines, at Messrs. Hugh, Shaw, and Co's.; and, when
using coal of a similar quality to the former, was found to
have as nearly as could be ascertained the same proportion of
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evaporative economy, the economy of working with a variable
amount of expansion at this particular engine being the
subject of a series of careful experiments, which were published
at the time, April, 1846. The facts, however, in relation to
the economy of the boiler, which is all that now concerns us,
were sufficient to show that nothing is to be obtained by
making a boiler of this kind longer than about 3 times its
diameter, which agrees with the general rules on the subject
laid down in the last chapter. (Sect. 27.)

Notwithstanding the only conclusive proof in all matters
physical, namely, experiment, is without exception in favour
of the general doctrine I have endeavoured to inculcate in
respect to the length of boilers, and therefore all mere opinion
may be safely repudiated, I will venture to state one prac-
tical man's authority on this subject, whose opinion that the
current notions of danger of explosion by having boilers of
large diameter, or of loss of fuel by want of great length, are
mere prejudices, will not be disputed, when I mention the
name of my friend, Mr. William Elsworth, C.E., of Preston;
that gentleman having erected some boilers of this construc-
tion the same year, at the splendid cotton works of Messrs.
Horrockses, Miller, and Co., of 24 feet 6 inches in length,
and not less than 10 feet 10 inches diameter, he agreeing
with me that danger of explosion is more to be dreaded from
bad materials, bad workmanship, and small boilers, which a
man cannot get properly into, either to make or to clean, and
keep in repair, than all other causes put together.

Boilers of 10 feet to 12 feet in diameter, made of the best
Low moor iron § thick, with the ends § inch, and braced with
three or four longitudinal stays of 2 inches square, may be
quite safely worked up to 80 lbs. per square inch pressure,
with a certainty that no part of the shell of the boiler at least
is exposed to so much as 4rd of the strain the iron is
capable of bearing without injury.
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SecTIoN 83.—STRENGTH AND FORM oF INTERNAL FLUE
TusEs.

The weakest part of a boiler constructed on Mr. Fairbairn's
principle, is undoubtedly the internal furnace or flue tube,
which is notoriously liable to suffer from collapse, if made of
thinner iron than the shell. It is undoubtedly true that the
same mathematical law of the stress applies, as shown by
both Emerson and Tredgold, to the external pressure on the
flue tube as to the internal pressure against the shell, or that if
} inch thick is sufficient for a 6-foot shell,  inch is enough
for a 8-foot flue to sustain the same pressure, so long as the
latter retains its true circular figure. Unfortunately, however,
this is an impossible condition in a wrought-iron boiler, for the
flue cannot be said to retain a figure which it cannot be made
with at first, therefore it has been endeavoured to be met, as
such difficulties too commonly are, by practical men, with a
compromise between safety and danger—that is, making the
thickness of the flue plates intermediate between that which
is theoretically correct and that which their habits only have
taught them to be practically wrong; or in the above assumed
case between } and J inch, namely, 3ths. We thus find this
to be a kind of universal thickness for nearly all flue tubes,
whatever may be the pressure they have to sustain.

If it were not the fact that extensive loss of life is con-
tinually taking place from explosions, by far the greater
number of which are known to commence, at least, from a
collapse or giving way of the flue tube, this question might
remain until the experience of each particular boiler maker
settled the point to suit his own convenience; but as it is, it is
pre-eminently one of those questions that ought to be taken
out of the hands of mere practical mex so called, who are too
often themselves but a compromise between good workmen
and bad mathematicians, and settled by law, which ought to
enforce the necessity of having all such structures * stronger
than strong enough.” Taking this view of the case, I have
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never seen any valid objections to making the inside flue of
even thicker iron than the outside shell ;—at any rate, when a
flue exceeds 8 feet in diameter the plates ought not to be less
than J1; inch thick, however low the pressure of the steam
may be.

In flue tubes greater than 8 feet in diameter for high-
pressure boilers, of course the proper thickness soon ap-
proaches the limits of good workmanship, and when that is
reached, any system of bracing for supporting a flue should be
resorted to with very great caution. Although we have many
highly ingenious examples of bracing and staying in the low-
pressure boilers of some of the American steam boats, after
carefully examining several of them I have come to the con-
clusion that they ought not to be depended on to the
exclusion of other considerations even for low pressure, and
much less for high. Indeed, if very high pressure is ever
to be justified in steam navigation at all, it would be better to
return to Oliver Evans’ and Woolf’s systems of small water-
tube boilers, than any farther complication of Stephenson's
locomotive tubular-flued boiler, which the present marine
“tubular boiler” is in fact.

The safe principle of Oliver Evans’ boilers, which is that of
never allowing the pressure to be exerted except within
cylinders of comparatively small diameter, appears to have
been carried out in a very scientific manner by Dr. Alban, a
practical steam-engine maker at Plau in Saxony. He has
published the results of his experience in a work called  The
High-pressure Steam-Engine Investigated,”* which are ex-
ceedingly important and interesting to all those who would
concern themselves with steam of 200 or 800 lbs. pressure.
And to those who have serious intentions of promoting aerial
navigation by steam, I would say this is the direction in which
you must look. It is perhaps not too much to say that Dr.
Alban has constructed engines of great simplicity, and of

* A translation of this work into English is published by Mr. Weale.
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greater power in the same space, and of less weight, consistent
with durability, than any preceding engineer.

The best way of strengthening the large internal furnace
flues of boilers is by rivetting on them a series of ribs of
angle or Tee-iron at short distances apart, similar to the iron
ribs used for the tops of locomotive fire boxes. This plan is
the invention I believe of Mr. Joshua Milne, of Shaw, near
Oldbam, who has had greater experience than any other
manufacturer, in adapting the high-pressure expansion
engine to cotton spinning. Safety to the hands employed
being the chief requisite in using high-pressure steam for
factory purposes, Mr. Milne's plan cannot be too widely known,
for it may be easily carried out to such an extent as to make
the collapse of a flue almost inconceivable,

SecrioNn 34.—MARINE Borrers.

That part of the flue tube beyond the furnace admits
of another mode of strengthening which is likely to be pre-
ferred by the very large class who, while studying safety,
do not forget economy. The principle of the plan I refer to
is that of using vertical prop stays in the flue in the form
of tubes, through which the water of the boiler circulates, and
against which the flame acts in its passage through the
flue.

The above principle has been acted on for many years to
o greater or less extent in this country, but recently more
generally by the Americans in some of their large Atlantic
steam boats. Those boilers on this principle which have been
tried for steam navigation in this country have been very
efficacious in generating steam, but remarkably addicted to
priming, as in fact good boilers generally are, and on that
account never came much into use. They contain, however,
many of the elements of a good boiler for marine purposes,
and only require the vertical water tubes to be shortened and
tapered, 80 88 to give free egress for the steam without undue
or too rapid a circulation of the water, to prevent a good deal
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of the priming, even with the water of the muddy Humber,
where they have been inostly in use; that river being, par
excellence, adapted for priming, or * fermenting,” as is the
expressive term there applied. This is the universal malady of
steam-boat boilers when leaving the clear water of the ocean
and coming within the vicinity of dirty fresh water, which is at
such times so conspicuously detrimental to the working of the
‘engine and everything relating to it.

~'o say what is necessary, if we go into the subject of
marine boilers at all, would very far exceed the present in.
tended limits of this volume; their forms are so numerous
and diversified, that to give an adequate description of only a
few would be to do great injustice to many perhaps equally
as deserving. Suffice it to say that the present position of
marine boilers is one of transition, and they may be said to
be in their second transition state. The old large-flued
marine boilers, it is well known, were nothing more than land
boilers placed in difficult circumstances, that is, on board
ship, surrounded with water spaces instead of brickwork.
That was their first stage; but marine engine makers still
adhered most inveterately to the then prevailing prejudice
of the scientific engineers of the day, the Cornish doctrine of
long lumbering interminable flues—until some of them had
the courage to break through the established routine by
adopting the locomotive tubular-flue boiler of Stephenson, since
called the tubular boiler, which designation properly belongs
to the small water-tube boilers only. This second stage of
improvement was effected by turning the tubes over the fire
box or furnaces; hence they are called * turn over” boilers,
which very great improvement I believe Mr. Seaward of Lon-
don has the merit of effecting. Although this adaptation of
the locomotive construction enabled the engines to be worked
at higher pressure and greater expansion with a smaller boiler,
there aro many inconveniences in respect to their want of
durability, from various causes which railway boilers are not
exposed to, which render it very desirable that further
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original improvements should be made before much greater
speed can be expected in steam boats. It is not difficult to
predict that any farther mere imitations of the locomotive
construction, respecting which our marine engineers are all
at sea again, will be ineffectual in preventing our American
brethren going shead of us, and which some of their late
achievements in this line give great indications of their doing.
At any rate if the Americans have not already arrived at the
best form of marine boiler, it is yet to be invented.

SEcTION 85.—GALLOWAY'S PATENT DoUBLE-FURNACED
TuBuLAR Boirkr.

Whatever turn marine engineering may take in the next
few years, safety from explosions must always be a paramount
consideration in these days of cheap travelling, which is my
main reason for mentioning the subject of the last section.
I shall therefore take this opportunity of referring marine
boiler makers to a combination of the tubular and flue con-
struction recently brought a good deal into use as a land
boiler, by Messrs. W. and J. Galloway, of Manchester, the
principle of which may be easily adopted in steam boats.

It is not only the strongest form of boiler for its dimensions
that has yet been made, but it is believed to be the most
economical for its weight as a generator of steam.

The following figures, 14 and 15, represent a longitudinal
and a transverse section of this boiler, showing the mode in
which the main fire flue is supported and strengthened by a
series of short vertical water tubes, which are made slightly
conical, or about 2 inches wider at the top than the bottom,
and amongst which the flame is allowed to play in its passage
through the flue, the tubes being placed zigzag fashion, as seen
in the horizontal section, fig. 16, giving great facility for this
purpose. This particular arrangement of short water tubes,
to cause them to act as prop stays of the strongest possible
form, and in the best position for resisting any collapse of the
fire flue, is the most valuable feature in Messrs. Galloway's
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Fig. 14.
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invention as regards safety. In
respect to the absorption of heat
from the flame, the disposition of
these tubes is also remarkably fa-
vourable ; for,—avoiding the diffi-
culty of causing the flame to make
its way through a crowded box full
of comparatively small tubes on
the one hand,—the tendency of
the flame to divide itself into two
currents, which a single row of
tubes sheltering each other would promote, is also prevented
on the other. This arrangement also assists in causing the
flame to wrap and envelop the tubes, so as to render a greater
proportion of their surface effective. Hence this kind of
boiler is pre-eminently distinguished for its great economy
with flaming fuel.

e
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Apart from the subject of the strength of boilers, we
cannot help remarking on the utter disregard engineers
generally have paid to the distinctive characters required in
boilers adapted to flaming or non-flaming fuels. The loco-
motive boiler, for instance, is especially adapted for coke or
other fuel, with little or no flame, nor was it ever meant to
be otherwise. Its great author, one of the inventors of the
safety lamp, could not be ignorant of the fact that flame would
not enter far into narrow tubes; neither was he, for in
one of the last interviews I had with him, which was on the
subject of the present work, he fully agreed with me on the
propriety of considering the locomotive boiler, so far as the
small tubes are concerned, to be merely an apparatus for
heating with hot atr, and not at all adapted for the use of
Newcastle coal. The only object to be obtained in passing
the products of combustion through an immense number of
very small tubes, is to drain out, as it were, the last dregs
of the caloric, as Mr. Stephenson expressed it, after the
great bulk of the steam is obtained from the action of the
flame in the fire box, on which his chief reliance was placed.
Yet, in defiante of this important practical distinction, we
have seen English engineers pushing the small tubular-flue
principle in marine boilers to the uttermost, for burning
bituminous coal; while, on the other hand, we have heard of
American and other engineers using the anthracitic and other
non-bituminous varieties of fuel to the simple boilers of Oliver
Evans and Trevithick, so much better suited to bituminous
fuel or to wood.

Besides the arrangement and position of the water tubes
in this boiler being well calculated for strengthening the flue
and for intercepting the flame, there is another advantage
not less important, as it equally affects both their durability
and their efficiency in taking up or absorbing the heat from
the passing flame, and that is the conical form of the tubes.
I have elready referred to the difficulty always experienced in
causing the heat to pass laterally through the vertical sides of
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boilers with sufficient rapidity for generating steam, and
which in fact is so great as to justify us in considering the
effectiveness of a perfectly vertical surface to be only about
one-half that of an equal area of surface inclined even at
a very small angle towards the horizontal; the reason
being the intervention of the rising bubbles of steam, pre-
venting the necessary contact of the water at the upper portion
of the surface ; such vertical position of the heating surface
also causing the metal to become over-heated, just in the same
proportion as it is prevented communicating that heat to the
water. This difficulty in the lateral communication of heat
is obviated by the enlarged surface of the upper ends of the
tubes in a certain measure inclining over the flame. The
current of flame is also, by the same means, confined prin-
cipally to the lower part of the flue without the intervention
of hanging bridges, which are always necessary with perfectly
vertical surfaces or tubes of a uniform diameter.

I formerly took occasion to call the attention of boiler
mekers to the evident advantage to be derived from causing
the heating surface thus to overhang the soarce of heat, more
particularly es respects the sides of the furnaces of marine
boilers and fire-box boilers generally. And I have since had
the satisfaction of finding my advice acted on with con-
siderable success, both in land and marine boilers. Although
this boiler of Mr. Galloway's is the first in which the principle
has been applied to vertical tubes, it has given some oppor-
tunities of proving in practice that the application is still
more efficacious in tubular than had been previously found in
flat surface.

SecTiON 36.—BOILERS AT THE GurTA-PERCHA WORKS.

As a recent application of those boilers in London, and on
the principle that example is better than precept, I have the
kind permission of the proprietors of the Gutta Percha
Works, in the City Road, for stating that on their con-
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sulting me on the propriety of repairing or reconstructing
geveral of their boilers, I did not hesitate to take the respon-
sibility of strongly recommending the erection of a new 50-
horse boiler, on Messrs. Galloway’s plan, which recommenda-
tion was adopted, and with such success in respect to economy
in fuel as to induce the company since to erect another boiler
of the same construction and dimensions. This last boiler is
represented by the above figures, 14, 15, and 16 (p. 118). To
the description there given it is necessary to add that the great
reputation these boilers have already acquired in Manchester and
other places, on account of their being good ‘‘smoke burners,”
and where very strict enactments on the subject have made it
compulsory, is one reason for their now being adopted by some
of the large brewers and others in London; and the plan by
which this desirable object is accomplished is most decidedly
the simplest, and is on that account perhaps the best, that has
yet been tried. Tt is simply by firing each of the two
furnaces alternately, and sallowing a certain time to interlapse
between each firing proportioned to the quantity of coal laid
on. Thus the fire from one furnace consumes the smoke of the
other without the necessity of admitting air through any other
than the ordinary openings between the bars, and without any
extra trouble or attention of the fireman, he not having to
attend to the opening and shutting of valves, nor to any
machinery whatever.

Treating now of the strength of boilers, I may state that
great strength is attained by this plan of double furnaces,
while the effective surface exposed to the radiant heat of the
fire is by the same means increased. The furnace grates are
each 7 feet 4 inches long, by 2 feet 6 inches wide, making 37
square feet area, or at the rate of § square feet of grate per
horse for the 50-horse boiler. They each contain two sets
of fire bars, the front set being 1 inch, and the back set 1}
inch thick, the draft spaces being # inch wide in both. The
furnace tubes are oval, being 2 feet 9 inches deep, by 2 feet
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6 inches wide, but they are stronger than if they were circular,
on account of the grate bearers acting as prop stays. The
furnace plates are of low moor iron § thick. The flue
and shell are of the same thickness, and the ends } inch.
The working pressure is from 80 to 40 lbs. per square inch,
the mean of which gives a strain of 4000 lbs. per square inch
on the sectional area of the iron. The ends of the boiler are
strengthened by wrought-iron double ribs, which are rivetted
upon them, reaching from side to side, and to which
the wrought-iron stays are attached that extend the whole
length of the boiler and brace the two ends to each other.
The total length of the boiler is 30 feet 3 inches. The
greatest diameter of the main flue is about 4} feet, and it
contains 13 of the conical water tubes, each being 11 inches
inside diameter at the top, and 9 at the bottom. The total
effective heating surface of the boiler, measured by the rules
already given, is rather more than a square yard per horse
power, calling it 50-horse. The makers call the boiler 55-
horse, which, with an adequate area of fire grate, it is quite
equal to. In order, however, to make it a perfectly smoke-
less boiler with Newcastle coal, it is better to work it within
its maximum power, the rate of combustion being not more than
10 Ibs. per square foot of grate per hour. At this rate it is
capable of driving an ordinary 80-horse non-condensing engine,
loaded with machinery to indicate on the average 50-horse
power gross, that is, including the friction of the engine itself,
besides supplying at least 10-horse power of steam for other
purposes. With this load on the engine the evaporation is
very accurately 1 cubic foot per minute, and the consumption
of coal, not of the best quality, called East Adairs Main,
is at the rate of 8 cwts., or 336 lbs. per hour; this is
the ordinary net consumption, that is, exclusive of what is
required for first getting up steam. This gives an cva-
porative economy of between 11 and 12 lbs. of water for
each 1b. of coal consumed; a degree of economy, I believe,
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that has been rarely, if ever, before obtained. It ought to be
stated that the boiler is well clothed with a non-conducting
covering of sawdust and brickwork, and surmounted by a
horizontal steam dome (also felted), 12} feet long by 81 in
diameter, so that no error can have place in the above data
from priming, and the quantity of water evaporated was ascer-
tained by stopping off the feed and measuring the depth
which the surface of the wator fell per hour in the glass-tube
water gauge on the front of the boile:.

CHAPTER VI.
On Explosions, Deposit of Sediment, and Incrustations,
Srcrion 87.—ExpLosioNs FRoM CoLLAPSE oF FLUE.

THERE are only two ways in which a boiler can be caused to
burst or explode by the power of steam. One is by a gradual
increase of pressure produced in the usual way, but at a time
when all egress is prevented, until the steam acquires suffi-
cient strength to rupture the material of which the boiler is
made; the other is by some sudden increase in the quantity
or pressure to such an extent, or with such rapidity, that the
ordinary safety valves, or perhaps any other means of outlet
that might be devised for the purpose, are unable to carry the
steam off in time to prevent any, although but momentary,
strain greater than the boiler can bear. T have long been of
opinion that it is in the consideration of the last-mentioned
class of causes that we ought to look for the proper remedy
against the frequency of steam-boiler explosions.

The method of giving to boilers sufficient strength of
material to resist any given pressure within certain limits
was the subject of the last chapter, and disposes of that part
of the question relating to the strength of the boiler while it
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retains its proper form; so that I shall now only refer to the
facts of some explosions in order to elucidate the causes of
change of form taking place.

There is a very erroneous, although prevailing opinion, that
the Cornish or Trevithick boiler, by having the fire place
within its internal tube, is safer than any other kind, which
opinion cannot be too soon dispelled; for it is an admitted
fact, by all who have considered the subject, and however they
may differ as to the precise theory of its action, that the water
accidentally getting too $ow is a frequent cause of explosion;
and if so, it must be evident that this cause must operate
much more frequently to produce that effect when, as in the
Cornish boiler, the depth of the water over the hottest part of
the heating surface is only a few inches, than when the depth
is a3 many feet.

The force of the steam and water escaping during an
explosion of a Cornish boiler is also immensely increased by
reason of its being generally expended in one direction, that
is, through the fire place in the mouth of the tube, the latter
being thus converted into an immense piece of ordnance, from
which the grate bars, fire bricks, and other materials of the
furnace, are projected with destructive effect on everything
within their range. Probably also the steam, as it rushes out,
is reinforced by contact with the heated fuel in the furnace*.

Boiler explosions of this kind generally arise from a
collapse of the internal flue, and it frequently happens that
some of the most violent and fatal ones have occurred without
the circular part of the shell of the boiler itself being in the
least disturbed or removed from its place. Such were the two
futal explosions that occurred in the Thames on board the
Victoria, Hull steam ship, in March and June, 133§, the long
investigations respecting which are well known.

* There are other circumstances which have been observed in the bursting
of a boiler of this kind, which bear some analogy to the discharge of a large
cannon or mortar ; such, for instance, is the sound or report produced, which
is not so great with boilers that have no internal flue,
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placing it with its shortest diameter vertical, is no doubt for
the purpose of obtaining & greater depth of water over the
flue without diminishing the heating surface or the amount of
steam room ; but by thus endeavouring to avoid the chance of
accident from a deficiency of water, we run into the contrary
extreme and risk an explosion by making the flue of a weak
form. A very slight departure from the true circular form
not only causes the flue to be much weaker, but the pressure
has & constant tendency still farther to alter the form of the
curve, thereby becoming weaker with every strain until a
collapse of the flue takes place. The top and bottom of the
flue are thus sometimes crushed flat together, or nearly so;
and the rupture producing explosion consequently usually
takes place in the flue itself, through which the steam and
hot water are discharged in the manner already stated.

Irig. 17.

—}

The boiler, of which the explosion has just been described,
is represented in fig. 17. It was 12} feet long by 4§ diameter.
The flue tube was 8 feet wide by R} deep. The brick fire
bridge was at about ird the length of the flue, and the
top and bottom of the flue were crushed together at about
midway between the farther end of the boiler and the bridge ;
the latter no doubt, interposing as a momentary support to the
top of the flue at the instant of the plates coming down, de-
termined the place of the collapse, as marked by the dotted
lines, which show the exact form which the collapsed flue
assumed by the force of the explosion.

<}



The coroner’s jury returned a verdict of accidental death
occasioned by the insufficiency of water in the boiler, in con-
currence with the opinions of several most respectable en-
gineers, but with the addition of some of them of ascribing
the explosion to the sudden formation of hydrogen gas, by the
injection of cold water upon the supposed red-hot flue, of which
there was no evidence when the engine started. Which last
opinion is far from being a singular one in many similar cases
of explosion that have occurred with high-pressure boilers ;
but is I think a very erroneous one, not to say fatally so, in
many instances. For by thus assuming a theory which, to
say the most for it, is, according to our ordinary knowledge of
the laws of chemistry, exceeding improbable, a check is placed
upon any further investigation, while the real errors of con-
struction are perhaps kept out of view or repeated in other
cases. The great fault in the construction in this case was
evidently too wide, and therefore too weak, a flue in order to
admit a large fire place in too small a boiler, which naturally
led to the error of making the flue oval. The best preventive
of this in the first instance would have been either a larger
boiler or a separate steam chamber, as shown in figs. 14 and
15 (page 118), without resorting to any Hattening of the flue.

Now, if instead of the flue the boiler itself had been oval,
with its longest diameter vertical, and the flue circular, the
same means of obtaining a greater depth of water over the
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flue would have Leen afforded, but with much greater safety
from explosion by collapse of the flue. Although an ellip-
tical or oval shape is slightly weaker for a boiler than a cir-
cle of a mean diameter, still, from the pressure being exerted
inside the curve, any extra strain or pressure that the boiler
may be cxposed to will only bhave a tendency to alter the
curve into a stronger form than it was before, by approaching
more nearly to the circle. Thus, leaving out of consideration
deterioration from wear and leakages, it may truly be said of
an oval or egg-shaped boiler that the longer it is worked the
stronger it will become. On the other hand, when the pres-
sure is external to the curve, as is the case with the flue tube,
the effect is exactly the reverse of the above, the strain having
a constant tendency to put the curved surface into a weaker
position, and it must inevitably become weaker and weaker
with every undue strain it is exposed to.

Consequent on the above considerations, it ought to be a
rule in the making of high-pressure boilers, that the inside
flues, besides being circular, should have their plates quite as
thick, if not thicker, than the external shell. The boilers
themselves may be to a considerable extent elliptical, and
will be, for all practicable purposes, as stroug as if they were
circular. "They have even been made as much as 8 feet
diameter by 9 feet deep, without materially diminishing their
ultimate strength ; although for very high pressure, say above
80 1bs. per square inch, I think the circular form should not
be departed from when of so large a diameter.

SeerioN 38.—Corrarse oF FrLue 1N A Low-PRESSURE
Fire-Box BoiLER.

The better to illustrate all the causes and consequences of
collapse of flue tubes, as well as explosions generally, I give
the particular drawings in the frontispiece, which are correct
representations of a boiler that I examined minutely imme-
diately after its explosion, which occurred in Manchester a
few years ago, being also well acquainted with all the circum-

G R
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stances connected with the boiler previous to its explosion;
and I select this case because, although fatal to the fireman,
and having many points of great resemblance to the high-
pressure explosion at Newton, it is an example of as easy an
explosion, 8o to speak, as can well be produced, even by low-
pressure steam. The steam in this case we are quite certain
could not have exceeded 15 lbs. per square inch; in this
respect, as in the immediate effect produced, being strongly
contrasted with the Newton explosion. This fact is one of
some importance for the consideration of those engineers who
are continually reasserting their belief in the dangerous fallacy
that high pressure is as safe as low, and who do not hesitate
to take the responsibility of recommending high-pressure
engines in factories,—where in some very rare cases and
circumstances they may be necessary,—as well as in steam
vessels, where they never can be necessary or justifiable
at all.

This boiler, which was on what is known as the fire-box
construction, was, as respects materials and workmanship,
remarkably well made and judiciously stayed, and will serve
to illustrate that class of boilers.

The fire-box boiler is an offshoot from the locomotive,
adapted to stationary purposes, as the Butterly boiler, which
it closely resembles, is an offshoot from the Cornish, adapted
for factory use*, the only variation in this instance being an
adaptation of the furnace for consuming smoke by an arrange-
ment which is not quite innocent perhaps of having a tendency
to promote accidents of this kind,—a tendency which there is
no denying that almost any plan of smoke consuming by a
more intense heat or more perfect combustion must have
per se. The particular arrangement for the purpose in this

* For o further genealogy of the fire-box boiler, and its variations under
the name of the Liverpool patent construction, in 1832-3, afterwards suc-
cessfully naturalized as a river steam-boat boiler in America, sce my paper
on the “Locomotive Engine Boiler,” in vol. i, of Weale's new edition of
Tredgold on the Steam Engine,
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case, which has been frequently patented, is the interposition
of a ‘“hanging” or inverted water bridge at the back part of
the grate room, descending within a few inches of the burning
fuel, close to which the smoke from the newly laid on coal is
compelled to pass, and thus become inflamed before passing
into the mouth of the flue tube. Now it is not in this de-
scending water bridge, provided it is kept clean, that any
injury is generally done by this plan of smoke burning, as
some suppose; but in the vertical plate at the back of the
furnace, to which the mouth of the flue tube is riveted, on
account of the intense combustion created by the rapid draught
of air that always rushes through the back of the grate. Con-
sequently it was only this vertical plate, and because it was
wertical, that showed any symptoms of injury from being over-
heated, this overheating arising, as it must always do in all
similar cases, from the difficulty the steam has in freeing
itself from vertical surfaces, except by keeping the water out
of contact with the plate,

The descending water bridge of this boiler is shown at c,
fig. 2 of the frontispiece, which is a longitudinal scction of the
boiler, and in plan in fig. 8, which is a horizontal section;
both figures showing by dotted lines the form of the flue tube
in its collapsed state, but better seen in the transverse section,
fig. 1, taken through the back of the furnace at B in fig. 2,
which shows the fracture of the mouth of the tube where it
was torn away from the angle iron that connected the tube to
the front plate, and making the large aperture of 3 feet wide,
through which the contents of the boiler rushed out. Fig. 4
is another transverse section of the boiler through A, showing
a back elevation of the brickwork and flues as viewed from
the rear,

The above figures are all to a scale of 4 inch to afoot. The
boiler was 28 feet long and 74 diameter outside; the flue
tube was 164 feet long by 3 feet wide, and 24 feet deep at the
back end, and of rather less depth, by 84 feet wide, forming a
very flat oval at the mouth, where evidently the collapse of



126 RUDIMENTARY TREATISE

the flue first commenced, and where its connection with the
back plate of the furnace might have been slightly weakened
by the continued action of the flame, although the iron was
not discoloured, neither was the lead plug melted, which was
within a few inches of the place, as shown at the crown of the
arch, fig. 1, and directly under B, fig. 2.

The thickness of the plates was  inch throughout both the
shell and the tube, and the vertical back plate was % inch.
All the flat parts were well supported by stays, as shown in
the figures. The “ water legs” of the boiler, as seen in cross
section, were 12 inches wide, and supported by 6 ¢ thimble
stays” in each leg, of 1} inch round iron, with 8 of the same
kind through the water space at the back of what ought, in all
such cases, 2o be a brick fire bridge. Thé ordinary working
pressure was under 8 lbs. per square inch, at which the safety
valve was adjusted to blow off, and the steam could not by
any possibility reach to double that pressure before it boiled
over at the feed head.

The total effective heating surface of the boiler and tube
was about 44 square yards, and the area of the fire grate 84
square feet. It had a good draught, and in conjunction with
another boiler of the same kind and dimensions, was quite
equal to work a Boulton and Watt 58-horse engine up to 114
indicated horse power gross, with great economy. This they
had continued to do for about two years after they were made,
when the explosion took place. It occurred just after the
engine started in a morning, and had taken about 20 turns.
The effect of the explosion was to turn the boiler completely
over longitudinally and laying it upon its back, without being
entirely lifted from the ground. This movement was effected
by the force of the issuing current of steam and water being
deflected at right angles downwards by striking against the
water bridge, thence driving out the fire bars against the
bottom of the ash pit, and by reaction raising up the fire-box
end of the boiler, which thus described a semicircle in the
plane of the boiler's length, as already stated.



ON STEAM BOILERS. 137

It may be useful to remark, in reference to the quiet way
in which the boiler was turned over on its back, the contrast
it affords to the high-pressure explosion at Newton; and in
this respect it is still more strongly contrasted with two
explosions of boilers of high-pressure engines, which also
occurred neai Manchester a few months afterwards, that is,
early in the following year (1845). One of these was that of
& locomotive at the Manchester and Leeds railway station,
whilst getting up steam, by a collapse of the fire box, the roof
of which was crushed in with about 70 or 80 lbs. pressure,
making a hole of about the same area as that in the low-pres-
sure fire box just described. The discharge of steam and
water was also similar, that is, downwards through the fire
grate ; consequently the effect produced was likewise similar,
but more violent, corresponding to the greater pressure of
steam, the engine in this case being lifted entirely from the
ground and making a kind of summerset in the air.

The other case was of still more violent character, being that
of a Cornish boiler 26 feet long by 5% diameter, containing
a fire tube of 8 feet diameter, the flue tube being collapsed
for nearly its whole length from the furnace to the end of the
boiler. The tube was at the same time broken across into
four portions, which, when put together, exhibited very much
the appearance of the collapsed flue of the fire-box boiler
(fig. 2 of frontispiece), except that the top and bottom of the
tube were compressed into closer contact and more completely
recurved within each other. This probably arose from the
greater pressure of the steam, the working pressure of the
engine being 45 lbs., the thickness of the iron being the same
as the low-pressure boiler, namely, § inch of the best Coalbrooke
Dale, both for the boiler and tube. The tube in this case
was circular, although it appeared to me to have been injured
from overheating ; and there were other circumstances which
also made it probable that there was an insufficient quantity
of water over the tube at the time of the accident, by which
it might have been rendered quite as weak as the oval tube



128 RUDIMENTARY TREATISE

of the Newton boiler, to which case in many respects this
bears great analogy, being both Cornish boilers and nearly
of the same dimensions, except in length, and the explosion
occurring within about one minute of the engine starting. In
both cases the iron was of very superior quality, and the
boilers extremely well made—provided with every requisite
in the shape of safety valves, water gauges, &c., and attended
by careful workmen. The principal difference in the manner
of the explosion arising from the tube in the last case break-
ing across, the steam rushed into the internal flues and bed
of the boiler, which served as an abutment from which the
entire shell of the boiler, weighing several tons, was projected
and carried a distance of 43 yards, knocking down buildings,
and creating great destruction of life and property in its way.
This, in fact, was the chief characteristic in the three high-
pressure explosions described as in all other explosions of high-
pressure boilers that I have had an opportunity of examining,—
which contrast remarkably with the almost entire absence of
such destruction by the bursting of boilers ordinarily attached
to the common low-pressure engine.

The reason for giving the details of the above cases is my
belief that a correct record of facts is all that is wanted to
enable us to eliminate all the causes that were ever concerned
in producing explosions, and perhaps also to put us in a con-
dition to assist, if not in preventing, at least to place some
check to the increase of those lamentable occurrences. Bear-
ing in mind what is said in section 28 (page 90) on the sub-
Jject of surcharged steam, and the peculiar liability there is of
boilers exploding exactly at the moment or soon after the
valve is opened for starting an engine, there is reason to
believe that many explosions may be accounted for by a
coincidence of two or more distinct causes — one of them
always being the sudden opening of the safety or other valve—
the other either the presence of surcharged steam or an in-
sufficiency of water, or both. For after giving a very attentive
consideration of the details of all the explosions that have



ON STEAM BOILERS. 129

occurred in Lancashire for a long series of years, I am
also of opinion that more than one-half of them have oc-
curred either at that particular time or after the opening
of the safety or other valve, when one might expect it to
cause a diminution instead of an increase of pressure. The
fact is of such frequent occurrence, that I have made several
attempts to draw the attention of coroner’s juries to the cir-
cumstance, but, as may be supposed, as such bodies are or-
dinarily constituted, with no great success. Iivery one nearly
being now more or less an amateur in steam, the popular
idea with juries is that of being appointed to find somebody
guilty of overloading or setting the safety valve fast. I am
not going to ascribe any of the above accidents either to sur-
charged steam or opening of safety valves, because there
are other sufficicnt causes for them, but the circumstance of
explosions so frequently-taking place at that precise time is
not the less singular.

Although the American government committee on explo-
sions did not succeed in proving surcharged steam to be
dangerous, they made the experiment of injecting water upon
a red-hot boiler bottom, when the steam ran up from 1 to
12 atmospheres in one minute, and the boiler exploded with
violence. This is consequently a source of danger which no
one ever disputed. The only question of interest respecting
it, is the manner in which it is brought about.

Secrion 39.—IXPLOSIONS FROM INCRUSTATIONS.

A boiler bottom getting red hot is not likely to take place
gradually while the engine is at work, the water feeding ap-
paratus in order, and the boiler kept clean. But if a boiler
is allowed to become dirty, or covered with indurated or in-
crusted earthy matter, interposed between the iron and the
water, there is then no difficulty in accounting for such ecir-
cumstances producing an explosion at any time; and the way
in which it operates towards that end appears to be something
like the following.

It is known that an internal coating of incrustation, or
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boiler scale, is liable to crack and separate into large pieces,
which are thrown off from the boiler bottom at some parti-
cular degree of temperature, depending upon the thickness
of the scale and the kind of substance of which it is formed.
We can easily suppose that by a little hard firing, and un-
duly heating the boiler, a large portion of scale may be sud-
denly detached, uncovering a considerable area at a tempera-
ture something exceeding the maximum evaporating point,
which is well known to be considerably under the lowest red-
heat of iron. Now, the first effect produced will evidently be
a certain amount of repulsion between the overheated iron
and the water, which may continue for several seconds, and
perhaps for a few minutes; this may account for the sudden
decrease in the supply of steam that has sometimes been ob-
served just before the explosion of a boiler has taken place.
There must also be a gradual diminution of temperature
during this short space of time, in that part of the overheated
iron which is exposed to the water—creating a contraction of
the metal—increasing as the decreasing temperature of the
iron approaches the maximum evaporating point, which is
at about 850° to 400° Fahrenheit (see sect. 10, p. 81), and
causing a corresponding strain on the rivets in the boiler
bottom. The direction of this strain may generally be
traced on examining the bottom plates of any old boiler,
and will be found to radiate in lines proceeding from the
part which has been most acted on by the fire.

The next and concluding step, in case of the metal not
being able to withstand the strain caused by its own contrac-
tion, will either be a sudden crack or fracture in some direc-
tion across this exposed part, or, what most generally hap-
pens when an explosion results, the sudden giving way of
some bad seam of rivets, which the most nearly coincides or
is parallel with the direction of what would otherwise be the
true line of fracture. This may possibly be at some distance
from the part which has been overheated, thereby giving the
increased effect of great leverage to the pressure acting upon
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all that portion of the boiler included between the overheated
part and the actual line of fracture. Now the consequence
is, not perhaps that this portion is blown out, as would most
probably be the case with very bad iron, but it will be bent or
doubled back, the line of flexure running across the hottest
or the weakest part of the iron. This may help to account
for the remarkable way in which we sometimes find exploded
boilers twisted and doubled up. A rupture being]thus ef-
fected an explosion is inevitable if the hole be sufficiently
large.

When an incrusted boiler bottom bccomes highly heated,
and the water at the same time too low, it very commonly
happens that a large quantity of water is immediately let in,
when the consequences are similar to those just described :
for the internal coating of scale being suddenly contracted by
the cooling effect of the water admitted, it is detached in the
same manner as it would have been by the expansion of the
iron, and the same effects produced, although perhaps more
speedily, as the water admitted will reduce the temperature of
the exposed part of the boiler bottom more rapidly to the
maximum evaporating point.

‘Whenever a boiler bottom is seen, or supposed to be, ap-
proaching to redmess, and that can only happen when the
water is not boiling, or when the engine is standing, the en-
gine-man should be cautioned against allowing a fresh supply
of water to go into the boiler, whether the boiler is short of
water or not, until after the engine has been some time at
work. My advice to engine-men in such cases is not to start
the engine at all, but to open the fire doors and stand at a
safe distance until all goes cool. I would not have him stop
to pull the fires out, and on no account to open the safety
valve, as being little less hazardous than starting the engine.
If, indeed, he knows the safety valve to be overloaded or made
fast, and the steam still continues to rise with the fire doors
open, the fires may then be quenched by a jet of water from
a hose pipe, or other safe means.
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Srctiox 40.—DEPOSIT OF SEDIMENT.

All natural waters hold various solid matters in solution
or suspension; when in the latter state they admit of being
removed by filtration ; but no system of filtration, on a scale
sufficiently large to supply a moderate-sized steam engine at
a light expense, has yet come into practical use. However,
it oceurred to a gentleman several years ago to hit upon a
very simple and cffectual substitute. And that was, instead
of sepurating the water from the dirt before passing it into
the boiler, he separates and collects the dirt from the water
after it is in the Dboiler by means of a series of vessels,
shelves, or trays, placed up and down the boiler, constituting,
in fact, so many portions of what collectively might be con-
sidered a substitute for a faulse bottom, upon or into which
all the matters held in suspension are deposited. This, in
fact, is the whole of the principle of Mr. Anthony Scott's
patent of 1827, which has been so frequently re-patented and
re-registered since that time, like many bad copies of good
pictures, some of them so very bad that the patentee, if he
were living, would not know that they were even meant for
imitations.

These sediment vessels operate much after the same man-
ner as certain quiet still places do along the banks of rivers,
in caunsing sand or mud to accumulate in them; making so
many places of shelter, where any movable matters being
accidentally deposited, they remain free from agitation and
not disposed to move out. In a boiler containing boiling
water of course the same principle prevails; the steam
rising from the boiler bottom—the sole cause of ebullition
in all cases—being the agitating agent. In fact the water
never boils within the internal vessel or sediment receiver,
however violently it may boil externally; and the more vio-
lently the water boils the more rapidly the internal vessel
collects all loose sediment floating about in the water. Hence
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Mr. Scott called any internal vessel or apparatus put into &
boiler for this purpose, a * sediment collector.”

The great merit of Mr. Scott’s invention is its peculiar
simplicity and cheapness; this was so obvious, that many
hundreds of boilers were immediately fitted up with collecting
vessels of various kinds with tore or less success. Excepting
for calcareous incrustations, the process was perfectly success-
ful in keeping a bofler clean. The only difficulty in its
practical application was linbility to negleot in cleaning out
the collectors themselves when they got Hlled with deposit,
and the necessity of emptying the boiler for that purpose.

For the above reasous it appeared desirable to the patentee
to have his cleansing apparatus made self-acting, that is, to
clean itself out without interruption to the working of the
engine, or letting down the steam ; and he honoured me with
a commission to make such an improvement, which I suc-
ceeded in effecting in 1829, when the first complete boiler-
cleansing machine was executed and applied to a boiler at the
calico-printing works of Messrs. Thomas Marsland and Son,
in Stockport, who afterwards had fifteen boilers so fitted.
Since the above period they have continued in general use in
Lancashire.

The general form of this apparatus, and mode of fixing it
up within a wagon boiler, is shown in isometrical perspective
in fig. 18, as made in 1834-5, by which time many hundreds
were made and adapted to various kinds of boilers, including
those of railway locomotives and steamboats. In the last-
mentioned cases, and in all cases where there is no fire under
the boiler bottom, they are, generally speaking, unnecessary,
except for the purpose of preventing priming, which they
most effectually do when that arises from dirty water. For
this purpose the upper conical-shaped vessel is made with the
narrow collecting apertures adjusted partly above and partly
below the surface of the water In this way it is used by
opening the valve at the end of the boiler, and putting the
handle of the agitator in motion for half a minute, by which
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the contents of the rcceiver at the bottom of the boiler are
discharged upwards through the pipe on the right hand. This
operation creates a current, which draws all the scum and
froth that cause the priming from all parts of the water
surface into the collecting vessel and down into the receiver,
whence they are discharged to the outside of the boiler by a
repetition of the process.

By thus skimming the dirt from the top of the water, clean
dry steam is supplied to the cylinder of an engine instead
of a mixture of steam and dirty water, causing, in ordinary
cases, such great waste of power by friction on the piston and
piston-rod, and unnecessary consumption of tallow.

Great consumption of lubricating material is always proof
of imperfection in machinery. Instances are not wanting of
large stationary engines working for months together without
grease of any kind to the piston-rod *, contrasting greatly with

* Should this fact be doubted, I can refer to a case of the kind in London,
at Messrs. Esdaile and Margrave's, City Saw Mills, Regent’s Canal ; their
boilers being furnished with my cleansing machines, and the piston-rod
stuffing boxes packed with their patent cork fibre.
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he lavish use of that material in marine engines, rendered
aecessary mainly by the greater liability to prime. The
ld device of throwing tallow into a steamboat boiler,
‘n order to prevent priming is still without a satisfactory
‘heory; unless, a8 I am inclined to believe, the practice is
only beneficial rather in mitigating the immediate effect than
‘n the prevention of priming. The only suggestion to account
‘or it that T have met with worth attention, is one by Mr. W,
Keld Whytehead, C.E., in an article on the priming of boilers,
‘n the ¢ Artizan Journal ” for December, 1848, in which he
supposes that as the tallow requires a very high temperature
-0 vaporise it, it * consequently floats like a hot plate on the
“urface of the water, and tends to separate the particles of
water from the steam as they rise.”

In applying the cleansing machine to boilers containing
‘nside flue tubes, it is necessary for their perfect efficiency
zenerally to place two in each boiler, one on each side of the
-ube. This is more especially requisite in boilers about 80
‘eet long, 8o that one machine may be fixed at the extreme
md of the boiler from the fire, and the other about the
niddle. A nearly similar plan is adopted in placing the
rommon sediment collectors as represented in figs. 19 and 20,

Fig. 19.
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Fig. 20.

which are vertical and horizontal sections (the latter to a scale
of half the size of the former) of the * egg-ended” * double-
flued boiler as now made at the principal iron works in Staf-
fordshire; showing also my last improved modification of
Scott's patent apparatus. The lower collector is of the form
originally recommended by Mr. Scott, and is merely a shallow
tray standing on four legs, about 6 inches from the bottom of
the boiler, calculated only to retain some of the heavier kinds
of deposit. The upper collector is & cast-iron trough sus-
pended between the flues, and partially or wholly covered with
one or two cast-iron lids ; this collector catches and retains the
finer kinds of deposit that are floated near the surface.

Half a dozen of these collectors are well calculated for
placing in a large boiler where it is necessary to use any
material for preventing incrustation.

SecTION 41.—CALCAREOUS INCRUSTATIONS.

When the incrustation forming on the inside of boilers
consists principally of argillaceous or silicious matters, it is
easily prevented by the use of one or the other of the above
described apparatus. When, however, any considerable pro-
portion is either carbonate ot sulphate of lime, considerable
difficulty is experienced in preventing its formation to an
injurious extent. 'The latter substance more especially, it is

* This is an excellent form of boiler, but it must not be confounded with
the “egg-shaped” or furnace boiler more recently brought into use, a de-
scription of which more properly belongs to the subject of Chimneys and
Furnaces.
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well known, has withstood all attempts at complete prevention
by chemical means, except such as would be also injurious to
the iron. The principal remedial agent that has been found
beneficial in any degree to mitigate the effects of this sub-
stance, is crushed potato, which does not act chemically, but
mechanically, the pulp of the potato being supposed to en-
velop the crystals of the sulphate of lime as they form, and
prevent their adhesion to each other.

‘With respect to the incrustation of carbonate of lime, the
case is very different. It admits of various methods of pre-
venting its formation by chemical reagents. The means are
generally very simple, but like smole burning the question of
the best cure for boiler scale has got entirely into the hands
of the “chemists and druggists,” and opened up a boundless
field of quackery and pretension which it would be impossible
to characterize properly. I shall therefore only briefly men-
tion a few that I believe to be exceptions to this remark.

The most popular of the patent remedies is that of Dr.
Ritterbandt. This plan is to put into the boiler daily a small
quantity of muriate of ammonia, or sal-ammoniac, the effect of
which is, that any bi-carbonate of lime in solution in the water
is decomposed, the muriatic acid of the muriate of ammonia
taking the lime and keeping it in solution, while the carbonic
acid joins the ammonia, forming carbonate of ammonia, which
passes off along with the steam. It need not be observed that
this remedy can have no effect whatever in preventing the
sulphate of lime incrustation.

The theory of the following remedy is something like the
reverse of the foregoing, and was, I believe, first proposed by
Mr. John Graham, of the firm of T. Hoyle and Sons, and has
been several years in use at their celebrated calico-print works
in Manchester. It is to put into the boiler daily or weekly a
quantity of quick or newly-slaked lime, the effect of which is
to convert the soluble bi-carbonate into the insoluble carbonate
of lime, which, instead of being kept in solution as muriate of
lime is, in Dr. Ritterbandt’s remedy, it is precipitated and col-
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lected without any trouble by sediment collectors, or collected
and discharged from the boiler by the cleansing machine.

This putting in of lime to take out lime is a nice applica-
tion of Dr. Clarke's simple and efficacious method for purify-
ing water on a large scale, now so well known and generally
approved by water-works companies.

In Lancashire, where generally a great portion of the boiler
scale is sulphate of lime, it has long been a practice to use
ox-feet, or any animal substance convertible into jelly by
boiling, with good effect. DBut they are liable to promote
priming, and, like potatoes, they require frequent renewal.

One English patent, now expired, specifies the use of all
kinds of vegetable matter or extract without exception, pre-
fering that which gives out the greatest quantity of colouring
matter, as logwood, bark, or tan. Also turf, peat, manure,
leaves, saw-dust, and charcoal. Other patentees recommend
urine, glue, blood, dung, and night-soil. Also sugar, starch,
treacle, flour, malt, and the bottoms or settlings of beer barrels.
Most of the above articles may be used with advantage where
there is not much of the sulphate, but they all act me-
chanically.

Tan and salt are the principal ingredients in some of the
best of the foreign patents, which generally also contain some
corrosive materials that are difficult to particularize and
hazardous to use.

G. Woodfall and Son, Printers, Angel Court, Skinner Street, London,
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OR

Volumes intended for Public Instruction and for Reference :

TaE public favour with which the Rudimentary Worke on scientific subjects have
been received induces the Publisher to commence a New Series,somewhat different
in character, but which, it is hoped, may be found equally serviceable. The
Dicrionanies of the MopERN LaNguacks are arranged for facility of reference,
80 that the Englieh traveller on the Continent and the Foreigner in England may
find in them an easy means of ication, although p ing but a slight

q with the respective languages. They will also be found of essential
service for the desk in the merchant’s office and the counting-house, and more
E&rticuhrly to & numerous class who are anxious to acquire a knowledge of

nguages 8o generally used in mercantile and commercial transactions,

The want of small and concise GREEK and LaTiN DicTioNARIES has long been
felt by the younger students in schools, and by the classical scholar who requi
a book that may be carried in the pocket ; and it is believed that the present is
the first attempt which has been made to offer a complete Lexicon of the Greek
Language in 8o small a compass.

In the volumes on EngLAND, GRERCE and RoMe, it is intended to treat of
History as a Science, and to present in a connected view an analysis of the large
and expensive works of the most highly valued historical writers. The extensive
circulation of the preceding Series on the pure and applied Sciences amongst
students, practical mechanics, and others, affords conclusive evidence of the
desire of our industrious classes to acquire substantial knowledge, when placed
within their reach ; and this has induced the hope that the volumes on History
will be found profitable not only in an intellectual point of view, but, which is of
still higher importance, in the social improvement of the people ; for without
a knowledge of the principles of the English constitution, and of those events
which have more especially tended to promote our commercial prosperity and
political freedom, it is impossible that a correct judgment can be formed by the
mass of the people of the measures best calculated to increase the national
welfare, or of the character of men best qualified to represent them in Parliament ;
and this knowledge becomes indispensable in exact proportion as the elective
{franchise may be extended and the system of government become more under
the infl of public op

The scholastic application of these vol has not been overlooked, and a
comparison of the text with the examinations for degrees given, will show their
applicability to the course of historic study pursued in the Universities of
Cambridge and London.

1, 2. ConsrrrurionaL History or Eneranp, 2 vols,by W. D, Hamilton  2s.

8,4 DOWN 70 VICTORIA, by the
Bame . . . e . e e e e e .

5. OutuiNe oF THR HisTORY oF GREECE, by thesame . . ., ., la

8. TO ITS BECOMING A Roman
PROVINCE, by the same . . e e« e+« .s6d
7. Ovruine Hisrory or Rouz [ ¥ 5

L 70 THE DrcLINE e . e Jdabd.
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TURE, SCIENCE, AND ART, from the earliest t.ime to a late period
2 vols,, by Edward Law. .

11. Gnnnun or THE EnoLisH Lmaluon, for use m Sehooll md for
Private Instruction, by Hyde Clarke, Esq., D.C . ls.

12, 13. DicrioNaRY OF THE ENGLISH LANGUAGE. A new and compressed
Dictionary of the English Tongue, as Spoken and Written, including
above 100,000 words, or 50,000 more than in any existing work,
and mclud\ng 10,000 additional Mennmga of Old Words, 2 vols.

@

in 1, by the same . . . 8s6d
14. GRAMMAR oF THE GREEK LANGUAGE, by H C. Hmlmn [ ¥ X
15, 16. DicrioNaRY OF THE GREEK AND ENeLism Languaces, by H. R.

Hamilton, 2 vols.in1 . . . . .. .. 2.
17,18, —————————— ENGLISH AND GREEK LANcmox.s,2 vols, in 1,

by the same . e e e e e e 2
19. GRAMMAR OF THE LATIN LANGUAGE . . . . . s
20, 21. DicTioNARY OF THE LATIN AND EngLisH LANGUAGES . .. 2.
22, 23. EngLisE AND Latin Laneuages . . .1s.6d.
24, GRaMMAR OF THE FRENCH LLNGUAGE, by Dr. Strauss, late Lecturer

at Besancon . . . . . .l

25, DICTIONARY OF THE anncu AND ENGLISH Lmemaxs by A. Elwes la.

26. Encuise anp Frunce Languagss, by the samels Gd.
27. GRAMMAR OF THE ITALIAN LANGUAGE, by the same . . . .l
28, 29. DICTIONARY OF THE ITALXAN, ENGLlsu, AND FRENCH Lwamam,

by the same . . . 28,
30, 31. — - ENGLISH, I:mmcn, AND I'ru.um LANGUAGES,

by the same . . .. 2s.
32, 83. chn, Inum, AND Euemsn LANGUAGEB,

by the same . . 1 3
34. GRAMMAR OF THE Sp_uusn LANGUAGE, by the same . . . la
35, 36, DicTioNaARY OF THE SpaNisH AND ENGLISH Lmoumm, by the

sume . .. 2e.
37, 38. ENGmsu AND Smmsu anmczs, by the

same . . . . . . . . . .. 2
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Vi*, GaLvaNisy, by Sir William Snow Harris e e« + . lséd
962. RarLwavs, being vol. ii. . . . . . . . . . la
_y75*%. Supplement to Recent and FossiL SmeLes .« . o la6d
' v 78%. Rudimentary Treatise on Locomorive ENcines . . . . ls,

79%, Atlu to the precedmg, enmples of the several Engmes in detail,
. . 3s6d.

82%x, On Warzr Wonxs for the Supply of Towna, 3 vola [ 7 X
86, 87*. Key to the ELEMENTS OF ALGEBRA . . . . . la6d
101*. On WE1GHTS AND MEASURES OF ALL NaTIONS . . o ls.6d.

THE WORK ON

BRIDGES OF STONE, IRON, TIMBER,
AND WIRE.

In 4 Vols,, bound in 3, described in the larger Catalogue of Publications ; to
which the following is the Supplement, now completed, entitled

SUPPLEMENT TO « THE THEORY, PRACTICE, AND
ARCHITECTURE OF BRIDGES OF STONE, IRON,
TIMBER, WIRE, AND SUSPENSION,”

In one large 8vo volume, with explanatory Text and 68 Plates, comprising
details and measured dimensions, in Parts as follows i—

Part 1. P - A
» IL P T 2
» L. . . . . . 6
w IV. o o o o . 10s
w V.EVL . . . . 20

Bound in half-morocco, uniform with the larger work, price 2/, 10s., or in a
different pattern at the same price.

LIST OF PLATES.
Cast-iron girder bridge, Ashford, Rye Mr. Fairbairn's hollow-girder bridge
and Hastings Railway. at Blackburn, .
Details, ditto. Waterford and Limerick Railway truss
Elevation and plan of truss of St. bridge.
Mary’s Viaduct, Cheltenham Rail- Hollow-girder bridge over the River
way. Medlock.
Iron road bridge over the Railway at Railway bridge over lagunes of
Chalk Farm, ~ Venice,
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Viaduct at Beangency, Orleans and
Tours Railway.

Oblique cast-iron bridge, on the system
of M. Polonceau, over the Canal St.
Denis.

Blackwall Extension Railway, Com-
mercial Road bridge.

Ditto, enlarged elevation of outside
girders, with details.

Ditto, details.

Ditto, ditto, and sections.

Ditto, ditto, ditto.

Richmond and Windsor main line,
bridge over the Thames.

Ditto, details.

Ditto, ditto, and sections,

Orleans and Bordeaux Railway bridge.

Ditto, sections and details.

Rouen and Havre Railway timber bridge.

Ditto, details.

Ditto, ditto, and sections.

Viaduct of the Valley of Malauncey,
near Rouen.

Hoop-iron suspension bridge over the
Seine at Suresne, department de la
Seine.

Hoop-iron suspension foot bridge at
Abainville.

Suspension bridge over the Douro, iron
wire suspension cables.

Ditto, details.

Glasgow and South-Western Railway
bridge over the water of Ayr.

Ditto, sections and details,

Plan of the cities of Ofen and Pesth.

Sections and soundings of the River
Danube.

Longitudinal section of framing.

No. 1 coffer-dam.

Transverse framing of coffer-dam.

Sections of Nos. 2 and 3 of coffer-dam,

Plan of No. 3 coffer-dam and ice-
breakers.

Plan and elevation of the construction
of the scaffolding, and the manner of
hoisting the chains.

STONE, &C.

Line of soundings,— dam longitudinal
sections.

Dam sections.

Plan and elevation of the Pesth suspen
sion bridge.

Elevation of Nos. 2 and 3 coffer-dams,

End view of ditto.
Transverse section of No. 2 ditto.
Transverse section of coffer-dam, plan
of the 1st course, and No. 3 pier.
Vertical section of Nos. 2 and 3 piers,
showing vertical bond-stones.

Vertical cross section of ditto.

Front elevation of Nos. 2 and 3 piers.

End elevation of ditto.

Details of chains.——Ditto.

Ditto gnd plan of nut, bolt, and retain-
ing-links,

Plan and elevation of roller-frames.

Elevation and section of main blocks
for raising the chains.

Ditto, longitudinal section of fixture
pier, showing tunnel for chains.

Plan and elevation of retaining-plates,
showing machine for boring holes for
retaining-bars.

Retaining link and bar.

Longitudinal plan and elevation of cast-
iron beam with truss columns.

Longitudinal elevation and section of
trussing, &c.

Plan of pier at level of footpath.

Detail of cantilevers for supporting the
balconies round the towers.

Elevation and section of cantilevers.

Detail of key-stone & Hungarian arms.

Front elevation of toll-houses and wing
walls.

Longitudinal elevation of toll-house,
fixture pier, wing wall, and pedestal.

Vertical section of retaining-piers.

Section at end of fixture pier, showing
chain-holes.

Lamp and pedestal at entrance of
bridge.

Lamp and pedestal at end of wing walls.

Separately sold from the above in a volume, price half-bound in morocco £1.12s.
An ACCOUNT, with Illustrations, of the SUSPENSION
BRIDGE ACROSS the RIVER DANUBE,

BY WILLIAM TIERNEY CLARK, C.E, F.R.S.
With Forty Engravings.
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GREAT EXHIBITION BUILDING.
The BUILDING erected in HYDE PARK for the
GREAT EXHIBITION of the WORKS of
"INDUSTRY of ALL NATIONS, 1851:

Illustrated by 28 large folding Plates, embracing plans, elevations, sections, and
details, laid down to a large scale from the working drawings of the Contractors,
Messrs. Fox, HENDERSON, and Co., by CuarLEs DownNes, Architect; with a
scientific description by CuArLES CowpER, C.E.

In 4 Parts, royal quarto, now complete, price £1.10s.,
or in cloth boards, lettered, price £1. 11s. 6d.

*_* This work has every measured detail so thoroughly made out as to enable
the Engineer or Architect to erect a construction of a similar nature, either more
or less extensive.

SIR JOHN RENNIE'S WORK

THEORY, FORMATION, AND CONSTRUCTION
OF BRITISH AND FOREIGN HARBOURS.

Copious explanatory text, illustrated by numerous examples, 2 Vols., very neat
in half-morocco, £18.

The history of the most ancient maritime nations affords con-
clusive evidence of the importance which they attached to the
construction of secure and extensive Harbours, as indispensably
necessary to the extension of commerce and navigation, and to the
successful establishment of colonies in distant parts of the globe.

To this important subject, and more especially with reference to
the vast extension of our commerce with foreign nations, the atten-
tion of the British Government has of late years been worthily
directed; and as this may be reasonably expected to enhance the
value of any information which may add to our existing stock of
knowledge in a department of Civil Engineering as yet but imperfectly
understood, its contribution at the present time may become generally
useful to the Engineering Profession.

The Plates are executed by the best mechanical Engravers; the Views finely
engraved under the direction of Mr. Pye: all the Engineering Plates nave dimen«
sious, with every explanatory detail for professional use.
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In octavo, cloth boards, price 9s.

HYDRAULIC FORMULZA, CO-EFFICIENTS,
AND TABLES,

For finding the Discharge of Water from Orifices, Notches, Weirs,
Short Tubes, Diaphragms, Mouth-pieces, Pipes, Drains, Streams,
and Rivers.

BY JOHN NEVILLE,

ARCHITECT AND C.E., MEMBER ROYAL IRISH ACADEMY, MEMBER INST. C.E.
IRELAND, MEMBER GEOLOGICAL SOC. IRELAND, COUNTY BURVEYOR OF
LOUTH, AND OF THE COUNTY OF THE TOWN OF DROGHEDA.

This work contains above 150 different hydraulic formule (the
Continental ones reduced to English measures), and the most ex-
tensive and accurate Tables yet published for finding the mean
velocity of discharge from triangular, quadrilateral, and circular
orifices, pipes, and rivers; with experimental results and co-
efficients ;—effects of friction ; of the velocity of approach; and of
curves, bends, contractions, and expansions;— the best form of
channel ;—THE DRAINAGE LFFECTS OF LONG AND SHORT WEIRS,
AND WEIR-BASINS ;—extent of back-water from weirs; contracted
channels ;—catchment basins ;—hydrostatic and hydraulic pres-
sure ;—water-power, &c.

TREDGOLD ON THE STEAM ENGINE.

Published in 74 Parts, price 2s. 6d. each, in 4to, illustrated by very numerous
engravings and wood-cuts, a new and much extended edition, now complete in
3 vols. bound in 4, in elegant half-morocco, price Nine Guineas and a Half.

THE STEAM ENGINE,
IN ITS PROGRESSIVE AND PRESENT STATE OF IMPROVEMENT;

Practically and amply elucidating, in every detail, its modifications
and applications, its duties and consumption of fuel, with an
investigation of its principles and the proportions of its parts for
efficiency and strength; including examples of British and American
recently constructed engines, with details, drawn to a large scale.

The well-known and highly appreciated Treatise, Mr. TREDGOLD’S
national Work on the SteaM ENcINE, founded on scientific principles
and compiled from the practice of the best makers—showing also
easy rules for construction, and for the calculation of its power in
-all cases—has commanded a most extensive sale in the several
English editions, and in Translations on the Continent. These
.editions being now out of print, the proprietor has been induced to
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enlarge and extend the present edition by practical examples of all
kinds, with the most recent improvements in the construction and
practical operations of the steam engine both at home and abroad.

The work is divided into the sections named below, either of
which may be purchased separately : working engineers will be
thus enabled to select those portions which more especially apply to
the objects upon which they may be respectively employe({.

Several scientific men, extensively and practically employed, have
contributed original and really practical papers of the utmost utility ;
by which the value of this extended edition is much increased. A
copious INDEX for reference is added.

Division A. Locomotive Engines, 41 plates and 55 wood-cuts, complete, making
Vol. I. In helf-morocco binding, price £2. 12s. 6d.

Drvision B. Marine Engines, British and American, numerous plates and wood-
cuts, making Vol. IL.; bound in 2 vols. half-morocco, price £3. 13s. 6d.

Drvision C to G. making Vol. IIL., and completing the work, comprising
Stationary Engines, Pumping Engines, Engines for Mills, and several examples
of Boilers employed in the British Steam Navy; in half-morocco, price
£3. 133, 6d.

LIST OF PLATES.

DIVISION A.—LOCOMOTIVE ENGINES.

Elevation of the 8-wheeled locomotive
engine and tender, the Iron Dukx,
on the Great Western Railway.

Longitudinal section of ditto.

Plan, ditto.

Transverse sections, ditto.

Details of ditto: transverse section
through working gear, transverse
section and end view of tender ; plan
and section of feed-pump; plan and
elevation of hand-pump; details of
inside framing, centre axle, driving
axle-box, regulation-valve, centre-
beam stay, &c.

Elevation of Crampton’s patent loco-
motive engine and tender.

Longitudinal section of ditto.

Plan of ditto.

Transverse sections of ditto.

Elevation of the Pyracyon 6-wheeled
goods’ engine on the Great Western

way.

Half-plan of the working gear of ditto.

Elevation of a portion of the working
gear of ditto.

Diagrams, by J. Sewell, L.E., of re-
sistances per ton of the train; and
portion of engines of the class of.the

GRrEAT BriTAIN locomotive, includ-
ing tender, with various loads and at
various veloeities ; also of the ad-
ditional resistance in ths. per ton of
the train, when the engine is loaded,
to be added to the resistance per ton
of the engine and tender when un-
loaded.

Side and front elevation of an express
carriage engine, introduced on the
Eastern Counties Railway by James
Samuel, C.E., Resident Engineer.

Longitudinal and cross section of ditta.

Plan of ditto; with plan and section of
cylinders, details and sections, piston
full size.

Elevation of the outside-cylinder tank
engine made by Sharpe Brothers &
Co., of Manchester, for the Man«
chester and Birmingham Railway.

Section of cylinder and other parts,
and part elevation of ditto.

Longitudinal seetion of ditto.

Plan of ditto.

Transverse sections of both ends, with
sectional parts,

Mr. Edward Woods’ experiments on the
several sections of old and modern
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valves of locomotive engines,—viz.
fig. 1. stroke commences; fig. 2,
steam-port open; fig. 3, steam-port
open; fig. 4, steam-port open; fig. 5,
stroke completed, steam cut off,
exhaustion commences; fig. 6, stroke
commences; fig. 7, steam-port full
open; fig. 8, steam cut off; fig. 9,
exhaustion commences; fig. 10, steam
completed.

Ditto, drawn and engraved to half-size :
fig. 1, old valve, #-inch lap; fig. 2,
$-inch lap; fig. 3, $-inch lap; fig. 4,
§-inch lap, Gray's patent; fig. 5,
1.inch lap.

Elevation of a six-wheeled locomotive
engine and tender, No. 15, con-
structed by Messrs. Tayleur, Vulcan
Foundry, Warrington, for the Cale-
donian Railway.

Longitudinal section of ditto.

Plan of ditto, engine and tender, with
cylindrical part of boiler removed.
Elevations of fire-box, section of fire-
box, section of smoke-box, of ditto.
Elevations and sectional parts of ditto.
Sectional parts, half-plan of working

gear, ditto.

Elevation of Messrs. Robert Stephenson

and Co.’s six-wheeled patent loco.
motive engine and tender.

Longitudinal section of ditto,

Plan and details of Stephenson’s patent
engine.

Section of fire-box, section of smoke-
box, front and back elevations of the
same.

Plan of a six-wheeled engine on the
Birmingham and Shrewsbury Rail-
way, constructed by Messrs. Bury,
Curtis, and Kennedy, Liverpool.

Longitudinal section of ditto.

Sectional elevation of the smoke-box, &

Sectional elevation of the fire-box of
ditto.

Elevation of the locomotive engine and
tender, PLews, adapted for high
speeds, constructed by Messrs. R. &
‘W. Hawthorn, of Newcastle-upon-
Tyne, for the York, Newcastle, and
Berwick Railway Company.

Longitudinal section of ditto. This
section is through the fire-box, boiler,
and smoke-box, showing the tubes,
safety-valve, whistles, steam and blast
pipes, &c.

Plan of ditto.

Plan of the working gear, details, &c,

Forty-one plates and fifty-five wood engravings.

DIVISION B.—MARINE ENGINES, &c.

Two plates, comprising figures 1, 2,
and 3, Properties of Steam.

Plan of H.M. screw steam frigate
DaunTLEsS, constructed by Robert
Napier, Esq.

Longitudinal elevation and transverse
section of ditto.

Longitudinal section at AB on plan,
longitudinal section at CD on plan
of ditto.

Engines of H. M. steam ship TERRIBLE,
constructed by Messrs. Maudslay,
Sons, and Field, on the double-
cylinder principle. Longitudinal sec-
tions of engines.

Transverse section and end view of ditto,

Transverse section through boilers of
ditto.

Plan of engines, showing also bunkers,
paddles, &c.

Oscillating engines of the Peninsular
and Oriental Company’s steam vesgel
ARIEL, constructed by John Penn
and Sons. Longitudinal section.

Section at engines of ditto.

Section at boiler of ditto.

Plan at boiler of ditto.

Section at air-pump, and at cylinder.

Annular cylinder engines of the iron
steam vessels PrRiNcEss MaRry and
Princess MaubE, constructed by
Maudslay, Sons, and Field. Longi.
tudinal section.

Transverse section at engines of ditto.

%elgtion fat boilers of ditto.

n of engines of ditto, showing
bunkers, paddles, &c. o

Plan of engines of H. M. steam veasel
SiMoom, constructed by James Watg
& Co., of London and Soho,
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Longitudinal section of the Sumoon.

Cross section of ditto.

Engine of the Rep Rovew, side view
and plan,

Longitudinal section of ditto.

Cross sections of ditto.

Sheer draught and plans of vessel.

Plan of the engine of H. M. steam frigate
PraNix.

Longitudinal section of engine of ditto.

Cross section of ditto.

Engine of the Rusy steam vessel, ele-
vation and plan.

Sheer draught and plan of vessel.

Plan of engine of the WILBERFORCE,
Hull and London packet.

Cross section of ditto and vessel.

Longitudinal section of engines of ditto.

Elevation of engines of ditto.

Engines of the Berenicg, Hon. E. I
Co.’s steam vessel,

Section of ditto.

Sheer draught and plan, stern view,
and body plan of vessel.

View of the BERENICE, Whilst at sea.

Boilers of H. M. ships HErMES, SpPIT-
FIRE, and FirEFLY,

Kingston’s valves, as fitted on board
.sea-going vessels for blow-off injec-
tion, and hand-pump sea valves.

Boilers of H. M. steam vessel AFRICAN.

Morgan’s paddle-wheels, as fitted in
H.M.S. MeDEA.

Side elevation of ditto.

Plans of upper and lower decks of
ditto.

Sheer draught and profile of ditto.

Morgan and Seaward’s paddle-wheels,
comparatively.

Positions of a float of a radiating pad-
dle-wheel in a vessel in motion, and
positions of a float of a vertically
acting wheel in a vessel in motion.

Cycloidal paddle-wheels.

Sailing of steamers in five points from
courses.

Experimental steaming and sailing of
‘the CALEDONIA, VANGUARD, ASIA,
and MEDEA.

Engines of H. M. steam ship MEc&RA.

Engine of the ateam boat Nsw WorLp,

T. F. Secor & Co., Engineers, New
York. Elevation and section.
Elevations of cylinder and crank ends,
Steam cylinders, plans, and sections,
Details.
Several sections of details,
Details and sections.
Details of parts.
Plans and sections of condenser, bed.
plates, air-pump bucket, &c.
Details and sectious, injection valves.
Details, plan and elevation of beams,
&e

Details, sections of parts, boilers, &ec.
of the steam boat NEw WorLp.

Qepti details, and paddl

Engines of the U. S. mail steamers On10
and GeorgrA. Longitudinal section,

Elevations and cross sections of ditto.

Details of steam-chests, side-pipes,
valves, and valve gear of ditto.

Section of valves, and plan of piston of
ditto.

Boilers of ditto, sections of ditto.

Engine of the U.S. steamer WATER-
WircH. Sectional elevation,

Steam-chests and cylinders of ditto.

Boilers, sections, &c. of ditto.

Boilers of the U.S. steamer PownATAN.

Front view and sections of ditto.

Elevation of the Pittsburg and Cin-
cinnati American packet Buckeye
STATE.

Bow view, stern view.

Plan of the BuckeyE STATE.

Model, &c. of ditto, wheel-house frame,
cross section at wheel-house, and
body plan.

Plan and side elevation of ditto.

Sheer draught and plan, with the body
plan, of the U.S. steam frigate
SARANAC.

Longitudinal section of ditto, cross sec-
tion.

Engines of the U. S. steamer SusQuk-
HANNA,

Elevation of the U.S. Paciric steam
packet engine.

Plan of ditto.

Boilers of ditto, end views.

Ditto ditto.

Eighty-five engravings and fifty-one wood-culs.
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DIVISION C. TO G., FORMING VOL. III.
STATIONARY ENGINES, PUMPING ENGINES, MARINE BOILERS, &c.

Side elevation of pumping engine, U. S.
dock, New York.

End elevation of ditto.

Elevation and section of the pumps,
ditto.—2 plates.

Boilers of pumping engines, ditto.

Boilers, Details, &c. of pumping engines,
ditto.

Plan of the boilers, ditto.

Isometrical projection of a rectangular
boiler.

Plan and two sections of a cylindrical
boiler.

Brunton’s apparatus forfeeding furnace-
fires by means of machinery.

Parts of a high-pressure engine with a
4.-passaged cock.

Section of a double-acting
engine.

Section of & common atmospheric en-
gine.

On the construction of pistons.

Section of steam pipes and valves.

Apparatus for opening and closing steam
passages.

Parallel motions.—2 plates,

Plan and elevation of an atmospheric
engine.

Elevation of a single-acting Boulton
and Watt engine.

Double-acting engine for raising water.

Double-acting engine for impelling
machinery.

Maudslay’s portable condensing engine
for impelling machinery.

Indicator for measuring the force of
steam in the cylinder, and diagrams
of forms of vessels.

Section of a steam vessel with its boiler,
in two parts—diagrams showing fire-
places —longitudinal section through
boiler and fire-places.

Isometrical projection of a steam-boat
engine.

Plan and section of a steam-boat engine.
Ten horse-power engine, constructed
by W. Fairbairn and Co.—4 plates.
Forty-five horse-power engine, con-

structed by W. Fairbairn & Co.—
3 plates.
Plan and section of boiler for a 20-horse

]

engine, at the manufactory of Whit-
worth & Co., Manchester.

Messrs. Hague’s double-acting cylinder,
with slides, &c.

Sixty-five-inch cylinder, erected by
Maudslay, Sons, and Field, at the
Chelsea Water-works.—5 plates.

Beale’s patented rotary engine.

Double-story boilers of H.M.S. DEvas-
TATION, 400 H. P,

Refrigerator feed and brine pumps.

Feed and brine apparatus, as fitted on
board the West India Royal Mail
Company’s ships.

Boilers of H. M. steam sloop BasILIsK,
400 H.P.

Boilers of the SiNcarore, 470 H.P.,
Peninsular and Oriental Company.
Original double-story boilers of the

Gnn.vr WESTEEN

g funne.,
of H.M. s}up Hrmu 220 H.P.

Seaward’s patent brine and feed valves,

Boilers of H. M. mail packet UNpIng,
(Miller, Ravenhill, & Co.) 100 H. P.

Cross sections of engines of H. M. mail
packet UNDINE,

Longitudinal elevation of ditto.

Brine-pumps as fitted on board H.M.S.
Mepea, 220 H. P. (Maudslay, Sons,
and Field.)

Boilers of H. M. S. Hypra, 220 H.P.

Plan of the four boilers, with the sup-
plementary steam-chests and shut-off
valves, of the AVENGER.

Boilers of H. M. steam ship N1cEr, 400
H. P, fitted by Maudslay, Sons, and
Field.

Experimental boiler, Woolwich Yard.

Boilers of H. M. S. TErRR1BLE, 800 H.P.
(Maudslay, Sons, and Field.)

Boilers of the Minx and Teaskr, 100
H. P. (transferred to Wasp.)

Boilers of the SaMsoN, 450 H. P.

Daniel’s pyrometer, full size.

Boilers of the DrsperaTE, 400 H. P,
(Maudslay, Sous, and Field.)

Boilers of the N:cEr (2nd plate).

Boilers of H.M.S. Basmisx (2nd

plate

Boﬂers )of the UNpinm.
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Boilers of the Royal Mail steam ships
AsiA and Arrica, 768 H.P., con-
structed by R. Napier, Glasgow.

Longitudinal and midship sections of
ditto.

Boilers of H.M.S. La HoGug, 450 H.P.
(Seaward & Co.)

H.M.S. Smon, 560 H.P. Plan of
telescope funnel.

Boilers of H. M. S. Brisk, 250 H.P.

Copper boilers for .M. S. Sans-
m\nn., 350 H.P. (James Watt &
Co.}

American marine boilers, designed and
executed by C. W. Copeland, Esq.,
of New York, as fitted on board the
American packets.

Midship section of the hull of the steam
packet Paciric, New York and
Liverpool line.

Elevation of pumping engines of the
New Orleans Water-works, U. S., ar-
ranged and drawn by E. W. Smith,
Engineer, constructed at the Allaire
‘Works, New York.

Elevation of pumps and valves, chests,
gearing, &c

Elevation at steam cylinder end.

General plan of a turbine water-wheel
in operation at Lowell, Massachusets,
U.S., by J. B. Francis, C.E.

Elevation of ditto.——— Section of ditto.

Plan of the floats and guide curves,
ditto.

Large self-acting surfacing and screw-
propeller lathe, by Joseph Whitworth
& Co., Manchester.

Longitudinal section, showing arrange-
ment of engine-room for disc engine
applied to a screw propeller, and
Bishop's disc engine, by G. & J.
Rennie, with details.

Arrangement of engine-room forengines
of 60 horse-power, for driving pro-
pellers of H. M. steam vessels Rey-
NARD and CRUISER, constructed by
Messrs, Rennie. Longitudinal sec-
tion and engine-room.

Ditto. Transverse section at boilers
and at engines.

Very elaborate diagrams showing ex-
periments and results of various pad-
dle-wheels.—8 plates.

Steam flour-mills at Smyrna, con-
structed by Messrs. Joyce & Co.
Double cylinder pendulous condens-
ing engine, side elevation.

Side elevation, horizontal plan, ditto.

Longitudinal section.

Horizontal plan of mill-house and
boilers.

Transverse section through engine-
house and mill.

Boilers, longitudinal and transverse
sections, front view.

Section through mill-stones, elevation
of upper part, section of lower part,

SUMMARY OF THE ILLUSTRATIONS.

Vol. 1. Locomotive Engines .
II. Marine Engines .
I1I.

Stationary Engines, Pumpmg Engmea, Engines
for Flour-Mills, Examples of Boilers, &c., &ec. .

plan of hopper, &c.
Plates.  Wood-cuts,
e e« . 41 55
. . 8 51
100 58
Total . . . 226 164

FULL-LENGTH PORTRAIT OF

HENRY CAVENDISH, F.R.S.

Some few India paper proofs, before the letters, of this celebrated
Philosopher and Chemist, to be had, price 2s. 6d.
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HINTS

YOUNG ARCHITECTS:

COMPRISING

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ARE DESTINED
TO THE PROFESSION;

TO SUCH AS, HAVING PASSED THEIR PUPILAGE, ARE ABOUT TO TRAVEL

AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION,
ARE ABOUT TO PRACTISE:

TOGETHER WITH

A MODEL SPECIFICATION:

INVOLVING A GREAT VARIETY OF INSTRUCTIVE AND SUGGESTIVE MATTER,
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS;

AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE
AGENTS OF THEIR EMPLOYERS,

AND AS THE RIGHTFUL JUDGES OF A CONTRACTOR'S DUTY.

By GEORGE WIGHTWICK, A=rcHITECT.

CONTENTS :—
Preliminary Hints to Young Archi- | Model Specification

tects on the Knowledge of Stone-cutting.
Drawing. , Grecian or Italian only,
On Serving his Time. ~——, Gothic only.
On Travelling, Miscellaneous.
His Plate on the Door. Slating.
Orders, Plan-drawing, Tiling,
On his Taste, Study of Interiors, Plaster and Cement-work.
Interior Arrangements. Carpenters’ Work.
Warming and Ventilating. Joiners’ Work.
House Building, Stabling. Iron and Metal-work.
Cottages and Villas, Plumbers’ Work.
Model Specification :— Drainage.
General Clauses, Well-digging.
Fouundations, Artificial Levels, Concrete,
Well. Foundations, Piling and
Artificial Foundations, Planking, Paving, Vaulting,
Brickwork. " Bell-hanging, Plumbing, and
Rubble Masonry with Brick Building generally,
Mingled.

Extra cloth boards, price 8.
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POCKET BOOK,
WITH AN ASTRONOMICAL ALMANACK,
REVISED FOR 1855-6. In morocco tuck, price 6s.

CONTENTS.

A1, Air in motion (or wind), and wind-
mills.

Alloys for bronze ; Miscellaneous alloys
and compositions; Table of alloys ;
Alloys of copper and zinc, and of
copper and tin.

Almanack for 1856 and 1856.

American railroads ; steam vessels.

Areas of the segments of a circle.

Armstrong (R.), his experiment on
boilers. X

Astronomical phenomena.

Ballasting.

Barlow’s (Mr.) experiments.

Barrel drains and culverts.

Bell-hanger’s prices.

Blowing a blast engine.

Boilers and engines, proportions of ;
Furnaces and chimneys; Marine.
Bossut’s experiments on the discharge
of water by horizontal conduit or

conducting pipes.

Brass, weight of a lineal foot of, round
and square.

Breen (Hugh), his almanack.

Bricks.

Bridges and viaducts ; Bridges of brick
and stone; Iron bridges; Timber
bridges.

Burt's (Mr.) agency for the sale of pre-
served timber.

Cask and malt gauging.

Cast-iron binders or joints; Columns,
formulee of; Columns or cylinders,
Table of diameter of; Hollow co-
lumns, Table of the diameters and
thickness of metal of ; Girders, prices
og ; Stancheons, Table of, strength
of.

Chairs, tables, weights, &e.

Chatburn limestone,

Chimneys, &c., dimensions of.

Circumferences, &c. of circles.

Coal, evaporating power of, and results
of coking.

Columns, cast-fron, weight or pressure
of, strength of.

Comparative values between the pre-
sent and former measures of capacity.

Continuous bearing.

Copper pipes, Table of the weight of,
Table of the bore and weight of cocks

for.

Copper, weight of a lineal foot of, round
and square.

Cornish pumping engines.

Cotton mill; Cotton press.

Current coin of the principal commercial
countries, with their weight and re-
lative value in British money.

Digging, well-sinking, &c.

Docks, dry, at Greenock.

Draining by steam power.

Dredging machinery.

Dwarr, Table of experiments with
H. M. screw steam tender.

Earthwork and embankments, Tables
of contents, &c.

Experiments on rectangular bars of
malleable iron, by Mr. Barlow; on
angle and T iron bars.

Fairbairn (Wm.), on the expansive
action of steam, and a new construc-
tion of expansion valves for condens-
ing steam engines.

Feet reduced to links and decimals.

Fire-proof flooring.

Flour-mills.

Fluids in motion.

Francis (J. B., of Lowell, Massachusets),
his water-wheel.

French measures.

Friction.

Fuel, boilers, furnaces, &c.

Furnaces and boilers.

Galvanized tin iron sheets in London
or Liverpool, list of gauges and
weights of.

Gas-tubing composition.

Glynn (Joseph), F.R.S., on turbine
water-wheels.

Hawksby (Mr., of Nottingham), his
experiments on pumping water,

Heat, Tables of the effects ofa
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Z:Iemgon heads and nuts for bolts, pro-
portional sizes and weights of.

Hick’s rule for calculating the strength
of shafts.

Hodgkinson’s (Eaton) experiments.

Hungerford Bridge.

Hydraulics.

Hydrodynamics.

Hydrostatic press.

Hydrostatics.

[mperial standard measures of Great
Britain ; Iron.

[ndian Navy, ships of war, and other
vessels.

[nstitution of Civil Engineers, List of
Members of the, corrected to March
15, 1852,

[ron balls, weight of cast; bars, angle
and T, weight of ; castings; experi-
ments ; hoop, weight of 10 lineal
feet; lock gates; roofs; tubes for
locomotive and marine boilers;
weights of rolled iron.

ronmonger’s prices.

lust’s analysis of Mr. Dixon Robinson’s
limestone.

.atitudes andlongitudes of the principal
observatories.

.ead pipes, Table of the weights of.

seslie (J.), C.E.

.ime, mortar, cements, concrete, &c.

.Jimestone, analysis of.

iquids in motion.

.ocomotive engines; Table showing
the speed of an engine.

w0g for a sea-going steamer, form of.

fachines and tools, prices of.

1ahogany, experiments made on the

strength of Honduras. [wheels.
fallet’s experiments on overshot
farine boilers ; engines.

fasonry and stone-work.

[assachusets railroads.

Iensuration, epitome of.

[etals, lineal expansion of.

[orin’s (Col.) experiments.

[otion ; motion of water in rivers.

ails, weight and length.

avies — of the United States; Indian

Navy ; Oriental and Peninsular Com-
pany; British Navy; of Austria;
Denmark ; Naples; Spain; France;
Germanic Confederation; Holland ;
Portugal ; Prussia; Sardinia; Swe-

den and Norway; Turkey; Russia
Royal West India Mail Company’s
fleet.

New York, State of, railroads.

Numbers, Table of the fourth and fifth
power of.

Paddle-wheel steamers.

Pambour (Count de) and Mr. Parkes’
experiments on boilers for the pro-
duction of steam.

Peacocke’s (R. A.) hydraulic experi-
ments.

Pile-driving.

Pitch of wheels. Table to find the dia-
meter of a wheel for a given pitch of
teeth.

Plastering.

Playfair (Dr. Lyon).

Preserved timber.

Prices for railways, paid by H. M.
Office of Works ; smith and founder’s
work,

Prony’s experiments.

Proportions of steam engines and boil-
ers.

Pumping engines; pumping water by
steam power,

Rails, chairs, &c., Table of.

Railway, American, statistics; railway
and building contractor’s prices ; car-
riages.

Rain, Tables of.

Rammell’s (T. W.) plan and estimate
for a distributing apparatus by fixed
pipes and hydrants.

Rennie’s (Mr. Geo.) experiments ; (the
late J.) estimate.

Roads, experiments upon carriages tra-
velling on ordinary roads; influence
of the diameter of the wheels;
Morin’s experiments on the traction
of carriages, and the destructive ef-
fects which they produce upon roads.

Robinson (Dixon), his experiments and
material.

Roofs ; covering of roofs.

Ropes, Morin’s recent experiments on
the stiffness of ropes; tarred ropes;

+ dry white ropes.

Saw-mill.

Screw steamers.

Sewage manures.

Sezeu, castings for- their estimates,

€.
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Signs and abbreviations used in arith-
metic and mathematical expressions.

Slating.

Sleepers, quantity in cubic feet, &c.

Smeaton’s experiments on wind-mills,

Smith and founder’s prices.

Specific gravity, Table of.

Steam dredging; Navigation; Tables
of the elastic force ; Table of Vessels
of war, of America ; of England ; of
India; and of several other maritime
nations.

Steel, weight of round steel.

Stone, per 1b., stone, gr., cwt., and ton,
&c., Table of the price.

Stones.

Strength of columns ; Materials of con-
struction.

Sugar-mill.

Suspension aqueduct over the Alleghany
River; Bridges over ditto.

Table of experiments with H. M. screw
steam tender DwaRrr ; of gradients;
iron roofs; latent heats; paddle-
wheel steamers of H. M., Service and
Post-Office Service; pressure of the

Bossut® moving at given velocities;

of ces of galvanized tinned iron

‘.be; specific heats; the cohesive

power of bodies ; columns, posts, &c.,

of timber and iron ; the comparative

strength, size, weight, and price of

discharge through thin-lipped ori.
fices; quantities of water, in cubic
feet, discharged over a weir per
minute, hour, &c.; relative weight
and strength of ropes and chains;
results of experiments on the friction
of unctuous surfaces ; scantlings of
posts of oak ; size and weight of iron
laths; weight in bs. required to crush
1}-inch cubes of stone, and other
bodies; weight of a lineal foot of
cast-iron pipes, in ths.; weight of a
lineal foot of flat bar iron, in ibs.;
weight of a lineal foot of square and
round bar iron; weight of a super-
ficial foot of various metals, in ths. ;
weight of modules of elasticity of
various metals ; velocities of paddle-
wheels of different diameters, in feet
per minute, and British statute miles,
per hour; the dimensions, cost, and
price per cubic yard, of ten of the
principal bridges or viaducts built
for railways ; the height of the boil-
ing point at different heights;—to
find the diameter of a wheel for a
given pitch of teeth, &c.

Tables of squares, cubes, square and
cube roots.

Teeth of wheels.

Temperature, the relative indications of,
by different thermometers.

iron-wire rope (A. Smith’s), hemp

rope, and iron chain; corresponding
velocities with heads of water as
high as 50 ft., in feet and decimals;
dimensions of the principal parts of
marine engines; effects of heat on
different metals; elastic force of
steam; expansion and density of
water; expansion of solids by in-
creasing the temperature; expan-
sion of water by heat; heights cor-
responding to different velocities, in
French metres; lineal expansion of
metals ; motion of water, and quan-
tities discharged by pipes of dif-
ferent diameters; power of metals,
&c.; pressure, &c., of wind-mill sails;
principal dimensions of 28 merchant
steamers with screw propellers; of
steamers with paddle-wheels; pro-
greesive, dilatatioa of metals by heat,
&3 poportiop of real to theoretica,

Ther ters, Table of comparison of
different.

Timber for carpentry and joinery pur-
poses; Table of the properties of
different kinds of.

Tin plates, Table of the weight of.

Tools and machines, prices of.

Traction, Morin’s experiments on.

Tredgold’s Rules for Hydraulics, from
Eytelwein’s Equation.

Turbines, Report on, by Joseph Glynn
and others,

Values of different materials.

Water-wheels.

Watson’s (H. H.) analysis of limestone
from the quarries at Chatburn.

Weight of angle and T iron bars; of
woods.

‘Weights and measures.

West India Royal Mail Company.

Whitelaw’s experiments on turbine
water-wheels.
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iite’s (Mr., of Cowes) experiments | Wind-mills; of air, air in motion, &c.
»n Honduras mahogany. ‘Woods.

cksteed’s (Thos.) experiments on | Wrought iron, prices of.

‘he evaporating power of different | Zinc as a material for use in house-
cinds of coal. building.

In one Volume 8vo, extra cloth, bound, price 9s.

HE STUDENT'S GUIDE TO THE PRACTICE
JF DESIGNING, MEASURING, AND VALUING
ARTIFICERS’ WORKS;

ntaining Directions for taking Dimensions, abstracting the same,
and bringing the Quantities into Bill ; with Tables of Constants,
and copious memoranda for the Valuation of Labour and Materials
in the respective trades of Bricklayer and Slater, Carpenter and
Joiner, Sawyer, Stonemason, Plasterer, Smith and Ironmonger,
Plumber, Painter and Glazier, Paper-hanger. Thirty-eight plates
and wood-cuts.

1e Measuring, &c., edited by Epwarp Dosson, Architect and

Surveyor. Second Edition, with the additions on Design by
E. Lacy GArBETT, Architect.
CONTENTS.
ELIMINARY OBSERVATIONS ON DE- | ABsTRACTING Bricklayers’ and Tilery
sIGNING ARTIFICERS’ WORKS. work.
Preliminary Observations on Mea- | Example of bill of Bricklayers’ and
jurement, Valuation, &c.— On mea- Tilers’ work.

mring — On rotation therein—On  VaLuaTioN of DBricklayers’ work,

\bstracting quantities— On valuation
—On the use of constants of labour.

BRICKLAYER AND SLATER.
SIGN OF BRickwork — technical
erms, &c.

Foundations — Arches, inverted
nd erect—Window and other aper-
;ure heads—Window jambs—Plates
ind  internal cormces — String-
rourses — External cornices— Chim-
1ey shafts—On general improvement
»f brick architecture, especially fe-
1estration.

IASUREMENT.

Of diggers’ work — Of brickwork, I

of facings, &c.

816N oF TILING, and technicalterms.
Measurement of Tiling—Example

o»f the mode of keeping the measuring-

book for brickwork.

Earthwork, Concrete, &c.

Table of sizes and weights of vari-
ous articles—Tables of the numbers
of bricks or tiles in various works—
Valuation of Diggers’and Bricklayers’
labour—Table of Constants for said
labour.

ExAMPLES OF VALUING.

1. A yard of concrete.—2. A rod
of brickwork.—3. A foot of facing.—
4. A yard of paving.—5. A square of
tiling.

DEs1GN, MEASUREMENT, AND VALU-

ATION OF SLATING.

CARPENTER AND JOINER.

DzsioN or CARPENTRY — technical

terms, &ec.

Brestsummers, an abuse: substi-
tutes for them-— Joists, trimmers,
trimming-joists—Girders, their abuse
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and right use—Substitutes for girders
and quarter-partitions—Quarter-par-
titions—Roof-framing — Great waste
in present common modes of roof-
framing — To determine the right
mode of subdividing the weight, and
the right numbers of bearers for
leaded roofs — The same for other
roofs—Principle of the truss—Con-
siderations that determine its right
pitch — Internal filling or ¢racery of
trusses—Collar-beam trusses—Con-
nection of the parts of trusses—Vari-
ations on the truss; right limits
thereto—To avoid fallacious trussing
and roof-framing — Delorme’s roof-
ing; its economy on circular plans—
Useful property of regular polygonal
plans — On combinaticas of roofing,
hips, and valleys — On gutters, their
use and abuse—Mansarde or curb-
roofs. .
)EsiGN OF JoiNErRY—technical terms,

C.

Modes of finishing and decorating
panel-work—Design of doors.

feasureMENT of Carpenters’ and
Joiners’ work—Abbreviations.

Modes of measuring Carpenters’
work—Classification of labour when
measured with the timber— Classifi-
cation of labour and nails when mea-
sured separately from the timber.

XAMPLES OF MEASUREMENT, arch
centerings.

Bracketing to sham entablatures,
gutters, sound -boarding, chimney-
grounds, sham plinths, sham pilas-
ters, floor-boarding, mouldings —
Doorcases, doors, doorway linings—
Dado or surbase, its best construc-
tion — Sashes and sash-frames (ex-
amples of measurement)— Shutters,
boxings, and other window fittings
~— Staircases and their fittings.

BSTRACTING Carpenters’ and Joiners’
work.

Example of Bill of Carpenters’ and
Joiners’ work.

‘ALUATION of Carpenters’ and Joiners’
work, Memoranda.

Tables of numbers and weights.

ABLES OF CONSTANTS OF LABOUR.

Roofs, naked floors—Quarter-par-

titions —Labour on fir, per foot cube
—Example of the valuation of deals
or battens — Constants of labour on
deals, per foot superficial.

ConsTANTS OF LABOUR, and of nails,
separately.

On battening, weather boarding—
Rough boarding, deal floors, batten
floors.

LaBour ANp NaiLs together.

On grounds, skirtings, gutters,
doorway-linings—Doors, framed par-
titions, mouldings—Window-fittings
— Shutters, sashes and frames, stair-
cases—Staircase fittings, wall-strings
—Dados, sham columns and pilasters.

VALUATION oF SAWYERS' WORK.

MASON.

DEsSIGN OF STONEMASONS’ WORK.
Dr. Robison on Greek and Gothic
Architecture — Great fallacy in the
Gothic ornamentation, which led also
to the modern ‘monkey styles’—
¢ Restoration’ and Preservation.
MEASUREMENT of Stonemason’s work.
Example of mecasuring a spandril
step, three methods— Allowance for
labour not seen in finished stone —
Abbreviations — Specimen of the
measuring-book— Stairs— Landings
—Steps—Coping— String-courses—
Plinths, window-sills, curbs — Co-
lumns, entablatures, blockings—
Cornices, renaissance niches.
ABSTRACTING AND VALUATION.
Table of weight of stone — Table
of Constants of Labour — Example
of Bill of Masons’ work.

PLASTERER.

DEsIGN OF PLASTER-WORK in real
and mock Architecture.

Ceilings and their uses — Unne-
cessary disease and death traced to
their misconstruction — Sanitary re-
quirements for a right ceiling—Con-
ditions to be observed to render do-
mestic ceilings innoxious—Ditto, for
ceilings of public buildings — Bar-
barous shifts necessitated by wrong
ceiling — Technical terms in Plas-
terers’ work.

MzeasureMENT of Plaster-work.
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Abbreviations — Abstracting of
Plasteres’ work — Example of Bill
of Plasterers’ work., *

"ALUATION.

Memoranda of quantities of ma-

terials — Constants of Labour.

SMITH AND FOUNDER.

'N THE USE OF METAL-WORK IN
ARCHITECTURE.

Iron not rightly to be used much
more now than in the middle ages—
Substitutes for the present extrava-
gant use of iron—Fire-proof (and
sanitary) ceiling and flooring—Fire-
proof roof-framing in brick and iron
— Another method, applicable to
hipped roofs — A mode of untrussed
roof-framing in iron only — A prin-
ciple for iron trussed roofing on any
plan or scale — Another variation
thereof — On the decoration of me-
tallic architecture.

MEeAsUREMENT of Smiths’ and Foun-
ders’ work.

PLUMBER, PAINTER,
GLAZIER, &c.

DesiGN, &c. oF LEAD-WORK.
MEASUREMENT OF PAINT-WORK —
Abbreviations.

Specimen of the measuring-book
~—Abstract of Paint-work—Example
of Bill of Paint-work.

VarLvatioN of Paint-work.

Constants of Labour — Measure-
ment and Valuation of GLAZING—
Measurement and Valuation of
PAPER-HANGING.

APPENDIX ON WARMING.
Modifications of sanitary construction
to suit the English open fire —
More economic modes of warming in
public buildings— Ditto, for private
ones——Warming by gas.

In 12mo., price 5s. bound and lettered,

THE OPERATIVE MECHANIC'S WORKSHOP
COMPANION, AND THE SCIENTIFIC
GENTLEMAN’S PRACTICAL ASSISTANT;
omprising a great variety of the most useful Rules in Mechanical
Science, divested of mathematical complexity; with numerous

Tables of Practical Data and Calculated Results, for facilitating
Mechanical and Commercial Transactions.

BY W. TEMPLETON,

AUTHOR OF SEVERAL SCIENTIFIC WORKS.
hird edition, with the addition of Mechanical Tables for the use
" Operative Smiths, Millwrights, and Engineers; and practical
irections for the Smelting of Metallic Ores.

2 vols. 4to, price £ 2. 16s.,

CARPENTRY AND JOINERY;

ontaining 190 Plates ; a work suitable to Carpenters and Builders,
comprising Elementary and Practical Carpentry, useful to Artificers
in the Colonies,
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THE AIDE-MEMOIRE TO THE MILITARY
SCIENCES,

Framed from Contributions of Officers of the different Servioes, and
edited by a Committee of the Corps of Royal Engineers. The
work is now completed.

Sold in 3 vols. £ 4. 10s., extra cloth boards and lettered, or in 6 Parts, as follows:

£.
Part I. A.to D, NEw EpITION . . . 014

II. D.toF. . . 016
L. F.toM. . . . . . 016
IV. M.toP. .

V. P.toR. . . 016
VI. R.toZ. . .« .10

o
L
-

© oococoocon

- In 1 large Volume, with numerous Tables, Engravings, and Cuts,

! A TEXT BOOK

For Agents, Estate Agents, Stewards, and Private Gentlemen,
generally, in connection with Valuing, Surveying, Building,
Letting and Leasing, Setting out, disposing, and particularly
describing all kinds of Property, whether it be Land or Personal
Property. Useful to

Auctioneers Assurance Companies Landed Proprietors
Appraisers Builders Stewards
Agriculturists Civil Engineers Surveyors
Architects Estate Agents Valuers, &c.

In 1 vol. large 8vo, with 13 Plates, price One Guinea, in half-morocco binding,

MATHEMATICS FOR PRACTICAL MEN:

Being a Common-Place Book of PURE AND MIXED MATHE-
MATICS; together with the Elementary Principles of Engineering ;
designed chiefly for the use of Civil Engineers, Architects, and
Surveyors.

BY OLINTHUS GREGORY, LL.D., F.R.A.8.
Third Edition, revised and enlarged by HENRY LAW, Civil Engineer.

CONTENTS.
PART L —PURE MATHEMATICS.
CHAPTER L.—ARITHMETIC, Sger,

— 5. Division of whole numbers. —
1. Definitions and notation. Proof of the first four rules of
2. Addition of whole numbers. Arithmetic.
3. Subtraction of whole numbers. 6. Vulgar fractions. — Reduction of
4. Multiplication of whole numbers, vulgar fractions.—Addition and
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subtraction of vulgar fractions.
~— Multiplication and division
of vulgar fractions.

4. Decimal fractions. — Reduction of
decimals. — Addition and sub-
traction of decimals.—Multipli-
cation and division of decimals.

8. Complex fractions used in the arts
and erce. — Reduction. —

Addition. — Subtraction and
multiplication. — Division, —
Duodecimals.

9. Powers and roots.—Evolution.

10. Proportion.—Rule of Three.—De-
termination of ratios.

11, Logarithmic arithmetic.— Use of
the Tables.—Multiplication and
division by logarithms. — Pro-
portion, or the Rule of Three,
by logarithms. — Evolution and
involation by logarithms.

12. Properties of numbers.

CHAPTER IL—ALGEBRA.

1. Definitions and notation.—2. Ad-
dition and subtraction.—3. Mul-
tiplication.—4. Division.—>5. In-
volution. — 6. Evolution. — 7.
Surds. — Reduction.— Addition,
subtraction, and multiplication.
—Divisioz, involution, and evo-
lution.—8. Simple equations.—
Extermination. — Solution of
general problems.—9. Quadratic
equations, — 10. Equations in
general. —— 11, Progression. —
Arithmetical progression.—Geo-
metrical progression.—12. Frac-
tional and negative exponents.—
13. Logarithms.—14. Computa-

tion of formule.
CHAPTER IIL-—GEOMETRY.
1. Defi — 2. Of angles, and

right lines, and their rectangles.

Szcr.
—3. Of triangles. — 4. Of qua-
drilaterals and polygons.—5. Of
the circle, and inscribed and cir-
cumscribed figures.—6. Of plans
and solids. — 7. Practical geo-
metry.

CHAPTER IV.—MENSURATION.

1. Weights and measures.—1. Mea-
sures of “length.— 2. Measures
of surface.—3. Measures of so-
lidity and capacity. —4. Mea-
sures of weight.— 5. Angular
measure. — 6. Measure of time,
— Comparison of English and
French weights and measures,

2. Mensuration of superficies.

3. Mensuration of solids.

CHAPTER V.—TRIGONOMETRY.

1. Definitions and trigonometrical
formule. — 2. Trigonometrical
Tables. — 3. General proposi-
tions.—4. Solution of the cases
of plane triangles. — Right-an-
gled plane triangles.—5. On the
application of trigonometry to
measuring heights and distances.
—Determination of heights and
distances by approximate me-
chanical methods.

CHAPTER VI—CONIC SECTIONS.

1. Definitions.—2. Properties of the
ellipse.—3. Properties of the hy-
perbola. — 4. Properties of the
parabola.

CHAPTER VII.—PROPERTIES OF
CURVES.

1. Definitions.— 2. The conchoid.—
3. The cissoid.—4. The cycloid
and epicycloid.—5. The quadra-
trix.— 6. The catenary.— Rela-
tions of Catenarian Curves.

PART IL—MIXED MATHEMATICS.

HAPTER!L.—MECHANICS IN GENERAL,

CHAPTER IL— STATICS,

|, Statical equilibrium.

!, Centre of gravity.

}. General application of the princi-
ples of statics to the equilibrium

of structures.— Equilibrium of
piers or abutimnents. — Pressure
of earth against walls,—Thick-
ness of walls, — Equilibrium of
polygons. — Stability of arches.
— Equilibrium of

bty suspension
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SxcT.
subtraction of vulgar fractions.
— Multiplication and division
of vulgar fractions.

4. Decimal fractions. — Reduction of
decimals. — Addition and sub-
traction of decimals.—Multipli-
cation and division of decimals.

8. Complex fractions used in the arts
and commerce. — Reduction. —
Addition, — Subtraction and
multiplication. — Division, —
Duodecimals.

9. Powers and roots.—Evolution.

10. Proportion.—Rule of Three.—De-
termination of ratios.

11. Logarithmic arithmetic.— Use of
the Tables,.—Multiplication and
division by logarithms. — Pro-
portion, or the Rule of Three,
by logarithms. — Evolution and
involation by logarithms.

12. Properties of numbers.

CHAPTER IL—ALGEBRA.

1. Definitions and notati 2. Ad-
dition and subtraction.—3. Mul-
tiplication.—4. Division.—5. In-
volution. — 6. Evolution. — 7.
Surds, — Reduction.— Addition,
subtraction, and multiplication.
—Divisiozr, involution, and evo-
lution.—8. Simple equations.—
Extermination. — Solution of
general problems.—9. Quadratic
equations. — 10. Equations in
general, — 11. Progression. —
Arithmetical progression.—Geo-
metrical progression.—12. Frac-
tional and negative exponents.—
13. Logarithms.—14. Computa-
tion of formulz.

CHAPTER IIL.—GEOMETRY.
1. Definitions. — 2. Of angles, and
right lines, and their rectangles.

Sxor.
—3. Of triangles. —4. Of qua-
drilaterals and polygons.—5. Of
the circle, and inscribed and cir-
cumscribed figures.—6. Of plans
and solids. — 7. Practical geo-
metry.

CHAPTER 1V.—MENSURATION.

1. Weights and measures.—1. Mea-
sures of length.— 2, Measures
of surface.—3. Measures of so-
lidity and capacity. — 4. Mea-
sures of weight.— 5. Angular
measure. — 6. Measure of time,
— Comparison of English and
French weights and measures.

2. Mensuration of superficies.

3. Mensuration of solids.

CHAPTER V.—TRIGONOMETRY.

1. Definitions and trigonometrical
formule. — 2. Trigonometrical
Tables. — 3. General proposi-
tions.—4. Solution of the cases
of plane triangles. — Right-an-
gled plane tmngles —>5. On the

lication of trig try to
measurmg heights and distances.
—Determination of heights and
distances by approximate me-
chanical methods.

CHAPTER VI—CONIC SECTIONS.

1. Definitions.—2. Properties of the
ellipse.—3. Properties of the hy-
perbola. — 4, Properties of the
parabola.

CHAPTER VII.—PROPERTIES OF
CURVES.

1. Definitions.— 2. The conchoid.—
3. The cissoid.—4. The cycloid
and epicycloid.—5. The quadra-
trix.— 6. The catenary.— Rela-
tions of Catenarian Curves.

PART IL—MIXED MATHEMATICS.

HAPTER!,—MECHANICS IN GENERAL,

CHAPTER IL—BTATICS,

| Statical equilibrium.

!, Centre of gravity.

}. General application of the princi-
ples of statics to the equilibrium

of structures.— Equilibrium of
piers or abutments. — Pressure
of earth against walls,—Thick-
ness of walls, — Equilibrium of
polygons, — Stability of arches.
— Equilibrium of suspension
bridges



