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STEAM PUMPING ARRANGEMENTS IN SCREW
STEAMERS.

No, II1,

It seems to be a well established principle that all bilge
suction wEiFEH may be made of lead, whereas such pipes
which at times be in open communication with the
sea, such as the donkey sea suctions and the ballast tank
filling and emptying pipes must be made of stronger
material. Copper is used for the one purpose and cast
iron for the other, the only exception being that the bends
of the ballast pipes are frequently made of lead—copper
or wrought iron would be still better—for it has been
found that they sometimes fracture if made of cast iron.
Flanges are generally cast on the ends of these pipes, and
the bolted joints of the rough metal are made water tight
by india-rubber insertions. The ends are rarely machined
or recessed, as is done for hydraulic pressure pipes on
shore, but as the number of bolts to be used could be
reduced the slight extra labour might lead to a saving.
Some years ago a practice had crept in of making socket

joints as shown in Fig. 7, an india-rubber ring I being
slipped over the end of the right-hand pipe, which was
then forced into the left-hand pipe, as shown by the
arrow, making a perfectly water-tight, and at the same
time elasticjoint. Theobjectionablefeature of this system
is that it is impossible to remove any one length of pipe
without disturbing the others, and trouble is also said to
have been experienced due to the * working" of the joints,
all the pipes travelling slowly in one direction, generally
towards the aft end of the vessel, until one of the forward
joints opened and led to leakages of water into the hold
while filling the tank, and it also admitted air while
emptying the tanks. This could, of course, only happen
when the ends of the various pipes did not butt properly.
Lead fillings as used for water-mains, are still more
objectionable than india-rubber rings, and do not appear
to have been used.

In small steamers wrought iron pipes—gas pipes—
have sometimes been fitted with the ordinary thimble
screw joint, but these are almost as objectionable as
socket joints; besides, all such pipes have to be bent
hot, which adds greatly to the expense of such a system.
Copper pipes are so expensive that they are rarely used,
except in men-of-war or in small vessels, when the
diameters are small, say less than 2in. They are much
lighter than lead pipes, and are not so easily injured.
I'langes are brazed on their ends, and the joints are made
water-tight, either with india-rubber or red lead insertions.
The pipes are bent cold, which should be done after filling
them with pitch, so as to preserve the round section ; but
as this is a somewhat expensive process, the bending is
frequently done without any filling, and the oval shape at
the bend is converted into a round one by judicious
hammering.

Lead pipes are, as has been said, almost exclusively
used for the bilge pumping arrangement; they are bent
without being filled, the sections rounded, as has
just been described for copper pipes, and lead flanges are
then soldered on their ends;
but as these are far too plastic
to withstand the pressure of the
bolt heads and nuts which draw
them together, a pair of iron
rings, having four or six bolt-
holes forged into them, are
slipped over each pipe before
the flanges are soldered on.
When in place, bolt holes are
cut into the lead flanges exactly
under the holes in the iron
rings, and bolts are then in-
serted, as shown in Fig. 8.
The lead and solder is shown
white in section, and the iron
rings are shown shaded. The
lead of the flanges being sufliciently plastic to make a
water-tight joint when the bolts are screwed up hard,
it is not necessary to introduce any insertions. Instead of
these flanges, plumbers’ joints are sometimes made, but
they are very objectionable, for the pipes would have to

Fig 8.

be cut if they get choked, and there are few sea-going
engineers who could re-make such a joint. One of the
worst froubles with lead pipes is that they are so easily
damaged, nor are suficient precautions taken, particularly
in the engine room, to guard them from injury. They
ought, if possible, to be encased in wood, as is frequently
done in the holds, but in the engine-room it is thought

sufficient to hide them away under the lower platform.
Wherever they pass over a corner & rounded
wooden channel piece, as shown in Fig. 9, ought to be
fitted, but ships’ plumbers generally content themselves
in such cases with interposing a thin sheet of lead. In
many vessels even such provisions are entirely wanting,
which after a time results in the section of the pipes
beu_liparha.lly or enf:.irzlg closed up, as shown in Fig. 10,
which represents a le ipe carried through the floors
and resting on the sharp edges of their web plates.

The ends of the bilge suction pipes are provided with
strums; these used to be of leaj: ut are now made of
galvanised cast iron. They consist—as shown in Figs.
11 and 12—of a box with perforated sides and top. ﬁ'.n
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Fig I2.

Fig I,

the one pattern the top has a hinged lid, which permits
of the bottom of the pipe being cleared if it should be
choked. In the other pattern the sides can be lifted out
and cleaned. The latter arrangement has the disadvan-
tage that the pipe cannot be cleared while the pump is
at work; for if any one side is removed, waste and other
obstructions which float about will at once be drawn in ;
whereas if only the top of the box is opened, as in
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position the longitudinal vertical plates of the engine
seating ought to have large es cut into them, at
least over that frame space where the suction is to be
found, so that it can be reached by crawling through this
hole. Now that most steamers are built with double
bottoms, which extend over their whole lengths, only
wing suctions are fitted, which are of course quite acces-
sible. For some inexplicable reason—it cannot be for
cheapness—some of these tanks are separated by so-called
wells, in which a centre suction is placed, the water
reaching it by running along the gutters, and then into
the well. Wien, as is almost invariably the case, thm
well is close to the aft engine-room bulkhead, it is quite
imioaaibla to clear the suction if the bilge water is at all
high, for it is even less accessible than the one shown in
Fig. 13, because of the tank top which extends over the
well; and though there are manholes at the sides nobody
dare venture in if the water has risen, which it does very
quickly when once the suction is closed, as the well is
comparatively small, and cannot hold much water. Some
builders put both the centre and the two wing suctions
into this confined space, and were it not for the available
auxiliary gumping power, many a ship arranged on this
plan would have foundered.

Wells are sometimes, but very rarely, fitted in the
holds of vessels with double bottoms, the object being to
provide a larger and deeper reservoir for the bilge water
than is to be found at the two gutters, whereby the risk of
partially damaging the cargo is reduced.

Another inaccessible position for a strum is in. the
wings under a bunker or storeroom. If the vessel has a
list, and this suction should get choked, the water accu-
mulates as shown in Fig. 14, and if the ship is rolling
heavily this water will most probably knock up the ceil-
ing of the bunkers, and empty the coal into the bilges.
Such an accident would
entail the most serious con-
sequences, and no effort
gshould be spared to prevent
it, for not only is the floating
coal capable of choking all
the bilge pipes, but, being
gradually ground down into
a fine powder, or paste, it
accumulates in the most

inaccessible corners, from
which it has afterwards to

be removed at great expense.

Vessels which have suffered
in this way were found on
examination to have the
hollows of the bed - plate

filled up solid with small

coal, and in one case, where
the manholes in the tank
tops of the engine-room had
been opened so as to utilise
the bag.la.at pump for re-
moving the water, it was
found, when the vessel ulti-
mately reached port, that the
whole tank was filled with
small coal to the top.

Amongst the devices which
have been used for cleaning
the insides of bilge pipes
may be mentioned a hose
connection to the boiler. The
high pressure removed every

obstruction, and the hot water

washed and scoured away the

dirty coating of the inside.

With modern high-pressures
this practice has been discon-

tinued for fear of bursting the

valve chestg, but where cocks

Fig. 11, when the water is low enough, there is no danger.
The advantage of clearing the suction while the pump is
drawing is that the objectionable matter is just then col-
lected around the strum, and can be removed in a compact
body, instead of having to be “ fished " for in the moving
bilge waters. On the other hand, it is easier to clean the
holes in the sides of the suction boxes if these can be lifted
out. The bottoms of these boxes need not be perforated,
because they rest on the cement. Near the end of the
bilge pipe, where it enters the box, a flange is soldered
on—as shown in Figs. 11 and 12—on which it rests, while
its lower end is one-quarter of its diameter above the
bottom of the strum, the section of the pipe and of the
open circumference being equal. With large pipes, such
as are used for ballast tanks, which may be 6in. or even
8in. in diameter, the height of the pipe above the cement
would have to be about 2in., and as this is considered
too much, the ends of these pipes are sometimes made
trumpet-shaped, which allows them to be lowered to within
lin. of the bottom, and yet to retain the full sectional
area of the pipe. Strums are rarely fitted to ballast pipes.

It is very essential that those suctions which are
situated in the engine-room should be quite accessible;
yet on account of the number of auxiliary engines on the
lower platform, and on account of bunkers and store
rooms, there is generally so little floor space for con-
venient trap doors over the strums, that these are almost
out of reach when the engines are at work. Thus in
Iig. 13, which represents the thrust block, aft bulkhead,
and engine bed-plate and seating; the aft centre strum is

placed underneath the main engine turning wheel, and |

cannot be cleaned by hand except by someone who has .'

courage enough to descend bodily into a small pit,
bounded at one side by the revolving turning wheel and
the half-dozen projecting nuts of a shaft coupling. But |
even then, if the water has gained on the pumps, which
is the only reason for trying to clean a strum at sea, the
engineer will be half immersed in water before he can
turn to do his work. If the suction is placed in such a

only are used the plan might
still be adopted. These pipes might perhaps also
be cleared by forcing cold water into them, but such a
connection, if accidentally left open, would flood the
engine-room or holds, and should therefore not be used.
Another plan for clearing the pipes is to make them
straight and accessible. Thus in Fig. 15 there is no

strum at the end of the pipe, but a perforated plate is
fitted in the mud-box placed above the platform. Should
the suction not work, and should this be due to the

pipe being choked, then a stick would casily clear a
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passage ; while if the perforated plate is closed up, one

can easily remove the obstruction by hand. The pro-

jection of the upper end of the vertical pipe high up into

the mud-box is necessary, as otherwise the obstructing

objects—small coal, wood chips, waste, &c., which have

been carried up by the suction would fall back again into

the bilges as soon as the mud-box is opened. Thisis a

defect from which the com-

bined valve chest and mud-

box—I'ig. 16—suffers. A

% :: _r__..;'@ better design is shown in

— || Fig. 17, in which an over-

flow weir is added, and the

, dirt which is drawn up col-

|L | lects between this weir and

o 5. O the perforated plate, and

H W ot can be lifted out by hand.

N "’ The outside view of a still
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0/ more convenient mud-box
18 shown in Fig. 18, The
' perforated plate is placed
| horizontally, as shown in
= I —=— dotted lines, while the door
hangs vertically, and on
opening it, the dirt falls into
a bucket placed below, or can easily be raked out.
The mud-box door joints consist of india-rubber bands.
which are let info recesses running round the edge of
the boxes, the hinged screws press the lid down, and

'F'ig I6.

when a sucotion is produced by the pumps this joint is
still further compressed and becomes perfectly tight. The

valve spindles are made air-tight by gland packings, as |

in Fig. 19. A cheaper plan
is shown in Fig. 16, and Fi
in section in Fig. 20. A
tight-fitting leather washer [l

20 .
il gl

shown black in section, sur-
rounds the screw, and is
pressed down by a nut.
As this arrangement is _
practically air - tight and 7
cheap, 1t is now frequently
adopted, but it is objec- 7
tionable because of the
trouble it gives when the
engineer is not certain as
to which of his valves is open, or whether any one of
the valves is partially open. Instead of trying each
wheel, as he would do if glands were fitted, as in Fig. 19, he
has first to unscrew each nut, and then try each wheel; but
even then he ean never be quite sure whether the valve
itself is down on its seat, because its under surface is lined
with india-rubber—see F'ig. 16 —which is always somewhat
ielding, and if a chip of wood or other object should
ave got caught at the lip, and thus prevent a perfect
closing, its detection might be very difficult.
Another objectionable feature of bilge valves in general
is that a whole system can always be made useless by
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leakage past one valve; and some engineers go to the
extra expense of having cocks fitted under each valve,
as shown in Fig. 19, guards being attached to the glands,
go that the key which has to be used for turning the
plugs cannot be removed unless the cock is closed. The
reason for having both a valve and a cock for each suction
is that the latter are rarely quite tight; but as this is
largely due to lightness of design, the remedy is not far
to seei, and on the East Coast substantial cast iron cocks

are being used even for the ballast pipes.
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LOCOMOTIVE BUILDING IN GERMANY.

Tur earliest German railways—of which the first of any
length was that from Leipzig to Dresden, opened in 1837
—were supplied with locomotives built in English work-
shops. These English engines were copied by one or two
enterprising German engineers between the years 1838
and 1841.

In 1841 several continental firms, which have since
become well-known, began to make locomotives, amongst
these must be mentioned the firms of Maffei of Munich,
and Kessler of Karlsruhe, which copied exactly the Iing-
lish models, and of A. Borsig of Berlin. The latter are
now perhaps the most important locomotive works in
Europe, and began by imitating the American type,
but soon followed the English examples as to main
principles.

About the year 1845, three other important firms, those
of G. Egestorff, near Hanover—now the Hanover Engine
Works—of C. A. Henschel in Cassel, and of C. A. Hart-
mann in Chemnitz—now the Saxon Engine Works—all
began the manufacture of locomotives, using for the most
part English machinery in their shops, and copying the
English locomotives pretty closely.

The year 1851 may be looked upon as the year in which
continental engineers really began to form original types
of locomotives suited to their own peculiar requirements,

| eylinder.

and not borrowed from English or American designs.
In 1849, as the railway join-
ing Vienna and Trieste neared
its completion, and the enor-
mous difficulties of the section
between Gloggnitz and Miirz-
zuschlag over the Semmering
Pass had to be overcome, it
became necessary to work
traffic over lines having an
incline of 1 in 40, and curves
of 935ft. radius. In order
to procure engines which
should be capable of work-
ing this line, in 1850 an open
competition was announced
to be held the following year,
for locomotives capable of drawing a train of 125 tons
over the steepest gradients on the line, with an average
velocity of nine miles per hour. The first prize was
gained by the Bavaria, an eight-wheeled engine with
| eylinder 19}in. diameter, and 29in. stroke, built by Maflei
of Munich. The second prize was awarded to W.
Giinther, for his engine Wiener - Neustadt, an engine
which may be said to have been the forerunner of the
four - eylinder compound engines now used on the St.
Gothard Railway, the North-eastern Railway of Switzer-
land, and elsewhere, for heavy traffic on steep inclines.
The third engine, the Seraing, built by Cockerill at
Sern.ing, was the first example of what is now known as
the Fairlie System. The four engines which took part
in this competition were found on further trial not to be
able to do all that was expected of them, and the problem
set by the Semmering Railway continued to call forth
new suggestions and experiments. Since that time a
number of firms have taken up the manufacture of loco-
motives in all parts of Germany. The firm of Wahlert,
in Berlin, in 1850, the Vulean Works, in Stettin, in 1859,
L. Schwarzkopfl of Berlin, in 1867, Krauss, of Munich,
founded in 1866, and others, began successively to make
locomotives, and there are at the present time some
fifteen firms of importance employed in this industry,

and capable of turning out over 2000 engines in the course
of a year,

In order to give some idea of German locomotive manu-
facture as now carried on, it may be interesting to give a
few particulars of a fairly typical establishment in North
Germany. This firm gives employment to over 2000
workmen, and is one of the oldest and largest of its kind ;
and, although not possessing all the newest improvements,
shows i to be well able to maintain a prominent place
in the competition for both home and foreign orders.
Although locomotive building occupies the greater part of
the works, there is alsoa department for making stationary
and pumping engines. To begin with the machine shop,
the older machine tools are of English manufacture ; but
those added within recent years, with very few exceptions,
bear the names of German makers, and come mnaﬂg from
the ahngn of Chemnitz, Karlsruhe, or Berlin. Their rela-
tively high price appears to be fatal to the English tools,
which are, however—even in Germany—generally looked
ug:on as superior to the home-made ones. The majority
of the machines have been in use for many years, and it
is evident that in the past very little money has been spent
in renewing them, It is, however, also evident that steps
are beinmuw actively taken to introduce new machinery
and appliances, and so to remove this reproach. All the
planing machines are driven by a straight rack and pinion
under the bed, instead of b{. e more exact and modern
screw. Amongst the tools recently introduced is a
cylinder boring machine, which is furnished with three
cutting tools ; one for bonn‘ﬁ the cylinder barrel, and the
other two for facing simultaneously the ends of the

Next to the machine shop are the smithy and forge.
The steam hammers are of old-fashioned design, most of
the smaller ones being fitted with an automatic valve
action, which makes it more difficult to regulate the blows
than is the case with valves moved directly by a simple
hand lever. the interesting o ions to be seen
in the forge may be mentioned the forging of the wrought
iron axle-boxes, which are fitted to almost all German
anﬁen. The wrought iron cross-heads for outside
cylinder engines also form rather complicated pieces to
forge. There was formerly a very fine wheel forge, fitted
\;ﬁ: with specially designed English steam hammers, for

e production of iron wheels, for which the firm was
noted. This is now entirely dismantled, and is only used

| 88 a storage room, the use of steel wheels being now

p—

universal in Germany. A department not usually found
in English locomotive works is the file-cutting shop. The
new files are all bought from the file makers, but they are
re-cut in this shop after being used. This shop is also
found to be advantageous in enabling special files to be
made at short notice for special work.

Taking the shops in the order in which they stand,
the erecting shop comes next. The erecting pits are
situated at right angles to and on both sides of the line
of rails traversed by a movable platform, on which the
engines are moved when finished to the trial-siding and
paint shop. The locomotive frames and tenders are put
together over the pits on one side and the engines are
erected over the pits on the other, there being about
twelve pits on either side. There is, however, another
gimilar set of pits at the far end of the erecting shop,
which is now only occasionally used for repairs.

The system of erecting is, in outline, as follows :(—The
frames, cross-stays, and stretchers are riveted together in
one part of the Jmp and then transferred to the erecting
pit. The boiler is then at once placed between the
frames, but is at first supported on trestles until the
expansion angle-irons and the brass packing pieces used
to support the barrel have been adjusted. When the
boiler rests in its place, the first thing is to mark the face
of the horn-blocks for machining ; this has not been done
before in order that any relative movement of the frames
caused by the weight of the boiler may be allowed for in
the machining of the horn-blocks. The cylinders are then
bolted temporarily in place and are marked for planing
on the surface, which is bolted against the frames and
has been only roughly planed over beforehand. The
bolt-holes in the cylinder-flange are next marked off and
bored. Atter the sylinder has been finally bolted in place
the slide-bars and slide-bar bracket are put up, bored out,
and the packing-pieces adjusted. While this has been
going on the clothing and cab-fitting * squads™ have
been doing their work. During the time that the motion
is being put in place and the valves set the brake-fitters
and pipe-men are putting on the brake and the pirljes and
cylinder cock gear respectively. There is no single man
responsible for the erecting of each engine, but each
operation has a gang of fitters, who perform only this
one kind of work on all the engines successively.

It is worth noticing that all steam joints, both of
pipes and boiler mountings, are made by means of brass
rings of triangular section, and made according to
standard tables issued by the State Railway authorities.
By this means much labour in adjustment and facing i8
saved, as a slight want of parallelism in two flanges does
not signify, and the flanges themselves need only be
roughly turned. Another saving—and in engines with
outside steam chests this is a considerable one —is
effected by the use of malleable iron for both the main
steam and exhaust pipes. These pipes are ordered from
special makers, bent accurately to the drawings supplied,
and all that has to be done in erecting is to braze on the
flanges made to suit the appropriate size of jointing ring.
Behind the erecting shop are the tank and boiler shops,
where little of any special interest is to be seen. All
riveting is done by hand, and all rivet holes are drilled.
Fire-box roofs are almost invariably supported by stays
screwed into the outer fire-box shell, which is usually
made of thicker plate at the top, in order to give it the
requisite stiffness; roof bars are scarcely ever used.
The copper fire-box stays have the thread turned off on
the length between the plates, and are drilled with a
8 millimetre hole for a depth rather greater than the length
of the thread left at each end. Thestayendsare hanmmered
to form a conical head, care being taken not to rivet over
the holes. Short pieces of tube are afterwards riveted into
the clothing opposite each stay, so that a fracture in the
stay can at once be detected. Plate flanging is at present
done entirely by hand ; but a hydraulic press will probably
be shortly set up, which will greatly lessen the amount
of labour now expended. The foundry is very large
as heavy castings for stationary engines are also made
there. The locomotive cylinder patterns are usually
divided into three transverse sections, the mould being
made and cast vertically in three boxes. A heavy ring of
metal is cast on to the upper end, to aid in producing a
sound casting.

The shop containing the fine machine-tools used in
making milling-cutters, twist drills, taps, and other fine
work, deserves special notice. It is fitted with new
machinery specially designed for this kind of work, and
made mostly by Loewe of Berlin. Almost all the twist
drills and taps used in the works are made here, and a
considerable saving in cost is the result.

In conclusion it may be worth while to allude to one or
two points which affect the price of locomotives madein
Germany. The State railways purchase all their engines
from contract shops, and although the different sections
require some variations, the comparative uniformity in
the engines used on all the State railways renders it
possible to use old drawings and patterns with but few
alterations in the execution of any fresh orders. Con-
siderable care is taken in designing to use the cheapest
materials and method of manufacture which will answer

the p , and in ing out the design, no more
time and labour are expended than is sufficient to ensure
that the result will work. Thus as few pieces as possible

are left bright, handrails, reversing-rods, &ec., are painted.
Another factor in the cheapness of German lnnn:ll:':tl;ﬂa.
added to the lowness of wages, is the thoroughness with
which the system of payment by piecework is carried out
in all departments. ihmu h the pressure of this system
the turners and planers have each to work several
machines, in order to make sufficient wages to support
themselves with. By these and other means, the German
locomotive manufacturers must now be considered to
have rendered themselves strong competitors with us in
aauurizf foreign contracts. This is proved by the fact
that within the last few months German firms have
received orders for the Wladikawkas Railway of Russia,
amounting to several hundreds of thousands of pounds,

for which engineers had tendered in vain.

T
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THE REGENT'S CANAL, CITY, AND DOCKS
RAILWAY,

In Tue ExciNeer of July 10th, we referred, in passing,
to the railway of the above company, Now, however, that a
portion of the company’s Parliamentary powers is about to
lapse, and as it is understood that the directors of the project
have an application to Parliament for renewal under con-
sideration, it becomes of interest to review the past history of
this railway project, which attracted so much attention in

Z00LOGIGAL
GARDENS

PROPOSED RAILWAY
§ TR e

REGENTS CANAL

=3

——

OTHER LINES e

e

the engineering world and so little support from the public,
and to set forth its present prospects. The project had so
dropped out of public notice during the last few years that
many otherwise well-informed people were under the impres-
sion that its scheme had been definitely abandoned. This,
however, appears to be very far from the truth, and although,
as has just gaid, a portion of the power—the Compulsory
Purchase clauses—granted in 1881-2 has just lapsed, the
construction powers have yet two years to run, and those two
years may bring forth a great deal in this respect. Sooner or
later, and probably sooner rather than later, the unchartered
wilderness of houses through which the proposed line has
been surveyed must have the railway facilities which it has
always sorely lacked, and never so urgently as now, when the
great terminus of the Manchester, Sheffield, and Lincolnshire
Extension to London is being rapidly pushed forward, to
bring in the near future a working-class population on this
route, as dense as that which crowds the huddled streets
behind the other great termini of Euston, King's Cross, and
St. Pancras,

The Regent’s Canal, City, and Docks Railway Bill was intro-
duced to Parliament in the Session of 1881-82, The map
above will show the course it was proposed to take. By
it, it will be seen that the bank of the Regent's Canal was
followed very closely all the way from Paddington as far as
Victoria Park,where it continued beside the Hertford Union
Canal to Old Ford, taking its way thence across the levels of
West Ham to Victoria Docks. Stations were proposed at
Maida Vale, St. John's Wood-road, Zoological Gardens,
Camden Town, Caledonian-road, the Angel, Islington, New
North-road, Kingsland-road, South Hackney, Victoria Park,
Old Ford, Stratford, Barking-road, and Victoria Docks ; while
a spur line was proposed from St. Pancras to the Barbican,
City, giving direct communication with the Midland Railway
at St. Pancras and the Great Northern at King's Cross.

The Bill was hotly contested in Committee, no fewer than
seventy-six petitions being presented against it by railway
companies, public bodies, and private individuals, who con
sidered their interests prejudicially affected. The South-
Eastern and Metropolitan Railways were especially active
against the scheme.

Yet it was one calculated to be peculiarly useful, both
as & passenger and a heavy goods and mineral line. It joined
the great trunk systems of the Great Western, the Midland,
and the Great Northern Railways with the City and the
Docks, and provided direct communication between the
South Wales coalfields and the Port of London, vid the
Great Western. Coal could, with the construction of this
line, be shipped direct, instead of, as at present, being
brought along the Great Western line to Southall and Brent-
ford, there to be transferred to barges, and thence to come,
by the tortuous course of the Thames, to the Docks. A
similarly large traffic would have come from the Midland
and the Great Northern Railways ; while those lines, serving
as they do, the vast northern suburbs of London, wherein
lives a population largely clerkly, and desirous of journeying
between their homes and the City on six days of every week,
would have welcomed this outlet for their congested traffic,
already s'raining to their utmost the carrying capacities of
both lines. The Reient‘s Canal, City, and Docks Railway
would thus, in fine, have performed the office of a railway
truly metropolitan, and the directors were well advised when
they recently altered the title of their projected line to that
of the ** North Metropolitan Railway and Canal Company."

The extent of the proposed line is rather over twelve miles.
For its construction a capital of £5,722,400 was authorised by
the Acts the company obtained, and renewed in the Sessions
of 1882 and 1892. The Acts provided for the formation of the
company and for the purchase of the existing canal from the
Regent's Canal Company. Thus the present company have
in view two undertakings—the proposed railway, and the
canal which was taken over, and is a conccrn paying interest
at the rate of 2§ per cent. per annum. The capital of the
canal part of the company, already created, including loans
amounting to £425,000, is £1,783,100. The railway capital

P e -

Sheffield, and Lincolnshire London terminus, the engineers
have constructed a s on the north side of the Regent's
canal for the North mmﬂm line to run in, whenever its
building shall be begun. The Manchester, Sheffield, and
Lincolnshire crosses the canal on girders at a height of 16{t,
above the towing path. Here a new retaining wall has been
put in on the outer side of the path, and the girder supports
rising from the water are filled in between with lattice work,
The s thus left beneath the Manchester, Sheffield, and

E’Emii“:}mmﬁ ‘E‘Eﬁ.:, e g
e g e o 1 g o it gy o
e I ision. he glohs Is mouated upon &
spindle or trunnions, on one side of which is secured a handle
or lever for rotating it; so that by moving the lever in one

Lincolnshire will allow for one up and one down line,

CASEY'S SPHERICAL];.EETRER-TIGHT BULKHEAD

Numerous as have been the attempts to devise a simple
and thoroughly effective door for closing the compartments
of ahirs separated by bulkheads, it is a matter for regret that
few, if any, of these have fulfilled the most essential require-

direction the passage is opened, while a movement in the

VICTORIA

reverse direction closes the connection between the two com-

rtments. This handle or lever may be connected to another
ever on deck, in the chart-room, or on the bridga of the
vessel by means of a rod, so as to be in easy reach in case of
emergency. This arrangement has one important advantage
over the rack and worm arrangement so largely used at
present, namely, that the passage can be closed almost

ments, namely, that of being readily closed in case of emer-
gency, and any meritorious attempt to supply the means to

LT N gy

instantaneously by a simple movement of the lever through
' the arc of a circle.

i
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BULKKEAD DOORAND BULKHEAD. BACK VIEW OF BULKHEAD DOOR.

effect this end will be sure to meet with encouragement frem |
steamship owners. The latest aspirant to favour isa globular
device invented by a marine engineer of considerable experi-
cnce, Mr. James Casey, 10, Philpot-lane, London, E.C., and
certainly bhas the merit of being entirely original, The

LOWER DECK

—
i

e ——

e

|
!

SIDE ELEVAT/ON OFDOOR
CONNECTED TO BULKNEAD.

|
ERONT VIEW OF \BULANKEADDOON.

We recently witnessed the operation of one of these doors
fitted in the engine-room of the Carron Company’s steamship
Thames. The door was operated by a lever on deck, and an
electric bell arrangement was provided whereby the operator
could give an audible signal to any person who might be in
either of the communicating compartments below that the
passage was about to be closed. A return signal sent from
below informed the operator that all was clear before pulling
over the lever and closing the door. The whole proceedings
occupied only a very brief period, certainly much less than
that required for operating an ordinary bulkhead door
working by means of a worm and rack in vertical slides. It was
also shown that the operation of the globe was not impeded
by placing a block of coal in the opening of the casing,
several blocks being sheared completely through by the
closing of the door. Although some slight objection may be
raised to the system of audible signalling fitted with the
apparatus on the Thames, on the ground that this might be
productive of delay in closing the door at a precarious
moment should the return signal not be given, this does not
affect the general principle underlying the invention, and it
must be stated that at the time of our visit the working of the
door was perfectly satisfactory,

FIC.5

ELECTRIC BELL

A further important advantage which Mr. Cagey claims for
his glgbular door is that it can readily be operated, should
the ship be suddenly thrown into darkness owing to the lights
going out, which is usual with electrically-lighted ships upon
a collision occurring. Under these circumstances the officers
and crew might experience much difficulty owing to the
darkness in finding the gear for closing the doors from the
' "tween decks, whereas with the present apparatus it would be
' & comparatively simple matter to put the hand on the levers
' in the chart room, or on the bridge, and upon the receipt of
the *“ all clear" signal from below, close the passages com-
municating with the compartment or compartments whence
the danger arises. This form of door may also be fitted to
deck openings for bunkers, transit, or ventilation,

THE effect of electricity on projectiles while in flight
' has been illustrated by some recent trials of the Swiss army rifle,
| The Journal de (fenére states that during this trial strange dcflec-

tions of the bullets were noticed that could not be accounted for
| until it was discovered that an electric line paralleled the range.

. Experiments were made by buildin

full length of the range, 780ft,, and about 120ft, from it. When
| these cables carried a heavy current of electricity the lateral defiec-
tion for this distance was about 70ft. For a longer range the
deflection was much increased ; with artillery, nnﬁ a range of
00001t., the deflection from the true line is claimed to reach the

enormous amount of 14 deg. It is not stated whether the deviation
13 toward or away from the electrical cables,

. H‘-\._'"\;
N

a line of four steel cables the

i
ol i

has not, however, been issued, for investors, made shy perhaps |
by the story of the District and the East L.ondon Railways,
have not responded to the prospectus issued by the promoters, | _ | _ .
although the prospects of such a line have always seemed to | accompanying illustrations will enable the construction and
be mug, action of this door to be readily understood. It is spherical
1t is interesting, in connection with this railway, to note | in form, fitted in a casing formed in two parts bolted to the
that in the works now in progress on the Manchester, | bulkhead, and is provided with a through opening corre-




182

THE ENGINEERR

Avc. 21, 1896.

- .

1}
WITH THE WEST COAST “ FLYER.”
By CHARLES RoUs-MARTEN,

A GREAT deal of mischievous nonsense has been written
in the daily papers about the lamentable accident which
occurred at Preston on the 12th inst. to the West Coast
** Flyer." There has been the usual ignorant assumption
without proof that *‘ excessive speed " was the cause of the
mishap. Much reference has been made to the run made
by the same train in the previous week of 105 miles in
105 min., and it has been taken for granted that this was
abnormal and perilous. No idea could be more absurd.
As a matter of fact, that same run, from Wigan to Carlisle,
was surpassed a day or two later by one which a trust-
worthy triend timed for me in full detail. In that case
the 105} miles from Wigan to Carlisle occupied only
103 min, net. And it should be remembered that the
same distance—from passing Wigan without stopping—
was done several times last year in less than 100 min.—
once in 94 min, with the ordinary train.

Excess as to speed is purely relative in these cases, and
the only way in which the point arises in connection with
the Preston disaster is from the view of suitability to
the passage through that station and over its curves and
crossings. A rate of 40 miles an hour might possibly be
more ‘* excessive” there than 80 down the Shap bank.
But often as I travelled by that train during last year's
“race,” a speed of 20 to 25 miles an hour through
Preston Station was never exceeded in my expe-
rience. It has also been asserted, without the smallest
foundation, that sufficient time was not given to the
run from Wigan to Carlisle, and that only 105 min.
were allowed. So far from this being the case, the time
allowed was 112 min,, and when the mishap occurred the
train had still 94 min. left in which to run the remaining
ninety miles, which same distance had repeatedly been
done in 85 to 89 min., and once in 80} min. with perfect
safety, and with a similar load per engine. It is, there-
fore, clear that in no respect was the accident due to
insuflicient time allowance.

Another mistaternent which has been published is to the
effect that the London and North-Western Company had
admitted their error in timing by allowing ** 19 min.
additional to Carlisle.” No extra time has been allowed,
but the Bletchley, Rugby, and Wigan stops have been
taken out, a course which had become necessary, and
had been resolved upon, before the accident happened.

With a view of ascertaining authoritatively what was
actually done on the fastest lengths of the West Coast
journey, I recently made a special trip to Aberdeen and
back expressly to observe and investigate. This, I may
add, was done with the full knowledge—except as to
date—and courteous assistance of the London and North-
Western and Caledonian Railway authorities.

It may be interesting to explain in ltmine that it had
been found necessary to divide the train, and run the first
part to Carlisle with only a single stop. The schedule
speed was consequently higher on the earlier part of the
way, but lower from Crewe to Carlisle, as will be seen by
the following comparison :—

Former Time.

Speed.
Euston, dep. ... 8.0 .. . —
Bletchley, grr gﬁﬂ > 475
Rugf:'y, arr. EP‘ 9.45 . 489
R dapll 'TL] 9&49 _— o
Crewe, arr, 1LV .. 560
, dep. . 11.15 .. —
Wigan, Eﬂ a Efﬁ% ;. 551
Cacthile, arr, . 150 T T 56
New Time. e
Euston, dep.... 80 ... A=l
Crewe, arr. ... 10.56 ... 542
sy GOD: vas G A, e g =
Cartisle, arr. ... 1.60 ... 498

Starting from Euston we had a train of seven vehicles,
viz., two sleeping cars, 4 eight-wheel W. C. J. 8. coaches,
a van, the total weight being about 161 tons, exclu-
of and tender, The ine was one of Mr.
F. W. Webb's splendid eight-wheeled compounds, of the
ter Britain class, having two high-pressure cylinders,

one high-pressure ayhnc}:s‘ r, 30in. by 24in.;
and four driving wheels, not coupled, 7ft. lin. diameter.
The weather was fine and calm throughout, and the

rail on the Caledonian in the early morning
after a heavy dew and mist. Excellent work was done by
the big compound, which ascended the bank to Tring

(31%) in 36 min. 5 sec., covered 57} miles in the first hour,
passed Rugby (824 miles) in 86 min. 40 secs., Nuneaton
597) in 1h, 44 min. 10 sec., and Tamworth (110) in

h, 57 min. Then being in advance of time the driver
eased down, and Crewe was easily reached three minutes

early. Here a 6ft. 6in. coupled engine, of the same
class ns the racing celebrities Hardwicke and Vulcan,
came on. A very smart beginning was made, Warrington
mbdﬂg passed in 24} minutes, and Wigan (36) in 37}.
this driver, too, eased down, having plenty of time

on hand. At Preston Station there was almost an excess
of caution., It took fully five minutes to pass through the
i ‘There was, how-

and the driver went

coupled, with eylinders 18}in. by 26in.—came on, and it
soon became evident that the driver meant to keep time.
The run to Stirling was certainly most remarkable.
The distance of 117} miles was covered in 116 min.
53 sec. from start to stop with a load of 161 tons.
Beattock (89]) was passed in 37 min. 50 sec., the Summit
(492) in 53} min., and Carstairs (734§) in 72§ min., the
lowest speed up the long stretch or 1 in 75 being 386
miles an hour, The downhill speed from the Summit to
passing Carstairs was very high, the 23§ miles being
run in 19 min. 13 sec.

The 68 miles from Beattock Summit to Stirling took
only 63 min.20 sec. to cover. From BStirling to Perth
(33 miles) was done in 84} min., the engine making
nothing of the steep bank past Dunblane up to Kinbuck
(1in 78, 1 in 84, 1 in 88, and 1 in 90), the five miles up
these grades being done in little over 6 min. The down-
hill run from Criefl Junction to Perth was exceedingly
smart.

From Perth to Forfar the timing is by far the fastest
ever seen in Bradshaw, viz., 824 miles in 32 min. = 609
miles per hour. It starts too, with a nine mile climb,
much of which is at 1in 128 and 1 in 125. Another of
Mr. M'Intosh’s Dunalastair class relieved the Carlisle
engine, and a fresh start was made with a very
slippery rail, but nothing could keep back the engines or
make them lose time. The load was now reduced to
101 tons, and with this weight the distance was run in
80 min. 51 sec. start to stop. Up 1 in 123 the speed
did not fall below 50 miles per hour, and on the descend-
ing or level lengths no exceptional velocity was attained.
It was a case of evenly rapid work throughout. The
timing from Forfar to Aberdeen is relatively so slow that
it is not easy to fill up the large allowance given. After
a very steady and even run the train arrived at the
Aberdeen ticket platform a few seconds before 6.12, and
with the intervening needless delay, a final halt was made
in the Aberdeen Station at 6.15, or ten minutes before
time. It was a remarkably rapid, safe, and pleasant run,
which reflected the highest credit alike on the company,
their officers, their road, and their rolling stock, nothing
could be smoother or more easy than the travelling of
the train at the highest speeds attained.

The following are the *‘logs” of this remarkable run,
and of a subsequent one by the same train :—

Miles Hui }11 No. 2
ex Htations, Actu (e
Euston. times. Actual times.
—_ Euston .. dep, 8 044 dep. 8 0 82
54 Willesden.. .. .. .. ..pass P 11 " 0 5
174 WA UL AT el TR e 2l 45 | 22 10
319 REERE 6. 5 SN e tenl e 'gh 36 49 | 3 M
41 BISUORIOY .. ¢ oo aa aw g 50 41 | al 1i
ne} Wulverton 3 . . i a0 4 50 83
594 ROMED... <« +5 »i ou. se 33 | 0 8 45 g 4 40
524 Hughy I L R P 27 24 " J0 23
07 Nanoabon .. «c <2 ss s 41 54 - 47 52
110 I'amwaorth T S R L R 57 45 w 10 0 O
1164 fdchiiald .. . .o i e | 10 B 58 o 6 2
1 PUARIOYA: .. i se ee i 22 45 g =4 4u
147 WOIRDONS .. sa  en s 5a gy 40 47 - 43 10
158 Crewe, . .o BT, 52 40 arr. 54 56
dep.] 11 2 4 dep. 11 1 54
152} Warrington . » POss| 26 30 24 50
154 Wigan < ey 39 18 % 40 59
200 *Preston .. BT, 57 52 AIT. 68 30
dep.| 12 2 2 dep. 12 1 24
280 Lancaster.. .. .. .. ..,pass 26 81 pass 25 45
2864 ORI ve ~s v se 4w p 82 24 " 81 47
244 Oxenholme .. .. .. .« 5 47 83 0 47 0
250} GTAYEIER sv s ss i 3w B h9 48 e 50 0
D32 ROURY s e valoun d va e 1 628 i 1 588
2074 Bhap Bammit .. .. .. .. 16 42 et 15 &7
277 OB = .o a i et s 26 8 ¥ 25 22
251 EORNINIX . el i wisr  we e T 80 0 o 20 17
2““! wrﬂﬂ-? . i - # o i " i 42 " " "'E r‘ﬁ
200 Carlisle T, 48 54 ArT. 49 12
ex
Carlisle.| Carlisle ., dep 55 47 dep. 156 1
4 Rockeliffe.. .. .. .. ..pass| 2 050 S W
6 DIOEINNEE: oy i i i és gy 2 86 b 2 48
54 o e P e 4 45 o 4 54
18 BAEEDREEIOKE un 5o s s gy 0 16 i 0 30
163 Kirtlebridge .. .. .. .. & 13 8 o 12 18
20 Ecclefechan .. .. .. .. 5 16 23 - 16 32
Jookte.. .. .. v aa P 21 46 - 21 51
28 Nethorclough .. .. .. .. , 24 7 = 24 10
81 Dinwoodie 0 26 32 - 26 47
Wamphray % 860 | , 2020
Beattock .. " 83 87 . 84 24
Summit & 49 20 2 40 381
Elvanfoot " 52 10 % 58 0
Crawford ., 4 54 28 ,, 54 58
57 .ﬁ‘}iﬂﬂ‘hﬂ - 1] 56 23 ) o6 58
63 Lam i 3 031 » B 18
07 mllngtun . B 3 81 o 4 25
s nkerton A 4 50 = 547
T Carstairs g 8 33 " 0 41
81 Braidwood i 16 47 L 17 41
84 Law ., e’ I 10 86 e 20 80
s0q Holytown i | ol 25 4 - 25 47
04 Coathridge - H 80 0 - 80 30
100 Larbert vo: 4 45 9 - 46 12
117 Stirling .. NI, 52 40 ArT. 53 41
dop. 67 2 dep, 0 50
120 Bridge of Allan .pass, 4 1556 | pass 4 4 O
125 Kinbuck .. i 8 19 - 10 16
]H Gﬂﬂu L LB & @ " 13 l* ‘l Eﬂ H
187 Auchternrder il i 20 0 b 22 17
141 Dunning .. .. i 28 29° = 25 87
1 Perth.. .. . « s IRIT. 31 46 AIT. 84 86
- 8 dep. ﬁ E; dep. 6 lﬂ 19
tanle i e . . PASs 1 pass 8 10
Im m( L L} L .. “ u ,’ ﬂ l'ﬁ
lTl & ] W M P i 'ﬁ 1 ﬂ 9 -ﬂﬂ' ﬂ'ﬂ
1 Forfar s .. 0FF. 11 22 e 42 8
dep 13 11
1 Guthrie . .. pass 20 56 2 40 48
201 Dubton e 81 58 n 10
n7 Drumlithie - 47 40 2 18 80
m m‘m W@ - " - '_. H u (1] ﬁ ?
Aberdeen Ticket Platform,, arr.| 6 11 41 - 43 0
Aberdeen Btation .. .. ,.amr| 615 0 art. T #16
* Time from entrance of station to exit.
A second

early.

Station was passed through at a slow walking pace, the
passage occupying 3 min. The speed fell to 36 miles an
hour up the Grayrigg bank and to 25 miles an hour up
the Shap incline, there being no object to be gained by
pushing the engine, as the train was in ample time.
Similarly, the falling gradient to Carlisle was descended,
as a rule, at a very moderate pace; but, nevertheless,
Carlisle was reached a minute before due time.

It was at Carlisle, as before, that the really hard work
began. Oneof Mr. M'Intosh’s already-famous new engines,
of the Dunalastair class, came on, and a magnificent per-
formance again ensued. Lockerbie was gained in
25 min. 50 sec., Beattock in 88 min. 23 sec., the Suuu_mt.
in 53} min., and Carstairs in 73§ min., Stirling being
reached in 117 min. 40 sec. from Carlisle. This, it wﬂ_l be
observed, was 47 sec. slower than on the previous occasion,
but still exceeded the ** mile-a-minute” average, though
with a heavier load. Such a performance would have
been deemed utterlyimprobable, if not impracticable, little
more than a year ago. The heavy length of 83 miles
from Stirling to Perth, was run in almost exactly the
same time as before, notwithstanding the extra load.
A special feature of both trips was the splendid steam
generation of the engines. Mr. M'Intosh’s large boilers
are evidently capable of making steam to an excep-
tionally large extent. | A

At Perth I changed into the postal express, which is
timed to run thence to Aberdeen without a stop In
97 min., the distance being nearly 90 miles. This was
accomplished with the utmost ease, with 2 min. to spare,
but the feat was in no respect remarkable—though the
speed averaged 57 miles an hour from start to stop—
seeing that on the previous occasion the distance had
been done in 89} min., with an intermediate stop at
Forfar. In this case, however, the load was somewhat
heavier, consisting of three bogie postal vans, one bogie
coach, two six-wheeled coaches, and a brake = about
180 tons. I may mention incidentally that on the return
trip by the corridor train another of Mr. M'Intosh’s
Dunalastairs ran with a load of 233 tons from Iorfar to
Perth, start to stop, 32} miles, in exactly 324 min.

Apart from their general excellence of design and con-
struction, the special merit about these fine engines,
which enables them to perform with ease such admirable
work, is their ample boiler power. This is the great
secret of success in express engines. With abundant
means and reasonably judicious design success is certain.
With insufficient boiler power the most skilful, and even
perfect construction in other respects, will not avail to
avert failure.

As before, the running throughout was perfectly
smooth, steady, easy, and safe, whether the speed were
low or high.

NoTes.

(1) Bad slacks, two stops passing Preston, slight slacks
assing Rugby, Staflord, Carstairs, Law, Holytown and
thrie Junctions. Engines: London and North-
Western, eight-wheeled compound—Greater Britain class
—+to Crewe; 6ft. 6in. coupled—Precedent class—to Car-
lisle. Caledonian, 6ft. 6in. coupled—Dunalastair class—
throughout. Weather fine and calm, a little mist in
Scotland and heavy dew ; rails wet during latter part of
journey.

(2) Very slow—three miles an hour—through Preston
Station and round curve. Slight slacks through Rugby,
Carstairs, Law, Coatbridge, and Guthrie Junctions.
Engines: London and North-Western 6ft. 6in. coupled to
Crewe; 8-wheeled compound thence to Carlisle. Cale-
donian, Dunalastair class. Weather fine and calm ; dry
rail throughout.

MR. PICKARD'S NEW PROPOSALS TO THE COAL-
OWNERS.

OxcE a year Mr. Benjamin Pickard, M.P., in his capacity
as Bec of the Yorkshire Miners' Association, addresses
the country on the subject of the coal trade. As Mr, Pickard
is also the president of the Miners’ Federation for Great
Britain, his pronouncements possess an importance and an
interest beyond the district of its production. The member
for the Normanton Division means that it should do so, It
is, in fact, not so much the report of the Yorkshire Miners’
Association, extensive as that would be in its bearing, but a
formal statement of the position taken up by the whole body
of colliers within the Federated area. On these oceasions,
when Mr, Pickard * rises,” he rises like the Nile, overflowing
the newspapers as the Igyptian river does its banks. A
mere abstract of it is given in the Yorkshire press, spreading
over about a page of space. Mr. Pickard, the most pro-
minent and powerful personalty of miners’ leaders in the
British coalfield, has won his way to his present position by
sheer dogged force. In the report before us that quality is

in evidence. He has insisted all along that the
troubles of the English coalowner were troubles of his own
creation. He insists upon that still. The low values ruling
for coal, he urges once more, are owing to ruinous competi-
tion and the un ing of coalowners amongst themselves.
They have, he says, itted the gas and railway companies
to be the dictators of the coal market, with the result that the
coalowners have been litﬁnll{mglving away their output.
“ If you give away your coal,” he tells the employers, * that
is no reason why we should give away our labour.” That has

in 1 h. 59} min., Crewe being reached a few seconds

From Crewe, one of Mr. Webb's 8-wheeled compounds
brought the train on to Carlisle. The schedule allowance—
2 h. 50 min.—is quite excessive on this length, and the
drivers must be hard put to it to fill up the time. Preston

ental journey by the same train as

far as Perth gnvu-ouﬂnnlllylimﬂa]:-yrﬂulta. The load

| was slightly—perhaps nine tons—heavier, and the time

| :L:mh inmh:-lahﬁonﬂ e slightly . B‘f,’:‘,
difference of weight, was identical in ;% excellence.

IFrom FEuston to Crewe the train was taken without

been the contention of Mr. Pi for years, ever sincethe high-
water mark which followed 1888 began to be * left high " and

dry by dro business. He nails his colours to the mast for
what he * & minimum living " not merely for his

clients the colliers, but for the sake of the coalowners themselves.
says, ‘' that when we

“I have come to the conclusion,” he

ﬁp Nebb's aﬂ:ﬁ coupled engines Onrdegmm to mmh&,“”.ﬁ“‘““
sh's | behind the tender, the Tring summit was passed in | instoad of any roal benefit acoraing
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as trade is concerned, at the end of 1896, as we are at the end
of June, 1896.” Controverting the statement that trade is
going to other localities, Mr. Pickard attributes the reduced
output in the federated area to the fact that several large
firms have not been working, and that thousands upon
thousands of men have been laid idle by the month, six
weeks, two months, and even three months together,
which has had a tendency to limit the output in the
federated area. Here Mr. Pickard is in rather shallow
water. He is too shrewd a man not to know that there
is a reason for the men being idle. 1f the coalowners could
make a profit by employing these men they would doso. The
fact that they cannot do so accounts for their being idle. He
admits one cause of the reduced employment, and ignores the
other. The cause he admits is the nearness of the Northern
coalfields to the seaboard, which gives the coalowners in
Darbam, Northumberland, South Wales, and Scotland,
easier facilities for commanding an export trade than there is
inthe Midlands. That cause he concedes —he could not well do
otherwise—for there is getting round that awkward corner;
but, he asked, are the miners in the Midlands to be bound by
results arising from that condition? * Are they to work two
or three days a week for nothing, in order to counterbalance
the geographical and geological condition connected with a
particular class of mines?" Thisisclever, but itisnot convine-
ing. The fact thatthese distant coalowners can get their coal
to market so much more cheaply than their competitors in the
Midlands simply tells in their favour, and enables them to
take the trade. The one thing explains the other. Mr.
Pickard’s impeachment of certain coalowners for not em-
ploying ‘thousands upon thousands of men” is sheer
nonsense, because these men are idle through no fault of the
coalowner. He cannot compel the foreign or the metro-
politan consumer to give him 1s. a ton extra for his coal ;
neither can he keep his pits going when he loses 1s. on every
ton of coal he brings to bank. If it is absurd to ask the coal-
getter ““ to work for two or three days a week for nothing "
—which nobody is foolish enough to ask him to do—it is
surely equally absurd to rail at the coalowner for not working

its for less than nothing, for a positive loss, which Mr.

ickard appears to expect them to do. So much for the first
case. Now for the second, that of wages. Is it not a fact
that the men in the other districts—those outside the
federated area—get from 12 to 20 per cent. less than those
within the federated area? When to that is added the
facilities of cheaper transit, which Mr, Pickard admits, surely
there is no marvel in trade going to other localities. The
marvel would be if it did not go. There is no sentiment in
business. People buy where they can get best value, and the
Yorkshire coalowner, doubly handicapped by distance from
the seaboard and higher wages, loses his trade, which
naturally fails into the hands of those more favourably
circumstanced. Nor does Mr. Pickard make mention of
another vital point. His anxiety for a minimum living wage
is admitted; but does his policy get it ? What is wage?
Is it the amount a miner receives per ton or per day,
or the amount he takes home at the week-end? Of
course it is the latter. Tested by that standard, the miner
who has not had Mr. Pickard to fight for him, and to give
him the minimum wage, is better off than the miner who has.

“To the victor belong the spoils.”” But though Mr. Pickard
is the victor, his followers have not the spoils. The spoils are
with the men in the North and the South, everywhere except
in the Midland counties. The employers outside the federated
area have the work ; the employed outside the federated area
have the wages. Is the victory which leaves the victors
worse off than those who did not fight at all not suspiciousl
akin to that of which the winner exclaimed, ‘‘ Another suc
victory, and I am undone ?”’ How long will men find comfort
in a doctrine, even with such a tempting name as the *“ mini-
mum living wage,” when it brings the Dead Sea fruit of
miserable wages, getting gradually less through business drift-
ing to other districts ?

t is impossible to deal with all the points raised in Mr.
Pickard’'s voluminous documents ; but his paragraph declaring
what the workmen propose is worth notice. Wages he finds to
be between 10s. and 15s. per week, which is noglowing testimony
to the value of the campaign which has this for its practical
outcome. We will go further than Mr. Pickard, and say that
the collier ought to earn double that amount and more.
Seeing thal 10s. to 15s. a week is all that his efforts have
brought his constituents, he does well to prepare another
E:n. He puts forth as the basis of an agreement for five years

th & minimum and a maximum e. Thai conceded, he
would have wages regulated thus:—*(a) The output of coal
to determine the rate of wages once in avar{e' months, 5 per
cent. either up or down, as the case may be. (b) Take the
output of within the federated area on December 31st,
1895—viz. : {?'Whan the output decreases 1 cent. then
shall reduced 5 per cent. from the minimum.

(d) and for every other decrease or increase of 1 per cent.,
wages shall be raised or lowered 5 per cent., between the
minimum and maximum nbuﬁd upon by the owners and
workmen." Although Mr. Pickard uses tga word * mini-
mum,"” he possibly means * basis.”” Of course, a minimum
wage once settled cannot be reduced, unless the whole
principle of an irreducible minimum is surrendered, and that
would be Igiring up everything from Mr. Pickard's point
of view, It will be interesting to see what the employers
think of thisscheme. Its essence, it will be noted, is restriction
of output, the logical effect of which would be
values. But, then, all the new collieries recently opened out,

raising of | &

opened out, in the virgin coalfields of Yorkshire,
dﬂotﬂngﬁmhha.ﬂehewhmm on the
of a
Y, noted—

s, ﬂﬁﬁhﬁhﬁamw ton.
amﬂ% the seaboard and dearer labour—can coal-
getting be made to pay. Mr. Pickard’s plan puts a premium

Only‘

upon restricted P as the coalowner gets
less coal, the coal-getter is to receive less for dgetting it. gut
the business of the collie oprietor is to do a large trade,
and that is exactly what is ‘done in the Yorkshire and
other coalfields, with the result Mmol&pmmbdlg
set down. Mr. Pickard’s principle is directly in the teeth
the economic law that the price of an article shall
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have their thinking done by deputy; that is a growing class
with whom chiefly rests the hope for the [uture. Even if
there were no independent minds amongst the miners, there
remains that great body, the general community, who are so
little consulted in the disasters of the coal industry. They
have a right to know what is the owners' answer to the new
plan of campaign. Their feeling, if it could be got at, would
probably be that of the dying Mercutio, *“ A plague on both
your houses," for those who suffer most from coal war are
the people who have no voice in the making or the ending
of them. But the moral right to be considered remains, and
the owners would do well to make known as soon as possible
their views of Mr. Pickard'’s latest proposals,

LETTERS TO THE EDITOR.

(We do not hold ourselves responsible for the opimions or our
correspondents, )

RE BARKER'S GRAPHICAL CALCULUS.

S1R,—Professor Greenhill's letter on this subject seems to make
some further reply from your reviewer desirable. In Mr. Barker’s
letter he complains that the review ‘‘speaks of the glaring error
of his method of graphic integration.” What it did criticise was
not this at all, but, on the contrary, Mr. Barker’s special method
of avoiding glaring error. To speak of the ‘' glaring error ” of any
skilled workman would be simple rudeness, of which your reviewer
trusts he is incapable. “*Glaring "' erroris well understood to mean
error of such large amount as to be inadmissible in the special
work in hand. The error spoken of may be expressed as that due
to calculating in your equation the increment of rise in a short
length of acurve from the tangent at the beginning of the short
length instead of from the mean tangent throughout that length.
[n the theoretical treatment when the short length treated goes
down to—or towards—the limit zero, this error also goes down to
—or towards—zero. Thus in the theoretical analytical treatment
no difference results from the use of the one in place of the other
tangent ; although I, along with many others, think that the
difference is a most important one in principle. Butin the graphic
construction on paper the short length does not go down to, or
even mnear, the limit zero; and, therefore, everyone who uses
graphic integration, including Mr. Barker, is forced to adopt some
method of avoiding the ‘‘glaring” or ‘' gross” error that would
arise from using the uncorrected tangent at the beginning of the
curve. It would be wholly and accurately avoided by using the
true mean tangent throughout the short length dealt with, but in
general one has no means of finding this true mean until after the
drawing of the curve has been effected.

Mr. ker's method of avoiding this ‘‘gross" error is to halve
the an r difference between the curve directions at beginning
and end of the short length ; otherwise expressed, to use the
arithmetic mean of the two angular directions at the two ends of
this short length. To carry out this a construction is employed
which your reviewer characterised as tedious and as favouring the
insinuation of draughting error.

The method advocated by your reviewer was to halve the differ-
ence of the tangents of inclination at beginning and end of the
short length ; that is, to use the arithmetic mean between these two
tangents of inclination at the two ends, or else to use the tangent at
mid-length of the dx projection of the short are. Itis not, of course,
stated that this arithmetic mean is accurately coincident with the
true mean, which latter would get rid of even minute error, except
that due to draughtsmanship. But, in the first place, it is con-
tended that this is a more rational method—and this is particularly
important in leading students to become familiar with the true
fundamental meaning of the whole proceeding ; secondly, in the
great bulk of actual cases it gives a closer approximation to the
exact true result ; and thirdly, it is in a very great degree simpler,
easier, more rapid, and in especial does not favour draughting
error.

In the familiar graphostatic constructions of ‘“ moment curves,”
‘““deflection curves,” &c., in, let us say, 90 per cent. of the inte-
Erntiun curves actually and frequently drawn out in the engineer’s
rawing-office, this arithmetic mean agrees exactly with the true
mean ; and, therefore, it is always used in these constructions
wherever they are made intelligently. These are parabolic curves,
and draughtsmen accustomed to these constructions will naturally,
and quite properly, follow the same method in dealing on the
drawing board with curves not parabolic. When the curve is
mhnﬁ: the *‘short lengths " taken may be as long as you like
y this method without any inexactness in the construction. The
more the nature of the curve differs from the parabolic character-
istic the shorter must be the lengths used in the integration in
order to avoid gross or gla.rin? error,

The superionty or, if you hike, the greater convenience, of the
parabolic approximation to the short incremental length of the
integral curve is, of course, due to the fact that the second differ-
ential co-efficient is constant. Prof. Greenhill's remarks lead one
to suspect that he either did not read the review or else did not
read the part in question of the book criticised. His remarks
deal with the relative advantages of circular and bolic arcs
as ap tive means of drawing in long langtgu of ecomplex
curves ; and they have therefore no bearing on the point under
dincuniun, which is the building up of long lengths by successive
short ste

The uﬁ.awar has studied closely the methods of facilitating the

drawing of mathematical and experimental curves, and would

the last to depreciate the value of Mr. C. V. Boys' and other

aids in this direction. His somewhat extensive e lence has

ved, to his complete satisfaction, that neither ci Nor para-

E:?ic templates are those that give most aid in this way. The

circular arc is, of course, favoured in workshop construction for
excellent and weighty reasons.

Professor Greenhill misses the point that the draught neither on
the loco. drawbar, nor on ‘' the mupli:;;n between any pair of
carriages,” can be given as a function of velocity independently
of the load running in front of the coupling in question. For a
ven locomotive worked in a given way, its indicated power and
its driving effort may no doubt be given as a tolerably complicated
function of the wvelocity, indcpendently of all loads; but the
portion of that driving effort transmitted back to any such coupling
as aboved not only on the velocity, but also upon the accele-
ration of velocity and upon the load in front of the w

Professor Greenhill's closing remark that the ** ness and
novelty " of Mr. Barker's treatment has evi , as shown
my review, ‘‘stirred up the Enjndim of supporters of old-
fashioned routine,” amply justifies the suspicion that he has not
read the review in question, as it thronghout denounces this * old-
fashioned routine.” Your REVIEWER,

August 17th, 1896.

LONDON AND NORTH-WESTERN RAILWAY ENGINES,
Sir,— Your note added to “Teutonic's"”
as to the Chatham and Dover and Brighton
| misleading.
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enables me to say two things: (1) that to say that a radial axle

can compare with a ie is sheer humbug ; and (2) that Mr,

Worsdell’s North-Eastern cabs are the only ones which protect the

men from rain and cold properly, and therefore the only omes

designed for comfort and health, NORMAN D, MACDONALD,
15, Abercromby-place, Edinburgh, August 17th.

[The Brighton Company has only within the last year built some
bogie engines ; all the Stroudley engines are without them. The
London, Chatham, and Dover {;;15 thirty-nine single leading axle
engines still running in general service, and the Kirtley bogie
engines running number thirty-sexen, and others are building.
The double curves at Strood and Rochester are amongst the most
severe in the country.—EDp. E. |

SIR,—In your remarks on ** Teutonic’s "' letter in your last issue,
No. 2120, Avgust 14th, re *“ London and North-Western Railway
Engines,” it 15 stated that nearly all the express engines on the
Brighton and Chatham and Dover lines are without bogies. Since
the present locomotive engineer, Mr. Kirtley, came here in 1874,
no single leading-wheel engines have been built to his design. At
}lrﬂﬂﬂllt we have thirty-seven bogie express engines running, and
our more new ones being built, which makes forty-one bogie
engines, against thirty-nine single leading-wheel engines of the
older type ; and very soon twelve of the latter will be replaced by

ie engines of the latest design. I would remind you that as far
back as January 24th, 1879, you published working drawings and
specification of our standard type of bogie express engine, designed
by Mr. Kirtley and built by Neilson and Co. in 1877. It is, how-
ever, only very lately—the latter end of last year, I think—the
Brighton line has built some bogie express engines,

London, Chatham, and Dover Railway, R. R. SURTEEs,
Locomotive Department, Wandsworth- Chief Draughtsman.
road, S.W., August 17th.

[The figures given by Mr, Surtees confirm our remarks as to
single leading-axle engines, although the company has now also a
large number of Mr. Kirtley's bogie engines.—Ed. E.]

ROPE-DRIVING GEAR.

SiR,—In your report of the meeting of the Institution of
Mechanical ineers, which appeared in the columns of THE
ENGINEER of the 7th inst., there is a rather startling claim, viz.,
that the introduction of rope-driving is due to Mr. James Combe,
il'::r the year 1856 or 1858—or, cven prior to that date, to Mr.

ise.

Now, if any of your readers interested in this question will refer
to the ‘* Annales des Ponts et Chaussées,” for the year 1850, he will
see that Hirn, of Mulhouse, after fruitless attempts to drive pulleys
by means of iron bands, succeeded in driving grooved pulleys by
means of iron wire ro about 1850,

Hirn's attempt to use bands before trying ropes would perhaps
suggest the idea that leather straps were in usalljnefura ropes. If,
however, your readers will look at the early copying ﬁhﬂ on
page U2 of THE ENGINEER of this year they will get a proof that
rope-driving was in common use in workshops nearly a century
before Mr. Combe's or Mr. Wise's introduction, the ** Encyclopédie
des Arts et Métiers,” from which the lathe has been reproduced,
bearing the date of 1771. o 1% B

Turin, August 12th, Via Beaumont, 2,

A SUBSTITUTE FOR STEAMERS ROPES.

SIR,—The use of ropes in mooring steamers at piers seems
rather an awkward arrangement. Why not have a couple of small
ecrew propellers working in recesses on either side of the hull 7
When a steamer drew up at a pier the outer propellers might be
set in motion to force the steamer towards the pier and keep it
there as long as required. A. B. M.

London, August 18th,

H.M.S. Dreapx0oUGHT.—This battleship is to haveall her thirteen
boilers replaced. Ten of them will be made at Chatham, where it
is probable her refit will be carried ont, It is estimated that her
refit will cost over £50,000, and that she will be in dockyard hands
for at least twelve months.

TRADE AND BUSINEsS ANNOUNCEMENTS,—Sir Christopher Fur-
ness, Westgarth, and Co. announce that they have acquired the
businesses of Westgarth, English, and Co., and of the Tees Side
[ron and Engine Works Company—except so far as the bridge
building and blast furnaces are concerned—from July lst, 1806,
The new company takes over all current trade contracts, and will
carry on the business,—Messrs. H. E. Lockhart, A.M.1.C.E., and
G. D. Seaton announce that they have taken over the business of
the lLion Engiceering Works, Abergavenny, from Mr. George
Davies as from August 1st, 1896, and it will in future be carried
on under the style of George Davies and Co.—Messrs. Bohler
Bros. and Co., of the Styrian Steel Works, Sheflield, inform us
that they have started an agency in London, under the manage-
ment of Mr. A. J. Henderson, at 2, Lombard-court, Gracechurch-
street.—Messrs, McKie and iﬂs:tar, Govan, bave recently com-
pleted new engineering and shipbuilding works in convenient
proximity to the 130-ton crane in the Cessnock Docks, Govan, as
well as the graving and wet docks of the Clyde Trustees. The
works have n built by Sir William Arrol and Co., of Glasgow,
and embrace all the best modern practice in construction. The
columne, girders, roof couples, and ties, forming the main buildings
are built entirely of mild steel ; the columns are thronghout spaced
25ft. apart, giving the maximum of floor and head room between
the varions shops, and the roofs are entirely of glass, the shops

ing as light inside as if they were in the open air, Special ven-
tilation arrangements have been ad , and the comfort of the
workmen has been icularly studied. Most of the machines
bave been specially constructed under the directions of the prin-
cipals, and are from the best maxers. The works are specially laid
out for the building of the smaller class of E‘mh nﬁ; and cargo

steamers, yachts and fast launches, and a of marine
machinery for shipment abroad, nn%mm for factories, pumpi
i and McKie's patent water-tube

enﬁmu' , high engines,
boilers. ‘#& understand that the firm have in hand a
set of engi for Burmabh, and another set for a Clyde
yacht.—We are informed that the Acetylene Illumina Com-
¥, London, have concluded ents with the British
uminium Company by which they will be able to erect works of
several thousand horse-power for the manufacture of caleium
carbide, using water-power. Temporary carbide plant is now
being erected at Fgfm, which, it is ex , will be in full work
October next, It that the Acetylene
Company has been making calcium carbide in this cuunh-{,un a
fairly ut as
of manufacture and as to

experimental scale since the earl of 1895
% be lharmsd fn the Gotille of asali :

:
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RAILWAY MATTERS.
Tre haﬂ-pﬂi‘a:tament of train mileage of the North

London Railway that the trains have run
%‘43 miles, and and mineral trains lﬁ?ﬂﬂ miles, a total of
1,066,850 miles, coal account amounted to £17,808, and the

renewal of locomotive stock £1500.

A7t the half-yearly general meeting of th ietor
o A Damiton and Meckh-Weaters Ballous ium:%; .:E

passenger trains for the balf year was given as 10,77

E:Iodl and mineral trains 9,886,576, as against 10,278,073 and
510,925 miles respectively in the corresponding period last

year.

_THE extension passenger line through West Durham,
vid Consett, completing the circuit to Newcastle, a distance of
seven and a-half miles, was opened on the North-Eastern Railway
system this week. The new railway serves several important

collieries and affords extra travelling facilities for a large mining
and steel-working community.

Ar the Midland station, Nottingham, on Tuesday
night, an engine which was in shunting tions in
connection with the flsh traffic, fouled the points and came into

contact with one of the iron columds su

pporting the roof. The
foundation of the structure cov the passenger Iplatl'urm bein

mﬂr disturbed, a heavy mass of ironwork and glass fell, a ren
caused in the roof to the extent of about 60ft. Several very
narrow escapes are reported.

TaE following table shows the total export of German

rails into Russia for the single years since 1886 :—

Millions Millions
Tons. of Tons. of

marks, marks,
1886 .. .. 163,222 152 (1891 .. 142,846 .. 14°'3
1887 .. . 174,226 16°0 | 1508 .. 118,712 102
1888 .. .. 114,046 10°9 |[1808 .. 87,360 T4
1880 .. .. 110,940 122 | 1804 .. 149,310 g
1880 .. . 130,837 150 1585 .. 166,627 102

Tue following list in order of the sixteen leading
systems of railways in the United States bas been printed in the
Railway Age, with their mileage :—(1) Pennsylvania system, 8882 ;
(113!} Chicago and North-Western, 7931 ; (3) Atchison, 7555; (4)

urlington, 7304 ; (5) Canadian Pacific, 7103; (6) Southern
Pacific, 6717 ; (7) St. Paul, 6169 ; (8) Missouri Pacific, 5326 ; (9)
Southern Ru.ilwa.{v, 4644 ; (10) Union Pacific, 4459 ; (11) Northern
Pacific, 4362 ; (12) 1llinois Central, 4332 ; 513’}‘ Great Northern
4256 ; (14) Rock Island, 3573; (15) Grand Trunk, 3512; (16)
Louisville and Nashville, 3163,

Prince Kaiukorr, the Russian Minister of Ways of
Communication, has been specially deputed by the Tsar to make
an official tour in the United States, and will probably meet the
Emperor in E?ﬁ':"d' says the Times, before returning to Russia in
November. object of the Minister’s trip round the world is
to secure the best information as to American and lish rail-
way practice, to i the latest development in machinery and
manufacture pertaining to railways, and to study the navigation of
inland waterways. Prince Khilkoff had a varied experience in
the capacity of blacksmith and fitter in his early years in South
America,

Her Masesty's Secretary of State for Foreign Afliairs
has received a despatch from her Majesty's Agent and Consul-
General at Sofia stating that tenders are invited by the Bulgarian
Ministry of Public Works before October 19th next for the
lustchuk-Nova Zagora Railway, and before November 5th for the
Saramby-Nova Zagora Railway. It appears that the respective
‘“cahiers de charges"” are open to inspection at the Ministry
in question, and that copies may be bought there for 20f. each.
Such lin:lrticulars as her Majesty's Government has received on
the subject may be viewed at the Commercial Department of
the Foreign-office between the hours of 11 a.m, and 6 p.m daily.

ON the line from Paris to Saint Germain, founded
more than fifty years ago by Sir Edward Blount as the beginning
of the Great Western system, there has been running since
Tuesday a carriage which, says the Jaily Ners Paris correspon-
dent, bas been nicknamed the *‘‘Bistro (Car,” Paris and Saint
Germain, ‘‘Bistro" belongs to the language of *‘argot," and renders
the English slang or rather abridged expression of ‘* Pub.,” 'The
“pub,-car” is designed to allow business men to take their cafd au
lart, with perhaps a boiled egg—a Frenchman never has anything
more in the morning—on their way up to town. There is accom-
modation for first and second class passengers and a bar for the
use of persons who are ordered by their doctor to take stimulants,
The Western of France Railway, which serves nearly all the race-
courses and all the fashionable placcs around Paris, is building
refreshment cars to put on all its suburban lines, to run to all
places within forty 'miEE.:: of Paris.

Tur vast blocks of artisans' dwellings erected by the
Manchester, Sheffield and Lincolnshire Railway Company near
the site of their great London terminus are now nearly completed.
Situated at the junction of Grove-road, Grove End-road, and St.
John's Wood-road, they cover an area of not less than four and a-
half acres, and will cost, from first to last, a sum of £250,000., They
are in six blocks of about 375ft. long cach, and are five storeys in
height, being built of yellow stock bricks with red-brick facings.
The roofs are finished cff with flat asphalted spaces. for use as drying
grounds. An item of epgineering interest is found in the arduons
work which went towards building the extremely heavy retaining
wall bordering Regent's Canal for a length of 550ft. Constructed of
concrete, it is 351t. high, and broadly based on an 11ft. foundation.
Accommodation will be provided in these buildings for 2620 persons
displaced by the Lisson-grove and Princess-street clearances, and a
new Lisson-grove will thus be formed in the near future amid the
groves and secluded villas of St. John's Wood,

Likvr.-CoroNen G. W. Appison, R.E., has reported
to the Board of Trade the result of his inquiry into the accident
that occurred on June 27th, at York, on the North-Eastern Rail-
way. It will be remembered that as a Lancashire and Yorkshire
Company's excursion train from Todmorden to Scarborough was
standing at Waterworks cabin advance signal, at about 9.13 a.m.,
it was run into in the rear I-ﬁ' a pilot engine with eight empty
carriages and two vans attached. No one was killed, but four

ngers complained of slight injuries, Lieut.-Colonel Addison
Ends it impossible to acquit the driver of the pilot engine of great
carclessness, The driver admitted that he saw the excursion train
before it came to a stand, and when it must have been at least
220 yards away from him, but, thinking it was going right away,
he evidently failed to keep a careful look-cut ahead. On the
other hand, Lieut.-Colonel Addison thinks it must be admitted
there are extenuaticg circumstances, ag the driver ought not to
have been allowed to go past the signal cabin without being warned
that the excursion train was standing at the advance signal.
Lieut.-Colonel Addison further says :—* Another matter to which
I must call attention is the way in which the excursion train left
the station, on the wrong road, through facing-points and a cross-
over road, with no fixed signal to protect the operation or to ensure
the points being properly set, &c. 1 understand that this is an
exceptional occurrence, but it is somewhat astonishing to find such
a mode of working allowed at a place like York, where the traflic
arrangements are under the immediate superintendence of high
officials, and where everything might be expected to be thoroughly
up to date. An additional starting signal, properly interlocked
with the other signals and with the points, should be provided
with as little delay as possible,”

NOTES AND MEMORANDA.

Mg. R. Fornes CarreNTER, Chief Inspector of Alkali
Works, in his first annual ves the following figures re-
to the uction of ate of ammonia in the United
Kingdom in 1895 :—Gasworks, 119,645 tons ; ironworks, 14,588 tons ;
shale works, 38,330 tons; producer-gas, coke, and carbonising
works, 7083 tons; total, 179,651 tons.

Some time ago, says the Flectrical Engineer, we noted
that some Amu;g:n ﬁrgmnn received electric shocks ‘*n-hinh

they
believed were communicated through the jet from a fire engine
hose. Considering what a particularly good earth a fire engine
must have in its suction pipe, it seemed unlikely ; but it appears
that, so far as alternating currents are concerned, the mmh:f

¥y

been already determined nporimuntﬂl{ l'&_Ptufm
Berlin. The overhead conductors of a 10,000-volt power trans-
mission line were used for the experiment. A voltmeter was con-
nected between the metal mouth of the water-hose and the
earth, On turning the water on to the live conductors no flow of
current to earth was noticeable.

Tue refractive indices of a number of substances for

electric waves of very small length have been determined by Dr.
A. Lampa. The experiments, which form the subject of a com-

to the llﬁu@r Sitzungsherichte, were made with electro-
magnetic radiations of 8 mm. wave-length; this number hﬁf
ascertained both from the dimensions of the exciter and by dif-
fraction observations. The wave-length in question corresponds
to the ﬁmn&n N = 37500 x 10% and Dr. Lampa gives the fol-
lowing values the index n: Paraffin, 1°524; ebonite, 1739;
crown glass, 2-381; flint iflnu, 2899 ; !-'Iﬂflhﬂr. 1-802; benzole,
1767 ; glycerine, 1°843; oil of turpentine, 1'782; oil of vaseline
1626 oil of almonds, 1734 ; absolute alcohol, 2568 ; and distilled
water, 8972,

I the June number of the Annalen der Hydrographie
there is an interesting discussion, by H. Haltermann, of the occur-
rence of St. Elmo’s Fire at sea, based upon observations in the log-
books received at the Deutsche Seewarte, The tables contain full
details as to position, conditions of weather, &c. During more
than 77,000 days of observation the phenomenon was observed
164 times, eighty-seven times in north and seventy-seven times in
south latitude. Its occurrence differs very considerably in different

mubica

parts of the ocean, e.g., in the 10 deg. square lying between the
uator and 10 dt;g. N. lat., and between 20 deg. and 30 deg.
ﬁ. 1 1000 days,

ong., St. Elmo's Fire was observed three times %r
while in the two squares l{‘i'n between 50 deg. and 60 deg. S lat.
and 60 deg. and 80 deg. W. long. it occurred six times per 1000
da The more frequent occurrence at sea than on land is
nté?hutad to the fact that the accumulating electricity is more
easily unndu:!:tﬂd by the numerous objects projecting into the air
over the land,

Mr. A. J. Rossi has contributed to the Engincering
and Mining Journal the results of experiments made by him to
ascertain the effect of additions of titaniferous ores to phosphoric
iron ores in the blast furnace, more particularly to find out if the
weakening influences of the phosphorus on the metal, when
obtained from the latter ore alone, might in any way be counter-
acted. With phosphoric ore a grey metal was obtained containing
2-862 tgor cent. of phosphorus, and which broke easily, whercas
with the mixed ores a gmr 'a?e-gmin&d metal containing 3 08
per cent. of earbon, nearly all graphitic, 3229 per cent. of
phosphorus, and 0°4 per cent, of titanium, was produced, which
withstood several blows before breakage. It would also uEpeur
from these experiments that whilst titanium in an i1ron ore has a
tendency to throw the carbon in the metal produced therefrom
into the combined state, the united effect of phosphorus and
titanium is to produce a metal in which nearly all the carbon is in
the graphitic state, this effect being the greater as the quantities of
phosphorus and titanium in the mixtures increase.

In the Journal of the Society of Chemical Industry, a
process is described for the extraction of precious metals from
calcined ores by bringing them into contact with molten lead, and
it is stated that a plant has been set up at Amador City capable of
working ten tons per day, and giving yields of over 80 per cent.
extraction with gold-bearing sulphides and base ores. The fine ore,
after roasting to get rid of sulphur, arsenic, antimony, &e., whilst
at n temperature above the melting point of lead, is automatically
fed in a steady stream to the bottom of the bath well. It at once
attempts to rise through the bath of molten lead of over five tﬂ!’lﬂ,
but is met in its upward course by circular perforated plates with
arms between, by which it is caught and thrown on to another zet
of stirrers, and so on five times. When it reaches the surface 1t 1s
discharged automatically by a rapidly revolving disc, and passed
into a trap box of running water, by which it is cooled before
passing to the concentrator., The gold and silver will have alloyed
with the lead in the wells, and the freed ore, which carries about
44 per cent, of lead with it, is treated for the recovery of the lead
in the concentrators.:

A rarip and sufficiently accurate volumetric method of
estimating the quantity of lime in raw Portland cement, consists
in caleining 2 grms. of the raw material under examination—pow-
dered so fine that 85 per cent. will pass through a 5000 mesh sieve—
in a smooth platinum crucible for ten minutes in the full flame of a
Paquelin blowpipe. After cooling for five minutes and weighing,
the mass is emptied into a beaker containing 50 c.c. of hot distilled
water and is boiled therein for one minute, 40 e.c. of suphuric acid
—of 2§ normal strength—being thereupon run in, and the boiling
continued for a minute longer. After washingY the crucible
thoroughly with 50 c.c. of distilled water at room temperature, the
titration 1s effected by means of potassium hydroxide solution—
also of ?{ normal strength—with twenty drops of phenclphthalein

05 per cent. solution — as indicator. The volume of acid
consumed in the primary reaction, calculated to the weight of ecal-
cined substance gives a co-efficient for determinmg {he lime,
varying with different raw materials on account of the different
proportions of alkalis in the total alkaline matter, bul constant
for each. The Journal of the Society of Chemical Ludustry says the
co-efficient will in each case have to be establizhed by previous
experiments,

DeatHs has just deprived Yale University of the
services of Professor Hubert A. Newton, the well-known mathe-
matician. Professor Newton, says the ZTimes; was born at
Sherburne, New York, in 1830, He graduated at Yale in 1850,
after which he studied higher mathematics. In 1802 he was
appointed tutor, and was elected professor three years afterwards,
though then only twenty-five years of age. His scientific work in
pure mathematics included papers on ** The Construction of Certain
(C'urves by Points,” *‘ Certain Transcendental Carves,” and kindred
subjects, His most valuable investigations, however, were made
concerning meteors and like bodies, and in 1864 he published a
work on sporadic meteors, in which he determined their numbers,
their frequency in the space traversed by the earth, and the fact
that most of them moved in long orbits like the comets, Much
of his work was in the direction ol examining results that had
been obtained by others, and deducing therefrom the laws or
general principles applicable to meteors, On this particular subject
he came to be regarded as one of the leading authorities of the
day. In 1364 he secured the introduction in the arithmetics of the
United States of an adequate presentation of the metric system.
He was a member of varions learned societies, and in 1872 was
elected an Associate of the Royal Astronomical Society of London,
while in 1886 he became a Fellow of the Royal Philosophical Society
of Edinburgh. He bad also held the post of president of the
Connectient Academy of Arts and Sciences, and had becn a member
sinco 1800 of the American Association for the Advancement of
Science, being vice-president in 1875 and president in 1885,
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Mg, CuarLES M. TurreLL, of 40, Holborn-viaduet, has
the distinction of being the last to be prosecuted under the old ob-
structive Road Locomotives Acts, He was summoned before the

borough justices at Margate, on the 19th iost., to answer two

charges of driving a motor-car in the public streets of Margate at
a greater speed than regulated by the Highway Act. FPolice ovi-

dence was given that on July 31st the defendant had been drivi
at more than two miles an hour. was put in n&dreugﬁ

A tel

to Mr. Turrell from Mr. Chaplin, ident of the Loecal Govern-

ment Board, to the effect that the Bill had received the Royal

Assent. The magistrates thnugl;nt. it as well to dismiss the summons,

have concluded that he must with-

draw the second summons.

d

illumination, on the mos

houses, &ec., in the town of
Co-operativa Gaditano de Fabricacion de Gas,”
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Tue Secretary of State for F%Aﬂaim has received
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It a that
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named company, whose offices are San José, 25, 27, and 29, Cadiz.
Firms wishing to obtain the contract for the supply of plant are

advised by the Consul to send representatives to treat personally

with the company.

Such additional particulars as have
reached her

jesty's Government on the subject may be
partment’of the Foreign Office any

day between the hours of 11 a.m, and 6 p.m.

RerLYING to a question asked in the House of Commons
on Thursday, the 13th inst., Mr. Goschen, the First Lord of the
Admiralty, said : No accident had occurred to H. M. ship Terrible.
During the run preliminary to the commencement of the second

of the contractors’ trials, it became evident that certain adjust-

ments were necessary to the slide valves of some of the cylinders.
The contractors were in charge of the machinery, and at their
request the vessel entered Plymouth Sound in order that an ex-
amination might be made. the result of that examination, and
at the request of the contractors, the Terrible has returned to
Portsmouth, where the necessary defects will be made good by the
contractors before the trialsare resumed. Under the circumstances
explained, no question arose as to the sufficiency of the mechanical
appliances at Devonport Dockyard.

Tae Admiralty have ordered the stern torpedo tubes to
be taken out of all ships of the Royal Sovereign class, and theso
vessels will now carry only the submerged tubes. There are two
very substantial reasons for this course. Experiments have been
made which have demonstrated the possibility of hitting the
whiskers of a torpedo by means of quick-firing guns while the
weapon is 1n the tube, and thus hoisting the engineer with his own
setard, Then, says the Naval and Military Record, it has been
}uund on the China station that where the stern tube s
reasonably near the water-line, the seas in rough weather fill
the tube, and if the torpedo is there collapse the balance
chamber. The trials of the Eclipse were especially directed to
elucidate this point, but though no accident occurred in that
cruiser, owing to her tube being well out of the water, an immunity
from accident is not guaranteed to ships less favourably con-
structed. Hence the necessity that has arisen for removing the
tubes,

IN our impression of May 15th last we published an
illustrated description of the rolling or wheel steamer designed by
M. Bazin. This remarkable boat was launched at St. Denis on
Wednesday. It is called a bateaw roulewr, and M. Bazin claims
for his new boat complete seaworthiness, and contends that sea-
sickness on board will be reduced considerably by its comparative
stability. Others think the opposite to this will occur. The drum
wheels, which are convex-sided, and are 3 metres 60 centimetres
thick at their axis, being hollow, naturally act as buoys
and will, when laden with the superstructure, engines, coal,
&e.., be immersed in the water about 3 metres 30 centimetres,
The motive power of the vessel 18 750-horse power. Each of the
three pairs of wheels is to be driven by a separate engine, es is
also the screw. An ordinary vessel of the same tonnage, with thoe
same motive power, would steam at the rate of about 10 knots an
hour, whereas M. Bazin calculates his rolling boat will attain a
speed of between 18 and 22 knots. About 550-horse power will be
employed to propel the screw and the remaining 200-horse power
for the rotation of the wheels., According to M. Bazin, his rolling
boat will be able to steam at the same speed as the quickest
Channel boats at less than balf the cost in coal, and by consuming
the same quantity of coal the speed will be doubled. He proposes
to cross the Channel shortly with it,

Tue new tarifl of tolls for the North Sea and Baltic
Canal, which comes into force on September 1st next, provides that
laden vessels of not more than 400 tons register passing through
the canal will be taxed at the rate of 60pfgs. per ton, those
Letween 400 and 600 tons 40pfgs., those between 600 and 800 tons
d0pfge., and those exceeding 800 tons 20pfgs. The present rate
1s H0pfgs. per ton for vessels not exceeding 600 tons register, and
10pfgs, for all those above that amount, The minimum charge is
fixed at ten marks as before. The tax on small German coasting
vessels of not more than 50 tons remains unaltered at the rate of
10pfge. per ton. An important reduction is made in the case of
empty vessels and of those carrying ballast, which, instead cf
paying as at present 40pfgs. per ton, will be allowed a 20 per cent.
rebate on the scale of dues for laden vessels. The minimum
charge for this class and for the coasting vessels will be six marks
instead of ten. The towing dues remain unaltered, The original
tariff provided that during the six winter months all rates should
be subject to a 25 per cent. increase, This clause was regarded
as a special bardship, and the Government have wisely yielded to
public feeling, and have reduced the increase to 10 per cent.
Finally, it is enacted that for vessels engaged in the North Seca
traffic the above rates shall include pilot fees from the North Sea
to Brunshiittel, the southern end of the canal,
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AN ELECTRIC DREDGER,

. THE accompanying engraving represents a dredger of novel
construction, which has recently been built by Mr. A. F.
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which is concentric with that of the grinder spindle, and

which carries a hollow pin or driver on a sl'ds at the top.
This hollow pin works in a bearing on the bottom of the

upper slide of the compound slide, and it is by moving the

Smulders, Rotterdam, to the designs of M. Bunau Varilla, | centre of this pin excentric to that of the revolving worm

and is intended for use on the river Esla, in Spain. The
principal feature in connection with this dredger is that the
motive force, in the form of electrical energy of high tension,
may be generated on shore by any convenient means, the
carrent being distributed either_by overhead wires or cables
laid under the water. In the particular installation under
notice the central station is situated on the [river bank, and
furnishes current not only to the dredger, but also to work
an elevator which returns the material !dredgedinto lighters
and ballast wagons. All the motions are controlled by one
man in the cabin, shown. When once in position a heavy
metallic pile situated on the central line abaft the chain is
allowed to fall, and penetrates by its own weight the bed of
the river, forming a pivot around which the dredger can be
made to describe circles, the movement being effected by two
screws situated near the bow, and operated by electric motors
in such a manner that the boat may be rotated in either
direction. When all the material lying in the cirele of
operations, of which the fixed pile is the centre and the end
of the bucket chain the radius, has been removed, a second
pile at the stern, but not on the centre line of the dredger,
1s allowed to fall, and the first one is raised. The second
pile now forms the pivot around which operations are con-
ducted, and it will be readily understood that when the
necessary depth has been dredged by dropping the first pile
again when the boat has reached a pre-determined position,
a new area for dredging is reached. The winches for operating
the bucket chain and raising the piles are operated by electric
motors controlled in the cabin. The motor for operating the
bucket chain is capable of developing 45-horse power when
making 600 revolutions per minute, the reduction of speed
being effected by intermediate pulleys and belting in the
usual way. The average power required to work the dredger
is equal to about fifteen horses, and as the motor is equal to
45-horse power in normal working, a good margin is left for
emergency.

The dynamo machines chosen by M, Varilla are of the
three-phase alternating type, giving 2000 volts, which pressure
1s transformed on the dredger to 200 volts. Besides operating

the motors for driving the screws, driving the dredge chain, |

raising the dredge frame, and lifting the piles by electrical
energy, there is also a centrifugal pump, which is worked by
electric motor.

HOLE GRINDING MACHINE.

THE machine illustrated by the above engraving has
recently been designed by Messrs. Neilson and Co., Hyde
Park Locomotive Works, Glasgow, for grinding or lapping
round holes or eyes in valve motion gearing, brake gear, and
coupling rods for locomotives, and making them true after
the eyes have been case-hardened.

The grinder spindle has a combined rotary and vertical
reciprocating motion. The rotary motion is conveyed to the
spindle by bevelled friction wheels driven by belting, and the
frame or slide carrying the spindle receives its reciprocating
motion from a lever worked by a crank, variable in throw,
to suit different depths of eyes. It is driven by a shaft fitted
with elliptical wheels to accelerate the speed of the crank at
the dead centres, and thus give an approximately constant
rate of reciprocating speed. Top and bottom bearings are
provided for the spindle, so that there is no overhang of the
grinder when lapping the deepest eyes the machine is capable
of dealing with. Efficient means are provided for quickly
withdrawing the spindle when desired, for the purpose of
gauging the hole which is being lapped.

e work to be operated on is fixed to the upper bed of a
compound slide, carried on the table of the machine, and is
moved in a circular path, so as to bring every part of the cir-
cumference of the hole in successive contact with the grinder
which passes through it; the ?eeﬂ being such that the
revolutions of thie circular path do not synchronise with the
reciprocations of the grinder spindle, so that the grinder
Buim successively over every part of the surface of the

ole.

The circular movement of the upper slide referred to is
effected by a revolving upright spindle, driven by a worm
and wheel under the table of the machine, tke centre of

wheel spindle above mentioned that the circular motion is
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NEILSBON'S HOLE

given to the upper slide, and the work fixed to it, ‘and the
surface of the hole brought in contact with the grinder,

The adjustment of this eccentricity
or less feed to the grinder, is effected by a centre spindle—

within the worm-wheel spindle—and mitre-wheels turning a
carrying the hollow pin or
- Fig. 2, and is of the form which is

screw, which acts on the slide
driver.
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GRINDING MACHINE

, that is, giving more

This centre spindle revolves with the worm-wheel spindle,
but is accelerated or retarded by diflerential gearing
brought into action by a handle, and clutches driven by
mitre wheels on the bottom of the worm-wheel spindle.

The machine is now at work, and, we are informed, giving
great satisfaction, the work produced by it being very

superior in character, owing
to the steadiness of the
grinder spindle in having
top and bottom bearings.
A heavier feed can also be
given than would be desir-
able, or even possible, with
the grinder overhung on
the spindle.

LIVERPOOL - STREET
STATION WIDENING.

EXTENSION or PRIMROSE
STREET BRIDGE.,

WHEREVER public road
bridges existed over the
tracks running into the
terminus at Liverpool -
street, it is obvious that in
the lateral extension of the
same station 1t became
necessary to lengthen or
add new spans to those
structures. The bridge over
the Great Eastern line at
Primrose - street, repre -
sented in the accompanying
elevations and sections, is
an example of a work of
this description. It will
be seen from the general
plan of the bridge in Fig. 1,
that the line of thorough-
fare of the extension or new
part intersects both abut-
ments on the street, form-
ing angles of 64 deg. and
83 deg. respeckively with
each face, which is inclined
towards the other. As a
result, the faces of the
abutments are not parallel,
and the spans of the two
principal girders are dif-
ferent, the north one being
=~ b O4ft., and that on the south
r LI side 118ft ,and their respec-
tive total lengths 105ft. 4in.
and 131ft. Forthe purposes
of description and illustra-
tion it will be sufficient to
restrict our attention to the
longer of the main girders,
as the design and construc-
tion of both are similar.
These trusses are virtually
of the Pratt type, although
the end panel lengths are
designed a little differently.
There are twelve cross
girders placed 9ft. apart, of
the plate type, resting at
both extremities on the
main girders, which are
39ft. apart from centres,
and one short cross girder
resting at one end on the
abutment of the old bridge.
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The width of the bridge between the parapets, or rather
screens—for the former are not supposed et ologically
to be more than breast high—is 35ft. 2in., and the rolled

longitudinal steel joint runners connecting the cross® girders,
Fig. 1, are spaced at distances of 4ft. 4in. to 4ft. 84in.

An elevation of the south or longer main girder is given in
also known as the N truss,
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although the designation strictly applies to only the lefi half

of the elevation. Similarly to the girders of the Worship-

street bridge, described and illustrated in our impression of |
April 24th last, the upper boom is curved, but the truss is of
a different character, There is but one set of diagonal bars,
which are ties in this instance, and the vertical members are |
struts, although this disposition of the members composing
the web is sometimes raversed, not, however, in our opinion
to advantage, when the girder is constructed wholly of steel
or iron. American engineers, who, it may be fairly |
stated, are facile princeps in every matter relating
d :sign and construction of open web or trussed girders, prefer
in similar instances to make the vertical members struts, and
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Seclion. 8.8.

to the | p

Dereils of Scuth Girder

bracesisredundant, as the central pa 1elsare indeformable with
one of them, but practically both are required. The plates
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the last or end panel lengths, and their scantlings are 2ft. by
13in. Corresponding to the same longitudinal positions in

composing the upper flanges ara eight in all, 1ft. 9in. broad | the main girders the dimensions of the diagonal tie bars vary

by 4 the outside cover plate, and their

in, thick, including

greatest length is 30ft. 2in., thus bringing up the weight of a | with the vertical plates of the booms,

single plate to half a ton. The angle irons in the flanges are
43in. by 44in. by }in., covered with wrappers at the joints

' 3ft. 4in. in length, of angle iron 4in. by 4in. by din. A similar

number of horizontal plates and angle irons of the same
scantlings compose the lower boom. The cross girders are
laced at the lower apices, that is at every point of intersec-
tion of the lower boom, and the vertical and diagonal bracing

of the web.
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from 10in. to 1ft. 6in. by 14in., and they all terminate flush
The struts are com-

posed —F'igs. 3-5—of four vertical plates, two of which are

' placed transversely to the main girders, and two in the same
| longitudinal plane, and terminate like the diagonal tie bars

flush with the vertical plate of the booms. Where the two
former plates, which are uniform in thickness, in each twin
girder nearly meet at the centre space of 1lin. between them,
' a couple of plates are riveted along the vertical joint, and the
' double struts thus united form a complete diaphragm between
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GREAT EASTERN RAILWAY WIDENING WORKS—PRIMROSE-STREET BRIDGE—DETAILS

the diagonal bars ties. It i1s true that imm the Howe truss
these conditions are reversed, but then that truss is a com-
posite one, and partly of iron or steel, and partly of timber,
The girder, Fig. 2, is divided into fourteen bays or panels,
all of which are 9ft. in length between the centres of the
vertical members, except the last bays at the ends of the
girder, which are 11ft. 6in. long each. Consequently the
girder is symmetrical in elevation, about a centre line drawn
vertically through the axis of the strut separating the two
middle bays, which are both counterbraced, that is provided
with an additional diagonal tie bar each, to suit the require-

ments of a rolling load. Theoretically one of these counter

In Figs. 3, 4, and 5 are given details of the construction of

the main girders, from which i1t will be seen they are built
up of twin girders, as was the case with respect to the bridge
at Worship-street. At the centre the girders are 12ft. in
depth from inside to inside of tho plates, forming the booms.
In addition to these plates and angle irons, the upper and
lower booms of each of the twin girders have a vertical plate
riveted in between the angle irons, with rivets 1lin. in
diameter, with a pitch of 4in. These vertical plates—Figs. 3-5

-have a uniform depth of 1ff. 6in., and a thickness varying
from 4in. at the central bays to 1{in. towards the end. The
depth and thickness of these vertical plates are increased in

the twin girders, as shown in Fig. 4. The two other vertical
plates at right angles to these are 5in. by 3in. at the central
panel of the main girders, and increase in the end ones to Tin.
by 1}in. Four vertical angle irons, each 3in. by 3in. by din.,
rivet up the component parts of the struts with rivets 3in. in
diameter. The attachment of the struts and ties of the
web to the booms are eflected by strong gusset and con-
necting plates, the dimensions and thicknesses of which are
proportioned to those of the members forming each apex or
junction, as shown in Figs. 3 and 4.

The bearings of the main girders are adjusted upon the
combined rocker and roller syster. One end of each of
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the main girders is fixed and the other free to move—Figs.
6-8—on rollers arranged as follows. Beneath the bearing
area of the girder and to the underside of the lower booms
is riveted by countersunk rivets passing through the end
plates and angle irons a wrought iron plate 13in. thick, 5ft.
in length, and 4ft. 6in. in width. This bearing plate is bolted
down to the upper half of a pivoting block or rocker—Figs. 6
and 8 — by sixteen bolts 1}in. in diameter, the heads of
which dip under the top flange 3in. thick of the rocker, and
the nuts are tightened up over the longitudinal end plate of the
lower boom. The upper half of the rocker, which is exactly
similar to the lower, rests upon a steel pin Gin. in diameter,
which bears in its turn upon the lower half. Underneath
the rocket, which is 4ft. 6in. long, 3ft. Gin. broad, and 1{t. 5in.
deep, is placed the roller frame of wrought iron bars jin.
thick, 5ft. long, by 3ft. 8in. wide, and 24in. deep. bSeven
rollers, spaced Sin. apart from centres, and each 4in. in
diameter, work in this frame on bearings lin. in diameter.
These rollers are free to move on a partly hollow cast iron
bed plate 5ft. 6in. in length, 5ft. in breadth, and 10in. in
height, of which an elevation and section are shown in
Figs. 6 and 8.

The general cross section of the bridge on the square
is given in Fig. 9, which includes a roadway 20ft. in width
and two footpaths 7ft. 7in. wide each. A substratum of con-
crete 1ft. in depth carries the asphalt surface of both road
and footways, that material being used in place of the wooden
setts laid down over Worship-street bridge. Arched plates of
cast iron support the concrete, and rest upon small longi-
tudinal wrought iron plate girders running between the cross
girders and riveted to brackets connected to the webs. The
depth of the cross girders is 3ft. between the flange plates,
and each flange is built up of three plates as follows :—One,
28ft. 8in. in length, 2ft, in breadth, and §in. in thickness; a
second, 26ft. long, 1ft. Gin. in breadth, and also 4in. thick;
and a third, 23ft. in length, and with the other dimensions
the same as the second plate. A pair of £ irons 3lin. by
31in. by }in. are riveted to the main girders and the strut
diaphragms, as shown in Figs. 9 and 10. The details of the
manner in which the connection of the principal and cross
girders, that of the cross girder and of the longitudinal
stringers, and the whole of the arrangement of the iron plat-
form of the bridge is effected, is shown in Figs. 10 and 11.
The junction of the cross girders with the main girders is
accomplished by extending the web of the former for its full
depth through the whole cross section of the twin girders.
In this position it constitutes the lower portion of the vertical
diaphragm between the struts in the web of the main girders
already described. The necessity for this strong vertical
attachment of the cross girders arises from the fact that the
cross girders have but a very small bearing ¢cn the main
girders. This is inevitably the case in all ““ through" bridges
in which the cross girders rest upon the inner edge of the lower
flange of the main girders. The strong vertica] attachment
serves to render nugatory the objection that has been raised
against the one or lop-sided bearing of the cross girders upon
the main girders. The horizontal joints between it and the
upper part of the diaphragm are covered by wrappers, Sin.
broad by fin. thick—see Figs. 10 and 11. This extended part
of the web of the cross girder is riveted to the vertical angle
irons of the strut diaphragms, both of which are bent over at
the extremity to form a connection with the lower flange of
the cross girders to which they are riveted. In addition to
this compact and substantial mode of attachment to the main
girders, the cross girder is provided with a bed or bearing.
A short plate, 1ft. long and #in. in thickness, is riveted to
the inner edge of the lower flange outside the longitudinal

le iron. To this bed-plate, which is of the same width as
that of the flange resting upon it, is bolted by eight rivets
the lower flange of the cross girders,

The maberial of which the footpaths are composed is
retained in position at the sides by cast iron earth plates, or
iron ballast boards, as they might be termed, indicated in
Figs. 9 and 10 by the letter B, and shown in elevation,
section, and detail in Fig. 12. The plates are of a length of

- -

Elevation of Cast
lron Earth Plate

Fig. 12

9ft. 4in., of a depth of 2ft. 10in., and Jin. in thickness, with
a moulded upper edge and stiffening fillet pieces on the out-
side ; they are lap-jointed in the thickness of the material,
and bolted together by six bolts §in. in diameter.

1t will be seen, on referring to Fig. 13, that the web of the
Lntnﬂ:udinal wrought iron bearers is prolonged to the extent

the angle irons which form the upper flange,

and that the sides of the cast iron arched plates are bolted
to these | - by bolts jin. diameter, so that the
_ ilg. in thickness, fits in between the arched
plates, A ber of 2in. is given to the plates, which have
a uniform thickness of §in., and are 4ft. 33in. long, and
the itudinal bearers the cast iron
a simple lap

on to strengthen
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meets that of

in-Chief of the Great Eastern Railway, and for the photograph
which represents one of the girdersin courseof erection, and for
some further particulars toMr, H. A, G. Sherlock, M. Inst. C. k.,
whoacted as resident engineer to the company during the con-
struction of the works. The contracts were carried out for
this bridge by the same firms whose names we have men-
tioned in connection with our description of Worship-street
bridge, and also in our previous articles relating to the
general widening and extension of the metropolitan terminus
of the Great Eastern Railway.
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THE AIMS OF TECHNICAL COLLEGES.

Tur following abstract of an address by one of the very
foremost of (Germany's professors of engineering, and at the
same time an engineer practising with distinction, and by
this means in constant touch with the practical working
requirements of engineers and of manufacturers, will interest
many of our readers, Ingland is waking up to the fact that
the modern craze for mixing up colleges and workshops is a
dangerous one, and (iermany is finding that the more she
grows in practical commercial engineering the more the real
workshop becomes the most important training ground.
Consequently, she is reverting more to the old British prac-
tice. The German technical colleges have developed in the
three last decades remarkably quickly, but quicker still has
been the progress in the technical arts, and consequently also
the growth of the demands made on technical education. If
these demands are to be met, a reform of technical instruc-
tion is unavoidable,.

‘« Knowledge of reality is the basis of technics, and with this,
knowledge of nature, insight into physical things, not however
mathematics, the true element of the engineer. This does not
always receive due consideration in our colleges. All instruction,
even in the highest grades, must be objective and yet combined with
scientific accuracy. Here the prevailing school fails. How much
the scholar has to learn in words and conceptions, how much is
described to him in words, how much he has to describe, and how
little is shown to him that he can see and observe, that he must
himself represent in drawings or sketches !

Such way of instruction deceives as to the difficulties of reality,
and the consequence is fear and flight from reality. The school
must develope the sense of observing accurately ; exercise in this
respect, the developed powers of observation and imagination must
be gruught to college just as the knowledge of languages, mathe-
maties, and drawing.

But for tachnic:f activity knowledge alone without the eapacity
to put it into use is not sufficient. The practical application is
necessary to complete the theoretical knowledge : it is the higher
step in knowledge, general theoretical knowledge being the first.

Knowledge without practical application is the cause of the
growing disinclination of youth to do detail work, and at the same
time of the increasing uselessness of those who have only scientific,
i.e., one-sided theoretical education. Another resnlt is the
decrease in self-eduecation by independent work. The formal doing
of the full amount of school work and passing the necessary
examinations contributes its quota in keeping back youth from self-
education.

The consequences are known : the mere acquiring of privileges,
a mighty crowding, especially of the most talented, to get high
positions where there is little work, to get an office attractive on
account of the support and social position which it affords, holy
horror of the struggle for existence, of productive work, of respon-
sibility and of all *' uncertain future.”

Less serious ns are conceited, consider what they have
learned sufficient for all active life, confuse self-made suppositions
with reality, and so superficiality, contempt of experience, over-
estimation of what they have learned, flourish. All their mental
ene is expended in fruitless criticism, and they boast of
superiority over all who bave not reached the same rank in the
same way of advancing,

The entire rearing must be permeated by the practical spirit.
The Germans tend by nature to the dogmatical, to dreaming;
while the Anglo-Saxons take hold of everything from the very
beginning practically and technically, Impractical sense is a
(erman hereditary and educational mistake. On this account wo
must avoid excess of learned training; for this reason we need
before all other things technical training, which teaches to think
practically and put into use, which trains a practical and not a
learned youth.

The point of view of economy must receive more attention than
heretofore in technical instruction, The knowledge of economics,
of one's own country as well as of foreign countries, is becoming
to-day niore and more necessary. Welivein a time when mistakes
in economy weigh the heaviest, and when nations bleed to death
more easily by them than on battlefields. With us the state and
its nfﬁcillul exercise an unhﬁn:ith{lul inﬂléanua on the practical and
economical sense, because all higher studies are arranged speciall
for the training of state officials. A great hindrance is the 4
that our students reach before they enter into active life. e

nasial examination, f. i., occurs often in the twentieth year,

| the builder's examination (Baufiikrerpriifung) in the twenty-fifth

{::r; in the meantime our competitors in fgraign countries have

n already from five to seven years in active life. Since a

military year is unavoidable, a shorter and more suitable prepara-

| tion, and only a three years', but practical, fruitful college course
must be the aim,

The reform of technical education must be songht for in several
directions.

The training previous to technical instruction must also lay
stress on the special capacities needed for technical activity;
power of observation, of imnqlnntiun for space and form, capacity
of representing the objects o imagination by drawing, and before
all else the capacity of correctly seeing things as they are. This
demand is not filled at present.

The scientific preparation in the colleges should not consist in
abstract doctrine, but must from the beginning show the difficulties
which arise in actual experience, and the application which alone
leads to the complete mastery of the elements. The scholar can
only putinto use that of which he is master, that which he has
d . This demands the utmost limitation of the matter, and
time for assimilation.

The instruction in all the sciences must therefore for the a

verage
joint 8in. in | of the students be brought down to the necessary minimum, but
]’ﬁham_ The | this minimum be fully mastered and put into use.

'fhllhdynf_thu. ht?mmmmmﬁmmm
out perfect engineers, but it must so
m%vﬂlmmlynmtnrﬂ from the instruction ;
must train

ditions of realiy, the prackical appllsstion sod exeontion for the

h rgm-hm the processes through

tion of numerous technical questions; such training, however,
ought to be offered only to select students.

Arrangements for examinations are necessary, which shall be of
equal value with those for public service, but which correspond to
tec' nical activity, admit of the development of individuality, and
prevent the abnormal crowding into state offices and the privileged
course of education.

In the technical colleges a lively mental competition of the
teachers ought to be produced by parallel ‘professorships, and
by attracting teachers from practical life. The success of the
colleges and of the national productive activity is dependent upon
this. The damaging of an entire generation and nation by a single
college teacher who is not capable of doing his work, or whom a
false or outlived reputation surrounds, is much greater than the
damage which dozens of dismissed army ofticers would have been
able to do.

Professor Riedler elsewhere draws attention to the mis-
taken appreciation in which some British talkers speak of
(rerman technical college training, such as the remarks of
Lord Rosebery at Epsom. Germany sees her error, but our
scholastics clamour only for more subscriptions for more
colleges and harmful scholarships and enticements to under-
rate workshop hard work.

CATALOGUES.

La Manufacture Francaise d'Armes, St. Etienne, Loire. Guns
and all manners of sporting outfits.—This book contains nearly 600
pages, and is illustrated by many hundreds of engravings and
some excellent specimens of the colour printer’s art,

Holden and Brooke, Limited, Manchester. Anti-primers and
Steam Dryers.—Contains useful information for steam users.

The D. P. Battery Company, Limited, 66, Victoria-street,
l.ondon, 8. W.—Storage batteries and accessories,

Green and Boulding, London. The Buffalo injector, Shipman
engine, metallic packing, valves, cocks, &e.—This catalogue com-
mends itself to us on account of its handy size, and clearness of
arrangement,

C. D. Mominger, London,.—Machines, tools, and wood-working
appliances,

', Cooke and Sons, London and York.—An illustrated catalogne
of theodolites, tacheometers, levels, sextants, planimeters, and
other surveying instruments. The book is well printed and is
provided with a stiff cover.,

J. Bagshaw and Sons, Limited, Batley.—Besides being an illus-
trated price list of wrought iron pulleys, shafting, and friction
couplings, this book contains useful rules and tables for engineers
and architects, and is, moreover, of convenient size and bound in
cloth cover,

C. W. Burton, Griffiths, and Co., London.—A number of separate
lists with illustrations and particulars of tools useful to bicycle
makers. The tools are the manufacture of the Garvin Machine
Company, New York.

Hayward - Tyler and Co., London.—This is an illustrated cata-
logue of pumps and pumping machinery and pump specialties, and
has as an appendix a section devoted to useful notes and tables,
In point of get up the book is worthy of a place in any engineer’s
book-case.

William Rose and Co., Manchester.—Messrs. Rose's catalogue
contains every imaginable requisite for fire-stations, from steam
fire-engines to firemen’s belts., It is well printed on good paper,

(. Challenger, traffic manager to the Bristol Tramways and
Carriage Company, Limited, sends us a treatise written by himself
on self-acting rain-proof seats for tramecars and 'buses. A tramway
seat should not be difficult to describe, but we have read Mr.
Challenger's treatise and are still ignorant of the general construc-

_tion of this seat, nor is there an illustration of it from which some

idea can be gleaned.

The I. E. 8. Accumulator Company, Limited, Westminster.—
Price list of accumulators,

Darling, Brown, and Sharpe, Providence, U.S.A.—Steel rules.

Hardy and Padmore, Limited, Worcester.—The ‘“Ildeal” gas
engine,

. B, Pescatore, Manchester.—This is a price list of the Tudor
accumulators, with instructions for charging, discharging, and
snpervision.

John and Henry Gwynne, Hammersmith, London.—This is a
well illustrated pamphlet describing the ** Invincible” centrifugal
salvage pumping plant. The illustrations are half-tone repro-
ductions of photographs of wrecks and stranded vessels which
have been floated again by the use of Messrs, Gwynne's plant. The
book is worthy of a better cover.

Fairburn and Hall, Manchester.—Injectors, water elevators,
blowers, silent heaters, valves, fittings, &ec.

Frank Pearn and Co., Limited, Manchester. Pumping machinery.
—(‘onsiderable taste is displayed in the get up of this handy cata-
logue. The engravings and typography are alike excellent.

olling and Lowe, London.—Portable railway plant, weigh-
brid ocomotives, and trucks,

The Safety Tread Syndicate, Limited, London.—Non-slipping
stair ydrant and man-hole covers.

Jobhn Abbot and Co., Limited, Gateshead-on-Tyne.—A nicely
arranged catalogue of brass and metal work, sections of iron,
engineers’ and blacksmiths’ tools, &e.

e Union Gas Engine Comﬁ. San Francisco.—This catalogue
comprises some forty pages of illustrations and particulars of the

Union oil engines and launches, The engravings are particularly

The General Electric Company, Limited, London,—This is a very
excellently appointed book, containing in its thousand
illustra i of every conceivable device useful to ga
electrical r. The section devoted to motors and their
application is interesting and up to date. There is in this section
a very full explanatory text, in which the principle, construction
action, and ail?ﬁeianuy of the electric motor, of both direct and
alternating current types, are amply explained by the aid of
excellent di s and tables. e constructive portion also
includes ic directions for installing electro-motor plant, and
estimating for it. Direct current, alternating, three-phase and

lyphase motors of various powers are shown applied to fans,
aunches, drilling machines, lifts, cranes, coal cutters, tram cars,
autocars, &nﬁm;{aquipmunta, lifts, and domestic machinery. The
catalogue is well bound, but would be improved if the firm's name
wero printed on the back.

John J. Royle, Manchester.—This is a sectional catalogue
devoted to the *‘ Row" tube and its applications. The * Row "
tube is formed by indenting or flattening a circular tube in such a
manner that the indentationsso formed intersect each other atright

so that a column of liquid w through is broken up
a amount of impinging

:Tﬁmm into contact wi
William Allchin, Northampton.—Il11 ted catal
1 ¢ —Illustrated ca eof traction,
portable, and stationary engines, road rollers, sawing ma-

The Maunesmann Tube Company, Limited, Landore.— Weldless
steel tubes for all o book contains useful information

1z tests of
he Salvage Patent Appliances Syndicate, Liverpool.—Salvage
appliances, consisting of pontoons and machinery for raising sunken
The United Asbestos Com Limited, London.—A te
catalogue of ﬁnmumm&hmﬂmhm;ﬂiﬁ us-
which the material pesses
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THE EFTECT OF RETARDERS IN FIRE TUBES
OF STEAM BOILERS.”

By Jay M. WriTHAM, M, Am. Soe, M, E,

THE trials were conducted on a 100-horse power horizontal tubu-
lar boiler at the Sutherland Avenue Station of the Philadelphia
Traction , Philadel The purpose of the trials was
to ascertain under what condition, if any, retardersin the fire tubes
would add to the efficiency of the boiler.

Dimensions and Pro ortions of Boilers and Setting.
TUDER, M .. .. wr wv e s ev .. 4in. by 20ft.
OGratesurface .. .. .. .. .. +. «¢ = .. 20°7square fect
Water hea purface .. .. .+ «x 4s . o« 3187 square foct
Ratio of heating surfaco to grate area .. 42'6to 1
Steam drying surface in top of shell .. .. 150 square fect
Boiler set with a return pass over the top. Ten such boilers are

connected to a brick stack 10ft. diameter by 175ft. bigh. During
the tests from four to seven of these boilers were run in connection
with the boiler tested. On certain tests retarders were used in the
tubes. These were made of loosely fitting strips of No. 10 sheet
iron, running the whole length of the tubes, and twisted to a pitch
nI’ILDfL, or making two entire convolutions in the length of the
tu

“The tests were conducted according to the methods advised by
this society, and all instruments used were standardised. 1. Ken-
nedy, a careful and skilful fireman, fired on all the tests. The
boiler tubes were clean at the of each test, while the
boiler was fairly clean on the water side. Several of the tests were
duplicated in order to make sure that no error existed.

ResvurLTs oF THE TRIAL,

("oal.—The coal was practically uniform in quality on all the
tests. The percentage of ash and refuse varied from 8°72 to
4-2) per cent.

Draughts.—The draught was measured in the furnace, in the
front connection, and in front of the damper at the rear end of the
return pass over the top of the boiler, The damper was manipu-
lated so that the draught would be just sufficient to burn coal for
the power desired to be developed on each test.

Table 1. compiled from the results obtained in the tests should
be valuable in Eredintiug the draughts needed for any rate of com-
bustion from 5 1b. to 40 1b. an hour per square foot of grate with
bituminous coal, natural draught nns horizontal tubular boilers,
while it should be of use also with water-tube boilers

TasLe L.—Draught Reguired jfor Boiler with Various Rates of
Combustion.

Resistance due to. Total draught.

| - a —

Pounds of - 5 ﬁ 5 ° z = E'! -
dry coal % |3 - - E o .
burned an | E 28 E g E £ i =g E.E
hour per o 5% _§ 5 E -3 =

aq. ft. of g =N 3 EE EE E ag -3

| & SF | “ B e i
inch.  inch. | inch. | inch. inch. | inch. | inch. | inch.
5 | 004 | 004 | — | o004 | 008 ‘ 008 | 012 | 0712
8 0°11 | 0°05 | 002 | 0°04 |0°16 | 018 |0°20 | 022
10 008 | 007 008 | 0056 | 020 | 028 | 0°25 | 0°28
12 0°17 | 007 | 0'04 | 006 | 024 | 028 | 020 | 033
14 019 0-10 008 (005 020 (082 | 084 | 087
15 1020 |01 |008 |0-05 | 081 | 084 |0°36 | 080
16 L 02t 012 003 07056 | 038 |03 |0°38 ‘ 0-41
18 . 028 | 018 | 006 | 006 | 036 | 042 | 042 | 048
20 o024 o016 {008 | 006 | 040 | 048 | 046 | 054
42 02 |08 | 012 | 008 | 044 | 056 | 0°50 | 0-02
25 1027 | 022 (019 | 006 | 0°40 i 068 | 055 | 0°T4
28 020 |024 (027 007 | 0338 |08 |060 | 087
80 080 |0-27 | 081 | 007 | 058 l 0°88 | 064 | 095
34 0:82 | 081 |08 |[0-08 | 068 |1001 |0-71 | 109
36 ‘ 0'88 | 0°84 | 0°40 ‘ 0:08 | 0°67 1107 | 0775 | 1415
40 (036 | 0°88 | 046 | 008 074 |1°20 [0°82 |1'28

Quality of steam.—The steam was practically dry for every con-

dition of the tests, however much the boiler was pushed in
capacity. This is due to the large liberating surface in boiler and
the use of dry pipes.

Economic evaporation.—Table II. shows tests with and without
the use of retarders. The advantage due to retarders is as high
as 18 per cent. when the boiler is greatly forced. The tempera-

ture of the waste gases is always less when retarders are used.

2 : [
Duration of trial, hours ., AN PR AT i Ve 0
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economic workings of the boiler when run at from 50 per cent.
balow to 70 per cent. above its rating, i.e., when makiog a horse-

power an hour on anywhere from 21 -7 to 6 ‘7 square feet of heating

sarface. The cost of fuel per horse-power mumﬁsﬂh

tasts made with retarders in the tubes :— '

MH‘H “4 | :TM a 197-6 14586 160'1 107°8 2926°1
horse-power, Ib, (— _ . .

Dryc;ﬂagn 821 815 318 514 N 323 829

as economically on five square feet of heating surface to the horse-
power as on 21 7 square feet, or, practically, as on any number of

g juare feet between these limits,
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Diagram Showing Fuel S8aving due to the Use of Retarders
in Steam Boiler Tubes.

Conclusior s.—(1) Retarders in fire tubes of a boiler interpose a
resistance varying with the rate of combustion. (2) Retarders re-
sult in reducing the temperature of the waste gases, and in in-
creasing the effectiveness of the heating surface of the tubes.
(3) Retarders show an eccnomic advantage when the boiler is

ushed, varying in the tests from 3 per cent. to 18 per cent. éﬂ
Eah.rdm d not be used when boi are run ?n ¥s

and when the stack dl:!;ghti: small. (5) It is probable
ders can be used with advantoge in plants using a fan or steam
blast underthe fire, or a strong natural or induced chimney draught,
when burning either anthracite or bituminous coals, (6) ers
may often prove to be as economical as are economisers, and will
not, in general, interpose as much resistance to the draught. TE:' )
Retarders can be used only with fire tubular boilers. (8) The
economic results obtained on the boiler tested are ideal, showin
that it was clean, the coal good in quality, and the firing skilful,
With retarders the tubes are more effectively cleaned than without
their use. (9) The tests prove that the marine practice of using
retarders is good, and that the claim, often advanced, that they
show from 5 per cent. to 10 per cent. advantage, holds, whenever
the boiler plant is pushed and the draught is strong,

Discussion,

Charles Whiting Baker: It is rather a curious fact that while
““ retarders,” as they are called, have been used more or less for
several vears, and in some instances with very notable advantage,
Mr. Whitham's paper, so far as | am aware, 1s the first extended
account of their use and their advantages which has appeared in
technical literature, although of course allusions to their use in
connection with various steam plants have been made in various
papers. Another curious fact is that the action of retarders in
the flue has been generally misunderstood, as is indicated by their
name. The retarder does, of course, obstruct and retard the flow
of gas through the flue, but this is by no means the purpose for
which it is placed there. If it were desired simply to make the hot
gases flow more slowly through the tubes, the simplest and best
way is to check the draught by dampers in the chimney or at the
ash pit. What the so-called retarder does that is beneficial is to
increase the amount of heat transmitted to the tube surface from
the hot gases, and it does it in two ways. First, by a mixing
action upon the gas in the tube. The friction upon the surface of
the retarder aids in stirring up the gas in its passage through the
tube and mixing the hot gas at the centre with the cold film next
tho surface of the tube. Also in every honzontal tube there is a

Sape lita et Siows 1o the sosues
inner

mm it to radiate
nearly twice as much
ﬂmaL a flat strip of a width equal
to the tube diameter. L

I have made numerous experiments
to test the efficiency of radiators with
the apparatus shown in the accom-
panying sketch, It esents a
section of a single tube of a vertical
The water space surrounding
ﬁhnﬂmmmm
2o that the loss of heat is small, Through tube a current
of hot gas is caused to ﬂumthmmoé,durm
suitable source, and the amount of heat transm to . the
water in a given time is measured, The test is then repeated
under i cal conditions, that a radistor of the form
shown above is placed in the tube.
The incr2ased amount of heat trans-
mitted t> the water is taken as the
amount due to the radiation from the
internal piece. Experiments with
this n.?pmtul show the following
genera! results:—(1) That the per-
centage of increase in heat trans-
mi due to radiation increases with
increase in temperature of the gF:H
passing through the tube. (2) That
the percen of increase in heat
transmitted due to radiation is larger
in vertical tubes than in horizontal,
on account of the fact that a given
area of heating surface in a horizontal
tube absorbs heat faster by direct
contact with the gases than the same
area in a vertical tube. In general,
the experiments showed that with
vertical tube heating surface and gas
passing through the tubes at a tem-
perature sufficient for the tube to
transmit 1000 to 3000 B. T, U, per

foot hour, the insertion
s i YAl
creased

Cross Section of Boiler
Tube with Radiator Inserted. hoiler,
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radiator would cause an in-
heat transmission of 200
B. T, U. to 1200 B. T. U, per square

of a tube in
which the gas is of high temperatuore
appears to increase the amount of
heat absorbed from 20 deg. to
40 deg. These experimental figures
for the amount of heat transmitted
by a radiator in a tube are corrobor-
ated by the figures for relative radia-
tion and convection given by D. K.
('lark in his treatise on the steam

Apparatus for Measuring

engine, page 68, et seq. The radia- . ease in Transmission of
tors ss the advantage over the Heat to the Tube Surface
spiral retarders described by Pro- due to Radiation.
fessor Whitham, that they do not

obstract the draught to so great an extent, and they interfere
less with the cleaning of tubes with the steam jet blower.
E::.Seriments on actual boilers indicate that either device is most
useful on boilers with short tubes of not too small diameter, and
with an abundance of draught. With either device the tube sur-
face must be kept clean, otherwise the increased efficiency will
soon disappear, as is the case with the Serve ribbed tubes when
care is not taken in this respect. It appears likely that either of
these devices ma{' be used with especial advantage, therefore,
where a clear fuel like gas or oil is used. Another application of
these devices which appears to have promise is to the tubes of
vertical boilers of the E‘ar]isu or Manning type. An ﬂb]l_:ntmn t
these otherwise excellent types of boilers is the very high hea
room that is required to get in tubes long enough to extract the

heat from the gases with reasonable completeness. By the use of
some device to increase the tube-heating surface efhiciency,

' shorter tube should be permissible, with a consequent reduction in

the height of the boiler.

TABLE 1L.—Results of a Series of Trials on a 100-11. P, Hori:ontal Tuliwlar Doiler, to Deteruiine the Value of Retarders in the Tubes.

= = = i

<Ok n e : : ) W 9 i 0 0 | | 40 9 0 0 0 0 0 N
With or without retarders in tubes e Withont., With., | Without. With. | Without, With. | Without, With. Without., With. Without. With. Without. With. | Without, With. Without,
Absolute steam pressure in boiler, 1b. .. .. .. 18520 13310 | 18545 18885 | 18717 18490 | 13830 13300 18670 18280 | 134623 133-52 | 18490 13856 | 1506 °5% 13853 135 'I:rli
Draught in pass over boller at damper, inches ., 016 0156 021 028 0°38 081 | 030 0-38 042 (40 05l 053 005 071 062 0 &t N7
Draught in furnace over t-l:i.l of fire, inches.. .. 007 007 013 013 | 0-17 017 0190 020 0-24 0+23 025 024 RN 024 020 0-34 0-32
Temperature of fire-room, deg, Fah, .. .. .. 1038 70 04 67 104 70 112 ™ 110 ;i) 87 T 102 T8 a4 80 ol
Temperature of escaping gases, deg. Fah. .. a7l 851 414 a6l 444 412 470 424 455 424 L 447 520 480 30 | 528 2 (U
Percentage of ash and refuse in dry coal .. 833 872 604 742 615 556 403 ) | 4:0% 500 40 b 168 540 4743 453 425
Quality of steam, dry steam taken as unity (-4 099 L IR L 1040 (-G 044 0 i 049 R 0 ~4) {0 -G 0 9% -8 0 -u 14 (R
Water evaporated® per 1b. of dry coal, 1b, .. 1043 1044 1070 1072 10-58 1092 1044 1080 10 65 11°00 | 10570 1109 10206 1008 084 1069 908
Water evaporated® per Ib. of combustible, 1b. .. 1138 11-43 11°38 1157 11-29 11-56 10 66 1158 1120 11°C0 1127 1153 10°70 1120 1020 1110 0-48
Saving in dry coal by use of retarders, per cent. ., —3 22 —_—4 02 P | | — $ e | —d(— —5'04 1880
Water® per hour per sq. ft. of heating surface, 1b. .. .. 150 150 225 234 308 316 | 8°80 387 455 4-51 528 5-18 |  @+00 7 =1 a-50 G L6 o O
Dy cmﬁ:mnad per hour per sq. ft. grate surface, 1b, .. .. 640 649 880 D883 | 1218 12-30 1685 1518 1020 1745 | 2087 19-73 | 20°556 2536 | 30-10 97 -89 84°50
Boiler H.P., basis Siillh. water, 212 deg. Fah., per hour, HP. | 52°4 524 T4°6 778 | 997 104 *2 125°8 1275 | 1500 1456 | 1698 106 -1 160 -7 1978 | 2174 00«1 %0 ()
Heating surface per H.P. developed, 8sq. ft.. .. .. .. ..| 217 o o | 15°24 14°T1 | 1187 1001 | 909 802 58 765 670 672 568 570 5°28 508 4°76

Herein lies the advantage of retarders. Their use renders more |
efficient the heating surface of the tubes, enabling the gases to be |
reduced in temperature, and the same capacity of boiler to be
developed with a less expenditure of fuel.

The accompanying cut shows at a glance the vsefulness of
retarders, A reduction in temperature of the waste gases shows

52-H.P., gnses reduced 20 deg. Fah., fuel saving 0°0 per cent.

5-H.P., 'y 58 deg. Fah., - 00 per cent.
10¢-H.P., & 32 deg. Fah., 5 3°2 per cent.
125-H.P., " 46 deg. Fah., = 40 per cent.
150-H.P,, = 19 deg. Fah., - 88 per cent.
170-H.P., B 50 deg. Fah., o 86 per cent.
20-H.P., . 36 deg. Fah,, i 41 per cent,
225-H.P., )i 26 deg, Fah., s 86 per cent.,
230-H.P,, g 123 deg. Fah., =% 184 per cent,

at once a decrease in the coal consumption, as follows:— |

Variation of economy with capacity.—By Table II. we see that |
the 100-horse power boiler, rated on 11 *37 square feet of water-
heating surface to the horse-power could easily develope over
200-horse power. At its rated power 3°03 Ib. of water, from and
at 212 deg. Fah., were evaporated per hour, yet there was no
difficulty in evaporating 7 *26 lb, to 1 square foot, or in getting a
horse-power on 4 76 square feet of heating surface. The cost in

fuel of a horse-power was as follows for the tests made without the
use of retarders:—

Boiler, horse.-power :—
£24 T4 99°7T 1358 1500 1696 100°T 2174 2890
Dry cal per horse-power, 1b, :—
8-30 821 825 58 324 85'22 8% 8'51 3-82

These results show that there is practically no change in the

*Condensed by Engineering News from a pape presented a the St.
Louis meeting of the American Bociety o Mechanica Engineers,

* From and at 212 deg. Fah,

tendency for the gases to be cooler in the vpper part of the tube
and hotter in the lower, for the upper half of the tube extracts
heat far more readily from the tube than the lower half. The
twist of the retarder has the effect of repeatedly * turning over”
the gas in the tube as it flows along.

In the second place the retarder acts by direct radiation of heat |
| to the tube surface.

While this action may not be apparent at
first sight, it is of such importance that it should be clearly under-
stood. To this end the fact should first be realised that the
temperature of the tube surface exposed to the fire in any steam
boiler is practically the same as that of {he water in contact with
it, no matter what the temperature of the gases on the other side,
We, of course, suppose the tube surface to be clean. The reason
is that water absorbs heat many times as rapidly as gas, As
experimental proof I may add that in a boiler filled with cold
water | have often seen dew collect and stand in beads upon the
fire side of the tube when a current of gas at a temperatue of over
1000 deg. Fah. was passing through the tube,

The rate of absorption of heat by boiler heating surface, then,
depends almost entirely on how much heat we can impart to this
surface on the fire side. In the ordinary boiler tube heat is
imparted to the surface of the tube only by the contact of the hot
gases. Now, suppose we place in the tube any solid body, of any
shape whatever, manifestly, as it is surrounded and bathed on all

' sides by gases at a temperature of, say, 1000 deg., it will, if it

loses no heat, soon become of the same temperature as the hot
gases, Suppose the surface of the tube is at a temperature of
300 deg. Fah. Then we shall have these two surfaces only an
inch or two apart, and a difference of temperature between them
seven times as great as exists between a very cold winter day and
the maximum heat of summer. Under these circumstances, of
course, the hot body at the centre of the tube will energetically

radiate heat to the walls of the tube, and will materially increase
the rate of heat transmission.

The amount of radiation in any given tube depends on the area

The economic gain by the use of either radiators or retarders

| depends entirely on the temperature at which the boiler is dis-

charging its hot gases. In general it may be assumed that every
100 deg. reduction in the temperature of the waste gases represents
from 5 per cent. to 10 per cent. saving in fuel. In general it will
not usually be found worth while to introduce either retarders or
radiators in the tubes of any boiler unless the thermometer shows
its hot gases to be discharging at a temperature of over 550 deg.
Fah. 1 notice among Mr. Whitham's conclusions the statement
that :—** Retarders can be used only with fire-tube boilers.” This
doubtless refers to the proposition to place retarders inside the
water tubes, which isabsurd on its face to any one correctly under-
standing the action of the retarders. The use of 