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NEW MUSEUM AT CALCUTTA.

It is now some four or five years ago since the Indian Go-
vernment determined on erecting a set of public buildings in
Calcutta, which should be worthy of the capital of so vast an
empire, and amongst these ure to be buildings for the post-office
and telegraph departments, the mint, accommodation for the
several departments of the executive, and a new imperial
museum.

The two-page engraving which we give this week illustrates
the design that has been approved for the last of the above-
named buildings, which will contain the Geological Survey offices,
the Geological Museum, and the Asiatic Society’s Museum, in
addition to the necessary libraries, reading-rooms, &c., &ec.

The site selected for the buil;i.ng is at the corner, enclosed
by the junction of Chowringhee- and Sudder-street, and it
will bave a frontage of 319 ft. in length on the former, and
255 ft. 6in. on the latter street. The building is to be in two stories,
and of a total height of 84 ft. to the slﬁering of the raised roofs.
The designs negb Mr. W. L. Granville, architect to the Go-
vernment of Bengal, and the total estimated cost is 66,000L

THE ENGINE TRIALS AT BILLANCOURT.

S I To runb}im'ron ofr fuomx;&nhm. 176

IR,—In your publication of Avgust , page you
give & Tmited reyort of the Paris Eahibition engine trials, at
B , and fall into an error respecting ourselves. It is
stated ‘‘the English competitors were Ransome and Sims,
“ Marshall and Sons, and Tuxford with the Allen engine.”
You then give a minute description, emuracing certain scientific
terms and explanations of the brake employed by Messrs. Ran-
somes. You next remark, * The brake used by Messrs. Mar-
¢ shall and by Messrs. Tuxford was defective in principle,” and
finish your report with a lengthened statistical statement of the
fuel consumed by Messrs. Ransome and Sims in their trial,
concluding as follows: “ The above data give, according to the
“ English standard, 3.59 Ib. per horse per hour.”

Permit us courteously to remark we are not exhibitors at the
Paris Exhibition ; that we bave not this year, up to this time,
visited Paris; and that we have neither sent over parties to re-
present us there, or delegated to any one in Paris, or elsewhere,
an autbority to a| pear for us. Early in 1866, we made several
engines for Mr. ?l'.. E. Allen on bis * patent double-expansive
principle,” one of which remained in our stores until this year,
when it was sent to London by the patentee’s order: since then
we know nothing of the engine.

In regard of the brake employed, permit us, as our name by
your correspondent is with a defective brake, to ob-
serve that in our factory testings we employ brakes much
simpler than the one so scientifically described as is the Messrs.
Ransomes’, and yet so correct in their results, that we fird them
to accord with tie brakes of the Royal Agricultural Society of
England when we come under the society’s testings at their
periodical trials.

In conclusior, we would ask permission, a8 our names have
been brooght prominently forward in the report with the
names of Messrs. Ransome and Sims, to make some comparison
between the ption of fuel of our own engines and that of
the Messrs. Ransomes, using your own reports as the authority
for our statements. At the Royal Agricuitural Society’s Show
this year, at Bury St. Edmunds, you gave closer attention to the
society’s trials of engines than had ever before been given by
any scientific representative of the public press, and you m
duced & more elaborate and complete schedule of results than
ever before been prepared for the scientific public; to this
schedule, which was published in ExcINEERING in July last,
atjp- 44, we beg to refer, and extract the foll_owmg: .

obz No. 8and4. Portable Engines with Single Cylinders.

1st Series of Trials.
“ Tuxford’and Sons... 8.55 1b. of coal per harse power per hour.
Ransome and Sims ... 4.55 1b. v ”

2nd Series of Trials.

(Engines working at 50 per cent. increased power.)
Tuxford and Sons ... 2.981b. of coal per horse power per hour.
Ransome and Sims,.. 3.64 1b. of coal per horse power per hour.”

At Billancourt, the engine of Messrs. Ransome and Sims cor-

responds with the one they ran at the Bury trials; it was a
single cylinder expansion vne, the diameter of cylinder being
10in., and the length of stroke 18 in.
We are, Mr. Editor, yours very truly,
T'uxrorD AND SoNs-
Boston, Lincolnshire, September 3, 1867.

MARINE ENGINES OF THE FRENCH NAVY.
‘To THE EDITOR OF ENGINEERING.

Sir,—I think every competent observer must concur in the
justice of the strictures you have uttered respecting M. Du
y de Ldme’s engines for the French navy, which are not
merely heavy, complicated, and costly, but devoid of that power
of adaptation to circumst: which every marine engine, but
more especially the engine of a war vessel, should possess. The
central cylinder measures under all circumstance to the side
cylinder a certain modicum of steam, and although the amount
may be reduced by throttling, it cannot be increased. In Mr.
Penn’s engine, on the contrary, the uuﬁply of steam can be in-
creased, under urgent circumstan y a large blast pipe in
the chimney, and the engines may be made to consume this
increased supply of steam ﬁym:’hmwing out the expansion valves.
In the case of two war vessels, consequently, of equal size and
power, one furpished with M. Du Puy de Lome’s engines, and
the other with Mesars. Pen:ll’u or other bleingliah engines of
jon, the power and speed may be temporarily

in one engine, but not in the other; and in any contest between
two vessels, in other respects oqual, it is not difficult to under-
stand what momentous advantage a superiority of speed may
give. No doubt a valve might be introduced between the
central and the side cylinders to ensble the side cylinders to be
worked with steam of full throughout the stroke. But
this valve would simply bave the effect of rendering the central

inoperative, and if inoperative it is better mot there. | ployed.

linder
?dd&othinhe fact that if anything happens to any part of

the complex combination, and the whole nicely poised system is
overturned—since in such event none of the engines can be
worked at all—and it will' at once be seen how unsuited for
gnctic;l use are the overstrained ingenuities by which M. Du

uy de L6me has managed to spoil the engines of the whole
French navy. It is plain that if anything happens to any part
of the gear of the central cylinder which hinders it from work-
ing, then the side cylinders will not work either, as they cannot
get steam; and if anything happens to either of the side
cylinders, the central one will be unable to work, as it will be
unable to di of the steam it dismisses. In ordinary en-
gines even, if ome engine should be disabled, the other may
nevertheless be worked to propel the vessel. But in M. Du
Puy de LOme's improvemen, if any part of the complex com-
bination goes wrong, the whole of it is thrown out of joint, as
no part of it can be worked by itself.

Iam, &c.,

OBSERVER.

WATERWITCH, VIPER, AND VIXEN.
To THE EDITOR OF EXGINEERING.

Sir,—In a letter on the hydraulic proreller, which you did
me the favour of inserting in your issue of 9th ult., I mentioned
that this invention had been kogt back for the last W;‘E years,
mainly through the influence of men of science, who had proved
in their own way that this propeller utilised less than one-fith
of the power employed—wasted, in fact, some 80 out of every
100 tons of coals consumed. I further stated that it was but
very recently that an elaborate analysis had been published‘l’)‘y
Mr. J. A. L. Airey, showing that 14 to 18 per cent. was the whole
of the useful effect given out bl the Waterwitch ; but, * with
¢ suitable propelling machinery, he saw no reason why we might
“ not, with the same engine power, get nearly 13 knots instead
“ of 9.7 Seeing that this in speed required about 200

cent. additional horse power, and seeing further that the
E;rdnulic had already beaten the double screw, that expecta-
tion seemed to me, with all my predilections in favour of the
hydraulic, rather extravagant; and I designated it as one of

086 ‘‘ vagaries of science” which have 80 long kept back this
invention. To *‘this attempt to fasten on him an f:spamt
absurdity,” Mr. Airey now replies, that ‘if the useful effect
« obtained was only 18 per cent., as he still believes it to be,
« and suitable mu:iinery emploied to give a useful effect of 45
« per cent.,” which he also believes may be done, * the speed
% would undoubtedly be raised from 10 to 18 knots and up-
“ wards for the same engine power employed.” No doubt, sf
18 only cent. be the whole of the present power realised.
But in this §f lies the whole 3uesﬁon; and here, I also think,
lies the absurdity which should have been manifest to men of
science as clearly as to any one taking the very simplest and
common-sense view of the inatter.

As the Waterwitch had beaten the screw, and as the screw
and paddle, as admitted by all, gives out more than 50 per cent.
of the power employed, 5o, obviously and logically, the Water-
witch must have given out more than 50 per cent. ; there re-
mained therefore—not 200 nor even 50 per cent. more to be ob-
tained. Further, as the Viper and Vixen had both been beaten,
and as they, with their first-class machinery, must be allowed
to give out 50 per cent. of their power employed, so must the
scientific proofs which showed only 18 per cent. in the vessel
which beat them be acknowledged a mistake. It was clearly
the reductio ad absurdum, acd ought to have suggested the
existence of grave error.

It would hardly seem, however, that Mr. Airey admits that
the screw does, in all cases, utilise 50 per cent. of its power.
If, he says, he bad referred to the Viper and Vixen at all,
¢ it would only have been to draw a strong presumption that
¢ their efficiency was somewhat lower even than that of the
“ Waterwitch—that is, below 18 per cent.” A he
goes on to state that ‘if the low efficiency assigned to Mr.
*‘ Ruthven's wheel, in its present form, be really doubted,”
the Waterwitch should be compared with “any good exam
“ of the single screw or paddle, as, for instance, the Royal
« Alfred, frigate, when it would be found that the useful effect
‘“ achieved by the latter was about three times that of the
¢ former,” namely, 54 per cent. From this it may be gathered
that Mr. Airey supposes that not only the hydraulic—by some
alteration in the machinery—may be made to give out three
times the present power, but so may it be with the Viper and
Vixen. Thns the efficiency of the screw-propeller is also sup-
posed to vary between one vessel and another about 200 per
cent. Now, is there any ground tor such an opinion? Were
it true, how could any engineer tee a given speed with
his veasel%if_the propeller be liable to a varying efficiency of 200
per cent.

In answer to the suggestion that the Waterwitch ought to be
compared with a “ good example of a vessel” like the Royal
Alfred, in place of bad ones like the Viper and Vixen, it is enough
to say that only like vessels can be compared with each other in
order to ascertain the relative value of the propellers. The
Viper, Vixen, and Waterwitch are similar in length, displace-
ment, and horse power; and, bad as they may be, it is not be-
lieved that a single vessel can be named, of same length, dis-
thcement, and power, which has attained a greater speed.

any vessels, no doubt, with similar merely, are much
faster; but it will be found that they have gteater length or
have less beam and less displacement.

Ls it too much to hope that science wonld reconsider its ver-
dict on the efficiency of the hydraulic propeller—meaning by
that the Ruthven arrangement, which has a success, and

good | not any of the many other tried arrangements which have ended

in failure, nor any of the many newly suggested or could-be-
devised arrangements, which are sti mere{ ideas, and have
yet to be tested in practice? Science might thus do a service to
the hydraulic Kropeller, and make up, to some extent, for the
injustice which it has done in the past; and us the screw has
been beaten, it would seem safe, in the new' investigation, to
start from the point that the new propeller gives out, not 14 to
18, but something more than 50 per cent. of the power em-

oyed. .
London, September 3, 1867. W.B.

LOCOMOTIVE DIMENSIONS.
To THE EpITorR OoF ENGINEERING.

Sir,—Your amusing contemporary, The Engineer, last week

Eﬁve us & copy, from a photograph, of one of the engines which

ave been running for the last five or six years on the Great
Eastern Railway. After half a Fq;n of empty generalities, I
find the following jumbled string of dimensions, &o.:

“ The following are amongst the principal dimensions of these
engines, viz.: Weight of engine, empty, 27 tons 10 cwt. ; weight
of engine on service, 30 tons 10 cwt. ; weight of engine, empty,
on leading wheels, 9 tons; weiﬁht of engine, empty, on driving
wheels, 9 tons 10 cwt.; weight of engine, empty, on trailing
wheels, 9 tons. Diameter of driving wheels, 7 ft. 1# in. ; diame-
ter of leading and trailing wheeﬁ‘aﬁ. 7} in.; diameter of
boiler (outside), 4 ft.; diameter of cylinders, 16 in.; diameter of
boiler tubes (exterior), 1% in.; length of boiler, 16 ft. 9 in.;
len:ﬂ.h of boiler between tube plates, 12 ft. 13 in. ; surface, 320 ft.;
total heating surface, 844 it.; length of fire-box, 4 ft. 9in.;
stroke of pistons, 2 ft.; total wheel base, 15 ft.; distance from
centre to centre of cglindem, 6 ft.; thickness of boiler plates,
Yy i ; weight of tender, empty, 11 tons. The copper pi
used are 3 in. thick;thogoxlarisbuttfjoinud sing]
rivetted.”

May I ask what it i8 of which the ¢ surface” is given as
820 ft., and if it be the fact that the total heating surface is
but 344 square feet? Even the famous Rumble engine had
twice this surface, although still having not more than one-half
what was required for an onﬁine of its weight.

am, &c.
GEoRGE H. HATHERTON.

Mauchester, Sept. 3, 1867.

[We are unable to answer our correspondent’s query as to
what the above “ surface” may mean ; but we may mention that
the heating surface of the engines referred to is as follows:
Tube surfuce, 969 square feet; firebox surface, 82.3 square
feet; total heating surface, 1051.8 square feet. Several of the
dimensious given in The Engineer are also incorrect.—ED. E.]

STEAM FIRE-ENGINES.
To THE EDiTOR OF ENGINEERING.

Sir,—In course of a long article in The Engineer of last
week, I notice the editor refers to diagrams taken from steam
fire-engines, the valves of which have very little lap, and the
diagrams, consequently, nearly rectangular—a figure which does
not indicate, of course, economical working. He aocounts for it
by stating that economy of fuel is *a matter of no im;

“ whatever in steam fire-engines.” Now I have always sup-

posed that economy of fuel would be a matter of importance,
so that the boiler might be reduced in size, but that the valves
are made with little lap, on account of the difficulty of working
small pumping engines when the steam is cut off, unless they are
fitted with very heavy fly-wheels, and it is for this reason, seein
the objection to heavy fly-wheels in such cases, I have sup
that the valves are made with a small amount of lap. I would
like to know if I am right in this supposition also. Perhaps
some of your correspondents wonld kindly say if they are ac-
quainted with an arrangement of balanced slide-valves, with the
cut-off valves on the back of the main slides, acting the part of
equilibrinm rings. It seems tome that these cut-off slides, if so
fitted with rings, could not relieve the pressure from the main
slides; at any nt:aifthe did, the plan could not be a one.
It is recommended in The Engineer. Pardon me for thus
troubling you, but I like to know the reason for such things.

Yours respectfully,

Ax APPRENTICE ENGINEER.

RANDOLPH’S HYDRAULIC PROPELLER.

Mgr. CHARLES RANDOLPH, of the well-known firm of Ran-
dolph and Elder, of G w, has recently patented the arran,
ment of propelling machinery for vessels, of which we give
engravings on thenext page. ~All kinds of propelling apparatus

iple | applied to vessels may be considered as machinery for forcing

water astern; and Mr. Randolph considers that there is no reason
why a dm:mgdmpeﬂy applied, should not do this work as well as
a paddie-w! or screw, the power required to keep a in
motion, when not forcing water, being no greater tﬁ:ltgut
which would be required to drive a pair of feathering paddles or
a screw with its shafting, uu})posing these two forms of propel-
ler were doing no wor n arnndgin% his hydraulic propel.
ling mu:hincr{, it bas been Mr. Randolph’s object to convey the
water through as direct a course as possible, and he intends
that the water should leave the delivery-nozale with a velocity
approximately equal to that which would be given to it by a

Tt}xlo-wheal or ucrew-prop?lle}-.

e apparatus consists of a fan or centrifugal pump placed in

a casing connected with a couple of channels, or dll(?tﬂl,) leadin,
the one to the head and the other to the stern of the va
The {an-abxf;“ils placed hon;i:onully, and the fan i; l;iriven
simply arranged engine, without reversing gear. e prinei]
feature in the ent is the mannergin which the Simonpt;ll
in which the water 1s pro| through the ducts is changed by
altering the position of the fan in the casing. There is 1n the
cesing a dia ot partition, the mnue:!:sge of which is just
cleared e fan, and the ducts or passages communicating
with the and stern respectively open into the circumferen-
tial parts of the casing on opposite sides of the diaphragm.
The fan is shifted by moving its shaft in the direction of its
axis; and when the fan has its circamferential openings to that
side of the dia ,'which is in communication with the stern
duot or p-n:En, water will be forced out by that due:1 and
drawn in by the other, and the vessel will be propelled
When the fan is shifted to the other side of the diaphragm the
action will be reversed, whilst, if the fan is in its midale position
the water will mthl:r ircles onﬁh-il(llet,hmdtheshipw’
propeliad in eil direction, although the engines may be

at full speed. The fan has an open central eye onoinh
, but the movement, which brings the circumferential open-
ings to one side of the di agm in the casing, causes the eye
of that 'face to be closed against the side of the casing, whilst
the eye of the other face is drawn away from the other side of
the casing, and the water has thus free acoess by it into the

by a

I
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RANDOLPH'S HYDRAULIC JET PROPELLER.

DESIGNED BY MR. CHARLES RANDOLPH, ENGINEER, GLASGOW.

— - BICR

fan. Figs. 1and 2 of the engravings show a vessel in bﬁ'tndiml,
of the pparatan "“"""‘3“?""""“6 e 7 are Tongivaaionl, vorsant
e a ane are longitudinal, verti
and horizontal sections of the apparatvs to s: enlarged scale.
In this example there is a single centrifugal fan or pump, F,

d in & , C, and fixed on a horizontal S,
which passes through s -boxes in the sides of theoasi%,
and has fast on it & pinion, P, in gear with a spur-wheel, W,

driven by an mﬁine which is not shown. The ::fino m{_::
to act directly on the fan-shaft, S, if preferred.
pinion, P, is made of extra length, 80 as to admit of the move-
ment of the shaft, S, to one side or the other without its gettin,
gnt of gear from tdh: 8 nr-whgl, W. The casing, C, is divli)d d
y 8 tion or di Engm, , into two compartments, whic|
b gl e ot Ll be? ot
8 y, ing suj to be tow: e right han
in the engravi InFi£1the£anF,ilreprmudu
i ings in the starboard compart-
pel the vessel ahead. The
with th pum" el ual s thereby
] t e casing, C, an y
has access to the larboard eye of the fan, F, being driven by the
fan out of the starboard compartment along the di
age, B, leading to the stern. The sides of the passage, B,
merge into those of the starboard eo:lncitmmt of the casing,
G, with curves suitable for a proper delivery of the water from
the fan into it; and the A, also joins the larboard com-
partment of the casing in the same manner. This arrangement
gives sufficiently free access for the water to the fan, with at
the same time the best form for its delivery therefrom in which-
ever direction it may be propelled. The pro})olli%g-aetion is re-
versed by shifting the S, with the fan, F| to larboard,
when it will drive the water out of the larboard compartment
e et Thia smRing o (oo tarabelt, 5, mey
starl com), ent. is shifti fan , I8
be effected by means of any convenient appliance, which mﬁ
depend on the size of the In 7 a rack-toothed bush
or tube, y, is shown, fitted on the 8§, bat so arranged as
n:tto tmwithit;mdi:rw:g:‘hthhn&-mthbt;d:&
there is a pinion, %, on & v t passing up e
s0 'It:I;at.fit cl.:f be actuated by a hm(}.:h:;l. i th .

e form eonmf%nl ump or own in the anfmngs
is that preferred by Mr. £;lph, but his patent does not
relate to that of the nprnntns, excepting 80 far as rega
the shifting of it transversely to reverse the propelling action.

When the fan is in the position shown in Fig. 7 for propellin,
ahead, the edge of the starboard eyeis in contact or nlmostilgl
contact with a circalar partition, z, cast in the casing, G, to
prevent the access of water to the eye of the fan on that side,
and similarly when the fan is moved into the position for pro-
ing astern its larboard eye comes into contact or nearly into
contact with a eorm&t;:dm,, tp-.rtit.ion, w, at the other side of
the casing. Slightly different forms of the partiti w, z, are
shown in borizontal section in §and 9, whioh figures ‘also
show variations in the forms of other parts inside the casing, C.
In the arrangemeut shown in Fig. 7 the circumferential open-
ings of the fan, F, communicate with both starboard and lar-
board compartments of the casing, C, when the fan isin the
middle position, but in that shown in Fig. 8, a_cylindrical belt,
d, is formed in the dinghragm in such a way that the circum-
ferential openings of the fan are entirely withdrawn from one
compartment before they begin to open in the other compart-

ment.

In the modifications of the fan shown in Figs. 7 and 8, both
eyes commanicate with the same circumferential openings, but
in that shown in Fig. 9 each eye communicates with separate
circumferential o with a view of giving a more nearly
radial motion tothe water with less liability to form eddies.

Sluices, V, are provided to admit of the casing, C, being shut
off from the fore and after passages, A, B, when access is
wanted to the inside, such access being obtained through a man-
hole door. The casing, C, has also fitted in connexion with it
various pipes or to admit of the action of the fan wfﬁ
availed of in various ways. Thus a pair of pipes, U, with Li
valveg is fitted at each side of the casing for withdrawing water
from the ship’s bilges or hold, whilst two lurger pipes, T, having
sluioes, are fitted in communication with the top of the casing
to be used for clearing the ship of water entering at a leak or
shot-hole, or for 1 water to any part of the ship in case
of fire. When the fanis used for drawing water from the ship
by the pipes, U or T, or both, the sluice, V, on the inlet side may
be more or less closed ; and if in:‘l_:eﬂlauofa:enonsl:kuss
entirely closed, the entire e apparatns can be made
available for di a tgo mlht:r from the vessel, and that
wlnl_at;% isa dng::g lho!;"::ge in a modification in which
twf"im are employed in separate casings, C C. When two
fans are used in this way, they may be both fixed on one shaft,
baving fast on it, by preference in the middle space between the
casings, & single pinion driven by a spur-wheel on the engine

shaft; but in the modification shown in Fig. 8 a different ar-
rangement is adopted in order to obtain increased steering or
tpm:;gcgoﬂgr the fans being on separate shafts in the same
line, ea mtj: its pinion, P. The pinions, P P, are at the
outer sides of the casings, and are actuated by separate spur-
wheels, W W, on the engine-shaft. The inlet 8, K A,
forward, and the outlet Emges, B B, aft, are for the most part
close together, merely diverging near the casings. When the
two fans are on one shaft, so as always to act together the for-

ward A A, may merge into a single one, as ma
the after B’B.’ glo one, y also

Figs. 4 and b are diagrams showin, uno;her modification i
which the casings, C C, with thefansgnnd the passages, Alx
and B B, are arranged at the sides of the vessel instead of
beill“lg ‘:h middle, fu in the mt;diﬁcﬂ;iou shown in Fig. 8.

'or the purpose of steering the vessel, one or more deflecti
zm;;i‘:trm(il at the :Imter ends ho;:be w-bur-dufgts or >l
sages, and these deflecting are reference ar-
thm“.d like common thmtt.le-nlveg or b&lmeeydpmddnn. .fn

)

t shown in 1 and 2, there is a single de-
flecting E&, ﬂn each end, and when turning mm‘vml
these are set as

! own, 80 '.haatbto;h agsist in th;eacﬁon. In the
arrangement shown in Fig. 8, there are two deflecti la

E, at each end, and if the four are set inluchpolitiol:fuls)tht:;
are shown in the figure, whilst the fans are so placed as respec—
tively to cause the water totraverse the ducts in the directiona
indicated by the arrows, the vessel will be turned in a very
small circle or on its centre. Inthe arrangement shown in Fig,
5, deflecting plates are not m%nimd, as the vessel can be steered
or turned by simply moving the fans into different positions, or
an ordinary rudder may be used.

Frenca Mecmanicar Inpustrr.—The great Creasot
works employ 10,000 workpeople, and produce 110,000 tons of
iron annually. The Commentry and Chdtillon Forges Comi:ny
employs 9050 workmen, divided among the various establish-
lishments of the company, which are situated in five depart-
produces annually 70,000 tons of metal-

ments. This oompanz Y
largical products. ~ The house of Petin, Gaudet, and Co., which

bas obtained disﬁnctionti:i’eonnuion wx%he :nngufncture of
steel, possesses six establishments in different departments,
empl’ 5200 men, and has, besides, steam-engines ot an

gate force of 6000 horse power. - It produces annually 50,000
tons of iron and steel.
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THE METROPOLITAN RAILWAY.

‘WHEN, thirty years ago, the first bill of the Great
Western Railway Company was before Parliament, it
was opposed, among other things, upon the ground
that the atmosphere of the Box tunuel, 13 miles long,
would be dangerous to the health of passengers. Dr.
Lardner was one of the principal witnesses against the
bill, and, as usual, he was very positive in giving his
evidence. The subject was investigated, however, with
considerable care, and, as our readers know, the bill
gassed, and we believe no one has ever suffered in

ealth from a ride through the Box tunnel. That work,
however, is of very large sectional area of opening, and
its eastern end is 92 ft. higher than its western end, so
that there is always a considerable natural draught
through it. A much longer tunnel, of much smaller
section and much less inclination, is that of the Man-
chester, Sheffield, and Lincolnshire Railway, at Wood-
head, its length being 3 miles 44 yards, and the width
of each separate tunnel (for there are two, at a dis-
tance of 18 ft. apart) is but 14 ft. 6 in. ; and the venti-
lation is by no means good, neither of the five shafts
coming down into either tunnel, but into the 18 ft. wall
between them, this wall being intersected by openings
at intervals of a few hundred yards. When but one
tunnel was open, the men working the pilot and goods
engines suffered considerably, and Mr. g’eaoock, of the

resent firm of Messrs. Beyer, Peacock, and Co., who

d charge of the locomotive stock of the line, several
ly(ears ago, has told us how rapidly his men were

nocked upin the service. The total fall of the Wood-
head tunnel, we may add, is 80ft., or at the rate of
1in 201, towards Manchester.

Three passengers have lately died, suddenly, in the
tunnel of the Metropolitan Railway, and at the inquests
the coroner, Dr. Lankester, has treated the foulness of
the air of the tunnel as a matter beyond dispute, and
has endeavoured, but without effect, to put words in
the mouths of the witnesses, and to induce them, or
rather to force them, to concur in his own views, which
were expressed in the tone of an advocate, and not in
that of a judge. In every case, however, the deceased
persons were found, upon post morfem examination, to
be in an advanced stage of heart-disease, with more or
less extensive affection also of the liver and brain.
They were, according to the medical testimony, literally
liable to die at any moment, or in any place where the
air was a little close, as in a theatre or a crowded
room. In one case, and in spite of Dr. Lankester’s
persistent attempts to sway the witness into a support
of his own (the coroner’s) views, the surgeon who
made the pos¢ mortem examination refused to express
any opinion whatever that death was attributable to
“ the foul air of the tunnel.”

The tunnel of the Metropolitan Railway resembles,
in its mode of working, no other railway tunnel in
the kingdom. Although trains are constantly passing
througlh it, the engines have no artificial draught upon
their fires, and their steam is wholly condensed in tanks
of cold water. 'We do not say that no consumption of
coke goes on in the tunnel, but, as no steam Smught
is kept up on the fire, the production of carbonic acid
gas must necessarily be small, and the production of
sulphurous acid gas must be, of course, almost in-

finitely less still. It would require, indeed, very nice
experiments—and these have not been made, and
would, indeed, be very difficult to make—to ascertain
exactly what amount of coke is burnt per mile in the
tunnel, the steam blast, with which ordinary loco-
motives are worked, being off, and all the waste
steam condensed in the cold-water tanks of 1000
g{llons capacity, this quantity being irrespective of
the water carried for the purpose of supply‘i;e’g
the boiler, and being emptied at each journey. We
have good reason to believe, however, that not
more than 10lb. of coke is actmally burnt per
mile, while the steam blast is off; and assuming
this to be pure carbon, it would produce 36%1b. of
carbonic acid gas, and this, at atmospheric tempera-
ture, would occupy 319 cubic feet. 1t would be dis-
charged from the locomotive chimney at a temperature
of perhaps 600°, or even more, and would therefore
have a volume more than twice greater than that at
atmospheric temperature; but as it would be soon
chilled against the walls and roof of the tunnel, our
estimate of 319 cubic feet wili still hold good. Now
the cross sectional area of the tunnel is 400 square
feet, and each mile of its length therefore contains
2,112,000 cubic feet of air, within which the 319 cubic
feet of carbonic acid gas would be diffused. Atmospheric
air of aver purity contains ymdss of its bulk of
carbonic acid gas, or less than the g part of 1 per
cent., and it is on(lly when this proportion is increased
by about one hundredfold, or to 4 per cent., that air
becomes fatally dangerous for respiration. Now the
discharge of 319 cubic feet of carbonic acid into ja
space of 2,112,000 cubic feet would increase the
proportion of gas by less tban one-half that which
exists in all pure atmospherio air.

We are following this line of inquiry only because
certain unquestionable facts assist us in doing so. But
we are to remember that we are not dealing with a
single train, but with trains rapidly following each
other, and that in this way the accumulation of gas
may, in & short time, become insupportable, unless the
tunnel is sufficiently ventilated. Et is not a question,
therefore, of the proportion of gas added to the atmo-
sphere of the tunnel by a single train, but of that
which accumulates in the tunnel, after the passage
of frequent trains, and supposing the absence of
effective ventilation.  This is 'the whole question at
issue, and, so far, we have had no tests of the
atmosphere of the tunnel to show what is the per-
centage of carbonic acid and sulphurous acid gases.
We are to remember that there is no smoke, no
steam, no dust, no sewer gas, and.none of that
ammoniacal effluvium of decomposing horse-dung,
so common in the open streets, to be found m
the tunnel.. That there is an odour of something
always in the tunnel, and it may be impossible for che-
mistry to detect wAat, no one will deny, and so there is
in a theatre, an omnibus, a four-wheeled cab, in an
eating-house, and in a sleeping-room before openin
the windows in the morning. Nor need it be denie:
that the atmosphere of the underground railway tunnel
is never so pure as that at the top of Primrose-hill, oron
Hampstead-heath, or on the Highland moors. Onevery
railway in the kingdom, where coal is burnt in the
engines, the passengers are now and then assailed with
a blast of choking smoke, or a soxpgon of sulphuretted
hydrogen, or that asphyxiating compound of pyrolig-
neous acid and sand-powder which attends the sudden
upplication of the brakes. We can never, in crowded
channels of conveyance, altogether avoid smells, nor
close air, but we are not to mistake every slightly op-

ressive odour as the poisonous exhalation of the

pas valley. For ourselves, we have never detected
the characteristic scent of carbonic acid in descending
the stairs of the stations of the Metropolitan Railway,
and yet we meet it in the neighbourhood of every
brewery, distillery, and vinegar factory, and learn of
no attendant danger to health or life 1n consequence
of it. As for sulphurous acid gas, we believe 1t will
be found almost beyond detection. The worst coke
contains not more than 14 per cent. of sulphur, and
that burnt in the engines of the Metropolitan Railway
contains, we know, a very much smaller proportion.
The coke employed upon this line is that most in re-
quest by iron-founders, as containing the least propor-
tion of sulphur, which, even in minute quantities, is so
injurious to iron. This is the Brancepeth coke from
Durham, and, as an additional precaution, the railway
company stipulate that it shall be coked for 120
hours, to remove the sulphur to the utmost ex-
tent. Even if it then contained one-half per cent.
of sulphur, which it does not, it would produce
but ;3zdth as much sulphurous acid gas as car-
bonic acid gas, and the proportion of the former
in each compartment of a train would be less than

that occasioned by lighting a cigar with a friction
match. Indeed, we have said nothing, so far, of the
odour from smoking, and, so long as railways exist,
smoking can never be prevented 1n railway carriages.
A person in the last stages of heart disease, like those
who recently died in the Metropolitan Railway, would,
no doubt, speedily succumb to oppression and suffo-
cation in a carriage filled with cigar smoke, and yet
the smoking interest is so_strong that it is now well
known to be useless for railway companies to attempt
to contend inst it, and smoking is o or
tacitly »,llowgn everywhere in travelling. Sir David
Brewster was carried, fainting, out of the meeting-
hall of the British Association at Dundee on Wednes-
day evening last; and David Roberts, the painter,
fell down, dying, in Regent-street, not long ago;
and Sir William Lawrence broke down in his
rrofessorinl chair at the College of Surgeons, only
ately; yet neither of these mishaps was attiri-
buted to poisonous gases, nor to the odour of tobacco.
Taking large numbers of persons collectively, there
will always be a certain proportion of sudden deaths
among them, and these may happen anywhere—in
the street, in the omnibus, in the railway train, at
the theatre, at the dinner- table, or in bed. The
Metropolitan Railway managers profess to car
twenty-five millions of passengers yearly; but this 13
an arithmetical fiction only, applying to a far smaller
number, probably very much less than a million, who
often employ the line, and who are counted, over and
over, as separate individuals every time they ride.
There are passengers, perhaps, who ride up and down
the line every working day in the year; and if these
were counted as separate passengers on every journey,
it would require but 40,000 to make an annual total of
25,000,000. But, without going closely into this, it
must be remembered that with 200 deaths daily, from
all causes in London, and with many instances of
sudden death, a certain prﬁﬁortio‘n must happen upon
a crowded thoroughfare like the Metropolitan Rail-
way—a line upon which no less than 120,000 passen-
gers were conveyed upon Whit Monday last.

We are aware that tests are now going on as to the
purity or otherwise of the atmosphere of the Metro-
politan Railway, and we hope to publish the results
very shortly. But we are to bear in mind that Dr.
Angus Smith has found the atmosphere of Manchester
to contain a_proportion of sulphurous acid gas suffi-
cient to redden litmus paper, and that the gases in the
air of London are such as to disintegrate the stone of
the Houses of Parliament, and to cause it to drop off,
from the upper decorated portions, in lumps, as if
broken away by sledges, falling to the danger of

ngers and that scarcer biped, the policeman, one
of whom lately came near being crushed by a stray
dropping of this sort.

e have already said that there can be no doubt
that it would be desirable to ventilate the underground
railway even more completely than at present, but it is
to be remembered that, so far as ordinary lungs are
concerned, it is tolerably well ventilated as it is.
No one, we think, would wish to assert that its atmo-
sphere is pure; but purity is a relative term, and it is
a question only whether the air of the tunnel is in any
way dangerous to health. At present we believe there
is no evidence to support this view.

THE SOCIETY OF ENGINEERS.

WHiLE the application of the Society of Engineers,
for a charter o}) incorporation, was before the Board
of Trade, it was represented to the Duke of Rich-
mond that confusion had been caused in Paris be-
tween the Institution and the Society, because of the
reception given there to the principal officers of the
latter, and especially, as we understand, that ac-
corded by ZLa Société des Ingérieurs Civils, the
representative body of the profession in France.
Inasmuch as the officers of the Society were
personally introduced to M. Flachat, President
of La Société des Ingénieurs Civils, by the con.
ductor of this journal, we are enabled to say that
no confusion whatever arose as to the identities
of the English Institution of Civil Engineers and
the Society of Engineers; and as bearing upon the
matter, and possibly upon the letter of the President
of the Institution of Civil Engineers, which appeared
in our columns last week, we append the following
remarks of M. Flachat, addressed by him to, and as

resident of, the representative body of the profession
in France, on the 16th ult.

Referring to the recent *recognition of public
utility”—equivalent to an act of incorporation—of the
friendly association of the older scholars of the Ecole
Centrale, an association now numbering 1533 members,
M. Flachat observed :
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The existence and progress of the two societies is
very desirable, but this circumstance causes me to
refer with pain to a misunderstanding which has come
to exist between the two societies of cngineers esta-
blished in London. The Society of Engineers, esta-
blished in 1854, and now numbering 400 members,

made application to the Government for a charter of

incorporation, which in its effects is similar to the

powers conferred in France by a declaration “ &’utilité

publigue,” that is to say, the society becomes recog-
niscd as a corporate body. It confers the right to
possess property, to spe and be sued, in a word, to be
recognised by the law of the land. The Institution of

Civil Engineers, established in 1818, and incorporated |

in 1828, has opposed the application of the younger
society, alleging that the similarity in names would
create confusion amongst the public. They have also
asked the Government not to grant any ghatter of in-

corporation to any society formed in London with the’

title of * Engineer.”

It is a question of the highest importance if the
freedom of action is more restricted in England than
in France. The spirit of competition is greater, and
itis a matter of great surprise that a society, however
eminent it may be, can demand in a large town like
London the exclusive right to a word which is the
only means of designating a profession.

he socicty which was first established has taken
the name of the Institution of Civil Engineers ; the
other, the Society of Eugineers. If a confusion is
likely to arise—and we admiut, if it did so even by error
or by the actions of either of the societies, it would be
objectionable—a number, indicative of the order or
the date of incorporation, would certainly be sufficient
to prevent confusion.

t is with pain and regret, and so opposed to our
own ideas, that we sec the engineering profession en-
gaged in disputes.

he Institution .of Civil Engineers (1818) has
brought together men of the highest eminence, who,
by their ability, their information, and their character,
form the aristocracy of the profession ; but, owing to
the terms on which members are admitted, they are few
in number.

It is these few in number who wish to be an oligar-
chal power. “No one is to be an engineer but our-
selves.” This is to keep up trade *freedom” and
" trade’s unions.

Nevertheless, the young Society of Engineers, more
active, more industrious, more careful, already has a
number of the members- of the Institution, and the
terms on which members are admitted are a sufficient
guarantee. They particularly admit of all uniting,
meeting, and working together, and giving publicity to
their transactions and works. .

The older society was in want of something which
should cause it to take a more active part. It was
asleep, and already under the pressure of the younger
Society of Engineers they bave admifted students
amongst them. .

So far competition is fruitful when it is employed
for a beneficial object.

Let us hope that this deplorable controversy amongst
men of professional distinction will not be continued,
and that, when they are again reunited, it will not be
sought to impose a doctrine which, regarded indi-
vidually, is totally contrary to the interests of all.

AMERICAN PROTECTION.

AN American correspondent of the Times draws the fol-
lowing vivid picture of what the trade of that country.is
suffering under its present exclusive aystem of ¢ protection,”
or prohibitive tariffs upon imports of foreign goods : There
are general complaints throughout America of the con-
tinued dulness of trade in all branches of manufacturing
industry. The gathering of the crops and the necessities
of the people have stimulated the movements of breadstuffs,
but in everything else there is an almost complete stagna-
tion. Our merchants have predicted briskness as the
autamn approached, but summer is almost gone, and there
is no evidence of it. Mills and factories are still running
on short time, or else are completely at a standstill, and our
shopkeepers complain bitterly of the absence. of buyers.
For many years past there has not been known a mare
gloomy time among American merchants and tradespeople.
T'his stagnation is owing to various causes, chief among
them being an excess of production for several seasons
past, which has glutted the markets; a tendency among
buyers to hold off and wait for lower prices; and the high
rates of wages paid to operatives, which are higher than
the prices of goods warrant, but which the power of
trades’ unions in all but a few branches bas thus far
prevented from being lowered. In this section of country
the production of coals and iron are leading industries ;
yet the owners of collieries cannot get as much for their
coals as it costs to get them out of the pit and ship them
to market, and English iron can pay the exorbitant rates

of duty charged in the American tariff, and atill be sold
nlongside of the American furnace at a cheaper rate than
the product of that very furnace itself. Wages for miners
and puddlers and other iron-wotkers cannot be got down,
and the railroads and canals will not reduce their tolls on
the transportation of coals, and the production of each
languishes. Many collieries are idle, while the iron-mills
have but a sickly existence, and the American steel manu-
facture is at present at a standstill. People can buy both
coals and iron in plenty at present prices from the unused
stocks of former years. The petroleum producers are simi-
larly unfortunate. The market is glutted, and it is said
that refined petrolenm is cheaper at Antwerp than in the
Pennsylvania oil- region. Petroleum can be bought as
low as $1 25c. currency a barrel at the mouth of the well,
and it costs fully that much, and sometimes more, to pump
it out. The consequence is that wells are being everywhere
abandoned, and on Oil Creek, where 20,000 barrels daily
were formerly produced, not over 6000 are now reported.
The production decreases, yet the price will not advance,
and well.owners gre now seriously considering whether the
wages of their operatives cannot be forced down, while the
Pittsburg refiners are reported to be all on the point of
suspending operations until the surplus stock which is
overburdening the market is worked off. Of the complete
stagnation in American shipbuilding foreign readers are
already aware, and although that branch of industry was
once a leading one of the country, employing many thou-
sands of operatives and millions of capital, no plan has yet
been devised to revive it, nor will it be revived until the
Chinese-wall policy of excessive * protection ' is abandoned
in America. Our commerce is languishing under this
policy, and until its prospects brighten American shipyards
will be silent, for ships are never built on speculation.
Other vast interests, even those for which the ‘protective’
system is put in operation, are most vitally affected by the
prevalent dulness. The leading Now England journals
unite in stating that at no time during the past thirty
years has cotton and woollen manufacturing in that section
of the country been so depressed. The mills are running at
a loss in Lowell, Lawrence, and most of the other manu-
facturing towns of Massachueetts, Rhode Island, and Con-
necticut. The Manchester, New Hampshire, millowners
complain that they have $2,000,000 worth of goods on
hand unsold, with scarcely a buyer offering. The Stark
mills have sunk 340,000 within a few months. The Amos-
keag Company also complain of heavy losses. This,
which indicates the state of affairs in New England,
is also indicative of the stagnation in Philadelphia, the
leading manufacturing city of the country, where
the mills are running on short time, and the owners
gloomily point to piles of umsold goods to tell the
silent yet significant story of an almost unexampled de-
pression in trade, The shoe manufacturing trade of Lynn,
Haverhill, and other New England towns is also in a
low condition, in sympathy with sister industries. The
knit-goods trade of the country have determined to stop
manufacturing almost entirely. All the knitting-mills at
Cohoes, New York, stopped work on the 15th of August.
This is one of the chief towns of this trade; and on that
day representatives from twenty knitting manufactories
met in Albany and resolved to run not more than two sets
of machinery in each mill for nine days subsequent to the
1st of September, a determination which will cause almost a
total suspension of work in all large mills. This meeting
showed the sad condition of the trade. In spite of enormous
¢ protection,” foreign knit goods from England and Ger-
many can undersell those of American make. The stock of
domestic knit goods on hand is enormous, and has been
accumulating for months, because no profitable market is
open to it. The owners of the knitting-mills stated that
it cost them $11 20c. currency a dozen to manufacture
shirts and drawers, yet, owing to successful foreign com-
petition, their goods have not brought for some time past
an average of more than $10 50c. a dozen. There are
about 250 knitting-machines for shirts and drawers in this
country, and their owners have been expending large sums
of money for along time past, and receiving no returns
whatever. It is only among those engaged in the move-
ment and sale of breadstuffs and provisions that any cheer-
fulpess exists. The people, whether at work or idle, must
eat, and the demand for food is growing with the increase
of population. In every other kind of trade, however,
there is unexampled depression, and the tale of gloom and
misfortune is echoed from Maine to Texas.

STRAM AND OTHER SHIPPING.—DMessrs. Royden and Sons,
of Liverpool, have launched two pilot boats intended for Bom-
bay service. Messrs. Bowdler and Chaffer, of Seacombe, have
launched a pnddle-steamer, named the Mayflower, to gly in the
Menai Straits between Carnarvon and Anglesea. Messrs. C.
Mitchell and Co.. of Low Walker, Jaunched two steamers on
Saturday. The first was the Olatz Kyrra, a screw of 230 tons,
built for a Norwegian Steam Navigation Comgmy; and the
second was the Rostoff, 1400 tons, intended to be employed in
the Black Sea, and built for the Russian Steam Navigation
Company.

FroM THE NorTi.—Messrs. Palmer and Co., of Jarrow,
are engaged on one half of a great bridge for the East Indian Rail-
way. Messrs. Palmer are executing 13 spans, and the other
13 spans are on hand at Leeds. The number of furnaces in
blast in the Cleveland district is now 89, while there are 45 out
of blast. Business in the Cleveland district is considered to

buve slightly improved. . .

RECENT PATENTS.

Tae following specifications of completed patents
are all dated within the year 1866; and that year
should be given in ordering them, at the annexed
fnces, from the Great Seal Patent Office, Chancery-

ne.

a o .

(No. 3416, 8d). Samuel Smith_ and John William
Jackson, of Keighley, patent arrangements for pre-
venting the too sudden action of parabalic governors.
According to this plan, the lever or rod, by which the
throttle-valve is worked, is connected through the
medium of a spring with a piston working loosely in a
cylinder containing oil, this oil opposing sufficient
resistance to the motion of the piston to prevent the
governor balls from moving too suddenly.

(No. 3417, 6d.) Willian Smith, of Barnard Castle,
patents an arrangement of street-sweeping machine,
the principal points claimed being the shape of the
brushes, and the methods adopted for enabling them
to adapt themselves to the surface of the road.

(No. 3421, 1s. 4d.) William Simons and Andrew
Brown, of Renfrew, patent improvements in the con-
struction of dredging-machines.' One part of this
patent refers to a combined dredging-machine
and hoEper barge, the after part of the hull of
the machine being made of greater capacity than usual,
and the dredged material being discharged into it by
the buckets, which are arranged in the ordinary way.
The after hold of the dredger is fitted with hopper
doors, and when it is full the bucket-ladder is raised
into the well, and the dredger is steamed out to sea to
deposit her cargo in the same manner as a hopper
barge. The second part of the patent refers to so con-
structing a dredger that, in addition to being available
for ordinary dredging operations, it may be used for
excavating or undercutting Jand ator above the surface
of the water, it being intended that the materials so
undercut should fall into the water, and should then
be removed by dredging in the ordinary way. To
adapt the dredger for this work, the bucket well is
extended right throu%)h the stern, and it is bridged
over at the after end by shears provided with gear, by
which the bucket-ladder can be raised through any
desired angle.

(No. 3424, 10d.) Charles Harrison, of Manchester,
patents a form of cock or valve, in which—when it is
open—thbe steam or water enters at the top of the
plug, passes out through lateral orifices to channels or
chambers at the sides of the casing, and then back
through other lateral openings into the lower part of
the plug, which is in connexion with the discharge

ipe.

P p(No. 34926, 1s.) William Wilby, of Dublin, patents
methods of making driving belts, or straps, of strips of
leather disposed in two layers firmly cemented together
hy marine glue, these layers enclosing between them
iron, ‘copper, or steel wire, thin metallic strips or wire
cloth. e strips of leather are scarfed at their ends,
and are disposed so as to break joint; and besides
being cemented together, thef are further connected
by rows of wooden pegs. The patent also includes
various ways of forming the joiuts of straps, &e.

(No. 3434, 4s. 2d.) William Clark, of 53, Chancery-
lane, patents, as the agent of Jules Vautherin, of 29,
Boulevard St. Martin, Paris, various methods of fixing
rails to sleepers. The plans claimed are 50 numerous
—the specification having nine sheets of drawings,
comprismg fifty-three figures—that it is impossible
for us to describe them here.

(No. 3436, 1s.) William Exall, of Reading, patents
a machine for cutting, reaping, and binding into sheaves
corn or other agricultural produce. This gathering
and binding machinery may be apﬁlied to an ordi-
nary reaping machine; but Mr. Exall prefers to
cut the corn by a thin sharp edged steel band-saw,
which has a rapid motion given to it, and which is
pressed up against the stalks tobe cut. In cutting short
grass a brush is used to press the latter against the
cutters. In the case of corn, the latter, as it is cut, is
seized by a system of travelling fingers, which carry it
throtgh a suitable conductor to the rear or side of the
machine, where it is received by arms carrying suitable
bands, which are made to embrace, compress, and
properly fasten the sheaves. .

(No. 3449, 4d.) Clemens Flemming Flach, of Call
(Eifel), Prussia, .patents a system of -removing silver
from lead by the addition of a small per-centage of
zine, the patent also including processes for purifying
the desilvered lead, aud for separating the silver from
the allgy of lead, zinec, and silver.

(No. 3452, 1s. 6d.) George Tomlinson Bousfield,
of Loughborongh-park, Brixton, patents, as the agent
of George Herman Babcock and Stephen Wilcox, of

| Providence, U.S., various arrangements of cut.off
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valves and governors for steam encines. The plans
proposed could not be described without reference to
drrawings.

The following specifications of completed patents are
all dated within the year 1867 ; and that year should
be given in ordering them, at the annexed prices, from
the Great Seal Patent Office, Chancery-lane. -

(No. 3, 8d.) Andrew Dwight Campbell, of Man-
chester, patents, as a communication from Joseph
Jones, of Newark, U.S,, an arrangement of bench
planing-machine, intended to enable unskilled work-
men to plane wood correctly to any required angle.
The machine consists of a bed or table, having slide-
ways, fitted with a slide carrying the plane. The bed
is also furnished with an adjustable ledge for holding
the wood to be planed.

(No. 15, 10d.) John William Kenyon, of Chorlton-
upon-Medlock, patents a ““ scummer ” for steam boilers.

he principal novelty in this *scummer™ comsists - in
its being arranged so that it floats upon the surface
of the water, and thus acts properly whatever may be
the height of the water in the boiler. It consists of a
hollow metallic float, to the top of which a plate is
attached, so that a space is left between the float and
plate for the passage of the scum. The centre of the
plate is connected by a short moveable pipe with the
fixed pipe leading to the scum-cock, the moveable pipe
being connected to the fixed pipe and * scummer > by
ball-and-socket joints, so that the “scummer” ean
rise and fall freely, according to the level of the water
in the boiler.

(No. 18, 1s. 4d.) William Chippendale, of Iarro-
gatc, patents an arrangement of apparatus for cnahling
railway carriages and trucks to be coupled and un-
coupled without going between the vehicles.  Accord-
ing to this plan, each end of cach vehicle is fitted with
a cross-shaft, having levers at its ends by which it can
be moved, and furnished at its centre with an arm by
which the coupling links can be thrown over the draw-
hook of the vehicle to be attached. A very similar,
if not precisely identical, arrangement was tried on
several railways some years ago.

(No. 19, 1s. 4d.) Joseph Knowles Broadhent, of
Manchester, patents an arrangement of apparatus for
admitting a regulated supply of air at the bridges of the
boiler furnaces. The apparatus is somewhat complex,
and we do not see that it possesses any advantages over
the numerous arrangements previously patented to
effect the saing abject. '

(No. 30, 8d.) "Ebenezer Noah Gregory, of Camber-
well, palents preventing the undue wear of the endless
wire cloth used in some paper-making machines, b
covering the rollers over which the cloth passes, wit
india-rubber, gutta-percha, leather, or some other
yielding material.

(No. 36, 8d.) Edward Kenworthy Dutton, of 3,
Smithy Door, Manchester, patents, as the agent of
William Barbour, of Lawrence, U.S., a form of nozzle
for delivering a broken jet of water. According to
this plan, the breaking up or spreading cf the jet is
effected by a number of radial wedge-shaped fingers
which are attached to levers, and are arranged so that
they can be simultaneously closed into the issuing jet
to any desired extcat.

(No. 42, 1s. 4d.) Juan Vila y Jové, of Barcelona,
patents a fearful and wonderful arrangement * for ob-
taining motive power,” or, in other words, a perpetual
motion. The apparatus is not worth description, but
we may mention that the inventor, evidently afraid of
i)ts Lrunning away, has fitted it with a governor and

rake.

(No. 43, 1s. 84.) Frederick Bernard Deering, of
Bayswater, patents further improvements in his rock-
::l:)rmg machines, and in the carriages for supporting

em.

THE MESSINA BRIDGE.
(Continued from page 172.)
’ Effects of the Wind.

Tux pressure of the wind against a plane surface struck fully
is described by the formula P=0.11d 8*-* Y?, in which d is the
weight of a cubic metre of air in movement. ’

S is the surface struck.

V is the velocity of the wind per second. .

‘T'he velocity of the wind varies very much according to places
and times from 2 to 45 metres per second.

In order to secure ect tranquility in the spans of the
Messina Bridge, it wonld be necessary that they should be able
to bear with impunity the shock of the wind during a great hurri-
cane having a velocity of 45 metres per second, exerting a
pressure of 275 kilos. per square metre. ’

It is scarcely probable that the wind of a hurricane wonld
strike the girders along their whole length, and at the same
moment, with equal force, and that it would not act horizontally,
nevertheless, for the sake of security, it must be admitted that

such a case might happen, and besides that the wind might act
obliquely, so as to strike the underneath part of the plattorm.
In the latter case the action would be equivalent to that of
two forces, the one applied horizontally on the side face of the
girder, and the other vertically from beneath upwards, tending
to raise it.
P

The force exerted by the wind striking below the platform at
an angle, 4, is expressed in the formula
P=0.11 d S*:* V2 (sin §)' 8t cosl,

That force is exerted in the same direction as that of the | pal

wind, but comprising a horizontal force, I’ cos #, and a vertical
force, I’ sin 1.

It is easy to fiad out the value of 3, which gives the largest
result from P cos i, and which is equal to about 40°. '

For i=407, the coefficient by which the intensity of the calcu-
lated force must be multiplied, if the wind acts regularly be-
nexth the platform, in order to obtain the strength of the hori-
zontal force, is aboat 0.52.

‘The horizontal force acel by the action of the wind on
the trussing of the platform, when the wind acts at an angle of
40° on the under part of the platform will be obtained by multi-
plying the intensity of the calculated foree, it the wind acts
regularly on that area, by 0.52. If H be the reduced height
of the surface of the platform, and L the width, the greatest
horizontal effort which the wind could produce, will be per

lineal metre,
(0.32 H+-0.52 L)% 2756 kilos.

The vertical effort tending to raise the bridge would be in the | 8P!

above case, per lineal metre,
(0.95 H-+0.85 L)X 275 kilos.

As H=2=.10, and L=16".20, the greatest horizontal force
that could be brought against tne spans would be 2302.50 kilos.

r lineal metre, and the greatest vertical force 4836.70 kilos. per
ineal metre.

The weight of the platform of the spans being much greater
than the greatest vertical pressure, there is no need to take up
one's time with reference to the raising of the platform by the
wind.

Neither is it necessary to discuss here the vertical oscil-
lations which might affect the system, an account of the
rigidity of the whole of the suspension chsins. The vertical
pressure which would tend to raise the platform would be
equivalent to a diminution of weight in the latter, which would
also cause a diminution of pressure on the suspension chains,
and cause no visible vertical movement.

The equilibrium could not be disturbed, and oscillations could
Dot arise.

To contend with the effect of lateral displacement arising from
the horizontal force of the wind, we would support the platform
by four sets of chains, each copstituting a rigid system
under the influence of” parallel forces acting in the same plane.
‘I'bere would be two systems on each bridge head. The plane
containing those systems would be oblique to that of the platform ;
the intersection ot plane of the two systems at each head would
be a line parallel to tho edge of the ‘platferm, in which the
points of suspeasion of the latter are placed.

At each head, one plan of suspecsion would incline outwards,
and the other inwards. The iuclination of the former would be
18 metres at base to 50 metres in height, and the latter would
be 8 metres at base to the same height.

These arrangemnents would be repeated on both the heads of
the bridge.

The four systems of suspension would unite in one and the
same vertical projection, baving a chord of 1000 metres to a rise
of 50 metres; in Lorizontal projectivn they assumne at each
bridge head curves of the same kind, but reversed towards the
summit. Each head of the platform would thus be suspended
by two series of obliquerods. Each series would be comprised
within the plane of the suspeasion system. The corresponding
rods of the four systems would be comprised in one and the same
transverse vertical plane, the corresponding rods appearing as
shown in the accompanying sketch.

a __he I

F =—=— g .
The points, a, b, ¢, d, of fasténing the oblique rods on the
chains are in one and the same horizontal line.  The points m
and n of fastening the rods to the platform are also in one and
the same horizoutal line. If we assume that the line g, 0, ¢, d
Le fixed in space, the platform m n will be in firm equilibrium,
and that equilibrium will not be easily displaced.

In fact, 1t a horizontal force, F, were sutliciently powerful to
gisturb the system from its state of equilibriutn, the platform
would bave a tendency to oscillate trom the points a and ¢, for
the rods bm and!dn} should shorten inu proportion as the
displacement occurs; their tension would therefore disappear
little by little, and the strain on the two rods, a m aud e n, corres-
poudingly increase.

Admitting that this disturbance may be apprecisble, these
rods would curry the whole weight of thre platform. When that
occurs, the horizontal composition of the tension of the rods,
which is equal to the weight of the platform divided by the

tangent of ioclination of the rods with the horizon, will come in
opposition to the force F.

So long as F is less than the tangent of a certain angle, the
oscillation cannot occur, :

In the platforms ot the Messina Bridge, the force F, even
when it is as powerful us possible, will be considerably iuferior
to that tangent; conscqueuntly, the horizontal force of the wind
cannot disturb the platform from its position of equilibrium, and
then, on condition that the platform is sufficiently heavy and
supported from each head by two rods sufficiently inclined in
ogpt:lsice directions, it will be immovable under the action of the
wind. -

In fact, when the platform is subject to the force F, it pro-
duces an inappreciable lateral movement, by reason of which the
corresponding rods from oue and the same head assume unequal
lengths. The rods a m and ¢ # would become longest, whilst
b m and d n» would become shortest. The difference of length
between the rods ¢ n and d » will represent the lengthening of
the rods @ m and c n, arising from the additional tension as com-’
red with the other two rods, ¥ m and d n, which would be
partially released at the e:rense of the two others; but it can
never happen that the rods b m and d n should be completely
released, or could become loose, for, in order to provide against
the most violent horizontal perturbations, the inclinations of the
rods and the weight of the platform can be regulated.

The conclusion which has been deduced, that the platform will
be immovable under the action of side winds, supposes that the
puints abc d rest fixed in space; besides, the fact that the four
suspension systems rest in the planes of suspension, although
those planes are oblique, supposes that those systems are free.
from the laws of gravitation.

The two preceding hypotheses, although inadmissible at first
view, can easily be realised in practice. Tt will suftice for that
purpose to support between them the four suspeusion systeins
by rigid cross bars, contained each in a vertical plane transverse
to the corresponding rods in the four systems.

The systems will be so tied together that they could not, in
ite of their actual weight, deviate from the plane of suspen-
sion, for in each cross bar would be developed a horizontal ten-
sion, so that, combined with the weight of the suspension chains
of one system, the resultant would be directed in the plane of
suspensivn of that system. The horizontal tensions existing in
each cross bar would mutually counteract oae another in pairs

m‘Fecuvely.

he J)lutform of the spans of the Messina Bridge bein,
attached as near as possible to the suspensi hains, it woul
be impossible to introduce tie rods between them for a length of
about 160 metres on each side of the middle of the spans, for
these tie-rods would interfere with the traflic, but they might
easily be placed between the two suspension chains at the higher
parts.

Effects of a Weight on the Longiiudinal and Transverse
Profile of the Platform of the Spuns.

The suspension eystems being calculated to support the dead
weight of the bridge itself, which is about 19 kilogrammes per
lineal metre, and the load wiich it could receive being 7} tons
per lineal metre, the united force of these two loads would
amount to 70 kilogrammes per square millemetre, the greatest
increase of force per square millemetre which the greatest
Eossible load could bring upon the suspension systems would

e:

70 X 2%:.:. or about 20 kilos.

The ocefficient of the lengthening of tempered aud annealed
steel may Le estimated at 20,000 kilos. per square millimetre,
the tension of 20 kilos. would produce a lengthening of ¥s3s5;
let 20 be 0.001 of the length of the suspension sysiems, their
lengthening which wounld take place would then be about
1 metre, and the difference in the rise which would consequently
occar in the suspension systems would be 3.70 metres.

In fact, during the passage of two heavy goods trains going in
opposite directions, which would in practios be the most trying
occurrence, the increase of the curve of the suspension systems
and the consequent diminution in the convexity of the platform,
would be less than 0.60 metre; during the passage of one very
heavy goods train that detiection would certainly not be above
0.3V metre.

In the latter case the weight would not distribute itself
cqually oyer the entire suspension systems of both ends, but
would proportion itself between the two sfystems in the ratio of
about 1jto 2, the diminution of convexity of the platforn would be
0,40 metre on one side, and 0.20 metre on the other.

Variations of Temperature.

The girders at Messina would be exposed to a variation of
temperature of 45° centigrade, or more, buing between 2° and
47° ubove zero.

When the temperature increases, the suspension chains in-
crease in length, and, the chord remaining constant, the curve
must increase, and the inverse would be the case when the ten-
perature fell. :

At the temperature of 24}° the platform would assume its
normal curve, the rise of that curve being about 2.50 metres.

At the temperature of 477, the rise of the suspension systems
would be increased by about 1.03 metres, the rise of the con.
vexity of the plattorin would be diminished to # similar extent,
and reduced by about 1.45 metres; at the temperature of 2°,
the rise of the suspension systems would be reduced by about
1.05 metres, the rise of the convexity of the platforin wunld be

o e

jncreased to about 3.55 metres.
(To be Continued.)

RaILwAY CaptrAL.—The capital of British railways amounted
in the year 1865 to 455,478,143, The total railway revenus
was 30,751,6051. ) X

Tue WaTerwircH.—The jet-propelled vessel Waterwitch
has bad two further trials since that reported by us three wecks
ago, but she has unly exerted still greater engine power, and
attained less speed. The triuls at half boiler power sliow a large
loss of effect, the iean speed being but 6.826 knots.
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A damp sponge was used. No difficulty occurred in loading.



Serr. 6, 186%.]

ENGINEERING.

203

DONKEY INJECTORS.

‘W= have re-engraved, from a contemporary, illustrations
of a “ donkey injector,” or steam pump for feeding boilers,
the construction of which will strike the engineer at first
sight as most faulty, and its use, where a steam boiler is to
depend upon it for its supply of water, as most dangerous.
This contrivance was nevertheless brought out last year, in
a full.page engraving, and in a lengthy and most laundatory
notice, as if it were a legitimate rival to Giffard's beautiful
invention itself. The quality of this laudation will be
understood however when we quote one sentence contained
in it, and which is as follows: ‘‘ Every part of this portion
“ of the machine is made so light that it is exposed to few
‘ strains, and is therefore strong, steel being used through-
‘“out as an additional precaution!” 8o light that it is,
thergfore, strong! Further on we are told that this extra-
ordinary pump ** can, of course, pump boiling water without
& &7t on the suction side !”

These donkeys have occasioned much trouble to their
purchasers and users, as is fully shown by letters before us
from most respectable manufacturers who had been induced
to try them. They are made with from 3 in. to 8 in. stroke,
and to work at from 100 to 200 revolutions per minute, or
from 50 ft. to 267 ft, of piston per minute, with 200 dead
centres to pass per minute in one case and 400 in the other.
In all direct acting pumps the resistance is uniform, for
successive portions of the length of the stroke, and, if dis-
connected from any rotating parts, the piston would move

each inch of its stroke in the same space of time.

If the piston be connected to a fly-wheel, the tendency of
the latter is to maintain a uniform rotary motion, and this
requires a gradually accelerating and gradually diminishing
motion of the piston on each stroke. Now, whether
the piston can maintain its uniform motion uncontrolled by
a very ligh :fly-wheel, or whether the latter be heavy
enough to torce the piston in obedience to its own move-
ments, there will be in either case considerable and irregular
strains upon the connecting-rod. This is one of the parts
which, in the astate description from which we have
quoted, “ is made so light that it is exposed to few strains,
and is, therefore, st I To increase its strength, we
suppoee, it is bent sideways for several inches out of the
line of strain, the action being much the same as that of
the human arm bent, and when turning a crank in a plane
at right angles to the direction in which the upper portion
of the arm is projected from the body, or when beat in the
position in which the arm is held to a tailor while he is
ing the length of a coat-sleeve. No form of con.
necting-rod could be worse to resist the irregular strains to

which such & combination is exposed when, with a very
slow abeolute speed of piston, from 200 to 400 dead centres
have to be per minute. The action is necessarily
Jerky at best, and there is the constant risk of the whole
thing sticking fast at any moment. All this implies danger,
and it is to be deeply regretted that any professional
journal making the least pretensions to respectability and
influence should help to hoist such a contrivance into noto-
riety, whether because of the gain from an advertisement
or, to be more charitable, the astounding ignorance shown
in that part of the description which we have quoted.

LIGHTNING-ARRESTERS.

To tnz Eprror or ExGInEERING.

Str,—Having noticed in your last week's number what is
[ pose! b;ol?: ll. tln;w di:y":f“? of aclightning-ll;‘rem con-
stru . radley, e ity, may g to state
that such a lightning-arrester vn:.i'l{venud by me in India in
1855 ; and in 1858, when I was deputy-superintendent of the
East Coast line, all my river cables, from Madras to Calcutta,
were 50 . I likewise furnished the late Colonel Stuart
with drawings of such an instrument in 1863 ; and an instru-
ment of this kind can now be seen in Mr. Latimer Clarke’s office,
No. 5, Victoria-chambers, where I left one some time since,
which I had coustructed when out in Russia last year. My
plates were of brass, 4 in. thick—one carrying twelve and the
other nine steel points (for the want of platina) fitted up in a
small box, with glass front and back, with set screws at top to
adjust the points by lowering or raising the top plate.

Yours respectfully,
W. Mares.
Millfield, Peterborough, September 2, 1867.

BRIDGE OVER THE NIAGARA River.—The pro] new
suspension bridge at the Falls is being pushed forward with
great t of speedy success. Contracts have already been
made for the materials, except the wire, which the chief engineer,
Mr. Keefer, is on his way to Eughn(i to procure. The towers
will be 105 . high, the span 1250 ft., height above the water
35 ft., and ;idthof rosdway 10 ft. The bl:lidgolillbi:ltend:‘d f!tl)r

o passage of carri an trians, and wi one of the
most substantial ltr‘:%:lm of the kind in America. The towers
will be completed this month, and the bridge opened to the
public early next spring.

Nxw STANDARD POR LocoMorive ContrACTS.—The
of the twenty locomotives recently let for the Belgian State Rail-
ways is stated to have been between 45L and 50L per ton.
Corresponding contracts entered into last year were let at 654

to 704 per tou.

INDICATED HORSE POWER.
8 In r':p‘;m Eprror orpinaomx‘??m‘g. B I would
—] to your corres, ent . W. R,)” :
'mfo::' him t.hnt{n W{llis's ¢ Principles of Mechanism,” art. 82,
he will find the solation be is in want of. As the book is out of
print, I nflbjoin the proposition therein contained, so far as is
necessary for our purpose.

Let P'Q be a link joining the two points, P Q; let it be moved
intothenewsosiﬁoo,pq,verymwthoﬁnt.

Then P p, Q g are respectively elements of the paths of P and Q.
Draw p m, Qn, perpendiculars on P Q.
Then since P Q=; ‘q‘, we shall have, ultimately, as p and ¢
tend to coincide wi and Q respectively, P m=qn, whence
Ppcos pPm=Qgecos Qgn,
Pp_cmQgn
Qg mpbm
=
1\i _____ FiG.} — .

Hence the linear velocities of P and Q are to each other in-
versely as the cosines of the angles which the link, P Q, makes
with their respective paths.

Applying this to the particulsr case in hand, we have

velocity of piston _ sinCgp
velocity of crank-pin~ cosp P Q

Flc.2.

N —

\_/

The following will be a convenient method of using the for-
mula
Fi

P [4

n;mC the centre of the crauk-pin circle, draw Cm per-
dicnlu}yon P Q, and from Q draw Q N perpeadicularly on
an_g, the centre line of motion. :

o let €& = £} velosity of rankpin=s.
NowCm=Asin CQp . 86nCQp L Cm
PN=Lecs pPQ°* MEPQ—ﬁ PN
whence velocity of piaton:v}f _P_';

=:—f’—;x & constant.
« J, W. R." does not give the length of his connecting-rod,
but supposing it to be = 6 R, we have c
velocity of piston = (6 X 471 = 2826) F!i;

The piston 8| increases so rapidly at the two ends of the
stroke that mxn:‘l a t number of measurements be made,
say twenty instead og ten, the results will be much too high.
simplest way of getting at this result is as follows:
IfF= onJ::wn at any time,
f = resistance along P Q. .
Th f _PQ and velocity of 7along PQ_PN_PN,
o Pp= v FQ L'

v_Cm &_
VTP R

lao, YOGy o 7 2long PQ _ Om sy
v

ln“ he prefers to differentiate, he will see at once from Fig. 3,
that .
l(’)p:sp-es moved through by piston=D O=R (1—cos §)4-

" =R (1—cos 8)+L (1—cos ).
=R (1—o0s §)+L—~L*—R sin’g=P, say.
Now, if T be the time ooccupied by the piston in moving through
the space, P p,

where v=velocity of Q. Now, v and L and R are constants, and
=B (1—cos ¢ T)+L —yL1—R'sin’ T

v
Rosin23 T
P o4 sin 2 T+0+ — "R °_

whence = —_———
at 2/L*—R’sin 2T,
R
=psin 0+Ji!;ﬂézégt:::-
2y/L*—K’ sin’ ¢
=velocity of piston.
Or,V=gin g 5802 =
v 27/ L2—R sin ¢
. 2 R sin ) co8 §
=sin ¢ + T“’—'T
QnxCn
Qn, kK _ Q=
’T"' Pn r'3ds ”XP ¢
_PCsina Qs Cm sin g
“ " Pn Rsna Pn 'sina
=%_':x %, asbefore .. .. .. IL
Your obedient Servant,
Crewe Works. W. M. Moorsox.
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EDITORS AND ADVERTISERS.

MessrRs. —— —, AND Co. and-“ A. B.” have called
attention to an abuse of the press, which is, we believe, &s rare
as it is reprehensible. . No better definition of this phenomenon
of journalism than that adopted by our correspondent * A. B.”
mitlgr tl)li; hi‘sm}:tt.er, which we pnblish'thi:hlweek, can lt]:e

i words ‘‘ newspaper rattening” pithly ex the
ssope and intent of the wacnp::tqwhich he ulluda,P::: the
parallel implied between this practice and the poliay of Sheffield
trade-unionists is not far-fetched. We have examined the articles
to which both our correspondents refer, and we have been at
some pains to investigate the accuracy of their statements
before admitting tbeir letters to a place in our columns, and
it is only fair to both to say that.the contents of their letters
are fully justified in every particular. A journal conducted
on the principle of rattening those who will not advertise in its
pages can only hope to subsist on the weakness of those whom
the proprietors or editors endeavour to terrify into compliance
with their wishes. 1t unfortunately happens that a large class
of manufacturers entertain an unwhoiesome fear of leading
articles depreciating the goods which they produce; and asa
result this black mail system, if managed with some caution by
unscrupulous men, may succeed for a time. In the long run,
however, it is certain to be exposed and denounced by ‘some
individuals stronger-minded than his fellows, who refuses to
submit to unwarrantable exactions. We leave our readers to
determine what the result of such an exposure may be. We have
happily no precedent to go on in forming an opinion as far as the
respectable portion of the London press is concerned ; but there
are, wo believe, instances of newspaper rattening to be met with
in the history of American journalism, and to a very limited
extent indeed in English provincial districts. It is not difficult,
however, to arrive at tolerably accurate conclusions on this
subject; or to perceive that any journal adopting the practice
must altimately lose caste and influence. A jourpal which
rattens a man because he withdraws an advertisement, or because
he will not give one, must be weak. Any newspaper which
enjoys a large and influential circulation can obtain all the ad-
vertisements for which it -has room without trouble, by the
most perfestly legitinate means. Advertisements appeuaring in
its pages are fonnd to pay, and thereforo they are inserted; as
a consequence the difficulty is not to obtain them, but to find
room for them. It may safely be usserted, therefore, that a paper
which can ouly fill its advertisement pagesby illegitimate means
is powerless for either good or evil; and this fact we commend
especially to the attention of those who pay in order that
their reputation, ar that of their goods, may not be assailed.
Once its impotence is recognised, the power of the offending
journal is gone, and its abuse or its praise equally become
matters of ng moment whatever. The opinon of an editcr who
measures the merits of men or machines by the contents of
adverlising columns with which he should have nothing to do,
of whose existence he should scarcely be aware, cannot possess
the smallest value, and his praise or his blame will equally fail
to infl public opini No newspaper or periodical can
hope for a large meastre of permanent success in this conntry
nn{:u it is canducted with striét impartiality and honesty of
purpose. These things sre dear to the hearts of Englishmen,
who are quick to perceive when they are wanting, A little
experience will suffice to convince tho most unpractised adver
tiser that he has nothing either to fear or to hope from the
influence of any journalist sufficiently venial to praise for pay,
or sufficiently audacious to drive advertisments into its pages
by an organised system of terrorism.

Although we seldom copy, except for the purpose of
correction, from The Enginecr, we transfer the fore-
going remarks to our own columns, and with the
strongest concurrence in the senfiments they contain.
Nor do we copy them the less readily because we know
the strictures are intended to apply to ourselves, for
the pretended cases upon which they are based have
no foundation except in the merited exposures which
we have been lately compelled to publish with refcrence
to a firm who had attempted, aud with some success,
to use the préss for the purposes of the most gross and
pauseous puffing, and to another firm who have suc-
ceeded in persuading certain purchasers to buy of them
one of the most conspicuous mechanical absurdities
of the age. The first-named firm had exhibited certain
second-class wares at Paris, and had been awarded a
bronze medal, another firm of greater repute having
received a silver medal in the same class. The bronze
medallists wrote to the British commission, claiming
for themselves, in the most fulsome and unwarrant-
able terms, the very highest position in the trade, re-
fused the humbler award offered them, and sent their
flourish to several of the newspapers, our own among
the rest. One or two, T4e Engincer among the number,
gave this precious procuction to their readers. Sbortly
afterwards, a semi-official report was made upon the
achinery in the class in question, and by a most ex-
traordinary omission the first-class firm, who also
received the higher award, were not even mentioned,
while the firm to which the bronze medal had been
offered were accorded a position wholly undeserved.
‘We at once called attention to this, and rectified the
omission made in the semi-official report. For this we
received a spiteful letter from the puffing firm in ((}ucs-
tion, charging us with attempting to “ write down
“their reputation,” and suggesting the most con-
temptible motives, and this letter was duly paraded a
fortnight ago in our contemporary, and was noticed
by us%ast week. :

The other case, anonymously referred to in the
article we have copied, is that of the makers of the
impracticable ““ donkey injector’” which we lately had
occasion to criticise, and which we have further
noticed on another page of our present number. The
absurdity of this contrivance is sufficiently apparent,
at the first glance, to every competent engincer, yet it
has, notwithstanding, been palmed off upon several re-
speetable manufacturing firms, with whom its failure
was but a matter of course. One of these firms—one
of great eminence, too, in their special line of business
—had written us as follows :

“We had ’s donkey injector on trinl. It would
not do at all. The connecting rod came off, the valves were too
small, and altogether it wasa raftling affair. Some one came down
from them, consulted with our Mr. , and undertook to
make another from a new set of patterns. e have this at
work. It is better designed and better fitted than the first, bat
still it only works tolerably. We do not intend to keep it ”

Our strictures brought forth a letter, also published
in our contemporary, charging us, not at all to our
surprise, with the most unworthy motives ; and, to eke
out the complaints of their justly criticised authors;
these letters are made the text of the homily which we
have copied,. and with the senfiments expressed in
which, we again say, we heartily concur, although
knowing that they are turned to account for the pur-
poses merely of private spite.

The readers of ExGINEERING nced not be assured
here that no attempts to frighten us will in the least
alter our course, nor that, as heretofore, our journal
will continue to be the terror of quacks and puffing
tradesmen, impaling them on the sharp spear of
criticism for the purposes of truth and public advan-
tage alone, and with neither hope of gain nor fear of
&he spiteful writhings which our strictures may pro-

uce.

Tt will be as well here, however, to speak somewhat
more broadly upon the whole subject which our con-
temporary has touched upon. It is well known that
the trade price of neither our own journal nor Zhe
Engineer covers the cost of the hare white paper and
its “ machining,” or the'running though the press. All
other expenses, the cost of setting or composing the
type, drawing and engraving, the cditorial, reporting,
and publishing staff, office expenses, and general
charges, are paid out of the sums received from ad-
vertisements. This fact, well known, in no way in-
volves the perfect independence of first-class journals,
such as the Zimes, and many others; but it is not
nnlikely that it does in many ways influence the utter-
ances of some -of -the second and third rate journals,
and if we are to judge from the ever-ready puff of
such abortions as the * donkey injector,” it may in-
fluence the management of papers like 7%e Engineer.
That paper, although its repeated and extraordinary
mistakes have well-nigh forfeited the confidence of
our profession, and although it is no longer read or
scen by many of the leading engincers who were its
former supporters, when under different management,
nevertheless obtains a large advertising support by
systématic misrepresentation, of its real position, by
privately and greatly overstating its circulation, and
by a private and systematic course of detraction with
respect to other journals, our own among the rest.
The facts are, however, that its circulation 1s less than
that of EXGINEERING, a fact well known in the news
trade, and that its circulation is declining also among
the influential class of readers whom advertisers espe-
cially wish to reach. Although we refer to such
matters only at a certain sacrifice of feeling, it is but
just that we should speak plainly and honestly upon
them. The position of this journal within the profes-
sion is now too well known and appreciated to require
that we should make any representation to its leading
members ; but they, and indeed all classes of engincers,
will but do an act of simple justice in correcting as far
as they can the injurious iufluence of misrepresenta-
tions to which this journal has been from the first
private! subjected, and which undoubtedly have their
intended effect with a certain inexperienced class of
advertisers, who thus contribute so much to the means
employed against us.

THE CORLISS ENGINE.
To TRE EpITOR OF ERGINRERING.

Sir,—I agree with your correspondent, Mr. Pooley, in think-
ing that the correspondence respecting the Corliss engine has
now extended to an inexpedient length, and I will not further
offend in aggravation of the fault, as this is the last letter I
intend to address to you upon the subject. I farther agree with
Mr. Pooley in thinking that much of the correspondence is wordy
and weak, and that what we want are not vociferous assertions
of perfection, but properly attested facts, to show that the
Corliss engine is what its advocaies assert it to be—better than

any other. Either such facts are producible, or they are not.
1f producible, why are they.not forthcoming? 1f not producible,
is it not a piece of unwarrantable effrontery to require us to
believe that this costly and complicated engine is more eligible
than ordinary engines which are simpler and cheaper, ani quite
as equable and econuinical? Those who think such a demand
upon their faith reasonable will probably obey it. But}certainly
the advocates of the Corliss system, in their utter destitution of
relevant facts, donot by their letters exhibit any such power of
intellect s to inspire the least respect for their opinions. We
bave been told again and again that a Corliss engine which had
been introduced into seme factory in substitution of & common
engine did the same work with less fuel. But no one has been
sufficiently courageous to maintain that the hest Corliss engine
is able to work more economically than certain good ordinary
engines at present working. Until this can be proved, the
encominms passed upou the Corliss engines will be taken for
what they are worth by every competent
OBSERVER.

To ThE EpITOR OF ENGINEERING.

SIR,—Will you kindly allow me to make the following
corrections in my letter of last week ? In fifth paragraph, fourth
line, it should read, ‘'‘capacity of cylinder above that, &c.”
Sixth paragraph, fifth line, omit the words * weights and,” read-
ing, * with the aid of springs, &c.” Seventh paragraph, last line
but one, read, * on the least increase, &c.” And in ninth para-
graph, seventh line, it should read, * and steam is totally cut off.”

Sir, 88 Mr. Scfi has allnded to the length of this discussion,
and the wholesale abuse that seems so to delight some ot your
correspondents, I trust you will permit me to explain that it
was this unqualified abuse levelled at the Corliss eugine and its
builders which induced me to presume on your space and the

tience of your numerous readers. These correspondents, at
r:ut primd facie, seemed not only practically unacquaiuted with .
the history, construction, and performances of the Corliss engine,
but determined to ignore every statement of.facts the least
favourable to these engines, and per fus et nefus (if sible?
cast a stigma over them. All I contend for, is, that “ J. C. E.”
and others should first read the statements already published,
of the saving effected by the Corliss engines, which have re-
placed engines of the common class, and when they have fairly
explrined away these data of the actual performance of these
enginks, then they may with becoming grace use their pens in
condemnation and call for further attested facts. Mr. William
Inglis, in ENGINKERING of the 28rd ultimo, gave the results of
certain trials of both common and Corliss engines, conducted
under the most favouravle circumstances for arriving at fair and
just results, which I need hardly add were decidedly in favour
of the Corliss. Yet, Sir, your correspondents, ** Observer ” and
“J. C. E.,” have apparently nothing to ssy thereon. May I ask
them if they accept these statements us proof of the superior
performance of the Corliss engine, and if not, will they kindly
state clearly, once for all, what is the precise nature of the proof
they require, and how they want it * attested,” so that this dis-
cussion may be terminated.

Mr. Pooley, of India Mills, Manchester, in bhis letter which
appeared last week, writes fuvourably of the Corliss engine, but
seems unaware of the facts already published by vou, and pointed
out by me in my letter of last week. Mr. Pooley, will find
plenty of facts, and more will be shortly added, of engines either
Just started or on-the point of starting. Mr. Pooley in the
concluding portion of his letter seems to overlook the fact, that
he is merely giving words instead of facts, which in the tirst
part of his letter he deprecates. I hope, for his sake, that the
apinion he expresses relative to the expectation he has of the
Allen engine, which is not yet at work, will turn out to be well
founded. 1 am sure that if good material and workmanship can
make this engine a success, the Whitworth Company (limited)
ought to be a suflicient guarantee; but Mr. H. H. Grierson, of
St. George’s Ironworks, Manchester, writing to the Editor of
ENGINEERING, Scptember 5th, 1866, says, * We have been
* manufacturing the Allen engine now for three years, and
‘¢ spent several thousand pounds experimenting, improving, &c. ;
‘¢ bat, after all our labour, we find that the cust of the engine
“ {arecludes it being successful as a commercial speculation.
““ We bave had no orders for them lately, although plenty of in-
* quiries for price, and we were astonished to see in the public
‘ papers that the Whitworth Comnpany was abont to commence
‘“ manufacturing them. Our experience of the Allen valve-gear
¢ is, that it is admirably adapted for the high speed which
‘¢ Mr. Porter has advocated ; Eut that such speed, although
¢ practicable, is commercially a complete failure, snd we have
¢ not the slightest doubt that the Whitworth Compauy will
‘“ soon find that out. We are prepared to supply engines that,
¢ going at a lower speed, will give an equally good result as
“ regards consuraption of fuel, and steadiness of notion, and
‘“with an equally valuable expansion, at a lower cost than the
“ Allen engine can be produced at.” I trust Mr. Pooley's
engine may realise his expectations, but in presence of the above,
I think, till they are realised, we may fairly consider the Corliss
engiue superiur, seeing the Allen engine is, as it were, Pheenix-
like, rising from its own ashes. I have given the opinion ex-
pressed by Mr. Grierson, after three years’ experience with tiw
Allen engine to sustain my statement in a former letter, when
sfnaking of the automical qualifications of the Corliss engine,
that not even the Allen engine can compare with it in rapidity
of acticn and adaptability under the most varying load. . I think,
Sir, that I have justified my statement; and sball be glad to
do justice to the Allen engine when Mr. Porter and the Whit-
worth Company give as suflicient data of the success of the
Allen engine a3 the builders and promoters of the Corliss engine
have given of its success.

I am, Sir, your obedient Servant,

StrAM TowiNG ON CaNALs.—The attempt made to eeta-
blish lines of screw steamers on the canals of Frabce seems to
have proved a failure. It has been otherwisc, however, in Bel-
giam, & * General Steam Towage Co y " baving comnmenced
operaijons in Junc on the Willebiick Canal.
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ON THE CONSTRUCTION AND WORKS OF
THE HIGHLAND RAILWAY.®* -

ByJosern MitcrELL, F.R.S.E,, F.G.S., C.E., and Member
of the Institution of Ciril Engineers.

Tauis title represents the union of several companies
in the North of Scotland, amalgamated three years ago
under the name of the Highland Railway Company.
The works consist of a main line from a point near
Perth, extending northward 117 miles to the town of
Forres, and a base line running nearly at right angles
to the other, extending westwards from the town of
Keith by Elgin and Forres along the shores of the
Moray Firth to Inverness, and thence along the Beauly,
Dingwall, and Dornoch Firths, northwards to Bonar
Bridge, measuring from Keith to Inverness 55 miles,
and from Inverness to Bonar Bridge 58 miles, and
making together a base line of 113 miles. These rail-
ways traverse the northern part of Perthshire, and are
the main lines of communication through part of
Banflshire and the counties of Inverness, Nairn, Moray,
and Ross, the whole including three branches, two to
the ports of Burghead and Findhorn, in Morayshire,
and the other to the village of Aberfeldy, in Perthshire,
extending to 246 miles in length.

The country is fertile and comparatively flat for a
distance of about 40 miles north of Perth, and also
along the shores of the Moray, Dingwall, and Dornoch
Firths, but between Perthshire and Morayshire the
line crosses two ranges of the Grampian Mountains,
the one separating the valley of the Tay from that of
the Spey, and the northern range separating the Spey
from the valley of the Findhorn.

The large rivers which drain these mountain regions
debouch into the Tay, the Moray, the Dingwall, and the
Dornoch Firths, and as the railway in most cases
crosses these rivers near the sca, bridges of considerable
magnitude were required. Besides the crossing of these
rivers, other difficulties of a formidable character arose
in crossing these mountains at so great an elevation,
and in passing the rocky and precipitous defiles
through which portions of the line had to run.

The northern counties traversed by these railways,
exeept along the shores of the Firths, are chiefly pas-
toral, exporting large numbers of sheep and cattle.

The fisheries also are on an extensive scale; besides
the salmon fisheries in the rivers, the annual take of
white fish in the Moray Firth amounts to about 60,000
tons.

‘I'he object of the promoters, therefore, was to sweep
the fertile shores of the Moray Firth, and to send the
produce of the country by the most direct route to
Perth, across the mountains, thus saving a detour by
Aberdeen of nearly 60 miles. In laying out the main
line, and crossing the Grampians between Perth and
Forres, long and steep inclines could not be avoided;
but there is no steeper gradient than 1 in 70 throughout.
The line to Blair, 36 miles from Perth, rises only 443 ft.
above the level of the sea; but from Blair to the summit
of the southern range of the Grampians, a distance of
17 miles, the line rises 1045 ft., making the extreme
1488 t. above the sea. In this distance there are
gradients for 10 continuous miles of 1 in 72,and 1 in
70; and in the remaining 7 miles the inclincs vary from
1in 78 to 1 in 110. After passing this summit the
line descends into the valley of the Spey, falling 747 ft.
in 18 miles, the steepest gradient being 1 in 80. On
crossing the Spey the line is comparatively level for a
distance of 24 miles, when it again ascends by gradients
of 1 in 84, 80, and 100, in order to pass the northern
ridge which separates the valley of the Spey from that
of the Findhorn. This summit is 1046 ft. above the
sea level. 1t afterwards descends to Forres—the point
of junction with the base line—by gradients, the steepest
of which are 1 in 70 for 8 miles, and 1 in 76 for 4 miles.

In this length of the main direct line of 104 miles
there are two small tunnels, one of 350 yards, near
Dunkeld, and the other, in the Pass of Killiecrankie, of
110 yards in length, both constructed very much with
the view of avoiding injury to the adjoining scenery.

The principal ditficuities that arose in laying out the
line were in passing through the narrow defile at
Dunkeld, the beautiful demesne of the Duke of Athole,
and again in penetrating through the picturesque Pass
of Killiecrankie, where the mountains, as it were, close
in upon each other for a great height; likewise in pass-
ing along the narrow, precipitous, and rocky valley of
the Garry, close to a large and rapid mountajn stream;
also the park at Castle Grant, and the defile at Huntly’s
Cave, near Grantown. These points in particular re-
quired much study, with repeated trial and coatour
levels, so as to obtain a knowledge of the.precise forma-
tion of the ground, and to choose the best direction at
the lowest possible coet. At the Pass of Killiecrankie the
banks were 80 precipitous and steep that the line had
to be supported by breast or retaining walls to the
extent of 690 lineal yards, and to the average height of
26 ft., the extreme height of one beisg 55ft.; and in
order to carry the railway at the narrowest point in the
pass, where the precipices close in, as it were, on either

* Paper read before the British Association, at Dundee. We
shall give engravings of many of the works referred to in this
paper in an early number.
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side, and ufford scarcely any additional space beyond
that occupied by the chanunel of the river, instcad of
supporting the line by breast-walls, it was deemed
prudent to construct a viaduct of ten arches 60 ft. above
the river, which, with a tunnel at the north end, carries
it successfully through‘the pass. At two other points
on the line, in running up thesides of the Garry breast-
walls had to be formed, respectively 94 and 35 yards
in length, and 15 ft. in average height. All these breast-
walls, extending to 1650 lineal yards, are built with
lime, and set on a solid foundation of dry gravel or rock
at right angles to the face of the wall, which batters at
the rate of 14 in. to the foot.

The spaces behind the walls are filled with rubble
stones set by hand for ten feet wide, and further back
with dry gravel, it being important that all earth or
clayey substances should be excluded. The writer
prefers the curved to the straight batter, as it gives
more effectual resistance if well built; but breast-walls
are to be avoided wherever earth embankments can be
substituted, as, in his experience, there are subtle in-
fluences in the Scottish climate of alternate frost and
wet in winter, which operate imperceptibly to their
destruction, and they require careful and constant in-
spection. Except where those breast-walls became
necessary, the whole of the lines were formed in cuttings
and embankments, and for considerable distances along
the slopes of valleys. Where the ground was pre-
cipitous or irregular in the cross section, level bench-
ings were formed ten feet in width immediately under-
neath the permanent way, in order that the slecpers
should have an equal and solid bearing throughout.

In running through so large an extent of moun-
tainous country, the line, as might be expected, had to
pass over sowe lengths of soft ground and morass. The
principal of these were for two miles near the town of
Nairn, also for about two miles near Keith, one mile on
Dava Moor, and about a mile in crossing through a
hollow at Drumochter, on the summit of the Grampians.
In all places where the ground was particularly soft, a
uniform mode of treatment was adopted. ‘L'wo parallel
drains were first cut outside the fences, about 50 feet
apart, from 4 to 6 feet deep, and with slopes of 1 to 1.
This drained off the surface water, and after making
up the holes and other irregularities of the surface
with turf, the space for the railway to a breadth of
about 15 feet was covered with two or three layers of
swarded or heather turf, having the sward side of the
lower layer undermost, and that of the top layer up,
the joints breaking bond. In this way a good sus-
taining surface has uniformly been obtained.* On this
bed of turf the ballast was laid for two or three feet in
depth. This was quite sufficient to support the traflic,
but as, in some cases, the bed of moss was from twenty
to thirty feet in depth, the railway merely floated on
the surface, and was in the first instance undulating,
and yielded in some parts from three to four inches
under the weight of the engines passing over. To
obviate this undulation, longitudinal beams of timber
were tried at one place, shirty to forty feet long, below
the sleepers; but this was found objectionable, as ren-
dering it more difficult to raise or repair the surface of
the rond; and an additional slceper (making the
sleepers 2 feet 6 inches from centre to centre, instead
of 3 feet) was found preferable. There was nothing for
it at the worst but to lift the road every other week, as
it sunk, until it had acquired a solid bearing. In
many places we had to lay on four, five, or six feet in
depth of additional gravel, and in one place no less than
twenty-seven feet, before the road became solid. In the
course of two or three years, however, with due atten-
tions, the rails being fished, the lines through these
mosses were all that could be desired for solidity and
permanence.

As the writer has said, in crossing so many mountain
rivers, bridges of magnitude had’to be constructed,
involving considerable varieties of execution. The
principal of these bridges may now be described, and
any peculiarity will be noticed which may have arisen
during the progress of the works. It will be observed,
that the beds of the rivers in the nortih of Scotland
differ in many respects from what is common in Eng-
land, consisting frequently of depths of 10 or 12 ft. of
gravel and boulders, the solid and compacted débris of
successive floods, below which, if the country is of
rocky formation, there is usually hard clay and then
rock, or, as in one case at the mouth of the river Ness,
after penetrating 12 ft. of shingle and boulders, a sort
of admixture of whitish glay and sand was obtained.
In some cases we had to deal with soft clay and mud of
great depth, but these were exceptions. Nor was it
possible, in general, to ascertain by boring the precise
nature of the foundatiops, because many of the boulders
in the gravel were of large size, and were often mis-
taken far rock. The only way in which an approximate
knowledge of the foundatioms could be obtained was
by driving iron rods at various places, and, when the
bed of the river admitted of it, wooden piles. Still, we
worked very much in the dark, but the writer’s long

* Had this plan, which the writer has fourd to answer so
well, both for roads and railways, been adopted in the clayey
ground at Balaklava, in the Crimea, a good road might have
been formed.

experience of these rivers, and of the nature of their
floods, was of great advantage in enabling him to fix
the depth of the foundations and the precise description
of works to secure the necessary stability of construc-
tion. In only two or three cases was there any fear of
sinking. What had chiefly to be guarded against was
sudden and impetuous floods, sometimes accompanied
with floating ice and trees, undermining the foundations
and damaging the piers; it was, therefore, important to
provide ample waterway. The construction of these
bridges ranged over twelve years, and during that time
there has been considerable changes in bridge-building,
by the adoption of iron cylinders for piers, and lattice
girders in spanning the waterways, so that, as the works
progressed, these improvements were adopted where
found suitable.

In planning these works, the writer, while having
every regard to economy, felt the importance of their
being of the most substantial character, sceing that
they were exposed in these districts to every vicissitude |
of climate and flood; but indeed he feels that all per-
manent public works involving the safety of the lives
of the community should be of undoubted stability.
On the whole system there are only three timber
bridges, which he was forced to adopt chigy with a
view to save time, but thesc are very substantial of
their kind. All the other bridges are constructed of
stone, and where iron is adopted the piers are in general
constructed of masonry.

The iron-work of the bridges on alt these lines were
constructed by Messrs. Fairbairn and Sons, of Man-
cher, for about 20! per ton on the average, and are ad-
mirable specimens of workmanship in this department.

Accompanyiong this paper, the writer has furnished
the working drawings of fourteen of these bridges with
the sections and dimensions in detail. They exhibit a
variety of forms suited to the localities in which they
are built.

No. 1is an iron girder bridge across the Tay, six
niles north of Dunkeld, with stone abutments and pier,
constructed on platforms and piles in the usual way.
The banks are low, and the river is spanned by two
openings, one of 210ft. and the other of 141ft. The
cost of this work was 20,395L. Extreme length, 515 ft.;
height above the bed of the river, 67 ft.; cost per lineal
foot, 39L 12s. :

Nos. 2 and 3 are the most recent bridges erected by
the writer, and here he has taken advantage of the
modern plan of using cylinder-piers to carry the girders.
Both bridges are constructed in the same manner, and
on the same principle. The cylinders form the picrs in
the centre and abutments. Each cylinder is 8ft. in
diameter, and has been sunk into the bed of the river
274 ft. in their extreme depth Dy means of divers.
When these cylinders were adjusted and brought tv the
full depth, about 3 ft. of cement concrete was lowered
into the bottom. On the concrete setting, the water
was pumnped out, and the interior filled in with rubble
masonry, laid with Portland cement. To provide for
extreme floods, two side openings were made 41} and
35 ft. span, of plate girders, one end resting on the
masonry in the cast-iron cylinders, and the other on a
stone abutment landward, secured on a platform and’
piles. These bridges answer their purposc very satis-
factorily. The cost of No. 2 bridge, which consists of
two openings of 122 ft. and two side openings of 30 ft.
span, was 11,156/. Total length of No. 2, 350 ft.; cost
per lineal foot, 31L 17s. 6d.; height above the bed of the
river, 36 ft.

The cost of No. 3 bridge, consisting of two openings
of 137 ft. span and two side openings of 41} ft. span,
the cylinders being sunk into the bed of the river 25 ft.,
amounted to 13,772 Length of No. 3, 419} ft.; cost,
321, 16s. 7d. per lineal foot ; height above the bed of the
river, 49 ft.

No. 4 is the viaduct in the Pass of Killiecrankic,
already alluded to. It consists of ten arches of 35 ft.
span, with an extreme height from the foundations to
the top of the parapet of 54 ft., and is built with a curve
of twenty chains radius. The Pass of Killiecrankie is a
well-known object of picturesque beauty, and it is gene-
rally admitted that the railway, now that the slopes
have attained their proper verdure, has in no way
diminished its attractions. Indeed, this viaduct is
thought to give it additional intercst. The cost was
5720L Tt is adapted to the single line, and is 17 ft. in
width, over parapets. Length, 508 ft.; cost per lineal
foot, 11L bs.

No. 5is a viaduct across the river Tilt, near Blair
Athole, spanning the river by one wrought-iron girder
of 150 ft. The abutments are of stone, laid 3 {t. below
the bed of the river, on a platform of timber 6 in. thick
secured to piles. As it is situated close to Blair Castle,
it has been made somewhat more ornate than was other-
wise necessary. ‘Thie cost of this bridge is 6500/, being
for a single linc. . Length, 256 ft.; cost, 25l 7s. 9d. per
lineal foot; height above the bed of the river, 40 ft.

No. 6 is a bridgeacross the river Garry, at Calvine, of
three spans, one of 80 and two of 40 ft., 'and is 55 ft.
from the bed of the river to the top of the parapet.
There was considerable diiculty in fixing the crossing
of the river at this place. The Garry is here a large
and rapid mountain stream, on a rocky bed, with several
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falls immediately adjoining, running through an orna-
mental plantation; and as this was a spot of interest in
the grounds of Blair Castle, we were precluded from
crossing the river at any other point within the demesne.
It occurred to the writer, however, as the road bridge
passed over about the narrowest part of the river, the
object aimed at could be effected both economically and
unobjectionably by spanning both road and river, thus
forming an object of additional interest in this peculiar
locality. The cost of the bridge was 5100. Length,
274 ft.; cost per lineal foot, 181. 12s. 8d.

No. 7 is a bridge of no particular interest, 80 ft. span,
crosging the river Dulnain, a mountain stream near
Grantown, but is given as a specimen of a substantial
bridge of this size. The cost was, masonry, 2238l ;
ironwork, 1060/ ; total, 3298/. Length, 148 ft.; height,
27 ft.; cost per lineal foot, 221, 5s. 6d.

No. 8 is a viaduct crossing a picturesque ravine and
stream called the Divie, 10 miles south of Forres. ™ Its

« length is 477 ft., constructed for a single line, and the
cost amounted to 10,231L It is 106 ft. in height from
the river bed to the top of the parapet, and 16 ft. in
width; all the piers within the limits ot the stream are
founded on rock. It consists of 7 arches of 45 ft. span
‘each; cost per lineal foot, 21/. 9s.

‘These viaducts constitute the principal works on the
through line between Perth and Forres. The writer
will now proceed to allude briefly to the principal works
on the coust line between Keith and Bonar Bridge.

The portion from Keith to Inverness being one-half
the distance of the railway from Aberdeen to Inverness,
the capital of the Highlands, extends to 55 miles in
length. It may be stated that this portion from Inver-
ness to Keith originally formed part of the Great North
of Scotland Railway, the act for which was obtained in
1846, but pecuniary difficulties prevented the promoters
from constructing this part of their scheme, involving,
as it was then supposed, the construction of very heavy
work in the neighbourhood of the river Spey. It was
eventually left to the Highland Companies to carry it
out, There is a deep and precipitous ravine on the
south side of the Spey, with flat meadows on the north
side, and the original plan of the Great North of Scotland
Company was to cross the river at a gradient of 1 in 90,
with a high viaduct, with expensive works in the ravine,
at a cost of about 100,000/, the bridge being estimated
at 60,000l. After much careful survey and considera-
tion, and consultation with Messrs. Locke and Errington
regarding this work, it was fixed to pass through the
ravine by a gradient ot 1 in 60 for 24 miles, which is
the steepest gradient on the Highland system, and span
the river by a box-girder of 230 ft., with six side arches
of masonry, each of 30 ft. span, to meet the contingency
of flood waters, which are on this river very sudden
and very rapid; and the work has been carried out
successfully. It may be mentioned that this was about
the greatest single span of an open girder at the time
built (1856). The propricty of a stone bridge at this
place, with a gradient of 1 in 70 was considered by the
directors, but it was found to be too expensive. The
present line, however, answers quite sufficiently for the

. traffic of the country, which is now chiefly local since
the opening of the Highland line. The cost of the
bridge, which is 660 ft. long, and 74 ft. high from the
foundations to the top of the towers, constructed for a
double line, was 34,430L. Cost per lineal foot, 52/, 5s.
The east abutment of this bridge is founded on rock,
and it was provided that the west abutment should be
sunk and founded on piles and a platform, the first im-
perfect trial having led to the conclusion that there was
nothing beyond indurated shingle at this place. On
sinking 14 ft. from the surface, however, through a
conglomerate of boulders 2 to 3ft. in diameter, hard
mountain clay appeared, and on penetrating this for
about 3ft. rock was found, thus securing for this
structure & rock foundation on either side. Imme-
diately at the east end of this viaduct the line, as
already said, runs through a narrow and precipitous
ravine, the stream of which had to be diverted for the
railway by a new channel cut out of the solid gravel,
30 ft. wide, sloping longitudinally 1 in 40, and pitched
with stones from 12 to 18in. deep. This pitching,
which consists of squared stones, had, to a small extent,
broken up several times since the line was opened ten
years ago, from the floods bringing down stones and
trees, and we found tuat the most effectual way of
securing it was by inserting walings of timber 40 ft.
apart, 12in. by 4in. across the channél, secured at
every 3ft. by iron piles, and grouting the joints of the
pitching in dry weathier with lime grout, so as to pre-
vent the lodgment of air and water, which, under the
preslzure of floods, has a tendency to dislocate the stone-
work.

No. 10 is a viaduct crossing the Findhorn, a danger-
ous and rapid river. It sometimes comes down in great
flood, almost in a body of 2 or 3 ft. of perpendicular
height at a time, notwithstanding that in summer it is
a very moderate-sized stream. This bridge consists of
3 spans of 150 {t. each, with stone abutments and piers
of solid ashlar, and is constructed for a single line.
‘I'here was no appearance of rock in the immediate
neighbourhood ot the site, although rock appeared on
one side of the river about half a mile above; and the

channel, as far as could be ascertained, consisted of
shingle and gravel. It was provided, therefore, that
the foundation should be sunk 6 ft. below the deepest
part of the bed of the river on a platform and piles.
The east abutment was so sunk, and the piles were
driven through the gravel to a depth of 10 ft., making
16 ft. below the bed of the river. It was observed that
at that depth the piles uniformly would drive no
further, and this suggested the possibility of rock.
Rock was accordingly searched for, and it was found
that, about 18 ft under under the bed of and across the
river, rock existed. Coffer-dams were therefore formed,
and rock foundations were secured for the remaining
piers and abutment. The cost of the bridge, including
a pitched embankment on the east side, the bottom of
which was secured by piles and a waling of timber,
amounted, masonry, to 11,170.; ironwork, 10,2607
Extreme length, 6084 ft.; height above foundations,
464 ft.;- cost per lineal foot, 35/ 4s. 4d., making a total
of 21,4307

No. 11 is a bridge across the river Nairn, consisting
of four arches of 55 feet span, and is an admirable
piece of masonry. An incident connected with the
foundations of this bridge deserves to be mentioned.
The contractor, when instructed to ascertain the
nature of the foundations, insisted that it was unneces-
sary to take any trouble about them, as rock cropped
out on either bank; the turnpike-road bridge across the
river, a quarter of a mile below, was founded on rock,
and he said there could be no doubt that rock would be
got in the centre 8 or 4 feet below the bed of the
river. Rock, however, was not reached until we sank
from 13 to 14 feet, showing that experienced persons
may be misled even under the most convincing circum-
stances. The structure, however, is founded on the
solid rock throughout, and the cost, for a double line,
was 8620/, Length, 871 feet ; height, 56 feet; cost per
lineal foot, 237 4s. 8d.

No. 12 is a viaduct across the Ness, consisting of five
arches of 73 feet span over the river, four land arches
of 20 feet span, and two cast-iron openings of 27 and
35 feet span over roads, The foundations of this
bridge, as in many others, consisted of shingle for 20
feet down; but at the north abutment and pier the
iron rods driven in appeared to penetrate considerable
easier than at other points of the channel, and it was
deemed prudent to construct this abutment and pier
upon bearing piles and a platform, and they were
accordingly so done, as exhibited in the drawings. The
total lengt{ of this bridge, including the side arches, is
669 feet ; and the total height, from the bed of the river
to the top of the parapet, is 40 feet. It is constructed
for a single line, and cost 138,410/; cost per lineal
foot, 201

No. 18 is a good example of a swing bridge, built
across the Caledonian Canal, which the line spans on a
skew of 65 degrees. It consists of two girders of 126
feet in Jength, 78 feet of which, from the centre of the
turntable, spans the canal, and the remaining 48 feet
forms the balance-weight. Advantage was taken of
the canal being emptied for repairs to lay the founda-
tions of the masonry, which are on a platform and piles
in the solid gravel, 9 feet below the surface of the
water. The depth of the canal is 18 feet, and the
width of the locks 40 feet, the canal banks being 120
feet apart. Some difficulty occurred at first during hot
weather from the expansion of the iron affecting the
adjustment and closing of the bridge, which was re-
medied by means of a powerful screw, and the bridge
has been worked with satisfaction and safety for the
last five years. This bridge, with its machinery, timber
wharves for protection from vessels, distant and station
signals, &c., complete, cost 4718/

No. 14 spans the river Conon, in Ross-shire. From
peculiar circumstances it was necessary that this bridge
should cross the river on a skew of 45° to the stream,
and as there were rock foundations, there was no diffi-
culty to contend with beyond that of 4 ft. or 5 ft. of
water in the channel of the river to reach the rock, and
which was successfully accomplished. The peculiarity
of the skew with the river at this place would have
been more easily provided for by the adoption of iron
girders from pier to pier, but as the writer found at
that time that iron girders would be fully as jexpensive
and not so permanent as a stone bridge, and as there
were admirable quarries in the neighbourhood, he re-
solved to construct this bridge, as already said, on a
skew of 45° with the river, by a series of right-angled
ribs or arches spanning from pier to pier. This is no
new arrangement, but the writer is not aware of this
plan being adopted for a series of arches of 8o large a
span in any previous instance. The bridge consists of
five arches of 78 ft. span each, the arches being con-
structed of four ribs, each 3 ft. 9 in. wide ; the arch
stones are 4 ft. deep at the springing, and 3 ft. deep at
the crown, The key-stones of the centre part of each
arch were made to connect with each other as were the
stones in the haunchings of the arches, and some
cramps of iron were inserted at the joints to connect
the ribs. The work was successfully accomplished, and
constitutes a very perfect piece of bridge masonry.
The total length of the bridge is 540 ft. and the height
45 ft. from the bed of the river. The north abutment

is founded 304 ft. lower down the river than the south,
and the whole structure, when the centres were re-
moved, was found so accurately built, that no joint in
it showed any indication of setting. The cost of this
bridge for a single line was 11,391l.; cost per lineal
foot 211. 2s.

There are many other bridges, as may be supposed,
over so great an extent of country, and a country so
much exposed to floods ; but those above described are
the principal, the entire waterway spanned over the
entire system being 9828 ft.

On the central railway from Dunkeld to Forres, 104
miles, being a single line, there are 8 viaducts, 126
bridges over stteams, 119 public and accommodation
road-bridges, and 8100 yardsof covered drains, varying
in size from 18 in. to 36 in. square. There are 1650
lineal yards of breastwalls, 304,700 cubic yards of rock
cutting, and 3,416,000 cubic yards of earthwork, being,
including rock and earth, at the rate of 35,776 cubic
yards to the mile, The largest embankment was at
Raﬂ‘dord, near Forres, which contained 308,000 cubic
yards

The permanent way consists of larch and natural
grown Scotch fir sleepers of the usual size, 3 ft. apart;
the chairs are 221b, in weight; the rails weigh 75 1b.
to the lineal yard, are in lengths of 24 ft., and are fished
at the joints.

The total cost of the works, including all extra and
accommodation works, amounted, for the 104 miles, to
798,311/, ; the land, including severance, to 70,000% ;
and the preliminary, parliamentary, engineering, and
law expenses, to 50,893L ; making the cost of this por-
tiq;x :)f the company’s lines 919,204L, or 8860. per
mile.

The contracts were entered into immediately after
the passing of the bill in July, 1861 ; the first turf of
the railway was cut on 17th October of the same
year, and the whole line was passed by the Government
inspector and opened for public traffic on the 9th Sep-
tember, 1863, being one year and ten months, an un-
precedentedly short time for works of such magnitude.
The works between Forres and Dunkeld were divided
into nine contracts, let by public competition, and
were undertaken 15,705 below the engineer’s estimate,
and were completed at 12 per cent. over the engineer’s
estimate, including 4 per cent. for accommodation
works ordered by land-valuators. The traffic has been
worked successfully and without accident for four years.
The mail trains perform the journey between Inverness
and Perth, 144 miles, in 5} hours. "It was proposed to
the Post Office, but not agreed to, on account of the ex-
pense, to run them in 4 hours.

An ordinary goods train of 20 wagons, or 200 tons
gross load, is drawn upthe steepest inclines by one
engine, having 17 inch cylinders and 24 inch stroke.

The traffic is rapidly increasing. The sheep and
cattle which used to reach the southern markets by a
toilsome journey of a month or six wecks, are now con-
veniently transported in a day at less cost, the com-
pls‘my having carried in one week upwards of 21,009
sheep.

In passing over the mountain ridges already described,
it was feared that serious interruptions would arise
from snow during the winter; but as the writer had a
knowledge of the whole country for many years, he did
not anticipate any difficulty on this head which might
not be overcome. The summit is about 500 feet higher
than that of the Caledonian line, or some 1500
feet in all above sea level, and is no doubt more ex-
posed. The first winter, viz., 1863-64, was wholly open,
and the traffic uninterrupted; in February of the second
winter, viz., 1865, a very heavy snow-storm occurred all
over'the north of Scotland, impeding the trafic of almost
all the northern railways, and stopping the traffic on the
Highland line for four or five days, which was only
restored with great difficulty by the labour of large
bodies of men. It was evident, therefore, that some
decided steps must be adopted to overcome the snow
difficulty, and, in the beginning of 1866, the road was
kept pretty well open by the application of snow
ploughs; and the experience of that winter made it
quite clear that this ditficulty might, with proper ap-
pliances, be effectually overcome, and means were
accordingly adopted for that purpose.

. In these elevated regions, when a snow.storm occurs,
it is accompanied with high wind, and the snow is con-
sequently drifted with great rapidity into the hollows
and cuttings. With the view of obviating this, screen
fences of light timber or of decayed sleepers, or earthen
mounds, were erected a few yards from each side of the
cuttings where the line was exposed. These were found
very effective for intercepting the drifts. There was
then provided snow-ploughs of three descriptions—viz.
one, a light plough, fixed to all the engines running on
the line, and capable of clearing 12 to 24in. of new
snow. The second was a more formidable snow-plough,
which was fixed to a pilot engine, and was found capable
of clearing 2 to 5ft. of snow. This pilot engine was
attached to goods or passenger trains. The third, and

* The extra work claimed by one contractor is still un-

::::L?, bni 6,8 vaillued afnd hﬁaid at the rate at which the extra
on miles of this system of raj

amioably sctuind. ystem of railways have been
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largest class of plough, was found to clear snow 10 or
11 ft. deep with the aid of four or five goods engines.

These appliances, notwithstanding the very serious
snow-storms which were encountered on the line in
January last, were capable of keeping the line almost
wholly clear.

This the writer considers a great triumph, inasmuch as
toe Highland line over such high elevations was kepticlear,
while by the same storm the lines throughout Scotland,
England, and France were more or less blocked up; the
lines in the north of Scotland being stopped entirely five
or six days; the mails for Aberdeen being delayed three
days from London, and two from Edinburgh; the
Norfolk line was blocked up for some days; the Holy-
head mail detained from twelve to sixteen hours; the
London, Chatham, and Dover blocked up for two days,
as well as the trains in France to Marseilles.
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Much credit is due to the activity and attention of
the Highland Company’s officers, Mr. Stroudley, the
locomotive superintendent, and Mr. Buttle, superin-
tendent of permanent way; Mr. Stroudley having
planned and constructed the snow-ploughs.

As a specimen of a cheaply constructed line of rail-
way, the writer annexes a note of the details of the
northern portion of the Highland Railway from Inver-
gordon to Bonar Bridge, 264 miles in length. The
country through which this section of the line passes is
comparatively level, and several parts skirt and run
through the sea, where the works had to be protected at
considerable cost. The cuttings amounted to 549,000
cubic yards, of which about 20,000 was rock. There
are 27 bridges over streams, 4 of them 40 to 50 ft.
span; 26 gublic and accommodation road bridges; and
2942 lineal yards of drains, varying from 18 to 36 inches
square. The rails are double-headed, and weigh 70 Ib.
to the yard, and are fished at the joints; § of the chairs
are 2041b.,, and § 281b. in weight. There are ten
stations, with permanent dwelling-houses for the agents
and porters.

The total cost of this portion of the line, the works
being of the very best quality, and the masonry all of
stone, amounted to 5018/ per mile; or, including par-
liamentary and law expenses and land, 5888/. per mile.

Commercially, these lines, extending over 246 miles,
have not as yet been quite successful, from the fact of
too great an extent of line having been undertaken at
once, it requiring, in an agricultural country, consider-
able time to develop the traffic.

Under the whole circumstances, however, the traffic
is satisfactory.

The works are of the most substantial character. The
capital account, which is under 2,800,000, is about
closed, as far as new works are concerned, while the
revenue is rapidly increasing. For the half year just
ended the company will be able to pay its preference
and debenture stocks, 5 per cent. on its floating liabilities,
and about 2 per cent. on its ordinary stock of 740,0007.

It will thus be seen that if the revenue increases in
the same ratio that it has hitherto done, viz. from
15,0007. to 20,000/. per annum, the company will be able
to pay in two or three years a satisfactory dividend of
5 per cent. When that event occurs, the directors may,
with propriety, give some moderate aid to the further
extension of the main lines of communication to Caith-
ness and Skye, both of which must prove valuable
feeders to the Highland system.

These lines were promoted chiefly by the great
landed proprietors in the country, among the most
prominent of which were the Earl of Seafleld, Lord
Fyfe, Mr. Mathew, of Ordness, M.P.,, Mr. Meny, of
Belladum, M.P., Mr. M‘Intoeh, of Rengincal, Col. Fraser
Tytler, &c.

ON STEAM-CULTIVATION.*
By Mr. Davip Grelg.

It is not my intention in this paper to treat of the
mechanical part of the above subject. For although the
greatly varying nature of the seils, and circumstances
to be dealt with over the country, renders it necessary
to have many different adaptations of the apparatus
employed, still the machinery has now been so nearly
brought to perfection that the farmer has no longer any
difficulty in obtaining apparatus suited to his own par-
ticular requirements. ‘The means employed to bring
about such results as those to which I shall advert can
scarcely be considered of that importance which the
subject assumed during the earlier stages of steam-cul-
tivation, The points I propose to deal with are:

The advantages to be derived by the farmer from the
use of steam in the shape of better crops; tillage ope-
rations more economically effected; the lessening of
the number of operations required ; and, most important
of all, work done at precisely the right time, and when
it can be done to the greatest advantage.

I shall also advert to the present state of steam-cul-
tivation, and its pro.ld)ecu for the future.

It is asserted by all who have tried spade-husbandry,
that the crogs obtained under that system arc much
batter than those which can be got from horse-cultivated
land; indeed, this is so far the case that although it cost
from four to flve times as much as horse labour, its
adoption has been found no disadvantage where an
abundance of labour, at & moderate cost, could be ob-
tained to do the work at the proper time. This is now
rendered impracticable by the present state of the
labour-market in England. However, the fact of its
superiority remains nevertheless indisputable,

he chief feature of advantage in npade-husbandrx is
the thorough loosening and mixing of the soil, and as
this is much better accomplished by steam, it logically
follows that crops upon steam-tilled land will be far
superior to those grown under horse-culture. And this
is borne out by actual experience, the exchange of
horse for steam power being generally followed by a
marked improvement in the crops, and much greater
yield per acre, varying of course with the nature of
the eoil, but amounting in some cases to two quart er
more corn per acre. The reason for this increased pro.

ductiveness can be easily understood; a team of four
horses ploughing a 12 in. furrow will leave more than
300,000 footprints per acre; and as these nearly cover
the ground, the effect, as every farmer well knows, is to
leave a hard subsoil or “pan” beneath the cultivated
ground, which becomes worse with every successive
gloughing at the same depth. The tractive power that
orses are able to exercise upon a plough or other im-
plement is very limited, and is further in
consequence of having to eonv? their own weight over
the broken and uneven soil, and also to partly undo the
compression caused by the treading of their feet.
If a horse be taken when the land is in a rather
plastic state and walked across the track of the steame
plough, and made to travel to and fro transversely on
every 10in. width until a breadth of 6 yards is trodden
over, it is then found that if the steam-cultivator has
just sufficient steam to perform its work properly before
it arrives at the ground so trodden down, it will be
completely stopped before it gets through the 6 yards;
and, considering the momentum of the fly-wheel, this
experiment shows plainly that the power required is
something very material, and experience shows one-
third additional draught to be required on land that has
been trodden down to the same extent as in cultivation
by horse power. With steam the case is very different.
The engine stands on the headland and hauls the im-
plement to and fro by means of a wire rope. All tread-
ing and compression of the soil and subsoil is thereby
entirely avoided, and the implement is driven at a
much more rapid pace, throwing up the soil to a greater
depth, and in a loose state, enabling it to derive full
benefit from the influences of the atmosphere. It-is
found in practice that the rapid motion of the steam~-
driven implement tends to loosen and aériate the soil
much below the actual depth at which the tyne ar
share is running. In horse or ox ploughing the case is
just the reverse, as the sole of the plough and the tread-
ing of the animals so consolidate the bottom, that the
necessary chemical action between soil and subsoil is
prevented, and consequently all escape of gas aud
water. The result of the deep tearing up and loosening
of the soil at the proper time by steam is that its tem-
perature is raised, and a much greater quantity of
ground is penetrated by air. The air is replaced in the
same proportion by water, when rain comes, and this
moisture is retained in the cultivated ground as though
in a sponge, any superfluous quantity sinking away to
the drains beneath, instead of the whole lying for some
time on a hard trampled subsoil, as though held ina
dish, making the land cold and ungenial.. -

I am now more particularly referring to heavy land;
but a siwilar result is observable in the case of light
land. Light lands are never much damaged by wet;
the principal danger is from “ burning” in dry weather,
but the deep cultivation and loosening of the soil,
instead of having it lying on what might be termed
a board, causes even light land to retain its moisture in
a dry season for a considerable time. The mere ques-
tion of aériating the soil deserves much more attention
than is generally given to it. Mr. Bailey Denton lately
wrote an able letter to the Times, which forcibly
illustrates the importance of this question. He says:

“ Within a few miles of the metropolis, on Northpark
Farm, Blackheath, Mr. Shepherd has raised a breadth
of wheat which any earnest agriculturist will be pleased
to see. It is growing on land not naturally fertile,
which Mr. Shepherd underdrained at his own cost, and
has since cultivated with steam-plough. The yield has
been estimated by good judges at an average of 45
bushels per acre. At 8s. per bushel, this will bring 18/.
per acre, irrespective of the straw, which may be con-
sidered as equivalent to the harvest expenses.

« Adjoining Northpark Farm is some very good
wheat growing on similar land, equally well drained
and treated, except in the one particular of steam-
cultivation. It has been horse-ploughed. This yield
may be fairly put at 30 bushels, which, at the same
price per bushel, will bring 12/, per acre.

¢ Within sight of these two instances may be seen
some wheat also growing on land similar in character
to Mr. Shepherd’s, which has neither been drained nor
steam-cultivated, the yield of which cannot be estimated
at more than 20 bushels to the acre. The return in
money, at the same price per bushel, will be 8L per

« Hence we have within a short drive of London three
cases of comparison, which cannot fail to show that by
the adoption of deep steam-cultivation on deep drainage
the produce from stiff soils may be doubled.”

Steam-cultivation improves the crops in another way.
If the soil has been thoroughly and deeply loosened at
the right period, and has not been consolidated except
by its own weight, the roots of the plants have ample
liberty to penetrate, until they are stopped by natural
causes. In dry seasons the roots are thus enabled to
follow the moisture in the ground very much farther
than would otherwise be possible, and as no burning can
take place until the deepest root has entirely exhausted
the moisture around it, the crop is made capable of
resisting the effects of drought for a very long time. I
believe that the success or otherwise of a crop depends

* Paper read before the British Association at Dundee.

upon the number of cubic feet of soil that the roots are
able to penetrate, and I have found that a grain crop
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will stand up much better, and is not so easily laid on a
deeply cultivated soil as on one that is shallow. From
what has been said on this part of the subject, it will be
readily conceded that a great improvement in the crops
is one of the results that must inevitably follow the use
of steam on the land.

At the present time the cost of performing tillage
operations by steam is very far from being so low as it
should be, or what it eventually will be. In many
cases, and especially with machinery working for hire,
the very heaviest portion of the work is given to steam,
and generally that which cannot well be done by horses.
Now, before we can obtain the maximum of cheapness
‘we must cause steam-power to perform all the operations
connected with the tillag of the ground; for if, after
steam-ploughing a field, horses are taken upon it perhaps
two or three times for the purpose of harrowing, or doing
other similar word, the ground is of course trodden
down, and consolidated again. The consequence is, that
the next year it requires much more power to break it
up than would otherwise be the case; and not only does
it require this extra force, but clod-crushers and other
implements have to be applied to it, which would not
be required if the treading was avoided. The generality
of land if put under steam-cultivation, and kept entirely
free from the trampling of animals, would only require
one very deep-cultivating operation every fourth or
fifth year, and would be kept in such a state as to allow
air and moisture and the roots of the crop to penetrate
freely, so that the cultivation of the cereal crops in the
rotation would only require to be light or surface
operations sufficient to receive and cover the seed.

The cost of steam-cultivation has hitherto been
greatly increased by the excessive breakages that have
occurred to the machinery. These have arisen from
two causes—namely, the want of men properly educated
to the work, and the deficient construction of the ma-
chinery at first employed. These difficulties are now,
however, altogether overcome, and with ordinary good
management any mishaps of the kind named may be
wholly avoided. With regard to the cos{ of steam as
compared with horses, I find, from careful’ observation,
that, including interest on money, depreciation, and
repairs, the average yearly cost of maintaining a set of
steam-cultivating machinery, doing 2000 acres per year
(say 10 in. or 12 in. deep), is under 800L., or 3s. per acre.
This allows money enough for its replacement in ten
years. A good machine of this kind should displace
over thirty horses, and of course many horse-imple-
ments. Now, the wear and tear of the harness, imple-
ments, and the amount of farrier’s and other bills in
connexion with these thirty horses, with interest and
depreciation, will be at least twice as great as the eorre-
sponding items chargeable \gnn the steam tackle. The
average price of coals per horse power per day—that
is, the cost of the quantity of coals we should have to
burn in an engine to get out of it work equal to what
one horse could do in a day—is 7d. It is quite evident
that the daily keep of a horse must cost much more
than this. Less than half the number of men also are
required todo the same acreage of work, although their
wages have to be somewhat higher than those of the
ordinary farm-labourer.

Or, to put the case more concisely, a pair of horses
in an ordinary plough cannot pull with a force of more
than 3 cwt. or 4 cwt. at the most, and a day of this
work cannot cost less than 10s.; on the other hand, a
steam-ploughing engine will give off during the whole
day eight or nine times that dranght, at a cost of cer-
tainly not more than 3. These calculations are per day
only; but as the horses have to be kept and fed when
they are idle as well as when they are working—which
is not the case with the steam-engine—the comparison
is manifestly unfair to the latter. The whole of the
comparisons should be based on a yearly average; but
. it is rather difficult to come to a conclusion how many
acres a pair of horses can cultivate in a year even sup-
posing them to be exclusively occupied in such work.

Money is saved in another way. After a thorough
deep ploughing, or cultivating by means of steam, it is
evident that ouly half the number of after.operations
will be required to bring the ground to a sufficient tilth.
In heavy land twitch will be found to disappear alto-
gether, as there will be no treading and planting of it
by the horses’ feet, which has so much effect in undoing
the very operation while being performed, and conse-
quently necessitating many successive operations in
thoroughly cleansing the land. A steam-driven imple-
ment always tends to bring the weeds and rubbieh to
the top, never buries them. Heavy land is not natu.
rally inclined to grow twitch; and it' so much treading
and tnmgling could be prevented, it is the writer’s firm
opinion that no such thing would grow on it except
through gross mismanagement or very light crops. The
want of suitable implements has been a drawback to the
cheap use of steam in tillage, as farmers have not been
able to effect more than a portion of their work by its

means.

Although it is no doubt an advantage to be able to
do the farm operations more cheaply than by horse
power, I look upon this as of minor importance compared
with the results referred to in the first part of this paper,
and with the increased certainty that will attend the

carrying out of the farming business, about which I
shall say more presently.

The cultivation of soil is a business that requires a
great amount of care and attention. A very false idea
of a farmer’s business is conveyed, when it is said that
any one is fit for farming; on the contrary, I do not
know of any business which requires such minute
attention, and such keen observation; and this arices
mainly from the extraordinary variations in the climate,
weather, and soil, and the great effect these variations
have upon the crops. Those persons who most care-
fully observe the state of their land, and never work it
except at proper times, will derive the greatest advan-

tage from it. On a farm under horse. cultivation, how-

ever, this is a very dificult task, as the small amount
of profit yielded by farming will not allow the number
of horses, &c., to be kept that would be necessary to
deal with all the land at the right period, and in the
most economical manner. This inability to perform the
work when the land is in its best condition involves its
deterioration, until it can scarcely be considered to be in
growing condition, and not unfrequently involves the
total or partial loss of a crop. When we reflect that
there are only two or three months in the year during
which tillage work can be profitably performed, the
fact that the horses are sometimes kept going con-
tinually, in order not to fall behind-hand with the work,
shows that the soil must often be operated upon when
it is in a very improper condition. But the person who
farms by steam has a powerful and ample force at his
disposal, so that he can afford to wait until his land is
in a fit state for working; and this force is also an un-
tiring one, which he can work night and day, with
relays of men, if necessary. You may often hear
farmers complain that they have got behind-hand with
their work; and they will point out to you a field, or
perhaps two fields, in which the crop has been nearly
lost simply because it was put in two or three days
later than the remainder, or when the land was in a
state unfit for its reception.

This occurs because the farmer is usually obliged to
keep his working force of horses down to the narrowest
possible limit, and the consequence iz, that in some un-
favourable seasons he requires twice the power at his
disposal to do his work in time. But, as the writer has
shown, these irritating and expensive difficulties are
almost unknown to the man who farms by steam.
Hitherto farming has very rarely been highly success-
ful as a commercial undertaking, and when taken up by
commercial men it does not often pay. The reason is,
that to effect the different operations required in the
best possible way entails an expenditure all the year
round which cannot be borne by the profits of farming.
As the use of steam develops itself, however, farming
will become a business in which 2 man may see his way
with some degree of confidence, and be able to calculate
beforehand the cost of each operation, and whether he
will gain or lose by it. The season and the weather

will have only half the control over the crops and till--

age operations that they have at present. But, before
these results can be effected, it is necessary that the
very cheapest system of cultivation—cheapest, I mean,
as s the cost per acre—should be adopted, that
the tillage should be done at & given time, and at a cost
not greater than that of the actual day’s work. For
instance, if, under the present system, a farmer were to
take each field consecutively, and just calculate before-
hand the cost of the different operations required for
cultivating it, under ordinary circumstances, he would
probably find that such an estimate would have to be
double before it would cover his actual expenditure—
and this in consequence of wet days and other contin-
gencies compelling him to keep his teams and men
standing idle. Such a state of things in an ordinary
mercantile business would be ruinous; and this is the
great drawback in all calculations connected with farm-
ing—wet days have to be paid for exactly the same as
dry ones, and often &xpenses are running on when real
harm is being done to the land. Before, also, we can
attain the cheapest system of cultivation, we must
have the farms remodelled, in order to admit of engines
and machinery being worked in the most profitable

way ; and, as the writer has before pointed out, that:

we must liave steam implements that will perform
every operation required so as to keep horses off the
land altogether, and thus lessen the power required to
till the ground. ‘Theland must be brought into a uni-
form state, and be consolidated only by its own weight.
When these principles are thoroughly carried out, the
cost of cultivation will be only one-half of what it is at
present, even where steam is partially employed. It is
important that the fields should be made of a size to
suit exactly the routine of work that the farmer wishes
to carry out, and arranged so that all the crops of one
kind are together, thus avoiding unnecessary delays
and removals. The removal of a number of imple-
plements from one field to another entails a loss of
time, which should be reduced to & minimum by
making the flelds as large as possible, consistent with
the rotation of crops the farmer intends to follow.
Some may argue that, as their farma consist of different
kinds of land, they require a particular crop upon each
kind; but the writer believes that, when steam is used,

the advantage of having the whole of a crop in one
place more than counterbalances any drawbacks of this
nature—except, of course, in very exceptional cases;
and besides, the fact that steam can work on one kind
of land just as easily as another will often remove
these objections altogether. .

As an example of the advantages of enlarging flelds
and pulling down old fences, the writer would refer to
the case of a gentleman in Essex, Mr. Prout, of Saw-
bridgeworth, who, on a holding of 450 acres, by pulling
down fences and dividing his farm into seven or eight
large flelds, has gained no less than 16 acres of arable
land—1land which was formerly occupied by old straggling
fences, trees, and watercourses; and this has been done
at a cost which is trifling, in comparison with the
benefits obtained from the improvements.

The question of roads on a farm has an important
bearing on the subject. There is an objection gener_all.y
made that they take up too much ground, but this is
altogether unfounded. The headlands, which are gene-
rally trodden down and compressed by horses and
carts, require at least twice the cultivation of the other
parts of the field, and yield worse crops; there can be,
consequently, no profit in their tillage, and the width of
& road dividing two flelds is of course much less than
that of two headlands and the hedge. But, however
that may be, by having properly constructed roads on a
farm, the cost of taking off the produce is very con-
siderably lessened—say, by 3d. per ton on the whole.
This would much more than cover the rent of the
ground occ:dpied, and prevents any treading on land to
be cultivated.

When these and such kindred improvements are
carried out, farming will become a business, which any
thoughtful and intelligent man may manage with profit,
and will be free from most of the vicissitudes which
now cause the investment of capital in farming to be
looked upon as of so precarious a character. Besides
the advantages to the agriculturist, the nation at large
will derive great benefit from the increased yield of
crops, and also from the fact that the materials to feed
the power used in tillage will be drawn from the coal-
mines or the forest, instead of being taken from the
produce of the fields. We shall not be obliged to import
so much corn as hitherto, and a larger per-centage of
the crops will be converted into food for human beings
instead of food for horses. i

In these days of dear labour, a very important point
is the reduction in the amount of manual labour re.
quired to till the soil, together with the enlightenment
of the agricultural labourer, tending to make him use
his mind as well as his body. So far as this country is
concerned, the state of the labour market is becoming &
question which every farmer will have to study; for
while the labourer is justly participating in the progress
of the condition of people in this country, the rise in
labour must materially lessen the former profits, except
by employing such machinery as shall considerably
diminish the number of men requited.

ON THE CONSUMPTION OF FUEL.*
By Mr. WiLLiax PaTersox, C.E.

THE consumption of fuel in the furnaces of land and
marine engine boilers, in the best way possible, so that the
heat evolved during combustion may be utilised to its
fullest extent, has become a question of the deepest im-
portance, since steam power has supplanted nearly all other
motive powers, in moving the machinery used in arts and
manufacturies, propelling vessels, and drawing carriages,
and is otherwise extensively used in heating and drying
processes; and, according to Sir Roderick Murchison’s
report, as to the coal produce of foreign countries and
England, it appears that the produce of England is
98,150,587 tons per annum, and as there is no doubt but
that only a small proportion of that quautity will be used
for domestic purposes, it is, therefore, no wonder that the
fear of exhausting our coal-fields is apprehended; and,
although the industry of the country cannot be stinted in
its supply of coal, in order to the conservation of such a
valuable article, the next best thing to do is to take all the
heat out of the fuel that can be got by proper combustion,
and to apply the heat obtained so as to raise the largest
quantity of steam, at the most economical pressure, for
working with, and thereby obtain the greatest amount of
work from the least quantity of coals, and by that means
limit the demand, and save money on what is burnt; and
as the product of proper combustion is a colourless vapour,
the annoyance of having the atmosphere of towns impreg-
nated with black smoke, or unconsumed carbon, would be
avoided.

Although it is apparent, from the chimneys of furnaces
of some works and vessels not emitting much coloured
vapours, that the consumption of fuel is pretty well per-
formed, but whether ically or not t be said,
it is, however, equally apparent, by the issuing of black
smoke, or unconsumed fuel, from many of the chimneys in
our manufacturing towns, collieries, and steam vessels, that
economy in the consumption of fuel is not yet generally

* Paper read before the British Association at Dundee.
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obtained, and that ‘ the time has not arrived when it
would be considered a disgrace to produce black smoke.”*

Notwithstanding that several treatises on the proper
consumption of fuel, and the prevention of smoke, have
been published—one of the best of which, with supplement
by Dr. William Fairbairn, C.E., appeared in the printed
Tr tions of this Association—but, of these treatises,
there is in some of them too much stress laid on, and argu-
mentation in favour of, some particular view the writer
held, or patent he had some pecuniary interest in, which
militated against the real essential part of the work, and
in all, even the best, the information given is of rather too
scientific and technical a natare, and such practical direc-
tivns are a-wanting, that in a great measure prevents prac-
tical men from understanding and applying the information
therein afforded.

It therefore occurred to me to make an attempt to
supply what is required, and, having no other interest to
serve than the advancement of science in that direction,
and in no controversial spirit, I have put together such prac:
tical observations, sucrgestions, and rules as may conduce
to that end, which, from the experience and observation
of thirty years, I have learned and found to be efficacious
in consuming fuel by proper combustion, and applying the
beat 50 obtained, and I trust that the present attempt wiil
not altogether prove useless,

To have fuel properly consumed, and the heat evolved
therefrom utilised to its fullest extent, is obtained by
having the area of the firegrate of a size capable of hold-
ing the weight of fuel of the necessary depth, sufficient to
to raise the steam required, the depth of thickness of fuel
on the gratebars or branders being in proportion to the
quantity of air that can pass through between the bars and
fuel at the rate necessary for perfect combustion in con-
nexion with the method adopted for feeding the furnaces,
and that the flues and chimney shall be so proportioned to
the area of the firegrate that the products of the combus-
tion shall be carried away at such a rate that a sufficient
supply of air may be obtained, and be under control at the
furnace.

The second is attained by causing the flame or heat
arising from the incandescent fuel to be applied to as large
a surface of the boiler as can be got at, when the heat is
at the greatest, and the heated air or products of combus-
tion may leave the boiler at the same temperature at which
the steam is in the boiler, the boiler being of a form that
in the circummstances offers the largest absorbing surface to
the heated products of the fuel, and be formed of the best
conducting materials, having the least possible quantity of
water in the boiler that is necessary for the steam required,
accompanicd with a sufficient steam space.

To arrive at the proper area of firegrate, it is necessary to
know the kind of fuel that is to be burnt thercin, and the
quantity of stcam that has to be obtained from the boiler.

There have been published several excellent analyses of
the different kinds of fuel used, but all that is really re-
quired may be obtained by consulting the tables given in
the excellent reports of experimental investigations on
coals for the steam navy, by Sir Henry Do la Beche and
Dr. Lyon Playfair, and with the tables in these reports
will I principally deal in illustrating the process of arriving
at the respective arcas from firegrate to chimney, and will
take, of the tabulated fuels in the reports mentioned, New-
castle Hartley and Fordel Splint, and for 100 lb. of each.

1. To find the cubic feet of oxygen mnecessary to
saturate the carbon of the fuel.

Take the percentage of carbon opposite the fuel in
column B, Table 2, (see page 212) multiply it by 2.666,
the atomic weight of oxygen that combines with 1 of
carbon, and by 11.85, the number of cubic feet in 11b. of
oxygen ; the product is the cubic feet of oxygen required.

Newcastle Hartley. Per cent. of carbon 81.81.
61.81
2.666
218.105
1185
205+.544 cubic feex of oxygen required.

Fordel Splint.  Per cent. of carbon 79.58.
79.58
2 666 !
212100
1185
2013977 cubic feet of oxygen required.

2. To find the oxygen neccssary to saturate the hydrogen
of the fuel.

Také the percentage of bydrogen opposite the fuel
selected in column C, Table 2, multiply it by 8, the atomic
weight of oxygen that combines with 1 of hydrogen, and
by 11.85, the number of cubic feet in 11b. of oxygen; the
product is the cubic feet of oxygen required.

Newcastle Hartley. 5.50 per cent. of hydrogen.
5.50
8

44.00
11.85

3214 culic feet of oxygen required.

* Mr. Fuirbairn's answer to Mr. McKinnon before the Select
Committee of the House of Cuminons on the 23rd April, 1845.

Fordel Splint 5.50. per cent. of bydrogen.
5.50
8

44.00
11.85
521.4 cabic feet of oxygen required.

3. To find the quantity of atmospheric air that will give
off these two quantities of oxygen.

Add the quantities of oxygen required for the carbon
and hydrogen of the respective fuels together, multiply the
sum by 4.762, the proportion in volume the atmospheric
air bears to the oxygen in it; the product is the atmo-
spheric air required.

It may be necessary to mention here that to be strictly
correct it would be necessary to deduct from the sum of
the two quantities of cubic feet of oxygen the cubic feet of
oxygen in the fuel, as shown by the percentage in column
F, Table 2 ; but as it is uncertain the time when the oxygen
is evolved from the fuel, and it is rather better to have an
excess than a deficiency of oxygen, I considered it not
necessary to take that into account.

Newcastls Hartley.
2,584,544 for carbon
521.4 ,, hydrogen
3,105.914 .
4.762
14,790.505 cubic feet of air required.
Fordel Spli
2,618.977 for carbon
5214 ,, hydrogen
3,035.377
4.762
714,451.465 cabic feet ofair required.

4. To find the economic value or evaporating power of
the selected fuel.

Take the number of pounds given in column A, Table 1,
multiply them by 100, the product is the weight of water
in pounds that 1001b. of the fuel will evaporate ; then
divide the last product by the rate of evaporation, column
K, Table 1, the product will be the time in hours it would
take to evaporate the weight of water which 100 Ib. of the
fuel could evaporate.

XNewcastle Hardey.
Water evaporated, 8.23 lb.
Rute of evaporation, 308 lb.
8.23
100
308)823(2.472 time required.
Fordel Splint.
Water evaporated, 7.56 b,
Rate of evaporation, 464.9 1b.
7.56
l()O_ .
461.9)756(1.626 time required.

5. To tind the cubical content of 1001b. of the sclected
fuel when used as fuel, and the square area of firegrate in
inches it will cover at 12 in, 6 in., and 4 in. deep.

Multiply 1728, the inches in a cubic foot of fuel, by 100,
and divide the product by the number in column B, Table 1,
the quotient is the cubic inches in 1001b. of the fuel used
as fuel ; then divide the last resuli by 12, the square root
of the quotient will be the side of the square, in inches, of
the area of firegrate covered by the fuel in 100 Ib. at 12 in.
deep. -

For 6 in., square the side found for 12 in., double it, and
the square root of the product is the side of the square area
of firegrate covered by 6 in. of fuel.

For 4 in. square the side found for 12in., triple it, anda
the square root of the product is the side of the square area
of firegrate, covered by four inches of fuel.

Newcastle Iartley.
Weifhtsof a Cubic foot of wy as fuel, 50.5.
72

100
50.5)17 2500(3421.78
12)3421.48
2/285.148=16.886 sido of square of 12 in.
23,880 " 6in.
: 20.247 " 4in.
Fordel Splint.
Weight of a cubic foot of coal as fuel, 55,
1728
160
55)172800(3141.818

12)3141.818 ,
4/261.818=16.180 side of square of 12 in.
22.883 " Gin.
28,025 " 4in.

6. To find the area in a cubic foot used as fuel to allow
air to pass through different kinds of fuel,

Multiply 144, the number of inches in a square foot, by
the number in column B, Table 1, the weight of a cubic
foot of coal used as fuel, and divide the product by the
number in column C, Table 1, the weight of a cubic foot of
solid coal, subtract the quotient from 144, multiply the
remainder by .666, to give an allowance for clinkering, &c. ;
the square root of the product is the side of the square in
inches of the air-passage, through a squarc foot of the
sclected fuel at the branders or fire-bars,

Newcastle Harlley. ‘
Weight of cubic foot of coal tised as fuel, 50.5
g solid coal, 80.27
1

50.5

80.27)7272(90.594

" b3.406

.666
4/85.568=5.963 side of square.

Fordel Splint.
Weight of a cubic foot of coal used as fuel, 55
solid coal, 78.61

”

1" ”

—144
78.61)7920(100.75
43.25
.666
&/28.804=5.866 side of square.

7. To find the rate at which the atmospheric air must
pass through the firegrate to burn off the 100 Ib. of
selected fuel.

Divide the cubic feet of atmospheric air found by Rule
3 by the time in seconds that the 100 1b. of fuel takes to
evaporate the quantity of water found by Rule 4, multiply
the quotient by the side of the square in inches of firegrate,
found by Rule §, and divide by the side of the square in
inches of the air-passage per square foot of fuel, found by
Rule 6; the quotient is the rate at which the air must
pass through the firegrate per second, to burn off 100 Ib.
of the fuel at 12in. deep on bars ; if for 6 in. one-half,
and if for 4 in. at one-third of that rate.

Nevcastls Hartley.
2.672
60
160.32
.60
9619,2)14790.505(1.557
- 1oAs
5.968)25.953(4.852 rate required.
Fordel Splint.
2.672
60
160.32
60
9619.2)14454.465(1.502
16180

5.336)24.302(4.554 rate required.

8. To find the area of fircgrate with fuel at 6 in. deep
thereon, to raise steam from 212° equal to one nominul
horse-power of a condensing engine.

Divide by 60 the pounds of water evaporated by 1001b.
of fuel in an hour, as found by Rule 4; multiply the
quotient by 27.648, the cubic inches of water in 1 1b. of
water, and by 1669, the cubic inches of steam iun one of
water, at the pressure of the atmosphere, and by 10, the
pounds of effective pressure the steam would have on the
piston of a condensing-engine having a good vacuum ;
divide the product by 12; the quotient will be the number
of pounds that could be raised by the steam 1 foot high in
a minute; divide this by 44,000; the quotient iz the
number of horses’ power in the steam raised by 100 lb. of
fuel at 6in. thick on the firegrate; then by this number of
horses’ power divide the area of firegrate covered by fuel
6in. thick, as found by Rule 5 ; the square root of the
quotient is the side of the square of area of firegrate, with
fuel of 6 in. dcep for a nominal horse-power of a condensing
engine.

2 Newcastle Hartley. Water evaporated, 8.23 1b.

"100

60)823(13.716
27.648
37v.219
1669 16.886
632916.511 16.886

- 285.136
© 12)6329165.119 2
44090)527430.425(11.987)570.272( J/47.074=6.807.

Fordel Splint. Water evaporated, 7.56 1b.

7.56
100
60)736(12.6
27.648
- 818 364
1669 16.180
581419.516 16.180
10 261,792
12)5814195.160 2

44000)484516.263(11.011)523.584 3/47.545=6.893.

9. To find the area of firegrate, with fuel of 6 in. deep,
for a nominal horse power of a non-condensing engine, say
at 30 1b. of effective pressure on the piston, which will take
steam of 50 1b. pressure in the boiler.

Divide by 60 the pounds of water evaporated by 100 Ib.
of fuel in an hour, as found by Rule 4, multiply the quotient
by 27.648, the cubic inches of water in 11b, of water, and
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by 552, the cubic inches of steam in 1 of water, at 50 1b.
pressure, and by 30, the pounds of effective pressure, divide
the quotient by 12, the quotient is the number of pounds
that can be raised by the steam °1ft. high in a minute,
divide this by 44,000, the quotient is the number of nominal
horses’ power in the steam raised by 100 lb. of fuel at 6 in.
in the firegrate, then by this number of horses’ power
divide the area of firegrate covered by fuel 6in. thick, as
found by Rule 5, the quotient is the side of the square of
area of firegrate, with fuel of 6in. thiek thereon, for 1
nominal horse-power of a non-condensing engine at 30 Ib.
of effective pressure of steam.

Nmatstlgaﬁartley’ . Water evaporated, 8.28 Ib.

' 100
60)828(13.716
27.648
379.219
__ 562 16.886
209.328 16.886
. 8 285.136
12)6279.866 2

44000)523.322(11.898)570.272( 3/47.950="6.924 side-
Forgeg és‘plmt Water evaporated, 7.56 lb.

100
60)756(12.6
) 6(27.648
348.364
552 16.886
199296.928 16.886
3 285.136
12)5768907.840 2

44000)408742.320(10.925)570.272(,2/52.198=7.224 side

The time when smoke is emitted from the chimneys or
funnels is when hydrogen is being evolved from the fuel
during combustion ; and if a sufficient quantity of oxygen
cannot be brought in contact with the products of the coal,
through the firegrate, at that time, so as to fully saturate
both hydrogen and carbon, hydrogen—having a greater
affinity for oxygen than carbon, and combining in combus-
tion with it in a much colder state than carbon—Ilays hold,
as it were, of its full equivalent of oxygen first, leaving the
carbon set free by it, to combine with the oxygen left, if
any, in the proportions which produce carbonic oxide,
which is emitted from the chimney as light brown smoke,
and the heat evolved in the production of this oxide is not
above two-fifths of the heat ; if the same amount of carbon
had had its full equivalent of oxygen, for although the
heat evolved generally is in proportion to the oxygen
burned, that law does not hold good in this case, and if
little or no oxygen is left, the free carbon goes off in the
shape of black smoke, and no heat obtained from the carbon;
rather the reverse, it having carried away some of the
heat evolved from the combustion of the hydrogen. The
process used in the formation of lampblack is a good
illustration of how black smoke is produced.

In some instances there is not sufficient oxygen for the
complete saturation of the hydrogen alone; in this case the
unconsumed hydrogen goes off along with the free carbon,
and, if the chimney or funnel be low, will be observed
burning in flame at the top.

Instances of the latter kind occur when the combustion
is slow—the distillation of the fuel goes on most favourably
under slow combustion—the effect of which is, that a great
proportion of the oxygen of the atmospheric air gets into
combination with the carbon at the top of the firebars,
creating a strong heat there, in many cases melting the
bars, and roasting and distilling the fuel above, while the
oxygen ia being exhausted, the product of the distillation
going off along with the carbonic acid gas or oxide and
nitrogen, the process being, in such cases, the oxygen burn-
ing the fuel, a small quantity of oxygen being consumed
compared with the quantity of fuel, while in the cases
where proper combustion takes place, the largest amount
possible of oxygen is consumed compared with the quantity
of fuel.

Although a great deal can be effected to remedy the
unequal demands of atmospheric air in the furnaces that
are stoked by the hand, by a judicious method of stoking.
Mr. Watt instituted a very good system by having an
extra depth of fuel placed at the furnace mouth, partly on
the dead hearth, so that by a partial distillation some of the
more volatile products are brought off slowly, and are burnt
off+ along with the incandescent fuel on the area of the
grate, that extra thickness at firing being spread over the
reduced depth of fuel on the grate, and the principal part
of the fresh fuel being, as before, laid at the furnace
mouth. Still it is clear that a regular and uniform supply
of air into furnaces is not required for complete and
economic combustion when the feeding of the furnaces is
done by hand. Therefore, when the largest quantity of
air required cannot be brought through the firebars, the
additional supply can be very well supplied through aper-
tures, having regulators on them, in the furnace doors ; orif
the furnace or firegrate is long, a supply can be obtained
through or at the back of the bridge or flame.wall, the air
being conveyed to the bridge in a pipe or pipes having re-
gulators on them ; these regulators could be wrought with
self-aoting cataracts in connexion with the furnace doors.

Ash-pits should be in cross section, the full aggregate

area of the open spaces between the firebars, and should

‘have doors on them with slides to regulate the supply of
‘air, and act as & damper when the heat evolved requires to

be retained for a short time.
A sufficient cubic space above the firebars is of great

-importance to allow the volatile products of the fuel to be

properly mixed and combined before being carried away
over the flame-wall and forced in amongst the carbonic

"acid gas and nitrogen of the air consumed, as also to keep

that part of the boiler over the furnace from being roasted,
as it were, by being too near the incandescent fuel in a
white heat.

As an empirical rule, I have found it answer very well
to allow an average of 2 cubic feet above the fuel on every
square foot of firegrate; this, with the thickness of the
fuel, gives an average height the boiler ought to be above
the firegrate.

Imay remark here that it is always well to allow for a
good thickness of fuel being used on the firegrate, it being
most economical for raising high-pressed steam ; for, as it
may be observed, by comparing the sizes of the firegrates
required for a nominal horse power of a condensing and
non-condensing engine, that they are nearly alike, it is,
therefore, evident that working with high-pressed steam is
the most economical, inasmuch as a small quantity of high-
pressed steam, having the same elastic power as a larger
quantity of low-pressed steam, by being wrought expan-
sively, will work with a useful effect two and a half times
more than the low-pressed steam.

Of the area over bridge or flame-wall, to insure proper
combustion in the furnace, it is imperative that the products
of combustion should not pass from the bridge or through
the flues at a greater rate than the air comes through the
gratebars.

10th. To find the area over the bridge or flame-wall at
the end of firegrate.

To the superficial area in inches of the air-passage through
a square foot of firegrate per second, by Rule 6, add one-
thirtieth part for the increase of volume in the combination
of the hydrogen and oxygen, and for other products of the
fuel not previously taken into account; and as the tem-
perature of the furnace may be assumed to be fully 1000°,
multiply the total volume by 8, the square root of the
quotient is the side of the square in inches for the opening
over the bridge or flame-wall for every foot of firegrate.

Newcastle Hartley.

5.963
5.953
2635.557
1.185
36.742
3

&/ 110.226 = 10.498 side of square required.

5.336 Fordel Splint.

s
% )28.472
_ 949
29.421

3

,3/88.263 = 9.394 side of square required.

Of the flues, no part of them should be less in cross sec-
tion than the area over the bridge or flame-wall; they may
with advantage be made somewhat larger, to give space for
the deposition of dust, 8o that the flue at no time may be less
than the area over the bridge or flame-wall, and the dis-
tance between the chimney and furnace should be as short
as possible.

The chimney being the part connected with ordinary fur-
naces which provides the power to force the required quan-
tity of air into the furnace, it is necessary to have it of such
relative proportions and dimensions as, with the heat going
to waste from the boiler, will enable it to perform that
work.

11. To find the inside capacity of a chimney.

Square the rate in feet of air required to enter the fire-
grate per second, multiply the product by .002288, the
product is the force in pounds with which the air will enter
by the air passage in a superficial foot of firegrate, multiply
the product by .333, the proportion at least which the air
passage between the firebars should bear to the bars, the
quotient is the force in pounds exerted on one foot of fire-

rate.
g From the degrees of temperature of the products of com-
bustion entering the chimney, which may be assumed at
the temperature of the steam in the boiler, say 212°, sub-
tract the degrees of temperature of the atmospheric air

1
assumed at 60°, divide the difference by 490.8 ( mosth

the increment in bulk for every degree of heat Fahrenheit
above 32°), add one integer to the decimal found, multiply
the sum by 1728 ; the product is the number of cubic inches
of the rarified air in the chimney, equal in weight to the
inches in a cubic foot of air outside the chimney ; multiply
535.68, the weight in grains of a cubic foot of air at the
ordinary temperature, by 1728, and divide by the last pro-
duct obtained, subtract the quotient from 535.68 grains, the
difference is the weight which a cubic foot of rarified air is
lighter than a cubic foot of air outside, multiply this by
.333, the area of air-passage entering the furnace, divide
the weight of force exerted on a foot of firegrate in grains
by the last product; the product is the height which a

column of the rarified air will counterbalance the pressure
of one foot of area of firegrate.

Newcastle Hartley.
4.8:2
4.362
18.989
002288
04334
.383

0144302
7000

101.0105
212
60

490.8)152( .809
1.000
1.309  585.68
1728 1728
9261.592)925656.04(535.680
409.228

126.452
.333
42.108)101.01(2.398
Fordel Klmt.
4.5

4.554

20.738
002288

047450
.333

0158
7000

110.60

212
60

490.8)152( .309
1.000

1309  535.68
1728 1728 -

2261.592(926665.04(585.680
409.228

126.452
.333
42.108)110.6(2.626.

It, however, should be observed that the inside area of
the chimney at the top should nearly equal the area of air

through the firegrate. As the previous calculations
in connexion with the tables showed a much lower rate of
air going through the firegrate than ought to obtain for
proper combustion—for Dr. Ure, in a paper read before the
Royal Society in 1863, stated that he found the agrial pro-
ducts of combustion, from boiler furnaces flew off with a
velocity of fully 36 ft. per second—and as these products in
that condition follow, apparently, a fixed law, it is a natural
conclusion to come to, that if the products of the fuel were
supplied with the necessary oxygen at a rate nearly equal to
that at which they fly off, more complete combustion would
follow, and the full complement of heat be evolved.

12. To ascertain the height of chimney, the current of
air through the firebars, the area of firegrate, and the
pressure of steam being determined on. «

Square the rate required, multiply the product by
.002288, then by the area in feet of firegrate multiplied by
.333, the product is the pressure of airin pounds on the air-

of firegrate ; multiply this product by 7000 grains,
the product is the total pressure in grains; find the differ-
ence of weight of a cubic foot of rarified air and a foot of
cold air, as by Rule 11; divide the total pressure by this
difference, the quotient is the cubic content of a column of
air to produce the pressure ; divide the quotient by the area
of air-passage through the firegrate, the quotient is the
height of the chimney; or if a certain height above 100 ft.
is determined on, divide by the height, and the square root
is the side of the square of the chimney at the top; and if
it is for a round chimney, multiply the side of the square
by 1.128, the product is the diameter of a chimney of equal
area. »

Assume the rate of the air required to be 36 ft. per
second, the area of firegrate 21 ft., and the pressure of
steam at 50 lb., including the pressure of the atmosphere:

36
36
1296
002288 "
2,965
21
333
20.734245
145139.715000
281
60

'490.8)221( .450
A908) (1000
1450  535.68
1728 1728
2505.600)925605.%(535.680
369.394

166,286
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16%286) 145189.715000(872.831 cubic contents.
2

.383
776.993)872.831(124.81 height of chimney.
100)872.881
8.72831)2.953 side of square
1128

8.830984 diameter of chimney.

It may be mentioned here that it would be well that the
minimum height of chimneys should be 100 {t., not that
that height is specially required for draught for furnaces;
the converse is the case, for in our manufacturing towns
several of the tapered chimneys would be far more effective
were they reduced so far in height ; but it would be beneficial
inasmuch as it would admit of the deleterious products of
complete combustion emitted from the chimneys being
diffused through the surrounding atmosphere before coming
near the surface of the earth, to which, from their dense-
pess, they have a tendency to descend.

Inregard to boilers generally, the work * Useful Informa-
tion for Engineers,” by Dr. William Fairbairn, C.E., con-
tains, as its title bears, much valuable information. There
are, however, a few points on which something may be said.

The quantity of water in a boiler, in proportion to the
steam room, has always appeared to me to be too large,
when it is considered that even in those having steam of
an elastic force above the atmosphere of 105 lb., the relative
volume of steam, compared to that of water, is 240 to 1;
now as water in the boiler is required for no other purpose
than being converted into steam, and is only expended in
doing so, apparently, to be strictly correct, these proportions
are all that is required, and how a rule could have been
thought of allowing onme half of the cubic capacity for
water and the other for steam is not easily explained.

Mr. Watt so far remedied this defect by concaving the
bottom and sides of the wagon and haycock-shaped
boilers, and then in placing a flue through them; it was
further remedied in the Cornish, and still further in the
marine tubular and locomotive boilers ; but it does not ap-
pear that the bringing of the relative proportions between
steam and water nearer each other was the object for which
these changes were made, the object being rather to give in-
creased heating or absorbing surface of boiler. It was, however,
overlooked that the apparent heating surface obtained from
internal flues and tubes was not nearly all effective, for
water boils easiest, and raises steam quickest by convection,
that is, having the heat applied to the under surface of the
boiler, and also when, from the length of the boiler, either
by the double or triple run the heated products had to
make in connexion therewith, a great proportion of the last
run was non-effective by the heat being absorbed before
passing there. It ia, therefore, necessary that the boilers
that have return flues should not be too long, and that if the
heated products have three runs of the boiler, the first being
an internal flue, the second should be immediately under
the boiler.

The Cornish boiler, with the double flue, is an improve-
ment, so far as the flues are concerned, but not as regards
the furnaces and flame-wall. In none of the Cornish boilers,
even in those with one flue, is there the proper space above
the furnace, nor over the flane-wall, to promote perfect
combustion.

A boiler, of the Cornish kind, formed something similar
to the Butterly boiler, or, rather, having a firebox like a
locomotive, with tubes three times the size of locomotive
tubes, and of about 25 ft. long, if the tubes are of iron,
the conducting power of copper being to iron as 2.4 to 1,
were this kind of boiler so built that the products of com-
bustion could be brought to bear on the under side as well
as in the tubes, leaving the boiler at the level of the water-
line, it would be effective in raising steam ; or, if large flues

FlG. 1.

were preferred to the tubes, they might be made oval, sup-
ported along the centre of the inside with three rows of

the bottom part of the tube, the length of boiler to be from
15 ft. to 18 ft., and the heated products of bustion to
pass from the internal to the under side of boiler, split and
return by the sides; or another kind of land boiler might
be formed of the cylinder form, with egg ends, having the
water space lessened by another portion of boiler inside,
rising above the water 6 in., the water space between it and
the boiler gradually increasing in width up to water-line,
and thereby bring the water and steam space nearer in pro-
portion to each other, and were the feed-water caused to
impinge on this steam casing, a8 it may be called, at several
points, would promote the proper circulation of the water
when in a state of ebullition, which contributes so much to
the generation of steam, give a larger space of steam room,
and would prevent priming. Studs properly placed would
keep the casing in its position. The want of steam room
in boilers tends very much to cause the pressure in the
boilers to vary, and goes far to assist in some explosions,
and were this kind of boiler built in on the hung system, or
oven plan, the flue around the boiler being of the proper
sectional area, and the exit flue placed at the top of the
water-line, the full width of the boiler and side flues, by the
depth to give the proper sectional area, equal to the area
over the flame-wall. The following advantages would be
derived from it, viz., that the boiler would hang always in
a body of flame or heat from the incandescent fuel, keeping
all the heating surface of the boiler of nearly equal tem-
perature, and the heat would be so applied to the heating
surface that the water will receive the heat by convection,
none of the heating surface having a downward tendency,
and no part of the heating surface would be covered with
soot, which is generally the case in the last flue of wheel
or three-run flues, this soot acting the part of a non-conduc-
tor, preventing even the little heat that is to be got in these
parts of a flue from being absorbed and conducted into the
water.

In marine boilers, where flues are used, they should
not have a longer run than 25 ft., and made narrower at the
top, thereby allowing the water space to be wider at the
top of the flue, and the nearer the proportion the steam-
room and water space are made to their relative proportions
they bear in the production of steam so much the better,
as the saving of space in steam-vessels is a desideratum.

Much bas been said in favour of large furnaces and slow
combustion, but my experience has always been that when
the furnace was not too large, but sufficient to hold the
necessary fuel, the space above the firebars large enough to
enable the product of the burning fuel and the oxygen of
the air to intermingle properly, the area over the bridge
and the flues being of a size sufficient to allow the heat-ex-
panded air and products of combustion to pass over and
through at no higher rate than the air came into the fur-
nace, and that the chimney was of sufficient size inside as
produced the necessary draught or pressure at the furnace,
that the higher the rate the air came into the furnace, if it
did not exceed the rate of 86 ft. per second, the more com-
plete was the combustion, and the more work done for the
fuel burned. A locomotive running at a high rate of speed
is always able to raise the necessary steam required for the
extra speed by the sharpness of the draught.

And as to the kind of top, or finish, a chimney ought to
have, many fanciful theories are extant, without any good
reason for adopting the one instead of the other, for the
principal condition for the top of a chimney to be in is to
allow the free admission of the rarified air.

This cannot be the case in all states of the weather with
some of the forms ; for instance, the obelisk tops with centre
diaphragms have the drawback of presenting a surface to
the wind above the top proper of the chimney, the dia-
phragm being below that, the draught of the chimney must
be impeded by sudden gusts of wind impinging on the
diaphragm and forcing itself down the chimney, till over-
powered by the ascending current. The best form of top is
a plain one, having a splay outwards from the inside aper-
ture, so that if wind strike it will have a tendency to rise
upwards and rather assist the ascending current.

The heightening of chimneys has generally been considered
as the panacea for all the evils incidental to badly con-
structed furnaces and smoky chimneys of dwelling houses.
The height of a chimney conduces most effect for draught
when advantage is to be taken of the chimney, not for com-
bustion, but for ventilation ; for it is a fact known well to
all bricklayers, that even in the hottest weather, when the
air inside the chimney is very cold as compared with the air
on the outside, that an ascending current is always in the
chimney, and the higher the chimney, the stronger is the
current. So great and uniform is a current of ascending air
in all high chimneys, that the inference is, that the column
of air in the inside can be no denser than the surrounding
air at the top of the chimney; if this inference is correct—
which I think it is, for on no other theory can the ascend-
ing current be accounted for—it does not accord with the
present accepted law of the weight of air, which is, that air
is like layers of paper lying one above the other, the topmost
having merely its own weight, but every layer downwards
is bearing the weight of the layers above it, so that at the
surface of the earth the bottom layer is supporting a weight
equal to 14.7 1b. per square inch. If that law is universal,
then the air in the chimney would have the same number
of layers, as it were, as there are on the outside, and when"
in a colder state would rather have been denser than other-

vertical pipes, these being larger in diameter at top than at | wise, and the current downwards rather than upwards. A

case in point is in the railway tunnel in Edinburgh, from Scot-
land-street to Princessstreet (a work with which I was con-
nected), which is 1008 yards long, and is 116 ft. higher at
Princes-street than at Scotland-street, but for a consider-
able length the Scotland-street end of the tunnel is larger
in cross section than at any other place; in hot weather,
when a larger quantity of rarified air is in the lower end, a
strong current of air always d ds to Scotland-street.

There is another peculiarity connected with the motion of
air in a cold state—that it moves in the reverse way that
water does in a syphon: it goes down the short leg and up
the long one, and it will do this in a pipe, when all around
is still ; but the motion is much increased if the long leg is
made larger as well as longer. This peculiarity of motion in
air being induced in a pipe by it having the form of an in-
verted syphon, the length of the long leg always being suffi-
ciently high to reach a slightly lighter atmosphere, so as to
give as much difference in weight as will overcome the fric-
tion, was observed by Dr. Chowne, and he took advantage
of it by enrolling a patent for ventilating buildings by in-
troducing syphon-pipes into them. In his description of the
patent, he owned he could not account for the action of the
air, nor on what principle the motion in the air was induced ;
neither had he been aware that, by making the long leg
larger as well as longer, the effect would be increased, or the
working of the patent might bave been more successful ;
but, as it was, it failed.

It is also well known amongst miners that, in sinking a
shaft without a brattice wall in &, the smoke of the powder
from the shots fired cannot be got rid of, nor pure air
obtained to sustain the workmen ; but when a brattice wall
is put in, and, a8 is generally the case, one side is a little
larger than the other, the ventilation goes on by the air
descending the smallest side and ascending the largest side
of the divided shaft.

This peculiarity might well be taken advantage of in the
mining districts, where good ventilation is so much required,
by always having the upcast shaft considerably larger than
the downcast; and in the mines where the carburetted
hydrogen exists in such quantities, the draught in the up-
cast might be accelerated, without the aid of a furnace, by
having some of the inflammable gas conveyed in pipes to
the upcast shaft, and burnt in jets well upin it. This
would help to carry away the noxious gas, save fuel, and
improve the draught. The heat evolved from the consumed
gas would rarify the air very much. Of course the entrance
to the upcast shaft should always be equal to the area of
the shaft, having sliding doors on it to modify the draught
in the mine when required.

I have said that some of the high tapered chimneys would
be more effective were they diminished in height so far, and
may be illustrated thus : as it is the area of the narrowest
part of & chimney multiplied by the height that dctermines
the column of rarified air passing forth from a chimney,
a chimney of a sectional area at the top equal to the size
of air-passage through the firegrate, as in Rule 12—say
having a sectional area of 6.993 ft., the side of the square
of 2.644ft, cubic column 872.831ft., and height
124.81ft. But were that chimney to be increased in
height another 48 ft., and having a taper of lin. in 8 ft.,
the side of the square at top would be reduced by 1 ft. each
way, leaving a sectional area of 2.702 ft., which, multiplied
by 172.81, the increased height, only gives a column of
rarified air equal to 400 ft. as against 872.831 ft.

In conclusion, it is of the utmost importance that even
the workmen who are engaged in erections where currents
of air or gasesare concerned should have removed from them
the notions with which they are generally imbued as to the
laws which govern these currents, and should be made
acquainted with their nature and laws, for in many cases
workmen, seeing that the instructions they receive, or the
plans they are working to, are the reverse of the notions
they have held during life, “ that a contracted throat is
conducive to a good working furnace,” they will have a
little of their own will in the matter, and not to allow, as
they think, the work to be spoiled altogether, they contract
some part (I am recording what I have experienced myself).
The work is completed, and the result of the working is
found not to be what was anticipated, and is only made
right when the contracted part is removed.

I have been long impressed with the idea that some such
work as this had taken place in forming the air-passages
where some of the apparent failures took place in the venti-
lation of the House of Commons. When I had the oppor-
tunity of hearing the description of the working of the pro-
cess of the ventilation of that building, as illustrated by a
model in'Dr. Boswell Reid’s class-room, the system appeared
perfect, but if by any means the apertures or air-passages
through which the air of the respective temperatures had to
pass were not in proportion to the densities of the air, per-
haps the larger were given for the cold air and the smaller
for the heated, or both might be equal, either of which cog-
ditions would destroy to a certain extent the proper venti-
lation,

In the system for ventilating rooms by having an aper-
ture with valve on it leading into the chimney of the room,
the vent linings above the aperture should be 1in. dia-
meter larger than those below, and kitchen chimney vent
linings should be fully two-thirds larger than for rooms,
and no cans should be put on vents of a less size than the
vent linings.
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THE COMBUSTION OF FUEL

TABLES REFERRED TO IN MR. PATERSON’S PAPER, PAGE 209.

UNDERGROUND TEMPERATURK.—Professor Sir William
Thomson at the Meeting of tha British Association, at Dun-
dee, read a[paper by Dr. Julius Schvarcz, *On ‘the Inter-
nal Heat of the Earth.,” It was stated that 370 underground
stations had been examined, and only four of them had shown a
decrease of underground temperature. In some remarks on the
paper, Sir William Thomson advocated the Association under-
taking borings to ascertain the question of underground heat, as
mines were uncertain data on which to procced. He proposed
herings of 200 ft. under some African desert, and under an old

sea-bottom or lake. Sir Charles Lyell expressed the opinion
that it would probably be found when different portions of the
earth had been examined that igneous seas and lakes had been
formed first in one part and then in another; that the various
parts had been successively melted and cooled; -and that it
was this, and not an internal igneous core of the earth,
which explained the appearance of cooling that was obvious
in the rocks. Professor Phillips addressed the section, pointing
out the uncertainty of the knowledge on underground tempera-
ture.

PoLiTics AND SCIENCE.—A new use has been found for the
British Association. When Profe Tyndall was in the chair,
it was sroposed by Sir W. Thomson, seconded by Dr. Wiliiamn-
son, und carried unanimously by the meeting: * That Sir Juohn
Lubbock, Bart., having been brought forward by an influential
party smong the graduates of the University of London, and an
opportunity being thereby afforded of obtaining for science a
representation in the llouse of Commons, it is highly desirable
that those who are interested in science should do all in their
power to secure his election.”
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ﬁCAMERON’S DIRECT-ACTING STEAM PUMP.

DESIGNED BY MR. A. 8. CAMERON, AND CONSTRUCTED BY MESSRS. TANGYE BROTHERS, ENGINEERS, BIRMINGHAM.

FIG. 6.

Wx give, above, engravings of a new steam pump designed
and patented by Mr. A. S. Cameron, and the manufacture of
which has been recently taken up in this country by the well-
koown firm of Messrs. Tangye Brothers, of Birmingham. In
our illustrations, Fig. 1 is a longitudinal section, Fig. 2 an end
elevation, Fig. 3 a plan, and Fig. 4 a transverse section, whilst
the remaining figures show some variations in the construction,
to which we shall refer presently.

The steam and pump cylinders, it will be seen, are placed in
a line with each other, and they are ted by a dist.
gj:oe, the end flanges of which form the covers for both cylinders.

e steam cylinder is made with a double set of steam passages,
one pair of these passages leading from the slide-valve face to
the ends of the cylinder in the usual way, and the other pair
extending from near the ends of the steam-chest to the inner
ends of small cylindrical chambers formed one on each cylinder
cover. Each of these chambers is fitted with a piston valve,
which closes an opening in the cylinder cover, these valves being,
except when moved by the piswn. kept against their seats by
the pressure of steam on their backe, the outer ends of the valve
chambers being placed in free communication with the steam-
chest by small passages, not shown in Fig. 1.

The main slide-vaive covers the exhaust port and one pair of
steam ports, and it is made of the section shown in Fig. 1, so
that when it is moved to the right, steam is admitted into the
right-hand port, and vice versd. In the engravings the valve is
shown in the position it occupies when steam is being admitted
into the left-hand port, the other port being placed in communi-
cation with the exhaust. On the back of the valve are a pair of
lugs which fit between two collars formed on a spindle, which
connects, and, indeed, is cast in one piece with, a pair of
plungers which work in the cylindrical portions forming the ends
of the valve-chest, and into which the second pair of steam-
Eom open. The plungers do not fit their cylinders tightly;

ut are made so that they allow a small amount of leakage to
take place past them, the steam thus passing being shut in
when either plunger travels beyond the port, and thus forming
a cushion to check the motion of the valve. In case the engine
should stop in such a position that both steam-ports are closed
by the valve, a rocking-shaft, worked by an external handle, is
provided, this shaft carrying a finger, as shown in Fig. 1, by
which the valve can be shifted. When the pump is as work,

2

FIG. 7.

this rocking shaft remains stationary, as the valve does not
move far enough to touch the finger.

The action of the apparatus is very simple. Supposing all
the parts to be in the positions shown in Fig. 1, the piston will,
when steam is turned on, move from left to right. On arriving
at the end of its stroke it will etrike against the spindle of the
valve on the right-hand cylinder cover, and force it off its seat,
thus placing the second right-hund steam passage in communi-
cation with the right-hand end of the cylinder, and, consequently,
owing to the position of the main valve, in communication with
the exhaust. This being the case, the pressure is removed from
the back of the right-hand plunger connected with the mair
valve, and the pressure of the stean on the inner side of the
plunger then forces the latter to the right, the slide-valve being
of course carried with it. This movement admits steam to the
right-hand end of the cylinder, and places the left-hand end ir
communication with the exhaust, and the piston then perform:
its stroke from right to left, when the operations we have de-
scribed ure repeated at the other end of the cylinder.

The pum cylinder—which, as we have already mentioned, is
placed in a rino with the steam cylinder, and is connected with
it by a distance piece—is lined with bruss, and the piston, which
is packed with a pair of cupped leathers, as shown in Fig. 1, is
also of brass. The pump is double-acting, and the valves are
arranged so that they are very readily accessible. The valve
seats, which are of brass, are turned, and then placed in a mould
and the valve-chest cast round them. The valves are of brass,
with india-rubber faces let into them, a systemn of construction
which is found to answer well.

In the pumps more recently constructed, Blessrs. Tangye
have introduced the slight moditications shown in Figs. 5, 6, anc
7. Of these, Figs. 5 and 7 show the addition of a couple o:
pet-cocks to the steam cylinder, whilst Fig. 6 represents ar
alteration in the distance-piece between the steam cylinder anc
pump-barrel, this distance-piece, as well as the piston-roc
stufling-box, having been made longer to enable the gland to be
more readily tightened up.

One of the pumps which we have described was exhibited in
action by Messrs. Tangye at the recent show of the Royal Agri-
cultural Society at Bury St. Edmunds; and it worked admir-
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debt of upwards of 1,500,000 gives lhgm little or no considera-
tion, and this expenditure of 60,000/ is sanctioned without a
murmar.

The Greenock Harbour Trustees havealso been giving earnest

ably, the valve arrangement acting perfectly at all sp Even
the somewhat severe test of raising the suction-pipe suddenly

deration to ,the question of graving-dock accommodation,
and several discussions have taken place amongst them regard-
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ing the propriety of purchasing ground and constructing such a
dock upon it at a total expenditure of 80,000/, The sanction-
ing of this expenditure is, in the mean time, postponed until the
exact condition of the harbour finances is known; but the pro-
posal is only postponed, not rejected, and there is scarcely any
room to fear that it will not be adopted at an early date.

The China Trade— Steam versus Sails.—The screw-steamer
Ajax, 1500 tons, has just arrived in London from Shanghai, in
6% days, with a cargo of tea and silk. The time of this passage
i8 about 30 duys shorter than that of the homeward voyage of
the sailing Cluna clippers lust year. The Ajax belongs to Mr.
Alfred Holt, n Liverpool shipowner, and was built for him,
along with the Achilles and Agamemnon, by Messrs. Scott and
Company, of Greenock. Much interest 1s attached to this
voyaye, as it is believcd to afford a settlement of the question of
stenm ships as against the clipper sailicg ships in the China
trade.

The Gunpowder Trade—The fact that the manufacture of
gunpowder is carricd on to a very great extent in several places
around the Firth of Clyde was reterred to in my * Notes,” |
think, on a former occasion. There docs not seem to be any

This Table is of little or no use for analysation, for this
reason, that of the few steamers of which the displacement,
arca of midship section, and speed are given, no indicated
horse pov er has been returned, and wvice versd. Some of
the ships have been mentioned in the condensed Tables, but
their quantities have been given as taken from other Tables.

“Table A.—Summary of returns, showing the perform-
ance of the Chester and Holyhead Company’s steam-vessels
Anglia, Cambria, and Scotia, and the consumption of ccal
between Holyhead and Kingstowa, under certain conditions
taken at standard tests.”

“1858, Appendix IL.—Table showing the difference
which exists between the ‘register tonnage’ of vessels, and
the ¢ tons weight'-of cargo actually carried in the trade and
nayigation of the United Kingdom with foreign countries
and British possessions in 1852, 1853, 1834, and 1855,
deduced from returng of the Board of Trade.”

This Table gives the imports and exports during the above
years of tons weight carried from and to the following

falling off in the trade, judging by the following facts: During | countrick:” Russia, Sweden and Norway, Prussia, France,
the past month of August the quantity of gunpowder shipped | Holland, Austria, Greece,” Turkey, and many others.

at the Tail of the Bank—which is a sort of roadstead in the
Firth, opposite Greenvck—amounted to 346,416 Ib. The largest
iudividua‘ shipment was per steamer Maceaon, for Genoa, an
consisted of 100,000 Ib., the remainder going to Africa, Brazils,
Penang, &c., in quantities ranging from 25,000 Ib. to 58,000 Ib.

The New Steamer Siberia and the Cunard Fleet.—The mag-
nificent serew steamship Siberia, of 2500 tons and 300 horse
power, built and engieed by Messrs. J. and G. Thomsen, of
Glargow, for Messrs. Burns and Mclver, of the DBritish and
North American Royal Mail Steam Pucket Company, has just
been having a triul of her machinery and stecring gear. This
isthe second stea ner built this year for the Cunard fleet, and a
third is on the stocks, Since the year 1852 there have been
built on the Clyde for this compuny no fewer than thirty-six
large screw steamers and three paddle steamers. Previous to
1850 they had twelve paddle steamers built for them, making
in all fifty-one stenmers, of 90,000 tons. Twenty of these
vessels hiave been sold, but there are still upwards of thirty in
the fleet, of fully 60,000 tons. o '

Slipbuilding at Port Glasgow.—Mcssrs. McIntyre, ship-
builders at tlns seaport, have contracted with a London firm to
build for them an iron sl.ip of 1300 tons register. ‘This will be
the largest vessel built by these enterprising shipbuilders, and
willbe the first keel luid down in tbeir new yard. Messra,
Robert Duncan and Co. have just launched another ship of
800 tous register for the Albion Shipping Company, of Glasgorw,
the managing owners of which are Messrs. Patrick Henderson
and Co. She is named the Helen Burns, and is theseventeenth
ship belonging to the Albion Shipping Company, and the third
buailt by Messrs. Duncan and Co. for them during the last ten
months. Desides these, there have been built or Lought tor
this cumpany dming the last six years other ten ships, some
being Cly Ale%\uih, zome Aberdeen built, and three colonial built ;
and Messrs. Duncan and Co. are buiiding another ship of 800
tons, The ship just launched has the foliowing dimensions:
length of keel, 185 fi. ; breadth of beam, 32 {t.; depth ot hold,
191t. 9in.  All the slips of this fleet aro engaged us New
Zealand liners. .

STEAMSHIP PERFORMANCES.
Report on the Condensation and Analysis of Tables of Steam-
ship Derfor ,* as published in the Years 1857, 1858,
1859, 1860, 1861, and 1862, by Joux Scorr RussiLL,
C.E, F.R.S., WiLLiam Famrpamy, C.E,, LL.D.,F.R.S.,
Tromas HawksLry, C.E.,, F.G.S,, James R. NAPIER,
Marine Engineer, F.I.S., and W. G. MACQUORN RANKINE,
. C.E, LL.D, F.R.S.
Tue British Association possesses a large collection of records
of the performance of steuin-ships, accuinulated in the course of
many years, and piinted in the reports ot previous meetings,

but m a form so bulky and cumbrous as seriously to interfere |

with their utility for practical and scientitic purposes. At tlhe
Nottingham meeting in 1866 it was resolved to entrust the
committee, whose mmes are given above, with the duty of con-
densing and re-arranging the data coutained in those records, in
order to Lring them into a more compact and useful shape.
That has been done in the present report, according to a method
of which the leading principles may be summed up as follows :—
All results belonging to any special theory, and all quantities
calculated by infercnce, or ascertained otherwise than by direct
measurement, are excluded from the condensed tables; vessels
for wkich certain essential data are wanting are excluded (the
essential data being such as the principal dimensions, the dis-
placement, the kind of propeller, the speed, the indicated horse
power, &c.); the vessels inserted in the condensed tables are
divided into groups, according to their full speed, and very
numerous groups are subdivided according to the displucement;
an uniform arrangement of the data is adhered to as far as
{:utlicuble; and the tables are drawn up in such a form as to
printed 1n octavo pages.

Condensation and Analysis of the Talles on Steamships’ Per-

Jormance, as published in the years 1857, 1858, 1839,

1860, 1861, and 1862, )

The condensation is performed in the following manner:

1. Summary of Tables as published in the years 1857-
1862.

2. Condensed Table of Merchant Paddle Steamers.
Table I.

8. Condensed Table of Merchant Screw Steamers. Table I1.

4. Condensed Tables of Men-of-war, forming four groups.
Tables 1IL., 1V, V., and VI.

Summary of Tables, as published in the years 1857-62.

“ 1857, Appendix A.—Tabular comparison, the old, the
present, and propesed rement for tonnage; an analysis
of ships and steamers, their proportions, displacement,
weight, and resistance ; engincs and stecam-power, and result,
of speed realised.”

* British Association, 1867, Section G.

1859, Appendix V., Table I.—Return of the perform-
ance of the Chester and Holyhead Company’s steam-vessels,
under trial for a standar test.”

These Tables give the consumption of coal and indicated
horse power for a certain speed of ship. The quantities of
the Telegraph have been repeated in another Table, and
will be found in the condensed Tables of this report, with
the same indicated horse power. Of the other three steamers,
the performances have been given in this report under
ordinary circumstances.

“Appendix V., Table IT.—Copy of a return laid before a
Select Committee of the House of Commons. Sce Blue-
Book on Dublin and Holyhead Mail Service, 1853, Appen-
dix, p. 176. A return of the speed and consumption of fuel
of the steamboats undor regulated conditions of time, pres-
sure, and expansion, for the undermentioned periods.”

This Table contains the same ships as Table L., Appendix
V., giving a time of passage, average rate of speed, weight
on safety-valves, proportion of steam in cylinders, and the
total consumption of coals.

“ Appendix V., Table III.—Chester and Iolyhead Rail-
way, Steam:boat Department, 1857. A return of the speed
and consumption of coal, under regulated conditions of time,
pressure, and expausion, for the undermentioned period
(namely, three months, from January 1 to March 81, 1857).”

“ Appendix V., Table IV.—Chester and Holyhead Rail-
way. Steamboat Department. A return of the speed and
consumption of coal of the steamboats, under regulated
conditions of time, pressure, and expansion, for the under-
mentioned period (namely, from April 1 to June 30, 1857).”

*Appendix V., Table V.—Chester and Holyhead Rail-
way, Steamboat Department. A return of the speed and
consumption of coal of the steamboats, under regulated con-
ditions of time, pressure, and cxpansion, for the under-
meationed period (namely, from July 1 to September 30,
1857).” '

¢ Appendix V., Table VI.—A return of the speed and
consumption of coal of the steamboats, under regulated cou-
ditions of time, pressure, and expansion, for the under-
mentioned period (namely, from October 1 to December 31,
1857).”

“ Appendix V., Table VII.—Chester and Holyhead Rail-
way, Steamboat Department. A return of the speed and
consumption of coal of - the steamboats, under regulated
conditions of time, pressure, and expansion, for the under-
mentioned period (namely, from January 1 to March 31,
1858)."”

“ Appendix V., Table VIII.—Chester and Holyhead Rail-
way, Steamboat Department. A return of the speed and
consumption of coal of the express and cargo boats, under
regulated conditions of time, pressure, and expansion, for
the undermentioned period (namely, from April 1 to June
30, 1858).”

“ Appendix V., Table IX.—Chester and Holyhead Rail-
way, Steamboat Department. A return of the speed and
consumption of coal of the express and cargo boats, under

i regulated conditions of time, pressure, and expansion, for

the undermentioned period (namely, from July 1 to Sep-
tember 30, 1853).”

“ Appendix V., Table X.—Chester and Holyhead Rail-
way, Steamboat Department. A return of the speed and
consumption of coal of the express and cargo boats, under
regulated conditions of time, pressure, and expansion, for
the undermentioned period (namely, from October 1 to De-
cember 31, 1848).”

« Appendix V., Table XI.—Chcster and Holyhead Rail-
way, Steamboat Department. Consumption of coal for the
six months ending June 30, 1858).”

* Appendix V., Table X1I.—Chester and Holyhead Rail-
way, Steamboat Department. Consumption of coal for the
six months ending June 30, 1858.”

“Appendix V., Table XIIL.—A return showing the
number of years run before the Anglia, Cambria, Scotia, and
Hibernia had new boilers; number of miles rum, and con-
sumption of coal per mile, with and without raising stcam,
banking fires, lying at ‘Kingstown and Holyhead; steam
pressure in boilers.”

# Appendix V., Table XIV.—Chester and Holyhead Rail-
way, Steamboat Department. A return of passages made
by the steamboats in 33 hours,” &e.

This is only a return of two steamers, the Anglia and the
Scotia, and only giving on two journeys the highest and
lowest steam-gauge in the cylinder, and the expansion pro-
portion in the cylinder,

“ Appendix V., Table XV.—Chester and Holyhead Rail-
way, Stcamboat Department. Mileage run, and expenses
per mile, of the passenger boats in the years 1849 and 1856,
1857, 1858.”

“ Appendix VII., Table I.—Result of experiments with
the yacht Undine, July 6, 1838, on the measured mile at
Greenhithe.”

¢ Appendix VIIL, Table II.—Result of experiments with
the yacht Undine, July 29 and 30, 1858.”

“ Appendix VI, Table ITI.—Result of experiments with
the yacht Undine, October 26, 27, and 28, 18538.”

“ Appendix VII., Table IV.—Experiments with the
yacht Erminia, 12th October, 1858, in Stokes Bay.”

This Table does not give indicated horse power nor dis-
placement.

1860, Appendix I, Table I.—Table showing the re-
sults of performances at sea, and on the measured mile, of
seventeen vessels of the Royal Navy, of twenty-two vesscls
in the Merchant Service, and of two vessels of the United
States Navy ; together with the particulars of their ma-
chinery.”

This Table contains data of the Chester and Holyhead
Railway boats, as mentioned in former reports ; the quan-
tities therefore given in this Table have been sclected for
this report. DBut in taking the dimeusions of the ships,
former priuted Tables have been compared in order to be
correct.

“ Appendix I, Table IL—Results of performances of the
steam-zhips in the service of the Messageries Impériales
of France during the year 1858.”

It is to be regretted that no dimensions whatever of these
ships have been given; they have therefore been left out of
this report.

¢« Appendix IL, Table I.—Chester and Holyhead Rail-
way, Steamboat Departnent. A return of the speed and
consumption of coal of the express and cargo boats, under
regulated conditions of time, pressure, and expansion, for
the undermentioned period (namely, from January 1 to
December 31, 1859).”

“ Appendix 11., Table II.—Chester and Ilolyhead Rail-
way, Steamboat Department. Chester and Holyhead steam-
boat’s consumption of coal for the six mouths ending 30th
June, 1859.”

“ Appendix IL., Table IIL.—Chester and Holyhcad Rail-
way, Steamboat Department. Chester and Holyhead steain-
bouts’ consumption of ceal for the six months ending 31st
December, 1859.”

‘Tables Il. and IlI., Appendix IL, are a repetition of
what has alrcady been given in Table L, Appendix Il.,
with the exception of the total consumption of coal for the
&ix months, which may be found, however, by multiplying
the conls consumed per trip by the number of trips. They
coutain eight ships, the Anglia, Cambria, Scotia, Telegraph,
Hibernia, Hercules, Ocean, Sea Nymph.

**Appendix IV.—Tables showing the ratios between the
indicated horse power and the grate, the tube, the other
heating and total heating surfaces, and the indicated horse
power; also between the grate and heating surfaces and
between the indicated horse power and the coal consumed.”

This Table contains two shipsof the United States Navy,
the same as have been mentioned in Appendix I., Table 1.,
ninetcen vessels of the Royal Navy, whose quantities also
are mentioned in other Tables, and nincteen vessels of the
Merchant Service, among whom are the Anglia, Cambria,
Scotia, Telegraph.

“ Appendix V.—Description of the hull, engines, and
boilers of the United States sloop Wyoming. Table L
Performance of United States steam-sloop Wyoming under
steam alone. Table II. Performance of United States steam-
sloop Wyoming under steam and sail.”

“ Supplementary Appendix.—Table showing the trial
performance of the steam-vessels Lima and Bogota when
fitted with single-cylinder engines, and after being refitted
with double-cylinder engines. Also the sea performances
of the same vessels under both these conditions of mna-
chinery, and on the same service.”

This Table has also been embodied in Table IL. of printed
report, 1861.

%1861, Table I.—Return of performance of H.M.
vessels, furnished by the Admiralty.”

“Table 11.—Showing the results of the performance of
six of H.)M. vessels under various circumstances.”

Of thesc six vessels, namely, the Chesapcake, the trial
under steam has been returned in this report. The Flying
Fish—of the three trials no indicated horse power has been
given, one trial only giving the displacement, but not the
speed, they have therefore been left out of this report. The
St. George—the trial under steam alone has been returned
in this report; and of the Clio and Sphinx no actual
measurements of ship are given, they'have therefore not
been returned in this report.

With regard to Table I. of the James Watt, no speed
was given; of the Virago no speed was given; the Hydra
—this vessel made two trials, of which the first the speed
was not to be depended on, and in the second the indicated
horse power was not returned. The Centaur—no speed
given. The Industry —no area of midship scction nor dis-
placement given. The Diadem—six trials have been re-
turned, two with common screw, and four with Grifliths'’s
screw ; the first of these trials, of the 16th of April, 1858,
has been repeated in later Tables. As a comparison, there
are given in this report two results of performances of this
vessel in the condensed Tables, one with the common screw
and one with Grifliths’s screw, and inserted these quantities



See T. 13, 1867.]

ENGINEERING,

215

in their place, according to their speed and displacement.
Of the Flying Kish a number of trials have been given in
different Tables; but the trial with the common screw has
been reported in the condensed Tables. Of the Marlboro’,
the trial of June 2, 1858, has been repeated in later Tables,
and will also be found in the condensed Tables, where the
quantitics of the boilers are mentioned. Of the Bullfineh,
reven trials are recorded with different propellers ; the trial
of the 20th of March, 1838, Las been returned in this re-
port. The Doris, of the scven trials here given, the latest
of June 3, 1859, with Grifliths’s screw, has been repeated in
later Tables, and also given in the condensed Tables of this
report. Of the Renown, the two trials of the 15th and
16th of March, 1858, have Leen repeated in later reported
Tables. The quantities of these trials will also be found in
this report, because they are the results under the same
conditions of draught of water and displacement. Tables I.
and IL. have been separately condensed, because of the
quantities of the boilers being there mentioned.

¢ Table 1II.—Performance of H.M.S. Victor Emmanuel
at sea.” '

‘*Table IV.—Recturn of seven trials on the measured mile
in Stokes' Eay of H.M.S. Victor Emmanuel.”

* Table V.—Return showing the results of performance
of eighteen vessels in the merchaut service under various
conditions.”

It is from this Table that most of the quantities have been
reported.

*Table VI.—Chester and Holyhoad Railway, Steamboat

“Table XVIIL.—Royal (West India) Mail Packet Com-
pany. Summary made from the Tables of diagrams from
indicator and working of the engines belonging to the
various shipa included in the return furnished of the per-
formances from Southampton to St. Thomas, between
June 3, 1861, and June 17, 1862, as given in the preceding
Tables.”

“Table XVIII.A.—Table of diagrams from indicator and
working of engines, showing the manner in which the sum-
maries in the above Table are obtained.”

In both Tables no particulars of ship are given.

“ Table XIX.—Return of particulars of the dimensions
of the P’eninsular and Oriental Steam Navigation Company's
Steamship Moultan, with tabulated statement showing the
results of her performance a&s compared with six other
vessels in the same service.”

“Table XX.—Table of results of the performances of
sixty-eight vessels of the Imperial and Royal Austrian
Lloyd’s Steamship Company.”

No particulars of ship nor indicated horse power has been
returned in this Table.

“Table XXI.—Table of experiments with H.M. gun-
boat Stork.”

No area of midship section nor displacement has been

given.

“Table XXIL—Eight logs of voyages of the Great
Eastern.”

Of the eight logs only three are returncd with the indi-
cated horse power, and these two have been used in the con-

Department. A return of the speed and c ption of
coal of the express and cargo boats, under regulated condi-
tions of time, pressure, and expansion for the undermentioned
period (namely, from the 1st January to 31st March,
1860).”

* Table VIL—Chester and Holyhead Railway, Steam-
boats. - Consumption of coal for the twelve months ending
December 31, 1860.”

“Table VIII.—City of Dublin Steam Packet Company.
A return of the average time of passage and consumption of
coal of the mail steamers for six months, ending .June 30,
1860.”

* Table IX.—City of Dublin Steam Packet Company.
A return of the average time of passage and consumption of
coal of the mail stcamers for three months, ending Septem-
ber 30, 1860."

* Table X. —Rézultats de 1a navigation des paquebots des
services maritimes des Messageries Impériales pendant
T'année 1859.”

No dimensions of these ships have becn given, and have
therefore been left out of this Report.

“ Table X1.—Rézultats de la navigation des paquebots
des services maritimes des Messageries Impériales pendant
T'année 2160.”

Of these ships also no dimensions have been given, and

ave therefore been left out of this Report.

* Appendix, Table X1I.—Return of the average passages
of mail packets, and consumption of coal for six months,
ending 31st March, 1861.”

“ Appendix, Table X1II.—Steamship Lcinster, on trial
from Holyhead to Kingstown, April 4, 1861.”

* Appendix, Table XIV.— Steamship Ulster, on trial from
Kingstown to Ilolyhead, April 5, 1861.”

Of these trials the ship's draught of water nor displace-
ment have been recorded.

“1862. Table II.—Return of the particulars of the
dimensions of twenty versels in H.M.'s Navy, with the
results of their trials upon completion for service.”

The major part of this Table had been repeated in Table V1.
of this volume, and those that have not, such as the Race-
horse, Adventure, Dart, Glasgzow, Orpheus, Octavia, War-
rior, and Bacchante, no area of midship section nor displace-
ment has been recorded.

* Table I1I.—Resulta of the performances at sea, and
when on trials of H.LS. Colossus, St. George, and
Arrogant.” .

Of these steamers also no area of midship section, dis-
placement, nor indicated horse power has been recorded.

“ Table IV.—Results of the trials of H.M. screw-ships,
officially tabulated by the Admiralty in 1850.”

“Table V.—Resuits of the trials of H.M. screw-ships,
officially tabulated by the Admiralty in 1856.”

«Table VI.—Results of the trials of H.M. screw-shipa,
officially tabulated by the Admiralty in 1861 (being a con-
tinuation of Tables 1V. and V.). Steam Transport Service,
Tables VIL, VIIL, IX,, X, XI, XIL, XIIL, XIV., XV,
and XVI. (the last five Tables being summaries of the
Tables VII. to X1.) show the results obtained from vessels
employed in transport service during the latter part of the
Russian war, showing the respective values of the several
steamships, classiticd according to the nature of the employ-
ment, or the special character of the duties required to be
performed ; and giving, in addition, the cost of moving each
ship 1000 miles,” &e.

“ Table XVII.—Royal (West India) Mail Packet Com-
pany. Southamp to St. Th , distance 3622 miles.”

“Table XVII (continued).—Royal (West India) Mail
Packet Company. St. Thomas to Southampton, distance
3622 miles.”

In these Tables, namely, Table XVII. and Table XVII.
(continued), no draught of water nor area of midship section
have heen given ; these Tables give the speed of the ship
and consumption of coals at that speed, under various con-
ditions of the state of the hull of five steamers, viz., the
Seine, Tasmanian, Atrato, Shannon, and La Plata.

d 1 Tables.”

* Table XXIII.—Dimensions and abstract of perform-
ances of the Pacific Steam Navigation Company's new
paddle-wheel steamships Peru and Talca.”

No particulars of wheels nor immersion of floats have
been returned.

“Table XXIV.—Abstract log of, and notes upon, the
performances of the African Loyal Mail Company’s steam-
ship M‘Gregor Laird.”

* Table XXV.—Notes on the performance of the North
German Lloyd’a Company’s steamship Hansa.”

“Table XXVI.—Log of the Earl of Durham’s sailing
yacht Beatrix, on her recent Mediterranean voyage.”

This forms the summary of all the Tables published up
to 1862, and the following has been the method adopted by
the ittee in condensing the Tables:

1. All results belonging to any special theory, and all
quantities calculated approximately by inference, or ascer-
tained otherwise than by direct measurement, to be excluded
irom the condensed Tables.

2. Vesscls for which any of the essential data (marked E
in the annexed Table) are wanting to be excluded.

3. The remaining vessels to be divided into groups,
according to their speed on trial; for example,

Group 1, between 5 and 7 knots.

” 2‘ ” 7 " 9 ”
” 3’ ” 9 ” 11 ”
” 4’ ” ll ” 13 ”
n 5 w 13,15
” 6‘ ”» 15 ” 17 ”
» 17, above 17 knots.

4. Groups that are very numerous to be divided into
subgroups, according to displacement, viz.:
Subgroup A, below 125 tons
B, between 125 and 250 tons

” il ” 250 " 500 ”
” D, ” 500 ,, 1000 ,
w E, , 1000 , 2000 ,
» F, 2000 , 4000
w G, , 4000 , 8000
» H, , 8000 ,16000 ,

" 1, above 16000.

5. Results of trials at low specds, or * half-boiler power,”
to be placed in the group proper to the speed.

6. In the following sketch of the arrangement of a table,
cach vessel of a group or subgroup occupies a column, and
the several data for each vessel appear in a series of lines.
The data consists of twelve esseutial items marked E (with-
out which no vessel should be admitted) and twenty-one
others, making thirty-three in all; so that pages of about
forty lines will hold the tables, which may thus bo printed
in octavo.

7. Whero trials of performance under £ail have been re-
corded, supplementary tables may be added.

Proposed arrangement of Table for a given group or subgroup.
Group No. . . . , speed between . . . and . . . knots.
Subgroup No. . . ., displacement between . . . and . . .

tons.

1. E. Name of vessel (or reference numbers) | | | .
DimrNsioNS.

2. E. Length on loadwater-line, in feet.

3. of forebody.

4. " middlcbody.

5. 9 afterbady.

6. E. Breadth, extreme immersed, in feet.

7. E. Depth of immersion, mean, in feet.

8. Immersed midship section in square feet.

9. E. Displacement, tons of 35 cubic feet.

10. Mean immersed girth, feet (from actual measure-

ment, and not otherwise).

11. Material and state of skin.

12. Co-efficient of fineness of water-lincs, displacement

+ (Lx&)

”

PROPELLER.

13. E. Description (paddle, common or feathering, screw,
Smith’s, Woodcroft's, Mangin’s, Griffith’s, &c.,
jet propellers).

1¢. E. Radius (for common paddles to outer edge; for
feathering paddles, to journals; for screw, to
tips of blades) in feet.

15. Number of blades or paddles.

16. E. Pitch of screw (if not uniform, state extreme and

mean pitches), in feet.

17. Aggregate mean length of screw blades (along axis).
18. Immersion (of upper and lower edges of paddle or

screw), in feet.

19. Area (pair of paddles; screw disc, deducting boss;
pair of jet nozzles), in square feet.

20. E. Speed of vessel in knots (of 6076 ft.).

21. Speed of propellers (measured for common paddles at
outer circumference, feathering paddles at jour-
nals; screw, mean pitch X revolutions), in
knots.

ExGINES,

22. Description (single, double, treble; single cylindered,
double cylindered ; condensing, non-conden-
sing, geared, not geared, &c.).

23. Final volume of steam per revolution of propeller, in
cubic feet.

24. Steam cut off at (decimals of final volume).

25. E. Revolutions of propeller per minute (paddle or
screw).

26. Steam effective pressure, 1b. per inch.

27. E. Indicated horsc power.

BorvLers.

28. Total capacity, in cubic feet.

29. Heating surface, in square feet.

80. Firegrate area, in square feet (including dead-plate
and bars).

81. Pressure during trial (Ib. on the square inch).

32. E. Fuel consumed; description and weight, in 1b. per
hour.

33. Remarks and cross references.

So far as it was possible, the above arrangement has been
followed up and carried out; but a quantity of the items
mentioned have never been returned in the printed Tabless
Such items were therefore cancelled. Further, all quantities
that had to be calculated, such as the coeflicient of finenes.
of water-lile, speed of propellers, area of a pair of floats,
when they were not given in the printed Reports, have becit
omitted from the condensed Tables, and other quantities
inserted in their stead, such as diameter and number of
cylinders, length of stroke, speed of piston in feet per minute,
&c., which of all ships nearly have been returned.

Paddle-st. 8, BCrew: 8, and men-of-war have

been separately condensed, and grouped according to speed

and displacement.

In condensing the Tables of the men-of-war ships, there

are vessels of which some nineteen trials were returned. The

mean of the majority of trials with the same draught and
the same propeller have been returned in this Report.

Vessels of which the logs were given separately, such as
the Victor Emmanuel, Wyoming, Macgregor Laird, Great
Eastern, have been placed in the condensed Tables according
to their speed and displacement.

The material and state of skin have but once been re-
turned, and only of five ships; but no mention was made in
those Tables of area of midship section and other essential
data for analysation, that item has thercforc been left out of
the condensed Tables.

The diameter of the paddle-wheel, as given in the con-
densed Tables, is the diameter as returned in the printed
Reports, and must not be confounded with the eflective dia-
meter of the wheel. In only a few caess the effective dia-
meter has been returned, and upon these quantitics even very
small dependence can be placed. For example, in Table V.,
Report 1861, the diameter of paddle-wheel of the Delta is
26 ft., and the effective diameter is given as 22ft.; the
Lima has the same diameter of wheel, but the effective dia-
meter is given as 25.16ft. DBoth are feathering wheels,
and there is only a difference of 1.5 ft. in the width of the
float, the Delta having a float 4.5 ft. broad, aud the Lima a
float of 3 ft. broad.

The depth of immersion on trial means the immersion of
the bottom of the float beneath the ‘surface of the water.

Steam cut off at (dimensions of final volume) this quan-
tity has very seldom heen returned, and has therefore been
omitted from these Tables. )

Instead of effective pressure of steam, the pressure of
steam in the cylinder, the pressure from the vacuum, and
the pressure in the boilers are here given as they have been
returned in former Reports.

All vessels of which the indicated horse-power, displace-
ment, or any of the essential data were not returncd, have
been left out of this Report. For example, of the Oneida
no displacement was returned; of the Erminia, no length
and breadth of ship; of the Emecrald, no length, breadth,
nor area of midship sgection; of the Candia, no arca of
midship section; of the Nubia, no draught of water, nor
area of midship section, &c. Nor could these quantities be
ascertained, there being no lines of any ship in hand.

When the condensed Tables were finished, it was intended
to give a theoretical discussion of the ships according to
the different methods of the following gentlemen: J. Scott
Russell, Esq.; W. J. Macquorn Rankine, Esq.; J. R.
Napier, Esq.; and T. Hawkeley, Esq.; but it is proposed to

Y

make that a separate and subsequent operatioi.
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TasLx .—MERCHANT PADDLE STEAMERS.
G f 5 4
roups of Speed .. .. .. l‘ro:l 3;0 1 Between 11 and 18 knots.
Sub f Displ! t Betwwoo D. E
u e een . ;
groups of Displacemen ooy woon 2000 Botween 500 and 1000 tons. Botween 1000 and 2000 tons.
Name of Vessol .. .. ..| LaPlata. Anglia. Admiral. Cambria. (le(n);:g:::d) Callso. Valparaiso. Lima. Lima. Bogota. Bogota.
f F=84
Length, in feet.., e oor 284 187.83 :.' {:53 210 197.75 237 232 233 251 251 250 250
=7
Breadth, in feet . 40.5 26.16 32 26.16 26.16 29 29 30 30 30 30
Mean draft of water, in feet... 19.09 9 75 8.87 9.31 1112 11.67 115 12.15 11.91
Area of immersed midp. sec., 8q. ft. . 186.25 214 201.1 200.03 280 308 302 321 302
Displacement, in tons of 35 cubic ft. 3609° 620 820 840 980 1150 1220 1345 .o 1410
Mean immersed girth, in feet . 3143
Material and state of skin .., ... Iron painted;
Euoml.s. clean.
Description ... oes ...| Sidelevor. |Pat. doub. cyl.|Double cylind.| Side lever. Side lever. |Pat. doub. cyl.|Pat. doub‘ cyl.| Doub.cylL Side lever. |Pat. doub. cyl.| Side lever.
Number of cyll.ndem e e em 2 4 : 2 2 4 2 f490) 2 4 2
76.5 2 of 90 20!90 of 2 of 90
Diameter of cylinder, in inches ...| 103 485 {ias} 735 735 §3ot0 35152 2otoor 73 ot} 73
Length of stroke, in feet ... 9 4.5 4.25 5 5 5 5 8 5 6
Number of revolutions per mluute... 12.31 25 24 23 20.25 24 24 22.5 23
Nominal horse power... .. 876 330.52 oos 392.10 392.10 320 820 320 400 320 400
Indicated horse power . oes 816.07 744 995.35 837.34 1050 800 1160 1300 1100 1300
Pressure of st>am in boller, in Ib. 14.82 14 25 145 14 26 2 26 16.5 26
Pressure of steam in cylinder, in Ib, oee 89 19 944 5.65 23 16 21 125 23 12.50
Pressure from vacuum 1112 10.2 10.41 9.5 11 11 1.5 10 1.5
PROPELLER. .
Description ... .. .. ..| Radialfixed. [Mod. Morgan's| Feathoring. |Mod. Morgan's| Common. Feathering. | Feathering. | Feathering. Ordinary. Feathering. Ordinary.
Diameter, in fect .. 36 245 20.5 23 25 26 20 26 28 26 27.5
Tength of dle, in feet e 10.5 9.5 7 7 8 8.5 8.33 816 85 8.5 8.5
Breadth of paddle, in feet .., 3.16 3.67 3 4 2.16 3.08 3.18 3 2.5 3.08 2.5
Number of paddles ... . 28 12 11 16 S 12 10 13 24 13 24
Depth of immersion, infeet .. 5.16 5.83 3.33 4 3.5 4 4
Speed of vess;lo in nautlcal mllcs 10.79 12.96 12 12.2 12.23 12,9 11.53 12 13 12.5 1275
ILERS,
Description ... .. .. ..| Tubular. Tubular. Tubular. Tubular. Tubular. Flue, Tu:.:hulsr. " Tubular. Tubular., Tubular.
superheated.
Length, in feet... e . . 22.5. 17 10.5 10.5 13.5 11 12.08 11 125 11
Bresdth,infeet .. .. .| {}i} 1 0.75 9.75 125 1 125 1 125 1
Depth, infeet ... .. .. ... He 15 18 18 125 1 125 1 125 1
Steam-room, in cubic feet ... 4240 300 e oo 1600 390 1600 1450 1600 1450
‘Water-room, in cubic feet ... 5125 2000 720 2000 2520 2000 2520
Number of furnaces ., 24 12 e 12 12 6 (] (] 12 6 12
Number of boilers ... 4 2 4 4 2 2 2 4 2 4
Grate surface, in square toet 616 160 100 185 450 140 130 1368 252 " 140 252
Total heating surface... 16947 450844 6134 6893 8340 2530 3336 7655 3340 7652
Consumption % conls. ‘in lb., pr.hr 8149 5580 2208 5760 5241 2240 2464 3024 6720 2240 6720
EIGHTS,
Total of e es, in tons ... . 495.5 210 with bollrs, 117 117 220 200 220 220 220 220
Each whee! .ee . v 37.5 22 23.5 11.95 26 25 20 16 26 11
Boilers wmlout.wﬂer e 219 40.97 66 60 34 60 80 60 80
‘Water in boilers . 131 35 60 63 40 36 40 70.5 40 70
Reference to Report ... o 1860 1860 1860 1860 & 1861 1860 & 1861 1860 & 1861 1860 1860 & 1861 1860 & 1861 1860 & 1861 1860 & 1861
By whom supplied ... .. .../Royal MailCo.| Admiral Dr. Rankine. Messrs. Ran- |Messrs. Ran- |Messrs. Ran-
log. Moorsom. dolph & Elder.' dolph & Elder.! dolph & Elder.
Romarks we  we  ess  ...|Moderate wind Fair wind; o Wind light. |Moder. breeze; Lgt. hd. wind ; Light wind; al- Wind abeam;
and tide. fair tide; mo- variable tide;| variable tide;| ternate tide ; variable tide;
derate sea, comparatively| light head sea.| no sea. short beamn
smooth sea. | ses.
Groups of Speed 8. 6.
ps pee Between 13 and 15 knots. Between 15 and 17 knots.
Sub f Displ ¢ Berween 125 | Botween 500 E. F 1 Betwosa 260 Betwe”
ul ups of acemen! ‘ween weon N e een 25! twn. 1000
groups P and 250 tons. land 1000 tong. | Between 1000 and 2000 tons. Betwoen 2000 and 4000 tons. Above 16000 toms. | T 0O B ron.
Numeof Vessel ... .. .. Valean Scotia. Telegraph. Mersey. Delta. Atrato. Shannon. | Paramatta. Great Eastern. John Penn. l‘e'fﬁ::’lf‘“d
=80 =330 F=112
Length, infeet... o s e — 80} 160 192.57 243.8 254.42 308 336.5 830.13 329.42 M=120 >680 17L75 156 } 321
A= )80
Breadth, in feet o we ol 163 27 28.16 30 35.25 40.92 4 43.75 2.5 18.75 85
Mean draftof water, infeet... 4.5 8.83 9.67 10.25 15 16.33 16.96 16.71 23.6! 28 71 23.60) 6.79 13.37
Area of immersed midp. sec., sq. fr. 188.78 224.7 261 400 606 606.16 1678 1685.42| 1676.35 99 330
Displacement, in tons of 35 cubic ft. 140 680 1173 1300 2300 8034 8840 3862 20250 (20500 (20240 280 1815
Mean immersed girth, in feet . 14.75 oo v s . 107.32( 107.601 107.56 49.5
Material and state of skin ... ...| Iron Fdnted. e Iron painted, Iron peinted
clean,
ENGINES,
Description e e e Pat. doub. cyl| Sidelever. | Oscillating. |Oscillating. | Side lever. | Side lever. | Double cylL Oscillating. Oscillating. | Oscillating,
Number of cyllndarl . 4 2 2 2 2 2 4 4 2 2
Diameter of cylinder, in lnche! .. o 53 77.25 60 72 96 97 68.125 74 46 96
Length of stroke, in feet ... e 4.5 55 5 7 9 9 9 14 4.16 7
Numberof revolutions perminnw 24 25 30.25 25.5 14.8 19.075 17 1095 | 1o.58 10.49 40 23.5
Nominal horse power... . e 379.92 448 250 400 800 775 764 1000 150 750
Indicated horse power o 412 934.18 1165.98 1088 1624 2390.44 2928.5 2940 3600 3411 341 798 4160
Pressure of steam in boller, in To. 12 14 20 20 16 16 17.5 Average, 22
Pressure of steam in cylinder. in 1b, 8.40 6.88 12.5 18.25 15 1.2 { 205] 21 | 21.5} oo Mean 28.77
Pressure from vacuum ... .. 10.84 10 50 86 1L75 9.
PROPELLER.
Description ... .. .. ..l Feathering. |Mod Morgan's/Mod. Morgan's| Feathering. | Feathering.| Feathering. | Feathering. | Feathering. Radial, fixed floats. | Feathering. | Feathering.
Diameter, in feet ... s e 245 26.83 21, 26 36, 36 38.5 56 14.83 33
Length ol paddle, in feet ... ee 10 10 8.5 9.5 12 11 12 13 7.16 12
Breadth of paddle, in feet ... . 3.67 4 3.43 4.3 4.5 4.5 4.5 3 2,92 4
Number of paddles ... 12 14 12 12 15 15 15 30 10 14
Depth of immersion, in feet... [ 4.42 4 6.25 5.5 5.96 6.67 11.75| 1184 1177 0.83 6.25
Speed of veueBlo in nautical miles... 13.61 13.23 13.288 14.67 13.771 13.898 13.906 14.28| 1340 | 1313 153 16.28
ILERS.
Description ... cos  ese . Tubular. Tubular. Tubular. |Lemb’s pat.| 2 Mult. tabes. | Tubular. Tabular. Tubular. Tubular, Tubular.
flue. 2 Sheet w. spce
Length, in feet.., e oo o oo 17.5 24 8.16 12 23 24.25 24.75 17.5 10.67 185
Breadth, infoet  w. we .. 1142 15 105 9.83 1867 e 2192 17.75 9.83 95
Depth, infeet ... e o o 155 18 135 125 12 A . 13.75 145 115
Steam-room, in cubic feet ... ... 325 408 1125 460 6392 3070 5293 3500
Water-room, in cubic feet ... ees! e re 1620 5250 6440
Number of furnaces .., s 12 12 8 4 24 24 24 40 8 48
Number of boilers ... ... 3 2 4 4 4 4 4 4 2 8
Grate surface, in square feet 186 166.25 178 520 594 e 129 870
Total heating surface.., . 5390.91 8758.01 5407 e 16894 18456 5407 3375 17670
Consumption vgl eotls. in lb., pr. hr. 6240 7800 e e 12700 | 16150 | 11804 22400
Total of es, in tonl e oor e 81 95 800 700 291 836 27 710
Each whee . 28 23 13 14.5 38 7.5 69 185 8 60
Bollers withont water .- 47.17 70 75 120 282 220 . . 170
Water in boilers ... . 39 65 45 150 184 2 140
Reference to Report ... oor 1860 1860 1860 1861 1860 1860 1860 1860 1861
By whom supplied ... . Rankine, |Admiral Moor-|Admiral Moor-|Royal Mail Co.|Thames Ship|Caird and Co, Napier & Sn,|Royal Mail |J. Scott Rnssell, and re-|{John Penn |Messrs. Jas,
som. som. Buildg. Co. | Greenock. Glasgow. Company. | sulta of three logs. and Son. ‘Watt.
Remarks oo o ete  ees Lt wind; tide/Lt. wind; tide|Wind No. 4; |Wind light, |Confused tide. we Wind varia- ‘Wind No. 8;|Against tide;
partly favour-|partly favour- | ebb tide; Sw. ble; tide & flood tide. | calm sea.
able, able. smooth sea. sea mod.
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Tasre II.—MERCHANT SCREW STEAMERS.

Groupsof Speed ... .. .. .. 3 twee -
ps of Spe: e Between 9 and 11 knots. Be n 11 and 138 knots.
Su uns A. C. F. C.
bgroups of Displacement .. .. .. Under 125 tons. Betwoen 250 and 500 tons. Between 2000 and 4000 tons, Between 250 and 500 tons.
Name of Vessel Midge. Penelope. Undine. - Lancefleld. Macgregor Laird. Candia. San Carlos. Leonidas.
F =62
Length in water-line, in feet ... .. .. £8.75 74.33 K”szgi 125 {M: }m 245 281 192 208
= . A =75

Breadth (extreme), in feet ... ... .. .. 12.67 12.75 25 28 80 889 30 29.12 ¢

Mean draft of water, in feet . 4 4.08 10.16 8 17.16 18.78 11.88 775

Ares of immersed midship secﬂon. uqum l'eot 40 33 154.38 157 440 . 260 207 :

Displacement, in tons of 85 cubic feet ... ... 45 46.5 294 359 2035 2520 700 810

Mean immersed girth, in feet .., .. .. . .. 37.84 27.64 v . e .

Material and state ofn;kln . . Iron painted. Iron painted. . . . .

GINES.

Description ... woo s e ee Inverted. High pres. inver. | Inverted direct. Inverted. Inverted geared. Trunk, Patent doubl cyl. | Vert. invert. cyl

Number of cylinden e 1 2 . 2 2 2 4 P)

Diameter of cylinders, in inches ... .. .. 16 1.5 24 28 62 70.75 53 and 81 40

Length of stroke, in feet ... 133 1 1.25 2.5 3.16 4 2.92 25

Number of revolutions, per ‘minute 160 . 101.74 84 349 . 47.5 78

Nominal horse power e 25 20 50 80 200 450 120 100

Indicated borse power s 100 83 157,09 200 550 1415 500 340

Pressure of steam in the boilers, In 1b, ... ... 60 43 158 . Average. . 50 .

Pressure of steam in the cylinder, inlb.... ... . . 1229 . 281b, . 47 1145

Pressure from vacoum ... .. s e . . v . . o 11

ripti PROPELLKR.

Description ... .. .. we el e 4 . . Gaining pitch.

Dhmeter. infeet e oo 4.67 4.25 7.83 8p . 158 10.5 883

Pitch, in feet ... e .er 9 10.5 11,25 16 to 17 . 20 13.38 18

nsth in line of shaft . e .. . 1.5 .67 133 . . 333 Variable. 183

Numberof blades ... .. .. .. .. 3 3 . 3 . 2 2 3

Boss, diameoter in feet s oee e 96x 116 a1 1.25 . . 23 28 2

Depth of immersion at bottom ... s 5.24 4.67 950 10 . . 1 8.08

Speed of vessel, in nautical miles per hour ... 10.53 10.85 9.26 9.6 9.5 9.96 1L75 1.7

Number of revolutions, per minute 160 146 10074 84 . 36 78

BolLxgs.
Deseription ... .. .« e se o Cyl mult tub Tubular. Tubular. Chamb, 2, upright Tubular. Lamb's patent. Spiral flue. Tubular.
‘water tubes,

Length,infeet.. .. . we e e 9 8.06 1225 9 . 155 12.5 9.5

Breadth, in feet o o oo oo 6.67 825 8 13 . 9.5 ¢ 7.61

Height, infeet... .. .. we w0 o 6.67 5.25 9 13 . 13 .. 1142

Steam-room, in cubic feet .., s on 70 38.05 456 . . .e 750 s

‘Water-room, in cubic feet ... o oe . 140 88.45 . . . .. 800 L460

Namber of furnaces .., 1 1 4 2 . 16 1 4

Number of bollers ... 1 1 1 1 2 4 1 3

Grate surface, in square feet 19.8 13.083 45.17 48 96 286 76 70

Total hesating surface, in square feet ... ... 826.8 311.302 989.17 1278 4200 7922 2276 2274

Copsumption of eo.‘l‘n, in Ib. per hoar ... 280 336 . 673 . .e 1176 1204

VEIGRTS.

Total of engines, intons ... .. .. .. 2.5 2.7 108 .. o . 70 24

Total of bollers, in tons ... cee eee 8.8 39 17.78 . . . 85 23

Total of water in boum 5.78 2.5 6.5 . . . 7 an

Propeller .35 .18 85 . . o 16 186

Reference to Rey v o 1861 1861 1859 and 1860 1861 18623 1861 1860 1861

By whom supp! e s ee e ieed. W.Dudgeon. (Messrs. Morrison {Dukeof Sutherland Professor J. M. Royal African Mail Messrs. Rennie Messrs. Randolph |Morrison and Co.

| and Co. &J. Scott Russell| Banki Comp and Son. and Elder.

Remarks we s se ws e e Gale N.E.; heavy |Moderate wind; no . Moderate ses ; . . . Topsail breese ;
head- and beam- | ses; with and quarter ebb; moderate swell ;
sea. against tide. favoursble tide. last of flood ; first

of ebb,

G t Speed , 4 &

roups of Spec Between 11 and 13 knots. Botween 13 and 15 knots.
Subgroups of Displacement. C. D. Betwoeg'm and| D.
Lad ¢ "l Between 250 and 500 tons. Between 500 and 1000 tons. 500 tona Between 500 sud 1000 tons.
Name of Vessel vee  ese s ee o) Guaysaquil Mavrocordato. Colombo. I Pers. Thunder. ' Ceylon, |{Tasmanian, Great Eastern.
F=158 F=140

Length in water-line, in feet ... .. ... 195 PO 318 { s )}aoo 240 { i m}aoo 353 l} gg 680

Breadth (extreme), in feet ... .. .. .. 30 3275 37.25 42.08 30 41 89

Mean draft of water, in feet oe 11.71 13.75 18.25 18.25 14 18.25 19.08 28.62 28-71 23.60

Area of immersed midship section, nqnn.ro foet 260 444 518 592 342 583 577 1678 1685.42 | 1676.35

Displacement, in tons of 35 cubic feet ... ... 840 1963 2487 2972 1000 2940 8876 20250 20500 20240

Mean immersed girth, in feet .or e e . . . 58 . 61 . 107.32 10"1.60 107,58

Material and state %u skin ... . e e . . . Iron painted. . . . Iron p

GINES.

Description ... vt we e | Pat. double eyl [ Vert. inv. cyl. | Beam geared. Trunk. Vertical dir. Inv,dir, | Trunkinverted. Horizontal direct.

Number of cylinderl e eee e see e 4 2 F) 2 2 2 ] 4

IL; fot L,k ;” ininches ... .. ..| &3 .ncg 1 48 72 12,15 5: 7; egs 84

ngth of stroke, in feet ... 2.5 5.6 .

Number of revolutions, per minute ... ... 50 49 26 325 56.5 6L3 52 3858 81 45| 88.35

Nominsl horse power e e e e 120 180 450 450 210 450 550

Indicated horse power e . 600 546 1528 1414 924 2040 2800

Pressure of steam in the boilers, f Ih. ... ... 52 15 18.26 . 13 20 19 Average pressure.

Pressure of stesm in the cylinder, in Ib. 46 . 218 . 13 . 1055 1835 19 | 13

Pressure from vacuum 12 . . “ . 12 . 1275

ProPELLER.

Diameter, in feet s oo e 10.5 14.78 15 15.6 15 168 17.83 24

Pitch, in feet [ . e 12 17 18 21 1N 24 83.6 4“

Length in line of lhlﬂ .er oer o 25 216 3.61 3.67 4 4 3.5

Number of blades ... .. s e e 2 8 3 3 s 3 3 4

Boss, diameter in feet cie e e e 167 2.25 . 216 . ]

De th of immersion at bottom ., 11 15.76 18 . l.s 67 . 19.25

of vessel in nautical mllel. pel' honr o 12 1119 1246 12.556 14.5 13.34 14,25 14.28 13.4 13.13
umber of revolndall;z. per min 104 49 78 63 56.5 613 52 38.68 3745 36.35
ILERS.

Descriptioh ... e+ .. «.  «e o Pat spiral five, Tubulsr, Lamb's sht flue.| Lamb’s patent. Tubular. Lamb'’s sht. flne,| Tubular. . Tubular.

Length, i foetes  we s e e e 1 95 16 17 175 and 21 18 1o },{ﬁ 185

Breadth, in feet v e e e e 12 11.83 10 9 9.16 10 178

Height, in feet... e e o 24 13.29 17 12 15 14 8.81 14

Steam-room, in cubic feet ... 1000 415 2250 . 780 . 3857

Water-room, in cnblc feet ... e e . 1200 1165.4 . . 1714 . 8375

Number of farnaces . o e e 1 [ 16 16 8 20 2 73

Number of boilers ... e eee e ae 1 2 4 4 2 4 6 6

Total heating’ "‘;‘“‘""m""' o I stand et 88 758 9450 12088

Total heating surface, in square feet ... ... .4 4 .

Consumption of cos‘l‘a. in Ib. per hour ... 1120 2128 4054 . 1456 .o 8400 15859 | 16161 | 14188

'EIGHTS.

Total of es,intons ... .. .. .. 70 51 263 . 96 . 350

Total of boilers, in tons ... ... .. .. 30 42 119 . 56 138 201 500

Total of water in bollers ... e o 25 26.43 101 . 49 64 150

Propeller o e aee e 2.8 415 8 . 4 7 14 36

Reference to Bepom e e e 1861 1861 1861 1861 1861 1861 1860 1862

By whom supplied ... .. .. .. .. WestIndis Mail|Messrs. Morrison)| P.&O0.Co. [Messrs. Rennie |J. W. Dudg Messrs. Hum-  |Messrs. A. and J.!J. Scott Russell and logs of G. E.
Company. and Co. & Son. phrys & Tenant.| Inglis, Glasgow.

Remarks or ...|Light wind; Calm; no ses; P Wind strong, [Calm; noses; . Fresh breeze ;
heavy sea, tide in favour. S.8.W. 1 mile against flood 2 runs;

tide, ebb 2 runs.
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Tapre IIL—MEN-OF-WAR (Ggove 1).

1,
Groups of a Speed we e e e em From 5 to 7 knots.
Betw F
. ween D. E. .

Subgroups of Displacement ... ere  eee e 125& 250, Between 500 and 1000 tons. {Between 1000 and 2000 toxs. Between 2000 and 4000 tous.

as.

Name of Vessel ... .. .. .. .. .. Miox. |Plumper.| Wasp. | Cruiser. | Meteor. | Glatton. cal::‘a; Amphion |Cornwallis. | Hastings.|Blenheim; Hawke. | Ajax.
Length in water-line, in feet ... .. .. 113102 | 140 188.33 | 160 1725 | 1725 | 156.25 | 177 177.08 | 176.67 | 18128 | 176.08 | 176 _
Breadth (extreme), in feet .. .. .. .. 2208 | 975 | 8383 | 31.92 | 43.92 | 4520 | 82 43.16 | 49.08 | 485 | 485 4846 | 48.54
Tonnage, builder's measurement e e a| 803 490 970 753 (1469 [1335 . |1474 1809 1763|1832 1753 1761
Mean draft of water in feet e ... 416 12.58 12 13.41 7.2 8.5 15.67 19 21.87 20.83 21.12 21.87 22.21
Area of inmersed miaship section, square feet ... .| 89 252 802 828 310 379 405 546 736 725 738 757 a:
Displacement, in tons of 35 cubic feet ... ... ..| 145 679 970 998 1346 (1640  [1361 (2025 2718 2730 [2790 2808 3013

E~GINES. TeLP. | H
Description . . . ....H.H. P. , A . .|H. H.P. | H. H. D. Ac. Hor. |[II.Tr.H.PJH.H.P.| Hor. |H.Tr.H. or.
Number of cylinders e oo e oo g Pr|Vegerd) Voos Hegeared HILP. HALP.| D, 2 il A 4 2 4
Dinmeter of cylinders in inches ... .. .. . 9.18 | 27 34 28.06 26.01] 255 | 24.875| 48 =30.02 30 52 =30 55
Length of stroke, in feet ... ... .. .. 95| 2 275 | 2 2 2 | 38 4 2.5 2.5 3 2.5 2.5
Number of revolutions per minute 196 54 58.58 49 139 127 | 4439 45 96 7! 43 89 521
Weight per square inch on safety-valve, in pounds .| 55 14 11 10 60 62 10 60 65 10 50 10
Nominal borse power  «.. wo e a. | 10 60 100 60 150 150 .. | 300 200 200 450 200 450
Indicated horse power ... .. .. .. .. 8.5 |127.3 |2362 |128.7 |5206 |693.4 | 16254 |592.2 | 5728 | 6973 | 9384 | 500 930.6
PROPELLER.
Diameter, in feet ... .. .. .. .. .. 408 869 | 11 9 6 621 | 105 15 12 12 16 12 16
Pitch,infeet .. ... .. .. .. .. 8b5 6.10 | 1385 6.67 | 125 14 16 21 9.5 1229 | 20 9.5 18.42
Length in lino of shaft ... ... .. .. .. 57 1.16 2 112 2.27 2 2.5 1.57 1.92 3.33 1.57 3.08
Iinmersion at bottom, in feet ... .. .. .. 233 6.42 4.75 7.83 4.5 5.16 | 18.33 14.75 14 14.08 12.57
Number of revolutious, per minute ... ... 196 100.08 | 58.58 | 98 139 127 1439 | 45 96 8 43 8 | b2
Speed of ship, in knots perboor ... .. .. .. 5441| 6381 6.976| 6295 577 | 43 5.616| 6.75 5.8 6.702| 5816 6525 | 6.83_
S of propeller ... 6.888 6.568 7.801 6.445| 17.139| 17.58%| ... 9.321 8.996 9.457 8.483 8.340 9.447
Slip in knots perhour ... 1.447 187 825 150 11.369 13.039 2.571 8.196 2.735 2.667 1.815 2.617
Ship percent. ... .. .. .. .. L] 2101 | 2.5 | 1058 | 2.33 | 66.33 | 74.35 27.58 | 85.53 20.18 | 314 2176 | 27.70
Speed?x (D —-indicated horse power ... .| 260.4 514.1 434 661.7 112.4 49.8 . 283.5 250.7 365.4 1547 420.6 270.5
Speed?x Dt § -+-indicated horse power ... . 157.6 140.8 vee e
Wind D No.8. | No.4. [ Calm . w. |Modbrze| .. No. 2. Light.
Sea ... . . e e w. |Moderate . Smooth .. e Smooth.
swell. water; a
little swell.
Remarks .. wo  wh e e we w] e e «o |Rigged & «. |Rigged &
fully partially
cquipped. uipped.
Reference to Reports ... ... .. .. .| 1862 | 1862 | 1862 | 1862 | 1862 | 1862 | 1860 | 1862 1862 1862 | 1862 1862 1862
TapLe IV.—MEN-OF-WAR (Grour 2).
G { e e %
roups of a Speed - Between 7 and 9 knots.
B B. c
Subgroups of Displacement ...  wa . .| ocb¥ECD 9 D.
groups P 125 & 250 Bc";z:’)"‘ﬁ:’o and Between 500 and 1000 tons.
tons. N
Kame of Vessel #e e e e o) Teazer. | Cygnet.® Swallow. | Ariel. w;::g' } Viper. | Torch. | Lynx. |Reynard.| Lyra. |(Rifleman. P]:;':," Hornet. i Nimrod.
Length in wlter—line', in feet... .| 130 145.08 | 139 139 160 160 145 160 147.67 | 139 150 151 160 200
'B‘readth (extreme), in feet ... . 2179 25 42 27.92 27,92 | 25.33 25.33 25.33 25.83 27.83 27.83 26.57 29.08 31.87 | 30,16
Lonnage, builder’s messurement ... .. .| 296 428 | 486 486 477 477 425 477 516 483 486 577 753 | 851
Mean draft of water, in feet... ... .. ..| 525 914 | 10.25 | 1079 | 1042 | 1046 | 11.37 | 1083 | 1092 | 12.20 | 1154 | 13.08 | 18.37 | 10.75
Arca of immersed midship section, square feet ...| 82.9 168 180 195 198 199 224 209 222 239 233 263 312 253.5
Displacement, in tons of 35 cubic feet ... | 205 393 453 500 516.5 550 557 586 604 638 678 798 937 969
L ENGINES.

Description ... .. e . . we| V.o08. Hor. Hor. Hor. Hor. Hor. Hor. Hor. Hor. Hor. V. os. Hor. Hor. Hor.

. i trunk. . geared.
Number of cylinders ... ... .. .. . 2 2 2 2 2 2 2 2 2 2 2 2 2 2
Diameter of cylinders, in inches ... we w| L2706 | 32 25.5 23.5 40.5 40.5 82 1=385.1 28 25.6 34 38 88.06 | 58.06
Length of stroke, in feet ... 2.5 1.5 1.76 175 2 2 1.5 1.67 2 1.75 2.76 2 2 2.25
Np!nb\‘r of revolutn?ns per minate ... | O1.5 82 76.5 82 63.33 66 91.756 80 56 84 85.67 | 100 78 60.625
Weight per square inch on safety-valve, in pounds 9 21 20 20 20 20 | 20 20 14 20 10 20 20 20
Nolpmai horse-power... . | 40 80 60 60 160 160 80 160 60 60 100 150 100 350
Indicated horse-power . ee .| 128.2 162.6 164.6 190.1 224.6 267.3 280.7 222.1 153.6 227.1 166.5 483.75 | 4114 383.1

i . DPROPELLER.

D'mmet.er, infeet ... e | b 9 9 9 11.08 11 9 11 8.92 9 9 10 10 | 11
Piteh, in feet ... 7 12.01 10.87 11 15 15 13.08 | 9.75 7.25 11 8.42 12 15.46 20.5
Length in line of ahnf_ 116 1.97 1.81 1.81 2.52 257 | 225 2.42 133 1.83 1.45 229 1.96 ‘ 3
Immersion at l‘mu}my in feet 3 4.96 5 4.83 4.33 4.57 | 625 4.92 6.33 6.5 6.5 7.08 | 4.75
Number of revolutions, per minute... .. ..[ 19209 | 82 76.5 82 6333 | 66 | 9175 | 80 112 84 89.64 | 100 78_ | 60.625
Speed of ship, in knots per hour ... 7.685 8.677 . 7.429 7.647 | 8.012 8.8 8.843 7.033 7.3 7.45 715 |~ 8.934 8744, 8418
SJ;eet! of propeller ... .os «.| 13.263 9.833, 8.206 8.897 ! 9.371 9.765 | 11841 7.694 8.009 9.114 7.441| 11.837 ! 11.893: 12.259
b‘-l!p, in koots per hour 5.578 1.156 0.777 1.250 | 1.359 0.965 2.998 0.661 0.709 1.664 0.291 2.903 | 3.149 3.441
Slip, percentees, . L. .. .| 4205 | 10176 | 947 | 1405 | 1450 | 988 | 2582 | 859 | 885 | 1826 | B8.01 | 2452 | 2048 | 28.07
S;ma_;‘)( ® —:-'lnd.lcated horse-power | 293.4 674.9 | 4484 458.7 ' 4534 | 507.3 553.1 527.4 562.2 435.2 511.5 387.6 507 453.8
Speeds x Dt§ <-indicated horse-power e o . 215.5 147.4 1482 : 1523.08 | 171.1 166.8 109.7 134.9 . 126.8 155.6 175.3
Wind «.. oo wn e e e No.2 | No. 5. ‘ .. Light | No.8to| No. 4. . No.3. | No.2. [No.3to

| breeze. | No. 4. No. 4.
Sea v e e e e e e T wee | e |Moderatel ... w | Smooth.| ..

I l swell.
Remarks - - e ...| Not rig- . s . e o . Rigged Fully .

ged; fine | an I'ul:{ rigged &
stern. : equipped. ready for|
sea.

Reference to Reports ... e . 1862 1862 1862 1862 1862 1862 1862 | 1862 1862 18G2 1862 I 1862 1862 1862

* Half boiler power.

(7o be continued.)
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THE EBBW VALE IRONWORKS.

Avtioucu not geographically within the prinei-
pality, but in Monmouthshire, the beautitul vale of the
Ebbw is as thoroughly Welsh in its population and
pursuits as any part of Glamorganshire. In its lovely
scenery it far surpasses that of any of the narrower
neighbouring valleys to the west, but is in its turn
surpassed by other valleys to the east, that of Pouty-
pool, the Wye, and so on to the great valley of the
Scvern itself. A stranger to the distriet, journeying
for the first time above Cramlin—with its iremendous
viaduct spanving the sky like a vast yet most delicate
ivory carving, so unreal does it seem in its aérinl
lightness—would least expeet to come upon iron-
works and collierics at the single spot which appro-
priates the name of the whole of the long valley—
Ebbw Vale.

It is nearly a hundred and seventy years sinee
Abraham Darby, a Quaker, commeneed the founding
of cast-iron pots in Bristol. e alterwards esta-
blished the ironworks at Coalbrookdale, his grandson
creeted there the fiest cast-iron bridue ever built, and
his hineal deseendant, bearing the same name, founded
the Ebbw Vale Iron Company, which, although no
single one of its many separatc cstablishments s the
largest of its kind in England, is, nevertheless, the
largest iron-making firm in Christendom. 1t has
furnaces and mines miles and miles away from Ebbw
Vale. Indeed, at that particular part of the valley
which bears this name there are but four blast-furnaces,
although therc are threc more about a mile down the
river, at a place named Victoria. Then there are four,
one of them the highest (72 ft. 3in.) in Wales, at
Sirhowy, by Tredegar, three miles to the west, four
more at Pontypool, and six at Abersychan, twelve
miles off. There are thus twenty blast-furnaces be-
longing to the company, and these made, in the year
1863, a total cast of 165,812 tons of pig iron, while
the mills turned out 100,066 tons of rails and finished
iron, and the collieries brought to bank nearly a
million  tons of coal, or exactly 956,575 tons.
Altogether, the company has employed 15,000 people.
Since it was formed mto a limited-liability vnder-
taking, and its profits have been publicly reported,
these have been rcturned, in one ycar, at nearly
200,000/. Candour compcls us to say that in this
period of duluess the works are doing nothing like
this, pecuniarily ; but iron-making Las always been a
speculative business, and its turn of luck must come

again.

g'I‘hc Ebbw Vale Company have large tracts of free-
hold property underlied with iron-stone, and they
have iron mines also in the Brendon hills, in Somer-
setshire, whence is brought cxcellent spathose ores,
white and brown, which make a pig from which good
Bessemer steel may be made.  With this ore the high
furnace at Sirhowy, 72 ft. 3 in. high and 18 {t. in the
boshes, makes 250 tons of pigs weekly. This ore is
used also for fettling the puddiing furnaces, all the
cinder from which is calcined and returned to the
blast furnaces, where its silica is corrected by the
argilaceous ores of the Monmouthshire district.  The
furnaces at LEbbw Vale also make cach 250 tons
weekly. Unlike Dowlais and Rhymney, where raw
coal is used in the blast furnaces, that of Ebbw Vale is
so far bituminous as to require coking.

The mechanical engineer has much to see at the
company’s various works. Besides the remarkably
fine fitting and smiths’ shops at Ebbw Vule, among
the finest and best fitted with tools which we have
seen anywhere, there is the largest blowing-cngine
cver made, with 6 ft. steam-cylinder and 12 ft. blowing-
cylinder, both of 12 ft. stroke, the stcam-cylinder
being larger than that of the Merthyr Guest engine at
Dowlais, while the blowing cylinder is of the same
dimensions. This engine has had to be in great part
reconstructed since it was put up by the makers.
The fly-wheel shaft, weighing 8 tons, was forged in
Cornwall, under a 25 ewt. single-acting steam-hammer,
and split not long after it had been put to work. I'he
fly-wheel ran 13in. out of truth sideways, and was
found to be of insufficient weight. The plumumer
blocks, also, were 100 light. We gave drawings and
full particulars of this ¢cngine in ENGINEERING a year
ago (Sept. 7th, 1866), and we may say that the new
shaft, forged by the Millwail Company, has journals
20 in. in diameter and 3 ft. long, where those of the
old shaft were 16 in. by 2 ft.; the new plummer blocks
weigh 10 tous euch, where the old blocks weighed 3;
aud the new fly-wheel, 30 {t. in diamcter, has 40 tons
in the rim, 18 tons 1n the boss, and 24 tons in the
eight arms, besides the S§ ton shaft and 4} ton erank,
making 95 tons of revolving weight.  When the new
enginc is again ?f it be not already) at work, it will
blow four large furnaces with £ lb. blast.

Several of the blowing-cngines of the company are
of the Neath Abbey Company’s make, haviog no fly-
wheels, but the old-fashioned plug-rod valve-gear. One
at Sirhowy has a 5 ft. steam-cylinder and 8 ft. blowing-
cylinder, and 8 ft. stroke ; and auother at Victoria has
a steam-cylinder of the samc sizc and stroke, and a
blowing-cylinder of 122in. To hoth these engines
smaller supplementary blowing-cylinders have been
added, these being worked from the beam at half
stroke. These engines work easily and quictly at a
good rate of speed, 23 double strokes or 368 ft. of
piston per minute.

Although we have spoken of the Ebbw as a river, it
is but an insignificant stream, and does not furnish
suflicient water for condensing the steam from the
great number of engines employed at the various
works. Considerable care is taken, therefore, to secure
reasonable economy of fuel. The waste heat from
both the puddling-furnaces and mill-furnaces is led off
in flues to the boilers outside, and the stcam-cylinders
of the engines are everywhere carefully covered in
with brickwork. This, for horizontal engines, presents
an unusual appearance to the engineer accustomed,
possibly, to ornamental lagging. Lxeellent draught
13 provided to the fires, the stack at Vietoria belng
198 ft. high and 12 ft. square.

The three-high blooming-mill has a steam-cylinder
and piston to litt the bloom to the upper rolls. The
favourite mill for blooming, however, 1s While’s con-
tinuous mill, originally brought out at Dowlais, although
not now used there. We described this in our second
article upon Dowlais, and may repeat here that the one
at Ebbw Vale hias worked continuously for three years
day and night, that it saves the labour of three men,
and that 1t turus out a hotter and sounder bloom,
requiring less re-heating, than the ordinary mill, whether
with two rolls or three high.

A somewhat remarkable picce of steam-engineering
at Ebbw Vale is a single horizontal engine of 2+ in.
cylinder and 1 ft. stroke, working direct upon the shaft
of an 8 in. guide-iill, used for rolling wire-rods down
to § in. diameter. This engine, which has worked day
and night for threc years, was werking, when we saw
it, at 240 revolutions, but in rolling wire-rods it is
driven at 300 revoluticns, or 600 {t. of piston, per
minute. It is bedded on masonry 18ft. thick, and
carc has to be taken to prevent any thumping. One
peculiarity of this engine is that 1t has but a single
flat guide under the piston-rod, the cross-head simply
resting upon, but uot embracing or fitting into it.
The pressure is always in one dircction, as the engine
cannot be reversed ; and the single guide is preferred
to two. The only other instance we know of a high-
speed guide train being driven direct with an engine
on the same shaft is that at Llynvi, where there is an
overhead engiue with 20in. cylinder and 1 ft. stroke
used in this manner.

We saw Spence’s compound in use for protecting
some of the steam-pipes, but it was failing grievously,
coming off in patches.

Coal-washing is cxtensively practised for the small
stuff, which was formerly lost; and this makes excel-
lent coke—so good, indeed, that it is used in the
furnaces making pigs for Besscmer steel. Many of
our readers know of Bourdou’s coal-washing machine,
brought to this country years ago by James Morrison,
now of Ferryhill, in Durham, and who made a fortune
by its aid, and in a manner wholly unexpected by the
northern coal-owners. It is this machine, of which the

atent has run out, that is used at Ebbw Vale, and which
1s now being started at Dowlais. It is of exceeding sim-
plicity. The fine coal—and it is all the better if
ground under cdge-runners, although this additional
labour is not often undertaken—is raised by a Jacoh’s
ladder to the top of the washing-tanks, and led by
scparate spouts into each of the four compartments.
These are of cast iron, ahout 4 ft. square, open at the
top, and hopper-hottomed to permit the escape of the
slate and heavier matters. The compartments are
kept nearly full of water, which is churned up and down
through the coal by means of four 30 in. pistons working
with a 4 in. stroke in as many open-topped cylinders at
the side, onc pisten to cach compartment. The shale,
pyrites, &c., soon scttle to the bottom by their greater
weight, and are let off at intervals by opeuing a valve,
some of the water escaping and more being then added.
One combined machine, with four pistons and washing-
tanks, is worked by a small engine, and is attended by
two men and six girls. It will wash 200 tons in
12 hours, at a cost of less than Sd. per ton, all told,
the wages amounting to hardly 15s. a day. What was
once wasted is thus converted, when coked, into most
valuable fuel, the coke from washed coal slack being
purer than that from the large coal of the samc pits

inasmuch as most, if not all, the sulphur is washed
away.

The company has many coal pits; that at Abercarn
being one of the finest in the kingdom. It is 300
vards decp, and is 22 ft. by 16 {t. all the way down.
The winding engines are a pair with 48 in. cylinders
and 8 ft. stroke, winding a flat rope on a 20 ft. drum.
The cages have two stories, and on one occasion no
less than 1330 tons of coal were wound out of the pit
in 12 hours. 'The workings extend 1400 yards from
the bottom of the pit; and for 1000 yards there is an
underground tramway, with wagons drawn by a pair
of 20-inch cylinder engines of 3 ft. stroke, and worked
at a high rate of speced. A visitor to the pit, not long
since, was actually whisked along this line at the rate
of 20 miles an hour, but the regular rate of working is
hardly onc-third this speed. 'This collicry was once
ventilated by a huge Nasmyth fan; but this has been
long since rcmoved, and furnace ventilation, main-
tained by au enormous fire, adopted in its place. The
coal is tolerably bituminous; but the air is good, and
the men work with naked lights. ‘The Ebbw Vale
coal, according to Playfair and Delabeche’s experi-
ments, had the very highest cvaporating power of any
coal tried, being 10.21lb. of water evaporated from:
212 deg. by one pound of coal. Ouly Thomas’s
Merthyr and the Duflryn coals came ncar this. It is
a rather lighter coal than some of the others in the
same district, contains about 90 per cent. of carbon,
yields 774 per cent. of coke, contains about 1 per cent.
of sulphur, and burns with remarkably little ash.

We have said nothing of the Bessemer Stcel Works
at Ebbw Vale. They are admirably built of stone,
well clear of the other portions of the works, and close
heside the railway. Their erection was commenced
by Mcr. Moon, the son of the chairman of the London
and North-Western Railway; but their present de-
sign and the arrangement of the plant was completed
by Mr. E. Windsor Richards, the cngineer of the
Ebbw Vale Company. At present but two 5-ton con-
verters and a small experimental converter have been
put down; but the buildings arc arranged to hold
more. The whole plant was coustructed by Messrs.
W. and J. Galloway und Souns, of Manchester.

The visitor to Lbbw Vale can hardly fail to leave it
without regret. Not even at Coalbrookdale does so
much natural beauty look down npon great ironworks
and collierics,  Almost in the midst of the works are
the park-like garden and plantation surrounding the
Ebbw Vale House, now used by the directors as a
grivute hotel for themselves and their visitors. Further

ack, along the hill-side, is the town of workmen’s
houses, commodious and neat, indeed almost elegant
as you look at them, with the emerald background of
the wooded hills beyond. The church, a recent work,
is, architecturally, of beautilul design, and therc is a
well-supplied and well-supported ~reading-room, i
museum, &. Beyond the town there is a hittle world
of rural beauty, within which, hidden among the
trees, is the home of the managing dircctor, the in-
heritor of a name of which all in England may be
justly proud—Abraham Darby—a nawmc well befitting
the founder of the largest iron-making firm in the
whole world.

AUSTRALIAN CoAL.~—1he Dutch Jndian Gaslight Company
reports thut the management in Batavia made a trial last year
ot Australian coal for the purposes of the company's manufac-
ture. The result was not unsatisfuctory ; but the managrment
was obliged, nevertheless, to fall back upon Euglish coal, m con- *
sequence of the absence of regular navigation services between
Batavia and Australia.

Tre EastierN Coast.—Her Majesty's ship Porcupine, Cap-
tain Calver, R.N., left the eastern coast last week, having com-
&leted a survey of the coust from Covchithe Ness to Orford

ess, upon. which she lus been employed for the last two
months. Many interesting and important changes have been
found to have occurred since the last survey was made, nearly
half a century since. The shoals have altcred in forin and ex-
tent, while the sea has nade considerable inroads upon the
coast, particularly at Covehithe, Southwold, Duuwich, aud
between Aldborough and Orford Ness. A new fish-market and
wharves huve been nearly completed at Great Yarmouth. The
market is 750 ft. long by 40 ft. wide, with a landing-wharf of the
same width between it and the quay. "The market is covered with
a roof resting on 148 iron pillars; the roof on the east side is
lighted with 36 skyhights, 10 ft. by 36 ft. each, the west frout being
open. Along the eastern side are oftices for fish salesmen, telegraph
clerks, &c.  The whole cost of the works has been about 12,0004

THE DISTINGUISHED MEN OF SciENCE.—Many of our
readers who possess the fine and interesting print bearing the
above title will regret to learn of the death of its engraver, Mr.
William Walker, who died, ripe in years, on Saturday last,
at his residence in Margaret-sireet, Cavendish-square. Mr.
Walker executed many important engravings from Lis own de-
signs, but that to which we have referred, containing fifty
figures, drawn from authentic portraits, and grouped by John
Gilbert, of tlhe most distinguished men of science, engincers,
and mechauicians living in England at the beginning of the
present century was amoug the most remarkable.  Mr. Wulker
spent six years upon this work, and laid vut 5000L upon it
before receiving any 1cturn.



220 ENGINEERING. [Sept. 13, 1867.

COTTON MACHINERY.

( For Description, see opposite page.)



SepT. 13, 1867.,

ENGINEERING.

221

ON MACHINERY FOR THE PREPARING AND
SPINNING OF COTTON.*
By Mr. Jonx PLATT, of Oldham.

THE object of the present paper is to trace the principal
mechanical steps by which the application of machinery to
cotton spinning has been developed, and which have led to
the completion of the present elaborate machines, so re-
markable for the perfection of the results produced by them.
The modern machines are, in fact, formed of a combination
‘of numerous highly ingenious contrivances, which have
been successively designed to meet the special difficulties
of dealing by machinery with so delicats and irregular a
material as the raw cotton fibre.

The process of spinning involves three essential and dis-
tinct operations :

First, Drawing,—in which the fibres of the raw material
are drawn out longitudinally, so as to lay them all parallel
with one another, and overlapping at the ends; as is done
by the fingers of the hand-spinner for forming a continuous
sliver out of the short fibres lying irregularly in the bundle
that is tied upon the distaff,

Second, Twisting,—in which the sliver previously formed
is twisted into a roving or thread, for giving it longitudinal
tenacity by increasing the lateral friction between the fibres ;
as is done by the hand-spinner by twirling the bobbin on
which the portion of thread already twisted has been
wound.

Third, Winding,—in which each portion of the thread,
after it has been sufficiently twisted, is wound upon the

Lobbin.

In the application of machinery to the performance of
these operations, the great difficulties expericnced have
arisen from the irregular character of the cotton fibre on
the one hand, and, on the other, from the unyielding action
of machinery, which has to take the place of the delicate
feeling of the fingers in hand-spinning, whereby the spinner
is enabled to accommodate the action continually to the
variations in the material. It is a point of special me-
chanical interest, however, to note at how early a period in
the application of machinery correct ideas were developed

of the later machine may be attributed to its superiority
both in workmanship and in the material employed, the
wo:ol: machine having been composed almost entirely of
wi

The four pairs of drawing rollers, A A, Fig. 1, were made
of brass and steel, and geared together by pinions ; the
bottom rollers were covered with wood and fluted, and the
top ones were covered with leather, and pressed down upon
the bottom rollers by the weighted cords and pulleys, B B.
The sliver delivered by the rollers was then twisted into a
yarn or roving by the flier, C, and wound upon the bobbin,
D. The differential motion of the flier and bobbin, by
which the two operations of twisting and winding were
eflected, was exactly the same that is still employed for the
same purpose, only the motion was obtained by different
means. If the flier and bobbin both revolved at the same
rate and in the same direction, no winding would take
place, and the effect would be confined to twisting the sliver
into a roving. On the other hand, if only the flier revolved
and the bobbin were stationary, all the motion would wind
and also twist, but only a single twist would be put into
the sliver for each coil wound on the bobbin. But if the
bobbin rotates slower than the flier, the winding is effected
at just 5o much slower rate than the twisting as the two
speeds are made to approximate. This was accomplished in
Arkwright's machine by the simple means of a friction
brake upon the bobbin, D, the bobbin being loose upon the
spindle, and dragged round by the thread, whilst the flier,
C, was fast upon the spindle, and driven direct by the
driving-strap, E, below. The friction-brake to retard the
bobbin was made by a worsted cord passed round a groove
in the whirl, F, at the bottom of the bobbin, and tightened
by hand to the required adjustment by a screw-pin securing
the end of the cord. The drag put upon the bobbin by this
friction-brake also put a stretch upon the roving, and
caused it to be wound tight on the bobbin in solid layers
instead of in loose coils. In the arm of the flier, C, were
fixed & number of hooks, under which the roving was
passed ; and the winding on the bobbin was done in suc-
cessive steps, by stopping the bobbin and shifting the
roving ssively from ope hook to the next on the flier,

as to the principles of action in the important ive
steps: so correct, indeed, that they have remained unal-
tered in principle to the present time, although many highly
ingenious improvements in detail have subsequently been
effected.

It appears that the credit of the first invention of the
spinning machine is due to Lewis Paul in 1788, little more
than a century ago, all spinning having been previously
done by hand. In his first machine the raw cotton was
passed through a succession of pairs of rollers, each pair
runping faster than the preceding, so as to draw out the
sliver of cotton longitudinally to any degree of fineress re-
quired. The machine thus accomplished only the drawing
process, leaving the sliver so formed to be twisted and
wound afterwards by hand. The great feature of this in-
vention was that the important principle of drawing by
rollers running at different speeds was thus established at
the outset, to supersede drawing by the fingers in hand-
spinning ; and this mode of drawing has been adhered to
ever since as the fundamental principle in the preparation
of fibrous materials for spinning.

In 1748 Paul further invented a carding machine, for
carding or combing the raw cotton in preparation for the
drawing-rollers. It consisted of a number of flat parallel
cards fixed upon a table with spaces between them; and,
the teeth of the cards being all bent in the same direction,
the cotton was carded by being drawn over them by band
by means of an upper flat carding-board set with teeth bent
in the opposite direction. In another arrangement this flat
upper card was replaced by a horizontal carding cylinder,
made to revolve by hand ; and the lower carding table was
made concave to fit the underside of the cylinder. When
the cotton was sufficiently carded, it was taken off each
card separately by hand by a needle-stick, and then con-
nected into one entire roll or lap.

In 1758 Paul further improved his original machine by
rendering it capable of performing the two other processes
of twisting and winding requisite to complete the operation
of spinning by machivery ; and he constructed a spinning-
machine having a circular frame containing fifty spindles.
The cotton was drawn by rollers, as in his previous machine,
and the sliver was delivered from the rollers to a bobbin
upon each spindle; by means of an arm or flier fixed upon
the spindle ; and the spindle being so contrived as to go
faster than the bobbin, the sliver was thus twisted into
thread by the flier, before being wound upon the bobbin.

Although the two mechanical principles, which have
formed the basis of all subsequent spinning machinery,
namely, the drawing rollers running at different speeds, and
the differential motion of the flier and bobbin, were thus
originated by Paul, it does not appear that his machines
were ever practically successful ; and Arkwright’s spinning-
machine in 1769, shown in Fig. 1, page 220, appears to
have the merit of being the first that was brought into
successful operation. This machine cannot be called more
than an improvement in detail upon Paul's, as the principles
of the two were the same; and it is difficult to imagine
that Arkwright had not seen Paul's machine. The success

® Paper read before the Institution of Mechanical Engineers
on the occasion of their meeting at Manchester,- in Angust,
1866. Some of the figures referred to in this paper are given on
page 220; the remainder will appear, with the couclusion of the
paper, next week.
3

a6 no idea had yet been originated of giving the bobbin a
vertical motion upon its spindle so as to guide the roving on
regularly in winding.

In 1770 Hargreaves invented the spinning jenny, shown
in Fig. 2, page 220, the principle of which isidentical with that
of the present spinning machinery. It thus presents a re-
markable instance of a correct perception respecting the best
mode of working having been attained at so early a stage
in the application of machinery to a new purpose. The
operation of spinning into threads the rovings produced by
the machines already described, or by the modern im-
proved machines similar in principle, comprises the two
processes of twisting and elongating the roving to form it
into a thread, and then winding the spun thread into the
form of a “cop” upon the same spindle by which the
spinning or twisting has been performed. These two pro-
cesses still continue to be effected in essentially the same
manner as in Hargreaves's spinning jenny.

The twisting of the thread is effected by causing the
spindles G, Fig. 2, to revolve, as though for winding up the
thread, but allowing the thread to slip off the free end of
the spindle once in each revolution. For this purpose
the thread is led off from the top end of the spindle at an
angle so much greater than a right angle that its tendency
to wind in a spiral brings it to the top extremity of the
spindle in each revolution, causing it to slip off the end of
the spindle at each successive revolution; and the top of
the spindle is shaped conical to facilitate the slipping of the
thread off the end. The result is that the thread is twisted
one turn by each revolution of the spindle, without dis-
turbing or interfering with the portion of spun thread
already wound up into & cop on the lower part of the
spindle. The crossbar, J, carrying the guiding eyes through
which the several threads pass, rests at each end on a carriage
that runs along the side framing of the machine; and before
the commencement of the spinning by the spindles, G, the
crossbar is first draw backwards from the spindles by hand
through about one-third the length of the machine, draw-
ing oft' a continuous supply of roving from the bobbins, K,
below, which are free to turn on their bearings. The clasp,
H, is then pressed down tight upon the orossbarJ, holding
the rovings fast, and the spindles, G, are set in motion,
twisting the lengths of thread between the spindles and the
crossbar ; and during the twisting the crossbar is gradually
drawn backwards by hand to the end of the machine, thus
producing the required elongation of the threads by tension
during the spinning, as is done in the case of hund-spinning
by the weight of the bobbin or spindle hanging from the
twisting thread. The spindles, G, receive their motion
from the drum, M, driven by the driving pulley, L, which
is turned with the right hand by the handle, N, while the
left hand draws back the crossbar, J, by means of the handle
upon the clasp, H.

When the crossbar, J, has been drawn back to the extreme
end of the machine and the spinning of the threads has
been completed, they are then wound up on the spindles by
depressing them all simultaneously to the lower portion of
the spindles by meauns of the “faller wire,” O, which is
brought down upon the threads by the rotation of the
discs, P P, in the direction of the arrow. The rotation of
the discs is effected by tightening the cord, R, which runs
along be side of the machine, and they are turned back again
by a counterbalance weight for raising the faller wire when

the cord is released; the cord passes round three horizontal
pulley on the top of the carriage, S, and is tightened for
depressing the faller wire by a transverse sliding movement
being given to the middle pulley by means of a hand lever,
which is worked by the left hand whilst holding the clasp
on the crossbar, J. The threads being depressed by the
faller wire, the further rotation of the spindles now causes
the threads to be wound up in cops upon the spindles, the
sliding crossbar, J, being pushed forwards gradually by
hand as the winding proceeds, until it again reaches the
spindles, when it is ready for beginning the spinning of a
fresh length of rovings. During the winding of the threads
already spun between the spindles and the crossbar, J, this
length of the threads is secured and separated from the
untwisted rovings beyond the croesbar by the pressure of
the clasp, H, which is kept pressed down tight upon the
threads.

On the completion of the spinning, however, of each
length of the threads, and before the change can take place
from spinning to winding, it is necessary first to unwind
the short spiral of thread extending up from the top of the
cop previously wound to the top extremity of the spindle.
This spiral is unadvoidably formed at the commencement
of the twisting, before the thread can reach the point where
it ceases to wind and begins alipping off the end of the
spindle at each revolution; but if this portion of thread
were not entirely removed before the faller wire, O, is lowered
at each time of changing from twisting to winding, an
irregular and loose accumulation of thread would take place
upon the upper end of the spindle, spoiling the form of the
cop, and interfering with the proper slipping-off action in
twisting. The motion of the spindles has therefore to be
stopped and reversed for a few turns when the twisting is
finished, to unwind these few spiral coils; and this was
done in the spinning jenny by the spinner stopping the
driving wheel, L, and then giving it a partial turn back-
wards by hand, for * backing off” the thread, before driving
forwards again for winding thread on the spindles.

This backing-off motion and the faller wire are identical
with those now in use in the modern spinning-machines,
the only difference being that they are now made self-act-
ing. In winding the cop each successive layer of thread is
so regulated that a conical form is given to each end of the
finished cop, in order to prevent the thread from getting
loosened upon it at the ends in subsequent handling; while,
at the same time, the crossing of the thread in the alternate
spiral layers gives firmness to the cop, and still allows the
thread to be afterwards drawn off it, when required for
use, either by slipping off the end, asin a shuttle, or by
unwinding the cop on & spindle. In the spinning-jenny
this shape of cop was obtained by regulating the winding
of the thread by means of the cord, R, acting upon the
discs, P P, raising and lowering the faller wire, O, during
the winding, so as to guide the thread upon the spindle as
required for producing the desired shape of cop. The same
shape of cop and mode of guiding the thread on are still
adhered to in the present spinning-machines ; but the whole
of the movements are now effected entirely by self-acting
machinery.

Further improvements in the preparatory processes of
carding and roving were introduced by Arkwright, in 1775
which may be said to include the principal features con-
tained in the carding and roving machines now used. The
cotton delivered from the preliminary machine was formed
into a roll or lap, for supplying a continuous fleece of cotton
to the carding-cylinders, the carding operation being re-
peated until the irregular mass of fibres in the raw material
had been combed straight and laid parallel in the fleece of
cotton with a sufficient degree of uniformity to allow of pro-
ceeding to the subsequent operations. Comb-plates, worked
backwards and forwards by cranks, were also added for
combing off the cotton in a continuous fleece from the
“ doffer " or taking-off cylinder of each of the carding-ma-
chines. The sliver delivered from the last carding process
was passed between a pair of rollers for the purpose of con-
solidating it by the pressure of the rollers after the loosen-
ing action of the dofting comb-plate; and it was then coiled
down into a can.

The doubling and drawing process employed at this stage
of the manufacture was also introduced by Arkwright at
the same time, the object being to intermingle the fibres
more completely in the sliver, and thereby render it more
uniform in quality, ready for twisting into a roving. For
this purpose two, or generally more, of the slivers from the
carding-engine are passed side by side through a series of
pairs of drawing rollers, each pair in succession being made
to run faster than the preceding ; and the last pair of rollers
runs as many times faster than the first pair as there are
slivers doubled together, so that the single combined sliver
delivered from the rollers is drawn down to the same size
or weight per foot as one of the original slivers. The
doubling and drawing operation is usually repeated three
times, and the ultimate sliver so prepared is then ready for
the roving-frame, in which it is again drawn and twisted
and wound upon a bobbin,

In the roving-frame Arkwright now effected an import-
ant advance upon his previous machine, shown in Fig. 1,
by introducing the new principle, which has since been ad-
hered to, of driving the bobbin and the spindle indepen-
dently by separate motions, instead of letting the bobbin be
simply dragged round by the thread as previously de-
scribed. At the same time he also introduced the conical
regulating-drum, for reducing the speed of the bobbin in
proportion as its dinmeter was increased by the thickness
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of the coils of roving wound upon it, so as to avoid increas-
ing the tension upon the roving, as would be the case if the
speed of the bobbin were uniform, since the spindle and flier
are driven always at a constant speed. This mode of re-
gulating the speed of the bobbin by a conical drum is the
same that is still employed in the modern machinery, with
modifications only in the mode of application. There ap-
pears reason also to believe that the rising and falling
motion of the bobbin upon the spindle, for winding the
roving on the bobbin in regular coils by a continuous
vertical movement of the bobbin, was also introduced by
Arkwright at the same time, although no description is
given by him of the manner in which this was accom-
plished ; but in the drawing illustrating the series of im-
provements introduced by him at that period, the flier upon
the spindle is shown with a single eye for delivering the
roving upon the bobbin, instead of the succession of hooks
fixed on the arm of the flier in the previous machine, Fig.
1, for winding the roving on in a succession of steps ; and
a sufficient space is also left in the drawing for allowing
the required amount of vertical movement of the bobbin.
The invention of this principle of lifting and lowering the
bobbin upon the spindle during the winding, which is em-
ployed in all the present machines, has not been traced by
the writer to any earlier date than these final improvements
introduced by Arkwright in 1775.

By thus making special machines for each process in the
preparation of the material for spinning, Arkwright effected
a most important division of labour; and the factory system,
already introduced in the silk manufacture, became rapidly
extended in consequence.

In the preparation of cotton the improvements introduced
from time to time in each particular section of the ma-
chinery employed have been so numerous and so varied that
only a slight reference can be made to them in this paper
under their respective heads, in the hope that they may be
made the subjects of special papers by some of the members
at future meetings.

Opening.—The first process in the preparation of the raw
cotton was known as “ willowing,” and took its name from
the willow switches formerly used for beating or opening
the tufts of cotton by hand. A number of small parallel
cords were stretched tight and close together on a horizontal
frame, 80 as to form a sort of table, upon which the cotton
to be opened was laid; and the cotton being then beaten
with switches made of willow rods kept smooth for the pur-
pose, the fibres of the cotton remained on the cords, whilst
the sand and seeds fell through betwéen. Some of the best
descriptions of sea-island cotton are still batted in this way,
for the finest counts of yarn. Several attempts were made
to work the willow beaters by machinery, but they have all
been superseded by opening and scutching mechines on the
modern principle, having revolving cylinders to act as
beaters. The most primitive of these is known as the Old-
ham Willow, and bas a revolving cylinder about 86in.
diameter, set with spikes placed in parallel rows, and revolv-
ing against a grid of bars set with similar spikes : the cotton
is fed upon the grid, and beaten for a longer or shorter time
according to its condition, and an exhausting-fan is employed
for taking away the sand and bits of dried leaves beaten out.
‘T'his machine is now used only for separating hard lumps of
cotton in bales packed too tightly, and for cleaning cotton
waste and the refuse cast out by other cleaning-machines.

Fig. 3 shows a section of the cotton-opener in use at
the present time for the purpose of opening out thefibres
of the cotton after it has been pressed in the bales,
and for extracting the sand, dried leaves, and other im-
purities imported with it, the object being to do this with-
out entangling or injuring the fibre. The crude cotton from
the bales is spread by hand upon the endless travelling
lattice, A, which conveys it underneath the iron guide-
roller, B, with longitudinal ribs on its surface to the pair of
fluted feed-rollers, C. These are pressed together by the
weighted lever, D, and deliver the cotton to the picker
cylinder, E, set with twelve rows of teeth, which are spaced
s0 that the teeth follow one another spirally round the
cylinder, as shown in the plan, Fig. 4. The tufts of cotton
being gripped tight between the rollers, C, are caught by
the tips of the teeth on the cylinder revolving in the direc-
tion of the arrow, and are thus torn open and dashed by the
teeth against the circular grid, F, formed of angular bars
set with spaces between them, which allow the dirt disen-
gaged by the beating action to fall through. A perforated
plate, G, forms the remainder of the casing of the cylinder
on the underside, allowing the dust to drop through while
the cotton passes over it. The picker cylinder delivers the
cotton against the teeth of the beater, H, which has four
rows of teeth, similar to those on the picker, E. Here the
cotton is further beaten, and passed over a circular grid and
perforated plate; and the beater cylinders being covered in
at the top by a sheet-iron casing, the current of air produced
by their revolution wafts the light fleece of cotton forwards
over the straight grid, J. It is whilst the cotton is thus
floating in the air that the heavier impurities, loosened by
the beuters, drop out and fall through the grid, J, into the
dust-box. The cotton then passes between the two wire-
gauze cylinders, K, which serve as fine sieves, the interiqr
of the cylinders being exhausted by the fan, L; by this
means the more minute particles of dust remaining in the
cotton are sifted out, and discharged by the fan through the
aperture, M, thereby keeping the rooms where the machines
are at work perfectly free from dust. There is thus a con-
tinual deposit of impurities taking place throughout the
whole passage of the cotton through the machine, from the

feed-rollers, C, to the wire cylinders, K. In the drawing
only two beater cylinders, E and H, are shown; but the
machines are more generally made with four cylinders, for
cleansing the cotton more effectually, the two additional
beaters being provided with four rows of teeth, the same as the
second cylinder, H. From the wire cylinders the loose cotton
is collected again, and consolidated into a fleece by the fluted
stripping-rollers, I, running close to the cylinders, K, but
not touching; and these deliver it to the travelling lattice,
‘N, which discharges it ready to be taken to the next pro-
cess of scutching, a lap machine being sometimes attached so
as to form thefleece into a lap or roll forsupplying the scutcher.
The beater cylinders, E and H, run at aboat 1000 revolutions
per minute ; the feeding lattice, A, travels at 6 ft. per minute,
which is also the surface speed of the feed rollers, C; and
the surface speed of the wire cylinders, K, the stripping
rollers, I, and the delivery lattice, N, is 60 ft. per minute.

Scutching.—The scutching-machine now in use for further
beating and cleansing the cotton delivered from the opener
is shown in Fig. 5, having also combined with it the
lap machine for forming the fleece of cotton delivered
from the scatcher into a roll or lap. The cotton from the
opener is supplied to the scutcher upon the travelling feed-
ing-lattice, A, and in order to produce a uniform fleece for
the further processes it is necessary at this stage to regulate
the quantity fed into the scutcher, which is effected in two
ways. In feeding by hand the tedious method of weighing
the cotton supplied has to be resorted to, so as to distribute
a uniform weight of cotton over each foot of length of the
feeding lattice, which, together with the feed rollers, C, is
driven at a uniform speed. But in the improved mode of
feeding by laps, B, supplied from a lap machine in con-
nexion with the opener, the top feed roller is allowed to rise
and fall according to the variations in the thickness of cotton
fed in, and the amount of its vertical movement multiplied
by means of levers is employed to regulate by a self-acting
arrangement the speed at which the feeding-lattice and
rollers are driven. By this means an almost uniform supply
of cotton is fed to the beater, H, which is composed of three
plain bars, as shown in the plan, Fig. 6, and is driven at
about 1250 revolutions per minute. The cotton is b-aten as
before against the circular grid, F, and perforated jlate, G,
and the current of air from the beater wafts it forw.rds over
the straight grid, J, to the wire cylinders, K, exhnusted by
the fan, L, the action being exactly the same as in the
opening-machine. The rollers I, which strip the dust
cylinders, deliver the fleece to a set of four calender rollers,
O, placed over one another, so that the cotton in passing
through them receives three compressions, which consolidate
it into a kind of felt ; the surfaces of the calender rollers
are kept clean by rubbers of iron covered with flanuel,
which are pressed in contact with them.

The lap machine, for coiling the flecce into a roll or lap,
has two fluted driving rollers, P P, running in the same di-
rection, as shown by the arrows; and the lap resting in the
channel between them is driven by contact, and wound upon
the iron rod, R, guided in a vertical groove at each end.
For tightening and closing the coils of the lap, the rod, R,
was weighted in the former machines by a heavy weight
suspended from the ends of the rod, and it was then neces-
sary to lift the whole of this weight at each time of chang-
ing the lap ; but this is now effected by the friction-brake,
S, pressing against a friction-wheel on the shaft, T, on
which are pinions gearing into the vertical racks, U, and
these racks carry rollers at the top, bearing down upon the
ends of the rod, R, in the lap. By this means, as each suc-
cessive coil i8 wound upon the lap, the brake, S, slips and
allows the lap to rise; and when the lap is completed, the
brake is released by a treadle, and the racks are lifted clear
by the hand-wheel on the shaft, T, so as to allow the finished
lap to be removed. The driving-pinion, V, from which the
calender rallers, O, receive their motion, is held up in gear
by the lever, W, supported by a catch; and when the lap
is finished this catch is released by a tappet upon the pinion,
X, which is driven from the bottom calender roller, the
speed of the pinion being so reduced that one revolution of
it corresponds to the size of lap required to be made. The
catch being released allows the driving-pinion, V, to fall
out of gear, whereby the calender rollers, O, are stopped ;
and the lap rollers, P, continuing to revolve, break off the
fleece ready for removing the finished lap from the machine.
By changing the pinion, X, carrying the tappet, the size
of lap made by the machine can be varied as desired.

The scutcher shown in Fig. 5 is a single machine, and it
is usual to pass the cotton first through a double scutcher of
similar construction, but having a second set of feed-rollers
with beater and wire cylinders, running at a higher speed; the
second pair of wire cylinders and stripping-rollers are driven
three times as fast as the first pair, so that they deliver a
fleece of one-third the thickness first supplied to the machine.
Three of the laps from this double scutcher are then fed into
the single scutcher shown in the drawing, as at B B B, Fig.
5, being spread upon the surface of the feeding-lattice, A,
in three layers on the top of one another, so as to present to
the feed-rollers a uniform fleece equal in thickness to that
fed into the first scutcher. By thus doubling the laps the
fibres are more thoroughly mixed, and the fleece is thereby
made more uniform in thickness.

Scutching-machines having a revolving beater composed
of two plain bars describing a circle of about 14 in. diameter,
were introduced about 1810 ; and these machines contained
also a travelling feed lattice, two pair of feed rollers, and a
sccond travelling lattice for conveying the beaten cotton
underneath a perforated revolving cylinder, the interior of

which was exhausted by a fan. The cotton passing through
this machine was delivered in a loose fleece; and a few
years later a lap machine was added for coiling the fleece
into a lap. Other improvements have gradually been in-
troduced up to the present time, as regards both design and
workmanship : the cylinders and beaters have been put in
perfect balance so as to revolve steadily at the high speed
required, and the forms of teeth on the cylinders have been
arranged for greater strength and greater facility of con-
struction ; stronger and simpler gearing has been employed,
improvements have been made in the form and construction
of the bearings of the beaters and other quick revolving
shafts, so as to ensure more efficient lubrication, and air-
tight dust-boxes have been added with movable doors for
facility of cleaning ; and the self-acting arrangements have
been introduced for stopping the machine when a given
length of flecce has been delivered, and for regulating the
rate of feed according to the thickness of the cotton sup-
plied, so a8 to dispense with the previous plan of weighing
the cotton in feeding. Thus by successive improvements
through a long series of years the ditliculties which origi-
nally presented themsclves in the successful adaptation of
machinery to cotton-cleaning have been overcome; the
cotton can now be perfectly cleaned without injury to the
fibres, and the laps are produced uniform in length, breadth,
and thickness of fleece, and so thoroughly felted that they
uncoil at the carding-engine in the next process without any
derangement of the felted flecce.
(7o be continued.)

PERMANENT WAY ACCOUNTS.
To THE EDITOR OF ENGINEERING.

Sir,—Your present investigations into permanent way ac-
counts seem to afford a fit opportunity for discussing a practice
which has lately obtained, to some extent, among both English
and foreign railway companies, viz., that of inserting in their
specifications for rails clauses requiring the manufacturer to
guarantee for a certain number of years, varying from three to
seven, the soundness of the rails supplied, i.e. (quoting from a
specification recently issued):

‘¢ The munufacturer is to'enter into a contract that he will,
when called upon by the railway company’s engineer to do 8o,
during the time over which this guarantee extends, deliver,
free of all charge, at some plcce to be agreed upon, a new
rail, of as geod quality and muke as those contemplated in this
specification, for each rail which shall have become crushed,
bruised, broken, or seriously injured on either of its heads, from
any cause whatever (accident alone excepted) ; and, should any
rail so supplied in lieu of an injured rail i ccome injured as above
duscribed at any time during the continuance of the guarantee,
the contractor shall deliver a rail as above to replace it, or, in
default, the railway company shall be at liberty to replace it, at
the cost of the contractor, with a rail which will fulfil the con-
ditions of this specification.”

It is usually understoud, but seldom expressed in the specifi-
cations, thut rails laid between distance signals at stations are
exempted from the guarantee.

Now, the * mortality tables” of iron rails given in Mr. Price
Williams's pamphlet, and in your articles, are not upon
theory, but upon most carefully compiled returns extending
over a great number of years, and they show that, although the
average life of ircn rails taken all over the kingdom may be from
twenty-seven to thirty years, yet that upon the main lines of the
Great Northern Railway & per cent. of iron rails last only from
three to five years, and 50 per cent last eight years or under,
and no doubt the experience of other lines is very similar.

It follows, then, that a manufacturer supplying rails fora
main line which are guarantecd for seven yeurs may not un-
reasonably expect to be called upon during “that period to re-
place nearly 50 per cent. of the rails delivered. = Taking the
normal cost of the new rails at 7/. per ton, and the value of the
old rails (after deducting loss of weight and expenses of car-
riage) at 31, his obligation is equivalent to 33s. to 40s. per ton.
But will railway companies pay this extra sum? No. In the
fuce of their own atatistics they persuade themselves that a
manufacturer can make rails to”lust almost any given time by
bestowing corresponding care uvpon his work, and think that
from 5s. to 10s. per ton is a sufficient premium for the
guarantee, while the manufacturer knows the highest premium
he can get, and either declines to tender or speculates upon the
chances of being called upun to fulfil his obligation.

1t is obvious that the liability involved will be cstimated by
manufacturers lightly or seriously, according to their position
and prospects. ‘Lo directors of limited comp inies whose binsi-
ness it i8 to declure present dividends and leave future troubles
to l}ne)g’ SUCCOSS0rS, uqd to managers of concerns where even the
beginning ot the end is to them apparent, the liability will seem
a small matter; while to firms ot anotbar class, who are work-
ing their own property, and mean * holding on,” its money value
may be over-estimated.

1 confess to viewing this question from the manufacturers’
peint of view; but from the other side it appears to me equally
unsatisfactory. Supposing the value of the guarantee to be
correctly appraized, the system benetits neither the railway com-
pany nor the manutacturer.  As a matter of fuct, it is generally
estimated at much below its real value; but then ironmasters
and iron companies, with these obligations upon them, have
fuiled, and have transferred their works, leaving the railway
companies in either case without remedy. Disputes, too, have
urisen, which have been difficult if not impossible to settle
¢quitably, and other evils have resulted from the system; and
it is within my knowledge that while some railway companies
huve lately, for the first time, bought guaranteed rails; others
which have had some years’ experience of its working are aban-
doning the system altogether.

It seems to me that, 1 buying guaranteed rails, railway com-
panies make dear barguins, and that, in selling guaranteed rails,
tronmasters dabble with the business of an insurance office,
and enter upon speculations which should form no part of their
legitimate trade. i

A. G.B.

1 am, yours obedientl
London, September 11, 1867. Y »
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Irrigation i Spain. By J. E. RoBerts, C.E. Spon.

Ir we remember rightly, there is a Spanish proverb
—and, if not, there ought to be—whbich says :

Con Agua, Arens, Sol, y Semilla,

El hacer Paraiso, es cosa sencilla;
which may be thus translated :

With Water, and Sand, and Sun, and Seed,

Paradise-making’s an easy deed.
Mr.. Roberts has put forth a very pleasant little pam-
phlet, full of valuable information on the general sta-
tistics of Spanish irrigation, and which yet reads like
a hook of travels in lovely lands.  And it is especially
valuable to capitalists with hoarded wealth sceking
for employment and finding none, now that for the
time being it is scared away from railwass, owing to
the dearth of the truc business faculty amongst railway
managers.  The first of all human wants is food, and
therefore the preduction of food is the most certain of
all human industrics, albeit it may not always yield the
largest per-centage of profit ; but, like all the indus-
tries whiclt are cither mew or have been negleeted,
food-making offers abundant opportunities for profit-
able speculation, as well as food-selling.  And food-
making in sunny climes and healthy atmosphere pos-
sesses a charm and stimulus to vitality which can never
exist in close factories.  Sitiinr down under the shade
of one’s own fig-tree isa pleasure the more appreciated
the more it is tried ; and bubbling water under a bright
sky is the sweetest of ail music.  Cold climates have
their charms ; but the dwellers under the pine-trees
cannot live upon fir-cones, and Spain, Australia, and
California_give us the finest wheat erain.  Spain,
Italy, and Southern Franee are countries for irriga.
tion, as much so as Alceria, and therein the most
certain of all morigages en laud would be the ercetion
of irrigation works, giving not only a first charge,
but the means of liquidating the mortgage in more
senses than one.

The world in the state of wilderness is very beau-
tiful, but in the process of winning it from the wilder-
ness, for the purposes of utility, its heauty may never-
theless be retained. The mountains in all their beauty
may be utilised as well as the valleys. In arid Upper
Peru the stonyhills are scarped into steps by dwarf walls
filled in with carth, over which trickling streams, led
from the distant snows of the Andes, pass in zigzags
and nourish fruit-trecs and vegetables, giving shade
and greenery that charm the senscs amidst murmuring
waters.  From Valparaiso, in Chili, south to Cape
Horn, is a land of rain ; north, towards Peru, it is a
land of drought ; but the snow gives constant streams,
which run uselessly into the Pacific Ocean, unless
utilised by the hand of man.

Amongst the rich Spaniards ruined by the revolu-
tion in Chili was Don Jos¢ Montes. Al his apparent
wealth and valuable cstates were taken from him, but,
in consideration of his becoming a good patriot, he was
allowed to remain in the country, and retain a dry
valley of considerable extent, which, for want of water,

roduced nothing useful. He had some hoarded means
eft ; and when peace came, he set to work and cut an
irrigation canal of considerable length along the centre
of the mountains, to lead the water from a stream
flowing from the Andcs, a few leagues south of Copiapo.
After the lapse of some ycars, the water flowed over
his valley, and enormous crops were produced. But
there was no market, for there was no road open to a
population, and Copiapo valley supplied its own people ;
ans although a sufliciently good sea-port was at the
mouth of the valley, the laws against smuggling, in-
berited from Spain, prohibited its use. So all Don
José could do with his crops was to let the people who
grew them cat them, while he had leisure to think.

In the neighbourhood of the valley there was an old
gold mine, worked by the early conquerers, but long
abandoned, from the usual cause—* se dio en agua”—
“it went into water.” Thercfore Don José ‘set bhis
tenantry to work to dig an adit through the mountain-
side to drain off the water. It was done successfully,
and the quartz veins were oree more laid open, a
tropichi mill crected to grind the ore with mercury;
and the valley was rented out in lots, and the miners
were paid wages, and the result of the whole was that
a transportable commodity was obtained in the shape
of gul({. All things went on swimmingly for three
years, when se dio en egra olra ren—the mine went
mto water once more: the adit was too hich.,  Poor
Don José was at his wits’ end ; for caleulation showed
him that cutting a new adit was impracticable,  Onee
more his tecming brain was at work to plan a pump,
and it was the most marvellous pump we ever recollect

to have seen. It had thirty-cight buckets,.and was
worked by animal power. Each bucket held about six
gallons, formed of a goat-skin, taken off whole and
kept open by internal hoops. It was attached to the
shoulders of a man or woman of Red Indian cross,
whosc business it was to crcep down a circular hole
(the worked-out mine-vein) about 3 ft. in diameter, and
dive into a well, and then ascend through a similar
hole to tlic adit, stoop down to empty the bucket and
then descend for more; all the buckets following in
succession, cach bucket working about two hours’
stretch, and constantly bathed 1n cold water. The
mine was azain at work, producing gold, and the
umping went on day and night, Sundays and all; and
Jon José informed us that if by any chance it were
stopped for a weck it would not be practicable to get
the water under again, as he could not increase his
pump-poswer.

Mr. Roberts informs us on the authority of Don
Juan de Ribera, that water supply incrcases the value
of land tenfold. Land worth 6/ per acre becomes
worth 602 when irrigated.  There are various means
of irrigation, as weirs cross rivers, carrying the water
into canals ; water-wheels or wories, woraed by the
stream or by horses; wells worked by windmills;
reservoirs formed in the lills, and leading down into
the hills—a kind of horizontal wells.

“Under the town of Gerona there is a large extent of
garden land, which is irrigated by a canal from the river
Ter. Thix river also waters many hundred acres of huertas
which lie between the tower of Toruella and the Mediter-
ranean Sea. These gardens are irrigated by three canaly
which were originally made for mill-races, but their owners
now derive a considerable revenue from irrigation, although
the water is dealt out very sparingly during the summer
months, their first consideration being a suflicient supply
to keep the mill-stones going. Fach canal has a weir
constructed somewhat similarly to those on the river Fbro,
namely, by heaping a number of large blocks of stone
together; and in some casex a rough attempt at pitching
appears to have been made. These watercourses are of
modern date, and a large amount of money must have been
expended on them; for the chief object of the engineer
who planned them appears to have been to spare no expeuse
One canal has a tunnel of over three thousand yards in
length, two-thirds of which could have been avoided, for
an open cutting would not have exceeded fifteen feet in
depth.”

We think Mr. Roberts has overlooked the value of
a tunnel in saving the water from evaporation. In
India it is a common thing to lead water from great
distances in artificial underground channels.

*The canals in the Rioja always follow the contour of the
country, winding and twisting about utterly regardless of the
radius or shape of the curves.* The side slopes in cuttings
are always very steep, often being less than § to 1; and yet
they stand very well. Nearly all barrancos, or natural
watercourses, in Spain, have vertical sides.

*The Moorish or Roman enginecrs who carried out these
works must have heen practical men. They always, when
possible, avoided deep cuttings. and seem to have altogether
set their faces against large embankments, as no doubt their
experience told them how expensive and treacherous they
are. They cared not about long straights and graceful
curves, but they followed the contour of the country, and
their work, which has served its purpose well, appears to
have heen done at the least possible cost.”

Of course in all countries the natural supply of
fresh water must be from the atmosphere in the form
of rain or snow. These must be stored up in hill
caverns or in spongy bogs, and the snow more or less
under the shade of trees, or they will rapidly run away.
And the trecs arc an important mecans of attracting
rain and of modifving the subscquent evaporation by
the sun’s heat. Irrigation channels should, as far as
possible, be covered, for two reasons: first, to prevent
evaporation ; and secondly, to prevent the growth of
weeds. When they cannot be covered, the edges
should be planted with trees to afford shade as much
as possible. )

rrigation is destined to play a much greater partin
the world’s future than it has done in the past; not
the mischievous flooding, such as that of the Rhone,
which puts part of Trance under water by avalanches
of snow from the Alps, when the green forests have
been cut down, which sheltered the snow in past times,
and made it a perennial supply for a navigable river,
and which forests will have to he restored and pre-
served as the fountain-head of irrigation for lands that
lic below them. There are countries of almost con-
tinuous rain—such as the archipelago of Chiloe, where
frrigation may be dispensed with; but, as a general
rule, countries that require draining also require irri-
gating, none more so than England, when continuous
hot weather occurs.  The present beautiful greenery

* The fall of these canals is very slight, and cousequently the
velocity is small.

is owing to the peculiar rains previous to August,
almost like artificial irrigation. 1In the natural condi.
tion of the country, the surplus rain of one period of
the year is hoarded in bogs and swamps. We are
draining artificially, and we shall have to replace those
bogs and swamps by artificial reservoirs, whose waters
we may distribute at our pleasure.

Years back our Consul in Egypt, Mr. Salt, made
experiments in boring for water in descrts of sand,
and ascertained that almost everywhere, at from 50 to
100 ft. in depth, there was an under-sand sea of fresh
water. The ouases are simply low levels where the
water crops out, and mukes the surface green.
Wherever the water can be ruised to the surface by
means of bured wells, sced sown will produce vegeta-
tion, and the shifting sands will be fixed and evapora- .
tion checked. It is thercfore quite within possi ility
that the time will come when the Arabian deserts will
be reclaimed, and the intense heat of the day mo-
derated, as well-as the cold of the night, a large portion
of the world’s surlace gained for human uses, and the
climate of Southern Lurope rendered more equable in
temperature.  Mceanwhile, we recommend such of our
reacers as may feel an interest in increasing our food
supplics to study the pamphlet put forth by Mr.
Roberts,

RLECENT PATENTS.

Tue following specifications of completed patents are
all dated within the year 1867 ; and that year should
be given in ordering them, at the anncxed prices, from
the Great Seal Patent Office; Chancery-lane.

(No. 48, 8d.) Carl Friedrich Claus, of Middlesboro’-
on-Tees, patents a method of raising brine from decp
bore-holes.  According to this plan a diaphragm,
or cover is fixed air-tight in the Dore-lole, cither at
the top or some distance down it, and through this
diaphragm is passed a pipe leading to the bottom of
the bore. A second pipe is -also attached to the
diaphragm, and by means of this second pipe aérostatic
pressure is applied to the surface of the brine, which is
thus forced up the first-mentioned pipe and delivered
at the surfuce. ‘I'lie details of working on this system
are fully described in the specification.

(No. 51, 1s.) Robert Robinson, of Preston, patents
a method of varyiug the speed of shafiing. This con-
sists of an arrangement of friction gearing connecting
that portion of the shaft of which the speed is to be
varied with that which is driven at a constant speed.
Each portion of the shafting carries a friction pulley,
thesc (full«-ys being of equal size and being both
clipped between a pair of friction dises which revolve
with their surfaces parallel with the line of the shaft-
ing. The two pulleys bear against the friction discs
on opposite sides of the centres of the latter: and if
the point of the discs upon which they bear are cqually
distant from the centre, the two portions of the shaft-
ing (which are in line with each other) of course re-
volve at equal specds. "Che shafts of the friction discs,
however, revolve in bearings carried by a frame which
can_bhe moved, by means of a screw, parallel to the
shafting, and the centre of the dises can thus he
brought nearer to either the one or the other of the
friction pulleys, and the speed transmitted from one
portion of the shalting to the other varied.

(No. 56, 8d.) William Jeremiah Murphy, of Cork,
patents making the bore of rifle cannon with three
spiral ribs in place of grooves, and fitting the projec-
tiles so that they arc carried by these ribs clear of the
remainder of the bore of the gun, The substitution of
ribs for grooves is not new.

(No. 58, 8d.)  William Thomas Sugg, of Vincent
Works, Vincent-strect, Westminster, patents various
improvements in the details of apparatus for lighting
raiwway trains with gas. The various points claimed
are too numerous for us to deseribe them here.

(No. 60, 10d.) Ienry Doulton, of High-street,
Lambeth, patents improvements in pottery kilns.
The kilns are so far constructed in the usual manner,
that the goods to be burned are stacked in a chamber
arched over at the top, and having a number of fire-
places arranged round it; but the draught from these
tires, instead of passing up through the openings in the
arched roof of the chamber in the usual way, 1s caused
to pass downwards through a perforated floor, into a
{lue formed against the exterior of the drying chamber,
and leading up to the top of the funnel.

(No. 61, 1s. 4d.) James Petric, of Rochdale,
patents anarrangement of cut-off gear for horizoutal
steam-crgines, and a form of metallic piston having a
solid portion fitting the eylinder combined with ex-
panding part. The arrangement of the cut off-gear
could scarcely be clearly described without reference
to drawings.
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(No. 69, 10d.) Edward Thomas Hughes, of 123,
Chancery-lane, patents, as the agent of Pierre du
Rieux and Edouard Roettger, of Lille, an ingenious
arrangement of differential pumps, of which we shall
probably give an engraving in our next number.

(No. 70, 6d.) win Marcus Chaffee, of Provi-
dence, U.S., patents introducing pieces of india-
rubber between the plates of ordinary steel elliptical
springs, the object being to allow the plates to * play”
without rubbing on each other. We much doubt if
this I\Flm will be found satisfactory in practice.

(No. 75, 10d.) Isaiah Kendrick, of Walworth,

atents an arrangement of movable grate for steam
ilers. This grate is formed of a number of blocks
of firebars, which are slowly forced along T-iron
guides by means of a pushing arrangement placed in
front of the boiler. The blocks, on arriving at the
inner end of the furnace, pass under a bridge, by which
the fuel is stopped, and tﬁen fall down into the ashpit,
from which they are withdrawn by the stoker to be
replaced on the guides at the front of the furnace
and again pushed in in their turn.

(No. 76,10d.) James Howard and Edward Tenney
Bousfield patent improvements in their well-known
tubular boiler. These improvements, which refer to
use of internal tubes for promoting the circulation,
and to the method of connecting the vertical and
transverse tubes, were described in our account of the
boiler on pages 181 and 182 of the third volume of
ENGINEERING.

- ELECTRIC INDUCTION.

IN the course of a paper on “The Electric Induction of
Mr. Hooper’s Insulated Wires, compared with Gutta-Percha
Insulated Wires, for Telegraph Cables,” read before the
British Association at Dundee, Section A, by Mr. William
Hooper, the author referred to the relation existing between
the different properties of insulated wires arising from induc-
tion. He showed by an extensive series of experiments that
an intimate connexion exists between the effects of electrifi-
cation and electro-static induction, and that the penetration
of electricity into the substance of an insulator, when
measured by the residual discharge, is a function of the
electro-static capacity, and not simply of resistance. He
has also shown that the effects of electrification are increased
nearly in the same proportion as the interior inductive action
is reduced.

The results render it extremely probable that in rapid
signalling through long circuits, as by * waves,” the rate of
transmission attainable is not increased or diminished in the
simple proportion of the electro-static capacities, but in a
ratio compounded of it and the interior resistance to induc-
tive action.

This is a matter of serious consideration, for the interior
induction, unlike the surface induction, is not reduced by an
increased thickness of insulator, which points strongly to the
practical advantage derivable from Mr. Hooper's dielectric
over gutta-percha in every respect for induction. These
results are verified by Mr. Latimer Clark, Mr. Varley, Pro-
fessor Sir W. Thomson, and Mr. Fleeming Jenkin.

So much superior is Hooper's dielectric to gutta-percha
for insulation, that, taking the core of the electric telegraph
cable connecting Ceylon with India as an illustration, at
76° Fahrenheit, the temperature at which cores are tested, it
would require a core nearly 2 ft. diameter of gutta-percha
to equal .38 in. diameter of Mr. Hooper's insulator (that is,
200 1b. of Hooper's insulator is equal to 676,000 Ib. of
gutta-percha), the same conductor being used in each, to
obtain the same degrees of insulation.

PRESSURE OF FIRE-DAMP IN MINES.

IN the Chemical Section of the British Association at
Dundee, Mr. G. Ansell gave a very interesting explanation
of the ¢ apparatus for indicating the pressure and amount of
fire-damp in mines,” of which we gave an illustrated descrip-
tion in this journal some months ago. The idea embodied in the
machine was founded on the law of diffusion announced by
Mr. Graham, that gases diffuse in the inverse proportion to the
square root of their densities, or, more popularly, that light

diftuse more rapidly than heavy ones. Mr. Ansell
here showed, by experiment, that when a tube closed at one
end by plaster of paris is filled with common coal gas, the
lighter part of the compound is rapidly diffused through the
plaster, as is at once seen by the yellow flame and slight ex-
plosion which ensue on bringing a lighted match close to the
closed end. Hence, Mr. Ansell said, his proposition. Ina
pit the case is the reverse of that of the tube. There the gas
is ready to escape-into the galleries, and the apparatus must
therefore be modified to suit the varying circumstances.
The essential parts of the apparatus may be described as
consisting of an alarm-bell and a telegraph needle, the for-
mer being rung and the latter deflected by an electric current,
which is set in motion by the action of the dangerous gas.
The means by which this is effected consist of an iron cup,
on which is tixed a disc of white Sicilian marble, standing
on a | tube, which contains a quantity of mercury.
The marble here represents the plaster which closed the
end of the tube in the first experiment, and through it the
dangerous gas is diffused. As it does so, the mercury is

pressed up into the other extremity of the tube, completes
the previously broken circuit, and an alarm is given by the
ringing of the bell and the deflection of the needle. When
the apparatus is intended to indicate a sudden eruption of
gas, marble five-eighths of an inch thick should be used.
When there is a slow accumulation of gas, rising to 10 per
cent. (104 being the most explosive), the apparatus detects
it, and points out the danger. Again, when it is wished to
give warning to a man who had left the pit that gas had
accumulated in his absence, marble one-fourth of an inch
thick is used, and the danger is indicated as before. Mr.
Ansell stated that he had used the instrument in the
Monkland pits at Airdrie, where it had been also used
independently by Mr. Mowie, with results a statement of
which was handed in, but not read. He mentioned, however,
an incident, interesting as showing the value of the
apparatus. It had been fitted up in the upper part
of a gallery where Mr. Ansell and Mr. Mowie were unable
to detect any gas. The instrument gave the alarm, and Mr.
Ansell remarked that in this case it must be incorrect ; but
on elevating a light into the upper current, an explosion
followed, showing that gas had indeed been there. Mr.
Ansell went on to say that when gas was known to be
present, it was of great importance to learn whether the per-
centage is increasing or diminishing. This he has accom-
plished by means of a modification of the aneroid barometer.
Mr. Ansell thought that he would be able to improve his
apparatus by substituting such a corrugated metallic cham-
ber as that in the aneroid for the column of mercury which
was used to make connexion between the poles of the
battery.

Professor Anderson believed that this was the first at-
tempt to apply the law of diffusion to practical purposes,
and it was certainly of the highest importance. In the
hands of workmen delicate apparatus was apt to be misused,
and this was the only ground for fear.

Mr. Ansell replied that Mr. Mowie had put the apparatus
into the hands of workmen who had found not the slightest
difficulty in using it.

This Professor Anderson regarded as most satisfactory.

Mr. Bell, Newcastle, feared that the very nature of the
work of a colliery, which would necessitate the perpetual
movement of the apparatus, might impede its use by the
workmen; but thought that, in the bands of the coal
viewers, it might be turned to good account, as the accidents
most feared by coal-owners were those in which the atmo-
sphere of a whole gallery or a portion of one is polluted.
This apparatus might be applied to prevent such wholesale
catastrophes.

ROLLING THE 15 1v, PLATE.

THE plate was not quite ready at the time appointed, and
during the short interval of delay the works were inspected.
It is almost impossible to describe the aspect of Cyclopean
activity which they presented. The huge space of lofty
workshops, covering more than 23 acres of ground, were,
above, all dim with smoke, below, all dazzling with the
blinding glare and heat of furnaces. Everywhere pon-
derous flywheels were spinning round with a loud hum
through the gloom, everywhere steam-hammers were fall-
ling with a shock upon the solid earth that made the
walls vibrate, and people near them jump under the tre-
mendous concussion. No place seemed free from steam or
flame or melted iron. The dark nooks would suddenly
become bright as furnace doors were lifted and emitted their
long light-looking flames of dazzling white vapour, and dis-
gorged a mass of seething metal, which men, almost clad
in light steel armour, wheeled away and shot under
the steam-hammers, the first® stroke of which sent jets
of melted iron rushing in trains of fire like meteors in
all directions. Sometimes one came on groups of men
who were saturating in water the rough bands of sack-
ing in which they were enveloped before going to wrestle
with some white-heat forging, sometimes on men nearly
naked, with the perspiration pouring from them, who had
come to rest for a moment from the puddling furnaces, and
to take a long drink of the thick oatmeal and water, which is
all that they venture on during their labour, and which long
experience has proved to be the most sustaining of all
drinks under the tremendous heats to which they are sub-
jected. On every side the glare, the smoke, the din, and
steam are alike deafening and blinding. On every side are
masses of melted iron running down troughs, or great blocks
of it heated to a glow that is almost melting being welded
and knocked away in myriads of sparks and jets of refuse
under the blows of the hammers. Most uncomfortable of all
are the alabs of armour-plate and blocks of steel ingots which,
half cooled, and of a dull slate colour, lie about everywhere.
From those in a bright, red glow the visitor can guard himself,
for he sees them; but from those which are partly cooled, but
yet hot enough to scorch the flesh from the bones when
closely approached, there is little safeguard, as one hurries
out of the way of seething puddle blooms or open furnaces,
which diffase such an intense general heat around that little
extra warning is given by the treacherous masses of half-
cooled slabs till the danger is almost too near to be avoided.
After seeing and suffering under seeing such scenes, the
visitors were conducted to the armour rolling-mill, where
the monster plate was to be drawn. The process of
drawing it is simple, but peculiar. The plate, when laid in
the furnace, rests upon little stacks of fire-bricks, so that
the flame and heat plays equally round it, till all is glowing
white, and the successive layers have settled down into one

dense mass. A great deal of the success depends upon the time
at which the plate is drawn and the amount and length of
time to which it is to be heated. All this is regulated by the
chief roller and chief furnace-man, who are paid wages which
many eminent professional men might envy—wages amount-
ing from 1200L to sometimes 2000 a year. On Friday, as
the time for * drawing” approached, these officials opened the
furnace doors, and, approaching close to them with only
the shelter of a lump of wet rag held loosely before
their arms and faces, peered into the blinding glare from
time to time with as much care and apparently as much in-
difference as if they were looking into the tube of a telescope.
Suddenly, at asignal from the furnace-man, the bands of work-
men, to the number of about 60, arranged themselves on each
side of the furnace, as near to it as they could bear the heat.
Then the doors were opened to their fullest, and what had
been a glare before and what had been a heat were quite
eclipeed by the intense light and fervency with which the
long tongues of flame leapt forth. In the midst of this great
light lay a mass even whiter than the rest. To this some
half a dozen men drew near. They were all attired in thin
steel leggings, aprons of steel, and a thin curtain of steel
wirework dropping over their faces like a large long visor.
All the rest of their bodies were muffled in thick wet
sacking. Thus protected they managed, with the aid
of a gigantic pair of forceps slung from a crane above,
to work as it were amid the flames for a few seconds,
and to nip the huge plate with the forceps. The signal was
then given, and the whole mass of iron, fizzing, sparkling
and shooting out jets of lambent flame, was by the main
force of chains attached to the steam rollers drawn forth
from the furnace on to a long wrought-iron car. The heat
and light which it then diffused were almost unbearable
in any part of the huge mill, but the men seemed to vie
with each other to approach and detach the colossal pinchers
which had drawn the iron forth. More than a dozen
attempts were made on Friday before this was effected,
and more than a dozen of the best and most skilful work-
men- were driven back one after another by the tremen-
dous leat and glare. At last all was made clear. The
forceps, then red-hot from their grip of the plate, were
drawn away, the chains cleared from the rollers, and, with
a great hurrah, the other workmen seized the chains
attached to the iron truck, and drew it to the incline
by main force, where it was left by its own weight to
run into the jaws of the rolling-mill. It was then sauve
qui peut among the workmen, who rushed for shelter in
all directions as the mass was nipped between the rollers,
and wound rapidly in amid quick reports like those of dull
musketry, as the melted iron was squeezed by the tremen-
dous pressure out of the mass, and flew out in jets of
liquid fire on all sides. In spite of all the care and all the
skill which the best workmen can use on these occasions,
they cannot always escape the splashes of melted iron, and
the burns inflicted are numerous and often severe. The
turning of the rollers crushes the plate through to the other
side, where it rests for a minute on a wrought-iron truck
similar to that on which it was brought from the furnace.
The action of the rollers is then reversed after they have
been by the action of screw levers brought closer together
by about an inch. These again nip the plate and drag it
back in an opposite direction, and again and again does the
mass go forward and backwards, each time passing between
a smaller space between the rollers, till, as on Friday, the
whole of the huge thickness was reduced to a compact mass
16in. thick, in less than a quarter of an hour. During
every stage of the process, quantities of fine sand are
thrown upon the plate, and this literally takes fire as it
touches the flaming surface, and covers it as it melts with
a coat of silica, or with a glaze like that of earthenware.
After every discharge of sand, and these go on almost in-
cessantly, buckets of water are thrown upon the plate and
explode in clouds of scalding steam, and when these are
partly dissipated men rush forward, and with wet besoms
with handles 20 ft. long sweep off whatever little scraps of
oxidation may have taken place. Thus every time the
plate passes through the mill the sand is scattered, the water
thrown, and the surface swept, and at every roll the chief
roller of the establishment runs forward, and, under the
shelter of wet cloths, measures with a gauge its thickness
from end to end. On Friday the required dimensions were
obtained, as we have said, by less than a quarter of an
hour’s rolling, and a plate 15 in. thick, the product of the
labour of nearly 200 men and of the consumption of nearly
250 tons of coal, was shot out by the rolling-mills and left
to cool. When this had been effected two large rollers of
iron, each weighing 15 tons, were placed upon it by the
cranes, and moved slowly backwards and forwards, and,
eventually, as the plate cooled, were left upon its ends to
keep the whole perfectly level. Nothing further now re-
mained in order to complete it as the finest specimen of
armour-plate manufacture ever attempted but to plane off
its rough ends and edges. The flat surfaces on either side,
which form what is called the skin of the plate are never
interfered with, for the action of the steel rollers leaves
them literally almost as smooth as plate glass.— I'imes.

UTiL1ZATION OF TOWN SEWAGE.—At & recent moet{ng of
the Liverpool Town Council, a recommendation of the finance
committee to subscribe for 500 shares of 104 each in the Liver-
pool Sewage Utilization Company (limited), on consideration
that satistactory proof is furnished that the amount of other
subscriptions with this sum is sufficient to execute the first
portion of the works, was adopted.
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Tux following paper by Mr. G. Cope Pearce, of Cyfarthfa,
was read at a recent meeting of the South Wales Institute
of Engineers, and its importance induces us to transfer it to
our columns:

We all agree that the health and the safety of the men
engaged underground depends in a great measure upon
their having a plentiful supply of fresh air; but the best
method of effecting this has not yet been determined.
Some persons advocate the furnace, while others prefer
mechanical ventilation ; and it is our duty to ascertain, to
the best of our ability, which is the best. You all know
the merits of a furnace, its beautiful simplicity, and so
forth, much better than the writer can tell you. On the
other hand, it can be said that in many cases mechanical
ventilation will be found superior in overcoming friction
where the drag is very great, and in economy ; however,
we cannot shut our eyes to the fact, that no matter how
well a machine is made, still, after all, it is liable to stop un-
expectedly. If this should take place, what will become of
the men underground ? How long would they live with
the ventilation stopped? Could they be withdrawn before
the air got too foul to support life? You are better able
to answer these questions than the writer is, and he hopes
they will provoke a discussion as to whether the men, in
the case supposed, would actually be in danger or not.

There can be no doubt that if machinery is used for
ventilating, we ought to lessen the chance of stoppage, by
making it with as few moving parts as possible, for which
reason the writer is decidedly against all kinds of recipro-
cating machines, composed of pistons, tanks, beams, spur-
wheels, cranks, numerous flaps, and so forth. The only
machine, in his opinion, likely to have the least chance
with the furnace is the fan; but it ought to be made very
large, 80 as not to require the engine to work at too great
a velocity.

Shallow upcasts are sometimes found insufficient, and it
is a common practice to build stacks on the top to increase
the draught; but as the quantity of air passing only in-
creases with the square root of the depth, the ventilation
will not be increased to any great extent by adding a stack,
without it is built much higher than is the common practice,
and thicker also to retain the heat. In a situation of this
kind a fan is likely to be useful, and there are cases where
a fan can be applied, but where a furnace would be quite
out of the question.

It would be useful if we could have a formula by which
to calculate beforehand what quantity of air a fan, moving
at a given rate, would be likely to draw from a mine; but
the drag varies so much from local causes, that if we can
calculate near enough to give a rough guess, it is as much
as we can reasonably expect. If we take the case of a fan
20 ft. diameter, going 40 revolutions per minute, with an
area of orifice of 30 square ft., not applied to a mine, but

F/cGC 4.

simply employed to displace air; then supposing there is no
“ glip,” or that the discharged air moves at the same rate
as the extremities of the vanes, the power required, height
of water gauge, and so0 on, can be found in this way: The
velocity of the ends of the vanes will be 41.888 ft. per
second, or 2518.28 ft. per minute; and this multiplied by
80 ft. area of vent, or orifice, gives 75,398.4 cubic ft. of air
per minute, or 6031.872 1b. per minute—taking a cubic foot
of air at .081b. We must next find how far a heavy body
must fall to acquire the velocity of 41.88 ft. per second,
which is 41.888% or 27.27 ft. for the height due to the
64

velocity, If 27.27 is multiplied by 6081.872, the weight
of air displaced, and divided by 88,000, it will give 4.98
for the horse power expended.

If the height due to the velocity is multiplied by the
weight of a cubic foot of air, it gives the pressure per
square foot in pounds, or 2.18161b., and this divided by
5.2 gives a water-gauge of .419 in.

If the quantity of air in cubic feet per minute is multi-
plied by the water-gauge, .419 then by 5.2, and the product
divided by 88,000, it will give the useful effect or power ex-
isting in the air, which in our theoretical case will be 4.98
horse power, the same as before ; but in practice this calcu-
lation is made from the quantity of air and water gauge,
taken experimentally ; and by comparing the power so
obtained with the indicated horse power of the engine, we
can estimate the duty done by the machine.

The writer has given the usual calculations, as above, for
a theoretical fan, becanse it shows the rationale of the
matter; but it is rather round about, so he has, by dividing
the constant numbers, transposing, and so forth, reduced it
80 as to give the same results as before, but with fewer
figures, thus:

(Revolutions per minute X diameter in feet)d X .0000426
= height due to velocity in feet,
(Revolutions per minute X diameter in feet)? x .000008408
Ib. per square foot.
(Revolutions per minute X diameter in feet)® x .000000655
= water-gauge in inches, A.
(Revolutions per minute X diameter)® X .000000000324 x
area of orifice = horse power for slip, O.

If the orifice in our theoretical fan was reduced from
30 square fect to 15.36, the rate of the engine would in-
crease from 40 to 50 revolutions per minute, the quantity
of air would decrease to 48,255 cubic feet per minute, and
the water-gauge would alter from .419 to .655, while the
power required would be 4.97, the same as before. This is
something like what takes place when the passage of air is
obstructed by the friction of a mine; but, in practice, the
quantity of air displaced is less than the theoretical quan-
tity, owing to the vanes slipping through the air.

Before we can tall what quantity of air a fan is capable

of drawing in practice, we must know how much to allow
for “glip ;” but this cannot be done to a nicety, for you
will see by the experiments that the per-eentage of power
utilised varies, even when the velocity of the fan remains
the same ; and we have a still more uncertain and difficult
matter to make out, which is the friction of the air in pass-
ing through a mine. The only information the writer has
been able to get on this point is from a paper read by Mr.
Atkinson, inspector of mines, published in the Transactions
of the Manchester Geological Society, March 25th, 1862.
It is therein stated, that for every square foot of rubbing
surface exposed to the air, and for a velocity of 1000 feet
per minute, the friction is ®qual to a column of air
.26881 feet high, of the same density as the flowing air.
Calling this the co-efficient of friction, the formula given
by Mr, Atkinson for the friction of mines is this:
K8V?
P=——_
A ’
where P = Pressure per square foot.
A = Sectional area in square feet.
8 = Rubbing surface in square feet.
V = Velocity of air in thousands of feet per minute.
K = Co-efficient of friction in the same terms as P
is taken in.
The density of the air will vary with the temperature and
height of barometer; so in the above calculation the
weight of a cubic foot of air must be taken by this for-
mula:
1.8258 X inches of mercury

459 + temperature.

Atkinson’s formula is, no doubt, as correct as practicable,
but the writer does not see how we are to measure the
rubbing surface of the colliery with anything like cer-
tainty ; and without we can do this, we must not expect
to get an accurate result. If the drag in pounds per square
foot could be found with a tolerable degree of exactness, we
could then tell nearly what a fan could do; for the theo-
retical pressure per square foot, calculated from the speed
of the fan, agrees very nearly with the pressure taken ex-

rimentally by a water.gauge.

Our formula for the pressure per square foot caused by
the fan is only calculated for a constant density, and will,
therefore, not be strictly correct if used in conjunction with
Atkinson’s formula, which is corrected for temperature and
height of barometer. This error is bardly worth taking
into account in a rough calculation, but, if y, it can
be done by applying the correction to our formula, which

will then become this :
P . 2.000056457 X in. merc.
Revolutions per min, X diam.) X
( " ) 4569 + temperature.

pounds per square foot nearly for the force of fans when
uncovered. If the efflux of air from a fan with a casing is
obstructed, instead of the speed of the engine falling off,
the fan has, in fact, less work to do, and the engine in-
creases in speed till the power is balanced by the increased
resistance of the air, due to that increased speed. If the
orifice or vent is shut altogether, the fan can only whirl the
air round in the casing, and will require little or no power
to turn it. If the entrance into a fan is partially closed, the
engine will in this case likewise increasein speed ; but in
practice this only takes place to a certain extent when the
circumference is left open, for it is found that when the
entrance of the air is obstructed by the friction of a mine,
the air at the ends of the vanes will form eddies, and some
of it will return to supply the partial vacuum at the centre
of thefan. In this case, although the quantity of air pass-
ing is lessened, still the air brought back by the eddies
must be thrown out again continually by the vanes, and
considerable power will thus be wasted.

It would seem likely at first sight that a fan left open at
the circumference would discharge air to better advantage
than when enclosed, but if, by enclosing it, the air is dis-
charged at a higher velocity, its return is prevented, and
although the force due to the velocity of the discharged air
is lost, yet this is found to be less waste of power than if
the vanes are allowed to battle with the eddies.

As there is a loss in discharging the air at a high velocity,
the aperture ought only to be contracted just enough to
prevent the return of the air, and no more. This can only
be done by experiment, and to get the greatest effect it is
therefore necessary to have means of altering the area of
the orifice.

By discharging the air into a chimney it can be used in
some measure as a jet, and this, it is said, will utilise some
portion of the force that would otherwise be lost by the
velocity of the eflux. Volume XIV. of the Transactions
of the North of England Institute of Mining Engineers,
contains a description by William Cochrane of an enclosed
fan, named from the inventor a Guibal’s ventilator. It is
working at Elswick Colliery, and from the experiments
given you will be able to see what it is capable of perform-
ing. The writer has also obtained information from Mr.
William Armstrong as to a similar machine in use at Pelton
colliery.

A fan of this description is shown at A, where P is the
opening communicating with the pit, and the engine is
applied to the shaft at E. The masonry of the fan is not
connected with the pit exactly as it is drawn, but ought to
be placed at the end of a short drift, and the top of the pit
covered by boards or light plates, to act as a safety-valve
in case the gas should fire up the pit. At S is a shutter
sliding in grooves, which can be drawn up or lowered by
means of a chain passing over a small sheave, R, in the

Cube foot of air in pounds —
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chimney, 8o as to increase or diminish the aperture through
which the air is discharfed. At B are boards, which can
be removed when necessary to give room for repairing, or
examining the vanes.

The dimensions of the Elswick fan are as follows: Dia-
meter over the vanes, 28 ft. ; width, 6 ft. § in. ; centre open-
ing, 10ft.; clearance between the vanes and the walls,
lin. ; and the outer edge of the vanes, 2 in. ; length of vane,
81t.,; vanes made of oak, 1} thick; cylinder of stcam
engine, 23§ in. diameter ; stroke of piston, 191} in. The
results obtained by this ventilator are shown in Table B.
The water-gauges given at the right-hand side show the
amount of exhaust at various points inside the casing, where
a partial vacuum is formed. The numbers over the water-
gauges refer to sketch C, and the different positions where
the water-gauge was tried are there pointed out. In the
column headed ‘ Position of Shutter,” O denotes the lowest
position of the shutter ; S and I the highest or greatest
opening. The column of useful effects is the number of
cubic feet of air per minute multiplied by the water.gauge,
then by 5.2, and divided by 33,000, as before described ;
and by comparing this with the indicated horse power of the
engine, the two last columns of per centages are obtained.
The other columns speak for themselves, and need no ex-
planation.

At D are the tabulated results of experiments tried with
the fan at Pelton colliery, the dimensions of which are
these: diameter over vanes, 29 ft. 6 in.; breadth, 9 ft. 10in.;
centre opening, 13 ft. 1} in.; height of chimney, 26 ft. 6 in,
above the centre of the fan; area at the top of chimney
9 ft. 10 in. by 8 ft. 2} in. ; cylinder of steam engine, 23.6 in.’
diameter by 23.6 in. stroke. .

You will, no doubt; notice that the experiments are
rather contradictory ; this, however, is what we must ex-
pect, for the drag of the air is variable, being altered by
the opening of doors and various other causes, which will
alter the quantity of air drawn, even when the speed of the
fan is constant. The water.gauge in the experiments is
greater than the theoretical one, and only applies to fans
uncovered. This is said to be owing to the chimney
utilising a portion of the force existing in the discharged
air; but whatever the cause may be, the fact is proved by
experiment.

At Tursdale colliery there was an uncovered fan, and
a temporary casing with a chimney was added, with this re-
sult:

Rep::l:‘tii:ns Cub. ft. of air. | W.G. Stm. C;;lhf:r
Uncovered ...50 | 22170 8 |2 | §ions
With a casin, I I |

and chimney 60 32930 .9 25 4 tons

At Pelton colliery, the boards, B, at the bottom of the
chimney were removed, when the rate of the engine fell off
from 55 revolutions per minute to 52, the water-gauge de-
creased from 1.77 to 1.62, and the rate of the anemometer
changed from 780 to 745.

The experiments are contradictory, thereforo it is use-
less to take any one of them for a standard, but we have a
good many, and we can lay them down in the form of a dia-
gram, such as E, where the horizontal scale represents the
number of revolutions multiplied by the diameter of the
fao. The dots on the vertical lines represent the cubic feet
per minute, and the water-gauge at No. 1 station, as given
by the experiments. If we now find the rate of increase
of curved lines that shall pass near to the dots, we shall be
able to calculate in a rongh way the effects of any fan,
when applied under similar circumstances, and can form a
Table like F.

The easiest way to do this is to use a table of logarithms,
and the above quantities were calculated thus:

Log cube ft. = 1.1 (log revolutions per minute -+ log dia-
meter) 4 1.835267, B.

Log water-guage at No. 1 station — 1.8 (log revolutions per
minute + log diameter) — 5.5044, C.
Water-gauge at No. 2 station = (revolutions per minute X
diameter)? x .0000006953, S.

Horse power including back pressure — cubic feet per
minute X water-gauge X .0003329, D.

Horse power transmitted to fan = cubic feet per minute X
W.G. x .000291.

The curves were fixed upon after several trials, as being the
Dearest to suit all the circumstances; and we thus find that,
according to the experiments, the quantity of air drawn in-
creases a little faster than as the velocity of the vanes, and
the water.gauge at station 1 rather slower than as the
square of the velocity ; but the experiments indicate that
the water-gauge at station 2 increases with the square
of the velocity very nearly. The formula for cubic
feet per minute is only intended to find the rate of increase
in the experiments, and is not applicable to all cases,
because the quantity of air drawn is governed in a great
measure by the drag, which varies in different collierjes,
an;i it is therefore impossible to form a general rule of any

value,

It will be seen at Table F that the calculated water.
gauges are near enough for practice, and although we can-
not find the absolute quantity of air in every case answer-
ing to a given speed, yet we can get the rate of increase
neafly ; and if we know the amount of ventilation in any
cc_)lhery, with the water-gauge answering to it, we can then
glve & near guess at the speed of fan necessary to draw that
laimonnt of air, or any other amount in that particular col-

ery.
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The anemometer was fixed in all the experiments except No. 7.

The formula for horse power is only the power in the
air as before described, increased by the average amount
of all the percentages given in the experiments.

The economy of a fan as compared with a furnace, de-
pends upon the depth of the upcast. Where pits are shal-
low, a fan requires far less coal, and that of an inferior
quality ; but there are cases where the quantity of coal
saved will not pay for the increased first cost and working
expenses,

Previously to the erection of a fan at Pelton colliery,
the ventilation was effected by furnace. The upcast pit
was 112 yards deep by 7 ft. 6 in. diameter. The quantity
of air obtained by .9 in. water-gauge was 31,000 cubic feet,
and the consumption of coal about seven tons in twenty-
four hours.

If this upcast had been larger, the duty of the furnace
would perhaps have been higher ; however, supposing that
it had been as much as £5,000 cubic feet per minute, the
experiments show that, to do this with a fan, an engine of
only 23.6 horse power would be necessary, which would
consume about two tons of coal per day instead of seven ;
so there can be no doubt as to the superior economy of the
fan in this case, as regards the consuinption of coal.

In cases where the fan consumes less coal than the fur-
nace, before we can tell which is the most economical, we
must determine the cost of coal at the furnace underground
and the cost of small coal on the surface.

Furnaces are generally supplied from coal left under-
ground for that purpose, and some viewers think this coal
ought only to be charged at what it actually costs to
deliver it to the furnace ; but others maintain that it is as
valuable as other coal, and that by using it you lose what
could be got by selling it, and that it ought to be charged
at what you could get for it if sold. The members of this
Institute are better qualified than the writer is to discuss
this question, and he only names it because it makes al] the
difference when comparing furnaces with mechanical
ventilation. }

The writer has not had experience with ventilating ma-
chines himself, and has written this paper to provoke a dis-
cussion ; but we have several members of the Institute who
have tried them, and they can therefore speak with confi-
denceon the subject, and what he has omitted they will,
no doubt, be able to supply. Discussion will, doubtless,
elicit facts as to the quantity of air drawn, coal Consumed,
and so forth, by the furnaces in this district; if so, this
paper will be the means of drawing out much valuyable in-
formation.

NEWTON AND PASCAL.—At the meeting of the British As-
sociation, on Tuesday last, in Section A, Professor Hirst made
a communication on the subject of the alleged correspondence
between Newton and Pascal. Sir David Brewster, in a terse paper,
pronounced the correspondence a gigantic fraud, intended to
transfer to Pascal Newton's great discovery of gravitation.

.
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HORIZONTAL BLOWING-ENGINE.

THE subject of our two-page engraving this week is a hori-
zontal blowing-engine arranged on a plan which has bheen
adopted for numerous sets of blast mncﬁines for smelting fur-
naces constructed, during the last few years, by the West Point
Foundry, State of New York—works of which Captain Robert
P. Parrott, the inventor of the gun bearing his name, is
the manager. Two of the largest engines made on this plan
were completed early in the present year, one of them being for
the works—well known in America—of Messrs. H. Burden and
Sons, of Troy, U.S., and the other being for Mr. C. J. Nourse,
of the Chesnut Hill Furnaces, Columbia, Pennsylvania.

The arrangement of the engine will be readily understood by
reference to the engravings. The steam and blowing cylinders,
which have a stroke of 7 ft. and are 38 in. and 84 in. in diameter
respectively, are placed with their axes in line, and are bolted
down to a stiff continuous bed-plate, which also carries the
pedestals for the fly-wheel shaft. The piston-rods of both the
steam and blowing cylinders are attached to a wrought-iron
crosshead, furnished with brass blocks working between two
pairs of guide bars. The ends of the crosshead projecting
through the blocks serve as journals for the puir of connecting-
rods, these latter ing back on each side of the steam
cylinder, and taking hold of crank-pins fixed in the bosses of
the fly-wheels, of which there are two, placed one at each end
of a short straight shaft. The connecting-rods are of wrought
iron, and have strap ends.

The ends of the crosshead being prolonged beyond the con-
necting-rod journals serve to work the teed-pump, as shown
in the plan. = The steam is admitted to, and released from, the
steamn cylinder by double-beat or equilibriam valves worked by
the arrangement of gear shown in the longitudinal section, this
section being shown in the longitudinal section, this section
being taken through the exhaust-valves and their passages.
The eccentrics—of which there are two, one for worEing the
steam and the other the exhaust valves—have 5} in. throw or
11in, travel, and they actuate the valves through the medium
of the rocking shafts, lifting-tingers, and levers shown in the

ving.

‘T'he arrangement of the engine gives ample length to the

ing-rods, and enables the piston-rod of the steam piston
to be Sluaed through stuffing-boxes on both cylinder covers, so
that the piston, which has cast-iron packing rings, is well
carried. The blowing-cylinder piston rod is also carried through
both ends of the cylinder, and the piston being in this case much
heavier, the rod 1s made of cast iron, hollow, and of large dia-
meter, 80 that it is not only amply stiff enough to carry the
piston without springing, but also has large bearing surfaces in
the stofling-boxes. L'his system of construction has been found,
in every case in which it has been tried, to secure the cylinders
from wear on the lower side, and to cause the piston to remain
constantly tight and eflicient. The blowing, like the steam
piston, is of cast iron, and has cast iron packing rings.

The arrangement of the air valves is shown on the longitudi-
nal section, from which it will be scen that they are fitted to
blowing-cylinder covers, the iulet valves being above, and the
discharge valves below, the centre line of the cylinder. They
are all flap valves, made of leather and canvas, and they are
hung s0 as to close naturally.

Altogether, the engine which we have described is well
arranged. The machinery being all fixed to one frame, the
parts are constantly kept in their proper relative positions, and
all the details are dis 80 that they cun be readily got at.
We are informed by Mr. Parrott that two engines of this con-
struction have now been in use eight years without having the
Emwm repacked or any of the valves renewed; and that, so

ttle have the pistons worn the cylinders on the lower side, that
the slight marks of the boring-tool are still visible.

The following are some of the principal dimensions of the
engine shown in our engraving:

Diameter of nbm.m cylinder

”, owing

Length of stroke ..." o
Diameter of piston-rod of blowing cylinder
Length of bearing in stuffing-boxes, about
Length of connecting-rods between centres
Section of " at centre 12in, X § io.

” " at ends 44 in. diameter
Dinm:a of connecting-rod bearings

Lengt » "
Diameter of fly-wheel shaft ...
Length of fly-wheel shaft bearings
Diameter of y-wheels
Width of crosshead guide-bars
Length of crosshead blocks ...
Diameter of air-delivery pipe ...
Diameter of feed-pump plungers
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TrLEGRAPH ExTeENsioN.—The new submarine cable pro-
d to be laid from France to the United States will extend
Brest to St. Pierre-Miquelon, following a plateau which
has been sounded very caretully. From St. Pierre-Miquelon
the cable, in order to reach New York, will follow the English
coast of New Brunswick and the American littoral of the States
of Maine, New Hampshire, Massachusetts, and Connecticut. At
first sight it might appear desirable to carry a line from Brest
to NewYork direct, but to achieve this object it would be neces-
sary to carry the cable across parts of the bed of the Atlantic
which are utterly unsoundable. The operation of submersion is
expected to be commenced in May, 1868, The Portuguese Go-
vernment has granted to Messrs. Darley Rose, Charles Cooper,
and Stephenson Clarke the concession of a line which is to be
established between Falmouth and Peniche. The concession is
granted for 9 years, dating from 1869, by which date the line
18 to be established. A telegraph station will be formed at
Lisbon, and will be in communication with that at Peniche.
INpIAN Towxs.—The population of Calcutta is returned at
877,924 ; of Madras, at 427,771; and of Bombay, at 816,562.
These figures are based on calculations made in January, 1866
(Calcutta), 1862-3 (Madras), and February, 1864 (Bmay)

THE MESSINA BRIDGE.

(Continued from. page 201.)
Description of Metal for the Suspension Systems.

THE tenacity of iron and of plate iron is not sufficient for
the construction in those materials of a suspension system of
1000 metres span, with & rise of 20 metres; but the tenacity
zf s:)eol would allow of its being attained without fear of similar

oubt.

If at present steel has not been employed on a scale to be
compared to that of most iron structures, it is because construc-
tion in that metal is more expensive than in iron, and it is not
so readily obtainable.

The ity of I steel is very constant for each
construction ; but itis very variuble in different structures, and
according to the thickness of the steel. That constancy of
tenacity in individudl cases is explained by the homogeneity of
the metal ; considerable variations in the tenacity of steel in dif-
ferent cases depends much on the nature of the ores used, and
on the workmanship employed ir their conversion into steel.

The steel to be employed in the spans at Messina would cer-
tainly have to be of u great homogeneity of resistance ; its employ-
ment would be undertaken under such conditions of simpricity
as to easily arrive at absolute perfection in its manufacture;
that pertection of work could easily be proved. Under such
conditions it might be expected that the suspension systems
would be capablo of sanort.ing, without fracture, the strains
calculated after the results of partial tests.

In supporting by a suspension system a constant strain—if,
for example, it is employed for a canal bridge—it would not be
necessary to adopt any very great difference between the pos-
sible ‘;esis!ance of suspension systems and the strain to be sup-
orted.
P If it is desired to support fluctuating loads by suspension
chains, and that such loads might, owing to unforeseen circum-
stances, cause considerable variation of strain, an alowance
nust be made proportioned to the additional strain which could
be realised in practice.
Suspension chains have to support at the same time two
different kinds of strain—the one due to the dead weight of the
structure, which is constant, the other due to the effects of vary-
ing loads, which might cause unforeseen circumstances. It is
customary to calculate suspension systems by taking account of
the constancy of the e of the load equivalent to the dead
weight of construction, and to allow & margin for unforeseen
strains which moving loads might occasion.
This is how we think it should be worked :—The dead weight
of structare bein.} about 19 tons per lineal metre, whilst the
greatest possible load is 74 tons per lineal metre, it follows that
the section of the systems should be such that it might be
divided into two parts, of which one should sustain the dead
weight of 19 tons oppused to # of the coefficient of secarity, and
the other should support the load of 7} tons opposed to § of that
coeflicient.
If we take for that coefficient of security 100 kilogrammes, the
section of the suspension chains will be such that the less figure
of the maximum expected tension would be equal to
19X $ X100, X 7, =50 X } X 100«
19tx 7,50
The spans then could resist within the limit of the ndoﬁwd
coefficient of security, not only a calculated load covering them
completely, and estimated at 7.5 tons per linea] metre, but also
a possible additional strain equal to 26.5 tonsx 33, or 1l tons
per lineal metre.

The coefficient of 100 kilogrammes, which we consider as the
strain which the suspension systema could sustain with safety
in an unforeseen occasion, is well in excess of anything that is
possible, so that there is no occasion for fear concerning it.

Steel of 44 points (French guage) could easily support that
strain without injury. If at that limit its elasticity should be-
come slightly nlmex that could not give rise to any serious
consequences.

Between 100 kilogrammes and 150 kilogrammes (the point of
rupture) there is a considerable difference. That difference
cannot diminish in uence of an unforeseen addition inthe
strains, since, after allowiog for all contingencies, it would be
impossible for the load to attain to 100 kilogrammes; neither
could it diminish for want of resistance in the suspension
chains, since those chains would be composed of elements of one
homogeneous character manufactured with great care.

Piers ing the Spans.

The construction of the piers for supporting the spans of the
Messina Bridge will be a colossal undertaking; but we shall not
say much on that subject at present. When public opinion is

=70 kilogrammes,

constructing s; of 1000 metres, rigid under the passage of
trains, imm%vrl:ln: under the action of v%!mdz, it will be ndm%t?ted
that we know how to lay with safety the foundations of the piers
for the Messina Bridge in 110 metres' depth of water, and how
to erect the portion above the level of the sea, which will be
about 110 metres in height, without incurring enormous expense
either in time or money.

We huve reflected much on the difficulties presenting them-
selves in the erection of piers about 220 metres in height; we
have taken into account the enormous efforts that would be
necessary, and the destruction to which they would be exsosed;
and we are convinced that they may be constructed, and that
the day will come when the thing will be accomplished.

Raising the Spans.

_The raising of the spans of the Bridge of Messina is not a
difficulty of the first order; it is easy to understand this when
one is accustomed to the constant method employed in the con-
struction of suspension bridges, to set the spans in their places.

. Acableof a weight 1 per lineal metre could carry, when once
in position, a cable of a weight 3 ; that, a cable weighing 9; the
last, a cable weighing 27 per lineal metre, and 80 on. The first
of a very light weight, in steel wire, being stretched from one
pier to the other, it can be employed for getting into position a
steel wire cable of three times its weight, in thesame way as the
constructors of suspension bridges employ ferry boats to erect
their cables. The second cable being in place, it will serve to

get & cable three times its weight into position, and so on.

accustomed to projects for large spans, when the possibility of ||

The suspension chains being in position, temporary rods are
attached, and the raising of the platform would be effected, com-
mencing from the piers, as is done in any ordinary suspension

bridge.
Tﬁzs it is seen the raising of the spans of the Messina Bridge
is possible, and that without any scaffolding or special appliances.

DUNDEE AND ITS FACTORIES.

AT the preseut time seventy-two firms own spinning-mills or

power-loom factorics, or both, of 5822 horse power, containing
202,466 spindles and 7992 power-looms. In these works
35,310 persons are employed, and the same firms also employ
6240 persons in hand-looin weaving, and in other departments,
making a total of 41,550 persons employed by them, and the
totul number of persons directly cugn;;«:«{in the various brauches
of the linen manufacture in Dandee cannot be much, if at all,,
short of 60,000. The buildings which have been erected in
Dundee for spinning and weaving are most imnposing structures,
unsurpassed in extent, in durability, and in their proportions
by any others. Internally they are turnished with every modern
appliance to render themn salubrious and healthy, and as the
difterent floors are lofty and the whole thoroughly ventilated,
the workers enjoy a degree of comfort unknown to their pre-
d s. The inachinery in the various mills and factoriesis
as perfect and as well adapted for the work it has to perform
as human ingenuity and money can muke it, and it is invariably
kept in the most complete order, Every real improvement is
readily taken advantage of as it is discovered, and so numerous
ani so great are the changes which hive been maudz on both
spinning and weavinz machinery, that in many works the whole
of it has been renewed within the last few years. This year
the consumption of jute will be about 65,000 tons. Including
hemp, the consummption of material in Dundee is at present at
the rate of about 40,000 tons a year, and the cost of this
naterial is about two and a half millioa pounds sterling. In
the district of which Dundes is the centre, but excluding
Dundee, the average annual consumption of flax and
tow is at present about 37,000 tons of flax and tow,
2006 of hemp, and 1000 tons of jute, being in all 40,000
tons, the cost of which is about one and three-quarter million
pounds sterling. In the entire district, including Duudce, there
are now, therefore, about 130,000 tons of flax, hemp, and jute
consumed annually, the cost of which is about four and a
uarter million pounds sterling. In the district, excluding
Bundee, the detuils of which have already been given, there
are 110 firms in the linen trade, employing steam or water
power of the aggregate of 6290 horss power, driving 191,452
spindles and 10,151 power-looms, and employing 28,875 per-
sons. The only way of approximating to the quantity of yarn
spun is by multiplying the spindles by the average daily spin of
each. This gives a total of about 31,000,000 spindles for
Duandee and 29,000,000 for tha district, making together
60,000,000 spindles of yarn spun annually, which, at the aver-
age price of 2s. 3d. per spindle, gives a value of 6,750,000L
No reliable estimate of the number of yards of linen made,
either in Dundee or in the district, can be formed. Neither is
there any mode by which the correct value of the goods made
can be ascertained ; but it is estimated that the total value of
the yarn and linen made in Dandeo and throughout the district
cannot be under 8,000,000 The capital invested in the spin-
ning-mills and power-loom factories in Dandee is about
2,500,000., and those .in the district 2,200,000L—together,
4,700,000, When the works now in course of erection are
completed, which will be within a few months, they will bring up
the total cost of the whole to 5,000,000 The amount in-
verted in bleach-works, calenders, and other auxiliary branches
of the trade cannot be less than 1,000,000/ If to these sums
be added the average value of the stock-in-trade in the hands
of the spinners, manufacturers, and merchants, it will be with-
in the mark to estimate the capital required to carry on the
trade cf Dundee and the district around at 10,000,000

THE WATERWITCH.
To THE EDITOR OF ENGINEERING.

Str,—In ashort notice, in your last number, of the new trials
of this vessel, yon have made a great mistake—to the prejudice of
the water-propeller—which I hope you will allow me to rectify.

You say *the jet-propelled vessel Waterwitch has had two
& farther trials since that reported by us three weeks ago; but
“ ghe has only exerted still greater engine power, and attained
“ Jess spe:d. The trials at half-boiler power show a large loss of
“ effect, the mean speed being but 6.326.” Now, instead of a
oss of effect, this speed, at the so-called half-power, shows
comparatively a betfer result than at the full power, as may be
easily seen by comparing the Hroportions. At the trial referred
to (:frd of September), the full speed is said to have been 8.879
knots, and say (for the horse power has not yet been published)
800 horse power. At half-power—that is, with one boiler
merely—the speed was 6.326, and, say, 228 horse power, being
the highest power hitherto obtained from one boiler. From this
it will be seen that the half-power gave a kigher speed in pro-
portion to the power er:é)loyed, and a better, and not a worse,
result, as you have stated. .

This half-speed is, moreover, the highest speed ever attained
by any vessel afloat, with same power, same length, aud same
(f:Ys lacement. Can you name a better or an equal?

fest you should feel inclined to doubt the accuracy of the
horse powers at the last trial, as I have so far inferred them
to have been, I give similar particulars from the more careful
trial made on 9th August, which have been obtained from
anthentic sources, namely, full-boiler power, 777 horse power;
speed, 9.233 knots; hali-power, 226 horse power; and speed,
6.163, showing also a slightly better result for the half-{)ower.

London, September 10, 1867. . V. B.

[The first portion of our paragraph, referrin to the full-
power trials, s strictly correct in any case. The last is correct
also, upon the supposition that the term * half-boiler power”
means what it expresses. How is it that while the full number
of boilers gives 800 indicated horse, half the number of boilers

gives but 226 7—ED, E.]
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KURRACHEE HARBOUR.

AT page 164 of last week’s number of ENGINERRING
we gave Messrs. Stevenson’s report to the Secretary
of State for India on Mr. Walker’s project for the im-
provement of Kurrachee harbour, and which, b\‘.l.:ﬂ
unfavourable, led to orders being issued for
further works to be suspended. Having given that
report in full, it is but right and fair that we should
also give the counter opinions which have been re-
corded on the subject; and this, not only in justice to
those whose professional opinions have been set aside
(and, as circumstances have shown, unjustly), but be-
cause the improvement of Kurrachee harbour involves
qtestions of the very first importance in harbour
engineering, and, by publishing all that has been said
on both sides of the question, will, together with the
description of the harbour and contemplated works
for its improvement, which will be found at pages 454
and 497 of ENGINEERING, vol. ii., enable any one
interested to form a very good opinion on the entire
subject.

On the conclusion arrived at by Messrs. D. and T.
Stevenson, understoed to be condemnatory of Mr.
Walker’s design, Mr. Parkes wrote as follows to the
Under-Secretary of State for India, under date of 3rd
Mareh, 1866 :

T have been advised by Messrs. D. and T. Steven-
son that they have forwarded to the India Otlice their
report on Kurrachee harbour, and I understand that
:ilnejr conclusion is condemnatory of Mr. Walker’s

esign. :

“In a matter so seriously affecting the public inte-
rest, and the professional credit of myself and my late
friend Mr. Walker, I feel it my duty to lose no time
in bringing to your notice the circumstances under
which that conclusion has been arrived at, so that
they may be considered at the same time with the
conclusion itself.

“From the time that Messrs. Stevenson com-
meuced their investigation of the subject till now, they
have never asked me a single question, or expressed a
desire for any information beyond that contained in
the papers sent them, or any explanation of that in-
formation. To my repeated requests for interviews,
and expressions of desire for personal unreserved con-
sultation, they have given no response whatever ; and
though Mr. David Stevenson called on me on one occa-.
sion when I was unfortunately absent through iliness,
no opportunity was given for a subsequent meeting
cither in London or Edinburgh.

“ They forwarded to me a draft report in January,
which was the subject of some discussion as to its
form. On the 10th February I sent them some com-
ments on this draft, with a clear intimation that I
hoped they would a];soint a meeting. Messrs. Steven-
son, nevertheless, adopted those comments, though

ualified by ithis intimation, as conclusive, and made
their report without further communication with me.

«If it be asked why the whole information was not
furnished to them in writing, my answer is, that the
question is one which can only be efficiently discussed
by personal consultation. I gave all I could that I
thought pertinent to the immediate questions at issue,
but in the full knowledge that collateral questions must
arise at a subsequent stage, which I reserved, for the
sake of convenience, till our expected interview.

«T submit, therefore, that Messrs. Stevenson have
not given me the opportunity to present to them my
whole case, and that their conclusion must be con-
siderced as premature.

“ I am quite at a loss to account for their disinclina-
tion to mect me in personal consultation. There must
be a misunderstanding somewhere, and we must be
acting in some unknown way at cross purposes.

«] the more regret this because I am convinced,
looking at the absolute identity of their fundamental
priuciples with my own, that an unreserved discussion
upon the whole question would, at an earlicr stage of
the proccedings, have led us to an agreement. No
doubt I should have had to yicld something of my
present positiou to their ability, experience, and un-
biased view of the case; hut they, on the other hand,
would surely have derived advantage from my far more
intimate acquaintance with its history, dctails, and
special circumstances.”

After perusal of Messrs. Stevenson’s report, Mr.
Parkes again wrote to the Under-Secretary of State
for India, on 20th March, 1866, requesting that the
conclusion arrived at might be subjected to a suitable
review, and forwarding a report on the subject from
Mr. Beardmore, C.E. Mr. Parkes wrote as follows:

“Since I had the honour to address you on the 3rd
instant, I have been favoured with a copy of Messrs.
Stevenson’s report on the above subject, and I subse-

quently had an interview with Mr. David Stevenson
himself.

elf.

«1 feel it now to be my duty to urge upon the
Government in the stronglest manner consistent with
due respect, that the conclusion arrived at by Messrs.
Stevenson be subjected to a suitable review.

“I am well aware that such a request is unusual,
perhaps irregular, and that it rests with me to justify
it. Ipam also aware that the fact of Messrs. Steven-
son’s conclusion being against my own conviction
would be no justification from your point of view,
while nothing but the greatest confidence in the truth
of my own position would be a justification from my
own.

“ With a view, therefore, to testing the possibility
of my being really in error, I submitted all the papers
which had been sent to Messrs. Stevenson, together
with their original
and their report, to Mr. Beardmore, C.E., a gentle-
man whose authority on such a question is certainly
not inferior to that of Messrs. Stevenson. I have
the honour to enclose the written opinion with which
he has favoured me, which speaks for itself.

“T would further submit to you, that although my
suthority on matters of opinion upon this subject is
for the present in abeyance, my intimate knowledge of
fact remains the same. I am therefore in a position
to assure you that Messrs. Stevenson’s report is so
singularly open to criticism, owing to their mode of
treating the evidence on matters of fact laid before
them or tendered to them, as to render it unsuitable
for a final and authoritative settlemeut of a question
involving so many and varied interesty, both national
and commercial, as the improvement of Kurrachee
harbour.

“I am, of course, prepared to substantiate this
stalcment in detail, if called upon to do so; but the
Goverument will easily understand my wish that a
course which would render this unnecessary should be
adopted in preference.

“I adhere to the opinion expressed in my letter of
the 3rd instant, that if the investigation had been
carried on by Messrs. Stevenson in an open and un-
reserved manner, our final agreement on all essential
points would have been inevitable.”

The following is the report by Mr. Beardmore, C.E.,
referred to in the foregoing letter :

“ Having perused the voluminous papers relating to
the improvement of Kurrachee harbour, and Messrs.
Stevenson’s recent report thereon, and having examined
the numerous maps, charts, soundings, and sections
extending from 1854 to October 1865, I will endeavour
to answer your question, viz. : .

¢ Do you think that the depth of water outside the
harbour, and the dgeneral conformation of the bottom,
are such as would have discouraged you from applyi
the ordinary resources of harbour engineering, wi‘:ﬁ
the hope of obtaining the conditions necessary %or the
formation and maintenance of an entrance channel of
20ft. deep (or thereabouts), with ample width for
navigation P’

“1I do not think there is anything formidable in the
dimensions of the bar or bank of sand projecting from
Manora Point, and maintained by the action of suc-
cessive monsoons, that will preclude a successful appli-
cation of the admitted principles of harbour engineering
suited to this case.

“The soundings from the bar in every direction
indicate a by no means unfavourable bottom. A depth
of 24 ft. at low water was reached at a distance of
1500 ft. from the centre of the bar, weatherward and
seaward, in the year 1858.

“ By the last survey, in October, 1865, it appears

that the distance between 24 ft. soundings muf the
centre of the bar is less than 1000 ft.
. “ Withmy knowled;frc of many entrances to harbours
in this country of a [ike character (i.e. with sandy
bottom), I should say that the natural capabilities of
Kurrachee are above the average.

I have perused Colonel Tremenhere’s objcctions,
and am of opinion that they are fallacious in theory,
and the alleged facts appear to me unsupported. The
vitality of Kurrachee harbour, as proved by all record,
is _?mte inconsistent with the theory of a persistent
dritt from the delta of the Indus. If such a current
were in existence, it must have been so for a sufficient
time for Kurrachee harbour to liave been entirely de-
stroyed. Bat even if there had heen such a drift, no
better prevention for its evil effect on the harbour
could be found than the Keamari Groyne, irrespective
of its other manifest advantages. The argument, that
the water on the flood tide being drawn through the
breakers in the neighbourhood of the bar causes more
sand to be carried into the harbour than was the case
when it passed over the Keamari sand-spit, is not

draft, and my remarks thereon,]

tenable, for such an action implies a current over the
bar, opposite the end of the groyne, that would eer-
tainly have the effect of pushing the bar inwards ;
whereas, by all the surveys up to October, 1865, the
bar is shown to have travelled bodily owéwards.

“ This fact of the bar having moved outwards is not
in itself of great importance ; but in connexion with
it, I observe that the bar in the middle portion of its
length has narrowed considerably, acd also that it
has extended to the eastward. The action which has
produced these results must ultimately cause a new
channel to be opened through the bar, in continuation
of the line of the main harbour channel.

“To secure the permanent maintenance of such a
new channel, the Manora breakwater is absolutely
necessary. For present purposes, I think the length
of 1500 feet as designed may be sufficient ; but having
relation to the futurg increase of scour caused by the
diversion of Chinna Creek, I think it might be de-
sirable ultimately to extend Manora breakwater by an
arm running in a south-easterly direction, following
somewhat the line of the 27 ft. soundings. There
would be an additional argument in favour of this,
because such a hreakwater would offer an outer har-
hour of refuge for vessels running to Kurrachee for
shelter.

“T am of opinion that there is no possible fear for
the permanent and successful result of these works.
It is very possible that the immediate scouring of the
bar by natural causes would not exceed a depth of
16 feet. Below this depth the dredger would he ap-
plied with extreme value for bottoming out u channel
to 20 feet deep. More would be done in one scason
by a dredger than in several years by the action of
current alone, on a deep bottom, especially as the
width of the channel increased by the natural action
of the tide. The tendency will be for the chanuel
rather to widen than deepen by tidal action after 16
feet at low water is acquired. In favour of dvedFing,
it appears that a channel 300 yards in width could be
dredged through the present gar between 16 and 20
feet depth by the removal of about 150,000 cubic
yards, which would cost on the Tyne or the Clyde .
4000/. Probably at Kurrachee the cost would be
three or four times as great, but still a small sum com-
pared with the advantage of getting rid of so much
material from the harbour mouth.

T have looked over all the precedents in my own
professional knowledge and experience for any case to
support the adverse oginions that have been given

ainst these works, and I am unable to find any case
which would lead to a condemnation of them.

“On the contrary, works now in progress on the
Tyne and on the Tees are based on the same prin-
ciples, and good results have already been obtained.
Great improvements have been effected at Dunkirk b
similar means ; and the immense sand-banks
channels forming the entrance to Liverpool have ex-
perienced changes from less apparent causes than
might be brought to bear at Kurrachee.

« :arolicy of persevering in these works is rather
a national question than one for the judgment of an
engineer. That they can be carried out so as to fully
:lvar{)ant Mr. Walker’s original anticipations I have no

oubt.”

In order to render these papers complete, there only
now remains for us to give Mr. Parkes’s analysis of the
evidence on which Messrs. Stevenson had based their
conclusions, but which, for want of space, must be de-
ferred for our next week’s issue.

Tue LATE PROFESSOR FarapvAY.—At the last sitting of
the Academy of Sciences, M. Dumas announced the death of
Professor Faruday in the following terms: * The labours of that
incomparable philosopher are known to the whole world ; but
the ineffable kindness, frankness, and ingenuousness of his
nature could only bs appreciated by his intimate friends. It is
nearly fifty years ago when I first met Mr. Faraday, and from
that time I had frequent intercourse with him. I therefore had
an opportunity of watching his glorious upward progress,
and saw his natural and simple modesty increase in the
same proportion as the strength of his genius and the
splendour of his services, If his discoveries have inmortalised
him, and if he is remembered as one of the most fruitful minds
of this century, he also leaves, to the honour and dignity of
science be it said, the example of a pure life and a noble heart.
England will not be alone in mourning his death.”

1k Cark CoLoNy.—Works undertaken for the construction
of a dock and breakwater at Table Buy are being pursued
regularly and actively. It had been originally proposed to con-
struct only a dry dock of a depth which would Yimlt its useful-
ness to the reception of ships of the mercantile marine. But the
directors of the works have deemed it desirable that the basin
should be enabled to receive ships of war, and the Admiraity
bLas promised to give the enterprise its moral and material
support. The outlay likely to be involved by the supplementary
work which has just been decided on, is_estimated at 40,000{.,
which will be sought for partly in the London money
aud partly in the Cape Colony.

murket
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DETAILS

OF LOCOMOTIVE FOR THE 3Fr.

GAUGE,

RHYMNEY IRONWORKS.

CONSTRUCTED AT THE NEATH ABBEY WORKS, FROM THE DESIGNS OF MR. WILLIAM MOYLE, ENGINEER TO THE RHYMNEY IRON COMPANY

A PORTNIGHT ago (vide pages 173 and 174 of the present
volume of this journal) we guve an illustrated description of a
small locomotive engine constructed at the Neath Abbey Works
lf{:m the (llesign(;) of Mr. ngiam Moyle, the enginee:h of the

ron Com ; and we now give engravings showing
moyr:lmeharly the sup:::’ brake and some other details of the
engine. The cylinder of the steam brake is fixed at the hind
end of the footplate, as shown in the general elevation and plan
already published (vide page 174), and it is 6in. in dismeter,
and ol sufficient length to accommodate a stroke of between
6in. and 7in. As will be seen by the views given above, the
admission of the steam to, and its release from, the brake cylin-

der is effected by a small piston-valve, 2 in. in diameter, which
is moved by a hand lever and nut fitted to a three-threade:
screw formed on the valve-spindle. The leading t
the top and bottom of the cylinder are }! in. in dismeter, an(
the formed through the valve itself for conneoting th

upper and lower cylinder is of the same size. Th

steam is admitted to the chamber between the two ends of th

valve ; and when the latter is in the position shown in the verti

cal section, the steam has a free pussage into the lower end o

the cylinder, so that it can force up the piston and apply th

brake. At the same time the upper cylinder port is uncovere

to the exhaust chamber, which latter extends down the side o

the cylinder, as shown in the figures, and is fitted with a pip

for conducting away the waste steam. When the valve i

raised, by the aid of the screw, the ends of the passage ini

are brought fair with the cylinder ports, and the two ends ¢

the cylinder are thus pl. in free communication with eacl

other, so that the piston can fall and the brake be taken ofl.
The brake ig applied to the hind pair of wheels only.

Another detail, shown in the engravings now given, is the
arrangement of the driving springs. ‘The narrow gauge (3 ft.)
of the tramway on which the engine has to work rendered it
impossible to place the springs directly over the driving axle-
boxes in the usual way without raising the firebox incon-
veniently high, and the difficulty has therefore been got over by
adopting the plan shown in Fig. 1. From this it will be
seen that each driving spring rests at one end upon the corre-
sponding axle-box, and at the other upon a shoe fixed to the
framing, the centre of the spring bearing against the point of
an adjusting screw carried by a bracket also fixed to the inside
of the frame. Each spring thus acts as an elastic beam, and
the arrangement, besides its convenience in other respects, bas
the advaatage of rendering the spring readily accessible for ad-
n:tmentw renewal, and leaving the top of the driving-axle

es clear for oiling, &c.

The remaining figure of the above engravings is an enlarged
section of one of the tyres and a portion of the wheel-rim, this
section showing the shape of the tyre and of the tranway upon
which it runs. The tyres are, as we stated in our previous
notice, seated on Mr. William Bridges Adams’s springs, and the
section now given shows clearly the manner in which those
springs are arranged. In the section of the tramway rail, the
dotted line shows the manner in which the edge ot the flange is
nkben off on tt._he curves of 17 fi. 6 in. radius. hed,

Since our former notice appeared, the engine has been weig|
and Mr. Mole bas furnished us with the results.  The tota]
weight in working order is 9 tons 15 cwt., of which weight 8
tons 10 cwt. rests upon the coupled wheels. The coupled
wheels are, we may mention, 3 ft. 6in. apart from centre to
centre, and the total wheel base of the engine is 7 ft. 1in. At

nt the locomotive we are describing does not work up to her
ull power; but others on the same plan, which are to be con-
structed, will have more to do, as they will have to work up long
gradients of 1in 25. ‘The boiler is, as we bave before stated,

usually worked at a pressure of GOlb., but it is sufficiently
stayed to be safely worked at 120 Ib., at which pressure an
effective average pressure of at least 601b. could be readily
maintained in the cilinder, although the valves have outside
lap equal to the width of the steam ports. An average pressure
of 60 1b. in the cylinders would give a tractive force of 1920 lb.,
less, of course, the engine friction and resistances. A few days
ago the engine was tried on an incline of 1 in 130, and was
found capable of taking up a load of 85tons. It wasa damp
day, and the tramway was in by no means perfect order,
although it was better than in some p! as the rails were
laid on longitudinal timbers, and the outside ballast was well
clear of them. A section of the rail and timbers is civen in the

W uel e nuyuney irou wuiupau urss appira (wituouy
farnishing designs) to the various nu{(er- of small locomotives
for a six-wheeled four-coupled tramway engine to work round
the sharp curves of 17 ft. 6 in. radius (measured to the centre
line), all we believe recommended the substitution of the ordi-
nary short centred four-wheeled engine. The tramway at the
Rbymney Works, however, runs at top of a very high *tip,”
and Mr. Moyle objected, and very properly, to working one of
the unsteady four-wheeled engines on such a road, in such a
situation. The consequence was the designing by Mr. Moyle, of
the engine we have described, and which has answered its pu
admirably, the radius bar arrangement applied to the bogie en-
abling it to traverse the sharp curves with perfect ease. e de-
tails of the engine we may mention were worked out at the Neath
Abbey Works from Mr. Moyle's directions, by Mr. L. Thomas.

SouTH LANCAsHIRE CoAL-—A number of Lancaslire and
Cheshire coalowners, who have formed themselves into an as-
sociation called the South Lancashire and Cheshire Coal Asso-
ciation, have for some time past been carrying on, at & con-
siderable expense, a most elaborate series of experiments, the
objects being, in the first place, to test the economic efficiency
of the coals of this district, and, in the secoud, to ascertain the
most economical form of boiler, the best mode ot firing, whether
mechanically or by hand, 8o as to evaporate the greatest amount
of water with a given quantity of coal without the production of
smoke. The experiments, which are not yet completed, bave
been conducted on a large scale, under the joint superintendence
of Dr. Richardson, of Newcastle, and Mr. Fletcher, chief engi-
neer of the Association for Preventing Steam Boiler Explosions.
As far as the trials have progressed they have clearly shown
that the formation of smoke may be entirely prevented, without
any diminution of the evaporative efficiency of the coal, by care-
ful firing alone; while it has been found, in addition, that the
coals raised in this district will realise as high an economy and

efficiency as the best North-country and Welsh coals, and that
without the production of smoke.

FIC.S .

tON A NEW MODE OF CONSTRUCTING THE
SURFACE OF STREETS AND THOROUGIH-
FARES.
By JoskpH MircreLr, F.RS.E, F.C.S,, C.E*
Tae wear and tear of an ordinary macadamised
road, and, consequently, its cost of maintenance, are

ve'? great.

he explanation appears from experiments which
show that a cubic yard of macadamised stone, when
well pressed down in a box with a capacity of 27 cubic

feet, contains 11 cubic feet of vacuities; and that a
dway covered with 12 in. of metal, before it is con-
idated into a smooth and useful surface, has a large
‘tion of its stones crushed into small particles, and
it more than one-third of its dimensions consists of
d and sand. When heavy rains occur, combined
:h heavy traffic, disintegration of the stones in such
roadway takes place, and quantities of mud are
serated in proportion to the amount of traffic.

'n the new mode of constructing a roadway which I

pose, the vacuities in the metal are fllled with

nent grout, which, when hardened, forms a concrete,
ding together the macadamised stones into a mass
pervious to water, and, unlike asphalte, unaffected
heat; while, at the same time, it preserves entire

: original size and dimensions of the stone.

Again, every one must have noticed the tear and
wear of the causeway stones in an ordinary street
pavement, and the irregularities of the surface of the
streets, after six or twelve months’ trafic. Granite
and other stones of the hardest quality appear to give
way under the weight of the trafic. The explanation
of this waste may be found in the ordinary mode of
constructing street pavement. The stones are laid on
a bed of loose sand some two or three inches deep above
the soil, and are then beaten down into an approxi-
mately even, but really irregular, surface. They are
laid Jths of an inch to 1} inch apart, and the intervals
between them are fllled up with sand (which is soon
reduced to mud). Thus, each stone is insulated, and
made to rest on & yielding surface.

In a street 8o constructed, the ends of the causeway
stones are found, after twelve months’ traffic, to be
worn down from } to § of an inch. This arises from
the percussion of the wheels of carts and carriages
falling from the centre of one stone on to the joint of
the two adjoining, which, being on a yielding surface,
and the wheels striking on the ends, sink a little from
the pressure. When a stone has sunk bodily from
4 inch to an inch, or when a little hollow occurs in the
pavement of the street, it will commonly be found that
the adjoining stones are much worn, the hollow on the
surface increasing the force and effect of the percussion
of the wheels. The greater the hollow, the greater is
the tear and wear from the strokes of the wheels.

The source of waste is seen to be the yielding surface
on which the stones are laid. To prevent their tear
and wear, what was wanted seemed to be a rigid and

® Puper read before the British Association at Dundee.
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perfectly regular surface, by which also the traction
might be greatly improved.

These defects in the construction of causeway have
long been noticed, and the only remedy hitherto used,
and which has been in very general use (but which has
always failed), has been, to lay a body of lime concrete
6 in. deep, below the stones, and to fill with lime grout
the joints or intervals between them. The lims, it has
been found, has never consolidatcd, owing to the stones
being beaten down when it is half set, and to the tremor
subsequently caused by the traflic.  Thus, on the best
paved streets, after heavy ra:n or watering, much mud
is generated from the wet unconsolidated lime and sand.
Where there is much traflic, as in London, this mud on
the surface, in drying, proves slippery and dangerous,
and many serious accidents occur in consequence.

The irregularities of the surface, and conscquent
mud, are increased by 2 in. of sand being place 1 between
the bed of lime concrete and the bottom of the paving
stones.

In the new mode of constructing street pavemert
which I have proposed, there is first laid down a bed of
cement concrete 3 in. deep (gravel may be used instead
of macadamised stone where abundant and cheaper).
and to the requisite convexity in the cross section. This
concrete quickly consolidates, and entirely  cxcludes
moisture or water from helow.

On this foundation. the paving stones, 5 in. deep and
8 in. wide (a width of 3 in. gives a better hold to the
horses’ feet than a width of 4 in. or 4} in., which are the
common sizes), are built, and, when brought toa perfect
form, the joints are filled with cement grout.  When
the whole is consolidated, it forms a surface perfeetly
immovable by traflic and impervious to moisture.  "The
wear and tear of the stones arise from the attrition of
the traftic only. If the causeway be well made, there
should be no trregularities on the surface.  Where such
irregularities exist, they are due to defective work-
manship.

Three experiments have heen made to test the merits
of the new or concrete road. and two to test the merits
of the new form of causeway.

The first trial road and pavement were laid down in
Inverness early in 1865. ‘They have been under traflic
for upwards of two years, being passed over by the
whole goods traffic of the 1lighland Railway. ‘I'he road
is now perfectly sound, and it has required no repairs;
whereas the macadamised roadway adjoining it has
constantly requircd repairs, and is nowfull ot irregu-
larities and ruts.

The second trial new road was laid in London. As it
was important that this plan of road-making should be
subjected to the test of severe traffic on some of the
London thoroughfares, I applied to, and obtained per-
mission from, the Right Honourable William Cowper,
Chief Commissioner of Works, to lay down 100 yards
of it in length by 35 ft. in width, on the Mall in St.
James’s Park, at the foot of the Green Park. The
whole traffic between the district of Regent-street, Pic-
cadliy, I’all Mall, Buckingham Gate, and the Victoria
Station, passes along this route, which is, apparently,
subjected to as heavy traflic as any thoroughfare in
London.

Subsequently, this road proved a failure, the surface
breaking up under the traffic. My explanation of the
failure (which was very puzzling at first) is as follows:
The roadway at each end of the experiment was maca-
damised at the time the experiment was made, and the
contractor’s men, who were crushing the macadamised
road with a heavy roller of 3 tons to 4 tons weight,
were inadvertently permitted by the person in charge
to pass their heavy roller from end to end continuously
over the experiment before it had properly consolidated.
The crystalline structure of the cement was injured by
this, and, in consequence, the surfice yielded to the in-
cessant cab traflic and the month of continuous rain
to which it was immediately thereafter exposed: The
sarface was repaired by the trustees by a coating of
2 in. of macadamised stone, which was rapidly ground
down on the hard concrete by passing vehicles.  As the
bottom was entire and consolidated, had a coating of
2 in. or 3 in. of new concrete been laid down, with the
required time to consolidate, it would have answered all
the purposes contemplated; but the surveyor deemed it
his duty to remove the concrete surface entirely, which
was only done at great trouble, by mcans of levers and
iron crowbars. Theexperiment was certainly a failure;
but, in attempts of realising new conceptions, it is in
the nature of things that there must be repeated failures
before success is reached.

The third experiment was made in Idinburgh, and
has, in my opinion, proved very satisfactory and suc-
cessful. A length of 150 ft. of concrete road by 45 ft.
in breadth, and a similar extent of strect pavement,
were laid down Jast summer at Geo. IV, Bridge, where
the traffic is heavy and continuous. One-half of the
street was laid down with the concrete at a time, and
the traffic was rigidly kept off that portion for a month.
The other half was then laid dewn. The whole roadway
has since been under traflic for twelve months, and has
proved perfectly sound and immovable, not a stone
turning up all that time. After the road had counsoli-
dated, and had been under traflic during the winter, it
was observed that some small hollows had shown them-

selves at the joinings along the centre of the roadway,
and arose from our inexperience in laying down the con-
crete, and will in future be avoided. These hollows were
cut out, and made up with new concrete, and opened for
traffic in a week. The result has been that the surface
is now perfectly smooth and regular.

The street pavement on the south end of the concrete
road was then laid down on a bed of cement concrete
3in. deep.

The cement concrete was permitted to consolidate for
about ten days, and thereafter the pavement was built
on it with cement mortar; and when the stones were
regularly set, the joints were filled up with cement
grout,

The pavement has also been perfectly successful, the
water running off it as from a foot-pavement, leaving
no mud; and the only wearing of the surface is from
the attrition of the traffic.

It has been stated that the noise of vehicles on the
pavement is greater than on the ordinary pavement. I
do not consider it greater. The blows arising from the
irregularities on the ordinary pavement are noisy, as
well as destruetive to the road and to carriages; but the
noise on the concrete pavement, though not greater, is
dificrent, it having more of a ringing sound, like that on
a street bound up with frost.

In point of wear and tear, and freedom from mud and
dust, this street pavement has many undoubted ad-
vantages over that now in common use, particularly
where there is heavy traffic; but I anticipate that a
road consisting of a good body of concrete should super-
sede even this species of street pavement.

The following is an extract from a report made by me
to Mr. William Duncan, secretary to the Ldinburgh
Road Trustces : .

“The concrete road cost Gs. 8d., and the paved road
17s., per square yard. A sum of 1s. 8d. per square
yard was incurred for excavating and removing the
materials of the old road, and for watching; but I
calculate that the value of the old materials would go
to meet these outlays. The small experiment that has
been made, however, is not a good criterion of the cost.
In a work on a large scale, the cost ought to be less.

“The advantages offered by this mode of construc-
tion on a road under heavy traffic, as far as our ex-
perience has gone, are—

“ I'irat, diminished tear and wecar. The general
surface is apparently not worn in twelve months more
than one-eighth of an inch.

‘“Second, superior cleanliness.
wholly free from mud and dust.

“Third, diminished cost and annoyance from repairs.
The road has required little or no repairs for twelve
months. It requires no scraping or watering, and its
maintenance is almost nominal, while the coatings,
scrapings, and waterings of a macadamised road under
similar traflic in Edinburgh cannot be done under 1s.
to 1s. 6d. per square yard per annum. besides the
grvﬁg inconvenience and discomfort they cause to the
public.

‘‘'The original cost of a macadamised road 9 in. deep,
which, before it is consolidated, is crushed into 6 in. of
available material, is about 2s. per square yard, or say
somewhat less than one-third of the concrete road. In
London, where the metal is 20s. the cubic yard, instead
of 6s., as in Ldinburgh, and where the cement is
cheaper, the cost of a road of 9in. of metal will nearly
amount to the cost of a concrete road.

‘It thus appears that the cost of the concrete road
will be proportionally less, and its advantages pro-
portionally greater, in London and towns similarly
situated than in Edinburgh,

“The cost of the concrete pavement, which is 17s.
per gquare yard, is higher than it should be, as the
stone was procured from Aberdeen instead of the
neighbourhood of Edinburgh, and gravel would have
served for the conerete bottom quite as well as the more
expensive macadamised stone.

*In conclusion, I consider that the experiment which,
through the liberality and public spirit of the road
trustees, I have been permitted to make on this most
important subjcct has been guccessful,— the road having
sustained the traffic on Geo. IV. Bridge without « stone
being moved for twelve months; and that it only re-
quires'further experience in the manipulation and laying
down of the concrete to accomplish all that I anticipated
from this new mode of road-making.”

Since the date of this report, Messrs. Wylie and
Slight, engincers in Edinburgh, have been good enough
to make experiments which show that the new road
posscsses another advantage over the old. It was
natural to anticipate that, from the superior evenness
and solidity of the new road, the traction would be less
upon it than on common roads; and these gentlemen
have found that the traction on the concrete road of a
wagon 2 tons weight, against a gradient of 1 in 80, was
701b., while on a common macadamiscd road of the
same grade, wet and muddy, was 140 1b., or double that
on the concerete road. On a road with wheel-tracks
through new metal it was 3401b.; and on a road newly
covered with metal 5601b. The gradients of these
several roads were 1 in 80.

The experiments are to be further prosecuted, as the
dynamometer got injured ; and I have every confidence

The road is almost

that they will establish the very great superiority of the
new road as regards traction—a circumstance affecting
the preservation of horses and carriages, and the com-
fort of travelling. Many cxperiments will yet have to
be made before the merits of the new road and pave-
ment can be held to have been conclusively tested. In
particular, it will be necessary to have an experiment
on a large scale before the cost of construction and
maintenance of the new road can fairly be put in com-
parison with the cost of construction and maintenance
of the roads now in use; but in the mean time, so far
as my experience has gone, I feel entitled to sum up the
advantages of the new roadway over the old, in the four
following propositions, viz.: )

1st. ‘The tear and wear are less on the new road than
on the old.

2nd. The cost and annoyance of repairs are less.

3rd. The mud and dust arc a minimum quantity, and
there is superior cleanliness.

4th. The traction is less, as has already been proved.

It must be observed, however, that the entire effi-
ciency of this mode of road-making depends on the
quality of the cement, which should be the best Portland
cement, tested to bear a tensile strain of 500 to 600 Ib.
on a bar 1} in. square. Tine, after the road is made, is
a great element of ctficiency, as the hardness ot the con-
crete gradually doubles in the course of twelve months;
but further experiments are necessary to determine the
precise time the road should be left for consolidation be-
fore it is opened for trafic—amonth I found quite suffi-
cient in Edinburgh.

TIIE DECAY OF STONE—-ITS CAUSE AND
PREVENTION.*
By Mr. Joun SriLLER, F.C.S., of Woolwich.

For several years past T have been occupied at inter-
vals in studying the causes of the decay of stone, and
in cxperimenting with such chemical re-agents as ap-
pearcd to offer any promise of being usefully applied
as means of prevention. At an carly stage of the in-
vestigation I arrived at the conclusion that the corro-
sive action of sulphurous and sulphuric acids in the
atmosphere, resulting from the combustion of coal fuel,
operate in large towns especially in a destructive man.
ner upon dolomite and the numerous class of lime-
stones commonly employed in public buildings. This
chemical action, aided no doubt by the simultaneous
attack of carbonic acid and moisture, and in the winter
season further supplemented by the disintegrating
effects of frost, must, I conceive, furnish a sufficient
explanation of all the facts observed. I would here
remark that Dr. Argus Smith, Mr. Spcnce, and others
have already directed attention to the immense scale
of production of these sulphur-acids, and have even
quoted statistical data showing the extent or degree of
pollution of the air from this cause in the manufac-
turing districts of Lancashire. When itis known that
the best class of coal and coke contains usually one per
cent. of sulphur, and that this proportion reaches a
treble equivalent when stated in the form of the final
oxidised product—hydrated sulphuric acid—it follows
that a ton of coal of this high quality necessarily
evolves during its combustion nearly 701b. of oil of
vitriol. Ilere, then, is the origin of the sulphates
which we find invariably present in the loosened crust
of decayed stones, whether of calcarecous or magnesian
character. I have tested numerous samples of dolo-
mite, Caen, Bath, and Portland stones fresh from the
quariy, and in no instance found more than a trace of
ready-formed sulphate, whereas scrapings taken from
the decayed portions of the stone of the new Palace at
Westminster are bitter to the taste in consequence of
the comparatively large amount of sulphate of magnesia
formed during a few ycars’ exposure to the sulphurous
gases occurring in a metropolitan atmosphere. Caen
stone from several buildings and localities, Portland
stone, and even old faces of chalk cliff in the neighbour-
hood of Woolwich, were in like manner found to contain
appreciable quantities of the sulphate of lime,.ha\_ring
undoubtedly a similar origin. A close examination into
the circumstances attending the decay of stone at the
Houses of Parliament invariably shows an increased
liability to corrosion under the projecting eaves and
mouldings, and at such sheltered parts of the stone
surfaces as are usually covered with soot and dust, and
are in a position to retain for the longest period the
moistures absorbed during a season of rain. The plain
ashlars are throughout very much less affected than the
buttresses, gablets, and other elaborately carved and
highly ornamental portions of the work, which appear
to be more assailable by reason of their relatively
greater superficies. In many places the disintegrated
stone exhibits white crystals of the sulphate of magnesia,
which alternately dissolving and recrystallising in the
pores of the stone may be conccived to exert a disrup-
tive action sufficient to account for the scaling and
fracture of the dolomite, which has been so often made
the subject of complaint and regret. With the view of
overcoming some of these difficultics, I submitted a plan
to the Royal Commissioners charged with inquiring
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into the decay of stone at Westminster, in May, 1861,
which consisted in the application to the cleaned surfaces
of the stone of an aqueous solution of superphosphate
of lime—a salt remarkable for its action in hardening
the surfaces of chalk, Caen stone, or other calcarcous
building stone to which it may be applied either by
brushing or immersion, and which acts upon the
carbonate of line in the stone, giving rise to the forma-
tion of Boideker's salt (crystallised diphosphate of
lime—2Ca0, HO, P0O-544Aq.). My suggestion re-
ceived a practical trial in a competition, to which other
five candidates were admitted by the Right Hon. the
First Commissioner of Her Majesty’s Works in April,
1864; and, in regard to the work exccuted on that oc-
casion upon three faces of the Westninster Palace, 1
fearles:ly await the Government report. In the mean
while, another promising schemc for the treatment of the
decayed stone, especially applicable to dolomite, has
been submitted by me to the notice of the First Com-
missioner; but this new proposal has not yet been
selected for trial. It consists in the employment of
baryta conjointly with the hardening salt, so that a
base may be presented which is endowed with the
power of destroying the soluble sulphate of magnesia in
the pores of the stone, forming with it the remarkably
insoluble sulphate of baryta, and at the same time
engaging the magnesia in one of its most ditlicultly
soluble combinations. On a rccent occasion I have
applicd this process on 2 small scale to some Caen stoue
facinos at St. John's Church, Woolwich, which were
badly decayed. With reference to the application of the
superpliosphate to decaved Caen stone, I am able to
refer to several successful examples ot its use. In the
year 1862 [ applied the process npon some almshouses
forming part of Northfleet College, where the decay
has been completely stopped.  In 1864 1 operated upon
a window and buttress of St. John’s Chureh, Woolwich;
and in the following ycar the facade of the Grand
Hotel, Brighton, was treated by my process.  With
respect to Portland stone, the carliest experiments were
made at the Army Clothing Establishment, Woolwich,
where in 1861 fome decayed window-siils were treated,
and with perfect success. 1 have some interesting re-
sults to record in connexion with the treatent ot Port-
land stone, which serve to illustrate the increased hard-
ness and strength, and the diminished rate and capacity
ol water absorption attending the employment of the
superphosphate.  Small cubes of Portland stone, each
of 1.3 in. dimension, were treated with the phosphate
solntion, and left to dry in the air; these were then
subjected to gradually increasing pressure, until crushed
between plates of lead in the American testing-machine
at the Royal Gun Factory; and the breaking weights
of two preciscly gimilar enties of the native stone were
at the same time carcfully dctermined. The results
were as follows:

Crushing weight.

1. Stone, in original condition . . 3659 1b.
11. Do. do. . . .. 3800,
Mean . .
III. Stone treated with supcrphosphate .
1V. Do. do. . . . .
Mean 5137 .,

Thus acquiring an increased strength amounting almost
to 50 per cent. The relative hardness of the stone
before and atter treatment could be readily ascertained
by nutual friction of their rurfaces, and also by
scratching with a pointed instrument ot copper, which
metal proved to possess a degree of hardness inter-
mediate between the original and treated Portland
stonces.

‘1he porosity of the stone, as indicated by the
amount of water ahsorbed in equal intervals of time,
pret. i to be greatly diminished in the case of the
treated cubes,  On this point several experiments were
made, the stone being first weighed in the air-dried
condition, anl then immersed in distilled water at the
temperature of sixty degrees Fahrenheit for the several
periods named, and the increase of weight in each case
note-l:

CWhit Bed)” Portland,

Original Treated
Stone. Stone.
Grs, Gra,
Weight of Cube (dry) 1421 1420
Water absorbed in 5 min. 70 7
Do. do. 15 min. 91 &
Do. do. 30 min. 91 12
Do. do. 1 Lour 30 min. 92 25
“ Base B L Portlond,
tirs, Gre.
Weight of Cube (dry) 1291 1535
Water absorbed in 5 min. 120 20
Do. do. 15 min. 122 33
Do. do. 30 min, 121 50
Do. do. 1 hour 39 min. 126 78

These results have heen further controlled by other
experiments, in whic i the saime block was used in the
original condition, and acain alter treatment with the
stperphosphate. It will be noticed that the advantage

of the process is most clearly apparent in the case
of the denser and more compact variety of Portland
known as the “ Whit Bed,” which alone is employed
for external building purposes; the other, the “ Base
Bed,” is softer, and only fit for internal decoration,
and its texture is 8o porous that' in becoming
saturated it absorbs nearly ten per cent. of water.
Samples of Mansfield dolomite absorbed amounts
of water varying in different specimens from six
to eight per cent. After treatment by my process the
degrec of absorption was reduced one-half, and the
results were even more favourable in the case of Caen
stone. The cost of materials employed in the treatment
of stone according to this plan is very trifling, and bears
but a small proportion to the cost of labour necessarily
expended upon the cleaning and preliminary prepara-
tion of the stone before the solution can be applied. One
gallon of solution will cover about 300 feet superficial,
when two coatings are applied upon Caen or Portland
stone. The superphosphate employed must not contain
any appreciable amount of sulphuric acid, and the
specific gravity of the solution, when diluted for use,
should be about 1100.

In the discussion upon this paper, the president said
that the destruction of the Houses of Parliament had
been naturaly looked upon as a most serious question,
and they had looked forward with the greatest possible
interest to the result of these experiments, so as
to prevent further delay. Mr. Spiller’s account of
the results of his process were therefore peculiarly
interesting to us, and the observations he had made

unanimously agreed:—1. That the monetary unification
may more easily be realised by the mutual co-ordination
of the existing systems, taking into account the scien-
tific advantages of certain types, and the number of
people who have already adopted them, than by the
creation of a new system altogether independent of the
existing ones. 2. That for this purpose the system
agreed upon by the Monetary Convention of 1865 should
be taken principally into consideration, subject to
any improvement of which it may be capable. It
was agreed by all except the representatives from
the Netherlands,—3. That it is not possible to attain
such identity, or even a partial coincidence, in such
monetary types on an extended area, on the basis and
on condition of the exclusive adoption of & silver
standard, but that it is possible to attain it on the
basis of a gold standard, allowing each State to preserve
the silver standard in a transitory manner. It was
agreed by all except the representatives of Prussia
and the United States,—4. That the advantage of in-
ternationality which the coinage taken for common
standard would possess is not itself a sufficient gua-
rantee for its being maincained in circulation in all the
States, but that it is necessary to stipulate that in the
countries which continue to use the silver standard
only, and in those which have a double standard, the
relation between gold and silver should not be esta-
blishel on too low a footing, in order to give due
facility for the practical introduction of the gold
coinage. It was unanimously agreed—5. That for the
success of the monetary unification, it is necessary to

were of considerable value, inasmuch as they affurded | fix types having a common denominator for the weight

some explanation of the cause of the decay.
could sce what was peculiar in the decay, and it
showed them how important it was to bear that in

|
!

They | of the gold coin, with an identical fineness of 9-10 fine.

It was agreed by a majority of 13 votes against 2 —the
representative of England and Sweden having voted

mind, when they were making arrangements such as | against, and those of Russia, Bavaria, Baden, Wurtem-
those in connexion with the Iouses of Parliament. At burg, and Belgium abstaining from voting,—6. That
the time when the erection ot these buildings was com- | the common denominator should be the piece of five

menced, immense care was bestowed in the selection of
the stone, and the peculiar magnesian limestone was
sclected because it was found that all the buildings
crected of it in the middle ages were in an entire state
of preservation.  However, it had been scen that these
were not exposed to the atmosphere of large towns and
other influences peculiar to such populous places, so
that when the same stone was built in London it was
found not to scrve the sameend. He was satisfied that
the crystallisation of the soluble salt on the pores
of the stone subjected to wet and dry weather was
a great cause of the disintegration of the stone; but
the results obtained by the application of Mr. Spiller's
preparation, as illustrated by the several instances
shown them that day, were of great importance, and he
thought there was little doubt but that the process
wouid meet with general approbation.

Mr. Spence said, as Mr. Spiller had done him the
honour of mentioning his name, he would take the
opportunity of saying that he thought it was the pre-
sence of sulphur amongst smoke that had the influence
on the stones.  In London they used a larger quantity
of coal than in other cities, but then it was of a better
quality than in other towns. In Manchester they used
coal with 2 per cent. of sulphur; and as they consumed
in that city 2,000,000 of tons per year, they put daily
120 tous of sulphuric acid into the atmosphere. ‘This
was rather a tearful thing, did they see it fully. Then
the first shower that came brought down the acid —it lay
under the cornices of the buildings, and he had no doubt
the acid then commenced to scize on the stone, especially
if there were any iron in it; and so began the disin-
tegration, This was done, and the influence spread
abroad. In speaking of the emission of sulphuric acid
from smoke, he had, it was known, some peculiar
opinions, and these he had published ; he did not think
the acid eame mostly from the black smoke, which was
the subject of the prosecutions, e thought that when
the black smoke was cleared away they would have the
acil stronger than at present—that the invisible smoke
was by far most mischievous, as there was still as much
sulphuric acid, and that, too, in a more concentrated
form, for the carbon was all consumed. He hoped they
would yet be able—but the time was perhaps distant—
to carry off tiie acid in the towns’ atmosphere, and he
thought they would never be right till they got it
clnrricd away so far that it would never come near
then.

REPORT ON INTERNATIONAL COINAGE BY
THE COMMITTEE OF THE BRITISH ASSO-
CIATION *

By ProrFessor LEONE LEvI.

In this report the committee contented themseclves
by reporting the resolutions of important conferences
betwixt representatives of the various nations in Paris
during June last, under the presideucy of his Imperial
Highness Prince Napoleon.  We believe these resolu-
tions have not before been published.  The United
Kinzdom are Lound to return an answer to the French
Government regarding them before February next. At
the oflicial international Monetary Counference, it was
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francs. It was unanimously agreed—7. That the gold
coin, or the common denominator of five francs, should
have legal course in all the States which are mu-
tually bound by the Monetary Convention. It was
agreed by all, except the rcpresentatives of Prussia,
Baden, and Wurtemburg, who abstained from
voting—8. That it would be useful that the types of
coinage determined by the Monetary Convention
of the 23rd of December, 1865, should be, in the
interest of unification, and consequently of reciprocity,
completed by new types, as, for example, one of twenty-
five francs. But for the proposal that a piece of fifteen
francs be also added, the representatives of seven
countries voted in favour, those of seven countries
voted against, and those of six, including Great Britain,
abstained. It was unanimously agreed—9. The Con-
ference expresses the wish that the measures which
may be adopted by the Governments of the different
States, in order to modify their respective monetary
systems in accordance with the basis indicated by the
Conference should be made as much as possible the
subjects of diplomatic conventions. 10, That soon after
the reception of the answers, which may be given by the
different States to the official communication which will
be made to them of the labours of the Conference by
the French Government, that Government may, if
necessary, call another Conference. But as to the time
by which such answers should be given, the representa-
tives of ten countrics voted that it be given before the
15th February proximo; those of five voted that it be
given before the 1st October, 1867; those of the United
States voted for the 15th May, 1868; and those of Great
Britain for the 1st June, 1868. The representatives
of France and Spain abstained from voting. The
resolutions of the semi-official conference are as fol-
lows: “Whereas the adoption of a uniform system
of coinage would present evident advantages as regards
convenience and economy in the settlement of inter-
national exchange, and recommends itself to the atten-
tion of all enlightened Governments; whereas, on the
other hand, such a desideratum cannot be realised unless
several nations arc prepared to sacrifice their old and
habitual instruments of traflic, whilst it is important
that the change may be effected in a gradual and con-
tinuous manner, and that the mode of effecting this
change should be as simple as possible, and free from all
incidental complication. The committee proposes as
follows: 1. It is necessary, in the first instance, that the
different Governments interested in this question should
agree as to the same unit in the issue of their gold coin.
2. It is desirable that this coin be everywhere coined
of the same fineness of nine-tenths fine. 3. It is
desirable that cach Government should introduce,
among its gold coins, onc piece at least of a value
equal to that of one of the pieces in use among the
other Governments interested, so that there may be
among all the systems a point of common contact, from
which each nation may afterwards advance in gradually
assimilating its system of coinage to that which may be
chosen as a uniform basis. 4. The series of gold coins
now in use in France, being adopted by a great part of the
population of Europe, is recommended as a basis of the
uniform system. 5. Whereas, in consequence of ac-
cidental and happy circumstances, the most important
monetary units may be adapted to the piece of five
francs in gold by means of very small changes, this
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‘piece seems’the most convenient to serve as a basis of a
monetary system; and the coins issued upon such a
basis may become, as soon as the convenience of the
nations interested permit, multiples of this unit. 6. It
is desirable that the different Governments should de-
cide that the coins issued by each nation in conformity
with the uniform system proposed and agreed should
have legal currency in all other countries. 7. It is de-
sirable that the system of double standards be aban-
doned wherever it yet exists, that the system of decimal
numeration be universally adopted, and that the money
of all uations be of the same fineness and the same
form. 8. Itis desirable that the Governments should
come to an understanding for adopting common measures
of control, 80 as to guarantee the integrity of the coinage
both when issued and whilst in circulation.”

KNIFEING MACHINE.
To THE EDITOR OF ENGINEERING.

Str,~I have taken the liberty of sending you the enclosed
tracings of a tool for facing safety-valve seats, which has been
mn use for some time in this department. The design, 30
faras I am aware, is entirely new, and possesses great advan-
tages over the mode generally in use F:iz.. chucking on the
lathe), one man being able to set the tool and face two vulve-
seats inone hour, and without breaking the dome-cover joint.
Fig. 1is a cross section of a dome cover, with tool in_position
for working. _(See annexed engraving.) The action is easily
explained. Thus, in Fig. 1, place the nut, A, inside the
n.rvo-mt, B; screw the ﬂ““' C, into the nut, A; then
place the box-bandle, D, which carries the cutter, E, and is

bored out to receive the s ring, F, on to C. Screw the naut, G, to
supply the feed to E, and the tool is in perfect order for work-

ing. Thistool is exceedingly valuable in railway establishments,
where safety-valve seats frequently require facing. The work
done is excellent.

1am, Sir, yours truly,

J. W. Manx,
York Locomotive Department,
North-Kastern Railway, September 7, 1867.

BORING-MACHINE.

WE have repeatedly noticed in our articles on the Paris Exhi-
bition, the well-designed and neatly constructed engineers’ tools
exhibited at Paris by the Société des Chantiers et Ateliers de
I'Océan, the successors of the well-known firm of Messrs. Maze-
line and Co., of Havre; and we now give an engraving of a
large boring-machine constructed by them, this machine being
specially intended for boring railway wheels, or large spur
wheels and pulleys. It will take in articles up to 5 ft. 6in. in
diameter, and of a maximum depth of 2 ft. 6in. The boring
bar is carried by two very strong and deep bearings. and it
derives its motion from a worm-wheel, which 18 driven by a worm
fixed to the end of the driving-shaft carrying the cone pulleys. The
feed motion is self-acting, and is derived from the boring bar by
gearing which works the central feed screw of this bar in the
usnal way. The general design of the machine is neat, and
ﬂli: frame, which i8 hollow, is cast in one piece with the base-
plate.

TaE CuBA AND FLORIDA CABLE.—The Cuban telegraph
cable, although the ocean portion is complete, is not yet opened
to the public, for the reason that the section of cable which was
to have been laid between Punta Rosa and Key West, Florida,
was nearly all used between Punta Rosa and Cuba. The officers,
before laying the remainder, are awaiting authority to do so
from the Cuba Cable Company, as it will probably not reach
all the way to Key West, and may have to be buoyed. This
causes delay in opening the line to the public, but it is reported
that the Sortion already laid is in perfect order.

Tue Paris ExHIBITIOR.—It is now stated that the iron-
work of the Paris Exhibition has been sold for exportation to
America. What an elepbant for an American ase !
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THE MONT CENIS RAILWAY.

Tue complicated combination of locomotive ma-
chinery employed for working the Mont Cenis Railwa
cannot, in the nature of things, long continue to wor
satisfactorily. Our readers will find it clearly de-
i)icted and described in pages 284 and 285 of our
ast volume; and while they will, at first, %ossibly
have some little difficulty in following out the mo-
tions of the various parts, they will, when the engine
is once understood, perceive that it embodies much
that is objectionable. Not but that it is, per-
haps, as good a design as could be proposed for
working the centre ruil; but the whole system is
necessarily faulty, and tolerable only in view of its
working upon inclines of exceptional steepness. All
complication is objectionable, and this engine is con-
spicuously complicated, even to the least practised
eie. In an ordinary six-cousled engine the motion of

. the pistons is communicated to the wheels by and
through, in all, sixteen crosshead pins, crank pins, and
journals. In the Mont Cenis engine the number of
pins and journals is forty-six, and some of these jour-
nals are anything but readily accessible for oiling. On
extensive portions of the line, where the gradient is

flatter than 1 l;n 40, the lllniclal rail is not lnid,haud tll:e
ipping-wheels, although always going when the

E:lgpine is at work, take no bearing. The driving-

wheels, however, are always working under the full
weight of the engine, and therefore wearing away their
little 2 ft. 4in. tyres considerably faster than those of
the gripping-wheels. It is, indeed, one of the faults
of the system that it compels the use of excessively
small driving-wheels, since, as long as the gripping-
wheels are worked from the same pistons, they must
be of the same diameter, and anything like b5 ft.
gripping-wheels, the pair extending 10ft. 6in. hori-
zontally across the line, and in the range of stray
stones, &c., would be obviously out of the question.

When the driving-tyres are worn }in. smaller in

diameter than the gripping-wheels—correspondi.nf to

a difference of 1 in. with 4 ft. 8 in. wheels, or to 14 in.

with 7 ft. wheels—the reader may imagine the grind-
ing and slipping that will be always going on.
Curiously, the greatest complication attaches to the
motion for working the ordinary driving-wheels, which
are always going on all parts of the line, whereas that
for woriing the gripping-wheels used only on the
steeper porlions is much more direct. For workinﬁ the
ordinary driving-wheels there is first a pair of links
from each crosshead, working the lower end of a
vibrating arm, the shaft of which is supported in bear-
ings above. This shaft has a corresponding vibrating
arm on its outer end, and from this a link extends to
and works another crosshead moving between a pair
of guide-bars outside the wheels, and from ¢4is cross-
head a connecting-rod works the driving-wheel. What
could be more sweetly simple than this? Seven op-
portunities for lost motion, instead of two, between
each piston and driving-wheel! All this is to take
place at every 3 ft. 8 in. as measured along the rail,

or 1440 times a mile, or 240 times a minute at 10
miles an hour. The driver, we fear, will find his post
no sinecure, and even a North-Eastern man, sacked by
his directors, and most anxious for a job, need not
wish to stand in Ais shoes.

The gripring-wheels, as shown in the drawings to
which we have referred, are supported in a framiug
which is not nearly stiff enough for the strains to
which, when the wheels are set up with a pressure of
24 tons, the whole structure will be exposed. When,
too, the gripping-wheels are working under the full
pressure of their springs, they must greatly interfere
with the easy rise and fall of the engine on its own
bearing springs, inasmuch as only a very considerable
force would :ﬁ:w of the corresponding vertical traverse
of the gripping-wheels on the mid-rail. Taking their
adhesion as five tons (as it may be, under 24 tons
pressure from their springsg, it would require this force
to move the engine up or down, even through an inch
or half an inch, iu obedience to the action of the bear-
ing springs, when passing over any irregularity on the
line. To a great extent, the gripping-wheels, when
at work, must neutralise the action of the bearing
springs, and if indeed the parallelism of the former
with the mid-rail is not strictly preserved, and the
mid-rail and side-rails are not maintained at exactly
the same level, it is easy to see that the effect of the
gripping-wheels might be either to tend to lift the
engine off the outer rails, or to increase its pressure
upon them, and that in either case great strains and
undue wear would be thrown upon the permanent

way.
gand cannot well be agplied to the Eripping-wheels
to increase their bite, and, indeed, with such a micro-
cosm of machinery under the boiler, it would be better
if sand were not used at all, and if all the dusty
showers attending the summer winds of the lower
Alps could be suspended or diverted in favour of this
pretty engine.

We have said nothing of the
keeping three rails in exactly the same gauge and
level. This would of course be essential to the success
of the whole scheme. .

Under the most favourable circumstances an engine
with all its wheels coupled, and having a steam power
corresponding to its full adhesion, could ascend an
incline of 1 in 4, and it could therefore draw nearly, or

uite, twice its own weight behind it up a slope of

? in 12. We have expressed our belief, in another
column, that the Mont Cenis engines will generally be
worked up 1 in 12 by the simple adhesion of their own
driving-wﬁeels, and we cannot foresee more than a
short and critical childhood for the whole scheme of
the centre rail, which has been engrafted upon the
working of Alpine railways. We have shown, on
another page, what other and less complicated systems
of working might bave been adopted—the one of loco-
motive carriages in which the whole weight of pas-
sengers and goods is utilised for adhesion, the other a
plan of pneumatic working, which, although original
with ourselves, possesses advantages which will be
recognised at first sight. With so many and more
promising alternative modes of climbing steep moun-
tain slopes, we are convinced that a few months’ expe-
rience of the mid-rail system will suffice to show its
inexpediency.

Kossible difficulty of

THE CORLISS ENGINE.

Txe almost interminable dialectics of mechanical
controversy with which our pages have been overflown
by the respective assailants and partisans of the Corliss
engine will Lave edified some and wearied many of
our readers. Victory is claimed on each side, boldly
s0 by “ Observer,” who led the attack; and it would
be a nice yet thankless task for one who derived his
knowledge of the engine from this discussion alone to
determine which side really has the best of it. As
to the merits or otherwise of the engine, two courses
of inquiry were open. In one direction inquiry would
proceed upon the well-settled principles which deter-
mine the conditions of steam economy—principles
whereby the relative excellence of all engines may be
investigated. The other line of inquiry was that ad-
dressed to the history of, and accumulated experience
with, this engine.

The peculiarity of the Corliss engine is wholly in
the mechanism which regulates the distribution of the
steam, and it contains no special excellence or defect,
distinguishing it by the name of its inventor, apart
from the structure, workin%; and results of the appa-
ratus of distribution—in other words, the valve gear.
The question is not one of boilers, nor of high-pres-
sure or low-pressure steam, of condensation or non-
condensation, of superheating, of piston speed, of

steam-jacketing, of excellence of mechanical construe-
tion, nor even a question of ex%ansjon, although
touching very closely uponit. Mr. Corliss, indeed, to
the writer’s knowledge, has seldlom or never worked
his engines with steam of very high pressure, seldom
more than 50 lb. or 60 ib., he has built but few con-
densing engines, and, speaking generally, or without
regard to a few exceptional cases, has never super-
heated his steam nor employed steam-jackets. The
consideration of the value of his valve gear must be
kept distinet, therefore, from all consideration of the
economy of fuel of the engine as a whole. We must
suppose, that to any given engine, working with an
ascertained consumption of fuel, his gear 1s applied.
1t will be found, at once, that, as compared with the
ordinary valves, his open and close quicker and with
less friction, that they waste less steam (indeed, an ex-
ceedingly small quantity) in the steam-ports, that they
waste no steam by wire-drawing, and that they give a
minimum back pressure and practically no compres-
sion. Further than this, they measure out, l:f)on each
stroke, exactly the amount of steam required on that
stroke to keep the sgeed of the engine at its prescribed
rate, no matter (within certain very wide limits) what
may be the load upon the driving-pulley. If a great re-
sistance comes upon the engine, the steam is admitted
for the full stroke of the piston; if the ordinary
amount of work is being done, the admission is but
from one-tenth to one-third stroke, according as the
engine has been proportioned to its average work ; and
if little or no work, beyond overcoming its own fric-
tion, is to be done, the piston gets just a sip of steam
on each stroke, just enough to keep it moving, and
that always at the prescribed speed. There can be no
dispute, among those who are properly acquainted with
the Corliss valve-gear, that it actually does what we have
stated, and there can be no dispute, among those who
have a proper knowledge of the principles of the
steam-engine, that all that is thus done by the Corliss
valve-gear is conducive to economy. That the same
cannot be done by other arrangements we will not say,
but #¢ ¢s »of done in any other engines except by much
the same means. In so far as we have explained the
Corliss engine, it i3 more economical than the common
slide-valve engine, but the proof does not lay in any
random comparison of the consumption of fuel b;
Corliss and other engines taken promiscuously, an
working under different conditions as re%ards boilers,
guality of coal, pressure, and dryness of steam, con-

ensation, &c. It would be mechanically possible to
construct and to work an ordinary slide-valve engine
with less than 2 lb. of coal per indicated horse power
ger hour, and to immediately effect a further saving

y substituting the Corliss valve-gear, or other gear
upon the same general principle, and merely be-
cause, to all other conditions of economy, the Corliss
valye-gear supcradds further and unquestionable con-
ditions effecting a saving of steam. ‘There is nothing
here to warrant the dogmatic condemnation of one
farty or the inconsiderate partisanship of the other.

t requires but a moderate and ordinary knowledge of
the steam-engine to understand the merits of this
question.

Beyond this line of inquiry there is that as to the
history and results of the Corliss engine. Itis eighteen
years old, and has sustained abroad the closest com-
petition _with the ‘““ordinary” or ‘common” slide-
valve engine, and has displaced many in close compe-
titive tnals, and it has made and introduced to
the number of many more than a thousand. There is
no patent upon the engine in England, except upon
certain details, {in no way affecting its general prin-
ciple, added by Mr. Spencer and Inglis. ~ Any maker
is otherwise free to make the Corliss engine, and we
find a number of respectable firms already engaged in
their manufacture, having satisfied themselves that
these engines possess certain advantages over other
engines. This kind of commercial experience is not to
be altogether ignored, even in a scientific discussion ;
for it is a necessary qualification of the engineer to be
a man of the world, and a man of business, as well as
a man of science.

That the Corliss valve.gear has more parts than the
ordinary slide-valve gear admits of no dispute, and it
is thus, to a certain extent, complicated. Yet the
moving parts are subjected to but a very small amount
of strain, and we can say, of our knowledge, which
must go for something in this discussion, that the
Corliss valve-gear is durable and efficient in action.
It is now successfully driving many hundreds of factories
where a break-down or interruption would be attended
with tﬁ;eal: and especial inconvenience, and we can tes-
tify that, in such positions, it enjoys the full confidence
of those who have long relied upon its certainty of
working,



