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30 ENGINEERING FACTS. Drv. L ‘

course, and waste instead of saving is the result. In order that
a few pints more of water may be evaporated per pound of cosl
burned, grate and furnace area is reduced, in order that heating
surface may be extended, and the heat better absorbed from the
escaping gases. If the vessel fails to attain the required speed,
the furnaces are filled beyond their proper capacity; imperfect
combustion ensues; and the very means intended to produce
economy, conduce to the most opposite result. A couple of
boilers more, put on board, might overcome the objection. Most
shipowners would consider the remedy worse than the disease,
however. The best marine boiler is not that alone which burns
least fuel, but that which can produce most steam in a certain
time, weighs least, and evaporates a fair quantity of water per
pound of coal

“The quantity of heat actually communicated to the water
within a boiler, in a given time, is the direct measure of its steam-
ing powers. Now, it by no means follows as a matter of course,
that this should be measured, in turn, by the quantity of coal
consumed. There are two or three points deserving of careful
attention in considering this question. Care must be taken to
secure the necessary conditions both without and within the boiler
—we use the words “without” and “within” in rather a peculiar
sense. The furnaces and flues are, it is true, inside as regards the
external superficies of the generator, but they are outside as re-
gards the water and steam space; within, then, the paramount
object must be to secure a good circulation of the water, in order
that the heated metal may never be out of contact with it for a
moment. Steam possesses a very powerful tendency to cling to
vertical surfaces, A constant moderate current of water is the
best possible means of removing it. Ample water spaces are thus
a desideratum to be obtained, even at the expense of a certain
amount of heating surface. Flues are seldom or never put too
closely together in the marine boiler; and there is little fault to
be found with the arrangement generally adopted. We wish we
could say as much of the water spaces between furnaces, which
are frequently reduced to the very limit where safety ends and
danger commences; not only is economy, but efficiency, sacrificed.
Furnace plates get burned, come down, leak, and do all manner
of objectionable things, as a consequence of a disregard for that




































42 ENGINEERING FACTS. [Drv L

connected with the process of riveting. In order to render both
of equal strength, it is only necessary to reduce the thinnest of
the two to half the diameter of the thickest. In the same way
it is certain that a cast-iron tube of a given diameter may be made
(uite as strong as one made of wrought-iron of the same thick-
ness, provided their diameters are proportioned the one to the
other in the ratio of their tensile strength. It is only a fallacy
to consider cast-iron as a material wholly unsuitable for the con-
struction of generators in the abstract; and even in the practical,
there is no difticulty whatever in adopting such a system of con-
struction as will enable cast-iron to excel wrought in all those
qualities which constitute a thoroughly efficient generator for even
the highest pressures.

“That the arguments adduced against the use of cast-iron are
many and powerful we do not pretend to deny; but that they
are invariably applicable, or that, in other words, it is impossible
to devise a boiler which shall elude these objections, is false.
We daily see cast-iron employed to carry enormous pressures with
the utmost confidence. "Water mains are abundant 30 inches in
diameter, carrying pressures due to heads varying from 100 to
240 fect, or from 50 to 120 lbs. to the square inch. Its tensile
strength may always be brought, in one sense, up to that of
wrought-iron, by using enough of it. It has thus beaten wrought-
iron in the form of guns many times. Indeed, it is still doubt-
ful if the best guns which Sir William Armstrong can turn out
on his xystem equal the Rodman cast-iron ordnance in their powers
of endurance. There are two methods of increasing the strength
of any vessel, or, in other words, its powers of resisting either in-
ternal or external pressure. The one consists in increasing the
thickness, the other in reducing the diameter of the globe or
cylinder tested. As a boiler has something more to do than pas-
sively withstand a certain pressure, like a water main—having to
trandmit heat freely, in order that it may not become oxidized
or ‘burned’—it is obvious that cast-iron can only be employed
in the form of small tubes or chambers, inasmuch as larger vessels
should necessarily be of such a thickness that heat would pass
through them very slowly indeed; but this fact in no way mili-
tates against either the safety, efficiency, or economy of a generator.
Perhaps the present system of employing wrought-iron boilers of
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dimensions to secure an unburstable boiler, the ascertained burst-
ing pressure of the cast-iron boiler apheres now in use (upon Mr.
Harrison's patent)* being no less than 1,500 1b. per square inch,
notwithstanding that the metal is hardly more than §in. thick.
And cven should one or more spheres burst, whether from exter-
nal injury or otherwise, the small quantity of water which they
contain would prevent anything like a disastrous boiler explosion.
The fact that it is still a question whether cast-iron, properly
treated, is not the best material for cannon, under all the inci-
dents of enormous pressure, great heat, and considerable friction,
leaves but little room for doubting its entire applicability to
boilers. Practice, on the great scale, has, indeed, placed this fact
beyond question ; or, more strictly, it has shown that, so far as
liability to explosion is concerned, and with respect to the con-
sequences in case of failure, the cast-iron boiler, as now made, is
altogether safer than any combination of wrought-iron or copper
for the same purpose. A little reflection, indeed, will show that
an 8 in. cast-iron sphere is safer under a pressure of even 200 Ib.
per square inch than a 7 ft. single-riveted boiler of the same
thickness, under a pressure of no more than 50 Ib.

“The resisting strength and safety of a properly made cast-
iron boiler were, indeed, calculable, and a good & priori case could
have bheen made out in their favour long ago. It was mnot so
easy, however, to foresee that a great number of permanently
steam-light and water-tight joints might be made in a cast-iron
hoiler, and maintained by the direct tension only of a single bolt.
Yet the result, once known, is quite explicable. An ordinary
riveted boiler has, perhaps, some thousands of what are really
joints, under the heads, of as many rivets. In many of these
there are only two edges, or exceedingly narrow surfaces in con-
tact, tightness being secured by caulking or burring. But in the
cast-iron boiler the bearing surfaces of the joints are everywhere
three-sixteenths of an inch in width, and they are finished with
a truth of surface not surpassed in the best steam-engine valves.
The machinery employed in making these joints produces a sur-
face in a manner nearer than any other to that which Mr. Whit-
worth has done so much to bring into favour. The tool begins

* See par. 2, p. 3; also par. 8, p. 12,
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thus punched, yet hroken down.  This argument, however it may

commend itself to a certain class of practical men, is not that

upon which the question is to be discussed. No ome pretends

that bridges are in danger of breaking down merely because their

rivet holes are punched, and therefore no question of this kind

is at issue.  The only question is, do punched holes leave as

mueh strength, and are they as consistent with tightness and

general exeellence of workmanship, as those drilled with the im-

proved machinery ? It is no proof because a bridge has not

Lroken that it is as strong as it might be made with the same

materials,  The necessity for the utmost strength, both of the
materials and of their combination in bridges, boilers, and ships,
is now mare widely recognised and insisted upon than heretofore.
Not only are we building numerous bridges of great span, but
the weight of railway trains is increasing, not merely when taken
colleetively, but when weighed over each foot of line covered.
So with boilers; while the old sizes are still retained, there is a
tendencey to increased pressures ; and in the case of iron ships, no
amount of strength consistent with lightness is too great. We
shall have an additional guarantee of safety when all riveted
work, to which the security of human life is confided, is carefully
drilled instead of being punched, and yet we have to confess to
a wonder that the representatives of great houses should, both at
Glasgow and at the late meeting of the South Wales Engineers,
contend that punched plates were as strong as, if not stronger,
than those drilled by special machinery.”

11. On the same subject the “ Engineer ” has another article,
from which we take the following as usefully supplementary to
that given above.

“Let us at once confess that we have no real experimental
basis for the highly probable assertion that plate is injured by
the passage of a punch. Pulling a riveted joint asunder by a
gradually applied load does not really determine whether the two
punched plates have been affected by the punching alone. We
think that Mr. Fairbairn’s experiments made in 1838, and
Lloyd's surveyors’ experiments, made by a ridiculous machine of
which it was impossible to really measure the stress exerted, by
no means settle the question.  Other influences on the iron come
into play in the case of a complete joint; there is the ham-
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118 ENGINEERING FACTS. " [Drv. IL

“The best remedy against these evils, if water cannot be ob-
tained from another source, is the daily introduction of soda in
the manner already described, together with frequent blowing off
from the.surface. This has been found effectual when all other
means have failed. An analysis of some of these deposits showed
them to be composed chiefly of carbonate of magnesia and car-
bonate of lime.

* Such deposit is chiefly to be met with in the limestone dis-
tricts, or where water iz drawn from wells in the red sandstone
formatlon

“ In another instance, similar results were observed where thm
deposit was not present. It was quite evident, however, that the
latter was solely attributable to excessive firing—the best Low
Moor plates over the fires bulging outwards within a few days of
being put in.  The heat beneath these boilers was more like that
of.a mill furnace than that of a steam boiler, and no iron could
be long subjected to it without serious deterioration. Some of
these plates at the part bul«ed were reduced in thickness from
§ths to little more than | t.h of an inch,

“The loss of life 1esultmg from boﬂer explosions has been
rather less than in the previous year.”

———
DIVISION SECOND.

STEAM ENGINES, AND PRACTICAL POINTS CONNECTED WITH
THEIR WORKING AND CONSTRUCTION.

25. If the reader will turn to the introductory part of the Second
Division of last year's volume, he will find a brief classification of the
varieties of steam engines in use, with some remarks on the peculiar
features of each. This classification and those remarks it is unneces-
sary here to repeat, although necessary to be alluded to, and we pro-
ceed, therefore, to place before our readers such papers or abstracts
of them as have been published during the year, bearing upon
one or other of the various classes of steam engines.

26. Of stationary engines the Cornish Pumpmg Engine for a
long period held the highesb place as the most economical producer
of power—through the agency of steam. AX one peried in the
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891 '

‘emperature, 245°22°
Pressure, 276

432 —

Temperature, 29253
Pressure, 60°6

of expansion. But there are difficulties in the way of determin-
ing the point which would seem to be insurmountable. They
baffle the genius of Regnault, and have not been overcome by
any other experimenter. If the attempt is made to measure the
temperature and pressure of the expanded steam, it is necessary
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POR A PAIR OF WHEELS.

Pormulas. Examples.
b=2aP=2x45x12=108. . . . . 10.
— bV _108x1__
n_m-,_ 3 = 36. . . 11
nv__ 36x2
N_T _T_72. . 12.
n=u=7—2XI=36- ° 13
v 2
___bv _108x2__
N_m_ 3 =72 . . . . . 14,
n= PD'V__12X6X1_ 4q S . 15
v 2
nv__ 36x2
V=—F_—-7-2—_-1. . . . . . 16-
_NV_72X1_
V——D——T_Z . . . . . 17.
_PD'V_12x6x1__
v= - = 36 =2 . . . . . 18
_2a (N42) _ 2X45X(7242)__ ,.
D= 5 = 108 =6166. . . .19,
__2a(n+2)_ 2X45X(36+2)_,.
d= 5 = 108 166. . . . 20.
b 108 .
a=ﬁ_2—x—12_45. . . . . . 21

(c) “ The Pitches of Screw-threads.—Reason and expedience
both demand the early introduction of some fixed system for the
pitches of machine screws. At present there is no standard
whatever, and the inconvenience. delay, and expense resulting,
is felt every day. Repeatedly, engines are stopped, presses stand
idle, and pumps deliver no water, for the reason that some bolt
has broken, and another has to be made before operations can
be resumed. But these delays, although vexatious and costly,
are trifles, compared to the want of mechanical system shown in
this subject by the trade in gemeral, it is a standing reproach to
our machine-makers. None know the truth of this assertion
better than they, and it is because no one moves earnestly in
the matter that so little interest is manifested about it.
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at the end of a work ‘On Prime Movers’ An account of the
original tables was read to the British Association in 1855.

“10. In the unpublished paper before mentioned, as having
been read to this society in 1854, the densities of the vapours of
ether and bisulphuret of carbon, under the pressure of one at-
mosphere, as domputed by equation (9), are shown to agree exactly
with those calculated from the chemical composition of those
vapours,

“11. The method of using equation (9), to calculate the volume
of 1 1b. of steam, is as follows :—

“L Calculate the total heat of evaporation of steam from 32',
at a given temperature T° on Fahrenheit’s scale, by Regnault’s
well-known formula 10917 + 0:305 (T°— 32°) . . (10)

“II. From that total heat subtract the heat required to raise
1 1b. of water from 32° to T° Fah., viz. :—

/'T odT;
32°

¢ being the specifie heat of water ; the remainder will be the latent
heat of evaporation of 1 1b. of steam at T°; that is to say,

h=1091'7+0'305(T-—-32°)—-—chdT ...y
39°

“In computing the value of the integral in this formula, use
has been made of an empirical formula founded on M. Regnault's
experiments on the specific heat of water, as to which see the
¢ Transactions’ of the Society for 1851, viz. :—

f TedT=T—T + 0:000000103 {(T—39°1)s—T'—39°1)s} . (11a)

T

“III. The absolute temperature is given by the formula,
e=T+461°2Fah. . . . . . . . (1)

“TV. The value of + g is deduced from the following for-

muls, first published in the ‘Edinburgh Phllosophwal Journal’ for
July, 1849 :—
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Comparison of the Theory, with the Experiments of Messrs.
Fairbairn and Tate.

Volume of 1 Ib. of steam

Number ~ Tempera~ in cubic feet. Difference
of ex- ture Difference. -
Fahronheit. By theory. By exper. | exper. vol.
1. 13677 13220 ' 13260 — 040 — b
2, 155°33 8510 85°44 — 034 — 3k
3. 15936 7764 78-86¢ — 122 — &
4. 17092 6016 5962 +054 | 4+
5. 17148 59°43 5951 — 008 | —uis
6. 174-92 5518 5507 + 011 + 51
7. 182-30 47-28 48°87 — 159 —
8. 18830 4181 4203 — 022 — ‘
9. 198-78 3394 34°43 — 0°49 —
1. 24290 1561 1511 + 050 + %
2, 24482 14°77 1455 + 022 + &%
3. 245-22 1467 1430 + 037 + o
rg 25550 1239 1217 + 022 + &
5. 26314 10-96 1040 + 056 + %
6’ 26721 1029 | 10°18 + 0°11 + %
7. 26920 9977 9703 + 0-274 + &
8. 27476 9°158 9-361 — 0°203 —
9. 27330 9367 8-702 + 0665 +
10', 27942 8:539  8:249 40290 4
11°. 282-58 8145 7°964 + 0-181 + X
12", 28725 7603 7340 + 0°263 + X
13", 29253 7°041 6938 + 0°103 + &
14. 288-25 7494 7201 + 0293 + &

REMARKS ON THE DIFFERENCES BETWEEN THE THEORETICAL AND
EXPERIMENTAL RESULTS.

“13. The differences between the theory and the experiments
as to the volumes of steam at temperatures below 212°, are, with
few exceptions, of very small relative amount; and they are at
the same time so irregular as to show that they must have mainly
arisen from causes foreign to the data used in the theoretical
computations.

“14. Above 212°, also, the differences show irregularity, espe-
cially in the case of experiments 8’ and 9', where a fall of tempers-
ture is accompanied by a diminution instead of an increase in the
volume of one pound of saturated steam, as determined by ex-
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