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[ENGINEERING, AUGUST 2, 1907.]

THE CUNARD TURBINE-DRIVEN QUADRUPLE-SCREW

ATLANTIC LINER

YHE Lusitania is a most enoouraging success. It
is not so much that her preliminary trials pro-
mise the realisation of the contract condition

that she shall make a double voyage on the Atlantic
between Liverpool and New York at an average
speed of 24} knots within a year of her entering the
service—this is gratifying in the highest degree—but
the success carries a greater significance. Although
the vessel certainly marks the progress so far in
marine construction, she must, further, be regarded
as a pioneer—as beginning a new era. This is be-
cause of the adoption and suocess on a huge scale of
the steam-turbine as a ship-propelling engine. Other
vessels, it is true, are now run by turbine-driven
screws ; but when the system was decided upon for
the Lusitania, the experience with this type of
engine on a large scale was limited, and par-
ticularly so as regards durability. The confid-
ence of the owners and builders of this ship, now
justified by trials, gives promise that the future will
see greater developments. In writing thus we do
not disparage in the slightest degree the great
work of the o.‘;mstru;::;ors.l The Lusitania marks a
step—great, but still only a step—beyond which
Messrs. John Brown and Co., In};i.bed, will prob-
ably be among the first to advance, because any
review of the past, as well as of the achievements
of the Lusitania, offers abundant encouragement
for the future. We find that each successive gene-
ration has had at command almost equal mental
activity and mechanical ingenuity, with theimportant
addition, that lapse of time brings accumulated ex-

rience, to enable higher results to be achieved.

e problems are now greater, if more clearly de-
fined by reason of our more exact soientific know-
ledge ; but the encouragement afforded by past suc-
cesses is also greater; and thus there is no reason to
suppose that the Lusitania will be other than a
stimulant to greater effort to surmount new difficul-
ties and sweep away new obstacles which beset the
gat.h of progress in the most fascinating of all

ranches of applied mechanics—the rapid, com-
fortable, and safe transportation of passengers across
the seas, often turbulent and ever resistant, which
separate the increasingly friendly nations of dif-
ferent continenta.

Conscious that any study of the past, as well as
any contemplation of the achievement of the pre-
sent, is useful as an incentive to renewed activity,
we may premise our description of the great Cunard
liner with a brief review of the progress of marine
construction as applied to Atlantic steamships. Such
a review will serve to support our contention that
the development of the full-speed liner has not
yet reached finality. The stories extant of the
Savannah, Royal William, Sirius, Great Western,
and other early Victorian vessels which essayed ocean
voyages with the assistance of steam, have often been
told. Then, however, sails were the main propelling
agent, and even in Brunel's leviathan of 1843—-
the Great Britain—which was little more than one-
third the length and less than one-tenth the tonnage
of the Lusitania, the great spread of canvas bulked
largely in the hopes of the captain in reaching his
destination. The question of steam economy had
not then been tackled with full knowledge of thermo-
dynamics. When the Cunard Company started
their regular service in 1840 the steam pressures
available were 9 lb. to 12 lb. per square inch,
and the coal consumption was at the rate of
5 1b. per unit of power per hour; our knowledge
of hull form in relation to resistance was but
meagre. The splendid high-tensile steel of to-day,
equal to the withstanding of a strain of 40 tons
per square inch, was not then available. One
must, therefore, grant as great a mede of praise to
Mr. (afterwards Sir) Samuel Cunard, Mr. (after-
wards Sir) George Burns, and Mr. David MclIver,
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for their courage in commencing a regular steam-
ship service with our then indefinite knowledge of
marine machinery, as to their successors at Liver-

pool in ordering two ships of nearly double the

displacement of some of their competitors on the
Atlantio, and with an engine-power 50 per cent.
greater than that of any existing steamship.

Progress in speed was necessarily slow. By 1850
12 knots had been attained, by 1862 13 knots. The
time of the trans-Atlantic passage had thus been
reduced from about fourteen days to eight days
twenty-two hours, the latter the performance of the
Scotia, the last of the Cunard paddle-steamers. In
this ship there was an increase of nearly 90 per cent.
in the displacement, and of 440 per cent. in the horse-
power, as compared with the first Cunard liner, in
order to ensure a gain of about 650 per cent. in the
speed. John Elder had, in the interval, introduced
his compound vertical inverted-cylinder engine.
His first application was in 1854, but progress even
here was slow, largely because of the difficulty of
securing reliable metal for the boilers working at
higher steam pressures. By this time also the
screw - propeller had proved efficient, and the
Great Britain, of 1843, with chain-geared engines,
was the first of the Atlantic liners to be driven by
the screw-propeller. The Cunard Company adopted
the screw for the first time in fast liners in the
China, completed in 1882; but in the slower
Cunard liners the screw was applied in 1852.
Meanwhile we had, in 1854, Brunel's great triumph
in the Great Eastern, built by Scott Russell. It
was a triumph, because subsequent experience has
enabled the naval architect, if not the general
public, to realise that in this work he foreshadowed,
if he did not point the way to, great developments.

An important step was made by the Cunard
Company when they ordered the Russia from the
Clydebank Works in the ’'sixties. She was, in a
measure, the forerunner of the modern high-speed
steamer. With a tonnage of 2960 tons gross and
engines of 3000 horse-power, she had a speed on
the Atlantic of 144 knots, and her consumption of
coal was only 90 tons per day, as com with
1569 lht:ms in the iikde-;;sddle-smmer dtis, of
similar capacity, alike for passengers and cargo.
There ioli::ed a succession of six or seven
Cunarders from the Clydebank Works, each larger
than its predecessor—the Abyssinia, the Algeria,
the Bothnia, the Gallia, and the Servia.

No record of progress would be possible without
some reference to the great work of the late Sir
Edward Harland and the late Sir William Pearce,
both of whom exercised far-reaching influence,
particularly on the form of hull, as well as on the
enterprise associated with the Atlantic steamship
competition. The former began with the White
Star liner Oceanic in 1871, followed by the
Britannic and Germanic in 1874 ; the latter with
the Arizona in 1879. The City of Rome, con-
structed by the old Barrow company in 1881,
also contributed, although in some measure in
a negative form, to the problem of Atlantic steam
navigation. We do not propose to analyse the
dimensions of the several successive steamers.
The list of dimensions given on the next page,
along with a diagram of results, the comparative
cross-sections on page 131, and the profiles of
successive notable ships published on pages 132
and 133 will, we hope, oreate a desire on the part
of the student to investigate this subject more
closely than we can do here.

The Servia maintained a speed of 17 knots on
a daily consumption of coal of 190 tons, so we
find that in forty years from the institution of
the Cunard line the s had doubled — from
8% to 17 knots—but the power had gone up to
10,000 indicated horse-power, or from 0.36 indi-

“LUSITANIA

cated horse-power per ton displacement to nearly
one indicated horse-power per ton displacement.
Owing to the increased steam pressure, however,
the coal consumption per unit of power was greatly
reduced, and thus, although power had increased
more than fourteen-fold, the coal consumption
on the voyage had only gone up barely three
times. An effort was next made to reduce the
size and displacement of ships. The cargo carried
by these middle Viatorian era high-speed ships was
in some cases equal to 156 to 20 per cent. of the
displacement, and the outlay for power, alike in first
cost, fuel consumption, working expenses, and de-
preciation, became so steadily greater that the
carrying of cargo was beginning to be unprofitable. |
This movement for the elimination of cargo then
begun has continued, and to-day the proportion
of cargo to the total displacement in high-speed
liners is less than 5 per cent.

The beginning of the movement towards the
purely passenger liner was probably inaugurated
with the Aurania, built at Clydebank in 1882,
Just as the Gallia, in 1879, had been opposed by
the Arizona, and the Servia in 1881 by the Alaska
and the City of Kome, so the Aurania found a
keen competitor, in 1883, in the Oregon, and the
consequence was a series of great contests on the
Atlantic. The Aurania, as is shown in our table
on page 130, was not only a deep ship, but » broad
ship for her length ; and one may almost date from
this period the advance in these proportions.

The America, which was built at Clydebank in
1884, was a great step forward ; and one may trace
from the model of this ship the subsequent stages in
trans-Atlantio steamship-deaign. The America, ou
her first voyage home, broke the record—a perform-
ance never before achieved by a new vessel —attain-
ing a speed of well over 18 knots, which at that period
was & remarkable performance. The net result of
the competition during the five years between 1879
and 1884 was an increase from about 16 to just
over 18 knots. The vessels of this quinquennisl
period gave rise to the term ‘‘greyhounds of the
Atlantic,” and opinion seems still to give the
steamers of those years credit”for great advance
in speed ; but the addition of the 2 miles per hour
to speed throws into brilliant contrast the great
step taken in the Lusitania, where, at one bound,
the speed is to be increased by an equal amount,
notwithstanding that the augmentation involves
such a great increment to power.

In 1884 the Cunard Company had built the Umbria
and Etruria, and these vessels succeeded in reduc-
ing the Atlantic record between Queenstown and
New York to 6 days 1 hour 44 minutes, and
between New York and Queenstown to 6 days
3 hours 12 minutes, the mean speed on the runs
being about 19.2 knots. In fifty years from the
first advent of the Cunard liners in the Atlantic we
thus find an advance in speed from 8} to 19 knots;
while, at the same time, the size, passenger accom-
modation, and cargo capacity very considerably
increased. The improvement in boiler and engine
efficiency made an increase in the coal consumption
only four times, although the power was twenty
times greater. The results are briefly set out in
Table II.

From Clydebank there came, in 1888, the Paris
and New York, two of the most remarkable ships
of that period, and as competitors they had the
Majestic and Teutonic of the White Star Line,
built by Harland and Wolff at Belfast. Again
we had keen competition, with the result that
the Clydebank ships asserted their superiority,
and reduced the time on the outward voyage by
nearly twelve hours, and on the homeward run by
7% hours, the mean speed attained being in the
former case nearly 20§ knota. This was the per-
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NOTABLE ATLANTIC STEAMERS.
TABLE 1—DIMENSIONS, &c., OF NOTABLE ATLANTIC STEAMERS.

NOTES.—The Etruria is practically the same as the Umbria, the Paris and New York are alike, so also aro the Toutonic and ths Majestic, the Spree and

the Havel, the Cumpania and the Lucania, and the Kaiser Wilhelm II. and the Kronprincessin Cecillia.

no' i ' p> tant.

The differences in the case of each pair are

* The Paris, now the Pailadelphia, has been greatly altered sinze being lengthsnsd ; the data apply to tho ship as originally built.

t Over-all.

+ Oa Atlantie,
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TaBLr II.—Coal Consumption of Cunard Atlantic Liners.

| ) . ' 3
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Coal necessary to stea.m'
to New York .. tons| 670 1400 836 1,000 2,00 F£,000"
Cargo carried 5 | 224 760 . 1700 1,000 1,620 1,600
Passengers .. .. 115 1 250 320 | 1,225 1,70(, 2,198
Indicated horse-power..| 710 4 3600 65000 14,500 30,00( 68,000
Stesin pressure .. ] 83 75 110 16/ 200
Coal per Indicated horse- !
power per hour Ibi51 1 88 19 | 19 1.6 145"
Specd . .. knots| 8.5 13.1 134 19 22 26
* Estimated.

formance which the Cunard Company determined

" | competition an international character.

DEVELOPMENT OF INTERNATIONAL
COMPETITION.

So far, with but few interruptions, the competi-
tion had been between one British line and another,
and one British firm of constructors and another,
but the German steamship companies had been
steadily drawing into line. The North German
Lloyd, which had originally entcred the lists in
1857, and had shown great enterprise, being the
first among the mail lines to adopt triple-expansion
engines on the Atlantic, had had their boats
built mostly on the Clyde. The advent of
the Kaiser Wilhelm der Grosse in 1897 gave the
From this
time forward, indeed, the German lines and German
builders have had undisputed possession of the

tive may here tetminate with Table 1L, page 132,
showing the record pass.ges made by notable shipy
in successive periods. These may not be the best
performances of each ship, as it sometimes hap-
pens, as in the case of the Umbria and Etruria,
and also of the Campania and Lucania, that, after
many years, even when they have beon excelled by
competing ships, they have done better steaming
than when newer. Indeed, it is at once a high
tribute to the builders, and to the care with which
the ships are worked at sea and tended in harbour,
that the Cunarders we bave named occupy to-day a
high place in the estimation of the public, and,
further, contribute to the unique circumstance that
on the Atlantic, under the same flag, there is now,
or will soon be, a single-screw, a twin-screw, a
triple-screw—the Carmania—and a quadruple-screw
steamship.

to excel in their Campania and Lucania, of which | credit of record speeds on the Atlantic. From| The progress marked since the advent of the
yLusitania. ‘
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Fi16. 2. CoMPARATIVE CROSS SECTIONS OF ATLANTIC LINERS.

we give a very complete nccount in our issuo of
April 21, 1893.* The table on page 130, to which
we have already referred, gives the comparative
dimensions of these several liners, and it will be
seen from the details of the proportions of length
to beam and to depth that Clydebank still favoured
broad and deep ships, and events have since proved
their utility. The broad beam had also the ad-
vautage of enabling the ends of the ship to be
finer, while minimising the draught for a given
displacement ; and here also subsequent progress
suggests development of opinion in favour of the
beamy ship. The Campania and Lucauia were
completed for the Cunard Line in 1893, and for
several years held the supreme position. They
were neither so beamy nor so deep, in propor-
tion to their length, as some of their predeces-
sors, but the length had become 600 ft. between
perpendiculars, and the beam 65 ft. The limitations
of harbours and docks were beginning to be expe-
rienced. The result of the performance on the
Atlantic of the Campania and Lucania was to bring
down the trans-Atlantic record to just under five
days eight hours, the speed developed being, on
the outward voyage, 21.82 knots, and on the homo-
ward trip 22.01 kunots.

* ENGINEERING, vol. Dv., page 463,

the Vulcan Works at Stettin there have come five
ships of undoubtedly commendable character. The
first we have already named, the second was the
Deutschland, of 1898, the third the Kronprinz
Wilhelm, of 1901, the fourth the Kaiser Wil-
helm II., of 1903, and this year the Kronprincessen
Cecillia leaves on her first voyage about the 9th of
August. The dimensions of all these vessels, with the
exception of the last, are given in the table on page
130, so that it is not necessary here to refer at
length to any of the ships, more particularly
as they have been, with the exception of the
last, fully illustrated in ENGINEERING.* The last-
vamed is a sister - ship to the Kaiser Wilhelm IL.,
but with slightly greater boiler power, so as to

develop 45,000 indicated horse-power, instead of |

40,000 indicated horse-power. She will thus
probably excel the performance of ths Kaiser
Wilhelm II., but must fall far short of the resulits
of the new Cunard liners. Our historical narra-

* For Kaiser Wilhelm der (irosse, sse KENGINEERING,
vol. Ixiv., page 415.

For Deutschland, see ENGINEERING, vol. lxx., pages
247, 310, 381, 532, 610, 662, 723, 763, 823.

For Kronprinz Wilhelm, see ENGINEERING, vol. Ixxii,
page 370.

For Kaiser Withelm I1., see ENGINERRING, vol. lxxvi.,
pages 37, 143, 193, 214, 276, 329, 311, 376, 114,

Umbria, 23 years ago, is instructive. The length
has been increased fully 50 per cent.; the displace-
ment is more than three times what it was. The
power of machinery has been multiplied nearly five-
fold, but so great is the difliculty of adding to high
speed that the Lusitania, notwithstanding its enor-
mous advance in size and power, will dpmbably add
no more than 25 per cent. to the speed.

FAST vrrsus INTERMEDIATE STEAMERS.

Table I1I , on the next page, indicates the present
undoubted supremacy for speed of the German
liners on the Atlantic. There are now four ships
excelling our fastest steamer in speed, and another
is being added. However great tho credit to
Germany, it may be accepted that there never was,
even in German opinion, any doubt as to the sbility
of the British marine constructor to maintain his
position. The opportunity alone has been want-
ing. Ib this country there has been a tendency in
favour of what is now termed the intermediate
ship, and there is much to be said in commendation,
from the health-seeking passenger’s point of view,
of a leisurely voyage, lasting some ten days, instead
of the five days from port to port of the high-speed
liner. The comfort is the same, and there has
{consequently been built a greater number of such
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PROFILES OF HISTORICAL ATLANTIC LINERS.

y 500 1 long PP.
890-1 FURST 813MARGK” 520 r* :':.", ot
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622f2.Jong. Ext.
Y“\
TN /4

18097.°KAISER WILNELN OER amosse”
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\ 648 long axb.

) v
DEUTSGHLAND
N 1808. NEW HAMBURG AMERICAN LINER
662702 long. P.P.
686 7 long &XT.
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Y1 PROVENCE” S597#. /% in.long B.R
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e 3.)
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cargo-carriers. At the same time, the German lines
have been assisted in many ways by indirect
Government advantages, particularly in' recent
times, when the maritime spirit has been, and still
is, cultivated with so much assiduity by all, from
the Kaiser to the t. It was therefore matter
for keen satisfaction when Mr. Balfour's Govern-
ment, in 1903, after long consideration and negotia-
tion, entered into an agreement with the Cunard
Company in order that the latter should be main-
tained as a British institution, with fust ships
available at all times for war service.

GOVERNMENT AND CUNARD LINE AGREE-
MENT; MAIL AND WAR-SERVICE SUB-
SIDY.

Under this agreement the Government provided
a sum sufficient to pay for the new vessels, nct
exceeding 2,600,000!., secured on debentures at 23

r cent. interest, while in addition 160,000!. was to

paid per annum, on condition that the company
would cause to be built, in the United Kingdom,
two steamships of large size, capable of maintaining
the minimum average ocean speed of 244 knots in
moderate weather. In the event of this speed not
heing maintained, and if the speed doesnot fall below
233 knots, a deduction is to be made from this annual
payment by agreement. The clause in which this
speed condition is set out is a 1aatter of very con-
siderable interest, and may here be quoted : —

If in the case of either of the two stesmships men-
tioned in Clause 3 hereof, or any vessel subatituted there- ,
for, the company shall, before such steamsbip sails on bher
firat voyage, fail to adduce to the satisfaction of the
Aduniiralty reasonable proof from trials that such vessel
will be capable of maintaining a minimum average ocesn
speed of knots an hour in moderate weather, but shall
prove to the like satisfaction that such vessel will be
capable of maintaining an average ocean speed of not less
than 23} knots an bhour under such onnditions as afore-
said, then such deduction shall be made from the annual
payment of 150.000.. to be made by His Masjesty’s
Government under the last preceding clause hereof as
shall be agreed upon, or, failing such agreement, shall be
determined by arbitration, by an arbitrator appointed by
the Lord Chief Justice for the time being, and the decision
of such arbitrator shall be final. .

The minimum speed seems thus to be 234 knots,
although even then the ships may not be rejected ;
but the Cunard Company aim at, and will prob-
ably get, 26 knots, costly as that may be in respect
of first charge, coal consumption, and upkeep.
These two ships, in addition to carrying the
mails and maintaining the prestige of Britain—
which we regard as a very important commercial
asset —are to be at the service of the Guvern-
ment in the event of war. To some it may seem
remarkable that such an agreement should be
necessary to secure the services of such veerels
in emergency, and we may even have the
naval critic urging that our cruisers ought to be
equal in speed for abny duty that the proposed
Cunarders may fulfil. But many such forget the
enormous difference between an Atlantic liner and
a cruiser. In the first place such modern liners
have a displacement twice that of the greatest
cruiser built. In the merchant ship there is no
armour to provide for, there are no guns to take,
no ammunition nor naval stores, and the conse-
quence is that the architect can allow for machinery
something approaching double the weight per unit
of full power. It follows that the same reliability
in Jong-distance full-speed steaming cannot be
guaranteed in cruisers. In other words, speed and
weight of machinery are the main considerstions in
the merchant ship, whereas in the cruiser they are
important, but probably equal ouly to gun-power
and armour protection. The Cunard ships cannot
be equal to a cruiser in the latter qualities for
warfare : but they will be superior to similar shi
which in time of stress can be withdrawn from the
merchant service of other countries, and utilised
for naval work.

: It may be contended that
patriotism alone ought to ensure
that ships flying the British flag
should ever be at the country's
call ; but the old order, which
necessitated Britirh ownership
hefore the-Union Jack could be
: flown, passed away in the adop-
tion of the Limited Lialility

Act. Where the owning com-
pany is registered in this country

——— under this Act the fact alone

_euables their ships to fly the
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British flag, even thoughnota pennyis British capital,
and not one shareholder—not even a director—
is a British subject. This is not the place to
enter into the question as to whether such a con-
dition should be permissible. The British flag
is certainly a great advantage to any ship in view
of the maintenanco of our naval power, and it is a
question as to whether a change should not be
mnade.

Bus the Cunard agreement with the Govern-
ment involves the mainteuance of the company
as a purely British concern, one of the clauses of
the agreement laying it down that the company
will be under British control, ¢ that no foreigner
shall be qualified to hold office as a director
of the company or to be employed as one of the
principal officers of the company ; and no shares
of the company shall be held by, or in trust
for, or be in any way under the control of any
foreigner or foreign corporation, or any corpora-
tion under foreign control.” The Cunard Com-
pany altered their Articles of Association to meet
these conditions. While carrying on business to
the best advantage, the company agree not to raise
the freights or charges for the carriage of goods in
any of their services ; while no undue preference
against British subjects is to be given. Plans of
all ships to be built to steam 17 knots or upwards
are to be submitted for approval; facilities are
to be given for periodical inspection by the Admi-
ralty, and for storing guns, ammunition, &c., at
the ports; no chartering, except to the Indian
Government, is to take place without notice being
given to the Government, and the option to similarly
charter. The Government is always to have the
right of hiring the boats, the rates for such being : for

“ vessels over 22 knots, 26s. per gross register ton
per month, and 5s. more if the company provide
ofticers and crew ; and for 20 to 22 knots, 20s., and
4s. more for staff ; and for slower boats at less
rates. In addition to holding the ships at the ser-
vice of the Government, it has been prescribed in
the agreement that all the officers, and three-fourths

- of the crew, shall be British subjects, and that a
large proportion shall belong to the Royal Naval
Reserve. The ships are thus to be utilised as a
great training school for British officers and sea-
men, and each month a record is to be made of the
personnel with this point in view.

As to the mail service, the company shall, during
the term of this agreement, convey, by means of
mail ships from Liverpool (vié Queenstown), or
from Queenstown to New York, once in every
week, on such day as may be provided, all such
mails as shall for the purpose of such convey-
ance be tendered or deHvered at Liverpool and
Queenstown respectively, and shall employ as
mail ships the fastest of the steamships for the
time being belonging to or chartered by the com-
pany. For this mail service there shall be payable
to the company a yearly sum after the rate of
62,000{. per annum; but whenever in any one
week more than 100 tons measurement (that is to
say, 4000 cubic feet) of parcel mails (exclusive of
empti receptacles) in the aggregate are conveyed
in either direction (whether by the mail ships or by
any other steamships of the company), a further
sum of 26s. 3d. is to be paid for every complete
ton measurement of parcel mails in excess of 100
tons measurement ; but the Postmaster-General
may, at his option, pay the rates of freight for the
time being charged by the company on similar
parcels to other compsnies or firms whose business
16 i8 to carry parcels ; hut all parcels for which the
siid rutes of freights are paid by the Postmaster-
General shall be carried by the compuny, suhject
to terms and conditious similar to those up- n which
the parcels of such other eompanies or firms are
cirried, and not under the termns and conditions of
the agreemont.

The loan of 24 millions for the building of the
two ships is secured by a charge upon the whole
of the company's assets, includiag all vessels built
for or acquired by the company, so long as such
steamships, or vessels, orany of them, shall remain
the property of the company. The loan is to be
repaid by the company by annual instalments, each
of which shall be equal to one-twentieth of the
toral am-mat of the advance, the torm of the agree-
ment heing for twenty years :

Under the trust deel under which the loan
or debentures are to be issued three trustees
hold oftice, the Government and Cunard Com-
pany’s nomiunees electing the third. The compauny
are further to issue to two nominees of His

Majesty’s Government one 20l. share of the com-
pany, carrying the same voting power and other
rights and privileges as an ordinary 20l share of
the company ; but, for the purpose of demanding a
poll in respect of, and voting against, any special
resolution involving any alteration of the company’s
articles of association, so far as respects the provi-
sions referred to in the agreement, also carrying
the following additional rights and privileges—
namely, the right to demand a poll upon the occa-
sion of any such special resolution, and the right
to give against any such special resolution addi-
tional votes equal in number to one-fourth of the
number of votes possessed by the company’s share,
stock or debenture holders for tho time being.

THE EVOLUTION OF DESIGN.

The ajreement having been arrived at and
ratified by Parliament, to the great satisfaction of
the community, the Cunard Company entered
into negotiations for the construction of the ships.
Theso negotiations were necessarily of a protracted
nature, as the conditions called for exceptional di
mensions, and the designer was trammelled with the
same conditions which made Brunel's scientific
achievements in the Great Eastern a practical
failure. The great speed aimed at required very
considerable accommodation for machinery to attain
the necessary power in a vessel with sufficient deck
area for passenger-rooms to ensure a satisfactory
financial result.

As we know, 30 knots is now attained in de-
stroyers—even 36 knots is aimed at—but the credit
side of the balance-sheet of an Atlantic liner re-
quires an increase in passenger accommodation pro-
portionate to the advance in the cost of power for
the higher speeds. Apart from this, however,
length is conducive to speed, but only if it is asso-
ciated with deep draught. The limit, however,
with existing harbours is soon reached, and the am-
bition of the naval architect is curbed by the lack
of progress of dock authorities. This is not the
place to discuss whether this hesitancy on the part
of these authorities is justified in the interests of
finance. We are concerned only with the problem
of the marine constructor, but we cannot help
offering the suggestion that the harbour which is
most progressive in this respect must attain the
greatest measure of prosperity, and it is fortunate
for this country that we have, in direct competi-
tion for the Atlantic service, two ports hitherto so
well managed and so progressive in policy as Liver-
pool and gouthampton, because in such competi-
tion lies the hope of a definite advance. Kven
length is prescribed, and in order to minimise the
draught to suit existing harbours, the beam has to
be increased beyond all former limits, so as to give
a low block coefficient of fineness and enable a
fine entry and a sweet run to be planned.

SHIP-RESISTANCE AND THE GENESIS OF
MODEL EXPERIMENTS.

The form of the new ships was the subject of
very careful experiment, and it is to the credit of
Messrs. John Brown aud Co., Limited, that, in the
early negotiations, they proved more progressive
than their coadjutors, being most urgent in their
advocacy of exhaustive ship-resistance tests with
models ; and before describing the results it may
be interesting to review the genesis of the system,
especially as we know of no publication where this
has been done.

From the time of Charles I., and the celebrated
disputes arising out of the levying of *‘ship-
money,” the types of sailing ships used in the
Royal Navy, and also in the mercautile marine,
assummed what we may call their modern form.
The propelling power, being applied at a consider-
able height, made it necessary to have vessels which
were relatively broad, in order that they might be
tolerably stiff when under a heavy: press of sail.
The proportions which this consideration imposed,
therefore, made it impracticable to get a really fast
vossel (at least measured by present-day standards),
although some of the Awmerican and China tea
clippers attain speeds of 15 and 16 knots.

Auother feature which for a very long time exer-
cised nlso a governing influence on the absolute size
of vessels was the fact that they were constructed of
wood. The methods of making connection between
the component parts of the structure were far
from satisfactory, and hence the upper limit of

siz) was a very moderate one, This can at once'

be appreciated when it is noted that probably
the largest vessel ever built of wood did not exceed
300 ft. in length. The advent of iron (and steel)
as materials of construction, together with the use
of steam, completely altered the fundamentals of
the problem. Size was no longer necessarily
limited in the way mentioned above, and no con-
sideration of stability was required in relation to
the method of application of the propelling power.
When these points were thoroughly appreciated, it
was not long before the enterprising mind of
Brunel showed, by his marvellous production of the
Great Eastern, what was the capability of iron as
a structural material.

Simultaneously with the increase of size—a point
in itself favourable to speed —came great possibilities
in the way of increase of the ratio of length to
breadth, a ratio which seems to have been about
doubled now that tho change from wood to steel
is completely accomplished.

We have next to note that tho never-ceasing
advance in the improvement of the marine steam-
engine, and the growth in knowledge of the action
of the screw-propeller, furnished the naval architect
with increased power, and possibilities of applying
it to better advantage as time progressed ; and as
all these causes, operating in the same direction,
conduced to the possibility of material increase in
speed of steam vessels, it became an absolute neces-
sity that some systematic attempt should Lbe made
in the direction of investigating the elements of
resistance peitaining to various forms and propor-
tions of ships; and as trials on full-sized vessels
are costly, and at times none too satisfactory, the
question of the use of models came in the ’sixties to
the front ouce more, as it had done on previous
occasions.

This period was a most momentous one as regards
our present subject. The transformation in mate-
rial was rspidly proceeding, as before described,
and Brunel’s ship was built. He had, in his re-
searches on the froblems confronting him, enlisted
the services and interest of the late Mr. William
Froude, and this gentleman made certain inves-
tigations on the probable behaviour of the Great
Eastern, and in doing so had formulated his
theory of the rolling of ships. This, as is well
known, he laid before the newly-founded Institu-
tion of Naval Architects, and the results of these
researches and the discussions to which they gave
rise will be found in the earlier numbers of the Trans:
actions of this Institution. Mr. Froude, in these
researches and in others which are to be found in
the records of other societies, established his position
as a complete master of the theory of naval architec-
ture, worthy to stand on a footing of equality with
any of the great men who have ornamented the
profession.

Before, however, tracing in some detail the
results of Mr. Froude’s labours, it may be well to
note the best known amongst the previous investi-
gators on the subject of the resistance of ships.

The immortal Newton may be taken first. He
came to the conclusion that the resistance to bodies
moving in a fluid varied as the square of the
velocity. He also enunciated the ‘‘principle of
similitude,” which is the same principle as that
now known in this subject as the ‘‘law of com-
parison.” Daniel Bernoulli, D'Alembert, and Euler
followed along the line of theoretical investigation.
Next the Abbé Bossut, in the year 1776, in
association with D’Alembert and the Marquis
Condorcet, conducted in Paris a series of experi-
ments for the purpose of verifying existing theories,
and, if none of them could be verified, ‘‘to serve
as a basis for a new solution.” Although a large
number of experiments were made, the results
are now practically uoknown or forgotten, and
therefore exert no influence on present-day practice.
With the introduction of experimental research
the theoretical investigation of the subject naturally
fell into partial abeyance, and so need not be
further noted.

In 1791 a society was formed in London for
the ‘‘Improvement of Naval Architecture,” and
under its influence a committee was constituted for
the purpose of experimental research. The ex-
periments were performed by Colonel Beaufoy
in the Greenland Dock, London, and were carried
on at intervals from 1793 to 1798. Unfortu-
nately, these experiments, as also those preceding
them in point of date, have left no trace of their
influence. In the later days of the sailing ship era
in the Royal Navy much attention was given to
exper'mental sailing. Large numbers of vessels,
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built according to the multitudinous ideas prevail-
ing, were sailed in company and in competition,
and there is no doubt that much light would have
been shed on the watter under investigation had
it not been that the introduction of the steam-
engine as the motive power entirely changed the
current of professional interest into other channels,
with more profitable results.

In the year 1888 the subject of experimental
investigtion was once more urged, and a committee
of the British Association formed to consider the
matter. This committee consisted of Mr. Bidder,
Captain Galton, Mr. Galton, Professor Rankine,
Mr. William Froude, and Mr. Merrifield. A
majority of the committee recommended that sys-
tematic experiments should be made ‘* on full-sized
ships.” in some suitable spot—say, for example, in
tho fiords on the Norwegian coast, or on the inland
waters of the West Coast of Scotland.

Mzr. William Froude had already been engaged in
experimenting upon models, and had dissented from
the conclusions formed by the committee. He
appealed to the Admiralty to lend their assistance,
the upshot being that their Lordships ‘‘ had been
pleased to sanctioncertain experiments uponmodels,
to be conducted by Mr. Froude, and will cause the
results of these exreriments to ba communicated
to such professional bodies as my Lords may deem
desirable.” :

The result is well enough known. Mr. Froude,
by his rediscovery of the principle of similitude,
under the name of the ‘‘law of comparison,” and
by fully recognising at the outset what extreme
care, patience, and persistence are required, and
what hours may be spent in getting a single good
result from a model experiment, has placed the
utility of model experiments beyond the-slightest
doubt ; we might almost say, has made them indis-
pensbale, for certainly this is true of the more difficult
problems confronting the profession. Anud in view
of the considerable number of experimental estab-
lishments now in working order, or in process of
construction, to labour the point is absolutely vain.

When, therefore, the problem of the design of
the fast Cunarders had assumed some measure of
definiteness, it was only natural that assistance
from model data should be sought by those in
positions of responsibility. When Messrs. John
Brown aud Co. acquired the shipyard at Clyde-
bank, they at once made up their minds to lay
down an experimental tank for the purpose of
pursuing their own line of investigation. This tank*
was approaching oom(rletion when the design of
the Cunard vessel had to be cousidered. It was
thought to be undesirable to defer consideration of
the matter until their own apparatus was in work.
ing order, so they threw their influence into the
scale, and the Cunard Company succeeded in induc-
ing the Admiralty to assist. Through the kindness
of Sir Philip Watts, K.C.B., and Mr. R. E. Froude,
and by the labours of the able staff which so
efticiently supports them, assistance of inestimable
value was given. A large number of models were
run at Haslar, which served to show the effect of
possible variations in the principal dimensions of
the vessel, and the effect of fulness of form. What
was of even still greater importance, unique ex-
periments were made on the subject of the most
suitable propellers for the ship, and for their loca-
tion in relation to the hull and to each other.

Simultaneously with the carrying out of these
experiments at Haslar, Messrs. John Brown and
Co. secured the services and the hearty co-operation
of their frieuds and neighbours, Messrs. William
Denuoy and Brothers, of Dumbarton, who very cor-

dially placed the tank at Dumbarton at the disposal | P,

of Messrs. John Brown and Co. for further experi-
ment.

It i3 hardly too much to say, therefore, that the
experiments made in connection with the Lusitania
are quite unique in their volume and range, and
serve to prove—were such proof necessary—that no
single stone has been left unturned in the effort
to give most careful and exhaustive investigation
to every point.

Although too lato to have any influence on the
solution of the problem, it is of interest to add
that since the experimental tank at Clydebank has
been got into full working order, all these experi-
ments have been repeated there, and are used as
a standard set for comparison with other work as
ccaasion arises. From these experiments the most

* For an illustrated de:cription of this tank, see
ESGINEERING, vol. lxxxi, page bil.

suitable directions of rotation of the various pro-
pellers were inferred, and it was found that to
rotate the outer propellers inwards, and the inner

propellers outwards, gave the best promise of

efficiency, and this course was in consequence
adopted.

Before leaving this portion of the subject it will
be well to note, and it is only just to recog-
nise, the great value of the contributions made
to our knowledge of the subject of screw-propeller
efficiency by the extensive range of experiments
made in the United States Government tank at
Washington. Certain of the published researches
on the subject of resistance and propulsion have
been reprinted in ENGINEERING.*

THE CONTRACT ; THE DIMENSIONS OF
THE ¢ LUSITANIA.”

While the order for one of the two ships was
placed with Messrs. John Brown and Co., Limited,
the other was awarded to Messrs. C. S. Swan,
Hunter, and Wigham Richardson, of Wallsénd-on-
Tyne, the machinery for the latter vessel being
ordered from the Wallsend Slipway and Engineering
Company, Limited.

Although the dimensions of the Lusitania are
incorporated in the table given on page 130, they
may be reproduced here with more detail.

Leogth overall ... 7835 ft.

" between perpendiculars 760 ,,
Breadth, moulded 88 ,,
Depth » 60 ft. 43 in.
Gross tonnage 32,500 tons
Draught 33 ft. 6 in.
Displacement ... 38,000 tons
Number of pastengers—tirst ... 552

" v second 460
' third ... 1186

... Parsons turhine
«.. Twenty-five cylin.
drical

Typgof engino ...
Number and type of boilers

Number of furnaces 192
Steam pressure ... 195 b,
Total heating surface . 158350 gq. ft.

o gmte ares ... 4,048 |,
Draught ... Howden's
Total indicated horse- power (de-

sigoed) ... . . 68,000
Speed (designed) ... 25 knots

One important feature dealt with in fixing the
designs had reference to the use of the ships as
cruisers or scouts in time of war, and the plans
which we reproduce on Plate XX V. show that the
machinery —whichis almost entirely under the water-
line—has been so disposed in separate compart-
ments, and with coal protection along each side,
as to counteract, as far as possible, the effect of the
enemy’s fire at the water-line. For purposes of
attack the Lusitania will be provided with an
armament as satisfactory as the armoured cruisers
of the County class, because on one of the topmost
decks there will be carried, within the shelter of
the heavy shell-plating, four 6-in. quick-firing guns
attaining a muzzle energy of over 5000 foot-tons,
while on the promenade-deck on each side there will
be four more guns on central pivot mountings, also
able to penetrate 41-in. armour at 5000 yards range,
and 6-in. armour at 3000 yards range. With the
great speed, which can be maintained for three or
four times the period that any modern cruiser can
steam even at only 21 knots, and with the careful
subdivision for protection and their satisfactory
offensive J)ower, the Lusitania and her consort may
be regarded as most effective additions to any
fighting squadron. Their advent is therefore a great
advantage from the point of view of British sea
wer.

The rudder and steoring-gear are all placed well
below the water-line. This is 8 most important
gginb in respect of protection, should these vessels

ever impressed into the national service. The
stern has been suitably shaped in the Lusitania to
enable this object to be accomplished satisfactorily.

THE ADOPTION OF STEAM-TURBINES.

The second problem in design was the question
of the type of propelling machinery to be adopted.
The power of the machinery, for the dimensions
and form evolved in the Government tank at
Haslar, was 68,000 indicated horse-power. Experi-
ence has produced an exact rule as to the efficiency
of tank boilers as steam-generators, and thus the
capacity of the boiler installation was a more or
less fixed quantity ; but it was important to deter-

* See ENGINEERING, vol. Ixxviii, pages 815 and 838.

mine whether the steam efficiency of the steam-
turbine or of the reciprocating epgine was greater.
Even in a ship where speed is the first desideratum
it is incumbent upon the designer to aim at economy.
alike in first cost, working expenses, and main-
tenance charges. Three years ago, when the deci-
sion had to be arrived at, there were comparatiyely
few data even as to the steam consumption of
turbines, and less as to their durability ; but the
Cunard Company, with -that wisdom which has
brought them to the front rank, decided to appoint
a commission of experts to investigate and report
upon the whole question. The company were
equally felicitous in their selection of the experts.

This Commission included Mr. James Bain, the
Marine Superintendent of the Cunard Company,
than whom no one knows better the engine duty of
Atlantic liners; Engineer-Rear-Admiral H. J.
Oram, C.B., Deputy-Engioeer-in-Chief to the
Navy, who has intimate knowledge both of the
scientific and practical sides of the steam-engine
and turbine; Mr.J. T. Milton, Chief Engineer-
Surveyor of Lloyd’s ; and thelato Mr. H. J. Brock,
of the firm of Messrs. Denny, of Dumbarton, who
have built many mercantile ships fitted with
Parsons turbines ; while the three firms concerned
in the construction of the two new ships were repre-
sented— Messrs. John Brown and Co., Limited, by
Mr. T. Bell; Messrs. C. S. Swan and Hunter,
Limited, of Newcastle-on-Tyne, by Sir William H.
White, K.C.B.; and the Wallsend Engincering
Company by Mr. Andrew Laing.
. This (gommission entered upon their work with
great care, conscious of the responsibility resting
upon them ; on their decision the success of the new
ships largely depended. Admiral Oram, who, as
Deputy-Eogineer-in-Chief of the Navy, has tackled
the question of turbineeconomy, alike from the scien-
tific and practical standpoint, with enormous advan-
tage to the Navy, was able to put before the Com-
mission very imnportant results as to the performance
of destroyers. Thelate Mr. Brock and Mr. Parsons
assisted the Committee with the tests of Channel
steamers into which their respective firms had
fitted turbine-engines. The resultant data, and
a’ careful consideration of the performance of
turbines ashore, encouraged the Committee to
make the bold step of recommending for these
huge liners the new prime mover. Events have
since justified this intuition, and the conse-
quence is that the Cunard liners are in the fore-
front, not only in speed, but in the method of
attaining it. The constructors of the machinery,
in accepting the contract for turbine machinery,
with the heavy guarantees attached, also displayed
characteristic enterprise.

The Clydebank firm entered upon their work in
a thoroughly practical way, Iaying down immediately
a complete turbine installation, where, by dynamo-
metric means, they were able to test the power,
while at the same time measuring the water con-
sumption. Many questions affecting the details
of design were similarly experimentally deter-
mined, and the result was that they induced the
Cunard Company to at once adopt turbine machi-
nery in a large steamer of 20 knots speed, the order
for which had just been placed with them. We
have already dealt very fully with the machinery in
this ship, the Carmania, and, at the same time,
bave described the experiments undertaken and
the modifications made in the turbine,* so that it is
not necessary here to say more regarding this phase
of the subject. It may, however, be indicated, as
suggestive of the completeness of the experimental
plant, that it was subsequently fitted to a Clyde
steamer direct from the testing house, and has
since given very satisfactory results, corroborative
of the high efficiency attained at the works.

THE FORM OF STERN AND NUMBER OF
PROPELLERS.

The adoption of turbines was immediately fol-
lowed by very careful experiments as to the forwn
of stern suitable for four propellers, and as to the
proportions of propellers. Four screws were im-
perative, whether turbine or reciprocating engines
had been adopted, because, as indicated on the
table of dimensions on page 130, great ingenuity
had to be devised in connection with the distribu-
tion of power in the cylinders of the piston engines
in immediately preceding Atlantic liners. In the

Campania and Lucania, where the total power was

* Sce ENGINEERING, vol. Ixxx., page 719,
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30,000 indicated horse-power, two sets of engines
were found sufficient, each having three cranks
with five cylinders, the high and low pressure being
arranged tandem wise, with the intermediatecylinder
in the centre. In the next large ship, the Kaiser
Wilhelm der Grosse, there were two sets of engines
of the four-cylinder triple-expansion type, each
cylinder working on a separate crank ; dlthough the
power was the same, with a slight increase of
steam pressure, the low-pressure cylinders were
96.4 in. in diameter. The Vulcan Company, in
their succeeding ships, adopted various systems,
and in the Kaiser Wilhelm II. fitted four sets
of engines, two on each shaft. Each set of
engines had three cranks, and the tandem sys-
tem was again adopted for high and first inter-
mediate cylinders, but the diameter of the low-

uﬁ)on the triple-screw arrangement in former turbine
ships, where such complete independence is un-
attuinable. The division of the power into two
complete and independent systems follows the
course pursued for so many years in the Royal
Navy, whose lead is now so generally adopted in
this respect in the mercantile marine. It has in
this case enabled the engine-rooms to be well sub-
divided by watertight bulkheads, and the advantages
in general secured have been obtained without the
sacrifice of a single point of any importance.

The form of stern devised is well shown in some
of the illustrations which are given on Plates XX.
and XXI. To improve the manwuvring, the dead
wood was cut away, as shown in the profile of the
ship on page 133, and on Fig. 30, Plate XXXIII.

As in earlier Clydebank ships, the rudder, of the

Photo. by Elliott and Fry.

dimensions of the turbine, and the velocity of steam
being constant, the revolutions are of necessity
high. The contention has been made—not alwa{.s
with due regard to experience—that the small high-
speed propeller involves some loss in -efficiency,
especijly in a seaway, and, further, detracts from
the .astern speed, and, indeed, from the general
wancuvring power of the ship. Be that as it
may, it was decided in the Cunard liners, after
very careful consideration, to attain the full speed,
with the propellers' making about 140 revolutions
per minute, and the turbines were proportioned to
suit this speed. . The peripheral speed being practi-
cally more or less constant, owing to the velocity of
steam, and only affected by the angle or curvature
of the blades, it became necessary to adopt turbines
of very large diameter. Thus the rotor-drum of the

Photo, by Lafayette.

&)‘reseure cylinder was increased to 112.2 in.
his latter dimension has been exceeded only
in one or two instances, in compound paddle-
engines. The six cranks probably improved the
uniformity of turning moment. With tandem
oylinders the difticulties of balancing the moving
parts were necessarily increased, and it is prob-
able that, as a cunsequence, some portion of
unnecessary weight had to be carried. In any
case, the transmission of 20,000 indicated horse-
power through a single shaft, setting up enormous
torque, imposed a very severe condition even upon
the best of steel-makers, and those responsible
for the design of the machinery in these new liners
were, therefore, well advised in aiming at a reduc-
tion to about 16,000 or 17,000 horse-power through
any one shaft.

The adoption of four unita of machinery and four
screw-propellers enabled the machinery to be made
in two completely separate sets, one to starboard
and the other to port, just as in a vessal with twin-
screw reciprocating machinery ; a distinct advance

barn-door type, is supported for about two-thirds
of its depth. Immediately forward of it, on each
side, are the two inner propellers, the shafting for
these being entirely borne within the ship, the
framing of which was bossed out, and strongly sup-
ported by heavy webbing, as explained later. The
forward propellers are about 70 ft. ahead of the
inside screws, and here also the frames are carried
by heavy webs. Owing to the great beam of the
ship, and the very fine run, the blades of the
outside propellers do not project beyond the beam-
line, while, at the same time, all the propellers
work in free water, and provision has been made
for a satisfactory clearance between the propellers
and the skin of the ship.

Another question sﬂpeoting the efficiency of the
propelling machinery had reference to the revolu-
tions at which the propellers were to be run at full
speed. In Channel-steamer work, and in small
craft generally, a high rotating speed has been
adopted, largely as a matter of necessity. Where
weight is limited, it is important to minimise the

high-pressure turbines is 96 in. in diameter, and
that of the low-pressure turbine 140 in., the blades
ranging from 2} in. to 22 in. in length. The result
is to permit the use of a propeller of a diameter
and pitch which will certainly remove any question
as to relative efliciency, under normal conditions,
as to manceuvring power and astern speed, and
also as to the influence of head seas. From
these points of view, the performance of the ship
and the machinery will be watched with very
careful interest; although the results already
attained with the Carmania prove that the line of
reasoning which has actuated the designers of the
propelling machinery of the Lusitania is correct,
and therefore there is every likelihood of a full
practical succees.

PERSONALIA. -

Before departing from the consideration of those
questions which affect the design, our readers will

expect us to say something about those who have



Avc. 2, 1907.]

ENGINEERING.

_ 137

been responsible for the work. We have already
referred to the services rendered in the national
interest by Sir Philip Watts, K.C.B., Director of
Naval Construction at the Admiralty, Dr. Froude,
of the Haslar experimental tank, and Engineer-
Rear-Admiral H. J. Oram, C.B., Deputy-Engineer-
in-Chief of the Navy.

Mr. J. G. Dunlop, managing director of Messrs.
John Brown and Co., Limited, g&s, as chief at Clyde-
bank, brought to bear upon the many problems to
be solved his great practical experience, which is
almost unique in its variety and extent. His staff
was eminently fitted to carry to a successful issue
. all the details of construction. Mr. David McGee,
the shipyard director, was trained at Clydebank,
and has been intimately associated with the building
of many of the Atlantic liners and warships which
have had their origin in this establishment, so that
he was thoroughly conversant with all the details
necessary to ensure success. Mr. Thomas Bell, the
engineering director of the works, has also been at
Clydebank for muny years, and carries into his work
an enthusiasm and a courage equal to his 1/
theoretical and  practical knowledge. He hu%::n
responsible for the work of settling the detdils of
the turbines. Mr. W. J. Luke, naval architect and
director, who joined the Clydebank yard some ten
years ago, is an Admiralty-trained naval constructor.

He was for several years lecturer on the subject at
the Greenwich College. He had ever a penchant for
experimental work, and, with the addition of a
tank for testing models at Clydebank, found
abundant scope for his intuitive mind. Here
much useful work has been dome, especially in
connection with the propeller question. One
might almost say, however, that everyone at Clyde-
bank has been actuated by the same spirit as Mr.
Dunlop in his determination to ensure an absolute
success for the ship.

As regards the Cunard Company, their great
reputation is abundant evidence of their splendid
administration. The choice as chairman, in suo-
cession to the late Lord Inverclyde, of Mr. Wil-
liam Watson, was generally acclaimed as a most
felicitous one. The position was difficult, owing
to the personality of the late Lord Inverclyde, but
events have since shown that Mr. Watson's
intimate knowledge of all shipping questions,
combined with a determination to maintain the
prestige of the company, eminently prove his fitness
for the post. He has a splendid staff, whether
regard be had to the techmical or nmnsgerial;
departments. To Mr. James Bain's work we
have already made reference, and he is so well
known that no further mention need be made of

the great tact and experience with which he has

carried out his duty in connection with the
Lusitania.

On Mr. George Thompson will devolve the
responsibility of the upkeep and repair of this
gigantioinstallation, and we cannot accord him higher
praise than to state that he is a worthy successor
to Mr. Bain in the post of superintendent engineer
of the Cunard Company. r. L. Peskett, the
naval architect, has also been closely identified
with the work, and to the ultimate success of the
vessel his wide acquaintance with all the latest
developments in the internal economy of high-class
vessels of all the principal trans-Atlantic com-
panies has contributed in no small degree.

In the ultimate succees of the Lusitania the staff
count for much, because, however successful a ship
may be from the point of view of construction, her
popularity must depend very largely on the comfort
ensured on board. Mr. A. Mearns has ‘taken over
the general managership in succeesion to Mr. A. P.
Moorhouse, whose lamented death was recorded a
few weeks ago. Here, again, the selection has been
a happy one, as Mr, Mearns has been trained in the
Cunard Company, than which there is no better
school, and, having high administrative qualities, he
will %&r::ﬂy assist the directorate in maintaining
the place which the Cunard Company have always
held in the appreciation of the pum

THE CONSTRUCTION OF THE SHIP.

Havine dealt with those matters concerning the
inception of the scheme, and with the problems in
design associated with the speed, we may now turn
to the no less important questions which had to be
settled before constructional work was commenced.
These were associated with the strength of the
structure, with the scantlings to ensure an abso-
lutely reliable result, and also with the metals to be
used. Inocidentally, also, much thought had to be
devoted to the supporting of the ship during con-
struction and to her launch ; but there have been
80 many e ships built at the Clydebank works
that these latter questions were relatively unim-
portant. The ship had to be constructed not only
to meet the conditions laid down by Llaoyd’s, but
also to comply with the Admiralty requirements
as a transport or armed cruiser.

The calculations of stresses were carried out in
the usual way, on the assumption that the material
of the hull, if built of mild steel, should not be
subjected to a stress exceeding 10 tons per square
inch, and on the basis that the vessel might ex-
perience the hogging and sagging stresses conse-
quent on meeting with waves of her own length,
and of a height from the trough to crest of one-
twentieth of the length of the wave. The very
careful series of calculations entered into showed
that the maximum bending moment was slightly
over 1,000,000 foot-tons, and that this occurred
through hogging, owing to the vessel riding at the
centre of her length on the crest of a wave of maxi-
mum size with the ends in the troughs. This
stress, of course, is greatest at minimum draught ;
that is to say, when the vessel is nearing her desti-
nation, and when coal in the bunkers has been
greatly reduced. With the two ends supported on
waves and the centre sagging, the stress was onl
about 500,000 foot-tons. With a full cargo of ooa{;
when the displacement will probably be 20 per
cent. more than in her arrival condition, the hog-

ing and sagging stresses are considerably less.

hese conditions are about normal, but the aim of
the designer was to meet them so that the strain
on the structure would be less even than is usually
the case with well-built ships.

In thecase of the Lusitania it was decided, before
construction was far advanced, to enter upon a
series of very careful tests in order to determine
whether, and to what extent, increased strength
could be imparted to the upper structure by the
adoption of high-tensile steel. These tests, which
were watched with great interest by the ofticials of
Lloyd’s, the Board of Trade, and the Admiralty,

and with even greater interest and solicitude by
the Clydebank staff and the Cunard officials,
were carried out at Messrs. D. Colville and Co.’s
Works at Motherwell. The subject of high-ten-
sile steel, however, has lately engaged so much
attention, and the papers read at the recent
Engineering Conference in London brought out
such a full expression of opinion, that it is scarcely
necessary for us here to enlarge on the question.
But it is important to state that the ordinary tensile
and elongation tests carried out in the interests of
the builders by Messrs. David Kirkaldy and Son,
London, were supplemented by a great variety of
experiments, and these showed that the average
ultimate tensile strength of the material'selected wus
36.8tons per square inch for normal high-tensilesteel
and 36.6 tons per square inch for annealed high-
tensile steel, as compared with 29.6 tons per square
inch for ordinary mild steel. The elongation tests
were made with pieces which corresponded more to
the length of plates on the section of the ship—
namely, 100 in.: and it was found that the ratio-of
elastic to ultimate stress was 47.7 per cent. for
the normal high-tensile steel and 653.4 per cent.
for the annesfed high-tensile steel, as compared
with 43.60 per cent. for the mild steel. Thus
the high-tensile steel which was used was 24 per
cent. better in ultimate tensile strength than
the mild steel, which itself was of a very satisfac-
tory quality. The metal was subjected to tup tests
as well as to other severe punishments, including
the explosion of heavy charges of dynamite against
the Ehtes, as described in page 847 of vol. lxxxiii.
of ENGINEERING, and in every instance the results
were satisfactory. Generally speaking, the con-
clusion arrived at from these experiments was that
the tensile steel was 36 per, cent. better than the
mild steel. Those responsible for the design of the
ship, being specially solicitous to ensure absolute
st.rength, decided, notwithstanding this great
sus)enority, to reduce the scantlings to the extent
only of 10 per cent. ; probably the results justified
more, and in future large ships a greater reduction
may be made, especially as in big Atlantic liners
we are far from that thinness of plate which intro-
duces the newer problem of buckling stresses,
associated in recent years with the construction of
light torpedo craft.

The reduction’in scantlings had the very impor-
tant advantage that it reduced weight where it was
most desirable to economise in this respect, and
owing to the thinner plates it further ensured better

riveting. It was not deemed prudent to adopt the

high-tensile steel for the rivets, a point upon which
there seems some difference of opinion.

THE BUILDING OF THE HULL.

The constructional details of the hull will be
readily followed by an examination of the sectional
drawings given on page 138, Fig. 7, and of the
table of scantlings appended to these sections ; while
on Plates XVIIL. to XXIV. we reproduce various
photographs illustrating the process of building the
hull. The keel is formed of three thicknesses of

lates, with no outside butt-straps. Experience
shown this plan to be an advantage, because
it facilitates operations in the dry-docking of the
vessel. This flat keel is shown in the engraving on
Plate X VII. (Fig. 14). * Over this, as shown in the
details, Figs. 7 and 10, there is the ocentre-line
keelson, which is well shown in the engraving on
page 139 (Fig. 12). There are two eorrespon%i.ng
longitudinal main girders—the fifth girder marked
F and the margin-plate marked L on the section
(Fig. 7). The dimensions of those main girders
are given separately in the table of scantlings. In
addition, however, there are on each side of the
centre-line keelson five other longitudinal girders,
and the scantlings of these are given on the table.

The general construction of the double bottom
is illustrated by Figs. 16 and 16 on Plates X VIIL.
and XVIII., the longitudinal in the foreground
being one of the intermediate members. This
view further shows that, contrary to usual prac-
tice, the holes in these intermediate longitu-
dinals for lightening the structure are placed
with their larger dimension vertically instead of
horizontally. g.l‘his was because of the comparative
closeness of the frames, but as a comsequence
one may walk in greater comfort through the
ballast-tanks. There was no attempt to make
these intermediate continuous longitudinals water-
tight. The water-tight divisions of the ballast-
tanks between the double bottom are made by
the centre keelson and the two main longi-
tudinals F and L. This double- bottom con-
struction extends for practically the whole length
of the vessel, and, as is shown by the section,
extends for a considerable part of the length of
the vessel up to the lower deck. Fig. 16 on
Plate XVIII. illustrates the double-bottom struc--
ture aft, and affords an excellent idea of the strength
of the structure at and abaft the machinery spaces.

As regards the plating, the only departure from'
recent practice at Clydebank is the connection of

2
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TABLE OF SCANTLINGS.

Frames.—Inside double bottom, 4} in. by 4 in. by 13 in. for ; L
amidships to 4 in. j-zzled - and reverse frames, §in. by 4 in. by
A4 in. for § L amidshipm to !} . §ozgled. Outside double-bottom
channel, 10 in. by 7in. by 4 in Ly 41n. by ;3io. for ; L amidships
to shelter-deck, with reverse bar 4 in. by $in. by }: in. angle to
lower orlop-deck, to @ in. hy 3 in. by 4in. by 4in. by §2 in. for } L
amidships 1o shelter-deck, with reverse bar 4 in. by 4 1n. by {3 in.
anxle to lower arlop-deck

Spasing. —Frames spaced 32 in. for § L amidships to 25 in. aft
apd Z6in, forward,

l’lfmn; — 13 in. under boiler-bearers and where pecessary ; else-
where, 1" 1,

| —— . Ty e

Fig1l.

X!

TO 8% 3”'-35"-"Atc J
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B 1T TOZ MILD FOR* & 5 MILD AFT STRINGER 603 Yoo 1.7 §§ w1
e

UPPER DECK

ON EVERY FRANE
ROING TO SPAN

§) 00UBLING EXTENOING $30FPTAPT X
AMND EXTENDING 220 FELT FOR® X

£ DoUBLING EXTENDING 280FTAFT X
AND EXTENOING TO 2007 FORe & —A ||

£ 0OUBLING EXTENDING 165 FTAFT X
AND EXTENDING 160 FEKT FOR? OF XL |

STRINGER ANGLES a3 )0

SECTION THRO TURBINE SEATING

Girders.—Centre, 6) in. by ?.;,I
S

bottom, 6in. by 6 in. by -’-q._;,_]“ jn. ; other girder angles, 4 in. by

12-10

4 in. by
16-12.
Tuner Bottom. —Centre strake, —— in.

Lawer Deck.—Strioger, 72 in. Yy Zae

‘in. 3 G.,

Centre girder angles: top, 5in. by 5in. byls‘_.',l;" in. ;

% in. ; margin angle, 6 in. by 6 in. by

0

o

15-12
2

1612,
2 .
15—12

; remainder, —— in.

Orlop and Lower Orlop.—Strirger, 13 in. ; face-plate, €4 in. by
4} in. by 17 in. ; flanged girder, 2 in. to fore and aft bulkhead.

. =T .
in. ; remainder, 3 in. i

in. ; remainder,

£ 0ouBLING EXTENDING 105 PTAFT X
AND EXTENDING 520 FT FOR? X

VERTICAL LINK

! beams, channel, 10 in. by 3} in. by 8} in. by 13 in. on every frame,
to 8 in. by 3} in. by 8} in. by 1§ in)_., ut]:fording to span.

Main Deck.—8tringer, 54 in. by ", in. ; nextstrake, ’-"_;7 in.

remainder, 3;7 in.; beams, channel, 10 in. by i$ in. by 4in. by 4 in,
by i; in. on every frame, to 8 in. by 3} in. by 8} in. by !3in.,
according to span.

Upper Deck.—Stringer, 60 in. by !4 in. high-tensile steel to 12 in.
mild ; second strake, ! in. high tensile to .}, in. mild forward
and % in. mild aft ; third stake, 17 in. high tensile to v in. mild
forward, and %, in, mi t; inder, §2in. B , ch 1
10 in. by j2 in. by 4 in. by 4in. by j in. every frame, to 8 in. by
34 in. by 34 in. by {3 in., according to span.

She.{{cr;‘tl)eck. —Stringer, !} in. high teusile to !§ in. mild, doub-
(liog “=,,""in. high tensile ; second strake, 12 in. mild, doubling
. ) in. bigh tensile ; ','E"':l strake, !3 in. mild, doubling 1% in. high
tensile ; remainder, --{0 in. mild. Beams, channel, 10 in. by {3 in.
by 4in. Ly 4 in. by {3 1n. on every frame, to 8 in. by 3} in. by 3} in.
b: 13 in., according to span. Stringer angle, 12 in. by 9 in. by

Shell.—Outer keel, 50 in. by 'ﬂgf—&iu. ; middle keel, 3¢} in. by
2134, ; inner keel, 58 in. by 2} in. for } L amidships. A strake
Z-Lin.; B,C, D, E,F,G, H,J,K, L M, 5,2 %in; 0,P,Q R,
8 T, U, 225in.; v, W, X, Y, Z;%in.; doubling to V 34 in.,
extends 105 ft. aft of amidships to 120 ft. forward of amidshipe ;
doubling to W :} in. extends 165 ft. aft of amidships to 160 ft.
forward of amidshiys ; doubling to X and Y 7} in. for 240 ft. aft
of amidsbips to 224 ft. forward of amidshipe.

Forward, where the vessel is closed in, the plating is !7 in.

F. and A. Continuous Bulkhead.—$, in. where curved; res
mainder, {3 in. ; base angle continuous, 5 in. by 5 in. by 13in.

Anglés ZUider decke Tn Waywot pillars 8 fit. by's fir. by 3] in.
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the plates of the garboard strake to the flat keel-
plates, which is shown on- the detail Fig. 10,
and in the view on this page (Fig. 12). Mention
nay also be made of the longitudinal connecting
angles having no butt-straps. The frames and
reverse bars up to the margin plate are joggled, to
avoid the necessity for slip iron. Practically all the
holes in the keel-plates were drilled in place, the
plates being subsequently separated so as to remove
the burrs from the surfaces; the edges of the
holes were slightly reamed, and the whole re-
assembled for riveting. The double-bottom plates,
as well as most of those used in the main struc-
ture of the ship, are at least 32 ft. in length.
The connecting - bars of the centre-line girder
were riveted first, as it was found by experience
necessary to get the garboards in place before any
other riveting on the flat keel was proceeded with,
owing to the great closing power of the hydraulic
riveters used. Fig. 13, below, illustrates the
process of riveting by hydraulic 'Fower so clearly
that no description is called for. The riveters were
supplied by Sir William Arrol and Co., Limited,
Glasgow.

The floor-plates in the double bottom are placed
at 32-in. centres over about 300 ft. in the central

rt of the ship. At the ends the spacing is 26 in.
E:rward and 26 in. aft, the reduction in spacing
being gradual. These floor-plates are 60 in. deep

Fic. 12. KeeL AND CeENTRE-LINE GIRDER.

amidships, and have a maximum width, at the
margin-plate marked L, of 48 in. The floor-plates,
as shown in the midshir section, Fig. 7, are in
one length from the middle line to the fifth keelson,
and from this to the margin they are also in one
piece. This obviated inconvenience at the turn of
the bilge, and proved convenient in the arrange-
ment of the floor-plates below. The plates are
generally 19 in. thick, except under the boiler
bearers, where they are 43 in. The shell-plates on
the outer bottom were worked clinker fashion.
Nearly all the rivets up to, and including, the
margin-plate were put in by hydraulic power.
This necessitated the lapping of the plates, as the
frames were too close together to admit of the use
of riveters of moderate gap. The result will be
seen by reference to Fig. 17 on Plate X VIII., and to
Fig. 26 on Plate XXII. Each strake could therefore
ba riveted right up to the edge seam, connecting to
the next strake to be brought on. In this lower
portion of the bottom the edge seams are double-
riveted, and the butts have double straps, the
outer being double and the inner treble-riveted,
with openly-spaced rivets in the third row. The
edges of the outer strap are slightly chamfered.
From a little above the turn of the bilge the plate
edges are sheared in lines approximating to the
sheer of the ship, and the strakes below are
worked as stealers into the edge of the lowest of
the parallel strakes, thus avoiding an excessive
number of narrow strakes at the bow and stern, as
shown in the engravings just indicated. The
framing under the turbine-seating is considerably
deeper than elsewhere, and additional fore and aft
girders are intrsduced. ‘A typical scction (in out-

line) is shown in Fig. 11, while the engraving,
Fig. 27 on Plate XXIIIL,, clearly illustrates the great
strength of the structure.

As to the vertical framing from the margin-plate
to the shelter deck, it is continuous, as shown in the
engraving on Plate XXIIL., Fig 26. These frames
are formed of channels 10 in. by %3 in. by 4 in. by
4 in. by £} in. for # L amidships to 9 in. by %3 in.
by 4 in. by 4 in. by }3 in., secured bLy heavy
brackets to the margin-p‘ate, and fortified by web-
frames at an average of four frame-spaces apart.
The shell-plating covering these vertical frames is
arranged for the turn of the bilge in strakes parallel
with the sheer line, worked with lapped edges and
with lapped butts where they are in one thickness.
The plates are generally about 33 ft. long—that is,
twelve frame-spaces, plus the lap of the butt; the
edges are treble-riveted and the butts quadruple-
riveted.

High-tensile steel was used for a considerable
number of the upper as well as the sheer-strakes
for a great length of the hull amidship. The
extent of their use is illustrated by the din%mm.
Fig. 8. The lightly hatched parts are of one
thickness only, and of the same scantling as would
have been adopted for mild steel ; the more heavily
hatched portions are in two thicknesses and of
reduced scantling, in consideration of the strength
of the material. Throughout the region of doubled

Fic

thickness hydraulic riveting was adopted. The
edges are treble-riveted, and the butts of the
doubled portion are strapped outside and inside at
the butts of the outside plates, the outer straps
taking three rows of rivets, and the inner straps
taking four rows; the thickrness of the straps is
reduced on account of the doubling. The butts of
the inside plates are strapped on the inside and
quadruple-riveted.

Similar insurance against hogging stresses was
extended to the upper decks, and thus a consider-
able portion of the shelter and a fair part of the
upper deck (Fig. 9) are of high-tensile steel, and
wereriveted by hydraulic power. This section shows
the details of the sheer-strakes, with the beams
carrying the shelter and upper decks—a connection
which 18 of considerable importance to the struc-
tural strength. The remaining deck-plating is prin-
cipally of such a nature as is necessary to provide
suitable floorings, and occupies only a secondary
place as regards the structural strength of the vessel.

The large openings in the decks—viz., funnels
and ventilators—are arranged, as far as practicable,
in the same fore-and-aft lines, as shown in the two
illustrations on Plate XXIV., so that important
strakes of plating are run through for long unin-
terrupted lengths, and these openings have heavy
doublings and well-rounded corners. ‘

The main bulkheads are formed of high-tensile
steel, % in. thick in the lower parts, and. f; in.
thick up to the main deck. Above this they are
/g in. thick, also of high-tensile steel. There are
eleven main transverse bulkheads, and the sub-
division is carried considerably further by. the longi-
tudinal bunker bulkheads, by the two bulkheads in

the engine-room, and by the partial bulkheads in
the coal-bunkers. The extent of this sub-division
will be at once appreciated by reference to the deck
g‘luns published on the two-page Plate XXXIII,
o the system adopted for automatically closing
the doors in these bulkheads we shall refer later.

The midship section, Fig. 7, shows how the
lougitudinal bulkheads are stiffened and braced to
the side. These engine-room bulkheads, being
connected to the longitudinal bunker bulkheads,
and of strong counstruction, form valuable girders,
contributing to the strength of the ship ; and, as
they are well stiffened and braced, they are kept
up to their work. The main transverse bulkheads
have vertical channel stiffeners on one side, 12 in.
by 3} in. by 3} in. by }} in. to the lower deck, and
flanged stiffeners above, and on the same side hori-
zontal girders 32 in. broad, with a face channel
9 in. by 1Jin. by 4 in. by 4 in. by 33 in.

The engravings on Plates XVII. to XXIV., illus-
trating the construction of the ship, have been
grouped generally to show the work, firstly, at the
bow, secondly, at the stern, and, thirdly, amidships.
Little remains to be written further in elucidation
of these views, and of the sections given on page 138,
excepting to refer to the stem and stern framings.
The stem is of cast steel, and was constructed with
rabbets to receive the shell-plating. The weight
was 8.3 tons. o

. 13. Hypravric RIVETING.

Figs. 16 to 23 on Plates XVII. to XXI. show
the stern. The heavy section of double bottom,
and the bossing out of the framing for the pro-
pelling shafts, are of great interest. The spectacle
eyes—monocles would be a more accurate term
—for the outer shafts are of cast steel, and well
incorporated with the framework of the hull 90 ft.
before the after perpendicular. The spectacles for
the two inner shafts, which are at 19-ft. 6.in.
centres, are also of cast steel, and are riveted to the
stern-post. This latter is a steel casting, of a special
form, shown on Fig. 22 on Plate XXI., to support
a balanced rudder and to take the steering-gear
in duplicate. For the latter the framing and plat-
ing had to be flared out, as shown in Fig. 23 on
Plate XXI. The weight of the stern - post is
59 tons 8 cwt., exclusive of the spectacle frames,
which, together, weigh 60 tons 4 cwt.

The rudder, which weighs 56 tons 8 cwt., is
composed of three steel castings, and the rudder-
head is of forged steel ; all the parts are con-
nected by horizontal flanges, well rabbeted and
heavily bolted., The- rudder area is 420 square
feet ; there is one removable pintle.

Before departing from the description of the
construction of the hull, a passing reference may
be made to the subject of handling the material,
as the appliances proved very efficient, and were
of low cost. The maximum weight of any unit
was about 4 tons, and for this electric jigger cranes
were supplied by Messrs. Sir William Arrol and
Co., Limited. These were described in ENGINEER-
INg, vol. lxxxi.,, page 163. These are seen in
Fig. 29 on" Plate "XXIV. ~Ordinary ~jibs “on
luprights did splendidly for the lighter loads,
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which were, where necessary, moved in wagons on
a standard-gauge railway laid on the deck-plating.
These may seem crude methods at a time when so
much is spent by some firms on berth structures ;
but comment is unnecessary, in view of the short
riod occupied in the building of the Lusitania.
g;e was launched, weighing 16,600 tons, fourteen
months three weeks from the laying of the keel,
notwithstanding eight weeks' delay owing to a
strike.
With a view to preventing the deterioration of
the structure through corrosion, the whole of the
internal surfaces of the bunkers and the floors,
intercostals, shell-plating, and seatings under tur-
bines and boilers have been coa by Meesrs.
Wailes, Dove, and Co., Limited, with their patent
¢‘ Bitumastic” enamel, and the tank-top in way of

PASSENGER ACCOMMODATION OF THE SHIP.

TasLe 1V.—List of Rooms for Passengers.
First Class. (540 Passengers.)
36 one-berth rooms.
150 two-berth rooms.

72 three-berth rooms.
Total, 260 rooms.

Second Class. (460 Passengers.) I

60 two-berth rooms.

85 four-berth rooms.
Total, 145 rooms.

Third Class. (1200 Passengers.)
b
5

18.

Yl
|
b

* Bee PNGINEERING, vol. Ixxxiii., page 433,

boilers and machinery, and the fan-room with this
company’s patent *‘ Bitumastic” covering.

THE LAUNCH OF THE SHIP.

This brings us to the launch, by no means the
least important incident in connection with this
ship. We had occasion, in describing the launch,
in our issue of June 8, 1906 (ENGINEERING, vol.
Ixxxi., pages 753 and 790), to refer to the extreme
precision with which the whole operation was
carried out. The event, indeed, was common-
place so far as incident was concerned, but this
result was only secured by careful attention to
every detail in the preparation. In a paper read
at the spring meeting of the Institution of Naval

Architects, by Mr. W. J. Luke,* the details of the
launching-gear, and the calculations upon which it
was proportioned, were fully set out, and it is not,
therefore, necessary to enter here upon a full
description. Mr. Luke’s paper is well worth study
because of the completeness of its detail.

The total time which elapsed from the release of
the triggers uuntil the vessel was fully afloat was
86 seconds ; of this period 22 seconds were absorbed
in tripping the keel-blocks left under her,and during
this operation she only progressed about 1 ft. down
the ways. This gives an average speed of 12.2 ft.
per second for the remainder of the journey to the
water. The velocity was so moderate that the vessel
was brought up with her bow about 110 ft. from
the shore. The total weight of drags in use was
1000 tons.

ork.
\me-
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Fi1c. 42. ELECTRIC DRIVING-GEAR OF PasseNGer Hoisr.

The dining accommodation is as given in Table V. ' being in advance of the arrangements made in other

TaBLE V.—Accommodation of Dining-Saloons.

Seats.
First Class.—Upper saloon ... 150
Lower saloon ... 350
Children’s saloon 40
Total 540

Second Class.—260 seats.
Third Class.—Main saloon ... 340
ies’ room ... 90
Smoking-room 110
Total 540

In the disposition of the accommodation for the
_officers and crew, the principle followed has been

i

‘large ships. The purser and his staff, and the

doctor, have their quarters adjoining the grand
entrance on the shelter-deck, so that they are at all
time easily accessible. The position of the rooms
of the supernumeraries will easily be seen on the
deck-plans on Plate XXXIII. Seamen are accom-
modated forward ; stewards at the extreme after
end of the upper, main, and lower decks ; while the
firemen, trimmers, &c., have dormitories and ex-
tensive bath and lavatory accommodation close by
the engine-room hatches. A notable point is that
the dormitories are arranged for groups corre-

* Nee ENGINEERING, vol. lxxxiii., page 803.
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BAGGAGE AND SERVICE ELECTRIC HOISTS.
CONSTRUCTED BY MESSRS. WAYGOOD AND CO., LIMITED ENGINEERS, LONDON.
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] vl ;nnionway in the centre of the shi?, extending | class passengers.
_____ sy i ] rom the main deck up through four levels to the| On the shelter-deck (Fig. 33), which is at the
! ! boat-deck. Passengers entering the ship, either |top level of the moulded structure, there are no
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Xk main-deck level, ascending either by the stairs, or | smoking and ladies’ room, with extensive lavatory
by either of two hoists, to the deck on which their | accommodation abaft the companion-way. A large
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sponding with the number of men in a watch, and
thus those going on, or coming off, watch need not
disturb the third shift at rest.

The arrangement of the decks conduces to a ready
acquaintance of what we may term the topography
of the vessel, although the time is probably coming
when it may be desirable to name the alleyways
like streets, if not also to number the cabins. The
arrangement is simplified because the passengers’
quarters are above water-level, so that only on the
lower and main deck is there need for water-tight

cabin is located. From the entrance-hall or land-
ing on each deck there extend forward and aft main
passages, and from these, again, branch alleyways
to the cabins. For the second-class passengers
there is aft a corresponding companion-way, with
large landings or entrance-halls, while forward,
again, stairways are provided for the third-class
passengers.

It is scarcely necessary to describe at length the
arrangement of the several decks, of which plans
are given on Plate XXXIII. On the boat-deck
(Fig. 31) there are forward cabins of a superior
character for sixty-two passengers; but the prin-
cipal feature here is the public rooms : the writing-
room aud library, the lounge and music-room, the
smoke-room and the veranda café abaft the engine
hatches. Aft there is the second-class lounge and
promenade. On this deck there are stowed sixteen
boats of the latest design, and the electric lowering
gear to be described later is so arranged that the
boats can be got to the water in the shortest
possible time.

On the promenade-deck there are mo public
rooms, but here one finds the most interesting
rooms, and probably the most successful decorative
features in the ship. As shown on the plan
(Fig. 32), there are two regal suites of rooms, fully
described on page 69 ante, with six en suite rooms,
and, in addition, large and well-appointed state-

part of the promenade space on this deck will
also be given up to third-class passengers, and
inclement weather will not interfere with open-air
recreation, as the forward part is sheltered by a
continuation upwards of the skih plating of the
thip, as shown in the longitudinal section on Plate
XXXIII. Amidships, in the first-class quarters,
there is a children’s dining-saloon and nursery,
with the rooms for officers of the ship : stewards,
stewardesses, nurses, pur:ers, doctors, &c. Hero
also is located the printing establishment for the
publication of the daily bulletin with the ship’s
news and the Marconigrams from over the seas.
The upper floor of the dining-saloon surrounding
the welf takes up the central part of this deck.
Abaft it are the paotries, then the engineers’
quarters, and finally 27 rooms for 104 second-class
passengers.

Dining-saloons occupy one-third of the length of
the upper deck (Fig. 34), while pantries, galleys,
bakehouses, and all the other branches of the
commissariat department, take up a further large
portion. There are, however, over sixty-two
rooms, accommodating 147 first-class passengers,
and forty-one rooms for 122 second-class pas-
sengers on this level.

The immense engine-room staff encroach largely
on the main deck (Fig. 35), but there are, neverthe-
less, at the extreme forward end permanent cabins
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THERMO-TANK SYSTEM OF VENTILATION.
CONSTRUCTED BY THE THERMO.TANK VENTILATING COMPANY, LIMITED, GLASGOW.
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for 626 third-class passengers; in the after part
76 cabins for 232 second-class passengers, and in
the centre of the ship 58 first-class cabins for 111
passengers.

On the lower deck (Fig. 36) there are permanent
cabins for 100 third-class passengers, and towards
the forward end portable berths are shown for 428
prssengers. The space which may thus be occupied
can, however, be converted into holds for cargo or
stores. ’

The hold plan (Fig. 37) does not call here for
special comment, a8 it will be dealt with more fully
when we come to describe the machinery of the ship.

As to the area of promenading space, a clear idea
is obtainable from the engravings on Plates XXV.
aud XXVI. The views on the first of these plates
(Figs. 38 and 39), to which we have already referred,
show the boat-deck. This is a fine promenade ;
while on the deck below, 1} acresin extent, there is
again a great walking-track, 34 times round which
measure a mile. Fig. 40on Plate XX VTI. shows this
promenade-deck, while Fig. 41 on the same plate
18 suggestive of the great height of the bridge,
although the view is only from the forecastle head.
This illustration is further suggestive of the great
area which these vessels present against wind pres-
sui'e :vhen steaming at full speed in the teeth of a
gale.

* See ENGINEERING, vol. 1xxv., page 876. »

It seems almost superfluous to indicate the many
contrivances introduced for the convenicnce of
passengers. There is a well-equipped bureau,
where all information can be obtained. Many of
the principal cabins are connected with each other
and the bureau, &o., by telephones. In a word,
from first to last there has been a determination to
excel the most admirably equipped hotels on land.

A noteworthy feature in the vessel is the sanitary
arrangements, which have been carried out largely
by Messrs. Shanks and Co., Limited, Barrhead.
The large proportions of bath-rooms and lavatories
is specially notable, as well as their convenient
distribution. The sanitation throughout is of the
most complete kind, the system of flushing, trap-
ping, &c., being far in advance of anything hitherto
carried out on a large scale, while the plumbing
work is perfect.

Hospitals have been arranged on the shelter-
deck amidships, separate hospitals being arranged
for infectious diseases for both sexes. These
hospitals have been fitted out in the most com-

lete manner, and have dispensary, lavatories, and
th-rooms.

THE PASSENGER HOISTS.

A feature in the arrangements for the comfort of
passengers is the complete equipment of lifts for

passengers, baggage service, &c., by Messrs. R.

(a3.8)

Waygood and Co., Limited, London. In all eleven
lifts and hoists have been installed by this firm,
all worked by electric current supplied by the ship’s
generating plaut at a pressure of 110 to 120 volts.

Of these hoists, weillustrate on pages 140 and 141
(Figs. 42 to 47) the two passenger lifts running
within the stair-well, and probably the most inte-
resting in the ship. These travel through a height of
36 ft. 3 in. between the main and boat-decks, open-
ing on to the splendid vestibules or halls on each
deck leading to the various public saloons or to the
alleyways through the extensive ranges of cabins,
The cars are constructed in polished mahogany,
and are each guided by two round steel guides
attached to the staircase framing. Special safety
apparatus on the cars come into operation on the
failure of the lifting-ropes. This apparatus has
a positive action, und is not dependent on springs.
Each car is raised by steel cables, which pass
through the double dome roof of the staircase, over
top sheaves, and thence horizontally to the winding-
gear, which is fixed at the boat deck-house level
(Fig. 43). The counterbalance weights travel in a
trunkway, forming a ventilator, the counterweights
being guided by round steel guides attached by suit-
able brackets to the trunkway (Fig. 43).

The lifting-gear is clearly illustrated by Fig. 42.
The cables for each lift are two in number, of best
crucible-steel wire, attached to the winding-drum.
Two independent ropes are also attached to the drum
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has been adopted in connection with the ventilation
of the ship, and two typical arrangements are
illustrated on page 143, by Figs. 56 to 67. This
system aims specially at ensuring to all the living
quarters of the ship a continuous supply of fresh
air, which is not only warmed to Sxe requisite
degree, but is also humidified, so that none of
the bad effects of over-drying can be felt. In
oold weather the warmed air is discharged, through
n regulated louvre, into each apartment, near the
lovel of the ceiling ; as it cools it gradually sinks
to a lower level, carrying with it any carbonic-acid
gas to the passage-ways, where means are provided
for allowing it to pass outside. In warm weather,
or when heating is not necessary, the reverse action
takes place, as the louvres near the ceiling con-
stitute the exhaust, with the result that the warm
impure gases leave the top of the room, and
fresh atmospheric air comes in at the floor-level.

The thermo-tank generally consists of an electric
motor operating a fan which discharges air to the
outside of a tube heater. The air then passes
through the tubes, and comes in close contact with
the heater surface, flowing thence to the main distri-
buting-trunks. Two valves are used for controlling
the passage of air : one for regulating the tempera-
rature, while the mushroom valve on the top is
provided for the exhaust air. It will be noted that
the air passes round the outside of the heater on its
way to the tubes, so that the loss from radiation
is very small, the outer casing of the thermo-tank
being quite cool on all occasions. The heater is
warmed by steam from the main boilers, entering
at the top, with an exhaust at the bottom. The
pressure of steam is reduced to about 30 1b., and a
relief-valve is fitted to blow off at from 80 Ib. to
100 1b. pressure. The heater and all its connec-
tions are tested to the full boiler pressure. Theair
is humidified by means of a speocial valve admitting
steam in a fine spray, by means of small needle-
holes in a copper hoop surrounding the heater.
Tests carried out to compare the efficiency of the
thermo-tank system with that of the ordinary heaters
show that where tho steam-heated system took
three hours to attain a given temperature, the
thermo-tank only required fifteen minutes. The
consumption of steam is small, as all the heat is
abs{,{raotad, only water being drained off to the feed-
tank.

The first-class accommodation is connected to
twenty-four thermo-tanks, which are arranged prin-
cipally on the boat-deck houses. These are seen
at the base of the funnel in Fig. 38, Plate XXV.
The second-class accommodation is connected to
nine thermo-tanks, the third-class to eleven, and
the officers’ and crew’s accommodation to five,
these being arranged mostly on the top of deck-
houses, &c. The thermo-tanks in the fore-end
of the ship are placed between decks, and obtain
their supply of fresh air from the after end of
the navigating-bridge, so that in this way a
continuous supply of fresh air is ensured in the
worst weather, there being no cowl - heads or
openings forward of the flying-bridge. Although
the thermo-tanks are arranged principally on the
top of the boat-deck houses, the fresh-air supply is
obtained from gratings opening out on the pro-
menade-deck shelter. This has been done so as to
avoid the smells from galleys, w.c’s, &c., which all
exhaust above the boat-deck houses. When the
thermo-tanks are exhausting, of course, the cowl.
head provided for the purpose can then be used.

The thermo-tanks are capable of changing the air,
either by exhaust or supply, in the various com-
})artments to which they are connected at least
rom six to eight times per hour, and they are also
capable of maintaining a temperature of at least
65 deg. Fahr. in the coldest weather. In addi-
tion they are interconnected, so that in case of
the breakdown of any thermo-tank, a supply can
always be obtained from another.

The diagrammatic drawings on page 143 illus-
trate the working of thermo-tanks as follows : —

Figs. 66 to b8 illustrate the working of deck-
type thermo-tanks when supplying fresh, warm, or
cold air to the various compartments, and Figs. 59
to 61 show the same when exhausting.

Figs. 62 to 64 show the working of bottom-
suction deck-type thermo-tanks when supplying
fresh, warm, or cold air to the various comnpart-
ments, and Figs. 65 to 67 show the same when ex-
hausting.

The work of the thermo-tanks is further aug-
mented by means of twelve powerful exhaust-fans,
which are connected by means of trunks respec-

TABLE VIL—SuMMARY OF OFFICIAL TRIALS OF TURBO-GENERATORS.

Number of machine .. 1034, 1077. 1078, 1079.
Date of test 4/3/08 4/8/06 4/8/08 14/8/06 13/8/06 18/8/08 | 18/8/06 141418‘/36
Load .. Full Three- Halt Full Full | Three-  Half |
quarter | " quarter

Stop-valve rtulure . . .. . 167 167 173 . 166 168 161 160 164
Ba ter in inches of y .. L0 29,77 I 20.77 ‘ 29.77 29.54 29.4 29.4 20.4 20 54
Back pressure in pounds .. .. . 5 5 5 4.93 4.86 3 , 5 . 5
Speed—revolutions per minute .. 1200 1200 i 1200 | 1200 1200 1200 1200 ' 1200
Voltage .. . . .. . ol 11 | 11L2 118.6 | 11562 ' 107 109.8 ' 1128 ‘, 114.5
Average kilowatts .. . . .| 818.27 288.9 138.42 375.88 871.75 285,28 188.3 878.31
Field volts .. . . .. 87.6 88.78 86.08 | 92.46 ( 87.5 80.6 00.6 92.68

, amperes.. .. .. .. .| 8881 | 815 309 8076 | 80.8 30.8 08 . 316
Average quantity of water per hour in, | | ' !

pounds .. . .. .. ..| 17,881 ' 15,017 1,419 ' 17,301 | 17,688 15,104 11,649 17,548
Water consumption per kilowatt-hour in

pounds . .. . . .. 47.76 51.97 60.60 46.08 4814 52.94 6186 47

i

tively to all the galleys and pantries, bath-rooms, | vided for. Each dynamo is shunt wound. The

lavatories, and w.c's, these fans being of sufficient
capacity to change the air in the above-men- |
tioned compartments at least fifteen times per hour. | between the conductors and commutator bars is pos-
In addition to the living quarters, the holds and 'sible, but as an additional safeguard, the connec-
other compartments, forward and aft, are also|tions between these are made flexible. Special
mechanically ventilated, so that all natural ventila- , driving-horns in the ends of the core are provided.
tion requiring cowl-heads, or openings through 'The insulation of the whole machine was tested
decks, has been dispensed with. ' with an alternating pressure of 2000 volts between
the conductors and the frame, and the insula-

ELECTRIC LIGHTING. tion resistance after the above test was to be not

less than one-half of a megohm for the whole ma-
chine, one megohm for the armature winding, one
megohm for the field-winding, and one megohm for

armature is of the surface drum-wound type, with
one turn per section. No relative movement

An extensive electric generating station is
arranged on a flat deck abaft the engine-room,
as shown on thesection, Fig. 85, on Plate XXXV. each of the brush-holders. )

There are four generating sets, all alike, and each ' Teats were made of the various turbo-generators
of 376 kilowatts capacity, the voltage being 110 to ; at the Heaton-on-Tyne Works of the constructors
120. The prime movers are Parsons turbines, and ' —Messrs. C. A. Parsons and Co., Limited—and
it is interesting to recall that the Clydebank firm | the results for all four engines are given in
was among the first, if not the first, to fit turbo- | Table VII. It will be noted that at half load the
water consumption was in one case 60.60 lb.,

and in another 61.86 lb. per kilowatt-hour ;

_ﬁ:'g_ 77, at three-quarter load the consumption was

52 1b. to 63 1b., and at full load from 46 lb.

) ’ to 48 lb., the back pressure in each case being

® about 51b. The tests were carried out in the

gresenca of representatives of Messrs. John
rown and Co., Limited, and the Cunard Com-

pany.
COMMISSARIAT DEPARTMENT.

Certainly not the least interesting part of
5 ' the vessel is the portion devoteg to the
3 kitchens. The Cunard Company has always

: i been famous for its high-class cuisine. It can
: : easily be understood that the kitchens in the
. Lusitania quite eclipse anything afloat. The
34 saloon kitchen and pantries extend right across

° the ship, and 126 ft. fore and aft. This de-
o ) 2= °o Fartment is equipped with every modern device
° i L, ° or the preparation of food under the.best
2 e (1w < conditions. The main range, probably the

largest in the world, has a hot-plate contain-
ing over 260 square feet; there are no less
; than a dozen steam-ovens, half-a-dozen steam-
B stockpots, half a dozen hot-closets, and as
e many bains maries. Electricity has been largely
employed, and works the large patent roasters,
bread-making, meat-slicing, potato-peeling, tri-
turating, cream-freezing, whisking, and other
like machines. Owing to the splendid system
of ventilation there is a total absence of stufli-
ness.

There are about twenty pantries and still-
rooms, into which several novel features have
been introduced. Those for the main saloon
are in direct communication with the kitchens,
thus ensuring everything ‘being served hot
and fresh. Such tiresome work as bread-cut-
ting, sandwich-making, dish-washing, &ec., is
done by electric machinery. The hot-presses
and bains maries are really beautiful productions,
being finished in black enamel and burnished
white metal. Eggs are automatically boiled and
timed. .

Coffee is made and milk heated under the
generators on ships, and on that occasion the vessel | most cleanly conditions. Each pantr{ has a scullery
also was for the Atlantic trade. Fig. 68 on page 144 in connection, where the dirty crockery is washed
is a view of one generating set, with the turbine in the well-known -*‘ Vortex™ electrically-driven
casing removed, showing the blading in the various ' machines. .
expansions, while Figs. 69 and 70 on page 145, and | The third-class passengers are well provided for,
Figs. 71 and 72 on the present page, show the general ‘ the kitchens being capable of dealing with food for
arrangement of a set, and details of fixing. The|3000 passengers or troops. All the steam used for
turbines were designed to give full load when ex- | cooking purposes is specially evaporated, and is
hausting into a back pressure of 10 lb. They run absolutely clean. This is an improvement which
the dynamos at 1200 revolutions per minute ; but ' will be much appreciated by first-class cooks. The
an overload of 10 per cent. for two hours is pro- | whole of the kitchen, pantry, and bakery plant has

o
=y fron. Washer

Fias. 71 anp 72. DEetairs ofF TURBO-GENERATOR,
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lied and fitted on board by Messrs.

been sl‘?
ilson and Co., Limited, Liverpool.

Henry
THE REFRIGERATING MACHINERY.

Two complete and independent installations of
refrigerating machinery are fitted on board the
ship, one for the preservation of the ship's pro-
visions, and the other for the carriage of perish-
able cargo. Both have been constructed by the
Livergool Refrigeration Com%my, Limited, and
must be described together. The ship’s provision-
machine is situate near the forward end of the

and still-room. There is also an installation
for the supply of cooled water for drinking and
other purposes. In this connection every possible
requirement has been thought out and arranged,
not only for the preservation of the perishable
provisions in bulk, but also for the convenience
of the catering and culinary departments gene-

rally.

'.l(ile installation is of the carbonic-anhydride type,
illustrated on Plate XXVII. and on the present
page. It consists of a horizontal compound duplex
machine, mounted on a cast-iron box-bed, which is
divided by a longitudinal bulkhead into two por-

. BULKHEAD RENOYED
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Fics. 76 10 78. DETAILS

turbine engine-room on the main-deck level, and the
chambers on the lower deck, port, and starboard
sides at some distance forward of the machine. These
chambers have been insulated at the Clydebank
Works with granulated cork in combination with
specially-treated damp and rot-proof paper, with
linings of white-pine boards. The chambers are
divided into compartments for beef, mutton, poultry
and game, bacon, milk, fruits and vegetables, and
ice, and the wine and beer and spirit-chambers are
also lightly insulated and cooled to a suitable tem-
perature.

The chambers have a total capseity inside insu-
lation of about 13,000 cubic feet, and, in addition,
there is a large cold larder on the upper deck,
besides cold boxes in the first and second-class bars

OF REFRIGRRATING PLANT.

tions, each of which contains an independent set of
as-condenser coils. These coils are of special soft-
iron lapwelded tube, galvanised on the outside. The
compound steam-cylinders drive from their tail-
rods two horizbntal double-acting CO, compressors.
The crank-shaft runs in four bearings, and is in
two portions, coupled in the centre and with a
distance-plate between the faces of the coupling.
A neat arrangement of steam-valves is fitted, so
that the engine can work compound or indepen-
dently as two high-pressure engines. By taking
out the coupling-bolts and distance-plate each side
of the machine can be run quite independently of
the other. Cross-connections are provided, so

that either compressor can deliver into either or
both gas-condensers, and the machine is the full

equivalent of two independent machines combined
on one base.

The evaporator is of the vertical type, the shell
enclosing two independent nests of circular coils,
one coupled to each compressor, with cross-connec-
tions, the same as for the condensers. Two hori-
zontal duplex brass-fitted brine-pumps circulate the
brine, and a third, smaller and independent pump
is provided for the special duty of pumping the
brine snppl{ato the cold larder and refrigerators in
the saloon-bars and other places independently of
the main pumps. The whole brine distribution
forms an entirely closed system. The brine is
drawn from the evaporator and delivered into a
distributing header, with valves and connections
leading to the various pipe sections in the cold
rooms. After passing through these the brine
returns to a similar co%lecting-header, and thence
back to the evaporator, there being no open brine-
tank whatever. All the chambers are cooled with
galvanised brine piping, arranged to suit various
temperatures required in the several compartments,
each of which is regulated independently of any
other. The installation is, we Dbelieve, the largest
and most complete of its kind.

The cargo-refrigeration plant is situate on the
shelter-deck, starboard side forward, just abaft the
forward funnel hatch. There is an extensive range
of cold chambers on the orlop decks forward. These
have been insulated at the Clydebank Works with
granulated cork in a similar manner to the pro-
vision-rooms, already described. There are six
chambersin all, the largest ones being divided by
longitudinal central bulkheads. They have all
been fitted for the carriage of frozen meats and
poultry, cheese, bacon, butter, and fruits, and par-
ticularly for the carriage of chilled beef. The
compartments are quite independent of each other,
and can be supplied with brine for cooling at
any temperature suitable to the cargo carried.
The brine circulates through galvanised wrought-
iron piping, and the chambers are fitted with meat
railsand removable hooks for hanging chilled meat,
and also removable side tables for the stowage of
forequarters. As the machinery is at a considerable
distance from the chambers, a brine distribution-
house has been fitted on the shelter-deck near to
the chambers, from which the regulation and dis-
tribution is controlled.

The machinery in this case also is of the car-
bonic-anhydride tyre, and special care has been
taken to ensure silent running. The plaunt is in
duplicate throughout, and is electrically driven.
There are two horizontal gas-compressors, each
direct coupled to a powerful electro-motor, shown
in Fig. 73, Plate XXVII. These motors have been
specially designed and constructed for the purpose
by Messrs. Boothroyd, Hyslop, and Co., of g}ootle,
and are so arranged, by means of shunt regulation,
that they can run at any desired speed from 40
to 110 revolutions per minute. The speed can
be regulated with absolute ease by the turning
of one hand-wheel only, the motor running at
the same speed as the compressor, and no gear-
wheels whatever are used. The compressors—
Webb and others’ patents—embody several new
features, which it will be of interest to mention.
The outer casing, of soft cast steel, encloses and
supports a liner of hard close-grained cast irom,
which forms the working bore of the cylinder, but
is easily withdrawable from either end of the
casing. Two forged-steel headers, carrying the
valves, are bolted, one to each end of the casing.
The one at the front end is fitted with the stuffing-
box and gland, and that at the back end with the
plug-cover. The piston is fitted with metallic
packing-rings of special metal, very accurately
turned and finished, and held in place by a patent
split junk-ring head, which, while doing away with
all screws, keys, and pins, absolutely secures the
rings in place, so that they cannot get adrift as
long as the piston is within the cylinder bore. The
gland is also fitted with a particular form of metallic
packing, and no leather cups are used. The valves
and seats are of special hard steel ; the valves lift
vertically, are of large area, and have no springs
whatever. The compressors are constructed so as
to be capable of long continuous runs without stop ;
the absence of leather cups entirely does away with
the necessity for frequent renewals of the packing.

The gas-condenscrs are independent, are of the
vertical type, and consist of soft lap-welded coils of
wrought iron, galvanised on the outside, and con-
tained in galvanised wrought-steel shells. The
evaporators are similarly constructed to the con-
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Hydraulic preesure is supplied to each of the
doors by a pressure main which runs round the
vessel. Pressure is maintained by two steam-
driven duplex pumps placed in the engine-room,
and continually under steam. A branch from the
pressure-main feeds an operating valve, which is
placed on the casing of the forward boiler-room, so
that the pressure may be led into a small pilot
main, called the *‘closing main,” which also runs
round the vessel to serve the doors.

The operating valve is connected by telegraph
wires and chains to a pedestal on the bridge, so
that pressure may be led into the closing main,
either from the operating valve itself, or by the
pedestal on the bridge. The general arrangement
of the system is shown in the section and plan of
the Lusitania on page 148 (Figs. 79 and 80), and

which lifts the small mitre-valve off its seat and
allows the pressure from the closing main to flow
into the tubular ram, past the pilot spindle, which
is fluted, and into the exhaust main by suitable

sists of a tubular ram, which slides in a casing
and is operated externally by a.lever. The
ram oarries at its centre an ordinary slide-
valve, which slides over three ports. These ports
lead respectively to the opening and closing ends of | ports in the ram and casing. The pressure on its
the cylinder, and to an exhaust main, which | lower end being now relieved, the ram can be
runs round the vessel, and delivers into the supply | operated, as before stated, to open the door. As
tank. The pressure from the main is constantly | soon as the handle or lever is released, the pressure
behind the slide-valve, so that, according to the in the closing main forces the mitre-valve back on
position of the latter, the preesure flows either to . to ite seat, and moves the ram back to the *‘closed”
the closing or to the opening end of the cylinder, A position, and the door is again closed. Thus any
the other end meanwhile exhausting. The ram is | man shut in a compartment may escape, and when
moved by a controlling handle, which is connected l he is through, the door will immediately close
by a rod to the lever, and may be moved from |behind him. Warning of the closing of the doors
either side of the bulkhead to which it is fitted. is given by bells at each door ringing continuously
Thus the door may be opened or closed from either  as the door is moving.

side of the bulkhead. e ram, at its lower end, | In conjunction with the pumps and the pressure

Fics. 81 AND 82. HoRI1ZONTAL AND VERTICAL WATER-T16HT Doors (STONE-LLoYD S8ysTEM); CONSTRUCTED BY MEssms. J. STONE

AND Co., LimiTep, DaPTFORD.

runs through a |J leather, and the closing main is

by the engravings illustrating respectively hori-
y & vortie connected to the space beneath it.

zontally and vertically worked doors, with all their
mechanism, reproduced on the present page (Figs.| When the officer on the bridge moves over the
81 and 82).  pedestal handle, and thus opens the operating valve,

The doors are of the ordinary wedge type, and | pressure flows from the pressure main intothe closing
are formed of steel plate, suitably stiffened. They | main, and thence to the under side of the ram,
are each operated by an hydraulic c‘y;linder, having ' which is consequently forced over. Theslide-valve
two pistons connected by a rack, which gears with | thus uncovers the closing port, and admita pressure
a pinion carried by a cross-shaft ; the shaft prolonged!to the closing end of the cylinder. To open the
forms the door-shaft, which, in turn, carries the . door in such a case, it follows that the preesure on
driving-pinion, gearing with the rack on the door. | the ram must be relieved. This is aceomplished in
When space prohibits the fitting of the cylinder in ; the following way :—Inside the hollow ram is fitted
the immediate neighbourhood, intermediate shaft- | a small mitre-valve, which is held on to its seat
ing, with bevel wheels, can be arranged, and the by the pressure in the closing main. A pilot
cylinder can be placed in any convenient position. ;spindle runs through the centre of the ram, and

The pistons are of slightly different sizes, aothnt‘terminates at one end against the mitre-valve,
a larger force is available to open the door, or and at the other against the lever. Suitable
bring it off its wedges. But the successful working ; packing inst the spindle keeps it pressure-
of the system may be said to lie with the control- | tight. When the lever is moved towards the
ling valve, which is placed at each door. It con-: ‘‘open " position, it first depresses this spindle,

main is fitted a governor, on the spindle of which
the preesure acts. Any increase over the working
pressure of 700 lb. per square inch throttles the
steam passing to the pumps. The pressure is thus
kept to its normal height, and the pumps are ready
at any moment to deliver up to their full capacity.

A circulating-valve is also fitted in the pressure
main, and allows a slight flow of water to into
the exhaust main, and back to the tank. This
device keeps the temperature of the water through-
out the mains constant, thus preventing injury to
the pipes, &c.

As it is desirable that the officer on the bridge
should know the Yooit,ion of each door, whether
open or closed, an electrical indicator is provided ;
this contains a fascia Elate, on which a section of
the vessel is engraved. Ruby discs are let into
the plate at different points, and are numbered to
correspond with the doors they represent, and these
are automatically lighted when the door is open.

"THE PROPELLING MACHINERY.

As already stated, in view of the immense power' 1904, finally reported in favour of the adoption of
requisite to propel the new steamers at the designed ' turbine machinery of the Parsons tyge, and on the
speed, the Cunard Company, in September, 1903, ' two-page Plates XXXIV. to XXX VII. we publish

The steam-producing plant includes twenty-three
double-ended and two single-ended boilers, arranged
in four compartments, a8 shown in the section and

called to their aid a committee composed of ex- |detalled drawings of the interesting features of 'plan, Figs. 83 and 84 on Plate XXXIV., and in the
perienced and eminent engineers, to carefully con- | this, the highest power installation ever installed | cross-sections, Figs. 90 and 91 on Plate XXXVI.
sider the whole question of machinery design. | on board a steamship. In these illystrations the 'The main iropelling machinery consists of two high-
After several months of deliberation and pains- ' general arrangement of the boilers, machinery, and  pressure ahead, two low-pressure ahead, and two
taking investigation, this committee, in rch, | connections is clearly shown. iutem turbines, as shown in Figs. 85 and 86 on
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DOUBLE-ENDED BOILER.
CONSTRUCTED BY MESSRS, JOHN BROWN AND CO., LIMITED, CLYDEBANK.
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TaBLe VIIL.—List of Auziliary Engines in the Boiler
and Machinery Compariments.

In High and Low-Prcssure Engine- Rooms.

Feed-pumps .. Bix pairs of Weir's
Hotwell pumps Four Weir's
Surface-heaters Two Weir's
Contact-heaters . Ditto
Feed-water filters . Two Harris's
Ditto, auxiliary .. Ditto e
Auxiliary circulating . Two Allen’s, 10 in.
pumps
Auxiliary condensers.. Two Clydebank ..

Bilge-pumps

Fresh and condensed
water pu

Water serv
ing pumps

Sanitary pun;ps

mps
ice circulat-

Auxiliary air-pumps .

Oil-pum . .
Glnxd mP«; Jacketdrain-
tank pump
Sluice-valve engines ..
Reversing engines

Four Weir's
Two Carruthers’..
Ditto
Two Weir's
Ditto
8ix Weir's. . .-
One  Carruthers’
duplex

Two Clydebank ..
Four Brown's

In Pump-Rooms.

Circulating pumps

. Two sets Allen's ..

Wet-air puips Four twin Weir's
Dry-air pumps.. .. Ditto
Aft waterservicepump One  Carruthers’
duplex
Evaporator- Rooms.
Wash deck and fire One Weir's
pumps ,
Evaporators . 8ixLiverpool Engi-
neering Co.'s
Distillers Four ditto

18 in. and 13} in. by

in.
12}in. and 14} in. by
30 in.
1750 G(I. ft. each.
48 in. in dia. casing.
86 in.
20 in.
36-in. disc; engine,

7 in. by 6 in.

2000 sq. ft. each.

§ in. and 10 in, by
21 in.

Two 6 in., two 6 in.
by 6 in.

Two7}in., two10in.
by 12 in,

10 in. and 10 in. by
10 in.

10 in. anl 22 in. by
12 in.

vin.and$}in.byldin

Two 4} in. and two
Sin, by 5in.

Two G in. by 6 in.

Cin. by 8in,

Each set with two

18 in. by 10 in.
engines and two
32 in. discharges,

and two 42.in. disca.
14 in. and 40 in. by
24 in.
7in.and24in.by 7in,
Two 6 in., two 7 in.,
by 7in.

10 in. and 10 in. by
10in.

Pumps for cvaporators:—Two circulating pumps, two feed-
pumps, and two brine-pumps.

Fia. 96. CavBERED FURNACE; CONSTRUCTED BY

In Boiler-Rsoms.

Assistant fecd and ash- Four Weir's

14 in. and 10 in. by
ejector pumgs

14 in.
Ballast-pumps . . . Two Carruthers’ Two 8in., two 10 in.
duplex by 10 in.
Ash-ejectors Eight sets Mechan
Ash-hoists Eightsets Crompton

Forced drau:.ht fans and notors :—Eight sets of fans and motors,
each set with four fans and two motors ; fans, 66 in. in diameter,

Allen’s.
Turbo-dynamo .. . Four Parsons’ 375 kilowatts
Plate ines are of the Parsons
type, 5 experience of the Hon.
C. A. |ders.
Ow size of these turbines,
— , _

Messs. JoEN BROWN AND Co., LTp., SHEFFIELD,

and in order to comply with the Admiralty's
requirements as to subdivision, the main propel-
ling and auxiliary machinery are located in nine
different water-tight compartments, as will be seen
from Figs. 86 and 87 respectively on Plates XXXV.
and XXXVI. In the largest and most central
of these are located the two low-pressure and
the two astern turbines, the whole of the feed-
! pumps, hotwell pumps, oil-pumps, and the pumps
for the Stone-Lloyd hydraulic system of closing
bulkhead doors. In each of the two wing com-
partments, separated from this central compart-
ment by a longitudinal bulkhead, are placed respec-
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ONE OF THE STOKEHOLDS.

there are located six double-ended boilers, in grou
of three athwart the ship (Fig. 89 on Plate xxg%f)e
1u Nos. 2, 3, and 4 boiler-rooms the bunkers are
situated on the sides of the boilers and boiler cas-
ings ; but in No. 1 boiler-room, on account of the
increasing finenees of the ship, recourse had also to
be had to a large athwartship bunker, forward of
which is a hold available either as a reserve
bunker or for general cargo (see Fig. 37 on Plate
XXXIIL).

The double-ended boilers, illustrated in detail in
Figs. 93 to 95 on pages 150 and 151, are 17} ft. in
diameter by 22 ft. long. In each of these boilers
there are 344 stay-tubes and 720 plain tubes, the
total being 1064. The total heating surface is 6593
square feet and the grate area 168.65 square feet.
As will be seen, there are .separate combustion-
chambers to each fl:lrnfoe, and ¢ eT;abex: anld ate:en;
8 are exceedingly ample. e single-en
boilers differ from the zthersl only in theirglength.

The furnaces have a collective grate area of
4048 square feet, while the total heating surface
is 168,350 square feet. For each group of boilers
there is a separate funnel, all being of the same
dimensions, as the heating and grate surfaces of
each boiler-room are identical (Figs. 90 and 91 on
Plate XXXVII.). These funnels are elliptical in
form, the extreme dimensions of the outer funnel
being 19 ft. by 26 ft., while the height above the
grate-level is 130ft. We may add that the shells
of the boilers are made of high-tensile steel, of
a maximum tensile strength of 36 tons to the
square inch; but the fronts and backs, as also
all rivets, including those for the shells, are
made of ordinary mild steel. The 192 furnaces
are of the cambered type, which is a speciality
of .the Atlas Works, Sheffield, of Messrs. John
Brown and Co., Limited. These furnaces, of
which one is shown in the pho ph reproduced
on page 160, Fig. 96, were made to a diameter
over ribs of 4 ft. 1% in., and for a working pres-
sure of 195 lb. per square inch. The front and
back ends of these furnaces were finished off in
accordance with the latest practice, having their
landings turned so as to ensure a perfect fit.

The steam-piping arrangement is shown on the

Fic, 97.

two-page Plate XXXIV. It will be seen that
there are four main leads—one from each boiler-
room—and that all four are carried right aft to the
forward engine-room bulkhead, on the forward side
of which a stop-valve is fitted to each of the four
lines, which can be worked both from the engine-
room and from the boat-deck.

THE FORCED-DRAUGHT FANS.

The forced draught is on the well-known Howden
system of heated air and closed ash - pits, the
forced-draught fans being driven by electric motors.
We show in Fig. 89, on Plate XXXVI., the
general arrangement of these fans, each of which
can be controlled from the engine-room as well as
from the fan-rooms.

The fans are well illustrated by the drawings
reproduced on page 163 (Figs. 98 to 102). There are
thirty-two motor-driven fans, of Messrs. W. H.
Allen, Son, and Co.’s manufacture, arranged in

irs, and driven by sixteen electric motors. The
ans are throughout of sheet steel, and have im-
pellers of the single-inlet type, 681in. in diameter,
and are capable of“gzoducing an air pressure of 3} in.
when running at revolutions per minute. The
motors are capable of developing 50 brake horse-
power, receiving current at 100 volts, when running
at 450 revolutions per minute. These motors, also
of Messrs. Allen’s manufacture, are completely
enclosed, but inspection doors are provided at the
commutator end of each motor, which can be readily
removed. As the sets have to run in an atmosphere
at high temperature, special means have been pro-
vided for the ventilation of the motors. As will
be seen from the engraving, Fig. 98, the fan next
to the commutator end of the motor in each set is
provided with a small auxiliary impeller and separate
casing, for the sole purpose of supplying air for the
ventilation of the motor. This casing is connected
8o a8 to deliver the air into the bottom of the
commutator casing, the outlet being at the opposite
end of the motor-casing. The controllers for these
motors are also of Mesars. Allen’s manufacture,
and are arranged to give a large variation of speed,
rising in equal increments from about 185 to 6500

revolutions per minute. The construction of these
ocontrollers is well shown in the engravings, Figs.
103 and 104 on page 154, the latter exhibiting
some of the internal parts when removed from the
casing. The fans are also provided with water-
pressure gauges connected to the fan-casing, and
with tachometers.

The twin-screw ship Vera, built at Clydebank in
1897, was the first instance in which steam-driven
fans were dis;')lt‘msed with for forced draught in
boiler-rooms. The resulting freedom from vibration
and noise, and the ready means of regulation from
the starting platform, proved so satisfactory that
motor-driven fans were subsequently installed, with
equally good results, in the sister-ship Alberta, built
at Clydebank for the London and South-Western
Railway Company, and the s.s. Antrim, built by
John Brown and Company in 1905 for the Midland
Railway Company. In these ships the controllers
were fitted in the engine-rooms, and the fans en-
tirely regulated from that positlon; but in the
case of the Lusitania the distance from the engine-
room to the boiler-rooms is so great that, while it
was desired to be able to regulate the fans from the
engine-room, it was at the same time also ocon-
sidered advisable to retain the ordinary controllers
attached direct to the fans in the boiler-rooms, and
this required result has been most satisfactorily
attained by the very ingenious apparatus of Messrs.
Siemens Brothers, of which we give an illustration
on page 164, in Figs. 105 and 106.

hen it is desired to alter the position of any
one of the fan-controllers, the operator works the
switch-handle of the sender to either *‘fast” or
‘“glow,” the handle, when released, being returned
to the central position by a spring. is switch
causes the motor on the controller to run either
forward or backward, and through the gearing to
turn the controller barrel either forward or back-
ward. Geared to the controller barrel is the
indicator switch, the indicator being situated just
above the sender switch, and consisting of a
revolving drum, on the periphery of which are
figures and letters corresponding with those on the
top of the controller case; this drum has an electro-

magnetic control, worked from the indicator switch
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ELECTRICALLY-BRIVEN FANS FOR FORCED DRAUGHT IN STOKEHOLDS.
CONSTRUCTED BY MESSRS. W. H. ALLEN, SON, AND CO., LIMITED, ENGINEERS, BEDFORD.
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geared to the controller barrel, so that the figures
or letters on the drum, as seen through the
window of the indicator, will correspond with
the position of the controller barrel. order to
ensure great accuracy of position of the controller
barrel, a bell is placed in the indicator which
i8 connected to a contact-ring in the indicator-

102,

rtions of the ring cut away, so
that the bell will continue to ring as long as the
controller barrel is not in its exact position. It
will thus be seen that the operator, when watching
the figures on his indicator, can see exactly what
is taking place on the controller, the bell telling him
whether the controller isin its exact position or not.

switoh, having

The working of the indicator is positive, not step
by step, and the instrument is of the same type asis
used in the Navy for controlling the firing operations.
The motor on the controller is geared to the con-
troller-barrel by means of a slipping-clutch, so that
if the operator runs the motor beyond what is
necessary to turn the barrel, no harm will be done.
The whole apparatus is water-tight. An ammeter
is fitted above the indicator to record the amount
of current used by the fan.

The air-inlets to the fans have been arranged as
trunks extending up to the boat-deck, and, instead
of the usual array of cowls, which are always un-
sightly, especially where, as in this ship, they
require to be of great size, they are circular shafts
fitted on top with hinged covers. The extent of
the openiog can be varied, and gear is also arranged
80 that the cover may be rotated to suit the wind
when on the beam. When the vessel is steaming
&e&d the opening will be, as a rule, towards the

W

These air-inlet shafts are shown on the boat-
deck on both the views reproduced on Plate XXV.
Fig. 39 also shows the air-inlets for the ventilation
of the engine-room, to be described later. It may
here be remarked, too, that the thermo - tanks
on the boat-deck are also shown on one of these
views (Fig. 38). As grouped round the funnels,
these latter take up little space on this deck, one
of the many fine promenades in the ship.

THE DISPOSAL OF ASHES.

One of the difficulties which have to be dealt
with in vessels burning such a large amount of coal,
as will be the case in this instance, is the disposal
of the ashes. As a matter of fact, the expedi-
tious disposal of the ashes has a direct effect on the
steaming capabilities of any high-powered vessel,
a8 it is impossible for the firemen to give proper
attention to the firing when the stokeholds are

4
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CONTROLLING-GEAR FOR ELECTRIC FANS FOR FORCED DRAUGHT.

hampered with ashes. Eight See’s ash-ejectors are
fitted to the Lusitania (and also in the sister
vessel), and with this apparatusall that is necessary
is for the firemen to shovel the ashes into a hopper
in the stokehold, after which they are dealt with
by the apparatus without further manual labour on
the part of the firemen, and are discharged twenty
or more feet clear of the ship’s side. As illustrated
on Fig. 107 on page 153, the ejector consists of a
hopper W, having a hinged watertight cover, se
cured, when not in use, by butterfly nuts. At the
bottom of the hopper a special form of nozzle ie
fitted, which discharges up the pipe V. This nozzle
forms a loose or removable portion of the ejecto
cock P, and is combined with an escape-valve, which
acts as a relief to any shock on the cobnmnecting-
pipe from the duplex pump due to the sudden
closing of the cock. Thecock is in communication,
by pipe D, with a suitable duplex pump, which
draws water from the sea and delivers it under
pressure to the ejector-cock.
In order to work the ejector, the discharge-valve
7 on the ship's side is first opened, and the duplex
pump started, so that sea-water is forced through
pipe D. When the water-pressure shown by the
gressure-gauge M reaches 200 1b., the ejector cock
is quickly opened, the water from the pump
being then discharged through the nozzle up the
discharge-pipe V at a pressure of about 160 lb.,
and the ejector is now working and ready toreceive
the ashes. The cock can be opened either with the
hopper-lid closed or open ; but when closed it must
be noticed that the air-inlet T is open. The ashes
may now be continuously shovelled into the hopper
W, the lid of which remains open during the opera-
tion and until the whole of the ashes have been
removed. When the ashes enter the hopper they
are quickly drawn down towards the water-jet by the
rush of air, and on reaching the jet are carried up
the discharge-pipe, deflected by means of the bend
Y shown at the top, and passing through the
clack-valve Z, are discharged well clear of the side
of the vessel. The valve Z is kept shut when
the ejector is not working, and is opened or
shut from the stokehold by means of suitable rods
or‘t{’y a patent automatic hydraulic cylinder.
hen the whole of the ashes are discharged the
e‘)'lector-cock P is closed quickly, so that all water
that has passcd the cock may be discharged over-
Loard, thus leaving the discharge-pipe free of water
and ready for further use. The clack-valve Z and
the hopper-lid are also now closed until the appa-
ratus is again required. The bend Y is fitted with
removable segments X on the top side, which are
interchangeable, and easily replaced if worn out by
the scour of the ashes. It will be observed that
there is no loss of fresh water by the use of this
apparatus, and the only steam used is for working
the pump, the steam passing back to the condenser
in "the usual way. Ten to fifteen minutes each
watch will suffice to clear each stokehold of ashes.
An alternative system of dealing with the ashes,
and for disposing of them when in -harbour, has

Fi1e. 103. Dgraits oF ALLEN'S CONTROL-GKAR.

CoTe Fio. 104. ALLEN’s CONTROL-GEAR.
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been fitted by Messrs. T. Albert Crompton and
Co., London. ~ This system, known as the Cromp-
ton atmospheric silent ash-hoist, is illustrated on
this page (Figs. 108 to 111), and the drawings
te{)roduced are largely self-explanatory. In the
cylinders or tubes, which are copper-lined through-
out, there works a flexible cup piston, to which
is attached at one end a steel wire rope, which
passes over the swivel-head fixed at the top
of the tubes. A pair of clip-hooks is attached to
this rope for connecting to the bucket-ropes of each
ventilator as may be required to be worked. Inside

\§

Fi1es. 108 To 111. CroMprON's Asu-Hoist.

the ventilators are fixed spindles and patent roller-
bearing pulleys for carrying the bucket-ropes down
the ventilators, each rope being provided with
patent adjustable thimble-eyes for conmecting to
the ship’s bag-hooks or ash-bucket slings in the
usual way. At the bottom end of the tubes is a
portway chamber, provided with a door for examin-
ing or drawing the pistons (shown in Fig. 108), and
to this chamber is connected a 1}-in. wrought-iron
pipe. At the top end of this pipe is secured
the air-evacuator instrument which controls the
ash-hoist in all itsactions. This evacuator is shown
in Fig. 111. 8 is a 1-in. steam-pipe from the main
and donkey boilers which supplies steam, the
velocity of which passing tkrough the evacuator
creates the vacuum for working the ash-hoist when
the vessel is in port, E being the exhaust-pipe
connection to the funnel or to the auxiliary exhaust-
tank. Cis the vacuum-pipe connection direct to
the condenser of the main engines (vacuum side).

This apparatus is worked as follows :—An eighth
turn of tﬁe operating handle admits steam through
the air-evacuator, and at the same time opens up
a communication direct to the bottom side of the
piston in the tube, thereby creating a vacuum below
the piston ; and the atmospheric pressure acting
on the top side of the piston forces it down the
tube, when the ash-bag or bucket will ascend the
ventilator, reaching the door as the piston arrives
at the bottom of the tube. A quarter of a turn
backwards of the operating handle destroys the
vacuum, and the weight of the empty bucket
causes the latter to return to the stokehold floor.
When the vessel is at sea the steam is shut off
entirely, and the handle of the change-cock (which
is shown in Fig. 111) is moved over to C on the
name-plate. This change-cock is then in direct
communication with the main engine’s condenser
by the connection marked C in Fig. 111, when the
vacuum in the condenser becomes the agent uscd
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for working the hoist, the manipulation of the ope-|long. In the longer blades the necessary radial | prevent distortion, due to the differences of expan-
rating handles being exactly the same as before. an?ig lateral stiffness is obtained by means of three |sion of the drum and the brass strip, very ingenious
Whether the hoist is being worked at sea or in [Ert, rows of shrouding, in which expansion is allowed | expansion joints had been devised. The binding
the operation of moving the change-cock from E to! for in the same manner as in the Carmania, which | strip was divided into short lengths, connected by
C. or vice versd. is such that it is absolutely impos- | was duly illustrated in our issue of December 1, | brass tubes, in which they could slide. In that

Fie. 112. ¥ oreiNg rorR Low-PressURE TurBINE RoTOR ; MEssrs. JoEN BrowN anp Co.,
LiMiTED, SHEFFIELD,

Fie. 113. Cast-STEEL Disnkp WHErLS FOR Low-PrEssure TuRBINE RoToR ; MEessRs.
FirTH AND Sons, LiMITED, SHEFFIELD.
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spindle steam-glands, valves, governors, and system
of lubrication, which have answered so admirably
in the Carmania, and have been so clearly illus-
trated by us, are again adopted in the new vessel.

The view published on Plate XXVIII. of the
rotor of the high-pressure turbine complete is inte-
resting, as it shows the various stages in the blading
for expansion ; while the other view on the same page
(Fig. 115) is instructive as illustrating the great
variety of work undertaken at the Clydebank Works.

The lifting-gear, shown on Figs. 119 and 120 on
Plate XXXVTI., is designed on the same lines as
that of the Carmania, but is naturally larger and
heavier, seeing that the gear for the low-pressure
turbine has to be capable of lifting the immense
weight of 1156 tons; and, as will be judged from
the illustrations, the provision of suitable apparatus
and means of stowing the immense receiver and
exhaust-pipes was one of the many problems which
have been so0 successfully solved by the builders of
this vessel.

On.page 1568 (Figs. 127 to 139) we illustrate the

Lusitania the sequence of steps is practically similar
to that in any ordinary installation, there being
little scope for novelty in method. The number,
size, and arrangement of the auxiliaries form there-
fore the chief features which call for note.

In Figs. 140 and 141 on page 169 we illustrate
the main condensers. These are four in number,
arranged in pairs, each unit containing 20,700
square feet of cooling surface, giving an aggregate
of 82,800 square feet. A 32-in. bore circulating-
water pipe is led to each condenser from the large
centrifugal pumps. The two auxiliary condensers,
whioh are situated at the forward end of the high-
pressure engine-room, have a collective cooling
surface of 4000 square feet, and have separate
circulating and air-pumps.

Each of the four main condensers is fitted
with the Harris-Anderson patent condenser-tube
g;otactor, supplied by the Harris Patent Feed-

ater Filter, Limited, for preventing corrosion
of the tubes, ferrules, &c. The principle of the
system is the introduction into the circulating
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propeller shafting and stern-tube. Sections are
given of the wing-tubes, in which case the shaft is
worked by the high-pressure turbines, as well as of
the inner tubes, for the shaft worked by the low-
pressure turbines ; and the drawings are so complete
that little need be said in addition to the facts
given already in connection with the manufacture
of the shafting at the Atlas Works of the company.

Three interesting views of the engine-room are
given on Plates XXIX. and XXX. The photo-
gnphs from which these engravings were made are

y the photographer at the Clydebank Works—
Mr. Lindsay—and are exceptionally good in view
of the confined space. Fig. 124 on Plate XXIX.
is a view of the shaft-tunnel ; Fig. 126 on Plate
XXX. shows part of the lifting gear, the photo-
Faph having been taken above the turbines ; and

ig. 126 on the same plate is a view at the end of
the low-pressure turbine, and shows the bearing,

&e.
THE CONDENSERS.

The steam having performed its work in the tur-
bine, the next step is to return it in the form of feed
water to the boilers. In a leviathan such as the

water of a metal which is electro-positive to the
metal forming the tubes of the condenser, the
tubes and the electro-positive metal being con-
nected together. The tubes are saved at the
expense of the wetal that is connected to them.
The composition of this protective metal may be
altered to suit particular cases. The metal usually
employed, however, is electro-positive to nearly
all the various alloys of copper and zinc, and
it, moreover, retains its protective properties till
it is entirely dissolved. There is found to be
no trouble with insoluble deposits on its surface.
Though not always convenient, the apparatus is
sometimes fitted inside the end of the condenser.
The makers prefer, however, to provide an inde-
pendent vessel as a container for the protector,
which vessel communicates with the water space
by two pipes, which can be closed by valves when
desired, thus enabling the protector to be inspected
or renewed without interfering with the working of
the condenser.

Each tube in the condensers of the Lusitania is
brought into metallic contact with the tube-plate
by means of a soft-metal washer inserted on the top
of the packing in the stuffing-box. When the

ferrule is screwed up, the washer spreads out, thus
forming the necessary contact between the tube and
tube-plates. Protective metal blocks are secured
in the water ends of the condensers, some in direct
contact with the tube-plate, and others connected
b{ cables to terminals at the opposite end to the
blocks. Any corrosive action ligely to attack the
tubes is thus transferred tothe protector, and pitting
of the tubes, ferrules, &c., is avoided.

THE CIRCULATING PUMPS.

The circulating pumps, by Messrs. W. H. Allen,
Son, and Co., Limited, Bedford, present some novel
features, and of these illustrations are reproduced
on Plate XXXI. and page169. The main circulating
engines consist of eight ‘‘ Conqueror” type centri-
fugal pumps, having suction and discharge branches
22 in. in diameter, and arranged in four pairs, the
discharge branches from each pair uniting into one
common discharge of 32-in. diameter. Each
pair of pumps 18 driven by a single - cylinder

th-speed forced-lubrication engine of Mesars.

len’s well-known standard type, the engines
sin being arranged in pairs. Thus the main
mping machinery is grou into two eets, the

-angement of one set being well shown in the

otograph reproduced on Plate XXXI. (Fig. 142).

© engine shafts can be coupled together in pai

sengines running as two pairsof two-cylinder high-
ssure engines, an arrangement of weights having
en provided whereby the balance is exceedingly
od under these conditions. The steam distribu-

n, as shown in the cross-section, Fig. 143 on

ate XXXI., is effected by means of piston-valves,

» valve-chest being cast in each case in one piece

th the cylinder, the whole being of exceedingly

se-grained and tough metal. The cylinders have
liameter of 18 in., with a stroke of 10 in., and
rether are capable of developing 350 brake horse-
wer at a speed of 300 revolutions per minute,
seiving steam at 160 1b. per square inch, and work-
ragainst a back pressure of 10 1b. per square inch.

o cylinder bodies and covers are well lagged with

icate cotton, and neatly covered with burnished

et brass, and fitted with the usual drain-cocks

d relief-valves, presenting a very smart appear-

se. Cast in one with each cylinder is a sub-

ntial cast-iron distance-piece, which is faced
1are with the bore of the cylinder for bolting to
> top of the engine trunk. This distance-piece
provided with openings, through which access

1 be obtained to the stuffing-boxes, which are

packed with United States metallic packing.

As stated above, the cylinders are arranged in

irs, each pair standing upon a cast-iron trunk of

ry rigid design, which carries the slide-faces for

» cross-heads ; these faces are accurately scraped

and finished square with the top and bottom
e8 of the trunk. In front are three doors
iich can be readily removed for inspection and
justment of the working parts. Special oil and
ter glands are fitted to the top of the trunk where

» piston and valve-rods pass through it. This

ectually prevents the oil from working up to the

linders from the crank-chamber, and precludes

ter from the cylinders entering the crank-

amber. The whole of the trunks and cylinders
mplete stand upon a rigid box-section bed-plate,
w%ich is arranged the oil-reservoirs, filters, and
ou-pumgs, each of these latter fittings being
arranged in duplicate, so that the engines may be
disconnected from each other and run separately.
The oil-pump is of the valveless oscillating type,
and is driven from the engine eccentric, and de-
livers oil under pressure to all the working parts.
Each pump is also lﬁrovided with an oil-pressure
regulator, whereby the pressure can be regulated
while running.

On the front of the engine-trunk are arranged the
oiland steam pressure-gauges, in close proximity to
the stop-valves; and neat transmission gear is
arranged for operatiug the drain-cocks of the
engine ; this is well shown in the engraving,
Fig. 142 on Plate XXXI.

Each end of the bed-plate is provided with an
extension for bolting to a similar extension of the
gun-metal pump-casing. An outer bearing is also
provided between the fly-wheel of the engine and
the pump. All the main bearings of the engine
and pumps are of oast steel, lined with white metal,
with the exception of the crosshead bearings, which
are of gun-metal. Separate barring gear is also

rovided for each fly-wheel. Owing to the engines
Eeing of the totally-enclosed type, tachometers are
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THE CONDENSERS AND CIRCULATING PUMPS.

Fics. 140 ANp 141, “THE MAIN CONDENSER.

Fic. 144, AnLen's Auxintary Circurating Pume.

also provided for each set to continuously indicate | throughout, both casings and impellers, of gun-

torged bronze, and carried in bearings external
to the pump, the arrangement of which is sbown
in the drawings and photograph reproduced on
Plate XXXI. The shaft enters the pump-casing
at each end through stuffing-boxes having gun-metal
glands and special provision for lubrication.

In addition to the above main circulatng pumps
and engines, two auxiliary circulating pumping-
engines have been fitted, eaclhr pump being of gun-
metal, and having suction and discharge branches
10 in. in diameter, while the diameter of the im-
peller is 36 in. One of these sets is well shown in
the photograph reproduced on this page, the engine
being of Messrs. Allen’s standard open type, baving
a single-cylinder 7 in. in diameter, with a stroke of
8 in. The steam distribution is effected by means
of a piston valve. The cylinder, valve-chest, and
cover are lagged with silicate cotton, and neatly
covered with blue sheet steel. The engine bed-
plate is rigidly connected to the casing of the pump,
and external pump-bearings are provided, being
lined with white metal. The piston-rod and valve-
rod glands are also fitted with metallic packing of
the United States type, and lubrication is provided
from a central oil-box, from which oil is carried by
pipes to the various bearings. The cylinder is
titted with the usual grease-cup and spring relief
valves and drains.

FEED-WATER PUMPS AND HEATERS.

To the condensers, four in number, are con-
nected four Weir wet-air pumps, 40in. in dia-
"meter by 24 in. stroke, illustrated on Plate XXXII.,
by Fig 145. These are of Mesers. G. and J.
Weir's twin type, having two steam cylinders, two
' pump-barrels, with the pump-rods cross connected
hy a beam. Steam is admitted to both cylinders
by a single valre of
.specially for air pum
|usual and distinguis
known Weir valve.
for the pump-barrels
| valve-seats, which la
valves and gun-meta
supported on a cast-ir
- wrought-iron columr . A
steel, connected by a cross-head with the pump-
rods, which are of manganese-bronze, and work 1in
vertical guides.

In addition to these wet-air pumps, which are

the speed of the machinery. metal, the casings being y% in. thick, and the discs ! capable of maintaining the requisite vacuum when
As gtated above, the main pumps are constructed | having a diameter of 42 in, The pump-shaft is of 'the rystem is reasonably tight, provision is made
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AIR-PUMP, FEED-WATER PUMPS, AND HEATERS.
CONSTRUCTED BY MESSRS. G. AND J. WEIR, LIMITED, ENGINEERS, CATHCART, GLASGOW.

Fie. 147. Feep-Pumr.

for unexpected or accidental leakage by fitting four
sets of Weir double dry-air pumps, 24 in. in diameter
and 7 in. stroke, for dealing with air only. These
are illustrated by Fig. 146, also on Plate XXXII.
In these the air-pump chambers are situated over
the steam-cylinders of a double-connected enclosed
high-speed engine. These chambers are of gun-
metal, and are of the single-acting type. The air
passes into the barrel above the buckets through
annular openings, and is forced through the head
valves on the up-stroke of the pump. The com-
pression of the air results in a certain rise of
temperature, which is taken care of by a small
supply of circulating water, which passes through
the chamber and carries off the heat. Steam is
admitted to the engine by a piston-valve controlled
by a governor fitted on the shaft in the usual
manner.

From the air-pumps the feed water to the
hotwell, from which 1t is taken by four Weir hotwell
pumps 144 in. by 30 in., of the firm’s light-duty
type, fitted with Kinghorn valves, and having gun-
metal liners, brackets, and manganese-bronze rods.
These pumps are automatically controlled by Weir
control-gear fitted in the hotwell, so that the speed
of the pumps corresponds to the quantity of water
passing into the chamber. The feed water is dis-
charged by these pumps through two Weir surface
feed-heaters, where the exhaust steam from all the
auxiliaries (with the exception of the turbo-
generators) is utilised to heat the feed, and as this
steam is impregnated with oil, it flows, after con-
densation, by gravity through an oil-filter into the
hotwell tank.

In addition to this feed-heater there :

Fi1e. 149. CoNTACT FkED WaTer HEATER.

Fi1e. 148.

are also fitted two Weir direct-contact heaters (Fig.
149 on this page), into which the exhaust steam
from the turbo-generators is led. There is here
also control-gear for regulating the speed of the
main feed-pumps. These cousist of three pairs of
Weir standard feed-pumps, 13} in. in dismeter,
with a 30-in. stroke, which are supplemented by a
duplicate installation of auxiliary feed-pumps of
the same size and number. These pumps, illus-
trated by Fig. 147,above, have all gun-metal barrels,
with manganese-bronze valves and pump-rods, steel
piston-rods, with the requisite suction and discharge
stop-valves for drawing from the feed-heaters and
discharging to the boilers.

In addition to these auxiliaries, Messrs. G. and
J. Weir, Limited, have also supplied four duplex
pumps of special design for ash-ejector and auxiliary
feed duty, 10 in. in diameter, with a 14-in. stroke,
and three duplex pumps for sanitary and wash-
deck purposes, also four single direct-acting bilge-
pumps, 10 in. in diameter, with a 21-in. atroke.
For the supply of oil to the turbine bearings, six
of their special direct-acting lubricating-pumps are
fitted. For dealing with the water and air from
the auxiliary condensers, they have furnished two
of their latest type of single direct-acting air-
pumps, known as the ‘‘ Monotype ” pattern, 22 in.
in diameter, with a 12-in. stroke. These repre-
sent the latest developments in air-pump design,
and are illustrated by Fig. 148, above. The in-
stallation of Weir auxiliaries, it will be observid,
is very complete and representative, and piac-
tically handles the feed-water from the time it
leaves the condenser until it is returned to the

‘“Monoryre"” Air-Pume.
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DETAILS OF THE HARRIS FEED-WATER FILTERS.

Two smaller filters, 20-in. in internal diameter, also
in gun-metal, are fitted in connection with the
auxiliary machinery. These filters are of the same
type as the larger ones, but with all valves self-
contained.

DISTILLERS AND EVAPORATORS FOR
MAKING-UP THE FEED WATER.

The distilling machinery is of Quiggin's well-
known type, and was manufactured by the Liver-
EOOI Engineering and Condenser Company, Limited,

runswick Dock, Liverpool. The complete set is
illustrated in Figs. 159 to 162 on the opposite page.

There are two complete sets of plant in the
Lusitania, and these supply the whole of the dis-
tilled water required for al}l) purposes, the total capa-

cities of each plant being, for cooking and drinking
purposes, 18,000 gallons per 24 hours ; for baths
and washing, 15,000 gallons per 24 hours; while
the evaporators for feed-make-up purposes for the
" boilers, when working compound - effect, supply
240 tons per 24 hours, and, when working single
high-pressure effect, 350 tons per 24 hours.

Each plant consists of one evaporator for the
production of distilled water, and two for feed-make-
up purposes, the two latter being arranged to work
in series—compound, or separately—single effect.
The evaporator is shown in section in Fig. 162,
page 163, and the condenser in section in Fig. 160.

All the evaporator shells are made of rolled naval
brass, double-riveted. This is for the purpose of re-
ducing the weight as far as possible. The ends of
the evaporators, all the mountings, as well as the
frame and doors, are constructed of gun-metal.
The coils are made so that they can be withdrawn
bodilg, and are all interchangeable, and the coils
can be taken out separately for the purpose of
cleaning and for inspection ; whilein order to facili-
tate this operation a complete spare heating sur-
face is provided for each size of evaporator, in order
that the coils may be replaced by a clean set, when
required, in a few minutes. An automatic feed-water

Fia.

L

168.

rcgulator, shown in Fig. 161, is Erovided for each | communication with the chamber D, the valve (

evaporator, and this maintains t
the evaporator at a constant height.
the following manner :—The rise and fall of the
water acts on the corrugated float F, the motion
of which shuts or opens the pilot-valve P, which in
turn governs the control-valve C, by allowing the
pressure to increase or decrease in the chamber D
on the top of the valve . Tho pump is always in

It acts in leakage past it for this purpose.

e water-level in, fitting loosely in its casing, and allcwing a constant

The water to the
condenser passes through the opening E. Should
the valve C wear too slack, the leakage past it to
the chamber D may be more than the pilot-valve P
can pass, in which case the valve C will not open
enough, and the water in the evaporator will fall
in consequence. When a new valve is fitted, care
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EVAPORATORS AND DISTILLERS FOR MAKING UP FEED WATER.
CONSTRUCTED BY THE LIVERPOOL ENGINEERING AND CONDENSER COMPANY, LTD., LIVERPOOL.

Fra. 159,

W apoun inaT TO COLS
0 FROM EVAPORATORS.

3 Et‘ tnet® o 0insoano

LI 3 —— ——— - —

E?'? *g ......
:21 SE COPPER FLOAT
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9§ E Y .

s 3 vy, Ny,

V) FLED-MATER OUTLET
A TO EVAPORATOR .

WATER LEVELING PIPE
TO EVAPORATOR

(AERATING PIPE TO FILTER BASE

FROM COILS

WATER-COLLECTING CHEST

tion to the filter. The sectional area of the coils
diminishes from top to bottom, but each coil
has a parallel surface throughout. The inlet for
the steam is of full bore where the steam enters,
but is gradually reduced in area to a crescent sec-
tion, until at the outlet end it is only about one-
third of the original sectional area. The volume of
the steam is reduced as it condenses, and is kept
in contact with the condensing surface, owing to the
diminishing area of the coil. It is claimed that in
this way the surface is rendered much more effective
j than it would be if the coils were of the same sec-
© tional area throughout. The filter, which is charged
with animal charcoal and limestone chips, is in the
................................. A base of the condenser. As a means of aerating the
\ distilled water there is a pipe fitted, which is tapped
\ from an iron-pipe conuection, and there is a door
for access to the filter. The circulating water
enters and flows, as shown. There are two con-

vapOUR auru@

BAFFLE PLATEKS
)

(m.c) ErEANiNE-BooN GUNMETAL DISTAIBUTION PIPE BOILER STEAM densers in each set. The shells of the condensers
. | ro corLs. are of galvanised mild steel.
must be taken that it does not fit WATER LEVEL Tn each set of apparatus there are three pumps—
too tight, as the leakage past it = — namely, one vertical duplex circulating pump, one
would then be insufficient ; the con- ooor vertical duplex evaporator feed-pump, and one
trol-valve would remain open too vertical single direct-acting type brine-pump for
long, and the water would then risc umping the brine from the%ow-pressure evaporator
in the evaporator. The evaporator L o ioeocoieerine when working compound effect) ; after the water
shells are lagged with hair-felt, and '$1PE FOR CONDENSED has been diluted and cooled with sea-water it is
sheathed with galvanised sheet steel. STEAM FRON COILS. pumped overboard. oAll these pumps are made
The condensers have coils of .sol.ld- AUNNER BAR W ; with solid gun-metal water ends.
drawn copper, and are tinned inside B
iy PUMPS FOR SUNDRY DUTIES.

and outside ; the coils can be with-

drawn bodily with the cover by Nl Z
simply unscrewing a nut on the In the engine-room there are a great variety of
spigot end at the bottom connec- wo pumps for sundry duties. Many of these have been
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GENERALL ARRANGEMENT OF AUXILIARY MACHINERY AND DISCHARGE-PIPES.

below 50 deg. Fahr. The armature is all built up on | plan and section of the main propelling machinery
a cast-iron quill, and is self-contained and indepeun- | on the two-page Plate XXXV. (Figs. 86 and 86)
dent of the shaft, on to which it is slipped when | and the sections, Figs. 87 and 92, on the two-page
completed. Series winding was adopted for the | Plate XXXVI.

magnets, as this gives better regulation of the load | - The first point of interest is the cross-connection
than shunt winding would do. e power required | between the port and starboard condensing plant.
by a centrifugal fan at a constant speed goes up | Either will suffice for the full duty in the event of

supplied by Messrs. J. H. Carruthers and Co.,
Limited, Polmuadie, Glasgow. An illustration of
a set of their typical ballast - pumps is given
below ; the others are of similar design. L}
arrangement of framing in this type gives very free
access to all the moving parts. All the important

Fi1c. 164. CABRUTHERS' BaLrLast Pumes.

joints of the valve gear are adjustable. The water
valves are easily examined through the front doors
of the pump.
Among the pumps supplied are the following :—
Two for ballast service, with
cylinders ... .. ...8 in.and 10in. by 10in.
Two for water service, with
cylinders ... .74 10 12 ,,
Two for washing decks ... 6 5 "
One for sanitary servioe -

All of the pumps have gun-metal ends.
VENTILATION OF THE ENGINE-ROOM.

”
”

”
”»

” ”

Messrs. Laurence, Scott, and Co., Limited,
Norwich, supplied twelve fans of 36 in., two of
30 in., and two of 2b in. diameter, all electrically
driven and adapted for the ventilation of the
"engine-room. The outputs specified were respec-
tively 26,000 and 14,000 cubic feet per minute,
with free discharge at 3156 and 450 revolutions per
minute, the fans being direct driven and carried on
an extension of the motor spjndle. The company’s
standard type of semi-enclosed motor was adopted,
fitted with gauze grids, the magnets being series
wound for the reasons given below. In view of the
high temperature of the situations in which some of
these fans work, the motors were made large, and

,rapidly as the resistance to its free discharge is
removed, reaching a maximum when disconnected
altogether from its air-trunks. The variation in
speed of a series-wound motor tends to correct the
effect of variations in the resistance to discharge
of the air, and keeps the load on the motor and
the volume of air more nearly constant than would
be the case if a shunt motor were used. The series
winding also gives a simple method of s§eed-con-
trol without the use of resistances. or slow
speed all four field coils are arranged in series with
each other and the armature. For full speed the
field coils are arranged in two parallel circuits,
each of two coils in series, these being still in
series with the 'armature. The motor is then run-
ning with a lower resistance in series with the
armature and with a weaker field, and therefore
at a higher speed. The barrel-controller shown is
protected by an overload and no-voltage device.
In the event either of an overload or failure of
supply, the barrel carrying the contacts flies to the
‘““off” position, even if the operating handle is
being held ‘‘on.” The fans are Messrs. Davidson
and Co.’s make, of the well-known Sirocco type,
and, like the motors, are amply large for the work.

ARRANGEMENT OF AUXILIARY
MACHINERY.

The plan which we publish on this page (Fig. 163)
shows the position of the various auxiliary engines
which are described and illustrated in the pre-
ceding pages. This plan applies to the port side
of the ship, but the disposition of the auxiliaries
on the starboard side corresponds almost exactly.

the temperature rise in a six hours’ run was kept

The plan should be studied in conjunction with the
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Fias. 165 AND 166. VENTILATING FaANsS FOrR ENGINE-RooM ; CONSTRUCTED BY MESSRS.
Laurence, Scorr, aNp Co., LimiTep, NorwWICH.

one giving out through any cause. The condensers
arein a separate compartment abaft the main central
engine-room, and over the two shafts driven by the
low-pressure turbines, as shown also in Figs. 86
and 86, on Plate XXXV. The circulating pumps
and the air-pumps are in a compartment abaft the
condensers. Tﬁe air-pumps are accommodated
between the shafts, and are at a lower level than
the circulating pumps.

The evaporator and distilling plant are in a com-
partment in the wings of the ship, over the outer
shafts and abaft the high-pressure turbine. In
this way space is admirably economised. It will
be understood by those who have studied the pre-
ceding figures that the high-pressure turbines in
the wing compartments are not in the same athwart-
ship line as the low-pressure turbines, the former
being considerably in advance, as shown by the
vacant spaces in Fig. 163. This disposition of the
turbines has enabled the larger of the auxiliary
engines to be grouped in the forward part of the cen-
tral engine compartment in the vacant space around
the astern turbines, which, as shown in the longi-
tudinal section, Fig. 85, Plate XXXV, are at the
forward end of this centre engine compartment.
The main feed-pumps occupy a central position,
and the hotwell pumps are 1in the wing; while to
the forward of them, but on a higher level, are the
filters and the feed-water heaters. Still further
forward, against the main engine-room bulkhead,
are the main feed-pumps and valves. The higher
level of the surface heater, and other auxiliaries, is
shown on the cross-section, Fig. 92, on Plate
XXXVI. The arrangement, however, is so clearly
shown on this plan of the main discharge-pipes tha
it is not necessary to write further on the subject.
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Fies. 167 axv 168. ELectric Boat-Hoists ; CoNsTRUCTED BY MEssRs. LAURENCE,
Scorr, aNp Co., LimitEp, NORWICH.

add to the load transported at a speed of 25 knots,
unless it is at very high freight rates. There are,
as shown on the plans on the two-page Plate
XXXIII., two holds for cargo, the capacity being
17,600 cubic feet. For coping with this cargo
Messrs. John H. Wilson and Co., Limited,
Sandhills, Liverpool, have fitted two winches,
having two 8-in. cylinders adapted to a stroke of
14-in., which drive single-geared four-drum winches,
and a winch with a 12-in. cylinder and a 16-in.
stroke, operating a double-purchase warping-winch,
with extended barrel-shaft and warping-drums. The
arrapgement and details of Messrs. Wilson's pro-
ductions are well known and do not call for special
description or illustration. These will be used
largely in connection with the handling of cargo
taken in the refrigerated holds.

There are also holds for stowage of mails, and a

with mails, baggage, &c., and these may now be
described before we give details of the machinery
in connection with the navigation of the ship.

BOAT-HOISTS.

Four electrically-operated boat-hoisting winches
have been fitted. These were manufactured by
Messrs. Laurence, Scott, and Co., Limited, Nor-
wich, and are illustrated above (Figs. 167 and
168). The duty specified was to lift a total load
of 12 cwt. at a speed of 250 ft. per minute. As
two warping-drums are provided on each side,
this pull can be distributed over four ropes. As
will seen from the drawings reproduced, the
slow-speed shaft, with its four warping-drums, is
oarrie«f?m two substantial pedestal bearings, bolted
directly to the box bed-plate on each side of the

tions under the gear-box and one pedestal-bearing.
The interior of the box-bed is roomy, and is made
acoessible by several large watertight doors, while
ventilation is provided for in a space under the
gear-box, where vent-pipes are so arranged as to
prevent water getting down to the control-gear.

CRANES AND BAGGAGE-HOISTS.

There are on the vessel four deck-cranes, as well
45 the same number of baggage and mail-hoists, all
constructed by Messrs. Stothert ang Pitt, Limited,
of Bath. These are illustrated on page 166 (Figs. 169
to 171). The deck-cranes are electrically driven,
and are capable of handling loads up to 30 cwt.,
two at 18-ft. radius and the other two at 26-ft.
radius. The superstructure consists of a vertical
main frame of plates and angles carrying the lifting
and slewing gear, while the jib is formed of a
psir of rolled sections braced together. Tie-rods
of wire rope are used to enable the jibs to be
lowered conveniently. Separate totally-enclosed
series-wound motors, working at 110 volts, are
provided for lifting and slewing. The lifting
motor is rated at 15 brake horse-power at 500
revolutions, and raises the full load at a e%eed of
100 ft. per minute. The motor drives through
worm uction gear, working in an oil-bath,_t e
worm being of forged steel, and the wheel provided
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, and is made by Messrs. Hingley expressly
for this quality of chain. The manufacture of these
taxed even the resources of the Netherton Works,
although they are considerably ahead of others in
the country ; but all went through satisfactorily,
and there is no doubt that the outfit of cables and
anchors constituted a magnificent piece of work
and worthy of the great ship they are for, and the
reputation of the firm who made them.

he windlasses for working the 3%-in. stud link-
chain cables are placed on the promenade-deck, and
are of the well-known Napier type, manufactured
by Messrs. Napier Brothers, Limited, of Glasgow.
The drawings of the gear are reproduced on pages
168 and 169 (Figs. 177 to 185). There are two
cable-holders mounted on vertical spindles, 16 in.
in diameter, in the deck bearings, and fitted at
their lower parts with powerful Napier patent
differential brakes. These are unequalled for
their holding power where hea

®)

> SsTEAMS DA,
EXHAUST 7% DIA

a load, when riding at anchor in heavy

3 weather,
of about 250 tons, notwithstanding that the

brake is not more than b ft. in diameter. All
parts of these windlasses are made of cast steel, of
massive proportions, with gun-metal liners and bear-
ings. e vertical spindles are carried to the
shelter-deck, right below the promenade-deck, as
shown in Fig. 182, and are connected direct to the
engines by a single worm and worm-wheel gear.
There is one engine for each windlass (Fig. 1823), of
ample proportions, and capable of indicating up to
a large horse-power with the full boiler pressure.
For warping the ship in harbour there are four
vertical capstans. e two capstans forward of
the windlasses are each driven from one of the
windlass engines, and the two immediately aft of
the windlasses are each driven by a separate engine
of slightly smaller dimensions. his arrange-
ment enables all four capstans to be used simul-
taneously, the actual hauling power amounting to
over 1000 horses. A similar sét of four capstans,
exactly the same, are fitted at the after part of the
vessel. It may be added that nearly every part of

vy loads have to|the gear, with framing and base-plates, is made of

be dealt with in a limited space; they will hold | steel, cast or forged, with the exception of the

glinders and slide-casings, which are of special
ose-grained cast iron. The object of using steel
so exclusively was to provide a maximum of strength
with a minimum of weight. Handling-wheels for
controlling the different engines, as well as the
windlass brakes, are fitted in convenient positions
on the promenade-deck.

THE OFFICERS AND CREW.

Finally, there are the captain, engineers, and
crew, on whom reststhe responsibility for the efficient
working of this microcosm, with its most modern
of mechanical appliances. From the bridge the
captain can control all the gear essential for navi-
gation. The telegraph and telephone communicate
with the engine-room, steering engine-room, and the
anchor gear and warping capstan stations forward
and aft; while the telemotor itself controls the
steering-engine. As already described, the captain
can also open or close the bulkhead doors at will.
The wireless telegraph apparatus, on the Marconi
system, places him in communication with adja-
cent ships and with the shore during the whole of
the Atlantic voyage, so that from first to last the
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successful navigation of the ship is ensured so far
as mechanism can make it, and the Cunard Com-
pany have done their best to effect this result from
the personnel standpoint.

Captain J. B. Watt, who has been appointed to
the command of the Lumtanm, joined the Cunard
Company in 1873, and has passed through every

rade of command Among the vessels of which
ge has been captain are the Umbria, Etruria,
Lucania, Campania, and Carmania. Captain Watt
is a native of Montrose and served his early years
in the clipper sailing service.

On the starting ;l)]atform in the engine-room,
already deacribed, the chief engineer has within
vmw recorders mdwatmg the working of all the

gmel essential to the propulsion of the ship,

from this position, tco, most of these engines
can be controlled, so that, notwithstanding the
great area oocupxed by the boilers and machinery,
there is satisfactory supervision. The chief engi-
neer is Mr. Alex. Duncan, who has been trauns-
ferred from the Campania. The fact of his being
selected for this post speaks volumes for his
experience and ability. Mr. Duncan is a native
of Renfrew.

The full complement of the ship is as follows : —

Navigation :
Captain and officers
uartermasters ...
taswains... .
Carpenters and Jomem
Lamp-trimmer and yeoman
Masters-at-arms ... .
Marconi telegra phxsls
Seamen ...
E’ngmurm./
Engineer officers .. .
Refrigerating engmeets
Firemen
Trimmers ...
Greasers
Personal :

Doctor 1
Purser 1

NN ®XD

40— 69
33
3
192
120

21—369

Assistant pursers..

Chief steward

Chief steward’s asmstanta
Chef ..

Barbers
Cooks and bakers
trons ...
Stewardesses
Mail-sorters
Typists
Leadm steward* bar l\eep( rﬂ‘ “&e.

gg&uswguu&ww

Stewards

Grand total

And now, in conclusion, we wxsh to express our
indebtedness to all the firms who have so readily

placed at our disposal drawings, photographs, and
garuculars to enable us to give such a complete

escription of this, the most remarkable ship yet
built, whether consideration be had to the size,
speed or safety. Nothing seems to have been
omitted to make the steamer the most reliable, as
well as the most comfortable of vessels, and we
sincerely hope that the enterprise of the Cunard
Company, and the great skill and experience of
Messrs. John Brown and Co., Limited, will be
rewarded with the fullest measure of success.
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Erngr ExprLosioNs.—Several ether explosions, appa-
rently of electrical nature, having occurred in chemi
works during the year 1906, the Berufsgenossenschaft fiir
die Chemische Industrie charged Dr. M. Richter, of
Karlsruhe, with an investigation of the cases. In a few
instances, men hold;lgg a metal funnel, through which
ether was being poured, had received shocks, and sparks
bad bt::n m?: D;. Rmhltelr found tha.‘t_wel;en wool is
agitad in ether, the wool hecomes tively charged,
and that the potential rises to 2000 vofto;lin an ether of a
density of 0.710. In heavier ether, containing more water,
the potential difference is much smaller—only 1200 volts
for a density of 0.725. This is a protection. For the
rapid evaporation causes a condensation of water on the
wool, whereby the potential is lowered. But for certain
chemical sp(f ications the ether should be as absolute as
possible, and the addition of water is, therefore, inadmis-
sible. In the case of benzine, which is still more exposed
to explosion, Richter had found that an addition of
magnesia oleate—only 0.01 per cent.—prevented electric
sparking. But the oleate would also be objected to, and
is, moreover, not soluble in ether, while soluble in
benzine. Hence good earthing of the metallic vessels,
retorts, and pipes—not merely by banging on chains,
which are often forgotten—and substitution of glass or
earthenware funnels for the metal funnels, are recon-
mended. Carbon bisulphide, which was also investigated,
becomes much more highly charged than ether, to 13,000
volts, resembling benzine in this respect; and it is sur-
priging that spontaneous ignition is not more frequently
obeerved ; the ignition point of the bisulphide is high,
however—230 deg. Cent. As the magnesia oleate is not
soluble in carbon - bisalphide, earthing would
appear to be the best precautionary measure to be adopted.
The oleate of magnesia, we should add, has become known
in the trade as Ruhtero), or anti-benzine pyrine.

cal | gerous mill-gearing and machinery.

INDUSTRIAL NOTES.

THE cotton trade represents one of Great Britain’s
largest industries. Its over-sea trade is perhaps the
largest, especially if we include not only purely cotton
goods, but fabrics of mixed material in which cotton,
together with silk, wool, flax, and other natural pro-
ducts, forms a part. Therefore anything that pertains
to this great industry is of importance, for inciden-
tally it affects other great industries, such as the engi-
neering trades, the building trades, and other groups
of trades, or sections, as the case may be. At one time
Lancashire was the chief centre of the world’s produc-
tion of cotton goods; it had few serious competitors.
Now America 18 a dangerous rival in its own home
markets, if not by exportation ; and China and Japan
cater largely for home consumption. But perhaps
our greatest rival is to be found in India, which so
largely produces for home consumption. The Indian
Empire is wholly under the British Crown ; its laws
and regulations have to be sanctioned by the British
Parliament before they can have effective force in
India. On the Continent of Europe, in the United
States of America, in Japan and China we can have no
voice in legislation or regulation ; but in India we can,
and complaints are made that British manufacturers
have to compete with Indian mill and factory owners
under conditions which cannot exist in Britain b
reason of factory legislation. The present Government
appointed a Textile Factories Labour Committee in
December last to inquire into the conditions of factory
labour in India, and the Committee has lost no time
in presenting its report to Parliament. The Com-
mittee’s recommendations are such as to bring the
Indian regulations into line, comparatively, with
British legislation, and the report urges that there
shall be as little delay as possible in giving effect to
the proposals made for imgroving the houses and home
surroundings of the mill hands.

The recommendations include uniformity of adminis-
tration of the Factory Act throu%hout India ; thorough
inspection to secure efficiency by a competent staff ;
and the appointment of medical inspectors whose
whole time shall be-devoted to their duties. That
certificates of age and fitness shall be required prior to
half-time employment, and prior also to employment
as an adult, such certificates to be the property of the
persons to whom they apply. That elementary educa-
vion be given to half-timers in suitable places; that
these be only employed in sets, either in the morning
or afternoon; that night-work for females be pro-
hibited ; that children be not permitted in rooms
where risk is run from machinee, dust, or impure
vapours. The hours of labour are fixed at 124 per
day—5.30 a.m. till 6 p.m., or from 6 a m. to 6.30

.m. ; the engines to cease running for half-an-hour
tween noon and 2 p.m. The actual working hours
are not to exceed 12 hours per day, or 12 in 24 hours.
The names of all workers under 16 years of age are to be
registered, but certificates of fitness only apply to those
under 14 years of age. A standard of ventilation
suitable to{ndia is to be established. The conditions
of moisture are to be considered, as it affects the health
of the workers, and a standard of water purity is to be
fixed. Lime-washing is to be done at fixed dates, and
dust is to be properly carried off. Workers in woollen
mills are to be protected from anthrax under regala-
tions similar to those under the English Factory Acts.
Lavatory accommodation is to be increased ; doors are
to be so fixed as to give apeedy egress in case of fire;
more attention is to be given to the fencing of dan-
It will be seen
that the recommendations fall short of the provisions
in our Factory Acts, and the regulations by the Secre-
tary of State for their due observance ; nevertheless
they will place the workers in a better position than
herotofore. It is satisfactory tolearn that most of the
above recommendations have the sanction of the
better class of Indian manufacturers.

The President of the Federation of Master Cotton-
Spioner’ Association at the aunual meeting stated
that ‘‘ he was pleased to say that satisfactory progress
had been made during the year in connection with the
conciliation scheme, and he desired to thank those
federation firms who had so readily co-operated with
the committee in agreeing to the Federation scheme
being put to a practical test. He believed, though
there had been, and might still be, many difficulties to
overcome, that the scheme would be ultimately aﬁeed
upon, and such a scheme, in his opinion, would be of
inestimable benefit to the trade.” This will be a

reat triumph for conciliation in labour disputes. It
gas taken a long time to mature, but many things have
to be considered : differences in material, in the customs
and wages in numerous centres. The patience and care
taken with all matters pertaining to labour in the Lan-
cashire cotton mills show an honest desire on both
sides to arrange differences and create a working
scheme beneficial to all concerned.

One of these difficulties has been under discussion
for some time past—namely, the revision of the list in
connection with ‘‘ fine counts.” The operatives desire
to level up to the highest ; the employers say that it
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would not be fair to do so, any more than it would be
to level down to the lowest. But all this is in the
debate stage. Then there are questions of the quality
of the raw cotton to be spun, and of the yarn for the
weavers. For the most part the disputes in the cotton
trade are far fewer than they were years ago. A large
proportion of them are simply settled by the official
of the operatives and the firm or firms concerned. The
short-time movement is rather peculiar at the present
time : the master weavers complain of shortage of
yarn, and its high price ; the spinuers complain of
shortage of raw cotton and its price ; yet both declare
that it is not intended to injure the other. Those
oonoerned alone know where the shoe pinches, and
there is evidently a pinch somewhere.

Several departments of the State are liable to
attack by the Labour Members of the House of Com-
mons, who, ‘generally speaking, are not slow to take
advantage of their opportunities. Indeed, they seek
to create opportunities upon all available occasiouns,
sometimes out of season as well as in season. The
War Office just now has to face criticism upon the
Woolwich discharges, and the Departmental Com-
mittees seem to have done little in the way of improv-
ing the situation. The Admiralty is attacked mainly
because, it is said, the waieu paid are not thought to
be equal to those paid by the best private firms. The
Post Office is bombarded by postal employés and by the
telegraphic employés on the ground of ill- paid services.
The Committee on this matter have not yet reported,
but it is thought that there will be considerable changes
in the rates of pay and oonditions of employment.
The Local Government Board is censured on the Un-
employment Aot and its administration, and the poor
laws administration generally. The Board of Trade is
being forced over the railway servants’ grievances
and the question of safety and hours of labour. But
the Home Office has this session to defend its
action as regards the Factory and Workshop Acts
and the Mines Regulation Acts, all of which are
administered by that Department of State. In the
discussion on the Home Office Vote the Secretary of
State indicated that more inspectors would be ap-
pointed, and probably some of them would be Labour
men, if they oould pass the requisite examination. The
regulations were relaxed at one time to enable Labour
men to qualify. Then there are the questions of
dangerous trades and of out-workers, both of which
can be dealt with by statutory rules and regulations.
There is one disadvantage in action by the latter:
these rules and regulations do not, as a rule, provoke
much controversy, or, if they do, it is after the event
—not before they become part of the statutory law.
They are laid before Parliament for a period, when, if
no serious objection be taken, they become, ipso facto,
law at the end of ‘that period. It, is therefore neces-
sary to watch these rules and regulations in order to
see to what they apply and to what extent. As a
general rule the Home tment is not likely to err
in favour of the workpeople, but under pressure this
might happen to a serious extent.

Since the preceding note was written the Com-
mittee’s report on the Postal Service has been issued.
The changes in the rates of wages are estimated to
result in an increase of at least 500,000.. per annum.
The increase of suy individually is not great, but
the minimum and the maximum are raised, which
means a great deal. The postmen’s services are recog-
nised by all. Millions of money in cheques, money and

tal orders, pass through their hands, and, consider-
ing all things, the mode of transmission may be de-
scribed as safe. The Post Office is a paying concern ;
it yields a revenue to the State. Some people think
that the entire increment ought to go to the employés
in the postal service. The Chancellor of the Exchequer
does not think so; no Chanoellor of the Exchequer
ever has thought so. The Treasury will have to give
consent before this extra 500,000{. is employed for the
benefit of the employés ; but there is little doubt as to
its assent after the pronouncements of the Postmaster-
General, obviousl{ with the concurrence of the Cabinet.
It is said that the Labour members regard the con-
cessions proposed as meagre and unsatisfactory ; but
regard must be had to the aggregate increase, the
whole of which must come from the Post Office re-
venue. If the idea of the Labour Party were carried
out —State employment for all, and the whole of the
revenue to be devoted to labour—where is the State
revenue to come from? Is the entire capital of the
community to be taxed to make up deficiencies, and
to maintain the official departments of the State?
In this case capital would be exhausted, and the
sources of revenue would run dry ; with what result ?
Let the postal service be remunerated to the fullest
extent poesible, so as to secure efficient and honest
service ; but the idea that no increment should go to
the State is absurd. Other departments of the State
are spending departments only ; from these there is no
revenue, except sometimes the sale, at inadequate
prices, of old ships, stores, and other material. This

state of things is not expected of the Post Office, but
rather efficient service, fair pay, and a margin of profit.

The Belfast strikes have been the most tumultuous
for some years. The Chief Secretary for Ireland
stated, in reply to questions in the House of Commons,
that the disorders were exagqented. The stubborn
character of the disputes in Belfast was shown by the
long refusal of the combatants to enter into negotia-
tion. This happily was overcome at last by the inter-
vention of the officials of the General Federation
of Trades, who visited Belfast last week, and by
Thursday in that week effected an arrangement at a
oonference between the coal merchants and the men,
whereby about a thousand men resumed work on
Friday morninf. Nearly a dozen steamers laden with
coal had been lying in the harbour since the dispute
arose, a fortnight previously. These the men com-
menced to unload, and carters were dispatched with
loads to the various destinations, This settlement did
not terminate the whole of the disputes, for the
dockers and carters continued the strike, so that the
sheds of the Liverpool, Fleetwood, Heysham, aad
Barrow steamers were still protected by the military.
The partial settlement, however, enabled factories
which had been closed for lack of fuel to reopen. The
tramways also were able to continue running. The
rights or the wrongs of the dispute it is not our province
here to discuss, but the mere fact that the officials of
the Federation of Trade Unions were able to effect
even a partial, though important, settlement shows
that the strikes might have been averted by judicious
negotiations. The mistake is to strike first and nego-
tiate afterwards. The position ought to be reversed.
If this were done, strikes and lock-outs would be
fewer, and disastrous losses would be averted.

The position of the iron and steel trades may be
described as one of lassitude, or, at least, of quietude,
for little business was done in the Midlands market or
on the Manchester 'C e last week. The near
approach of the general holiday season was doubtless
one reason, and the cotton operatives’ holiday in
Lancashire was another. Complaints are heard of the
bigh price of material and fuel, so that profits are
small, and then there is the nnticip&tion of an increase
in ironworkers’ wages. But this increase only follows
the advance in prices —it does not precede it—so that
the wages question does not really enter into the
argument. qPricae remain about the same for finished
iron, and the position is strong as regards steel, for
the rumour of German competition is denied.

There is likely to be active competition for the office
of secretary of t{e General Federation of Trade Unions,
vacated by the acceptance of a position in the Labour
Department of the Board of Trade by Mr. Alderman
Mitchell. The salary attached to the office is 208.. per
annum, and expenses when away from office on duty
connected with the Federation. The office is in
London, so that the successful candidate will have to
reside in or near the Metropolis,

The Durham Miners’ Annual Gala was attended by
over 100,000 persons on Saturday last, when a resolu-
tion thanking the Government for its Labour legis-
lation was carried at all the platforms. While the
Labour Party criticises, the Durham men commend
d‘;:la action of the Government since it has been in
office.

The Gas Workers’ and General Labourers’ Union
seem disposed to use any net to catch any fish for their
purposes of organisation. At present they are striv-
ing to gain over the steel-workers and the workers in
electricity works, sanitary workers, pottery workers,
ocolliery workers, and those on highways, and engi-
neers’ labourers. At Stockport the union is taking
in & lot of textile operatives—weavers, winders,
warpers, and_reelers. There is already a union for
these menin Lancashire, but the Stockport operatives
seem to prefer the labourers’ union.

The railway workers continue their active cam-
paign for the *‘ all-grade movement ” in various parts
of the country. It seems that the milwuy companies
are not at all dieposed to yield to the men’s demands,
and some of them argue for an early appeal to_trade-
union force in order to test the question. The Belfast
men have demanded a reply at once, and presumably
this represents the views of the Irish railway workers
{;meruly. But the executive of the Amalgamated

nion hesitate to take up a defiant attitude. It is
said that in certain distriots of East London there are
3000 resident railway workers, but no branch of the
society exists. Some friction has arisen between the
two societies in existence, and arbitration is suggested.

The strike of Limerick gas-workers ended last week,
the men resuming work on practically the terns
offered by the Corporation. The Gas Committee had
announced a lock-out if the men did not resume work
in twenty-four hours. This settled the dispute.

LIVE-STEAM FEED-HEATER FOR
: BOILERS.

THE heating of feed-water in economisers, or
similar appliances, before its admiesion to the boiler is
an obvious source of economy, but whether there is
anything to be gained by using live steam for the
purpose is a matter that has been frequently argued.
At first sight it would seem that the operation was
akin to the attempt to enrich oneself by transferring
money from one pocket to another, the net result being
to leave matters 1n statu quo ante. It appears, however,
that the employment of live steam for feed-heating is
thoroughly justified in practice, and that the advan-
tages do not arise from any undiscovered physical
phenomenon, but result from the well-ascertained fact
that the heat transference through boiler-plates is at
its maximum when the water on the other side is in a
vigorous state of ebullition. Hence a boiler is working
at its best when ebullition is taking place over the whole
of the heated surface, and no parv of the boiler is en-
%aged in heating up the water to boiling temperature.

his condition can only be obtained by supplying feed
at the temperature of the steam, ready for imme-
diate vaporisation without further heating. It follows
then that, as there is remarkably little waste of heat
in raising the temperature of the feed by the use of
live steam, and, further, as the process allows the total
amount of live steam to be generated under the most
efficient conditions, the.use of part of the steam so
generated in feed-heating is the logical conclusion.

The subject was dealt with at some length in a
leading article which appeared in our issue of Nov-
ember 16, last year (see ENGINEERING, vol. lxxxii.,
page 665), in which we referred to_some experiments
carried out with a live-steam feed-water heater in
conjunction with a Lancashire boiler. The heater
employed was of the type devised by Messrs. Dales
amr Braithwaite, and manufactured by Messrs. C. C.
Braithwaite and Co., Limited, of Finsbury-pavement
House, London, E.C. This heater we now illustrate
on 176. It is situated externally to the boiler,
so that, besides being more accessible and easier of
maintenanoe, its presence creates no cold region in the
boiler, a feature considered by the makers to be inocon-
sistent with the best results. When required, how-
ever, by exigencies of space or otherwise, Messrs.
Braithwaite and Co. supply internal heaters on a
similar principle.

As will be gathered from the sectional illustration,
the feed-water from the hot-well, economisers, or else-
where is pumped or injected into the top of the heater,
whence it escapes throuil; spraying nozzles into a
comparatively large chamber below. Here it meets
live steam direct ﬁ‘om the boiler, and becomes raised
in temperature to within a few degrees of the boiler
temperature, falling into the lower part of the
heater, whenoe it flows by gravity into the boiler. The
heater acts as a softener, depositing the bulk of the
solid impurities in the water, in a non-adherent state,
in the lower part of the apparatus, whence they can
be blown off at intervals. The lighter gases evolved
from the feed water collect in the upper part of the
steam space, whenoe they are allowed to escape
through the valve shown, the heavier gases bein
trapped beneath an internal flange lower down, an
similarly disposed of. Thermometers are fitted both
to the steam inlet and to the water outlet, and a gauge-
glass shows the hot-water level in the apparatus.

The advantages of the heater have been generally
indicated above, but we may draw attention to the
corollary that increased efficiency of steam generation,
besides saving fuel, has another aspect, often equally
important—namely, that less boiler plant is necessary
for the same work. Tests recently made by the
owner’s staff, at the works of the Yorkshire Pure Ice
Company, Limited, show an increase of 12 per cent. in
the evaporative power of the boilers after the fitting
of Messrs. Dales and Braithwaite’s apparatus ; and the
makers claim to effect an economy of 10 per cent. even
when economisers are in use.

The heaters are made in seven sizes, dealing with
from 2500 1b. to 30,000 1b. of feed water per hour.

NEW ZEALAND PETROLEUM. — Work is proceeding
rapidly at the Omati bore of the New Plymouth (New
Zealand) Petroleum Company. A depth of 600 ft. bas
now been reached. Hard boulders have been met with
practically all the way. The gear of the company is of
the latest American pattern, and such as is being used by
all the large oil-boring companies in America an Canada.
The derrick is the t at present erected in New
Zealand, being 74 ft. high, and having a base of 20 ft. It
differs from tﬁe derricks of other companies inasmuch as
it has open sides above 20 ft. The timbers used are

rticularly heavy, and of the best quality obtainable.

hey vary from 14 in. to 16 in. square, and from 16 ft. to
28ft. in length. The company has two strings of drilling-
tools—one of 5 in. diameter and 45 ft. long, and the other
33 in. in diameter and the same length, with extra stems,
12 ft. long, foreach. The dril]m?-blts each weigh 800 lb.
Some 2500 ft. of special steel drilling cable, ordered from
Sydney, has been fixed in position.
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ON THE DESIGN OF MACHINERY
FOR VERY HIGH PRESSURES.
By J. E. PETAVEL.

TrE methods used in the design and construc-
tion of ordinary hydraulic machinery are well known
to every engineer, and I .propose, therefore, to
limit myself in the present article to a discussion
of the special difficulties which are encountered
at exceptionally high pressures.

For some research work undertaken at the
'physiosl laboratories of the Manchester University,
it was necessary to provide means by which a
constant pressure of 30,000 lb. per square inch

could be maintained in a small receiver for any
length of time. It was desirable that the apparatus

W

§ \\\\\‘\\\\\\\ AR IR

.
N

Fi6. 1. Diagrax or HYpRAULIC PUMP.

P). Pump-cylinder and piston.

@ and b. Inlet and outlet valves of pump.
P3. Ram-cylinder and plunger.

¢ and d. Inlet and outlet valves of ram.
g. Gauge.

¢. Blow-off valve.

0. Connection to apparatus under test.

Fia. 4. DeraiL DrawiNg
or SteeEL Tune- CONNEC-
Fic. 3. Dzrai. DrawinNe TION FOR VERY HIGH
or INLET-VALVE. PaEssURES.
A. Pump oylinder. A. High-pressure enclosure.
B. Valve-box. B. Steel tube fitted with
O. Valve with circular groove screwed and braised flange /.
g filled with leather ring. N. Steel nut which presses
D. Cover. down the coned end of the tube,
E. Inlet-pipe. thus forming a joint.

should serve not only for the special research for
which it was designed, but also in a general way
as a test-pump. Kor the latter purpose a maxi-
mum pressure of 45,000 lb. per square inch was
required. These conditions led to the arrangement
which is shown diagrammatically in Fig. 1.

The machine consists of two parts: a reciprocating
pump worked by a lever, and a ram forced in by a
screw. ,

For pressures up to 15,000 1b. the pump alene is
used. When this pressure has been reached the
pump is disconnected by screwing down the valve c,
and liquid is forced into the apparatus under test
by the ram. If the receiver 1s small, a single
stroke of the ram may be sufficient to produce the
required pressure ; if not, the valve d is closed off,
and ¢ opened, and the ram-cylinder is refilled with
liquid, this operation being repeated as often as
necessary. In other words, the inlet and outlet

valves of the pump a and b work automatically in
the usual manner, but the corresponding valves
connected to the ram-cylinder ¢ and d are operated
by hand. .

The valve d entirely disconnects the 'B:mp and
ram from the receiver, its gauge, &c. is vessel
and its fittings are designed so as to exclude all
stuffing-boxes or organic jointing material, such
jointe and connections as are neocessary being made
simply by forcibly pressing together the two
metallic When once the valve d has been
closed, there can therefore be no leak, and any
pressure up to 30,000 1b. .Fer square inch can be
maintained unaltered day terd.s{

The general arrangement df the apparatus, as
constructed at the University engineering works,

pressure soon crushes out the leather disc, which
then jams in the valve-box. In the design adopted
(see Fig 3) the valve carries a circular groove g, into
which a ring of leather is fitted. A metal spigot
turned on the valve-seat fits into this groove.

The outlet-valve requires no special description ;
both valve and valve-box are o?e;un-met,al. The
bearing surfaces should be cut in the lathe accu-
rately to the same angle, so as to require no sub-
sequent grinding. The screw-valves ¢ and d, Fig. 1,
are of the ordinary type,* the spindles being made
of tool-steel, and the fittings in which they work
of mild steel, It is advisable to make the cones
which terminate these spindles of a rather sharper
angle than the seats on which they rest, thus re-
ducing as far as possible the area on which the

Fia. 8. Cover ror CLOSING LARGE APERTURES.
A. High-pressure enclosure.

B. Cover.
rle‘ Spigot fitting into a groove which contains a lead or copper
g.

Fio. 5. Drsiox or Cove por OLosive Aperrures vp | high preesure acts when the valve is closed off. So
70 14 IN. IN DIAMETER AGAINST PREssUREs oF 10|88 to prevent any sudden jar on the gauge, the
oRr 20 ToNs PER SQUARE INCH. outlet of the blow-off valve e is placed beyond the

A. Body of high-pressure apparatus. first few threads of the screw. When the valve is
thﬁ; (.:::ﬁ' Ww :ra rml j“i;l 'xblcghgm“m r:lltﬂn't :‘ﬂt;t. ‘:gg:;_ first opened, the oil has therefore to force its way
projecuoll;‘ltxuy beyonﬁ this ring, protecting it from injury. |:‘;‘;;‘:lg:‘i’y°r three threads, and can only escape

C. Screw holding down the cover. . y
will be readily understood by reference to the view ! m;l;l;e o‘fme‘;lx%:' tig:::;i?e:ngh st“ﬁ';g'boﬁ:] must]lzz
shown in Fig. 2. I may therefore limit myself to ,gjoqp5 strinlg) satumtedg with a mixture gf tallow
the description of a few details which are of special - . o graphite ; between this and the steel gland

importance. . , ; ;
A section of the inlet valve is shown in Fig. 3. ?hs::' l:;st?riﬁ }:ﬁle;emg:-ﬁ :ul:".ch prevent the

Some difficulty was at first experienced in finding a gy ot o e valves seem ca ble of
tygp of valve sult.ablc; folr ‘t'hefpf“l'p“&' W't‘ht:’hlelresisting any pressure. that may be put osb them,
;’." inary coned metal valve a d ‘:’;y strong c(tm o ‘ but there is some difficulty in closing them against
Ing spring 18 necessary, and the pump at OnCe|, y,raqure higher than 25,000 1b. per square inch.

stops working if the smallest quantity of air should . A
ﬁmﬁts way into the cylinder. On the other hand, F‘).?_At,”ye connections between the various parts

if & valve with a flat leather seat is used, the great |

* See ENGINKERING, v'c;l.‘li;xi.:pase 430,
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