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PREFACE.

In adding a treatise on the Management of Marine
Engines to Mr. Weale’s Series of Rudimentary Works,
the Author trusts that it may prove a useful auxihary to
the various classes of practical men interested in the per-
formance of our Steam Marine, whether in the Royal
Navy or Merchant Service. Desirous of being under-
stood alike by the non-professional man of business, who
from his desk in the city controls the operations of a fleet
of steam ships, as by the humblest assistant in the duties
of the engine-room, he has endeavoured to express himself
in as concise and matter-of-fact a manner as possible, avoid-
ing as far as may be the use of technical language and
wmathematical demonstration, without attempting, at the
same time, to render the text intelligible to the wholly
uninitiated, by perplexiug it with notes and explanations
which ought to suggest themselves to every one acquainted
with the rudiments of mechanical science. Some very es-
sential Tables of the detalls of Engines and Vessels are
added in the Appendix; and such technical terms as do
necessarily occur will be found explained in the Glossary
at the end, and several corrections made in this second
Edition.

March 10th, 1852, '






‘CONTERNTS.

CHAPTER I.

GENERAL DESCRIPTION AND VARIETIES OF TBE MARINE

ENGINE.
PAGE

A previous acquaintance with the principles of the steam engine
presupposed . . . . . . ) .1
General description of the marine engine . . . . 1
Its varieties of form . . . . . . . . 2
‘The fly-wheel inapplicable . . . . . . . 2
Cc quent sity for combining two engines on one shaft . 3
Single engines are sometimes employed . [ . 3
High-pressure engines rarely used . . . . . . 4
The side-lever engine : its advantages . . . . . 4
Ditto, ditto : its disadvantages . N . . . 6
Adoption of the direct-acting engine . . . . . 6
Varieties of the direct-acting engine . . .. . 6
Shortness of stroke a defect . . . . . . 138
The steeple engine . . . . . . . . 13
The double-cylinder engine » . . .“ . . . 13
The oscillating engine . - . . . . . 15
Machinery for screw propulsion . . . . . . 16
Internal gearing . o« . . . . . . . 16
Protection of the machinery from shot . . . . . 17



yili OONTENTS,

CHAPTER II.
DETAILS OF THE MARINE ENGINE : THEIR PROPORTIONS
AND UBSES.

PAGE
The steam pipes . . o e e e . 18
The throttle valve . e . e .19
The expansion valve . . . . .19
Stephenson’s link-motion applied to give expunlion . . 21
How to set the slide valves . . . . . . . 21
The lap of the valve e e e e . 22
The lead of the valve . . . . . . . . 23
Reversing the engines . . . . . 23

Expanding by means of the lap of the valve . .. . 24
The blow-through and snifting valves . ) . . . 25
Clothing the cylinder, &. . . . . . . . 25

Clearance of the piston .. . . . . . 25
Priming or escave valves . . . . . . . 2
Packing for the piston ve e e e . 26
The condenser . . e . . . . . . 26
The injection valve . . . . . . . . 26
Temperature of the condenser . . . .27
Elasticity of watery vapour at different temperatnrel . .27
Velocity of flow of the injection water . . . . . 27
The barometer gauge e e e e . . 28

Ditto, sources of error e e+ e+ . . .2
An improved barometer for the condenser . ) . .29
Evils ariging from the use of sea water for condensation . . 30
Surface condensation attempted and found ineffective . . 30
Hall’s patent condensers . . 4. . .o .31
The airpump . . . . . . . . . 81
The feed pumps . . e e .. . . 81
The bilge pumps . . . . 32

The hand pump connected with the hrga engmcs . . . 32
Ditto, driven hy a supplementary engine or *‘ donkey"’ 32



OONTENgS.

CHAPTER III.

THS MARINE BOILER: ITS GENERAL PROPORTIONS, AND THE

PRINCIPLES CONCERNED IN ITS OPERATION,

PAGE
Peculiarities of the marine boiler . . . . . 33
The flue boiler . . . . . o« . . . 33
The form of the flues . . . . . . . 33
The arrangement of the heating surface . . . 33
Horizontal heating surface the best . . . . . . 34
Bottom heating surface inefficient . . . . . 3¢
Disadvantages of flue boilers . . . . . . . 35
Tubular boilers . . . . . . . . 35
Furnaces . . . . . . . . . . 35
Fire bars . . . . . . . . 36
The direct impact of the flame to be avolded . . . . 36
The bridge . . e . . . .. 36
The water spaces . . . . . . . . . 36
Requisite amount of heating surface . . o« . 37
Areas of flues and tubes . . . . . . . . 38
A roomy furnace desirable . . . . . . . 38
Combustion is checked by the carbonic acid . . . . 38
Loss of heat attending the combustion of the inflammable gases 38
Formation of carbonic oxide . . . . . . 39
Smoke-burning apparatus . .. . T
Recapitulation . . . . . . . . 40
Clothing marine boilers is sometimes fonnd to be prejudicial . 40
Bedding the boilers .S B |
Galvanic action to be guarded ugnimt . . . . . 41
Copper boilers compared with ironones . . . ., . 42



b N CONTENTS,

CHAPTER IV.

THE MARINE BOILER: MANAGEMENT OF THE FIRES.

PAGE

The skilfal management of the machinery necessary for its
efficiency B *
Economy of steam is the main question. , . . . 43
The generation of heat in the furnaces . . . . . 43
The management of the fires Ce e e . 44
The effects of mismanagement . . . . . ., . 44
Peeding the furnaces . . . . . . . , 4
Cleariug the bars T 1)
Keeping the fire doorsshut . . . . . . . 45
Levelling the fuel . . . B
Each watch to leave their fires clean e e e e . 46
Forcing the fires is expensive of fuel e e 46
The cinders to be reburnt when practicable . . . . 46
Superior economy of large boilers . . . . . . 47
The boiler-power is subdivided into sections 47
How to manage the boilers when full steam is not wanted .. 47

Lord Dundonald’s experiments on slow combustion in marine
boiles . . . . . . . . . . 48
Experiments with a tubular marine boiler in Woolwich Dockyard 48
Dimensions and description of the experimental boiler . . 49
Dimensions of the boilers of the Janue . . . . . 50
Table of these experiments . . . . . . 51
Slow combustion in marine boilers is seldom prnctlcable .. 52
Regulation of the draft . . e e . 52
Banking-up thefires . . . . . . ., . 82
To get up the steam rapidly Ce e e 53
No water to be thrown in the ashpits . . . . . 83



— ¥
CHAPTER V.
THE MABINE BOILER : MANAGEMENT OF THE WATER AND
' STEAM.
i PAGE
Regular supply of water to the boilers . . . . 54
The water level must not rise too high . . . . . 54
Watergauges . . . . . . . . . 56
The glass watergange . . . . . . . ., 55
The brass gauge cocks . . . . . . . 56
Only one feed pump tobe worked . . . . . . 56
Amount of the brine abstracted . . . . . 57
Proportions of salt in sea water from different localities . . 57
Analysis of deep sea water . . . . . . . 57
Blowing-off . . .. . . . . . 58
The brine pumps . . . . . . . . 58
Lamb’s blow-off apparatus . . . . . . . 58
The refrigerator . . . . . . 59
Attempts made to supersede blowmg-oit‘ . . . . . 59
by mechanical means . . . . . . 60
—————— by chemical means . . . 60
The brine pumps found to be perfectly eﬂ‘ictent at a tnﬂmg ex-
penditure of fuel . . . . . . 61
Salinometers . . . . . . . . . 61
The thermometer used as a salmometer' . . . . 61
The hydrometer ditto, ditto . . . . . . 63
Seaward’s salinometer . . . . . . 64
Cases in which the amount of blow-off may be dunimshed . 65
How to mauage in case the blow-off cock sets fast . . . 65
The safety valve, its area ¢ . . . . . <« 65
Ditto, its manner of loading e 65
Ditto, occasional defects . . . 66
How to manage in case the safety valve stxcks fast . 66
Bteam gauge . . . . . . . . . 67
The vacuum, or reverse valve . PR . . . 67
Supply of air to the fires .« . .« . 68
- Staying boilers at long distances is very objectxonablc . . 68



CONTENTS.

CHAPTER VI.

MANAGEMENT OF THE ENGINES.
'

' . PAGE
The bearings require attention . . . . 70
How to test the tightness of an engine before atartmg . . 70
How to discover a leakage of air into the engines . . . 71
How to cure leaky condensers . . 72
The injection to be diminished when the Bhlp labonrn much . 72
How to act when the injection cock leaks . . . . 73
Advantage derived from the bilge pipes . . . . . 73

- Imjecting through the snifting valves . . . . . 73
How to make steam-tight joints . . ., . . . 74
How to act in case of accident to the engines . . . 74
The test, cocks . . . . . . . . . 75
The grease cocks . . . o . . . 75
Moving the engines round by hmd . . . . . 75
Galvanic action . . . . . . . . . 76
Esseential to have square regulating lines marked on marine en-

gines . . . . . . B . . . 76
To adjust the paddle shnﬂ: . . . . 77
To replace the levers on the valve shaft lf cnrned nrny . o 77
To fix the gab lever on the valve shaft . . . . . 78
To find the length of the excentric rod if carried away . « o 78
To replace the stops on the intermediate shaft for driving the ex-

centric . . . . . . . . . . 78
Essential to know the position of the steam valves from ex-

ternal marks . . . . . . . . . 79



CHAPTER VII

USE OF THE EXPANSION VALVE, INDICATOR, AND

DYNAMOMETER.
: ' ‘ PAGE
The principle of expansion . . . e .« . B8O
The benefit derived from expansion . . L et
Rule for calculating the power of an engine workmg expunuvely
The indicator, its construction and principle . . : 83
The indicator scale . . . . . . . . 85
How to use the indicator . . . . . . . . 8
How to make the calculation . . . 86
How to find the nominal horse power of an engine . . 86

Distinction between the nominal and indicated horse power . 87
Use of the indicator for showing the internal state of the engine . 88
How to compare the efficiency of different engines by means of

the indicator . . . . . .. 89
Example of the calculation for dmo . . . 9
Difference of effect between throttling the steam and cuttmg it

off by the expansion valve . . . . . . 92
The dynamometer : its nature and application . . . 94
The counter . . . . . . . . . . 95

CHAPTER VIIL

ON THE QUALITIES OF FUEL, WITH HINTS FOR IT8

SELEOCTION.
On the qualities and value of different coals . . . .97
Much depends on the construction of the boiler . .. 97
Wicksteed's experiments . .. . e e .97
M. Cavé’s experiments . .* . . v . . 98
The parliamentary experiments ; description of the boiler used . 98
Management of the coals on the fire . . . . . 98
Patent fuels, their advantages and defects . . . . 98
Rapid corrosion of iron coal bunkers . . . . . 99
The gases evolved from coal during exposare to the atmosphere . 100
Natural decay in coal . . . . . . . 100
. Spontaneous combustion in coal . « e e . . Wl

Advice in the“selection of fuel . . . . . . . 101



racs
:Mlﬂwgo«lquliﬂum never united in'ome coal . . . 182
"Wood used for fuel in steamers T |
“Paef used for fuel in steamers . . .. . . . 103

CHAPTER IX.

"SiSIDERATIONS AFFECTING THE RATE OF CONSUMPTION OF THE
FUEL IN A STEAM VESSEL,

'lﬁpomnce of regulating the rate of oonsnmption of the fuel . 104

‘Steaming against the stream . o e . . 104
Natural law affecting the speed of a lteamer . . . . 104
Limit imposed to the possible speed . . . . 105
‘How to find the speed corresponding to a dunrmshed consump- |

tion of fuel . . . . . . . . 105
How to find the consumption of fuel correspondmg to an in.’

creased speed . . . . . . . 106
Relation existing between the consumption of fuel and the length

and velocity of the voyage . . . . . . 106
Economy attending a diminished speed in the vessel . . 107
Assistance derived from the sails of a steamer . . . . 107
On disconnecting the engines . . e e e . 108

CHAPTER X.

PROPORTIONS TO BE GIVEN TO THE PADDLE WHEEL AND SCREW
PROPELLER, AND THE NANNER OF THEIR APPLICATION IN THE
VESSEL.

Varieties of the paddle wheel . . . . . . .109

Variable immersion the grand objection . . . . 109
“The most advantageous immersion or, dip . . . . 110
The slip of the paddle wheel . . . . 110
Explanation of the table of velocities of paddle wheeh given at
the end of the book . . . N . . 110
“ The area of the paddle boards .« e . LI
Braithwaite's plan of disconnecting the pnddla wheels . . 111
Maudslay’s plan for ditto . . . . . . . 113

‘Seaward’s plsn for ditto . . . . .. . . .13
The sorew propeller -~ . . . . . e . oA



| CONTHETS. B 8

L ) PAGE
- Thepitchof ascrew - . . . .. . .. ., . 14
The slip of a screw B L T
Anomaly in its performance, called * negative slip” . .- . . 114
Dragging of theserew . . . . . . . .1&
Disconnecting the screw . e e e e . . 116

The propelling power of the screw . . . . . . 116
Explanation of the term ‘“screw-blade ” . . . . 117
To find the pitch of a screw blade . . . . . . 117
Introduction and progress of the screw propeller . . . 118

Varieties of the screw propeller . . . . . . 120
Woodecroft’s screw « . . . . . . . 120
Ericsson’s propeller . . . . . . . . o121

Maudslay’s feathering screw . . . . . . . 122
Hodgson’s parabolic propeller . . . . . .. 124
Macintosh’s elastic propeller . . . 125
Comparison of the flexible propeller thh the actlon ofa ﬁsh . 125
In the application of the screw, fine after-lines are indispensable 126
Diameter of screw . . . . . . . . . 127

Area of the screw . . . . . . . . 127

Relative value of coarsely or ﬁne pitched screws . . . 128

Extent of slip of the screw . . . . . . . 128
CHAPTER XI.

COMPARATIVE MERITS OF THE SCREW AND THE PADDLE
WHEEL.

How to compare the general efficiency of different steam vessels 129
Ditto, for commercial purposes . . . . . 129

Example No. 1 . . . . . . . . . 130
Example No. 2 . . . . . . . . . 131
Ditto, for scientific purposgs . . . . . . 131
Example No. 1 . . . . . - . . . 132
Example No. 2 . . . . . . . . . 132
Comparison between the screw and the paddla wheel as a means .
. of propulsion . . 132
-General view of their respecme eﬁeiency for full-powered pn-
senger steamers . . e . . . s +-132

Efficiency of the screw for full-powered steamers of war . , 133
- Efficiency of the sorew as an auxiliary in sailing vessels .. - . 133



%vi . . CONTENTS.

PAGE
The siocess of the screw a3 an auxiliary in men-of-war .. 134
The effect that auxiliary-screw vessels may bave on the shipping

interests of thecountry . . . . . . . .134
Joyce’s iron steam ship, City of Paris . .. . 134
Pasha of Egypt, steam yacht Kassed Kheir . . . . . 135
Uf the spiral propeller or water-screw . . . . . . 136

CHAPTER XII.

SOREW STEAMERS IN THE ROYAL NAVY AND MERCHANT

SERVICE.
The screw in H. M. service—full-powered vessels . . . 138
Rattler—her best experiment . . . . . . 138
Fatry—dimensions and speed . . . . . . 138
Termagani—dimensions and particulars . . . . 139
Encounter—dimensions and particulars . . . .« . 139
Arrogani—ditto, ditto . . . . . . 140
” trials . . . . . . . . . 141
La Hogue—steam guard ship . . . . . . 141
Ajax—ditto ditto . . . . . . . 141
The use of screw vessels as tugs . . . . . . 142
The screw in the merchant service . . . 142
Performance of the screw in the vessels of the Gen Screw Steam
Shipping Company . . . . . . . 144
Performance of the screw of canals . . . . . . 144
Bosphorus—dimensions and particulars . . 145
” voyage under stcam from Cape of Good HoPe to
Plymouth . . . . ¢ . . . . 45
Rattler—dimensions of vessel . . . . . . 146
»  opitome of 14 experiments . . . . . 146
»  thrust on the dynamometer . . . . 148
»»  loss of speed attending the use of the expannun gear. 150
»  power consumed in driving her machinery . . 150
Dwarf’s experiments . . . . . . . 151
Screw steamers on contract mail stenmen . . . . 151

Table of screw steamers and their machinery . . . . 153



OONTENTS. xvii

CHAPTER XIII

THR PADDLE WHEEL AND PADDLE-WHEEL STEAMERS IN THE
ROYAL NAVY AND MERCHANT BERVICE.

PAGE

Paddle-wheel steamers in the royal navy . . . . . 154
Terrible—dimensions and particulars . . . . . 154
" machinery . . . . . . 154

" speed, armament, and daily expensea . . . 155
Sidon—particulars . . . . . . . . 156
Odin—particulars, machinery, &c. . . . . 156

Performance of government steamers with and wsthont steam . 158
A high speed in the navy attainable only by an extravagant pro.
portion of horse power to tonnage . . . 159
Comparisons between the performance of government and mer-
chant steamers are generally imperfect . . . . 160
Economy of steam power is the best criterion of efficiency in the
navy . . . . . . . . . 160
Performance of Inﬂe.mble in a steam voyage round the world . 161
Economy of a moderate proportion of horse power in combina-
tion with the sails . . . . . . . . 163
A high proportion of horse power is requisite in the merchant

service . . . . . 164
Considerations to be attended to in proportlonmg the horse
power to the tonnage in designing a new vessel . . . 165
Banshee—dimensions and particulars . . . . 166
Paddle-wheel steamers in the merchant service . . . . 167
Asta— dimensions and particulars . . . . . 167
Orinoco—ditto, ditto . . . . . . 168
Minerva—dimensions and particulars . . . . . 173
Estimate of the number of merchant steamers . . . 173
Ditto, of steamers in the Royal Navy . . . . 173
Ditto, of steamers in the French Navvy . . . . 174

Ditto, of French merchant steamers . . . . 174
of registering paper used in trials of Government steamers 174
8peed of the vessel . . . . . . . . o175



xviil CONTENTS.

APPENDIX
PAGE
TasLe No. I.—Admiralty formula of specification for marine
engines, with paddle wheels . . .. . . 183
Tender to the Admiralty for a pair of steam engines of 260
horses power, with paddle wheels . . . . « 187
Last of tools and spare gear required with those engines . 189

TasLe No. II.—Admiralty formula of specification for marine
engines, with screw propellers . . . . . 190

Tender to the Admiralty for a pair of steam engines of 450
horses power, with screw propellers . . . . 194

List of tools and spare gear required with those engines . 195

TapLe No. II1.—The principal dimensions of 194 steamers of
all classes, with paddle wheels . . . . . 197

TasrLe No. IV.—The principsl dimensions of 28 merchant
steamers, with screw propellers . . . . . 202

Tasre No. V.—Paddle-wheel steamers in Her Majesty’s Navy
and Post-Office Service . . . . . . . 203

TasLe No. VI.—Experiments with H.M. screw tender—Dwarf". 205
TaBLe No. VII.—Screw steamers in H.M. Navy, No. 1,

vessel . . . . ¢ . . . . 206
Ditto. Ditto, No. 2, propeller and proportional

numbers . . . . . . . . 208

Ditto. Ditto, No. 3, engines . . . . 210

TasLz No. VIIL.—Proportions of marine engines and boilers . 211

Tasuz No. IX.~~Form of log for & sea-going steamer, No.1 . 213
Ditto. Ditto. No.2 .214



OONTENTS. xix

PAGE
Tanre No. X.—Velocities of paddle wheels of different diame-
ters, in feet per minute, and miles per hour . . . 215

TasLE No. XI1.—Economic values of different coals . . 218

Ditto. Mean composition of average samples of the
coals . . . . . . . . . . 220

Ditto. Amount of various substances produced by the
destructive distillation of certain coals . . . 221

'?DLE No. XIII.—Temperatures and relative volumes of steam
of different densities . . . . . . . 222

TasLe No XIV., used by Admiralty in calculating speed of
vessels . . . . . . . . 223

Sir John Macneill’s report on screw steam boats for canals . 225

Glossary of terms connected with marine engines and boilers
(with translations into French). . . . . . 231






THE

MARINE STEAM ENGINE.

CHAPTER 1.

GENERAL DESCRIPTION AND VARIETIES OF THE MARINE
ENGINE.

A previous Acquaintance with the Principles of the Steam
Engine presupposed.—As this little work professes to be a
guide to the management of marine engines and steam
vessels, and not a treatise on the steam engine, it will be
necessary to presuppose a certain degree of knowledge of
the facts and mechanical principles on which the structure
and operation of steam engines depend. In short, to take
it for granted that the reader has perused either Dr.
Lardner’s Rudimentary Treatise, in this series,* or some
other work on the same subject. This being understood,
we shall proceed at once to the consideration of the marine
engine of the present daypas it is found in vessels of the
Royal navy and merchant service.

General Description of the Marine Engine.—The princi-
ples upon which the marine engine is constructed, as well
as its general plan of operation, are identical with those of
the stationary or land condensing engine ; the motive power

* Rudimentary Treatise on the Steam Engine, by D. Lardner, LL.D.
John Weale, 1s.
B



2 GENERAL DESCRIPTION AND

in both being derived from the pressure of the steam acting
against a partial vacuum. Thus we have in each case a
boiler to generate the steam; a cylinder, piston, and valves
to use it; a condenser in which to condense it, and thereby
gain the pressure of the atmosphere by causing the steam
to work against a vacuum ; and lastly, an air pump to with-
draw the condensing water, the condensed steam, and the
uncondensed vapour, and gaseous matter. Such are the
principal parts of every condensing or “low-pressure
steam engine, whether it be used on land or at sea ; whether
it be side-lever, direct-acting, oscillating, horizontal, or
rotatory.

Varieties of Form~The terms last used are those em-
ployed to designate different forms of the marine engine
which have been imposed upon it by wants and necessities
of various kinds. For as the services which steam vessels
are called upon to perform are very different, so also must
be their machinery, in order to suit the required form and
displacement of the hull, the minimum draught of water,
the comparative value of stowage, or of passenger accom-
modation, the necessity of protection from shot, the effi-
ciency of the armament, and a hundred other considerations
which may enter into the plans of a steamer.

In all marine engines the required object is to give a ro-
tatory motion to a horizontal shaft—either the paddle shaft
in the case of paddle-wheel steamers, or the screw shaft in
the case of vessels propelled by the screw. The earliest
form of engine used for this purpose was the side-lever, or
beam engine, in which the reciprocating motion of the
piston rod is transforred through upright side rods and
horizontal side levers to the connecting rod, which then
gives the shaft its continuous rotatory motion by means of
the crank,

The Fly Wheel not applicable—If such an engine were
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used to drive machinery on shore it would be furnished with
a fly wheel, which, by becoming a reservoir of momentum,
would supply power to continue the rotatory motion
past the top and bottom of the stroke, where the crank is
evidently (from its nature) powerless, and in this way a
uniform speed would be maintained throughout each revo-
lution of the shaft. But in the case of a vessel at ses,
the fly wheel is inadmissible. Considerable irregularity
in the revolutions results from this want, but not to such
an extent as to be attended with any bad results. In some
engines where the moving parts are not arranged so as to
balance each other in their ascent and descent, one part
of the stroke is made at a greater velocity, but this is
generally obviated by admitting a greater quantity of
steam on one side of the piston than on the other, until
the propelling power for the up and down strokes accords
with the resistance. The air-pump bucket is generally
arranged in such a manner, that by its ascent it may
balance the weight of the piston in the cylinder in its
descent.

Necessity for combining the Engines.—~Tence arises the
necessity for supplying the place of the fly wheel by com-
bining two engines on one shaft, in such a manner that
when the one engine is at its least effective point (at the
top or bottom of the stroke) the other engine may be most
effective—each alternately helping the other over its diffi-

culties.

Single Engines sometimes employed.—River steamers, how-
ever, are occasionally fitted with only one engine, the
moving parts of which are “balanced” (by means of a cast-
iron paddle board, or otherwise) in such a manner as may
best assist the crank in passing the centres; but such an
arrangement is always objectionable from the difficulty
experienced in starting, and from the impossibility of pre-

B2



4 GENERAL DESCRIPTION AND

venting a disagreeable jumping motion in the vessel from
the unequal speed at which the paddle wheels are driven.

High-pressure Engines rarely used.—High-pressure en-
gines are very rarely put into steamers in this country, the
objections to their use being their increased consumption
of fuel in comparison with condensing engines, and the
presumed danger to passengers arising from explosion or
escape of steam, which has made them extremely unpopular.
As they possess, however, the countervailing advantages of
cheapness and lightness, they have been adopted in some
cases where economy of fuel is not so much considered as
first cost and light draught of water. While referring
hereafter to the marine engine, it should be understood
that the condensing engine alone is meant,.

Side-lever Engine—its Advantages.—It has been said that
the side-lever engine was the first employed in steam boats.
This construction, with the arrangement of which the reader
is doubtless familiar, has several advantages which enabled
it for a long while to resist innovation. Perhaps its chief
merit consists in this, that the weights of the moving parts
are so balanced, the one against the other, that the piston
when not acted on by steam is nearly in equilibrio, and
equally ready to start in either direction with the smallest
application of force. The great length of the connecting
rod, also, admits of the motion of the piston being trans-
mitted to the crank in the most equable and effective
manner, and the moving parts of the engine are supposed
to do their work with less friction and wear than are to be
met with in any other kind of engine. It can hardly be
wondered at, therefore, that the side-lever engine was long
a favourite, and indeed that it still continues to be so in
certain cases, and under certain conditions. An example
of a side-lever engine is given in Plate 1.
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PLATE L.*

* For examples, see Tredgold on the Steam Engine, new edition,
Division B, Marine. John Weale.
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Disadvantages of the Side-lever Engine.—There are two
very important conditions, however, in the economy of a
sea-going steamer which the side-lever engine does not fulfil
—namely, lightness of weight, and compactness of form.
As these properties were found to be most essential in the
machinery of a war steamer, it soon became apparent that
some other arrangement of parts must be adopted which
would admit of the same power being stowed in less com-

s, and 8 portion of the weight of the machinery saved
jddltwnal coals, or stores, or armament.

Adoption of the Direct-acting Engine—Hence the adapta-
tion and general use of direct-acting engines in the Royal
Navy, by which means (in conjunction with the adoption of
tubular boilers) the length of the engine room was di-
minished by about one third, and the total weight of
machinery by two fifths. It may be observed here, that the
weight usually allowed for side-lever engines, flue boilers
with water, and paddle wheels, is one ton per horse power;
whilst direct-acting engines with tubular boilers and water,
paddle wheels, &c., scarcely exceed 12 cwt. per horse power.
The dmtmgmsh.mg feature of all direct-acting engines con-
sists in the connecting rod being led at once from the head
of the piston rod to the crank without the intervention of
side levers: and as it happens (unfortunately, we think)
that this kind of engine is capable of almost endless variety,
each manufacturing engineer has introduced his own child
into the steam navy, where scarcely two pairs of direct-
acting engines are to be found alike.

Varieties of the Direct-acting Engine.—These may be all
classed under three heads ; namely, those which obtain the
parallelism of the piston rod by means of the system of
jointed rods called a “parallel motion;” those which use -
guides or sliding surfaces for this purpose; and those de-
nominated ¢ oscillating engines,” in which the cylinder is
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lumg upon pivgts and follows the oscillations of the erank.
Belonging to the first class are those of Sesward, Rennie,
Fairbairn, Forrester: and to the second class, Mandslay,
Miller, Fawocett, Boulton and ‘Watt, Bury, Robert Napier,
Joyce, &e. As these various arrangements cannot be ren-
dered intelligible in words, sketches of some of the most
characteristic are subjoined, in Plates 2, 8, 4, 5, 6, and 7.

PLATE 1I.

1 711D
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1 f Y
Direvt-acting Engine, az consirucied by Muesns. Szawanp,
Carxr & Co.*

* oo pages 8 and 0; and for falt detaile of the engitios of the Oyefige
soe the Appendices to Tredgold. John Weale,
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PLATE 111

Dereot Aciing Brgtes of 500 H. P. of H. M. 8 Bnll»Dog, eonstrucied
by Mzssas. Rewxia,
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PLATE IV. i
End Elevation of Engines of H. M. 5. Cyclops.
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PLATE V.
Elgvation of Main-lever of Parallel Motion of H. M. 8. Cyalops.
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Direct-acting Engine as filted on board m #
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PLATE VIIL

Marine Engine of the Rainbow Iron Steam Vessel, constructed by
Mzssrs. FormesteR & Co., Liverpool. See Appendices to Tredgold.
John Weale.
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Shortness of Stroke a Defect.—The unavoidable shortness
of the stroke and of the connecting rod in the majority of
direct-acting engines is certainly a defect, and becomes
sensible in practice by the increased wear and tear of
brasses and packings, and a greater consumption of tallow
and oil when compared with the old side-lever engines.
Several of the direct-acting varieties, it is true, are not ne-
cessarily confined in the length of stroke—as, for instance,
the “steeple engine,”” which is such a favourite on the
Clyde.

Steeple Engine—The latter derives its name from the
high erection on deck required by the guide to the connect-
ing rod, which works above the crank shaft, and can be
recommended only in the case of river steamers where the
increased height of the centre of gravity, and the increased
surface exposed on deck to the action of the winds and the
waves, are not so detrimental as would be the case in a sea-
going steamer. See page 12, a successful example. She
made, notwithstanding, very rapid passages between Lon-
don and Antwerp.

Double-cylinder Engine—Maudslay and Field’s double-
cylinder variety also makes a good engine, and may have a
tolerably long stroke and conmecting rod, but for small
powers it is heavy and expensive. It also occupies more
space in the engine room than several other kinds of direct-
acting engines; but for very large powers, where the
excessive diameter of a single cylinder may be considered
objectionable, it appears to be most applicable, and has in«
deed proved itself to be highly efficient. See Plate 9.
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PLATE IX.

o)l o7

3 <

Direci-acting Double-cylinder Engine as constructed by
Mgssrs. MavubsLAY, Sons & Fierp.*

* See Tredgold on the Steam Engine, new edition, Division B, Marine
Engines. John Weale.
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Oscillating Enginé.—Of all the direct kinds, however,
the escillating engine, which has derived from Mr. Penn
so much of its elegant simplicity and present perfection
of workmanship and arrangement, is generally preferred.
It need hardly be explained that this engine derives its
name from the fact of the cylinders “oscillating* upon
lollow axes or “trunnions,” through which the steam is ad-
mitted to, and withdrawn from, the valves—the piston rod
by this means accommodating itself to the motion of the
erank without any “ parallel motion’ being required. This
construction has now been proved as applicable to ocean
steamers as to the small boats on the Thames, where it has
long been a favourite; and it appears to be also well
adapted for driving the screw propeller. See Plate 10.

Oucillating Engine as constructed by MEessns. JoaN PEnN & Son.*

* See Tredgold on the Steam Engine, new edition, Division B, Marine
Bogines, John Weale.
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Mackinery for Propulsion by the Screw.—The introduction
of the new mode of propulsion by the serew has created the
necessity for new modifications of the marine engine; and
as it is essential for the due performance of the screw pro-
peller that it should revolve with a considerable velocity, it
has been deemed necessary to employ gearing or straps, in
many instances, to multiply the speed of the engines. The
use of toothed gearing being objectionable, however, in sea-
going vessels, from the liability of the teeth to be stripped
or deranged by sudden shocks received by the screw in a
rough ses, it is preferred to attach the engines directly to
the screw shaft in all cases where the required speed of the
screw renders this practicable. This can be readily accom-
plished when a great speed is not expected from the vessel,
as in the case of auxiliary steam power; or where & long
pitch in the screw, and a moderately short stroke in the en-
gine, permit the requisite number of revolutions. For it
is evident that the piston in an engine having a three-feet
stroke will make twice the number of reciprocations per
minute that it does in an engine with a six-feet stroke, sup-
posing the actual speed of the piston to be the same in each
case. Hence it is usual to subdivide the power of large
screw engines amongst a number of small cylinders, all at-
tached directly to the same screw shaft, and making short
and frequent strokes. 'Where gearing cannot be dispensed
with, toothed wheels are preferable to straps.

Internal Gearing,—With the view of affording additional
security agamst accident, Mr. Fairbairn has introduced into
a large pair of screw engines for the Royal Navy a system of
internal gearing, where the small pinion on the screw shaft
is driven by teeth on the internal periphery of the driving
wheel attached to the engine. The advantage of this plan
consists in the greater number of teeth which are thus
brought into gear at one time, so that the strain is divi-
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ded amongst aeveral, in place of being wholly transmitted
through one tooth.

Protection of the Machinery from an Enemy’s Shot.—So
long as the paddle wheel continued to be the propelling
agent, it was plainly impossible to devise any means by
which the machinery could be protected from an enemy’s
shot ; but the recent adoption of the screw propeller has
facilitated this very desirable object to the navy. For as
the screw itself revolves entirely beneath the surface of the
water, we are now enabled to place all the machinery which
gives it motion under the water line also, (in some cases,
so much as six or eight feet,) by which means it gains a
comparative though not perfect safety. It is well known that
a shot will not penetrate more than a foot or two under
the water unless it meet the surface at a high angle, but
then the bottom of a vessel at sea must be often exposed,
during both the rolling and pitching motion, to a position
considerably beneath the level water line, when an enemy’s
shot would have a fair mark at the machinery, although in
smooth water it might be perfectly protected. The addi-
tional security, however, which such machinery does enjoy
renders it a question of the utmost importance to dispose
the engines and boilers of a screw-propelled vessel quite
under the water line. Hence another plea for the practice
of subdividing the power of large engines amongst a number
of small cylinders, these being ranged (generally in & hori-
zontal position) on either side of the screw shaft, so as to
require as little keight as ,possible for the reciprocation of
their moving parts.  The boilers are also made as low
ag practicable, and if a steam chest be added, provision
ghould be made for shutting it off from the rest of the
‘boiler in case of injury, the steam being in that case drawn
directly from the top of the main boiler,
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CHAPTER II.

DETATLS OF THE MARINE ENGINE: THEIR PROPORTIONS
AND UBES.

Axraover it is not here contemplated to supply rules
and formulse for proportioning the marine engine, a fow
remarks are made upon such proportions as the officer in
charge of the engines may be able to alter or modify for
himself if found necessary.

Steam Pipes.—The steam pipe from the boiler must not
be too contracted, otherwise the pressure of the steam upon
the piston moving in the cylinder is not kept up during
its stroke, the steam being then what is called  wire-
drawn” in the pipes. The usual area allowed to tho steam
pipe is one square inch per horse power, but this may
be increased with advantage in the case of small engines.
It is of much importance that the pipes should have as
short and direct a route as possible from the boiler to the
engines, with few angular bends or changes of direction,
as all such impediments act most injuriously by checking
the supply of the steam. Where bends are unavoidable,
they should be made of as large a radius as convenient.
Much care must also be taken to prevent the loss of
heat by radiation, and the cqnsequent condensation of
steam in the pipes, which should therefore be clothed with.
sheets of hair felt wrapped round with spun yarn, the
whole being sewn up in canvas, and painted. Oopper is
the only material which should be used for steam pipes
between the boiler and engine, as wrought-iron pipes gene-
rate scales of rust which, becoming detached, are blown
by the steam into the valves and cylinder, where they do
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much mischief by scratching and cutting the surfaces.
‘When a straight pipe forms the connection with the boiler,
an expansion or “faweett” joint must be provided, but this
may be dispensed with when an elbow occurs in the length
of pipe.

Throttle Valve—The throttle valve of 4 marine engine is
always worked by hand, and should be used only in control-
ling the speed of the engines for any temporary purpose,
such as in passing through a crowded river, before stopping
at a pier, &c., but should seldom or never be used for work-
ing the engines expansively at a permanent reduction of
speed.

Ezpansion Valve.—This latter object is effected by the

expansion valve, which should be fitted to all sea-going
steamers. It usually derives its motion from the crank
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shaft of the engine, the valve spindle being connected by a
series of rods and levers with a small brass pulley, which
presses against the periphery of a graduated cam on the
crank-shaft, by which means the steam is “ cut off” in
the most advantageous manner at any required portion of
the stroke. The valve employed is usually of the description
called the “Cornish double-beat,” or “equilibrium valve,”
which has the advantage of being opened and shut with

great facility, since, from its construction, the pressure of
the steam has no tendency to jam it against its seat—the
objection to.which all flat or plate valves are subject.. Also
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by a slight rise of this valve, a very large opening is obtained
for the steam. This will be best understood by reference to
the annexed engraving. The principle on which this valve
is constructed is, that if steam be conducted by a branch
Pipe into & larger perpendicular pipe between two common
conical valves placed in it, and connected together by a
centre spindle or rod, and: resting on their seats, it would
exert a pressure on the under side of the upper valve, tend-
ing to raise it; and on the upper side of the lower one, tend-
ing to keep it down ; these two pressures in opposite direc-
tions thus neutralizing each other. It is therefore ‘evident
that these two valves form one double-seated valve, and may
be opened in equilibrio, by means of their spindle. The steam
then passes up one pipe and down the other, and, if desired,
these pipes may be again immediately united. By the pecu-
liar arrangement of the seats and partitions, this is done inside
the outer casing of the valve, as shown in the engraving.

Stephenson’s Link Motion applied to give Expansion.—A.
modification of Stephenson’s elegant and simple link motion
for locomotives has been adapted to the marine engine, by
which means the length of stroke of the cylinder slide valves
may be varied at pleasure, so as themselves to act also as.
expansion valves ; but as their motion is derived from an
eccentric of the usual form, it has a different character
from that produced by the cam in the former instance; the
admission and exclusion of the steam now taking place more
gradually, and, as is generally admitted, with less effect.

To set the Slide Valves.—The manner of setting the cylin-
der slide valves so that they shall admit and shut out the
steam from the cylinder at the proper time, independently of
the action of the expansion valves, is a matter of the greatest
importance. The chief points to be attended to are these:
1st, that the steam shall be shut off & little before the end of
the stroke, by closing the aperture of the steam port, which
causes the piston to be brought gradually to rest without
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jerring the engine, independently of the advantage derived
from expanding the steam ; 2nd, that the eduction port, or
the passage to the condenser, should be closed before the
end of the stroke, which is termed “ cushioning” the piston,
because it then completes the stroke against an elastic air
cuskion, in consequence of a portion of uncondensed vapour
being shut up between the piston and the top or bottom of
the eylinder; 8rd, that the steam port on the same side of
the piston should be opened a very little before the end of
the stroke, so that the steam may have acquired its full
pressure as soon as the crank shall have turned the centre;
and, 4th, that the communication with the condenser should
also be opened on the opposite side of the piston a little
before the end of the stroke, 8o as to have a vacuum ready
made in the cylinder before the return stroke begins.

“ZLap” of the Valve.—Now, if the slide valves had simply
to admit and shut off the steam at each instant that the
piston arrived at the top and bottom of its stroke, the face
of the valve would have exactly the same depth as the aper-
ture to be covered; but that the steam may be cut off a
little before these points, it is necessary that the valve faces
should be made deeper towards that side from which the
steam eomes, so that after closing the steam ports they may
move past the aperture for a certain space at each end of
the stroke. This space, which they lap over the valve seat-
ing, is called the “lap” or “cover” of the valve on the
steam side. It is apparent that no lap is necessarily re-
quired on the exhaust side, beczuse we want the communi-
cation with the condenser to opes before the end of the
stroke. The general practice on this point is to make the
edges of the valve faces flush with the edges of the cylinder
ports, when the valves are placed exactly in the middle of
their stroke. The objection to lap on the eduction side is
that the communication between the cylinder and the con-
denser will be closed too early, and the effect termed cush-
ioning will take place to an injurious extent. The uncon-
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densed vapour is compressed sometimes even to such an
extent as to exceed in pressure the steam in the boiler, and
an erroneous opinion has then been formed in examining
the lead corner of an indicator diagram that the valve has
been set to open too soon. In these cases after due exami-
nation the cover on the eduction side should be cut off.
By means of the lap, therefore, we are enabled to shut
out the steam, and to open the passage to the condenser
before the end of the stroke. But it is also necessary that
the port should open to steam on the opposite side before
the commencement of the return stroke.

“ Lead” of the Valve—Steam is admitted to act upon the
piston before it has quite completed its stroke, by giving
the valve a motion in advance of the crank. The extent to
which the port may be open for the admission of steam,
when the engine is on its top or bottom centre, is varied
much, but an allowance of one square inch of opening fo
every sixteen horses’ nominal power, will be found to give
good results. In all engines where the velocity of the
piston is greater, the lead may be increased beyond this
extent with advantage. With common slide valves driven
by an eccentric great breadth of port is evidently desirable,
as a slight motion of the valve then gives at once a greater
area of opening..

Reversing the Engines—If marine engines were required
to work only in one direction, the eccentric pulley mlght
then be permanently fixed on the paddle shaft, (as it is on
the fly shaft of a land englne,) in the most advantageous
position for lead, &c. ; but as a steamer must be equally ca-
pable of reversing the motien of the wheels, such an ar-
rangement becomes unsuitable. For let us suppose that
the engine has been stopped at half stroke in the usual
way, by throwing the ecceutric out of gear and shutting off
the steam, and that steam has been admitted by hand to
the opposite side of the piston, the shaft will then com-
mence revolving in the opposite direction. But it is evi-
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dent that before the engine can be thus put into the praper
position for enabling the eccentric to continue the reversing
motion, the shaft must be free to rotate backwards within
the eccentric pulley through half a revolution. Hence a
necessity arises for placing the eccentric pulley loose upon
the paddle shaft, the latter being fitted with a *stop” or
“ gnug,” with which another “ stop ** cast on the pulley comes
into contact after half a revolution in either direction,and thus
communicates motion to the valves with perfect indifference
as to which end of the eccentric stop may be in contact.

Ezpanding by Means of the Lap on the Slide Valves.—1It is
apparent that the lap of the slide valve presents a simple
method of working the steam expansively to a small though
definite extent, which is then fixed beyond the power of
alteration until the valves are reset. The amount of ex-
pansion which can be thus given, is limited by the effect
produced upon the eduction port as before mentioned. It
is, however, objectionable to carry expansion by this means
to the full extent to which it is practicable, from the fact
that when the vessel is placed in the most difficult cir-
cumstances, struggling off a lee shore, with the speed of
herengines reduced by a head wind, so that there is an
abundant supply of steam, there are then no means of com-
pletely filling the cylinders, and the full amount of power
capable of being generated cannot be realized. The most
beneficial practice therefore, when the common slide valves
are used, is to have only a small amount of lap, so that it
may be possible to obtain the utmost power that the engines
are capable of exerting at such times as it may be essential,
and to have an additional valve for regulating the amount
of expansion to such extent as may be desired. The latter
system is in accordance with the growing intelligence of
those now generally entrusted with the working of marine
steam engines. An excessive and wasteful expenditure of
steam under circumstances when a corresponding result
cannot be obtained from it meed not be feared with a good
superintending éngineer on board, as so much interest has
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of iaks doem excited sot only amanget those partisn, but ol
amnngsh .commanding afficers; on this most important powmty

Biow-through ¥ alne—Befoss the engmes can, bp atgeted
 is tooessary that the sir should first be expaljed from the
eylinder, condenser, and aiz pump, and ite, place supplied
by steam, in opder that we may obtsin & vpouwm by its
subsequent vondensation. Hence a valve, called from its
office the * Blew-through vilve,” is provided %o open &
temporary eommunication between the steam in the valve
«<casing and the condenser, by which means » rush of steam
is owused to pass through the internal parts of the engine.
This operation is continued until the steam hegins to ssye,
hot and transparent, from snother valve on the condenser,
called the “8nifting valve,” mtuated st the opposite point
§rom where the stegin entered. Thése valves are of course
oloted as soen as the enge is sek to work,

Clothing the Cylinders, §c —As it is of much importance
that the internal heat of the cylinders and valve casings
ghould be preserved from radiation (espeeially when hugh
ptenm is ured expansively) these must be carefully ojothed
with felt and dry timber, bound round with metal hoops.

Cledrance of the Piston —The “ clearance ™ of the piston
#t the top and bottom of the stroke should be just as little
4 iy consistent with safety, and is usually made from one
hatf'finch 4o Hive eighths or three fourths of an inch. :

! Priming Valves—* Escape” or * Priming valves” ara how
énerally fitted to the top and bottom of the cylinder, to
roviit the escape of water without dangerto the machinery
fiom the shock of the piston mgainst the imcompressible
Pwid, This water oollects partly from the eoridensation of
siedmn within the cylinder, but is chiefly carried over from
Bha'Bailer, either as 4 priming,” or i1 s state of mechamicsl
wasperision, with the steam. Jt may also averfiow throyigh
g yobves . frgin the coudepser. Those m«oﬁm by
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Withe Yaadr 40! aatry off fho ejechowatapikito: Hie
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Poddisy fob 2he Potons—Motllc packing s viow wiiker-
inlyeiiployitifor the plstems of riarie enginee, this bebn
in the Sirsl of thagiron ¥ings, either possensod (febxn
' conutivietibn) of elaticity ix themsolves, o doviving
i feum stéel wprivgs plaved 'behind them, The sapbiton
ingn’ y, lose thelr elnstivibty after being sodid
Titel th use, in which dast they must bo taken vab, md havé
dhiis vestorsd By’ himmening and thereby elongiting thuie
inbdinal surfice; or elsé bl springs mit, be sdded te
profs them out aguinst the oylinder, when they are ont inth
segrhenits 80 "allow the springd groiter feedom of acticw
The piston is lubricated with melted tallew through &
grease eock on the eytintler cover, ndvintage boing tule
of the vacuum durihg thd up-stroke to suck in the sallowa
The grease-pock aperture also serves for applying the

“ Indicator ® Quring the stroke sbove the pistom. |

Condenser—THe contlenser should have u capacity of
1t the cylidller as & menimum, but mby be mhdbe;k&ér
with advantage. The size should depend, to.a certuin exteht,
ypon, the temperpture or density of the steam used, as,plepty
&F rodm ghonld be sllowed for high steam %o mmﬂ Y
low-pressupe steam befope being gondensed, if thiy has
been previonsly effecked by expansion within the sylmeden, |

Tnjantion Heloe~TFlib anes of, #he. injeckion

be aboub ons square isth for every ten-horsopowen  Thig
s an ampla allojvanee in. sl ckses, and is more

sory when.khe ifjettion water has B tempersiune rof,
Fahe, (wiick ds the average for outagas), thongh i tropios
clixyben it will.mot hodbund. oo mbcli: The gverase temy
persture cof ths Mediterrahonn. ds pbout G5 ab 20°,of
Intitandn, whout 767 and st the equstor; about 82, Ralipome
Boite e suphly senytbo rogeiatad st will by e Gpevia
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Bdted. bebmeen. the soa and each eondinser—~ane, $ho wp

Gk, eloniy Yo #het side of the vessel, ay 2 spcamity S0 Opeg
d’injxrywﬁhmhemal pipe, and the other upon the oty
Juesin.  Besides theas, it 18 usnal to bave an injectisny pipy
Tod From ths bilge of the vossel, so this in case of unnwasl
Wthommmbdnud,mdﬁhemgmw
gliod with injection from this soures. The mouth of tiae
pige should bs earafully guarded and kepé clean, as whex
the emergency arrives for its use it has too often been
found choked up and unserviceable.

Punpevature of the Condenser.—The proceseof eandexens
tiont will ho the more eomplete in propertian to the ealds
ness and quantity of the syjection water, the manner in
which it s brought into contact with the steam, and #he
temperature of the sbeam itedlf on entering the condensex!
The resulting temperature which iz usually aimsd at by
engimeers for the condenser is from 96° to 140°, The limub
fo & mare parfoet degree of condensation is imposed by the
ihrressed size of the air pump required to withdeaw the
edditionn] irjestion water, which diminishes the work and
imereuses the cost of the engine. Hence the emgineer: is
well satisfied if the temperatuze wof the condenser be neh
phove 110° with which & vacuum of 273 or 28 inches of

m:hnbumedbyagoodengxu

Mtyﬂf Watery Vapour ot differcnt Thmperaturat.—v
sucording 40 Dn, Ure’s experiments, amecndensed watory
wpour @6 & tempeeatnre: of 100° balsnees 186 dmcl of
mercuiry; o 0%, BS mebes; ab 1267, 818 inclien; ati ka0
&8RG inches; ab 3d0F, 67 inches; ated ot 156, /55 innben
Mugm-m ﬁmwmuum

».ma vm Dfection wmmww
Truntion walbte entere the coulensn varis e the.agtiun



‘ ﬂ‘ numn YOR RS MARIND S G s 3

M&‘ﬁ&pmsﬁra and will be sbout 40 Mger“wndfw:?
", $hie full pressure-of’ the sbmosphere. sgainst! &' pure; yactu.
, e ‘sen injection: shionld be taken from abiout mid-way bex
‘tween:the surface of the water and the bottom of the vessel,
" 80 88 Beither to draw impurities from the surface, ndr be
lmblseto become choked .with sand or mud from the bottom,
when working ‘in shallow water, or when the vessel is
aground. In many of the latter cases, the engines have been:
rendered uscless at the time when most needed, by sand;,
bemg sucked in and destroying the action of the air pump.

Barometer Gauye —A barometer gauge is attached to thq
condenser to show the vacuum. It is usually constructed
‘like & common barometet, except that the'top of the glass
tube communicates through a small pipe and cock with the:
interior of the:condenser, the partial vacuum of which then
takes the place of the Torricellian vacuum of the ordinary
barometer. The surface of the column of mercury in this:
case indicates the difference which exists between the prese
sure of the atmosphere and the pressure in the condenser;
go that if we see a column of 27 inehes of merocury sup-
ported in the tube, and the pressure of the atmosphere at:
that time be 80 inches of mercury, we know that. there is
a.pressure of three inches of mercury, or 1} Ib. on «tha
‘sqna.re inch mthm the eondenser. , )

Sources of Error.—-As' we find by the common bammete::
that the pressure of the atmosphere is constantly varying,
a-correction sliduld be made for this in estimatirig the va-
cuum of the condenser. Another source of errar arises
from the varying level of the mercury in the open cup
which supplies the gauge tube, nccordmg as the tube be«
comes more or less filled; since it is evident.that only that
portion:of the column which rises above the surface of the
mereury in the cup can be reckoned as the counterpoise to
the atmosphere,” The sifmpleat mianner of @lleviating the last-
mentioned source of error is to make the surface of mers;
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uynﬂ:e dup*ve:y %rge xnmmmmehs&e bote of
se:tube. . As the barometer gange: is very often found'to . -
10w “incorrect rasnltn {(either throtigh ignorance or - dengn

i’ the'part of thié' foreman who saw it Stted) it would be
ol 'if every ‘comimander of & steam vessel satisfied him.
df of its acuracy, before’ giving credence to such w«mdou
bout vacuum 8 are gometimes pubhshed to the world.

Improved Barometer for the Condenser. -—Sub_]omed is:a
ketch of an improved barometer for the condenser, which
a8 been tried and found useful. A glass syphon tube,
1@, 84 or 85 inches long, is half filled with niercury; one
nd at & being left opén to the atmosphere, which is ad-
nitbed through a very small aperture to exclude the
lust, A sliding brass scale, graduated from O at the bottom
080 inches ab the top, is fitted in .
‘he "space between the two legs of oy
e inverted syphon, When required
to show the vacuum, the zero point
of the scale must be shifted to where
the mercury falls'in the leg open to
the- atmosphere, and the height of
the mercury in "the other leg being
then read off from the scale, the exact
difference of height between the two
eolumns is thus obtained. This bara-
meter posesses also the advantage
that the mercury cannot be blown
oup by a slight pressure of steam in
she condenser (as is the %ase with
the common barometer), which ads
mits of its being kept in constant
~u86 ‘a8 & 'guide to the engineers in
«stopping and starting their engines
din-any time of difficulty. The sy-
Jhotl. may. be made, if preferred, by \mﬂzing two l'bzinght

“glass tubes in a short pmanf bent iron pipei-i v
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' Bvils ariving Jrom ske Uee of Sss Water Yor Condk nsations
«This wse of ven water for condensing the steam atid sube
isiwently foeding the boilers, entails upon terine engines
tie mecassity for ejecting, or ¥ blowing off”* a portion of the
satursted water, at intervals, into the sea, to prevent the
@eposition of seale and salt, and causes the loss of 3 cone
siderble quantity of caloric. The specific gravity of the salb
water in the boiler, taken at a medium degree of saturation,
is aboub one-tenth part greater than that of fresh water;
and as the capacity of the water space requires to be in-
créated to allow for cleaning, as well as for the more ready
sscapo of the steam through the denser fluid, we may add
about one fifth for the extra weight of salt water in the
boiler vs compared with fresh, taking into account the
portion which is blown off. When we consider also the
very rapid wear of boilers using salt water, it is at once ap-
parent that an eficient meang of supplying them with fresh
water ot sea i3 one of the greatest desiderats in marine
engineering,

Surface Condensation attempted —With this view, many
attempts have been made to condense the steam by con-
tact with cold metallic surfaces, instead of by the plan of
injecting amongst it a large body of salt water from the sea.
Could this be done effectively, the boiler might then be fed,
during the whole voyage, with the fresh water which it had
at starting ; the same water, after circulating through the
cylinder as steam, being condensed without intermixbure
with other water in the condenser, and then returned to the
boiler to be again formed into steam, being thus kept in &
continuous round of action.

Surface Condensation found to be Tnefficient.~Bat, unfor-
tunately, the principle of surfice condenwation kas hitherto
always proved inefiicient. The difficulty has generally been
%o présent b wiificiently large cvoling surface to the steam,
80 a8 o prodave awnpid vondensation.
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Tal’s Gondaneerar—This cannot Yo urged sgainet Hall’s
Dnndensers, howsven, in which the stedm is poassed through
sany miles of little capper pipes enclosed ina cistern of
wold water, whith is constantly renewed from the sea by
wmeant of 1a force pump worked by the evgine, but in this
case the small pipes through which the steam jo passed are
liable Lo become *furred’ on the outside, or choked up al-
togetker by deposits from the ses water. DBesides this, the
addigional machinery required adds so much to the expense
and intricacy of the engine, as well as to its weight and the
mpave ib occupies in the vessel, that this condensing appara-
$us has not been found appliceble in practice. In such an
arrangement the loss of steam arising from leakage, or from
blowing off at the valves, is compensated to tho boiler by
the use of a small apparatus for distiling sea water. The
air pump is then, of course, much reduced iu gize, as it has
no injection water to remove.

Air Pump.—The capacity of the air pump is usually pro-
portioned to the cylinder as 1:8, or thereabouts; and the
delivery valve has an area of one third of the sir pump,
though the orifice throngh the ship side for the escape of
wator from the hot well need not be more than ene sixth of
the area of the air pump, when the latter is single-acting.
in large engines, & sluice valve is usually fitbed inside the
vespel across the mouth of the discharge pipe at the ship
gido, which being elosed by hand when the engines are not
working prevents the wash of the ses from euntering the
hot well, .

Feed Pumps~—~The feed pumps supply tothe beiler so
wuch of the water which his been used in eondensing the
whearm ais will restore the waste fromk evaporstion and blow-
¢ngeoff, and ench of the two feed puinps which are ususlly
fitted mp is made saffiviently lorpeto supply ell 4he botlers in
case of acerdent to the other pump, or to its feed pipes, The
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‘necevsaty gusntity bo be admitted to the boiler it judgdd of
by observing the level in the glass water gauge, and is regut
lated By hand by means of the feed eock on each boilerms
the wurplus wasér, which i rejected by the boiler, béing
expelled into the ses by the feed pump through & losded
escape valve.

Rilge Pumpe.—Bilge pumps are fitted to marine engines
a8 a gecurity to the ship in case of extraordinary leakage, s
“well a8 to save the work of the crew in pumping the hold
«dry. The bilge pipes should be made of lead, which suffers
légs corrosion than eopper from ithe acidulous bilge water of
wooden ships, and care must be taken that they do not get
choked with filth,

Hand Pump ponnacted with the Engines~A hand pump
must also be fitted for the purpose of feeding the boilers
while the engines are at rest and the steam blowing off.
This is made capable of being connected to and driven by
1he engines, so as either to assist in feeding the boilers, if
necesgary ; to act as a fire engine in case of need 3 or for the
every~day duty of washing decks. It should also be so av-
ranged that it may draw either from the sea or the bilge.

Iland Pump driven by a Supplemeatary Engine—In the
ease of vessels with tubular boilers this pump usually receives
its motion from a small high-pressure engine (technienlly
known as “the donkey’’) which works by the pressure of
steam in the large boilers. Such a provision becomes me-
cessary on account of the rapid evaporation of tubulax
boilers in eomparison with their confined ares althe water
Jevel; but in the case of fue boilers, where the water sup-
face is compastiyely larger, and danger from the water
level falling too Jow during a temporery stoppage is thepe-
ic:;o diminished, this pump is genesally worked by haud

y.



CHAPTER IIL

YHE MARINE BOILER : IT8§ GENERAL PROPORTIONS, AND
THE PRINCIPLES CONCERNED IN ITS OPERATION.

The Marine Boiler—The Marine Boiler differs from one
on shore in this egsential particular, that, in the former, the
fire and flues are wholly contained within the boiler itself,
and are surrounded with water in every direction,~—such
an arrangement being rendered necessary as a precaution
sgainst fire. There are several varieties of this boiler in
use, designated the Flue boiler, the Tubular boiler, the
Sheet-water-space boiler, &e. .

Flue Boiler—In the Flue boiler, the flame and hot gases
generated in the furnace are confined in narrow flues, which
wind, about amongst the water of the boiler until the heat
of their contents has been nearly all absorbed ; after which,
the flues are gathered together into the *up-take,” at the
bottom of the chimney.

Form of the Flues.—They should be so roomy as to allow
of a boy getting readily through them to clean out any
deposit of soot or ashes ; but their area must not be unduly
increased in any one place, 50 a8 to check the velocity of
the draft, as in that case® a deposition of soot and ashes
invarisbly takes place, by which the heating surface is not
only impaired, but the plates are corroded and destroyed.

Arrangement of the Heating Surface~1t is a point of the
utmost importance that no part of the heating surface of a
boiler should be so situated that the steam may not readily

(oK}
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rise ﬁ'om it, and eseape to the surface of the wataa-,

the plate, if left in contact with steam instead of water,A
becomes unduly heated and destroyed, and an exp‘osxm
.frequently ensues. e

~Honzoutal Heating Sur/wce the th —I4 is found in pmq-v
‘fice that.a perpendicular heating surface, such a8 the, sides
of rectangular flues, is by no means so officient for Taising
#toam ‘a8 an equal area of horizontal surface, such a8 the
tops '0f the same flues or of the furnaces. Tho resson of
this #s #tifficiently apparent; for the steamn ‘in the first casg,
tising perpendicularly from every portion of the surface,
forms ‘s film or stratum of vapour in contact with the sides
of tke flue, which prevents the free access of the water te
the Lot metal ; but, in the other case, the steam leaves tho
iron as soon ad it is generated, and allows the water to bo
constantly in contact.

~ Bottoin Hedting Surfaceinefficient.~From the sime cattse
of inperfect contact, the flat bottom of a-metal Rue is very
inefi¢ient as hesting surface; and plates thus disposed are
found to wear out much quicker than those forming the
tops of flues or fire boxes. The plan of sovering the bottom
of the flues with a non-conducting material, as bricks or
coment; kes ‘been fourid to cause hardly any diminution in
ile evaporiitive power of the boiler, and is by some thou.ght
‘10 inédense the'durability of the bottom plates.

The- objection to this plan is, that from the unoqual ‘de-
grees wapmnan between the {ren and the non-conducting .
lininig, ‘it is impossibleto mwaintain an unbmhnmt be-
tween ‘their surfaces, 8o that & space is ‘formed in which
brine may collect in contact with the plates, and thus do
mwmmmgmume. _ R

Thenmgmnymmmuhubhbmmumy
zecede from the furnsces, in-order¢hut the-depthwof water
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dver ther mwy be leserin praportion us the contained sk is
taoler. '

Disadvantages of Flue Boilers.— Although flue boilers
oecupy st least one third more space in the vessel than
tubular boilers of an equal evaporative power, and wre
rearly one third heavier, they are still preferred in some
instances (a8 on board the West India mail packets), as
being more ecenomical both with regard to first cost, Te-
pairs, and durability, It is bardly believed, however, that
these qualities, if really possessed, are not more than coun-
terbalanced by the increased consumiption of fuel neces-
serily attending any increase in the displacement of the
vessel, a8 well as in the loss of so much valuable space for.
passengers, goods, or stores,

Tubular Boilers~In tubular marine boilers, the flame
and hot gases from the furnaces are led through a great
pumber of small fubes (of iron or brass), completely sur-
rounded with water, to the flue or * up-take' at the bottam
of the chimney. By this arrangement we are enabled to
condense a very large amount of « heating surface’” within
a comparatively small space; and in consequence of the
extrems subdivision of the heated gases in passing throngh
several hundreds of tubes not above three inches in dia-
meter, every particle of them is brought into contact with
the absorbent surface, and their caloric is thus extvacted
in the smallest possible time,

Furnaces—The furnaces, or “fire boxes,” should he so
deep ae to allow of & roomy ash-pit under the doors, the
front of the grate bars heing fixed at & height of about
80 inches above the firing stage, and sloping down with an
inclination of about two inches to the foot towards the
* bridge.”
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Fire Bure~-The bam are best made'of wrought ivon da
several lengths of about 80 inches each, to suit the length
of the furnace, which should not exceed 61 to 7 feet, The
s may lie made from five eighths to three quarters of an
inch thick on the top edge, about three inches deep, and
msy have from three eighths to seven sixteenths of an inch
of air space between each for Welsh coal, though these
dimensions should be modified according to the nature of
the fuel it is intended to burn. No open space should he
Jeft between the outer bars and the sides of the furnace, as
it is expedient to check the formation of flame at that part,
in order to protect the plates from being “burnt.”

The direct Impact of Flame to be avoided.—Tt should be
borne in mind that the direct impact of flame is very much
hotter than radiant heat, and the plates of a boiler should
be protected from it as much as possible. This forms a
source of objection to many of the plans which have been
proposed, or adopted, for burning the inflammable gases
in the flues of a marine boiler by the admission of a jet of
air, which too often acts like a blow-pipe by directing the
flame thus generated against the plates.

The Bridge—The * Bridge,”* to which we have alluded,
crosses the back of the furnace to support the ends of the
fire-bars, end prevent the fuel being carried into the flues,
and also tends to cause the flame to reverberate upon the
roof of the furnace, although the construction of the boiler
sometimes does mot require it ab all. Tt is either formed
of fire-brick, or else comstitutes & part of the boiler by
being made hollow, and containing water, in which case
the top of the bridge inclines at a considerable angle to
allow the escape of steam.

Water Spaces.—The furnaces should be covered with 14
or 15 inches of water, and the tubes or flues with 10 or
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42 inches, in the case of ses-going steamers. The water
Wpaces bptween the furnaces are usually five to six inches
wide; and between the flues, four to five inches. The
spaces between the crowns of the furnaces and the bottoms
of the tubes ¢hould be not less than 10 inches, to allow of
a “man-hole” between the arched tops. The bottom water
spaces should be not less than eight inches, to allow room
for “gcaling” and cleaning. It is usual to allow a space of
one inch between the tubes of & tubular boiler, these being
arranged in perpendicular rows, one over the other, by
‘which means the steam is supposed to escape more readily
than when they are placed zig-zag.

Although many of the proportions here set down are
beyond the control of the officers in charge of a steam
vessel, still we think it expedient to state, in as few words
a8 possible, what proportions of engine and boiler are con~
sidered by practical men to be most conducive to perfect
efficiency. For unless a general knowledge of these pro-
portions be acquired, it is plainly impossible to form &
judgment as to whether any observed deficicncy in the
work of the engines is due to the fault of their original
ponstruction, or depends upon those details of management
which it is more particularly our present object te explain.
And elthough it is but just to the talented comstructing
engineers of this country to assume, that in the majority
of cases the machinery of a steam vessel leaves their hands
in a perfect state, it is nevertheless most satisfactory to
be enabled to prove this for one’s self.

Requisite Amount of Heating Surface.—~Before we can
obtain & good average result from the combustion of the
fuel, it is necessary that the boiler should present shout
twelve square feet of effective heating surface per horse
power ; for if less surface than thix be given, a wasteful
quantity of heat escapes up the chimney, from not having
been absorbed by the water. What is termed “cffoctive’
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dosting dhrface, must be ealeulated independently of the
ioitoms of flues and fire-boxes, and of tne fourth part.of
the whole tube surface. The graie-bar surface ahould be
ut Jeaxt 80 square inches per horse power, and, where practi-
ieable, may be incressed to 100 square inches with much
advantage.

drean of Flues and Tubes—~The ares of the first flne, or
the clear area through the fubes, should equal one sixth of
the grate-bar surface led into them; and the area of the
flues may be graduslly diminished from the fires to the
chimney by one fourth part.

A Roomy Furnace desirable.—As 3 large furnace is found
by experience greatly to facilitate the admixture of the
gaaes, aud to ensure their more perfect combustion, as well
&8 to afford the most effective kind of heating surface, it is
of great importance that there should be plenty of room
over the fires,

Combustion checked by the Carbonic Acid.—The carbonie-
acid gas which results from the combustion of solid carbon,
‘has & most injurious effect in checking combustion within
the furnace, for we find by experiment that flame is barely
supported in a mixture of one part of this gas with four of
stmospheric air. Hence the necessity for admitting inte
the furnace st least twice the amount of air chemically
required; and even then, if we analyze the contents of the
chimney, we shall find from one fourth to one-half of the
oxygen which entered the fire still free and uncombined,
mixed up with the products of combustion.

dnss of Heat nttending the Combustion of the Inflammabls
‘Gases.~Now, as the whole of the air thus supplied im
excess must be heated to & very high temperature before
‘the combusiion of the inflammable gases in the furnack
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pan ‘ensne, much hest is thus umavoidably wasted-wso
piuch, indosd, thitt it is notv well ascertained that the
erapovative valve of & bituminous cval producing a large
fquantity of gaseous matber is very little, if at all, superior
1o the evaporative value of the same coal gfter being coked ;

" the heat generated by the combustion of ita volatile pro-
ducts proving, in practice, to be little more than that ex.
pended in volatilising them, and in heating the surplus sir
required for their subsequent combustion.

Formation of Carbonic Ozide.—When a stinted supply of
oxygen is furnished to the incandescent fuel on the bars,
an imperfoctly oxygenated carbonic-acid gas, named “ car-
Bonic oxide,” is partly produced, accompanied by a corre-
sponding loss in the heat gencrated during combustion.
As this gas is inflammable, and that at a comparatively
low temperature, it may be burnt in the furnace, or flues,
by the admission of a further supply of atmospheric sir—
otherwise, it escapes unconsumed up the chimney, where
it may be often seen burning at the top, having caugh
fire upon coming into contact with the oxygen of the air.
Although it may be beneficial to consume this carbomic-
bxide, when once formed, by admitting fresh air into the
flues behind the bridge, it is certainly preferable to pre-
went its formation altogether by using a large grate surface,
s thin fire, and plenty of air space between the bars.

Smoke-burning Apparatus—~—Notwithatanding all that has
been done #nd written with reference to the so-called
# gmoke - burning” apparatus, it is the opinion of those
most capable of forming a correct judgment on this subject,
that by a proper construction of the furnaee, and a skilful
management of the fire, the smoke and gases may be as
soffectually, and certainly more safely, consumed, by admit.
tihg the requisite quantity -of air for this purpose ot tnoe
throngh the grate bars,
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Reoopitulation—It may be gathered fuom the preceding
poinarks, that some of the most important requisites bo
eniure efficiency in a steam bailer are the following s
4st. That' the boiler should be designed with a sufficient
amount of heating surface, so contrived that as little of it
a8 possible may be rendered ineffective, either from the
retention of steam in contact with it, from the formation of
wcale within, or from the deposition of soot and ashes in
the bottoms of the flues and tubes. 2nd. That the fire:
bar surface should be sufficiently large to admit of the
necessary quantity of coal being consumed with thin and
open fires. 8rd. That the proper area be maintained
through the flues or tubes, and that the passage to the
chimney be such that the draft may mot be interrupted.
4th, That the furnace should be roomy; the bars thin,
with plenty of air-space between them ; and, that the fires
should not be longer than can be conveniently stoked.
And, 5th (which is, perhaps, the most important requisite
of all, and the one most neglected), That experienced and
careful fire-men be provided.

.

Olothing Marine Boilers, found to be sometimes preju-
dicial.~Although it must be admitted that the practice of
# clothing” marine boilers with non-conducting materials,
such as hair-felt, wood, &c., is in all cases highly benefieial
for the production of steam; yet this is alleged to have
induced, in some instances, a rapid wear in the plates of
the boiler. This corrosion is most apparent in boilers
which are frequently used and disused alternately, and
takes place on the interior surface, attacking principally
the top of the boiler and the steam chest. It is, probably,
owing 1o the alternate wetting and drying of the plates,
which causes the rust to scale off, and thus present a fresh
surface for corrosion each time that the water is blown out
of the hoiler, In the case of an unclothed boiler, on the
other hand, the internal surface is scareely ever “ quite dry,"
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from: the evaporstion being checked by the low tempern.
jare, and .the consequent ssturation of the enclosed aiv,
Marine boilers which ave gonstantly in use, or which make
long voyages only, do not experience this destrictive cor
‘osion of the steam chests to the same extent.

Bedding of Marine Boilers.—The manner of dsdding mn.
®ine boilers is & point of some importance, as it materially
sffeets the .durability of the bottom plates. The usual
method adopted by the Admiralty, is to form a close plate
form of timber over the keelsons, upon which is spread a
pisster of cement, or mastic, about one inch thick, on
which the boiler is set. As this becomes quife hard, it
prevents the bilge-water (which in wooden ships is highly
acid) from washing up to and corroding the plates; and it
is nlso intended to stop any leaks which may break out in
the bottom of the boiler, as well as to strengthen it in the
event of an unusually rapid corrosion taking place from
the inside. Unfortunately, however, it is impossible to
preserve a close contact between the iron and the cetment;
on secount of their different degrees of expansion by heat,
8o that when a leak does take place in the boiler, it extends
itself for a large space between the two surfaces, and the
corrosion is increased instead of diminished, Perhaps the
best practice is to rest the boiler on saddles of cast-iron
fixed on the boiler bearers, which leaves the battom exposed
for examination and painting, and even for small repairs if
pecessary, In this case the bottom of the vessel under
the boilers must be kept quite clean and dry by the bilge«
pumps.

Galvanic Action.—1It is necessary, both in marine engines
and boilers, to guard against the destructive effects of gal-
vanic action, which ensue in all cases where two metals
of different degrees of solubility (or possessing different
degrees of affinity for oxygen) are placed in juxtaposition ;
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&8, for instance, iren and brass, when the former metsl
sulfers & rapid comrosion from being the mows oxidahle of
the wo, while the brass is quite protected.

Copper Boilers~1In eases where the frequent renewal of
boilers is attended with great expense and inconvenience,
they.aro sometimes made of copper, which lasts sbout four
times as long as iron. Their firsb cost, however, is about
five times greater for boilers of the same weight, and cops
por is only three fifths of the strength of iron when eold,
or loss than half its strength at 500° Fahrenheit. Ironm, on
the contrary, increases in strength from 82° to 550°, when
its strength is believed to be at a mawimum. It is evident,
however, that although a copper beiler is not so strong a8
8 new iron one of the same weight, it retains its original
strength unimpaired for & long time, whilst the iron boiler
is every day becoming weaker by corrosion. An iren boiler,
when new, has thus a great superabundance of strength,
to allow for the wearing of the plates by use; and it must
on no account be forgotten, that a boiler which may show
no symptoms of weakness on being first used under &
pressure of 20 pounds on the square inch, may be very
unfit fo work at this pressure after a eouple of years’ sere
vi¢e. As copper conducts heat more readily than iron, in
the ratio of 2'4 : 1, a copper boiler does nof require s
tauch hesting surface as an iron one, Also, after the
sopper boiler is worn out, the old material is still valuable,
whereas the price oblamed for the scrap ivon is little more
than what it costs to break up ag old iron boiler,
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m mumm BOILER: nmuamm oF :rmn YIRES.

!’Iw skilful Manayemmt of the Machuery necessary. for m
Eﬁmmcy ~—Having enideavoured to show in & few words what
the machinery of a steam vessel ought to be, we proceed to
consider, in the mext place, how it may best be used; for,
notwithstanding all the talent and perfection of workman-
ship which may be displayed by the constructor, it still vests
mainly with those to whose care it has been entrusted whe-
ther this costly machinery shall give satisfaction or not. . .

- Beonomy of Steam is the main Question.—The economical
working of an engine. evidently depends upon the quantity
of steam which is required to do a given quantity of work, so
that the whole question resolves itself into this, how can we
best save steam ? This question; again, naturally-divides itself
into two heads, which are. really quite distinct, though oo
ofben aesociated together ; namely, the produection of stesm .

in"the boiler, and its subsequent use in the eugme«—and we
shall therefore consider those separately. '

f'lw Genw-atwn qfﬂeat i the Furnaces~The econonry ofa
gteam boiler is again sub-divided into the geweration of heat
by the combustion of the fuel in the furnace, snd the wubs
seqaent absorption of this heat by the water, &s has been
already commented upon. As the latter is beyond the eon-
dvol of those in charge of the machinery, {exoeptin keeping
the surface of the flues and tubes as clean us possible;) we
shall not further u.dvert to it, but wﬂl pass on to the mak-
:Igmenb of the furnace, . .- ‘
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Management of the Fires.—The management of the fires
on board a steam vessel affects the question of economy in
the consumption of coal to so great an extent, that the im-
portance of skilful firemen cannot be too much insisted
upon. It is a great mistake to suppose, as toa many cap-
tains and owners of steam vessels do, that any able-bodied
man who ean throw ccals on & fire is fit for a stoker:.and
under this false impression, sailors are frequently engaged,
fhstead of regular firemen, “to stoke when required.” The
«nly cases in which this should be allowed are, perhaps, in
‘puxiliary-screw veseels, and in such vessels as may be ex-
ppected to make & considerable portion of their voyage under
canvas; but even in such cases there should always be one
well-trained fireman for each watch to have the charge of
the other stokers. This man should be kept constantly at
his post, and must not be liable to be called away whilo the
vessel is under steam, except in cases of emergency ; and he
should receive a higher rate of pay than the other stokers,
if it wore only for the purpose of giving him the necessary
authority over them.

Effects of Mismanagement.—Thus, many instances of
stéamers are to be found at the present day in which the
same quantity of coal is regularly burnt per hour, whether
the engines are going fast or slow; whether forty cylinders
full of steam are used per minute, or only thirty. In such
a case, one quarter of the fuel is thrown away through ig-
morance of the despised art of stoking ; for the firemen may
have either allowed the surplus steam generated 4o blow off
at the waste-gieam pipe; or they gy have thrown open the
fire doars, by which means the steam is only prevented from
being generated by the rush of cold air whieh takes place
shrough the fines, while the same quantity of coal is burnk
a8 efare,

Feeding the Furnaces.—Boilers of the proportions most:
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usvially adopted by constructing engineers are suited for
the combustion of from 15 to 18 pounds of coal upon each
foot of grate surface per hour. In applying this fuel, it is
found most advantageous to throw on st one time a supply
1o last for about 12 minutes, the furnace door being opened
in about eight minutes after the fire has been fed, to see
how the coal is burning; and if any parb of the grate has
burnt bare, a little coal must then be quickly and skilfully
thrown over that place ; or should the coal appear to lie too
thickly at any part, it must be levelled with the “rake.”” .

Clearing the Bars~—In the case of a very bituminous coal
it is often found necessary to open or break up the fire at this
time, owing to the tendency of such & coal to cake on the
bars, and thus prevent the passage of air through themj
but this may be obviated to a certain extent by keeping the
fires thinner with bituminous coal than would otherwise be
desirable.

Keeping the Fire Doors shut.—As it is of the utmost im.
portance that the fire door should not be open longer than
necessary, since the cold air which then rushes in acts most
prejudicially and by sbsorbing hest from the flues, the
experienced fireman will study to dress his fire, in the first
instance, so as to demand as little interforeneo as possible
between the times for throwing on fresh fuel, or “firmng-
up,” as it is termed.

Levelling the Fuel. —The fires should be kept of s mode-
rate and equal thickness throughont, and as the firemen ave
very apt to heap up coals at the far end of the bars, it is &
good practice to make each set of men, before leaving their
watch, lay the rake or pricker along the surfaee of each fire
quite back to the end of the furnace, in order to find whe.
ther the thickness of the fuel is uniform or not, Should
any of the fires then want dressing, the firemen undee
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s change they are should be forved to remnain mtil thew
@ines heve been trought to s regular and proper thickness.

Laeh Watck to lsave thew Fires clean.—F is the gensral
ipraetice for each set of men on first beginning their wateh
1o clean their fires and clear the bars of all clinkers or
witreous matter, aecording as each fire burns down for the
frst time after taking charge. By this means the men are
snade responsible for the condition and effieiency of their
own fires during their watch; and before leaving, they
should clear out the ashes from the ash pits, collect the cin-
ders to be re-burnt, and throw the refuse overboard.

Foreing the Fires is expensive of Fuel.—If it is found that
the boilers do not generate the requisite supply of steam, it
will then be requisite to urge the fires to a greater extent by
the frequent use of the “slice,” which is inserted from under
neath between the bars, in such a manner that the eoal is
raised and broken up, and & larger supply of air is per-
mitted to pass through. It is evident, however, that in this
case o considerable waste must onsue from cinders falling
through the bars into the ash pit before they are thoronghly
donsumed, and these cinders cannot now be again throvm
on the fire, bocause it is necessary that the combustien
#hould be as bright and active as possible, in order to keep
the steam.”

The Cinders to be re-Lurnt when practicable~ITence this
valuabls fuel is thrown overboard ; but in well-constructed
Boilers of sufficient capacity for the easy supply of the en-
gines, & considerable economy will result from carefully
goparating the cinders from the ash and re-burning them.
‘When using Welsh or other coals that are easily broken,
it bocomes of special importance that the fires shiould be
aliowed o burn regularly, without being frequently broke
up or disturbefl, fur as these coals contain a large propor:
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fiem of eneol? amil dust, this would be entirely lost by filling
throngh ¢he bors were the fires mweh worked. When, on
$he contrary, this small conl ia thrown ever the fira and
dllowed to cake, it them bocomes arsilable; but as it
deadens the firs when first thrown on, this cannet bs done
unless the boilers are large enongh to generate a sufficient
supply of steam with % dead” or slow-burning fires.

Superior Economy of Large Boilers—Hence ariges a prin-
eipal source of economy from the use of boilers of ample
capacity to generate the steam withont the fires being uns
duly disturbed, and it is believed that on this ground along
can the alleged superiority of slow over rapid combustion be
maintained, in ocases where the flue surfuce is supposed
sufficient to absorb all the heat generated.

The Boiler Power iz usually subdivided into Sections.—TIn
large steam vessels the boiler power is usually subdivided
into three or four sections, each independent of the other,
and ecapable of being connected together, or disconmected,
st pleasure. In such vesgels it frequently happens that the
full steam power is not required, so that a fourth part, ov
even a balf of the steam which the boilers are capable of
generating, may be dispensed with. When this is the tass
it is the usual practice for the engineer to disuse either one
or two of the bailers altogether, urging the remaining seox
tions 80 as to make them generate the full quantity of
stesm of which they are capable.

How to manage the Boilers when full Steam is not wanteds
«~I% is now recommended, however, that instead of disusing
one of the three or four boilers, they should all be kept in
use, the fuel being burnt slowly snd equally npon the fires,
By this means not only will the fuel be used more economi«
cally in the furnate, but an additionad advantage will be
durived from the flue or tube surface (i & marine boiler
alwars more or loss insulicient), which will now be ensblod.
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40 shsord more of the heat generajed: In Yke mannes;
svhero ouo half of the steam power is sufficient, ¢he only of
khe fottr sections should be disused. This is considenéd
Preferablé to using all the four in such a case, as it is difé
fienlt in practice to carry out the system of slow eombustion
to its extreme limits; because, when small quantities of
coal are spread over the fires at long intervals between,
they are apt to burn into holes and admit the entrance of
jets of cold air, which rob the flues of their heat. If; how-
over, the engineer in charge can surmount this difficulty
either by skill in managing the fires, or by bricking over a
portion of the grate surface in each fire (which is perhaps
the best mode of proceeding), he might then continue to use
all the four boilers with decided advantage.

Lord Dundonaeld’s Experiments on Slow Combustion in Ma-
rine Boilers.—The beneficial results which may be obtaiied
from slow combustion, combined with large absorbing sur.
face, in a marine boiler, have been clearly proved in & series
of experiments conducted by Lord Dundonald, to whose in~
ventive genius in mechanics, and steady perseverance in
earrying out his projects, every engineer who has been
brought into contact with him must bear evidence. The
weight of water evaporated by one pound of coal in marine
bhoilers of the usual proportions varies from eight ta ten
pounds, whereas in those constructed by Lord Dundonald
for the “Janus,” 129 lbs. were evaporated. This high re«
sult was attributed by his lordship to the more effectual
burning of the coal by “ slow combustion,” combined with
& peculiar arrangement of the flues and tubes constituting
the abserbing surface of the boiler, which, it must be kept.
in mind, was nearly double the size usually allowed for the,
supply of the same quantity of steam,

Experiments with a Tubular Boiler in Woolwick Doekyard.,
-To form & comparison with these results, therefore, the
farnaces of & common tubular boiler, sueh a3 ave uged ify,
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~
the Royal Navy, and which was ab the time lying in Wool-
wich dockyard, were partially bricked up—the absorbing
surface remaining the same as hefore. The result now ob-
tained was quite equal to that from the boilers of the
*Janus,” although the rate of combustion per square foot
of grate-bar surface was more rapid in the case of the Wool-
wich boiler. It is evident, therefore, that this boiler, when
altered, was in precisely the condition into which marine
boilers, not required to generate their full quantity of steam,
may and should be brought by the engineer in charge,
whenever the occasion presents itself. In the sbove in-
stance, a saving of about one third of the fuel was thereby
effected, although, as a necessary consequence, the quantity
of steam whick the boiler was capable of producing in a
given time was drminished to nearly one half.

The experiments above reforred to are of considerable
value, as indicating the economy of slow combustion on the
bars of a marine boiler (when this is practicable), as well as
the relative effect on the evaporative power of the boiler
produced by a progressive diminution of the grate-bar sur-
face, as will be seen from the subjoined table.

Dimensions and Description of the Ezperimental Boiler.—
The boiler experimented upon was an eighty-horse tubular
marine boiler of the ordinary construction, with horizontal
tubes over the furnaces. Its extreme measurements were
9 ft. long by 8ft. 6 in. wide, covering an area of 76} sq. ft.
in the vessel, or ‘956 8q. ft. per horse power. It had 3 fires,
each 8 ft. by 2 ft. 2 in,, affording 93'6 eq. in, grate surface
per horse. The total « eﬁ'ectlve” heating surface, after de-
ducting one third for the bottoms of tubes, was estimated
at 18 8q. ft. per horse power. There were 176 iron tubes,
each 8 in. outside diameter and 6 ft. long. The boiler was
12 ft. 2 in. high, and the furnaces 2 ft. 10 in, high. Capacity
for steam was 167 cub. ft. Total space occupied by the
boiler, 761 cub. ft. Total evaporating surface in the boiler
estimated at 1057 sq. ft. D
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Dimensions of the Boilers of the “Janus.” —There were four
boilers originally in the * Janus,” each measuring 12 ft. 2 in.
by 8 ft. 4in. and covering an area of 406} sq. ft. in the ves-
sel, and three fires in each boiler, each 6 ft. by 2 ft. 14 in.
The boilers are 14 ft. high to top of steam chests; the
total space occupied 4738 cubic feet. The total evaporating
surface, measuring the outside of the tubes, as in the Wool-
wich boiler, is 61874 sq. ft. The North-country and
‘Welsh coals having been mixed in the stores at Chatham
dockyard, where the trials were ordered to be made, it was
necessary to select by hand, lumps of Welsh coal for the
trials; and, to render the comparison fair, this was done
in the latter trials of the Woolwich boiler also. From this
cause the results in both cases are beyond the average.
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Slove Combustion generally impracticable in Marine Boilers.
~In order to carry out this principle in the case of steam
veesels constantly using their full power, the boilers would
have to be made nearly double their present size, which of
course in most vessels is wholly impracticable, and is cer-
tainly not to be recommended in cases where the full supply
of steam is rarely wanted. From a pamphlet of Captain
Ramsay's we find that the “Terrible” steam frigate used
her full steam, and lighted all her fires, on one occasion
only—and that for a trial of speed.

Regulation of the Draft.—Where it is not convenient to
lessen the grate-bar surface by bricking up the bars at the
further end, the same object may be effected, though cer-
tainly not so economically, by checking the draft. With
this object in view, every boiler should be provided with
damper doors upon the mouths of the ash pits, accurately
fitted, and furnished with the means of regulating with
nicety the amount of air entering beneath the bars, or, if
necessary, of excluding it altogether. Dampers are besides
fitted at the foot of the chimney, but these are not so com-
pletely under control, nor do they admit of the draft of each
fire being regulated separately.

Banking up the Fires—Cases frequently occur in which
it becomes an object to check the rapid formation of steam
for a longer or shorter period, but at the same time to re-
tain the power of getting up full steam and starting the
engines again on the shortest notice. This is done by
pushing the burning fuel back against the bridge, and co-
vering it with wetted small coal and ashes, by which
means the fires will be kept in a smouldering siate, ready
to be broken up and spread over the bars when the order is
given to get up the steam. But as this process requires at
least twenty minutes before the fires can be brought to
their proper state of efficiency, it is better, when such no-
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tice cannot be reckoned upon, merely to push back the fires
and heap them up against the bridge, raking them forward
again when required.

To get the Steam up rapidly.—Tt is of great importance
when wishing to get up the steam rapidly, to take care that
the fire bars are 8o covered by coal, that s current of cold
air is not allowed to pass through the flues, mixing with the
small quantity of smoke or products of combustion at first
formed. Every thing should be done to facilitate, or if
possible cause a draught of air into the ash pits.

No Water to be thrown in the Ash Pits.—It is a most
reprehensible custom amongst firemen, and one which
should not on any account be permitted, to throw water
upon the ashes in the ash pit. They should be drawn out
and the best of them, roughly reparated by the shovel, be
thrown again upon the fire, while the remainder should be
drawn well away from the boiler and gradually quenched
with a stream of water from a hose, so as not to fill the
engine-room with steam and dust, nor keep the front of the
boilers constantly wet, so as to corrode and destroy them at
this spot.



CHAYTER V.

THE MARINE BOIBER: MANAGEMENT OF THE WATER
AND STEAM.

Supply of Water to the Boilers.—The keeping up a due
supply of water in the boilers demands the utmost care
and watchfulness on the part of the engineer, for should the
iron in any place be allowed to become red-hot from want
of water, an explosion is almost inevitable. The immediate
effect of the heat upon the unprotected plates is to warp
and distort them, causing them either to separate at the
joints by the giving way of the rivets, or to be torn asunder
by the elasticity of the steam acting upon the distorted and
softened surface. Explosiing have also frequently taken
place from water having been too suddenly admitted to the
hot plates in the eagerness of the engincer to make up for
his previous neglect, when stcam is generated so rapidly
that the safety valves are insufficient for its escape. It is
said that in such cases & portion of the water, becoming de-
composed into its elements by contact with the red-hot
iron, may form an explosive compound of oxygen and hy-
drogen gases, which, on ignition, causes the explosion. But
whatever the theory, the fact itself is indisputable that
explosions do frequently occur in this way, and should the
engineer ever find himself in such a predicament he must
instantly draw his fires, and ¢hefc add water very sparingly
and cautiously until the plates be again cool.

The Water Level must not rise too high.—Danger of ano-
ther kind is to be apprehended if the water level is allowed
to rise too high in the boilers, for the wuter may then boil
over into the steam-pipe, or if the steam space be already
somewhat contracted, it may. increase the “ priming” of the
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boilers to a dangerous degree, for nothing is found to tend
more to this most troublesome ovil, than too limited steam
room.

Water Gauges.~To guard against such accidents as
these, every boiler is fitted with two different sets of appa-
ratus for indicating the water level, and thereby guiding the
engineer in the admission of the feed. These are called
the “glass water gauge,” and the “ water-gauge cocks.”

Glass Water Gauge.—The first apparatus consists of a -
glass tube about 18 inches long, fitting
into brass sockets at top and bottom,
by which it is connected vertically to
the front of the boiler, in such a posi-
tion that when the boiler is filled to
the proper height, the water level may
coincide with the centre of the tube.
This tube is furnished with three stop-
cocks, one at r, leading from the top
into the boiler above the water level,
another at » from the bottom into the
boiler &elow the water level, and the
third at s, leading from the tube itself
into the stokehole through asmall pipe.
When a communication is opened
therefore, at a a, between each end of
the tube and the boiler, the water being subjected to the
same pressure of steam as,within the boiler, will stand in
the tube at the same height, thus accurately showing the
water level. As the tube, if left to itself, is apt to become
choked with salt or deposit (especially if the water be dirty),
the third cock is provided, and by occasionally opening this
the rush of. steam and water through it clears away all ob-
structions, Should there be much ebullition at the part of
the boiler where the gauge is fixed, the level of the water in

25T T
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the gless will be very uneteady, and this must be remedied
if possible by leading a small pipe from the top of the tube
into the crown of the boiler, where the steam is dryer, and
at the same time sinking another small pipe from the
bottom of the tube mto soma place where the water is less
agitated. It is also of importance that the gauge be fixed
nearly in the centre of the front of the boiler, so as to be
as little affected as possible by the rolling motion of the
vessel. The last two remarks apply equally to the brass
gauge cocks.

Brass Gauge Cocks.—In case of accident to the glass
water gauge three gauge cocks are fitted besides, one above
the other, at six or eight inches distance between, the mid-
dle one being placed at the average water level of the boiler.
Upon opening these therefore, successively, steam ought to
issue from the upper one, water and steam from the middle
one, and watcr alone from the bottom cock, and any varia-
tion from this will clearly indicate that the water is either
too high or too low in the boiler. These cocks should be
frequently opened, as they are also liable to become choked
up with salt or deposit. As the surface of the water in the
boiler is generally at a higher level than can be conveni-
ently reached from the firing stage, the gauge cocks may
be fixed at any convenient height to the front of the boiler,
and pipes led up inside to the respective heights,

Only One Feed Pump to be worked—Although each of
the feed pumps is made capable of supplying the full quan-
tity of water required by the boilers, it is nevertheless the
practice in many steam vessels to keep both the pumps
constantly at work, the surplus water which is rejected by
the boilers being returned to the hot well, or thrown over-
board. This practice, arising from an over-anyiety for an
abundant supply of feed water, is much to be deprecated, as
when the pumps are both kept warking, a partial failure in
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either of them may eseape detection until one meets with
an accident, and 1s rendered unseless, when it is probably
found that the other pump is also ouf of order, and is insuf-
ficient to do the full duty alone. In such a case recourse
must be had to the supplemeggary pumps, which are always
fitted for the purpose of feeding the boilers when the en-
gines are not at work.

Amount of the Brine abstracted.—We have already ad-
verted to the necesglby which exists for abstracting from
the boiler a certain proportion of the super-salted water, in
order to prevent the deposition of scale or salt upon the
plates. The amount thus abstracted, or “blown off,” as it
is technically called, varies with the quantity of the salt
and other impurities contained in the water, but this may
be stated to be on an average about one-fourth part of the
whole feed water admitted.

Proportions of Salt in Sea Water from different Localities.
—According to Dr. Ure’s experiment, the largest propor.
tion of salt held in solution in the open sea is 38 parts in
1000 (by weight), and the smallest 32. In a specimen
brought from the Red Sea, 43 parts were found, the specific
gravity of the water being 1:085. The Mediterranean con-
tains about 38 parts, the British Channel, 85'5 ; the Arctie
Ocean, 28°5 ; the Black Sea about 21 ; and the Baltic only 6°6.

Analysis of Deep Sea Water.—The same authority states
that deep sea water, from the ocean, from whatever locality,
holds ncarly the same congtituents in solution, containing,
on an average, in 1000 parts,

25 of Chloride of Sodium (common Salt).
63 Sulphate of Magnesia.
8'5 Chloride of Magnesium.
02 Carbonates of Lime and Magnesia. v
01 Sulphate of Lime.
84-1;
D3
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bikides 8 little sulphate and muriate of potash, iodide of
sodium, and bromide of magnesium.

Blowing-off.—The operation of *Blowing-off” is per-
formed sometimes by hand sk rogular intervals of balf-an-
hour or more ; but a preferable system has been for some
time introduced by which the brine is constantly and uni-
formly abstracted, in a fized and determinate proportion
to the feed water, by means of a sef of “brine-pumps,”
worked by the engine,

Brine Pumps.~This arrangement, introduced by Messrs.
= Maudslay and Field, has been fur-
ther improved by Messrs. Seaward,
who connect the valve for the exif
of the brine with that for the ad-
mission of the feed in such a man.
ner that the two open and shut
simultaneously; and, as their areas
are proportioned to each other in
the proper ratio, no more brine
escapes than is demanded by the
evaporation of the water. The brine-
pipe is further fitted with a stop-
cock for its better regulalion, or in

ton’ lied . . .
ng:,oﬁ,:uﬁ;e&};fe case it may be wished to shut it off

altogether when using fresh water in the boilers.

Lamb’s Blow-off Apparatus—Another mode of blowing-
off has been successfully introduced into the boilers of the
Peninsular and Oriental Steam Navigation Company, by
Mr. Lamb, their resident Engincer. This consists in blow-
ing off partly from the surface, in addition to the usual
method from the bottom, by which means many of the par-
ticles of insoluble maitter, of which the scale is formed,
which are ballooned up to the surface on bubbles of steam,
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are caught and removed from the boiler before they have
an opportunity of aggregating and falling to the bottom,
This apparatus, represented in the subjoined cut, may be

.

t L "

INSIDE OF THE BOILER

SOLYYU2ONIN M

Lamd’s Surface Blow-off Apparatus.
made self-acting by means of a float, «, which, rising or fall-
ing in proportion to the amount of feed water admitted,
opens or closes the blow-off pipe, e.

The Refrigerator.—The hot brine, ejected by the brine
pumps at a temperature of perhaps 218° is generally made
to pass through a eylindrical vessel, called the “refrigerator,”
containing & number of copper tubes through which the
feed water, at a temperature of about 100°, eirculates on its
way from the hot well tothe boiler. A considerable por-
tion of the heat of the brine being by this means transferred
to the feed is again returned to the bouer, and a propor-
tionate saving in fuel is effected.

Attempts made to Supersede Blowing off.—It has been
attempted in various ways to modify the usual manner of
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blowing off, with the view of saving a portion of the fuel
cansumed in bringing the ejected brine to the biling

point.

By Mechanical Means.—These have been either mechari-
cal contrivances for collecling the insoluble particles at the
surface of the water, and preventing their solidification at
the bottom by agitation with foreign substances introduced
for that purpose ; or else

By Chemical Means.—A. chemical solvent has been added
to the water of the boiler, which it is intended shall act
upon its mineral impurities without injuriously affecting
the iron plates. The utmost that can be done, however, by
even the most successful of these schemes, is to prevent the
formation of & hard crystalline scale; the impurities being
now deposited in the shape of a loose powder from a state
of mechanical suspension in the water. This powder, then,
must still equally be removed by partial blowing off, if we
would preserve the water from loss of heat by imperfect
conduction, or the plates from danger of being burnt. For,
since pure water alone can leave the boiler in the form of
steam, it follows that all the forcign constituents must
remain behind, however they may be disguised by solution
in an acid ; and, unless this mineral solution be removed too,
it must of necessity reach a limit at which the bases will be
deposited, the point of saturation being deferred in propor-
tion to the solvent power of the acid employed. It is also
the case, as we shall presently see, that the greater the
degree of saturation the more heat is required to bring the
water to the boiling point, and the hotter, therefore, is that
portion of brine which must, under any circumstances, be
got rid of. There is also danger to be apprehended from
the chance of an improper or too powerful solvent being
employed, which may act injuriously upon the materials of
the boiler.

t
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The Brine Pumps are found to be perfectly efficient at a tri-
fing Ewpenditure of Fuel* (see p.69).—~Henceit arises that
the regular and constant blowing off by the brine pumps1sin
every respect the best that can be adopted, and when this
operation is properly performed, the boilers may be kept per-
fectly free from scale at a comparatively trifling expenditure
of fuel—not exceeding 4 or 5 per cent. of the whole fuel burnt.
For it must be kept in mind that the brine blown off has had
1t temperature raised by about 120° only (from 100° to 220°),
a considerable part of which is given back to the feed water
during its exit through the refrigerators. Had this water
been converted into steam (it is true), and absorbed heat
in a latent form, the case would have been very different.

Salinometers—Since the freedom of the boiler from scale
or deposit depends, as we have scen, upon the greater or
less degree of saturation of the water, it is an object of
much importance to be able to test the saltness of the
water with case and certainty. This may be done in two
ways, each of which the engineer should have the means of
trying from time to time; namely, by ascertaining the true
boiling point of the water at a given pressure, and by finding
its specific gravity at a given temperature—the strength of
the solution maintaining a fixed and known relation to its
boiling point, and specific gravity. The instruments to be
used are therefore the Thermometer and the Hydrometer.

The Thermometer used as a Salinometer.—In using the ther-
mometer for this purpose an instrument must be selected in.
which the scalc is graduated jn large degrees, capable of being
subdivided into quarters, at least; but the scale need not
extend beyond twenty degrees above and below the boiling
point of water. Such thermometers are in use for ascertaining
the heights of mountains, by observing the temperature at
which water boils at the top. This fact, of itself, plainly de-

* Mr. Dinnen’s Paper on Boilers, &e., in Vol. II1., new edition, of
Tredgold on the Steam Engine.
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monstrates the dependence of the boiling point of liquids
upon the pressure, and it is therefore necessary always to
takeo the pressure of the atmosphere into account, When
we say that water boils at 212° it is understood to mean
when subjected to the usual pressure of the atmosphere,
indicated by a column of 30 inches of mercury in the
weather barometer at the level of the sea.

The following Table shows the boiling point and specifie
gravity of sea-water (at 60° Fahr.) of different degrees
of saturation expressed in parts of salt contained therein,
the barometer indicating 80 inches of mercury.

Saltness. Boils. 8p. gr.

Pure Water . 0 212° 1-
Common Sea Water . % 213:2° 1-:029
”* 214:4° 1-058
* 215°5° 1-087
Up to this point no de-
posit will be formed . % 216°7° 1116

¥ 217-9° 1'145
W% 219'1° 1174
B 220-3° 1203
221'5° 1-232
” 222:7° 1°261
{2 223'8° 1290
# 2250° 1-319
tH 226°1° 1348 saturated solution,
As a general rule, the atmospheric boiling point of the
water should never be allowed to exceed 216°. The tem-
perature must be ascertained by drawing off a small quan-
tity of the brine, and boiling it in & deep copper vessel in
the engine room, a correction being made, if necessary, for
the state of the barometer.
The following Table shows the height of the boiling point
in Falirenheit’s scale at different heights of the barometer.

o 4

Barometer, Barometer,
1aches. Boiling Point, Inches. Boiling Point.
27 206-96° 28 208-69°

273 207-84° 28} 209:55°
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Larometer. Barometer.

Inches. Boiling Point. Inches. Boiling Point.
29 210-38° 80% 212:79°
29% 211-20° 81 213 67°
30 212°

It will be seen that if we would preserve the water of the
boiler at a degree of saturation indicated by #rof salt; we must
blow off one half of the feed water; if at %, then one third
must be blown off; at g%, one fourth, and so one. We have
said that o is the highest degree of saturation that should

be permitted.

The ITydrometer used as a Salinometer.—The hydrometer
employed for measuring the density of water, or other
liquids, consists of a hollow ball of glass or metal from which
there mses a tall stem graduated with degrees, and ballasted
so as to swim upright, the graduated stem being more or
less immersed in proportion to the density or specific gra-
vity of the liquid. The brine, therefore, increasing uniformly
in density according to the salt it contains, may by this
means be very conveniently tested ; but as the densities of
fluids vary also in proportion to their temperature, care must
be taken that the portions of brine experimented upon have
the particular temperature for which the scale of the salino-
meter has been calculated.

Annexed is a table of specific gravities of sea water at
60° Fahrenheit, in various parts of the globe, as asccriained
by Dr. Marcet,

.
Spec. gravity. Spec. gravity.
Arctic Ocean . . 102664 Sea of Marmora . 101915
Northern Hemisphere 1:02829 Black Sea . . . 101418
Equator . . . . 102777 White Sea . . . 101901
Soathern Hemisphere 1-02882 Baltiec . . . . . 101523
Yellow Sea . . . 102291 Ics Sea Waters . . 100057
Mediterranean , . 1402930 Dead Sea. . . . 121100
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The specific gravities corresponding to varions degrees of
saturation of the sea water have been already given.

Seaward’s Salinometer.—To obviate the inconvenience of
withdrawing the water from the boijer, in order to test its
specific gravity, Mesars. Seaward have invented a salinometer
of which the following is the description. It consists of &
strong glass tube of about three-quarters inch bore, and four
teen inches long, firmly fixed at each end in a brass frame,
to which are attached four cocks, one at each end and two
at the side. By the two latter cocks the instrument is
attached to the front of the boiler, being fixed at such a
height that the water line in the boiler may show its level
in the glass tube. Now, upon opening the two cocks which
are attached to the boiler, the water will rise up from the
bottom of the boiler, by a pipe attached to the lower cock,
to the same level as in the boiler. These cocks are then
closed and the upper one opened, and two metallic or glass
balls are dropt into the tube. The ball first dropt in has
been graduated to swim when the water of the boiler is
one degree salter and denser than the proper degree of
saturation ; and the second ball to sink when the water has
become one degree more diluted and lighter.

The upper cock is then closed, and the two cocks come
municating with the boiler remain open. It is evident,
therefore, that when the water in the boiler is at the degree
of saturation intended to be maintained, the lighter ball
will float at the water level, and the heavier ball remain at
the bottom; and further, that any change of density will
alter the position of the balls, the lower ball rising as the
water becomes more saturated, and the upper one sinking
upon the water becoming more diluted. The upper and
lower cocks are for the purpose of changing and cleaning
the balls when required, the bore of each cock being equal
to the diameter of the balls,
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Cases in which the Amount of Blow-off may be diminished .~
In the case of a vessel going at half speed, when the full
quantity of steam i not evaporated, the quantity of water
blown off may of course be proportionally diminished, un»
less it be wished to take advantage of this ciroumstance
and freshen the water in the boiler, while it may be done
without checking the power of the engines. For it is
apparent, that the less water is blown off so much less feed
need be admitted to cool the boiler, and so much the more
steam is generated. This renders it sometimes expedient,
under critical circumstances, to stop the supply of feed
altogether for a while, in order to ensure an abundant
supply of steam to the engines, and it is the duty of an
intelligent engineer to provide for such emergencies, if pos-
gible, by having a good supply of water in the boilers before-
hand. In making “trials of speed” of steamers this is a
usual jockeying trick.

In case the Blow-off Cock sets fast.—In the case of the
blow-off cocks or any of the apparatus on board for with-
drawing the brine from the boilers becoming choked or
gotting out of order, water must either be let out of the
boiler by some means into the bilges, or it may sometimes
happen that one of the systems of feed-pipes may be made
available to allow the escape of water into the sea.

Safety Valve, its Area.—The area of the safety valve
should obviously be proportioned to the evaporative power
of the boiler; but is usually made in the proportion of half
& square inch to each horse power of the engines, which in
the generality of cases is ample enough.

Manner of loading.—1It is loaded by the manufacturer to
the extent best adapted for the machinery, and this per.
nianent load shonld not be sugmented without his express
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sanction. The steam power of the vessel being subdivided
amongst two or more boilers, each separate boiler must
have its own safety valve ; and as the different sections com-
municate with each other by means of stop valves, this
constitutes an addifional source of safety in case of one
being out of order.

Occasional Defects.—A properly constructed safety valve
i not liable to get out of order, although, if suffered to lie
long in contact with its seat without being raised, it will
sometimes stick so fast as to defy all ordinary means of
moving it. It should therefore be frequently tested by the
engineer, to see that it moves freely.

With this view, and also as a ready means of relieving
the pressure of steam without mounting to the top of the
boiler, a sct of jointed rods lead from the firing stage to
the bottom of the valve spindle; being so contrived that
the engineer may push the valve up off its seat, but at the
same time offering no obstruction to the free rising of the
valve by the steam pressure. It more frequently happens
that the valve fits its seat so badly as to allow of the escape
of steam. This should be guarded against by making the
valve itself as solid and stiff as possible, and fixing the
seating in a strong cast-iron valve box, which will not spring
by the pressure of steam upon it.

In case the Safety Valve sticks fast.—Should it happen
that the safety valve of any one boiler becomes inoperative,
the surplus steam will still have a free passage through the
stop valve into the adjoining boiler, whose valve, it may be
presumed, is in good order ; but should this means of escape
cither not exist, or prove inadequate to relieve the pressure,
then the blow-through valves of the engines must instantly
be opened, so that the steam may find an exit through the
valve casing and condenser. The fire doors should at the
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same time be thrown open and the ash pit dampers closed,
to check the fires as much as possible, before they are
quenched with water, and drawn. The first indication of
an excessive pressure is usually given by the mercury being
blown out of the mercurial steam gauge, where such is
fitted, this acting to the best of its capacity as a safety
valve also.

Steam Gauge.—The steam gauge usually fitted to marine
boilers is & bent iron tube, like a syphon tube reversed,
attached vertically to the front of the boiler, one of the
orifices opening into the steam chest, and the other open
to the external air. The tube is partially filled with men
cury, which of course stands at an equal level in both legs
of the gauge, so long as there is no pressure of steam in
the boiler. But as the pressure upon the surface of the
mercury in the two legs becomes unequal, it is forced down
the one leg and up the other, until the equilibrium is re-
stored. Hence, a depression of one inch of mercury in the
leg communicating with the boiler is followed by a corre-
sponding rise of one inch in tho other leg, but the difference
of level betwecn the surfaces of the mercury in the two
legs is manifestly wo inches. Thus, a rise of one inch in-
dicates an additional pressure of one pound in the boiler,
and not half a pound, as might at first sight be supposed.
On the surface of the mercury in the open end of the tube
there floats a light rod of wood, and this rising or falling
with the level of the mercury indicates the pressure upon
8 fixed scale of inches or Founds.

Facuum, or Reverse Valve.—In addition to the safety valve
each boiler should be provided with a vacuum valve, (of
small dimensions,) to prevent the possibility of the boiler
collapsing, when the pressure of steam inside falls below
the pressure of the atmosphere. This is frequently ex-
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perienced in boilers whose supply of steam is insufficient
for the engines, (as it is apparent that the latter may con-
tinue to work with a negative pressure in the boilers, pro-
vided there be & good vacuum in the condensers,) and it
sy happen to any boiler, by a sea breaking over the decks
snd suddenly condensing the steam. The action of this
valve is sufficiently obvious, as it is only a reversed safety
valve, slightly loaded ; and the only attention it requires is
to try it occasionally, and see that the spindle moves
freely.

Supply of Air to the Fires.—The amount of air that is
required to keep up combustion in steam-engine boilers is
much greater than is generally supposed. For 11b. of coal,
of average quality, 150 cubic feet of air are required for
exact chemical combination alone, and as this can never be
perfect, from a variety of disturbing causes, a supply of
about 800 cubic feet is found in practice to be beneficial.
If 8 1bs. of coal be consumed for one-horse power per hour,
an engine of 100-horse power will require a supply of 2400
cubic feet of air per hour, or 40 cubic feet per minute.
Every facility therefore, by means of hatchways, wind pipes
and windsails, should be provided and carefully attended to
for this large supply.

Staying Boilers.—Tt is usual to stay the flat portions ot
tubular boilers with rods of about one inch square, or one
inch diameter, from sixteen to eighteen inches apart each
way, and flue boilers (which are not so well adapted to bear
a high pressure of steam as tubular boilers) not quite so
heavily. It must be borne in mind, that it is highly inju-
rious to stay weak plates ab long distances, however strong
the stay rod may be, as the alternate distension and con-
traction of the plate between the stays causes it to duckle
round each stay every time that the pressure of steam is
added or removed.
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This action, in time, wears & furrow round the fastening
of the stay, by throwing off the scale from the surface of
the plate, and opening the fibre of the iron, the circular
piece of plate to which the stay rod is attached remaining
at the same time quite sound.

H. M. 8. Medea, 220 Horse-power,
MavupsrLay, Son & Fievp,
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CHAPTER VI.
MANAGEMENT OF THE ENGINES,

The Bearings require Attention.—In the management of
the engines, the points to be most attended to are the fol-
lowing, The bearings of all the working parts must be
constantly attended to, and regularly lubricated with oil
or melted tallow. If the brasses are screwed or driven up
too tight, the bearing will heat; if, on the other hand,
they be too slack, & jar is produced at every revolution,
destructive, if not positively dangerous, to the engine. As
the brasses wear by the friction, therefore, they must be
driven up to a moderate tightness by the cutters. As these
are apt to work loose unless properly secured, it is now the
practice to make the main cutters with a screw and nut at
the point to prevent this. "When any of the main bearings
heat, they must be slackened and bathed with melted
tallow and sulphur; or, if the heating has proceeded to &
great extent, a stream of cold water from the hose of the
hand pump should be directed upon them. The bearings
most liable to heat are those of the crank pin and crank
shaft ; but care must be taken whilst cooling the latter,
that the cold water does not crack the cast-iron plummer
blocks. To avoid this, it must be thrown on very cautiously
at first. The larger the surfuce of the bearing is in
proportion to the friction to which it is subjected, the
more easily it is kept cool and in good order, and the less
oil is consumed in lubricating it.

To test the Tightness of the Engine before starting.—The
following method of ascertaining the tightness of the dif-
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ferent parts of the engine subjected to steam pressure is
recommended to be used in every case after the engine hag
been fresh packed, or has been out of use for some time.
After getting up steam, and while the vessel is still at her
moorings, blow through, and then, after obtaining a partial
vacuum in the condenser by the admission of a little water,
watch the barometer to see how long the engine holds her
vacuum. If the condenser gradually becomes hot, while the
cylinder ports remain closed, we know that steam is
passing the packing of the valves; or, if the valves are made
without packing, the steam must be passing their faces.
The tightness of the faces of D and other valves may be
tested by shutting both ports o steam, and opening the
cocks for taking indicator diagrams above and below the
piston, the grease cocks, or any others communicating with
the cylinder. If no steam passes through these cocks when
the throttle valve is full open, the valve faces are then, of
course, tight. The tightness of the piston may be proved
in the same way, by admitting steam above or below it,
and opening the indicator cock on the opposite side. The
injection cock may be slightly opened for an instant, to
withdraw any steam that may have collected on the opposite
side of the piston, so that the passage of any steam may be
the more readily perceived. The tightness of most parts of
the engine may be tested in this way without moving it be-
yond half a stroke.

To discover a Leakage of Air into the Engines.—The en-
gineer must watch strictly for leaks of air into the engines,
by which the vacuum may be vitiated ; as well as for every
leakage of steam into the engine room. If the engine
draws air on the “steam side,”” this may be discovered
before it is set to work during the process of blowing
through, when a jet of steam will be seen to escape; but if
the leakage be suspected after the engines are at work, the
engineer must endeavour to discover it, either by the
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whistling sound of the rush of air, or, taking a lighted
candle in his hand, pass the flame along all the joints till
he finds it sucked in by the vacuum. Leakage in a hori-
zontal joint may be readily discovered by laying water
along it. An air leak may also be discovered by closing the
enifting valve and the discharge valve at the ship’s side, and
filling the engines with steam. When the leak is found
out, it must be stopped temporarily by driving in spun.
yarn, or gasket steeped in red lead and oil, or other means.

A Cure for Leaky Condensers.—If the leakage be into the
condenser, it is sometimes convenient to allow water to be
injeoted through the orifice, by which means little harm is
dono. In several cases where, during a long voyage, the bot-
tom of the condenser has become Icaky by corrosion, (often
induced by galvanic action with the copper bolts of the
ship’s bottom, as well as the brass foot valve, &c.), & water-
tight tank has been constructed at sea between the side
keelsons. By this means the condenser and air pump are
placed in a kind of well constantly replenished with cold
water from the sea, which, forcing its way through the
Jeaks by the pressure of the atmosphere, shares with the
proper injection water the duty of condensing the steam—
the injection-cock orifice being partially closed in propor-
tion to the extent of leakage through the bottom.

Injection to be diminisked when the Ship labours muck.—
‘When the vessel is labouring in a heavy sea, it is recom-
mended that the supply of injection water should be dimi-
nished ; for in such a case, whdre the speed of the engines
is subject to great and constant fluctuations, depending
upon the greater or less submersion of the wheels or screw.
propeller, the condenser is lisble to become choked with
water, thereby causing the engines to stop. The effect
of working the engines with a stinted supply of condensing
water i, of course, that the condensers will become hot,
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and the vacuum will be diminished; but this is & minor
evil in comparison with endangering the machinery by
subjecting it to too severe a strain.

When the Injection Cock leaks—Care must be taken, when
the engines make a temporary stoppage, that the injection
cock, or air pump, does not leak, and allow the condenser
to fill with water, which caunses much trouble and delay in
starting the engines again; so, should this be apprehended,
the sea cock must also be closed at the same time with the
injection cock. It is also advisable to blow through at
short intervals, to keep the condenser free of water, and
admit a little injection water to keep up a vacuum, so as to
be able to start upon the shortest notice.

Advantage to be derived from the Bilge Injection Pipes.—1It
is calculated that an engine requires about one ton of con-
densing water per horse power per hour; and it is apparent
that the abstraction of this large body of water from Zke
bilge, in case of the vessel springing a leak, constitutes a
very valuable property in the machinery, and one which
has ere now saved many steamers from foundering. It is
essential, however, that the orifice of the bilge injection
pipe be most carefully guarded against the entrance of
chips of wood or oakum, which, by getting into the con-
denser, may gag the valves of the air pump, &c., and stop
the engines, The bilge injection pipe should have no rose
upon the orifice opening into the condenser, as such is
lisble to become choked ; sbut the water should be spread
by striking against a flat surface, or otherwise.

Injecting through the Snifting Valves.—Where no bilge-
injection has been fitted, a considerable body of water may
be admitted into the condenser through the snifting valves,
in case of a leak in the vessel. Should there be no means
provided for lifting them, by stopping the injection and then

E
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blowing through, they will rise from the pressure of steam
in the condenser, when they must be prevented from closing
again; or, should they be inaccessible, the cover of the foof
valve, or the man-hole door of the condenser (if the water
risa above it), should be slackened io allow the water to enter.

To make Steam-tight Joints.—The wsual mode of making
air or steam-tight joints between two surfaces, is to inter-
pose hemp packing, or gasket, soaked in red or white lead
and linseed oil, the joint being made when the steam is
down, and screwed well up when the engine gets hot. If
the joints have been accurately chipped and filed, then
sheet lead, thick paper, wire gauze, &c., are usually em-
ployed, well smeared on both sides with red lead; or, if the
joint has been planed and made perfectly true, then a little
thin red lead is all that is necessary between the surfaces
to make them stcam-tight. Cement joints are now almost
wholly discarded from marine engines, and should never be
made where there is a chance of the surfaces requiring to
be again separated.

How to act in case of Accident to the Engines.—The various
accidents to which steam engines are liable are so nume-
rous, that any directions to meet particular cases are likely
to be fruitless. Any engineer who expects a list of re-
medies for every evil that may occur, whether it be to
smother a leak in a pipe with a stoker’s fearnought dress
and lap it with spun yarn, or to fish an intermediate shaft,
must be dieappointed. He must rely on his own judgment
when a flaw has shown itself, or a fracture taken place, and
consider carefully the direction of the strain, and take steps
#o provide for this; and also to guard against further injury
if the weak part should give way. Wood and wrought iron
are the materials with which all repairs at sea must be
affocted, and onre should therefore be taken to have efficient
means for adapting them to use when required. No hewsita-



MAFAGEMENT OF THE RNGINES, 7%

tion must be folt regarding the unsesmliness of & massive
piece of timber to strengthen the frame of an engine; and
the principle of the expamsion of wrought-iron straps er
bolts by heat, 8o a8 to effectually tighten them, must mob
be forgotten. A clear perception of the principles of trmse-
ing, of leverage, and of the resolution of forces, is most
important ; and it is by such knowledge that a good and
thorough mechanic will show his superiority in difficulties
over the mere engins driver.

Test Cocks.—Small cocks should always be fitted to the
top and bottom of the cylinders for clearing them of any
water. They are generally constructed with a ball or reverse
valve at their mouth, so as to allow of their being kept open
without tho enirance of air, when there is a vacuum on the
side of the piston with which they communicate, which
would injure the action of the engines.

Grease Cocks—The grease cocks, for lubricating the pis-
tons, must, of course, be opened only during the ascent of
the piston, when the vacuum will suck in the melted tallow ;
otherwise it would be forced out by the pressure of steam.
Those grease cocks on the slides, where there is a constant
pressure of steam opposed to them, may gencrally be made
to act by one man suddenly elosing the throttle valve of the
engine which 1 is wished to lubricate, while another opens
the grease cock at the same instant ; the throttle valve be-
ing reopened, and the whole operation performed as quickly
a8 possible, so as not; to %top the speed of the engine mare
than is absolutely necessary.

Turning the Engines by Hand.—One of the prinsipal
duties of the engineer, whilst in harbour, is regularly to
move the engines round by hand through a portien of a
pevolution, in order fo change the relative posikioms of sil
the towching surfaces, It is found, that whem the imm

E 2
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pirton rod, for example, remains for even a day or twe in
gontact with the brass gland, a slight, though perceptible,
furrow is eaten in the rod by the oxidation of the metal,
induoed by the galvanic action which results from the con-
tast of the brass and the iron.

Galvanic Aetion.—The same destructive effect is produced
in all the other parts of the machinery where copper or
brass remains in contact with iron; but this proceeds more
rapidly when sea water or moisture of any kind is present,
and according as the temperature is greater. In the ease
of paddle engines, the wheels present a convenient leverage
for moving the engines by hand ; but, with screw steamers,
much difficulty is sometimes experienced in effecting this,
and it hag generally been found requisite to fit some me-
chanical contrivance for the purpose.

Essential to have square Regulating Lines marked on Ma-
rine Engines.—As spirit levels and plumb rules cannot be
used on board ship, every thing must be done by straight
edges and squares. Every engincer, therefore, on taking
charge of a par of engines, on their coming out of the
hands of the manufacturing engineers, should see that cen-
tre lines are scored well into the framing, at a sufficient
number of parts, to facilitate any future examinations as to
whether the engines have altered their position in any way, as
well as to facilitate his putting the engines very correctly,
when 80 required, at half stroke, and many other operations.
Athwartship lines should certainly*be scored in on the cy-
linder flanges, across the centres of the two cylinders, and
on the base plates in beam engines, under the centre of the
crank shafts. A fore and aft line in the centre line of each
engine should also be scored in along as much of the base
plate as possible, It is also usual in well-constructed em-
gines to have four horizontal points in an athwartship line
on the framing, dressed off so that four points in a true Yime
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on the face of s straight edge may lie upon the whole of:
them, and thus prove at any time whether the engines have
fallen in towards each other, or fallen away towards the
sides of the vessel.

To adjust the Paddle Shaft.—If the eye of the crank of
the paddle shaft be perceived to bear hard upon the con-
necting rod brasses at one part of its revolution, and to se-
parate from them at another part, the engineer may know
that the centre of the paddle shaft is out of line with the
centre of the intermediate shaft. To rectify this defect,
place the engines on the top stroke and measure the distance
accurately between the faces of the two cranks at the side
of the crank pin, then put the engines on the bottom etroke
and measure the distance at the same place. If the dis-
tance at the bottom be less, the outer end of the paddle
shaft must be too low and require to be raised. Subtract
the one distance from the other, and take one half of the
remainder, and say, as the length of the crank is to the
length of the paddle shaft, from the face of the crank to the
centre of the outer bearing, so is this half-remainder to the
amount that the outer bearing requires to be raised. Other
examinations as to whether the crank and paddle shafts are
true to each other, in other respects, can be made in a simis
lar manner.

To replace the Levers on the Valve Shoft if carried away .~
The length of the valve lever is the distance from the centre
of the valve shaft to the °centre line of the valve spindle,
with the addition of half of the versed sine of the are
through which it vibrates. The length of the gab lever
must bear such proportion to the length of the valve lewar
that the traverse given to it by the excentric shall produee
the requisite amount of motion in the valves. The theaw
of the excentric, multiplied by the length of the valve levér,
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nmust alweys be squal to the travel of the valves, multiplied
b the length of the gab lever.

To fix the Gab Lever on the Valve Shaft.—~The valve lever
or levers being fixed upon the shaft, it must then be put in
place on the engine, and turned round til} the centre line of
the valve lever is at right angles with the centre line of the
valve spindle. The shaft being fixed in this position, the
gud lever is now to be put upon it in such a position that
its centre line will be at right angles to a line stretched from
the centre of the intermediate shaft to the centre of the gab
pin on the end of the lever.

To find the Length of the Ezcentric Rod if carried awny.—
Place the valve shafts with the valve lever at right angles
to the centre line of the valve spindle, and then measurs
the distance from the centre of the intermediate shaft to
the centre of the pin of the gab lever, and this is the length
from the centre of the ring of the excentric rod to the centre
of the gab at the other end of it.

To replace the Stops on the Intermediate Shaft for driving
the Excentric.—The excentric rod being out of gear, place
the engines at top stroke, and place the valves in the pasi-
tion in which they ought then to be, that is, with the requi~
site amount of lead open to the steam. Now move the ex-
eentrie, which is loose upon the shaft, in the direetion in
which it would revolve, if the engine was going a-head, until
the excentric rod drops into gear} the position of the stop
for going a-head may now be marked upon the shaft, to
meot the face of the stop upon the excentric block, The
gab of the excentric rod being taken out of gear again
without the engines or the valves having been moved, the
excetrtric block is now to be turned back, in the direction in
which it would be revolving if the engines were going
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sstern, and the excentric rod will again drop into gear as it
ocomes round, and this, in the same manuer, gives the posi-
tion of the stop upon the shaft for going astern.

Essential to know the Position of the Steam Valves from
External Marks.—The valve rod being generally so fitted
that its length can be varied with facility for the sake of ad-
justment, it is essential that there should be a ready means
of testing the correctness of its length at any time. This
can only be done by a mark upon the rod, above the gland
of the valve bonnet or cover, this mark being made when the
valve is at its mid-stroke, at & certain known distance above
a mark on the flange of the valve casing or some other fixed
portion of the engine framing. These marks are generally
made by a centre punch well struck in, and a record of the
required distance is made by another mark on the valve
casing or framing at the required distance. If the valve be
placed at mid-stroke, the valve lever may now be connected
with it, the only care requisite being that the centre line of
the valve lever shall be at right angles to the centre line of
the valve rod, when the valve is in this position. If any
doubt is entertained of the correctness with which the parts
in question have been originally constructed, due examina-
tion of the steam ports and valve faces must be made, and
the length of the valve rod and the marks tested. It is
sometimes convenient to have a mark made on the framing,
or some other ready means, by which it may be known when
the valve lever is at right angles as stated.



CHAPTER VII.

USE OF THE EXPANSION VALVE, INDICATOR, ARD
DYNAMOMETER.

Principle of Expansion.—If steam be supplied to the
cylinder of an engine at a uniform density during the
whole length of the stroke, the resistance being at the same
time uniform, the piston will move with a continually in-
creasing velocity, until its momentum is suddenly and
entirely destroyed upon commencing the next change of
direction ; thus causing a destructive jar to the parts of
the machine. To obviate this, therefore, the steam is  cut
off” before the end of the stroke, which is then completed
under a diminished pressure. By this means the piston
comes gently to rest at the top and bottom of the cylinder;
but this is neither the only nor the chief advantage which
results from cutting off the steam, since it is found that the
Jorce actually exerted upon the piston by the isolated steam,
during its expansion into the increased volume as the piston
descends in the cylinder, is considerably greater than that
due to the simple pressure of the same weight of steam acting
at a uniform density.

To render this intelligible, let us suppose a cylinder of
one square foot area, and 20 inches long, to which steam at
about the atmospheric pressure has been supplied during
half the stroke. We may then suppose the pressure on the
piston to equal one ton at the moment the steam valve is
closed, the space under the piston being open to the con-
denser. As the piston descends farther, the steam above it
will become diffused through an increased volume, and will
consequently acquire a diminished pressure. 'We may assume
that this diminution of pressure follows the law of elastic
fluids in general, and that it decreases in the same propor-
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tion us the volume of steam is augmented. While the
piston, therefore, moves downwards from the centre of the
eylinder (at 10 inches), it will be urged by a continually
decreasing force, until it arrives, we will suppose, at 15
inches, when the space occupied by the steam will be in-
crensed in the proportion of two to three. The pressure
on the piston will also be diminished in the inverse ratio
of three to two; and will now equal two thirds of a ton at
15 inches from the top. In like manner, when the piston
arrives at the bottom, the space occupied by the steam will
be double that which it occupied at half-stroke, and the
pressure will be diminished one half—being now, conse-
quently, half a ton. By calculating in this way the pres-
sure on the piston at the termination of each inch of the
space through which the steam has been expanding, we find
the pressure at the 11lth inch expressed by 1% of a ton; at
the 12th inch {§ of a ton; and so on to the 20th inch, where
the pressure is 18, or half a ton.

Now, if the pressure of the steam through each of these
ten divisions be supposed to continue uniform, and, instead
of diminishing gradually, to suffer s sudden change in
passing from one division to the other, the mechanical
effect will be obtained simply by taking the average of the
ten pressures. Thus, it has been supposed, in the present
case, that the pressure on the piston at the beginning of
the first division is 2240:1bs.; and to obtain the pressures
corresponding to each of the other divisions, it will only be
necessary to multiply 2240 by 10, and divide successively
by 11, 12,13, &c. The pressures in pounds, at each inch
below the half-stroke, will then be as follow, viz.:—

At end of 1st inch 2036+3 lbs. At end of 6th inch 14000 lbs.

2nd ,, 18666 ,, 7th ,, 13176 ,,
$d ,, 17241 ,, 8th ,, 12444 ,,
4th ,, 16000 ,, 9th ,, 11790 ,,
5th ,, 14933 ,, 10th ,, 11200 ,,

Benefit of Expansion~If the mean be now taken by
adding these numbers together and dividing by 10, it will
ES
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be found to be 14081bs. ss the mean pressure of steam
during the expanding half of the stroke, which is nearly
three fourths of the mechanical effect produced by the full
#team during the first half of the stroke. In this calowla-
tion we have assumed, for the sake of simplicity, that the
pressure is uniform throughout each of the ten divisioms:
which of course it is not, owing to the expansive action
which takes place within each division; so, the more accu-
e caloulation (which is a complicated one) makes the
average pressure for the expanding half of the stroke equal
to about 15451bs. Tt is evident that this principle is
equally applicable at whatever part of the stroke the steam
be cut off, a higher mechanical effect being obtained from a
given weight of steam in proportion to the eatent to which
the expansive working is carried, and in proportion to the
original density of the steam. Thus, in the Cornish en-
gines, it is found to be most advantageous to use steam of
from 80 to 40lbs pressure, and to cut it off in the cylinder
at one sixth, or even one eighth part of the stroke, the
remaining seven eighths being performed wholly by ex-
psusion. The limit to this principle is imposed, in practice,
by the increased size required for the cylinder, and the im-
equality in the speed of the piston during the stroke,

It is found, by calculation, that if the steam be cut off at
half-stroke its mechanical effect is multiplied by 1 7 nearly;
if &t one third, by 2-1; if at one fourth, by 2'4 nearly ; &e.

The following rule will be found useful for calculating
spproximately the mean pressure of steam on the piston
during the stroke, while working expansively.

Ryle.—Divide the length of stroke by the distance the
piston moves before the steam is cut off, and the quo-
tient will express the relative expanmsion it undergoes.
Take from the annexed table the multiplier correspond-
ing to this number, and multiply it by the full pressure
of steam per square inch on entering the cylinder. The
product will be the mean pressure per square inch, nearly.
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1 10000 2 8466 3 *6995 4 5966
11 9957 21 8295 31 6875 4-1 5880
12 9853 22 8129 32 *6760 42 *5798
13 ‘9710 23 *7969 33 6648 43 5718
14 *9546 24 *7814 34 6540 44 5640
15 <9370 25 *76€65 35 ‘6436 45 5564
16 “9188 2:6 *7521 36 6336 || 4°6 549}
17 9004 27 +7382 37 6239 47 5420
18 -8521 2'8 *7249 38 6145 48 5351
19 8641 29 *7120 39 6054 4-9 *5284
2 8466 3 6995 4 *5966 5 5219
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The Indicator.—In practice, a much simpler, and more
accurate method is employed for finding the power exerted
within the cylinder of a steamn engine, namely, by the use
of the indicator.

The Indicator, its Construction and Principles—This little
instrument, which ought to be familiar to every one in-
trusted with the care of machinery, consists of a small
cylinder placed in connection with the eylinder of the en-
gine, either above or below the piston. This cylinder is
open at top, and is fitted with a piston which presses
against a spiral spring. The cock which connects the
indicator with the cylinder of the engine being opened,
steam is admitted under the piston of the indicator during
the one stroke, and vacuum during the other, precisely as
in the large cylinders; thus causing the litile piston to
push or pull alternately against the spiral spring. If the
pressure were uniform throughout the stroke, the indicator
piston would start at once {rom the top to the bottom, and
vice versd, remaining stationary until acted upon by the
opposite pressure. In such a case, the pressure exerted
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would be simply proportional to the flexure of the spiral
spring, and might be measured accordingly; but, as we
have seen that the pressure on the piston is continually
varying during each stroke, it follows that the pressure on
the spring must also be a variable pressure corresponding
to the movements of the indicator piston, either up or
down. Now, if a pencil be fixed to the piston rod of the
instrument, it will register the fluctuations of pressure
upon a piece of paper held close to it; but, unless some
provision be made for allowing the pencil a clear space on
the paper at each successive instant of time, it will only
move up and down in the same vertical line, and the mark-
ings due to fluctuation of pressure will be undistinguish-
able. To obviate this, the paper receives a circular motion
in one divection during the down stroke of the piston, and
a reversed motion during the relurn stroke, the result
being that, as the pencil moves vertically up and down, a
continuous curved line is traced upon the paper. By this
line an oblong space is enclosed, called indifferently the
Indicator Figure, Card, or Diagram, the vertical ordinates
of which will then represent the effective pressure at the
corresponding portions of the stroke, and whose area will
represent the whole pressure exerted during the stroke.
Before the instrument is connected with the steam
cylinder, the roller, with the paper attached, is set in mo-
tion, and the pencil then describes a straight line (called
the neutral or atmospherie line), which represents the pres-
sure of the atmosphere, the space enclosed above this line
being the measure of the pressurg above the atmospherie
pressure, and below this line measuring the pressure below
the atmosphere. If the junction between the indicator
and the cylinder be now formed while steam is entering
the cylinder, the indicator piston will evidently rise; and
if steam be escaping from the cylinder it will fall,—the ex-
tent of the rise and fall depending upon the strength of
the spiral spring. The alternating circular motion of the
roller is given by connecting it with any reciprocating part
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of the engine, by means of a cord attached to a pully fixed
on the same axis with the paper-roller, This cord gives
motion in one direction only, the return movement being
communicated by a coiled spring attached to the instrument,

Seale.—The scale of the indicator in general use is
divided into tenths of an inch, each division representing
one pound pressure on the square inch of the piston.
‘When the instrument is not in use, the index stands at 0;
but when communication is opened with the engine the pres-
sure of steam is exhibited above zero, and the vacuum below.

How to use the Indicator.*—To use the indicator, its cock
must be made to fit the grease cock of the cylinder cover,
or any other fitted for the purpose in a convenient place at
the top or bottom of the cyhinder, or both. The line may
then be attached to the radius bar of the parallel motion at
gix or seven inches from the joint, and connected by s
running loop to the hook on the small line at the bottom
of the instrument. By means of the running loop the line
must be lengthened or shortened, till it is of the proper
length to allow the roller to iraverse as far it can without
coming into contact with the stop or the springs. This is
easily effected by shifting the line upon the radius bar;
and when the proper length has been found, the running
loop may be fixed permanently, to be ready for future trials.
Having stretched the paper upon the roller, and fastened it
by means of the clasp, a sharp-pointed pencil is put into
the socket, and allowed $o press lightly (by means of &
little spring) upon the surface of the paper. When all is
ready, the instrument is first made to work a few strokes
with the cock shut, in order to form the *atmospheric
line,” after which, the cock is opened when the piston is
at the top of the stroke, and the registration proceeds as
described.

# See p. 288, Marine Engines, new edition of Tredgold on the Steam
Engine.
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How t0 make the Caleulation.—When the figure is made,
the pressure of the steam is calculated by drawing any
mumber of lines across it at right angles to the atmospheric
line, and taking their mean length as measured on the
scale attached to the instrument. In practice, it is usual
to divide the figure into ten spaces by equi-distant ordi-
nates, measure each of those spaces in the middle, find
their sum, and cut off a decimal figure for the division by
10, the result being the average force of the steam in
pounds on the square inch. To find the power that the
engine is actually exerting, therefore, we have only to take
the aren of the cylinder in square inches, multiply by the
average pressure as found above, and again by the number of
feet which the piston travels in a minute, when the product
divided by 83,000 is the indicator or gross horse power of
the engine.

To find the Nominal ITorse Power of an Engine.—The
horse power of an engine, as found in this way (which is
the most accurate method with which engineers are ac-
guainted), must not be confounded with what is called the
Nominal or Commercial 1lorse Power. The latter is ob-
tained by the following formula, viz,:—

Area of cylinder » effective pressure x speed of piston
33,000

H.P.

The area of the cylinder must be taken in square inches, the
# effective pressure’ assumed at % or 73 lbs. per square inch
of piston, and the speed is to be reckoned in the number of
feet through which the piston travels, or is expected to
travel, per mmute. ‘'I'he divisor is 83,000 Ibs. as before;
this weight when raised one foot high in a minute being
the standard of a commercial horse’s power adopted by
James Watt, and subsequently retained for convenienee
sake. In tendering for engines for the Government ser-
vice, the “effective pressure” is assumed at seven pounds
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only, and the speed of the piston is presumed to vary with
the length of stroke, according to the following table :

Stroke.  [Speed of piston.| Stroke. |Speed of piston.

Pt. In Pt. per min, Ft. Tn. Ft. per min,
4 0 196 6 [ 226

4 6 204 7 0 231

5 0 210 7 6 236

5 6 216 8 0 240

6 0 228

We may observe, that on the Thames tho effective pres-
sure is usually taken at 7 lbs., and on the Clyde at 7 Ibs,,
which tends to make the nominal horse power of the
Glasgow and Greenock engines of somewhat less com-
mercial value than those built in London.

Distinction between Nominal and Real Horses' Power.—
It will be seen that the horse power thus calculated is irre-
spective either of the actual pressure of the steam used, of
the perfection of the vacuum in the condenser, or the
amonnt of friction arising from good or bad workmanship ;
hence this rule, however useful in comparing the size of
different engines, is a very imperfect guide to their actual
power. We have thus two distinct values of horse power,
which no one conversant with the steam engine ever con-
founds; the ome, fixed and nominal, by which engines are
bought and sold; the other fluctuating, though real, as
shown by the indicator. (To discover, however, the effective
power, or the power actually available for the purpose for
which the engine is used, a deduction would require to be
made for friction of the moving parts and for the power
required to work the pumps and valves, but as this would
be nearly alike for well-constructed engines of equal power,
and no ready means exists of testing it, the total or indi-
cator horse power is taken as the measure of the power in
all ordinary cases.
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Use of the Indicator for showing the Internal State of the
Engine.~The indicator, moreover, tells us not merely the
power exerted by the engine, but the nature of the faults
(where those occur) by which the power is impaired.
Thuas, one form of the indicator figure, or ¢ diagram,” may
show that the cylinder ports are too small, or that there is
condensation in the steam pipes; another, that the engine
is drawing air; or a third may show that the valves are
improperly set. Let us take, for example, the accompany-
ing imaginary diagram :—

|lt||u|1||||!ll

77—

2
N

Steam Stroke
_A_tmotpkmc or Neutral Line
Vacnum Stroke
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‘When the pencil is af: the point marked g, the piston is at
the commencement of its stroke, and the paper being made
to move, the line is traced from & to & and thence to c, at
which point the stroke in one direction is finished. At the
point & the valve is being shut to prevent the further ad-
mission of steam ; and while the line from & to ¢ is being
traced the steam is expanding, ard its pressure consequently
decreasing as indicated by the falling of the line. The line
from & to ¢, instead of being convex, should be concave, as
in the double diagrams, page 93; and it is thus discovered
that the slide is in bad order from steam being admitted
after it is shut. If the engine had been working expan-
sively, and the valve been shut before the pencil had reached
the point 4, the steam would have begun to expand at that
point, and the line have begun to fall so as to indicate the
degree of expausion in the most precise and definite manner,
On the pencil approaching the point ¢, the valve is opened
to the condenser, the steam escapes, is condensed, the pres-
sure falls, and the pencil descends towards d. The action
as here indicated is not very good, as the corner should be
more nearly square. The piston now commences its return
stroke, and the paper is made to move simultaneously also
in the opposite direction, and the line towards e is traced.
It is here seen to rise again towards the atmospheric line,
thus indicating that there is some pressure increasing in the
cylinder. From the form of the diagram at this point, it is
gathered that the vapour remaininginclosed in the cylinder,
after the communication with the condenser has been closed,
is compressed, and exerts @ pressure against the piston to
an injurious extent. As the pencil approaches f, the valve
is opened for the admission of steam, and the pencil rises
towards @, ready again to trace another diagram of what
takes place on one side of the piston during another stroke.

To compare the Efficiency of different Engines by means of
the Indicator.—The following method has been successfully
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adopted in comparing the relafive economy of performance
of different steam engines by means of their Indieator

First, calculate the gross indicator horse power of the em-
gine in the usual way, as already described. Then draw on the
diagram a pure vacuum line at 15 lbs. below the atmospherie
line; and if, as is generally the case, the eduction begins
before the end of the stroke, continue upon the diagram
the sloping line of the expansion as if it had been uniform
to the end of the stroke, as represented, for instance, at
a, a, Fig. p. 93.* The pressure of steam thus found at the
end of the stroke (being the pressure above a pure va-
ouum) may be called the « Terminal’’ pressure.

Now find the cubie contents ef the cylinder in feet, by
multiplying the area into the length of stroke, and adding
the “ clearance” of piston at top or bottom, and the steam
space in one port between the valve-face and the inside of
the cylinder. The contents of the cylinder at the terminal
pressure must now be reduced into the corresponding num-
ber of cubic feet of steam at the atmospheric pressure. This
is easily done by reference to the table of relative volumes
of steam pressure given at page 208. If our cylinder, for
example, have 185 feet of cubic contents, and the terminal
pressure be 8 1bs. above a vacuum, we must employ the fol-
lowing proportion :—

2983 (vol. corresponding to 8 1bs. pressure) : 185 :: 1669
(vol. corresponding to steam at atmospheric pressure) :
1085 cub. ft. of steam at atmospheric pressure.

‘

* There is in general no difficulty in continuing this line with certainty,
but if there be a doubt as to where the eduction begins, take the disgram
at any definite point, say at nine tenths of the stroke (after the valve has
been certainly closed to all further admission of steam), and complete the
figure by calculating, from the pressure of steam at this point, what would
be its pressure if expanded into the increased space at the end of the
stroks. This will be readily done by consulting the table of relative vo-
lusmes of steam to pressure, given in the end of the book.
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This amount being multipiied by the number of oy-
linders filled with steam in ome minute, and the product
being divided by the gross indicator horse power as pre-
viously calculated from the diagram, we thus obtain the
number of cubic feet of atmospheric steam required by this
engine to produce one horse power. It must not be for-
gotten that the cylinder of each engine is filled twice with
steam for each revolution of the crank shaft.

The same simple process being gone through with the
other engines under trial, or with the same engine under
different circumstances of speed or expansion, affords a
tolerably accurate method of comparing, in a general way,
their relative efficiency.

Example of Calenlation—The following is the calcula~
tion made from the diagrams of Penelope, 650 nominal horse

power (Figs. p. 93.).

The Diameter of cylinder is 91% in.
Area of ditte 65935 sq. in. =458 sq. ft.
Length of stroke 6 ft. 8 in., or with clearance 6:75 ft.
No. of strokes per minute, 14.
Gross indicator horse power for both engines, as per
diagrams, 1333 H. P.

Then, 45'8 area of cyl. in feet x 6-75 ft. length of stroke
==309-150 cub. ft. + 3'85 cub. ft. for steam space of port=
818 cub. ft. of steam required to fill the cylinder once: or
813 x 14=4382 cub. ft. of steam used above or below each
piston in each cylinder during one minute.
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Taking now from the diagrams the four terminal pres-
sures corresponding to the top and bottom of each cylinder,
we have,—

4382 cub. ft, at 121bs. press,=3567 cub. ft. at atmospheric press.

Do. 2 13 ” ” =3841 do. ” ”
Do. ’” 15 ” ”» =4382 do. ”"” ”
Do. ” 15 ,, » =4382 do. » »

16172 cubic feet of steam at atmo-
spheric pressure used per minute by the two engines—or 161721333
gross indicator horse power==12'13 cubic feet of atmospheric steam per
horse power per minute.

Difference of Effect between throttling the Steam and cut-
ting it off by the Expansion Valve—An experiment made in
this manner to determine the difference of effect between
expanding the steam in the cylinder by a proper system of
expansion, and merely shutting it off by the throttle valve
when it is wished to work the engines to a low power, gave
the following result :—An engine of the nominal power of
400 horses was selected, and was first worked on the lowest
grade of expansion, the steam in the boiler having its full
pressure of 81bs. Under these circumstances, it was found
that 1087 cubic feet of steam at atmospheric pressure were
consumed per horse power per minute.

The expansion valves were then thrown out of gear, and
the engines reduced by the throttle valve to exactly the
same number of revolutions. It was now found that al-
though the gross horse power, as shown by the indicator,
wae almost identical in both cascs; in the latter case the
power exerted was obtained at an expenditure of 14-72
cubic feet of atmospheric steam per minute, in place of
1087 cubic feet, as formerly; 3:85 cubic feet of steam per
indicated horse power per minute being thus saved by the
principle of expansion.

It is apparent that this calculation will not give us the
cause of any loss of effect by the steam escaping, or being
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INDICATOR DIAGRAM FROM PENELOPE'S ENGINES.
FULL STEAM, 14 REVOLUTIONS, 650 NOMINAL m.P,

é. Port Engine’ 5
&% g
Atmospheric Itne
Barometer 263
_10'90,
17°85 |

ig. Starboard Engine

6'06 7:24
; Atmospheric Lm«\
/ 1088 Barometer 263

10°92

Starboard Cyl. Top 16°92 -
Bott. 13-60}‘“‘“ 1776

”
Port Cyl. . .Top. 17 '35} .
" Bott. 18-83 [ Mean 1809

65935 x 1862 x 1792 _ cg6.6 » 9.n1333 HLP.
83,000 exerted by both engines.

Mean 17°92
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condensed in the pipes, &c., whieh must be sought for
when suspected, either in the form of the indicator dia-
gram, or by testing the engine for leakage of steam or air,
ag already explained.

Dynamometer—A. DYNAMOMETER is an instrument by
which it is attempted to measure the force actually exerted
in propelling a vessel. An excellent one, designed by Mxr.
Colladon of Geneva, has been erected in Woolwich Doeck
‘Yard, by which the pull of any vessel made fast to it can be
accurately measured. An instrument of this kind, but subject
to many disturbing influences, can be fitted on board screw
steamers to show the thrust of the propeller shaft through
a series of levers on a spring balance. The lever is sometimes
made to take the pressure from the end of the shaft; ab
other times, from a revolving frame with a number of frie-
tion rollers in it, which works against a collar on the shaft
at any part that may be most convenient. The lever or
levers should have knife-edge centres, so as to work with
as little friction as possible; and the rod connecting the
lever with the spring balance has a small sliding rod at-
tached to it carrying » pencil. By the side of this rod is &
small cylinder, round which a piece of paper is coiled, as in
the indicator. This eylinder receives a continuous rotatory
motion by means of a small band from the screw shaft, the
motion being so regulated that the speed of the cylinder
(round which the paper is coiled) may be considerably less
than that of the screw shaft. The pencil is now brought
into contact with the paper @n the cylinder, and a zero
line traced before the pressure of the shaft is allowed to
act upon the lever. The pencil should now be disengaged
from the paper, and the connecting rod of the lever acrewed
up until it is ascertained that the whole forward pressure
of the shaft acts upon the lever, and that the shaft is quite
clear of every other part of the machinery which might re-
ceive a portion of the pressure. Upon the pencil being
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sgain brought into comtact with the paper, an undulating
line is described upon it, showing the variable thrust of the
engines upon the propeller during the period of each reve-
lution. Afber the diagram is traced, the paper is taken off,
and equidistant lines drawn at right angles to the zero line,
the dengths of these ordinates from the curve to the zero
line, measured upon the acale of pounds of the spring be-
lance, giving the action of the lever upon the balance at
these places. The numbers being then marked upon the
diagram, their sum taken, and divided by the number of
ordinates for a mean, we shall have the force exerted on the
lever, which, being multiplied by the leverage, will give the
average forward pressure exerted by the propeller shaft
upon the vessel. If it be-only a single lever that is wsed
for the dynamometer, the leverage is of course found by
dividing the length from the fulerum to the point where
the rod of the spring balance is attached, by the length be-
tween the fulerum and the point which recetves the pres-
sare of the shaft; but if it isa compound lever that is used,
multiply together all the long arms of the levers, and divide
the produet by the product of all the short arms (measuring
the length from the fulerum of each lever), and the gque-
tient 18 the leverage. "When the forward pull or pressure
in pounds has been found, the number of horses’ power may
be ealeulated for paddle-wheel vessels attached to Mr. Col-
ladon’s machine, by multiplying the velocity of the centre
of effort of the paddle-board in foet per minute, by the total
pull in pounds, and dividing the product by 83,000. The
centre of effort of a paddle-board may be taken at % of its
depth from the outer edge. ¥n screw vessels, the speed of
the screw must be taken for the velocity. Experiments
with this instrument when worked out in this way, have
generally shown the effective to be about one half the gross
indicator horse-power.

Counter.—The CouNTER is an instrument so contrived
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by the aid of wheelwork that an index hand is moved fors
ward a certain distance for every stroke of the engine, thus
registering or “counting” the number of strokes an engine
makes during s day, & month, or any given period. The
construction of the counter varies much; in most cases,
however, the wheels are moved round by a pendulum at-
tached to some vibrating part of the engine, the wheel
being carried forward one tooth for every vibration, and an
extreme slowness being obtained by a differential motion,

Eztract from p. 291, Tredgold on the Steam Engine, vol,
#t. new edition—* Tue CouNTER.—To estimate the saving
of fuel by the application of Watt’s engines, an apparatus
was attached to the beam to ascertain the number of strokes
the engines made in a given time: it is called the Counter,
and consists of a train of wheel-work resemnbling that of a
clock, so arranged that every stroke made by the engine
moves one tooth, and the index shows how many strokes
have been made between the times of examination, The
counter is enclosed in a box, and locked, to prevent its
being altered during the absence of the observer. If the
box be attached to the axis of the beam, the inclination of
the beam causes its pendulum to vibrate every time the
engine makes a stroke, and this moves the counter round
one tooth for every stroke. The box may also be fixed to
the supports of the beam, and then at every stroke a small
detent is moved one tooth.”
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ON THE QUALITIES OF FUEL, WITH HINTS FOR ITS
SELECTION.

On the Qualities and Value of Dyferent Coals.—The fol-
lowing observations upon the qualities and economie values
of coal from different loealities, are condensed chiefly from
the Parliamentary « Report oen Coals suited to the Royal
Navy,” dvawn up in the years 1848-49, by Sir Henry de la
Beche and Dr. Lyon Playfair.

Much depends on the Construction of the Boiler.—~In esli-
mating the evaporative power of eoals, mueh must of course
depend upon the construction of the boiler, and the manner
in which the fuel is burnt on the grate. Thus, in Cornwall,
where every attainable advantage is given to the fuel by
large heatmng surface, slow combustion, and prevention of
loss of heat by radiation, the average evaporative value of
1 1b. of coals may be taken at 10 to 11 lbs. of water, while
in marine tubular boilers it rarely exceeds 8 to 8} Ibs.
An evaporative power of 14 lbs. of water is the highest
resuld theoretically possible for a good average sample of
coal.

Mr. Wicksteed's Experiments.—Mr. Wicksteed’s experi-
ments on thie subject give the following results in pounds
of water evaporated by one pound of coal, in land boilers of
good eonstruetion, viz, :—

Ths. 1bs.
Best Welshcot . . 95  Average small Newcastle 807
Anthracite . . . . 901 AverageWelsh . . 804

Best small Nowoastle 852  Average large Newonstle  7°66
F



o8 OF THY QUALIIES OF FUEL,

M. Cavé’s Ezperiments.— Some recent experiments on
the evaporating power of cylindrical boilers ashore, made
by M. Cavé, of Paris, give a mean result of 82 lbs. water
for 11b. coal.

Description of the Boiler used in the Parliementary Experi-
ments.~—The boiler employed for the Parliamentary Experi-
ments was made on the Cornish principle, being cylindrical
with flat ends, and an internal flue, 'within whieh the grate
was placed at one end. The hot air and gases, after leaving
the furnace, passed through the central flue to the other
end of the boiler, where they divided into two streams, and
returned to the front of the boiler, along the outside, by &
flue on each side ; these two were then united again undef
the front of the boiler, and returned along a flue under
the bottom of the boiler, finally entering the chimney after
a course of sbout 36 feet. The grate surface was five
squave foet, and the total heating surface of the boiler
197+6 square feet. The boiler was worked under a pressure
of from 1 to 81bs. on the square inch,

Management of the Fire—Inthe management of the fire,
care was taken to supply the coals in pieces not exceeding
11b. weight, and in quantities of not more than one or two
shovelsful at a time spread evenly over the fire, except
in the case of anthracite, and of highly bituminous coal.
‘With anthracite, it was found that the sudden application
of heat caused the pieces to split and fall through the bars;
hence a gradual heating on the Uead plate in front of the
furnace (which in the experimental boiler was 10 inchea
wide) was found to be beneficia. With the highly bitu-
minous coals, also, a partial coking on the dead plate pre.
vonted their caking together on the fire, which would have
impeded the passage of air through the bars. -

On Patent Fuels, their Advantages and Defects~The Re~
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port states thab as thé varieties of patent fuel are generally
made up in the shape of bricks, they are well adapted for
stowage, so that though the specific gravity of patent fuels
is lower than that of ordinary coals, yet, from their shape
and mechanical structure, there are very few coals that
could be stowed in a smaller space per ton. While we look
to the different varieties of patent fuel as of the highest
fmportance, and from their facility of stowage as being
peculiarly adapted for naval purposes, and perhaps even
destined to supersede ordinary coal ; at the same time, the
greater part do not appear to be manufactured with a
proper regard to the conditions required for war steamers.
It is usual to mix bituminous or tarry matter with bitumi-
nous ceal, and from this compound to make the fuel. An
assimilation to the best steam coals would indicate, however,
the very reverse process, and point to the mixture of a
more anthracite coal with the bituminous ccment. As the
greater part is at present made, it is almost impossible to
prevent the emission of dense opaque smoke, a circum-
stance extremely ineonvenient to ships of war, as betraying
their position at a distance at times when it is desirable to
concenl it. Besides this and other inconveniences, the very
bituminous varieties are not well suited to hot climates, and
are as liable to spontaneous combustion as certain kinds of
coal. To avoid these inconveniences some kinds of patent
fuel have been subjected to a sort of coking, and thus in &
great measure obtain the desired conditions. There is little
doubt, however, that notwithstanding the large number of
patents in operation for the manufacture of fuel, its value
for the purposes of war steamers might be much enhanced
by its preparation being specially directed to this object.
It will be seen by reference to the table, that the three
patent fuels examined rank amongst the highest results
obtained.

Rapid Corrosion of Iron Coal Bankers~The retention of
F2
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coal in iron bunkers, if’ thess are likely to be influenced by
moisture, and especially when by any accident wetted with
sea-water, will cause a speedy corrosion of the iron, with &
wapidity proportionate to its more or less efficient protec-
tion from corroding influences. This corrosion seems due
o the action of carbon, or coal, forming with the iron 3 vol-
taic couple, and thus promoting oxidation. The action is
similar to that of the tubereular concretions which appear
on the inside of iron water pipes when a piece of carbon,
not chemically combined with the metal, and in contact
with saline waters, produces a speedy corrosion. Where
the “make ”* of iron shows it liable to be thus corroded, a
mechanical protection is generally found sufficient. This is
sometimes given by Roman cement, by a lining of wood, or
by a drying oil driven into the pores of the iron under greas
pressure.

Gases evolved from Coal during Expesure to the Atmo-
.—~—Recent researches on the gases evolved from coal,
prove that carbonic acid and nitrogen are constantly mixed
with the inflammable portion, showing that the coal must
still be uniting with the oxygen of the atmosphere, and
endering into further deeay. Instances have frequently
oceurred of men who had descended into the eoal boxes
Baving been rendered insensible by the carbonie acid eol-
locted there.

Natural Decay in Coal.—Decay is merely a eombustion
proceeding without flame, and if always attended with the
production of heat. The gas evolved during the progress
of decay in free air consists principally of carbonic aeid, &
gae very injurious to animal life. Tt is well known that this
ehange in coal proceeds more rapidly at an elovated tempe-
rature, and therefore is liable to take place in hot elimates.
Dryness is unfavourable to the change, while moisture

. " causen it to preceed with rapidity. When sulpbur or iron
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pyrites (a compound of sulphur and iron)is present in con-
sidorable quantity in a_cosl still changing under the action
of the atmosphere, a second powerful heating cause is in-
troduced, and both acting together may produce what is
oblled spontaneous combustion. The latter cause is in iteelf
sufficient, if there be an unusual proportion of sulphur or
iron pyrites present.

Spontaneous Combustion.—The best method of prevention
in all such cases is to ensure perfect dryness in the coals
when they are stowed away, and to select & variety of fuel
not liable to the progressive decomposition to which allusion
haa been made.

Advice in the Selection of Fuel.—It may be desirable to
sum up in a few words some of the principal points alluded
to in this Report. It has been shown that the true practical
value of coals for steam purposes, depends upon & com-
bination of quelities which could only be elicited by care-
fully and properly continued experiments. Their qualities,
g0 far as regards steam ships of war, may be atated as
follows :—

1. The fuel should burn 8o that steam may be raised in a
short period, if this be desired ; in other words, it should
be able to produce a quick action.

2. It should possess high evaporative power, that is, be
capable of converting much water into steam with a small
consumption of coal.

8. It should not be bisuminous, lest so much smoke ba
generated 88 to betray the position of ships of war, when
it is desirable that this should be concealed.

4. It should possess considerable cohesion of its particles,
8o that it may not be broken into too small fragments by
the constant attrition which it may experience in the veasel.

5. It should combine & considerable density with such

mochpnical strmeture, that it may easily be stowed sway in
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snall space ; & condition which, in coals of equal evaparative
valuen, often involves a difference of more than 20 per
oant,

8. It should be free from any considerable guantity of
enlphur, and should not progressively decay, both of which
circumstances render it liable to spontaneous combustion.

All the Good Qualities are never united in one Coal—It
never happens that all these conditions are united in one
coal, To take an instance, anthracite has very high evapo-
rakive power, but not being easily ignited, is not suited for
quick action; it has great cohesion in its particles, and is
not easily broken up by attrition, but it is not a caking
coal, and therefore would not colhere in the furnace when
the ship rolled in a gale of wind; it emits no smoke, but
from the intensity of its combustion it causes the iron of
the bars and boilers to oxidate, or waste rapidly away.
Thus, then, with some pre-eminent advantages it has dis-
advantages, which under ordinary circumstances preclude
its use.

By a due attention to these practical hints the com-
mander of a steam vessel will be enabled to strike a balance
between the good and bad qualities of the fuel offered him
for sale, and to select that which appears likely to fulfil
most of the conditions which his peculiar service may
demand.

Tables of the “Economic values of different coals and
patent fuels ;” of the “ Mean composition of average samples
of the coals;” and of the “Suhstances produced by the
destructive distillation of certain coals,” will be found at
the end of the book.

Wood used as Fuel in Steam Vessels.— When wood is used,
for fuel in steam vessels, it requires from 2% to 31lbs. (ac-
oording to the degree of dryness) to equal one pound of
oel, ‘Wood tolerably well dried contains ane fifth of ite;
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own weight of water, in evaporating which about one
quarter of the whole heat generated is absorbed; peat, on
the contrary, contains only from 1 to 3 per cent. of “hygro-
scopic” water.

Turf used as Fuel in Steam Vessels.—Turf has been oo-
casionally used for fuel in steam boats, though not hitherto
with much success, Its calorific value depends wholly upon
the degree of dryness to which it has been brought, and
when kiln-dried it is found to have a strong tendency to
re-absorb moisture ; 8o it should be used as soon after this
process as possible. When burnt in a tubular marine
boiler with 6} square feet of grate bar and 280 square feet
of total heating surface, it required 51 lbs. of good peat to
evaporate one cubit foot of water, being about one sixth of
the duty of coal.
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CHAPTER IX.

CONSIDERATIONS A¥FECTING THE RATE OF CONSUMPTION
OF THE FURL IN A STEAM VESSEL.

Rate of Consumption of the Fuel in a Steam Vessel.—The
rabe of consumption of the fuel in & sea-going steamer is a
eoneideration of the first importance, not merely as it re-
gords the question of expemse, but also as it affecta the
eapability of the vessel for increasing the length of her
voyage under steam, as well as her safety in case of unusual
detention from adverse weather. It is proved alike by
theory and experienee, that under ordinary circumstances
of weather, a vessel will steam further with a given quantity
of coals, by using only a fraction of her steam power, than
she would if going at full speed. Theoretically speaking,
the slower the vessel’s speed, the greater the economy of
fuel, provided always that no steam escape from the safety
valve, or is otherwise wasted; but if her progress be op-
posed by contrary winds and currents, the engines should
of course exert sufficient power, not merely to preserve her
position, but to give forward motion if possible.

Steaming against the Stream.—In this case it is found
that the power is applied most ecopomically when the vessel
eteams half as fast again as the velocity of the opposing
stream or current. Thus, if the vessel be steaming up a
river, or in a tide way where the current runs at four knots
an hour, her speed should then not be less than six knots.

Natural Law regulating the Speed of a Steamer.—These
results chiefly depend upon the natural law that the power
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expended in propelling a steam ship throwgh the water wavies
ae the cube of the velocity. This law is modified by thée
retarding effect of the increased resisting surface, conses
quent upon the weight of the engines and fuel, so that
the horse power increases in a somewhat higher ratio than
that named.

Limit imposed to the Possible Speed.—This consideration
imposes a limit to the possible speed of & steamer, depend-
ing upon the weight of the machinery and fuel which it
can carry, relatively to its dimensions and tomnage. It is
apparent also that this limit is extended according as the
proportions of the engines and vessel are increased, for the
larger the engines the less is their weight per horse power,
and the greater is the effect of the steam in the cylinders ;
while the larger the vessel, the less is the resisting surface
increased by the displacement of each additional ton of
machinery and fuel.

To find the Speed corresponding to a Diminished Consump-
tion of Fuel.—Hence, if a vessel of 500 horses power, we
shall suppose, have a speed of 12 knots, with a consump-
tion of 40 tons of coal per diem, if we wish to find the
speed corresponding to a diminished consumption of 80
tons per diem, the following simple calculation is re-
quired, viz. :—

40 : 30::12% : V3 (cube of the required veloeity),
. Or, reducgd, 4 : 3::1728 : V3,
As an equation, 3 x 1728 =5184 =4 V3,
Or, 5184 =
4

~/ 1296 =10"902 knots=V, required velocity.

Thus, by diminishing the horses power, or the consump-
tion of fuel, of this vessel by one fourth, we lose only &
little more than one knot per hour in the resulting speed.

F3
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The smme caleulation may be applied for comparing
the effbcts of engines of different power in the game
vessel, or of the same engines when worked at reduced

r.

+The results thus obtained are of course independent of
the additional advantage gained by expanding the steam in
the cylinders, which in the case of large engines working at
low powers, is very considerable.

To find the Consumption of Fuel corresponding to an In-
. ereased Speed.—Again, if we find that the speed of our
vessel has advanced from eight knots (we will suppose) to
nine knots, in consequence perhaps of her having received
new boilers, and using more steam in the cylinders, and we
wish to find the corresponding increase in the consumption
of fuel, the following calculation will be necessary, viz. :—

8%: 9% :: former consumption : present consumption,

512:729:: " : »

Or, in the ratio of 1 to 1°424.

Relation between the Consumption of Fuel, and the Length
and Velocity of the Voyage—Again, the consumption of fuel
during two or more voyages of known lengths will vary in
the proportion of the square of the velocity multiplied by
the distance traversed.

Thus, if we find that during a voyage of 1200 miles, per-
formed at the average speed of ten knots, the total con-
sumption of fuel is 150 tons, and if we now wish to ascertain
the consumption for a longer voyage of 1800 miles (we will
suppose), at a reduced speed of eight knots, the calculation
will be as follows :—

150 tons : C required consumption ::10% knots x 1200 miles : 8%
knots x 1800 miles,
Then, C x 100 x 1200=150 x 64 x 1800,*
Or, C x 120,000 =17,280,000

Reduced to C= -l-—g—s =144 tons consumption.
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* If, on the other kand, we requive to know at what rate
the vessel must steam in order that her consumption during
the longer voyage of 1800 miles may not exceed her pre-
vious consumption -of 150 tons during a voyage of 1200
miles at ten knots an hour, the calculation will be as
follows :—

If we substitute 150 tons (our supposed consumption)
for C in the equation above, marked thus* and V2 (the
square of the required velocity) for 64, we shall then have,

150 x 100 x 1200 =150 x V2 x 1800,
Or, 120,000=1800 V¢,

Reduced, ‘11132 =V3,

And V= /6666 =8°15 knots.

Economy attending a diminished Speed in the Vessel.~
These examples all show the great economy which attends
a diminution of speed in the vessel; and although in the
case of merchant steamers, the loss of time is generally too
serious a disadvantage to admit of any permanent reduction
of speed, much bencfit has resulted to ships in the Royal
Navy from the judicious husbanding of the fuel in this
manner, whether it be to meet the requiremenis of an
unusually long run, or merely to save coal when the vessel
is employed on a service not demanding extraordinary
despatch.

Use of Sails of a Steamer.—The steamer’s sails, also, form
a most important addition to her capabilities, as for each
knot that the vessel is propelled by their aid, as much fuel
is saved as may afterwards propel her the same number of
knots in a calm. The gails should thereforc be set upon
every occasion of a fair wind, and according as it is more
or less favourable, so should the steam be more or less cut
off and expanded in the cylinders. By this means we avoid
the unnecessary consumption of dense steam, which would
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otherwise be used Wt a disadvantags, for it is evident that
however little the engines may aasist in propelling the ship,
they must nevertheless work very fast in order to overtake
the vessel’'s speed genersted by the sails alone, snd two
orlinders full of steem must always be used for each
revolution.

Disconnecting the Engimes—Hence, when a moderate
speod is attained by the sails alone, it is more economical
(though otherwise not always to be recommended) to stop
the engines entirely, and disconnect the wheels or screw
when practicable, suffering them to revolve freely in their
journals by the re-action of the water. When, on the other
hand, the wind and sea are adverse, the full power of the
engines must be applied, every knot gained being now of
double value.
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CHAPTER X.

PROPORTIONS TO BE GIVEN 70 THE PADDLE WHEEL AND
SCREW PROPELLER, ANP THE MANNER OF THEIR AP-
PLICATION IN THE VESSEL.

Varieties of the Paddle Wheel—With regard to Papprn
‘WraERLs, it is belioved that the common wheel, if properly
proportioned and allowed the proper degree of immersion,
is preferable, under ordinary circumstances, to any of the
“improved”’ varieties which have from time to time appeared.
Of these, the only one which can be recommended, and
that only under peculiar circumstances, is Morgan’s feather-
ing wheel, by the use of which the boards may be made
deeper, and therefore narrower than in the common wheel,
and the diameter may be somewhat diminished; but it is
objectionable from its weight (which is nearly twice that of
the common whecl), from its complexity and consequent
liability to derangement, and from its considorable addi-
tional expense. Mr. Field’s “ Cycloidal ”’ wheel, in which
the paddle board is divided into steps with an open space
between, can hardly claim any superiority over the undi-
vided board, but the simple modification of this plan, formed
by dividing the board into two breadths, and placing one on
either side of the paddle arm, is probably the best form of
wheel that can be adopted for large steamers.

Variable Immersion the Grand Objection to the Paddle
Wheel—We have already hinted that the grand objection
to the paddle wheel is the unequal “ dip ”’ or immersion of
the boards, consequent on the varying draught of water, as
the coals and stores continue to be consumed on the voyage.
A vessel, for instance, with a displacement of 12 tons per
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inch af the load line, burning perhaps 460 tons of coals
during & long run, will swim 3 feet 6 inches lighter, from
the consumption of the fuel alone, at the end than at the
beginning, so that it is only in the middle of her voyage
that the wheels can have the dip best calculated for them.,

The moet advantageous Dip.—The most advantageous dip
varies with the diameter of the wheel, the speed of the
vessel, and the service in which she is employed, as for sea
or river navigation. Sea-going steamers of the first class
are usually allowed 18 10 21 inches of water over the ver-
tical float at the mean draught; and smaller vessels may
have 12 to 15 inches. It is usual in the case of fast river
boats to allow only an inch or two over the boards, when
the wheels are large. "When the wheels are too deeply im-
mersed, they may sometimes bo “reefed” by disconnecting
the boards, and securing them nearer the centre.

The “Skp” of the Paddle Wheel.—The “slip” of the
paddle wheel, by which is meant the excess of its velocity
above that of the vessel, is usually reckoned at one fifth
(or 20 per cent.) of the vesscl’s speed, the wheel being sup-
posed to be well-proportioned, and the water lines of the
vessel tolerably good for speed.

Ezplanation of Table of Velocities of Paddle Wheels.—
As it is of considerable importance to observe and compare
the slip of the wheel under different circumstances, or in
different vessels, we have prepared a table of velocities of
paddle wheels of varying diameters and speeds, in fect per
minute, and miles per hour. The “effective diameter” of
the wheel may be reckoned by subtracting one-third of the
breadth of the boards from each end of the extreme dia~
meter. This subtraction should therefore be made befora
yeferring to the Table given in the Appendix. The rule
for finding the velocity of a paddle wheel, when its effective
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dismeter and number of revolutions are given, is the fols
h‘ﬁﬁg i

Multiply the diameter by 8:1416,  multiply the product
by the number of revolutions per minute, multiply the last
product by 60, and divide by 5280 for the velocity in statnte
miles, or by 608266 for knots per hour.

The Table referred to will be found at the end of the
book.

Area of the Paddle Boards.—In proportioning the area
of the paddle boards we must take into consideration the
estimated dip of the wheels. By taking an average of the
practice with regard to large sea-going steamers, we find that
the whole paddle-board surface for the two whoels is be-
tween 2% and 3 square feet per horse power; but for
steamers with a lighter dip, from 4 to 5 square feet are al.
lowed. The surface of each board, for large vessels, rarely
exceeds one twenty-fifth of the total horse power, in square
foet ; but increases as the dip and diameter of the wheel
diminishes, to about one fifteenth: while for river steamers’
one tenth of the total horse power is a usual proportion.
A long narrow board is more effective than a short and
deep ome, but is inconvenient, especially in sea-going ves-
sels, from the increased breadth of the paddle box. Thus,
in large steamers, the proportion of depth to length varies
from one fourth to one fifth, but in river steamers the
board is generally about seven times as long as it is broad.

Disconnecting the Paddle Wheels.—As it is ﬁ-equent?y
desirable to disconnect the paddle wheels from the engines,
and permit them to revolve in their bearings while the ship
is under canvas, several kinds of disconnecting apparatus
have been employed for this purpose.

Description of Braithwaite’s Disconnecting Apparatus
Braithwaite’s apparatus is represented in the subjoined
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. wood-cut, and it may be thus described. A cast-iren dise,
a, is keyed on the end of the paddle shaft, b, and a strong
wyought-iron hoop, ¢ ¢, lined with brass to diminish the
friction, surrounds and slides over the periphéry of the
cast-iron disc. At one side of this hoop, st d, & projection

Byraithwoite's Disconnecting Apparatus.

is forged, in which the eye is bored for the crank pin, and
at the other side the hoop is swelled out to receive a brass
cushion, e, inserted between the hoop and the cast-iron
disc. Now, when this cushion is driven hard and tight
against the periphery of the disc, by means of a strong key,
J, the friction between the hoop (in which the crank pin
is fixed) and the disc on the paddle shaft becomes so great
that the former drags round the latter, and thus communi-
cafes motion o the wheels. These are again disconnected
by driving back the key, and by this mesns loosening the
friction cushion, when the hoop and the disc revolve each
independently of the other.

This spparatus is by no means perfect, and gives much
trouble at sea by the slipping of the hoop, notwithstanding
that the key may have been driven as tight as possible. The
hoop has also itself frequently given way, as the forging is
adiffienlt one to make perfectly sound.
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Maudslay's.~~Messrs. Maudslay and Field adopt the plan
of aliding the paddle shaft, with the outer crank upon i,
out of the crank pin, nsing for this purpose a worm wheel
and cogged collar on the shaft, worked from the deck.

Seeward’s Plen.—Messrs. Seaward form the pin end of
their outer crank with a slot cut out ef the thickness of
the boss on the inside, the breadth of the slot being equal
to the diameter of the pin, which is held fast by square keys
in the boss while the engines are working. "When it is
wished to disconnect the wheels, the engines are stopped, and
the keys withdrawn, when the boss of the outer crank clears
and passes the pin by means of the slot, as the wheels re-
volve in their bearings from the resistance of the water.

The Screw Propsller—An idea of a screw may be given

— by supposing a line or thread
wound round & cylinder, and
advancing along it in the di
rection of its length by a gra-
dual and equal rate of pro-
gression. This thread may
be of any shape, either trian-
gular, a8 in many cases, or it
may be in the form of a thin
plate of metal kept upon its
edge, and wound round & cy-
linder of so small g diameber
that it would no longer be
called a cylinder, but would
become a mere rod or spimdle
in the centre. This will pro«
bably be best understood by
reference to the annexed dia-
gram, which represents ome
thread of this kind wound
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round a spindle, and thisis called & single-threaded sevew. It
will be at once evident that two, three, or more threads, if
kept uniformly paralle] to each other, may in the same man-
ner be wound round the cylinder, and there is then prqdnoed
8 two-threaded or three-threaded screw accordingly. The
properties of a screw of this kind were first investigated and
made known by Archimedes.

The Pitch of a Screw.—Supposing that a line is drawa
along the surface of a cylinder in the direction of its length,
and that a line or thread as before is wound round it, the
distances between the points where the thread crosses the
longitudinal line, and which are always the same, is called
the pitch of the screw.

The Slip of a Screw.—1If a screw be made to revolve in 8
solid, a8 a carpenter’s screw in wood, it is evident that it
will progress in the direction of its axis the distance of its
pitch for each revolution, the latter portions following ex-
actly in the course cut by the preceding or first entered
portions of the thread. If, however, it be made to revolve
in water, which is a yielding medium, the water will to some
extent give way, and the screw will not progress the full
amount of its pitch, this deficiency in ite progress being
denominated the slip of the screw.

Anomaly in the Performance of the Screw, called * Negative
Stip."’~There is an anomaly in the performance of the screw,
namely, the well-authenticated presence of “mnegative slip,”
a8 it has been termed, or the fact of the vessel actually going
faster than the rate at which the screw which propels it
would advance if revolving in s solid. The explanation offered
i», that the vessels in which this occurs have their after lines
so badly formed for closing the water, that instead of the
hull passing through the fluid with so little disturbance as
scarcely to affect its condition of relative rest, & large body
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of “dead water” is ereated, which follows the vessel, being
towed (a8 it were) in her wake. An opposing current, and
therefore an increased resistance, is thus offered to the aoe
tion of the screw. This seems to have the effect of anmis
hilating the slip, the vessel appearing to outstrip the
propeller by virtue of its advancing through still water
(relatively to its own motion), while the screw revolves
against an opposing stream, It cannot be supposed that in
such & case the power of the engines is economically ap~
plied, as & much larger portion of the power is expended in
towing the dead water against which the screw re-acts, than
is afterwards recovered by the increased effect of the serew.
Thus, if the rate of progression of the screw be 10 knots
through a solid, and if a current flows against it at the rate
of three knots, this will be equal to a real progression of 13
knots for the screw, and we need not be much surprised
if the speed of the vessel, under these circumstances, ex~
oceds the appareut speed of the scrow by perhaps one
kmot per hour. Anomalies of this kind most frequently
ocenr in auxiliary-screw steamers, where the vessel, aften
attaining a high velocity by sails alone, still continues ta
derive additional assistance from the screw, although its
speed may not equal that of the vessel.

Dragging of the Screw.~—In such vessels, therefore, it
does not always follow that the engines are no longer use-
ful after the speed attained by the sails is equal to the
progression of the screw, but the engineer should undem
theso circumstances watchethe thrust of his propeller shafl
very narrowly, as there must be a limit to this in all vessels
carrying & large spread of canvas. If he find the thrust te
cease, he will then know that the screw is “ dragging,” and
will recommend his commander to discontinue the use of
the engines as being no longer serviceable. Direct eviw
dence of the screw “ dragging”’ has been obtained by the
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fact of o propeller having been carried away by the strain
broaght upon it from the velocity of the ship due o the
wmails exceeding the velocity of the screw. The rupture in
this case clearly showed that the blade, which was of iron
plate riveted upon a wrought-iron arm, was torn off dack-
wards by the drag brought upon it.

Disconnecting the Serew.—1It is usunal in the Government
service to provide means for withdrawing the driving shaft
out of @ socket in the screw shaft, for the purpose of dis-
connecting the screw and raising it entirely out of the water
when the ship is under canvas. This is effected by having
& hollow trunk construeted over it in the stern of the vessel,
into which the screw is lifted by proper machinery, the outer
screw shaft fitting into a vertical frame of gun metal which
rises along with it. This will be best understood by refer-
ence to the frontispiece, which is & section of the stern of a
veasel 8o fitted. In some vessels, the serew is-only capable of
being disconnected from the engines, and left free to revolve
by the action of the water upon it, from the motion of the
vessel. Contrivances have also been introduced to place
the blades in & fore and aft direction, so that they may
lie within the dead wood of the vessel, and present no
projecting surface to impede her progress, or affect her
steering.

The Propelling Power of the Serew.—1If the spindle of the
screw (see fig. in page 113) be supposed to be passed through
tha side of & box filled with water; and made to revolve there
without the power of moving in the direction of its axis, it will
sond the water away from it with a certain amount of force,
snd hence, a3 action and reaction are always equal, the screw
is pushed forward with this amount of force ; and, if it were
attached to a ship, the ship would thus be propelled. The
reverse of this action would take place, and the ship would
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be pulled backwards, if the screw were made to revolve in,
the opposite direction. From the number of revolutions
which a screw propeller of & known pitch makes in & minute,
the progress which it would make in an hour is calculated ;
ond, if the speed of the ship be found by observation to be
less than this, the difference is the slip.

Eaplanation of the Term * Serew Blade.’—If the screw
(see fig.in page 113) be cut into any number of portions by
plenes passing across it at right angles to the axis, whichwounld
be represented in the figure by lines, any one of the portions
would have the appearance of the vane of a windmill; and,
if the screw were two-threaded, the vanes or blades would
be exactly opposite each other. If asixth part of the length
of the screw be marked off in the plate, it will be seen thas
the part will then resemble one of the blades of the sorew
propelier represented in its place in the vessel in the fren
tispiece, the latter screw however being two-bladed.

To find the Pitch of @ Serew Blode—This operation pro-
eceds upon the fact that if a line representing the circum-
ference of the screw’s disc at its extreme diameter, and
snother representing the pitch of the screw, be drawn at
right angles to each other, to a scale of parts, the hype-
thenuse of this right-angled triangle will represent the length
of the winding thread. After measuring the diameter
order to find the cireumference from it, the length of the
biade sdong its periphery is to be measured, this being a
partion of the hypothenuge of the triangle whose sides we
wishk to determine; then measure the distanee that one
corner of the blade is before the other in the line of the
axis, and this being a portion of the pibch in a parb of
another side of the triangle. Now two sides of a right
angled triangle being knewn, the third can be fourd in this
edse by subtracting the square of the side from the squaxe
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of the hypothennse and finding the square zoot of the rei
muaitder, and the dimension so found will represent a por-
tion of the circumference. And now, as this portion of the
cvircumference is to the whole circumference, 8o is the pors
tion of the pitch as measured to the whole pitch.

Introduction and Progress of the Screw Propeller.—Having
thus endeavoured in a popular manner to give an outline
of what a screw propeller is, it may not be uninteresting
or out of place to trace shortly the introduction and pro-
greas of screw propulsion. Dr. Shorter, a praetical me-
chanic of this country, sueceeded in propelling a vessel by
a screw in 1802 ; but, as no power was at that time known
capable of driving his propeller with proper effect, it fell
dnto oblivion. The first introducers of Watt's steam engine
for marine purposes adopted the paddle wheel; and its
success, with such an agent to drive it, seems for a time to
have drawn off the eurrent of invention entirely from sub-
merged propellers. Though other patents had been taken
out, it was not till Captain Ericsson and Mr. F. P. Smith
brought out their experimental vessels in 1837 that any real
progress was made. Captain Ericsson’s small vessel of 45
feot in length and 8 feet beam, and drawing oply 2 feet 8
inches of water, towed the American ship Toronto, of 630
tons burthen, on the Thames, on 25th of May, 1837, at the
rate of 4} knots per hour against tide, as authenticated by
the pilot: and also towed the Admiralty barge, with their
Lordships, from Somerset House to Blackwall and back at
the rate of about 10 miles an hour. To Captain Ericsson’s
anxious application, and after his pointing out the man
advantages of a submerged propeller for vessels of war, he
received the discouraging reply that their Lordships de-
clined to entertain the project. Later in the same yesr
Mr. Smith made some very sucoessful trips with his smal
boat and screw propeller between Margate and Ramsgate.
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The tiext scréw vessel was the Robert Stockton, in 1889,
bailt for an American gentleman who had witnessed Cap-
tain Fricsson’s experiments and taken a favourable and
correct view of them. This vessel was eminently success-
ful ; but the designer, finding himself still unable to move
the Board of Admiralty, left this country for America,
whither this vessel had proceeded, determined to prosecute
his invention there. In the mean time some influential
mereantile men had connected themselves with Mr. Smith
with the view of purchasing his patent; and the Archi.
medes, a vessel of 232 tons and 80-horse power, was brought
out in 1840.* The success of this vessel was complete, and
the publicity given to her performances by her spirited
owners, who ook her round Great Britain and showed her
powers in every port, rendered the capabilities of the screw
no longer a matter of doubt. The Board of Admiralty
having received most favourable reports of the perform-
ances of this vessel from Captain Chappel, who had accom-
panied her on this voyage, and from Mr. Lloyd who had
witnessed her performances in making several trips between
Dover and Calais in competition with the mail steamers
then running, now ordered the Rattler to be built on the
same lines as the paddle-wheel steamer the Alecto, and with
engines of the same nominal horse power. The next screw
vessel to be noticed whose performances influenced the pro-
gress of the screw as a propeller is the Dove, constructed
at Liverpool, of iron, under Mr. Smith’'s direction. The
speed realized, however, was not equal to what was expected
if she had been fitted with ;paddle-wheels: the owners were
in eonsequence dissatisfied, and ordered her to be altered as
quickly as possible fo paddle-wheels. She was built with
very fine lines abaft; and, most unfortunately, from this
errcumstance, and from some experiments in the Archi.
medes which had proved the possibility of negative slip,

+ + ¥ 8ee Appendix D\ to Tredgold on the Stesm Engine, 440,
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Mr, Smith, and those with him on whose judgment as men
of scienoe he relied, took up the idea that full stern lines
were the most advantageous for the screw. The Rattler
was now tried; and, after her tmals had fully satisfied the
Board of Admiralty, they ordered the construction of several
additional screw vessels, and Mr. Smith inculeated his views
in favour of full sterns upon their different constructors.
This was finally proved to be erroneous, and that a fine run
with & ready access for the water to the screw, and as clear
an eseape for it abaft as possible, was absolutely necessary,
and the whole of these vessels had to be altered at great
cost. In the mean time the screw had risen most rapidly
in favour with the public, and fast vessels had been con-
structed by Mr. Slaughter, of Bristol, with Woederoft’s
patent screw, and by other parties, as well as several aux-
iliary screw vessels.

Parictics of the Screw Propeller—A great variety of
patents for screw propellers were taken out, not only befors,
but also largely since the success of Captain Ericason and
Mz, Smith; but it is proposed here to refer ounly to those
which have been found suceessful on trial, and which seem
to promise to be of any practical utility. The propellers
formed of portions of a true screw, have been already de-
seribed, and of these Smith and Lowe claim o be the pa-
tentees ; the latter party having taken out a patent in Sep-
tember, 1838, for the use of one or more serew blades,
simiaxr to what are now generally employed.

Woodergft’s Serew.—Professor Woodceroft, in his patent of
1882, prior to Captain Ericsson and Mr. Smith, proposed a
serew of such construction that the pitch or distance be-
tween the revolutions of the thread should continually in.
crease through its whole length, with the view that the
after part might act with greater efficiency on the water
that had been previously scted upon by the foremost part.
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He fell into the error, into which Mr. F. P. Smith also
subsequently fell, of supposing that one full turn or more
of the thread was requisite to make an efficient propeller ;
and no practical progress was made with his invention,
till the first experimental vessels already referred to had
been tried and found to be successful. Woodcroft then
reduced the length of his screw to that of Lowe’s blades,
and a trial was made with it in the Raftler, when the fol-
lowing resulis were obtained, in comparison with a pro-
peller of similar proportions, but whose blades were portions
of a true screw :—

Wuoodcreft's
True Serew. Seyetw.
18th of March,| 13th of April,
1844. 1844,
Number of Blades ......cocouviennns 4 4
Diameter of Propeller .. ..............| 9ft. Oin. 9 ft. Oin.
Length of ditto.......oo0eeviuianann 1ft. 7in. 1ft. 7in.
Pitch of ditto .......ceocieevennenes| 11ft. O | 11ft. Oin.to
11-65 ft.
Strokes of the Engine per minute ...... 2628 24-152
Mean pressure of Steam, by indicator .. 14:38 14'57
Horse Power, by indicator ............ 459 42876
Bpeed of Ship .. ..............cce0ee| 8180 | 8159

To compare these results, we know that if both propellers
were equally efficient, the speed should be as the cube roots
of the powers exerted ;—now if 459-horse power gave &
specd of 8:180, to find what speed 428-76 ought to give, we
maust use the following proportion, /459 : & 428:76:: 8-180
:7-9962. But instead of 7-9962 knots, Woodcroft’s screw
with this power gave a gpeed of 8:159, or nearly 3 knot
more, thus proving its superiority to this extent in this
case.

Ericsson’s Propeller.—Captain Ericsson’s propeller con-
sists of a number of blades fixed at a distance from the
axis upon the periphery of a short cylinder, or ring of
metal, the ring being united to the axis by two or more

G
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arms. It is here represented. Both M. Carlsund and M.

» Sorenson of the Swedish navy are using a
similar screw, but with the ring on the
periphery or exterior of the blades. The
blades and arms are segments of a screw,
and there is nothing to prevent this being
a most efficient propeller. It seems to con-
tinue in favour in America and in France;
but the great objection to it in this country
is the difficulty of removing it, or preventing
it from retarding the vessel when she is
placed under canwss. Captain Eriesson at
first used two of his propellers acting in
combination, but he soon found that one
was sufficient.

Maudslay’s Feathering Screw.—This screw
is represented in the opposite page. The
object sought to be attained is, that the blades, whenever
the vessel is put under canvas and the screw not required,
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MAUDSLAY'S FEATHERING SCREW,
1at. In position for use as a Propeller.
2nd. In position for sailing under canvas alone.

. ——— ——
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should he placed in a direction parallel with the line of the
keel, and so form as it were a portion of the dead-wood,
a8 they cause considerable obstruction if permitted to re-
main fixed in their position, or even though they be discon-
nected from the engine and allowed to revolve. In auxiliary
sailing vessels not fitted with a trunk or aperture for the pur-
pose of raising the screw out of the water, this is particularly
valunble; but it will also be found useful in men of war, by
lessening the width of the trunk through which it has to rise,
if this be desired; and also by the facility which it gives in
emergencies, for placing a vessel quickly under canvas, or
under steam, without requiring the aid of the crew; and also
for placing the vessel under canvas when it may not be pos-
sible to keep the engines at work, from their having been
injured by shot or any other cause, and when it may at the
same time be imperative to keep the screw down in its place
to permit the stern guns to be used over the aperture of the
trunk,

Hodgson’s Parabolic Propeller.—This propeller is con-
structed with two blades, placed at an angle to the centre
line of the axis, but differing essentially from the blades of
a true screw, or of Woodecroft’s screw, in their being hollow
on the face, and being bent backwards in such a form as to
be portions of a parabola. It is now much adopted in
Holland. The peculiar principle of this propeller lies in
this, that whereas the line of the action of other propellers
upon the water is parallel to their axes, and the particles of
water when driven off assume the form of a cone diverging
as they recede; the water acted upon by the parabolic pro-
peller, when driven off from each blade, is projected by the
nature of the parabolic curve to its focus in the line of its
axis. The water is therefore forced towards the centre, and
exerts a greater amount of resistance, from its not being
so readily thrown up to the surface in the line of least
resistance, where it escapes in the form of broken water.
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Macintosh’s Elastic Propeller—This propeller is con-
structed with flexible blades of steel, in such a manner that,
when made to revolve, the action of the water in pressing
against them to propel the vessel bends or springs their
faces back, so as to make them approach nearer to a
disc at right angles to its axis; and it is understood that
Mr. Macintosh, if he could construct his blades to be so
very flexible, would desire that they should be so bent as to
assume this form when revolving at their highest velocity.
In this case the propulsion of the vessel, instead of being
obtained on the principle of the screw, may be looked upon
as being obtained by the elastic spring or tendency of the
blades to recover their form, thus keeping up a constant
pressure upon the water behind them, and forcing the vessel
forward. The higher the velocity of revolution is, the
more the blades will be bent back, and the greater will be
their propelling force, until they assume the form of a disc,
when any further velocity would cease to produce additional
effect.

Comparison of the Flexible Propeller with the Action of a
Fish.—The tails of three fishes—salmon, mackerel, and her-
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ring—that swim at high velocities are here represerted ;
and, if the mode of their action be considered, it is con-
ceived that it will be seen to resemble that of Macintosh’s

propeller more than that of the Archimedean screw. When

the tail of the fish is moved to the right, the web, or thin
finny part, is bent to the left on account of its weakness in
comparison with the stronger parts near the body; and it
is conceived that it is from the water pressing upon this
oblique portion, while it keeps it bent back in opposition to
the force exerted by the fish to send it to the right, that the
motion is obtained.

In the Application of the Screw, fine After-lines are in-
dispensable.—With regard to the application of the Screw
propeller, it is now well understood that the after-lines of
the vessel must be kept as fine as practicable just before the
screw, the body of the vessel #erminating, if possible, at
the inner stern post, o as to avoid the flat surface, or
“gquare tuck,” which occasioned so much disquietude to
our dockyard engineers upon the first introduction of this
principle. It was then shown by experiment with the
Dwarf that the filling ont of the lines immediately be-
fore the screw produced a most injurious effect upon the
speed of the vessel, and those of the Admiralty screw
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steamers which have had their lines fined away there, have
since advanced in speed by several knots an hour. In
wooden vessels, the edges of the screw aperture are strength-
ened with gun-metal castings, by means of which a sharper
finish can be given to them. And it is chiefly in this
point of view that iron vessels have shown themselves
better adapted for the screw propeller than wooden ones,
in consequence of the extreme fineness to which they may
be tapered at the stern-post, with a due regard to strength.

Dinmeter of Serew.—The diameter of the serew should,
in most cases, be made as great as the draught of water
will admit, and for running in smooth water its upper edge
need not be more than a few inches beneath the surface.
In the case of sea-going vessels, it is preferable to keep it
18 inches or 2 feet below the mean surface of the water.

Adrea of the Screw.—By the area of the disc of the screw is
understood the area of the circle described by its extreme
diameter. 'When the area of the blades is spoken of, their
actual obliquo surface should always be specially distin-
guished from the plane projection of the resisting surface.
This latter measurement;, as representing the actual amount
of surface directly employed in the propulsion of the vessel,
is probably the most important of these areas. The
Dwarf’s experiments show that the speed of this veasel
gradually increased a little as the length of her screw was
diminished from 2 feet 6 inches to 1 foot, the area cor-
responding to each length being 222 and 8-96 square feet
respectively. It appears at first sight remarkable that so
great a variation in the resisting surface should cause so
little disturbance in the speed of the engines or of the
vessel, thus showing very plainly how small a segment of the
whole “pitch” is required to absorb all the power which
the reaction of the water is capable of imparting. The fact
seems to be that the water in which the screw revolves ae-
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quires‘very soon the same rotatory motion with the screw,
and as its resisting power is thus destroyed by the action of
the leading part of the thread only, any additional length of
‘serew, after the power has been absorbed, only retards by
friction. The Rattler's experiments, conducted by the
Engineering Department of H. M. Dockyard at Woolwich,
were commenced with a screw 5 ft. 9 in. long, which
was gradually shortened, followed always by an improve-
ment in the speed of the vessel, until it reached its present
length of only 15 inches. The result of numerous experi-
ments has led to the now very generally received opinion
that the length of the screw should be about one sixth of
its pitch.

Relative Value of Coarsely or Fine pitched Serews.—The
question between the relative values of fine and coarsely
pitched screws appears to be as yet quite undecided. The
equally good results that have been obtained (more espe-
cially in the merchant service) by the use of coarsely pitched
screws running at a comparatively low speed, and very finely
pitched screws running at a great velocity, tend to the con-
clusion that a variation in pitch is not of much practical
importance within certain limits.

Extent of Slip of the Screw.—The diameter of the screw
and the speed at which it is driven modify, in a great mea-
sure, the amount of slip, which is usually found to diminish
in proportion as the diameter and velocity increase. Thus,
the diameter of the Rattler’s screw during her experiments
was 10 feet, and the average slip 15 per cent., while the
Dwarf and Fairy, with screws of between five and six
feet diameter, showed an average slip of about 85 per cent.
The slip is also affected by the form of the vessel's rum,
and the manner in which the water closes in upon the
screw, 80 that it is necessarily very uncertain, md will pro-
bably vary in every ship.
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CHAPTER XI.

COMPARATIVE MERITS OF DIFFERENT STEAM VESSELS
AND OF SCREW AND PADDLE-WHEEL VESBSELS.

To compare the General Efficiency of different Vessels.—1It
will be apparent from what has been already said that it is
very difficult, if not wholly impracticable, to institute a just
comparison between the degrees of efficiency of different
steam vessels. In the first place, the performance of the
machinery has to be separated from the question of the
form of the vessel, if we would enter minutely into the
subject, and the performance of the machinery itself should
again be subdivided into the relative efficiency of the en-
gines and boilers.

But as it cannot be expected that mercantile men should
enter into these details, a simple method of drawing a
general and approximate comparison between different ves~
sels taken as a whole may be found useful.

For Commercial Purposes.—It is at once apparent that
the mere statemont of the number of miles run for one
ton of coals, can be a just criterion only between vessels of
the same or nearly equal size, making the same voyage, at
nearly equal speeds, and that it is by no means applicable as
a general standard, since a ton of coals will, as a matter of
course, carry a small vessel further than it will a larger one.
As we have seen, too, that an increase of speed is obtained
only at the expenditure of a very great increase of power, a
proper allowance must ako be made for this. Hence to
draw even the most superficial comparison between the * ef-
ficiency ” of two steam vessels, their speeds must first be
reduced to a common standard, and the relation must then
be found between the consumption of the fuel at this speed
and the size or tonnage of the vessel, the maximum speed of
each being considered as a separate questicn. The signifi-

cation of the term efficiency, varies so materially in different
n o



180 COMPARATIVE MERITS OF ITHE

classes of vessels, that steamers of the same class only can
be justly compared together; the speed required by any
particular service, or in other words, the estimation of time
in each service, being a totally distinet consideration, as re-
gards consumption of fuel and general efficiency. Thus,
one vessel may make a voyage at a slow rate, and with a
small consumption of fuel, while another vessel of the same
power and tonnage, although it may be of very decidedly
superior “ efficiency,”” may consume a much greater quantity
of fuel, by performing the same voyage in a much shorter
time. In the Government service, the time occupied by a
voyage is usually not so much considered as a low consump-
tion of fuel, and the vessel is therefore limited to a slow and
economical speed. In the case of merchant steamers, on
the other hand, this system would be the reverse of economy.

It is believed, that if the number of Register tons carried
by one ton of coals, at the rate of 10 knots an hour, be
taken as a common standard of comparison for estimating
the duty of sea-going steamers, it will be found sufficiently
accurate for mercantile purposes, the maximum speed of the
veseel being treated as a separate consideration.

Ezample No. 1.—Suppose, for example, that a vessel of
1300 tons, and 500 horse power is found, by experiment,
when at her medium draught of water, to make 10'5 knots
an hour, with a consumption of three tons of coal per hour.

To reduce her performance to the proposed standard,
therefore, the following calculation must be made :—

105 knots : 10 knots:: v/ 3 tons, present consumption :
:/ required consumption.
Cubing these quantities, and working out the proportion,

we have
1157-625 : 1900 :: 3 : 2'59 tons, required consumption,

‘We have thus found that 1300 tons (tonnage) are carried
10 knots in an hour, by & consumption of 2:69 tons of
coals : Therefore,

‘2.{:%,, 5OL'O tons (tonnage) carried by this steamer a distance of 10
knots in an hour, by one ton of coals.
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Egample No. 2.—Agsin, & vessel of 1072 tons and 400
horse power, is propelled at the rate of 104 knots, with &
consumption of 48% cwt. of coals per hour:

Then, as before, 104 : 10:: o/ 485 : o/ required consumption.
Or, 11248 : 1000 :: 485 : 43-1.

And now, 43'1 : 1072 :: 20 : 4974 tons (tonnage) carried by this

steamer a distance of 10 knots in an hour, by one ton of coals.

The comparison between those two steamers, therefore,
shows that their performance is nearly equal, being in the
proportion of 5019 to 4974

To compare Eficiency of Different Vessels for Scientific
Purposes—If it be wished to form a more scientific and
accurate comparison, the scparate question of the efficiency
of the boiler being ascertained by an experiment as to weight
of water cvaporated by 1 Ib. of coal, and the efficiency
of the engine by finding the quantity of steam used in it to
produce an indicator horse power, it will be necessary to
substitute the indicator horse power for the consumption
of fuel, and the actual displacement of the vessel for the
nominal tonnage. With regard to the latter point, it is
much to be regretted that a certain petty jealousy still
existing amongst ship builders, though now happily ex-
ploded amongst enginecrs, frequently steps in to obstruct
the investigation of all questions relating to the form and
displacement of a vessel’s body, by withholding the design
from which it was built. As the lines of the vessel cannot
be deduced from the scale of displacement,* however, we
think that every owner of a steamer may insist upon this
being supplied to the captain of his ship, without taxing
too far the communicativeness of the designer, who, it
would appear, is apt to forget that only quacks and charla-
tans work in secret, while with the true scientific prac-
titioner all is open and above-board, and publicity courted
with a view to criticism and discussion, and consequently
Pprogressive improvement.

* For an example of a scale of displacement, see Rudimentary Treatise
on Shipbuilding, Vol. L., in this series, Plate C.
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The mumber of tons of displacement, therefore, that 100
groas or indicator horse power will propel at the rate of 10
knots an hour, is proposed as & standard of comparison for
enabling us to judge of the relative values of different forms
of vessels.

Example No, 1.—A vessel, upon trial, is found to have a
speed of 10-5 knots an hour, the engines exerting an indicator
power of 1440 horses, and the displacement being at the same
time 2380 tons, as taken from the scale of displacement.

Then, as 10+5 knots : 10 knots :: 1440 H.P,
\'/ indicator power required ;
Or, 1157:625 : 1000 :: 1440 : 12439,

And 1243-9 : 2380 :: 100 : 101°3=tons of displacement propelled, in
this vessel, by 100 indicator horse power at the rate of 10 knots an hour.

Ezample No. 2.—Another vessel, on trial, is found to
have a speed of 104 knots; her engines exerting an indi-
cator power of 9196 horses, and her displacement at the
same time being 1323 tons.

Then, as 10-4 knots : 10 knots :: /9196 H.P. : /required H.P.

Or, 1124 8 : 1000 :: 9196 : 817°5,

And 8175 : 1323 :: 100 : 161'8 = tons of displacement propelled, in
thix vessel, by 100 indicator horse power, at the rate of 10 knots an hoar.

Comparison between the Screw and the Paddle as a Means
of Propulsion.—This leads us to consider the broad question
of the relative merits of the two great rival modes of pro-
pulsion, by screw or by paddie wheel.

General View of their respective Efficiency for full-powered
Passenger Steamers.— Although the screw certainly possesses
many advantages over its rival, which are at once apparent,
these must, nevertheless, be considered of minor import-
ance, in the case of passenger steamers, if it fail to ensure
the same amount of regularity and speed which we are ac-
customed to obiain from the paddle wheel, with engines of
the same power. That this deficiency actually exists a¢
present is incontrovertible, and this has hitherto prevented
the adoption of the screw in steamers designed for quick
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passenger traffic, both for ocean and river navigation :‘the
general impression amongst practical men of the presemt
day being, that it is inapplicable in the first case from its
observed deficiency of power when the vessel is pitching while
steaming head to wind ; and, in the second case, that a con-
siderable draught of water is requisite for its efficient action.
Although experience certainly favours these views, the
staunch advocates for the screw will not willingly admit
their truth; and if its very recent introduction be con-
sidered, as well as the rapid advances which have really
been made in improving it, it is, perhaps, natural that they
should withhold their assent.. The slow progress that was
made in bringing the paddle wheel to its present state
of efficiency must not be forgotten, especially as the ship-
builders of the present day have shown as much desire to
box up the screw in its position, as their predecessors did
to keep the paddle wheel buried in sponsons.

Efficiency of the Screw for full-powered Steamers of War.—
The value of the screw in vessels of war, not only as an
auxiliary, but also in full-powered steamers, seems to admit
of but little doubt.—A clear broadside for the guns; the com-
parative safety of the machinery from shot owing to its low
position ; the increased stability of the ship from the same
cause, enabling her to carry heavier armament on the upper
decks ; and the freedom of these decks from the machinery ;
and finally, the power of arranging the masts, sails, and
rigging, so as to make her an efficient sailing vessel, are
advantages of such moment, that even if a considerably
higher power were requited to realize the same speed as
would be obtained from paddle-wheels, the adoption of the
screw would appear to be justified.

Efficiency of the Serew as an duxiliary in Sailing Vessels.—
The screw, as an auxiliary propeller, to be used either in a
calm, or in conjunction with sails in light or contrary winds,
stands unrivalled. Several attempts have been made to adapt
the paddle wheel and other propellers to this purpose; but
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they have signally failed to meet the varying eircumstances of
the ship deeply laden, sailing light, or heeling over under &
press of canvas. The efficiency of the screw, however, remaing
comparatively unimpaired under any of these circumstances.

T'he Success of the Screw as an Auxiliary in Men of War.—
In the Royal Navy, the best test of its success in this respeet
is, that the screw vessels employed in cruizing for slavers
have been pre-eminently serviceable. It has been also per-
fectly successful in the various classes ofyvessels in which it
has been fitted as an auxiliary, from the Plumper of 9 guns,
up to the Frigate Arrogant of 46 guns, and the old 72-gun
ships converted into guard ships, and it is anticipated that
the largest ships of war will have this additional service.

The Effect that Auxiliary Screw Vessels may have on the
Shipping Interests of the Country.—The success of auxiliary-
screw merchantmen has already been such, that it appears
probable that the whole commerce of the country will be
carried on by them at so reduced a cost as to beat out of
the field all sailing vessels, not only of this but of other
countries ; the value of speed and regularity being now so
greatly and so truly appreciated by merchants. If there be
any truth in this view of the case, the results to the country
will be most important ; but they must be carried out with
energy by the combined efforts of ship-owners, ship-builders,
engine-makers, sailors, and engine-workers, and this will
not be done without a struggle on the part of some of those
in favour of their old-established habits.

The City of Paris, built by Mepsrs. William Joyce & Co.,
is an iron steam ship built for the Commercial Steam Navi-
gation Company, and plying with passengers and goods be-
tween London and Boulogne. Her principal dimensions are—

1t.
Length between perpendxculm . . 165 ‘8'
Breadth of beam . . . 28 0
Depth of hold . . . . . 14 0
Draught of water . . . . 6 6
Burthen . 425 tons.

Speed per hour i in still wuter, 1575 uhtnte miles,
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The vessel and engines were constructed by Messrs. Wil-
liam Joyce & Co., of the Greenwich Iron Works; and, as a
matter of interest, it may be mentioned that this is the first
iron steam ship ever built at Greenwich,

Her engines are of the collective power of 140 horses, and are
of the direct action kind. Each piston has two rods, between
which there is a recess in the piston, which allows of a corres-
ponding recess in the cylinder covers, and thereby permits the
connecting rods to descend considerably lower than is prac.
ticable in the single-rod direct action engine. The arrange-
ment is most compact and simple; and it is manifest that the
cylinders being fixed a most important advantage is secured.

These engines occupy less space than any other descrip-
tion of marine
engine yet :
known; and N4
both the en- <—
gines and !
boilers may | |
be taken as a
fair specimen ' U L]
of the great | N [
reduction of \© ‘
space and .
weight effect- =
ed by modern
arrangements
over the ear-
lier examples
of steam ma-
chinery as ap- -
plied to naval § - i
purposes. § {

P

Packa of Egypt Steam Yacht Kassed Kheir, is a fine
schooner-rigged steam screw yacht, comstructed of ironm.
Her dimensions are—
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ft. i,
Iangushatwmpupcna&mhu . . . 150 0
Depth ololfx l'l:l‘m . . . }? g
old . . . .
Mean draught of water . . . . 68
Burthen, O. M. . . . 240 tons.

Built by Messrs, William J oyce & Co., Greenwich Ircn
Works, and fitted by them with a pair of vibrating engines
of collective

Horses’ power, nominal . . . . 80
Horses' power, by indicator . . . 311
Diameter of cylinder . . . .ft. 0 38in.
Length of stroke . . . . . 030

Strokes per minute, 42
Multiple of gear, 5 to 1.

Screw propeller diameter . . . 66
”” pitch 7 3
s length 13
» number of bladel,

Revolution of screw, 210.
Speed of vessel, 14 miles,

Of the Spiral Propeller or Water-Screw.—The acting por-
tion is a spiral surface projecting from a cylindrical axis *
and, in order that it may be at all effoctive, each point in
the surface must revolve so rapidly, that the motion of that
point 1n the direction of the axis must be greater than that
of the vessel. Also, if the angle of the spiral to the axis be
constant, it is obvious, that by having more than one revo-
lution, the rest add httle to the effect, perhaps not equivalent
to the additional fmetion,

Let BAC- abe the angle which the screw forms with

Fas

aline A B perpendicular to its axis; then, during the time
* See Tredgold’s Work on the Steam Engine, Division B, Marine,
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the boat would move from C to B, a point in the surface
maust move from B to A, otherwise it would retard the boat;
and, in order that it may be effective, it must move at some
greater velocity. But the velocity of the boat, v, is to that
of & point in the surface, when no effect is produced, ss

AB.v v .
BC:AB::v:-pgo =y Henece the actual effective

velocity must be
v Vtan.a — o
- tan. @ tan. ¢
2x >

Let z be the variable radius of the cylinder, then —— =
the length of the spiral, and 27247 _ the differential of
CO8.

. @
its area. Its resistance is therefore
= (V tan. a — v)? (2 sin. a® + sin.a?) sd
cos. a tan.%a i

when the vessel is at rest; and when it is in motion, it in-

. . V tan.a—v
creases in the ratio of —;15—;«— : v; hence

= v (V tan.a — v) (2 8in.?3 + sin.a) # d r =the differential of the resistance.
The integral gives
4 v 2* (Vtan. a—v) (2 sin. 2a + sin. ¢) = the resistance.

This resistance is to the effect to impel the boat as the
radius is to tan. a; hence
i * &% v (V tan. ¢ — v)2? (2 sin. a® + sin. ) tan. @ = the force,
and § = #2 v® (V tan. a — v) (2 sin. %a + sin. s) tan. @ = the effect,

which should be equal to the resistance of the vessel.
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CHAPTER XII.

SCBEW STEAMERS IN THE ROYAL NAVY AND MERCHANT
SERVICE.

Full-powered Vessels: The Rattler—The Rattler is a
vessel of 888 tons burthen, and has engines of 200 horse
power collectively. The area of her submerged midship
section (at 10 ft. 6 in. draught) is 330 square feet. Her
most favourable experiments were made with the common
or Smith’s two-threaded screw, 10 feet diameter, 15 inches
long, and 11 feet pitch, the effective surface being about 23
square feet. 'With this screw the engines made 2619 re-
volutions per minute, and the screw 103'67 ; the speed of
the vessel being 10°074 knots an hour, and the slip of the
screw 1072 per cent.

Dimensions and Speed of the Fairy—The following are
the dimensions of H. M. steam yacht Fairy, also a favour-
able specimen of screw propulsion.

Length between the perpendiculars . . 144 ft, 8in,
Breadth of beam for tonnage . . . . 21, 1%,
Depth in hold . . . . 9,10,
Burthen in tons, builder’s old measurement . 312 ,,

Horses power . « .« . .28,

Draught of water . . . . . 64

Diameter of screw . . . . . . 5, 4,
Length of screw . . . . . 16 ,,
Revolution of engines per min\lte . . 48
Ditigscrew, per minute . . . . 240 ,,

Maximum speed of the vessel, 13} knots.
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Dimensions and Particulars of Termagant.—Termagant,
steam frigate, 24, propelled by the screw. Designed by
‘White of Cowes, engines by Seaward.

Length between perpendiculars . 210 ft. 1 in.
Length of keel for tonnage . . . 181, 0,
Breadth extreme . . . . . 40, 6,
Breadth for tonnage . . . . 40,, 0,
Breadth moulded . . . . 39, 4,
Depth in hold . . . . . 25, 9,
Burthen in tons . . . . . 1547 4, 0 ,,
Horses power . . . 620, 0,

Length of space for muchmery, placed under
the water line . . . . . 8, 0,

The stores—280 tons of coals in boxes, 6 weeks’ provisions for 320
men, and 53 tons of water. She mounts four 10-inch guns, and two
8-inch guns, on the upper deck; and eighteen 32-pounders on the main
deck.

During her trial of speed in Stoke’s Bay, her draught of
water was 16 feet forward and 18 feet aft, with 260 tons
of coal in boxes. The pitch of her screw (14 ft. 6 inch.
diameter), was 17 ft. 3 inch. The vacuum in the conden-
sers 27} inches ; revolutions of screw 86 to 87 per minute.
Steam in boilers 14 1bs, Under these circumstances she
attained an average speed of 94 knots an hour.*

Dimensions and Particulars of Encounter.—Screw steam
gloop, 14 guns, designed by Fincham; engines by Penn.

Length between perpendiculars . 190 ft. 0 ia.
Breadth extreme . . . . 32, 2,
Depth in hold . . . . 20, 10,

* Although this trial is allowed to have besn of the most favourable
nature, the Termagani’s speed falls short, by at least 2 knots an hour,
of what similar vessels with the same high proportion of horse power to
tonnage, and fitled with paddle-wheel engines by the same makers, have
attained.
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Tonnage, builder’s old messurement . 953

Horses power, nominal . . . 360
Horses power, by indicator . . 646
Displacements at 12 ft. 6in. mean draught 1290 tons.

This vessel has been one of the most successful of the
full-powered screw steam vessels yet constructed. At her
load draught of 12 ft. 10in. aft and 12 ft. 2in. forward, she
realised a speed of 94 knots under steam alone, and when
light she has steamed at 10} and 10} knots. Her sailing
powers are also good, as she has kept her place under can-
vas when in company with a squadron. On & trial in going
before the wind, when the frigates of the experimental
squadron were making 10 knots, the Encounter was found
to lose ground, but on her getting up her steam she over-
hauled them, attaining a speed of 13 knots, with full canvas
and full power of steam combined. The engines on this
occasion made 74 strokes per minute, and as the pitch of
the screw is 15 feet, and it is driven direct from the engine,
the vessel over-ran her screw and gave a negative slip, and
realized a higher velocity than could be obtained from her
under any other circumstances.

Dimensions and Particulars of the Arrogant.—Screw fri-
gote, 48 guna ; designed by Fincham; engines by Penn.

Length between perpendwnhn . 200 ft. Oin.
Breadth extreme . . . 45,, 9,
Depth in bold . . . 29,, 6,
Tonnage, builder’s old meuurement . 1872
Horses power, nominal P R 360
Horses power, by indicator . . 623

Displacements at 18 ft. 11 in. mean draught 2444

Trials of Arrogant (Auwiliary).—During the Arrogant’s
trial in the estuary of the Thames, she had on board her
full complement of men, viz. 450; provisions for 140 days,
stores for 12 months, and water for 80 days. Under these



THE ROYAL NAF¥Y AND MERCEANT SERVICE. 141

circumstances the engines made 63 revolutions per minute
(working full power), and the speed of the vessel was
86 knots: consumption of fuel at the rate of 82 tons
of coal in 24 hours: with a slight head swell, no sails
being set. -

Trials of Arrogant.—Subsequently, upon the occasion of
her steaming round to Portsmouth to be put into commis-
sion, this fine frigate (which is one of the most successful
of our auxiliary steam flect) made an average speed of
seven and a quarter knots an hour, at the measured mile in
Long Reach, under the following circumstances : She had on
board 246 tons of coal, 187 tons cf water in tanks and 13
tons in casks; also her full armament, viz. two 68 pounders
of 95 cwt. each, mounted on traversing platforms and pivots,
and sixteen 32-pounder guns of 82 cwt. each, on the upper
deck ; twelve 8-inch guns for 56-pounder hollow shot, or 68-
pounder solid shot, and sixteen 32-pounder guns of 56 cwts.
each, for the main deck. Her draught of water on starting
was 18 ft. 9 inch. aft. and 16 ft. 10 inch. forward. Average
number of revolutions of screw, 62 per minute. The en-
gines are 6 foet under the water line, and the top of the
steam chest three feet. By trial on this occasion between
the Nore and Mouse Lights (where there is deep water), she
is said to have made 83 knots by the log, the engines mak-
ing 57 to 59 revolutions against the wind, and 61 to 62 re-

“volutions with the wind. The engine room is ventilated by
s fan driven by the supplementary engine.

La Hogue.—La Hogue, steam guard ship, old 74-gun ship,
1750 tons of burthen, and fitted with engines by Seaward
of 450 horses’ power, has a speed of 7-2 knots, the engines
making 49 revolutions per minute, and consuming 28 tons
of coal in 24 hours.

Ajax.—Ajaz, steam guard ship, old line-of-battle ship of
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60 guns, 1761 tons, with auxiliary steam power of 450
horses, propelled by the screw. Mean speed at the messured
mile in Stoke’s Bay, with all her weights aboard and lower
muasts in, 7147 knots per hour. Draught of water forward
21 ft. 11} in.; aft, 28 ft. 1} inch. Height of lower deck
midship portsill, above the water, 5 ft. 54 in. %he engines
are horizontal, by Messrs. Maudslay, with 4 cylinders, each
55 inches diameter and 2 ft. 6 in. stroke. Smith’s screw
16 ft. diameter, and 20 ft. pitch. The engines are applied
direct to the screw shaft, and make 48 revolutions per

minute.

Tke use of Screw Vessels as Tugs—Many experiments
have been made with screw vessels in towing, and the results
have generally been most favourable. 'With a paddle-wheel
steam vessel not expressly designed for towing, thé revo-
lutions of the engines are much reduced on taking a heavy
vessel in tow, and she is consequently unable to work up to
her full power, while the serew vessel is comparatively little
affected in this respect, and continues to work with compa-
ratively little loss of power. In assisting a vessel that may
have got on shore this difference becomes particularly appa-
rent, because the engines of the paddle-wheel steamer when
she is held fast are reduced to about one half their number
of strokes, and consequently to nearly one half their power;
the engines of the screw vessel not being reduced under the
same circumstances more than about 10 per cent. Auxiliary
screw vessels also of moderate speed have been found to be
wonderfully efficient as tugs, arising no doubt mainly from
the foregoing cause. The screw vessel can also be brought
alongside or be communicated with more readily than the
other. )

The Screw in the Merchant Service—The machinery for
screw vessels in the merchant service is not confined by the
same requirements as in the Royal Navy, and consequently

-
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‘he merew hes generally been made larger in dismeter in
sroportion to the vessel, and in many instances engines of
ihe meme form as those used for paddle-wheel steamers have
been continued and toothed wheels introduced to obtain the
requisite number of revolutions for the screw shaft. The
first results obtained from this course are good, on account
of the less liability to derangement in engines of tried and
good construction, but in all vessels of large power it is
to be feared that the wear upon the teeth of the wheels
will be such as to give much trouble and cause constant
renewal necessary. If the amount of surface of the teeth
in action and the intensity of the power passing through
them be compared with the proportions in general use in
wheel-work in the manufacturing districts, it will be evi-
dent that it would be impossible on board ship to continue
the same proportions without rendering the wheels much
too heavy and cumbersome. In auxiliary vessels, there is no
difficulty in obtaining a sufficient velocity for the screw with
direct-acting engines and a somewhat coarse pitch, but in
full-powered vessels the question becomes more difficult,
though, it is believed, not insurmountably so, when it ig
considered that locomotive engines are running at 200 strokes
per minute with ease and eertainty. The difficulty of
driving the air pump at the high velocity required has been
the main difficulty $n the way, but the introduction of
canvas or vulcanized india rubber valves appears to be one
way of getting over it, while the introduction of a pair of
wheels to reduce the speed of the air pump, or of a totally
different engine fitted on hpard for the express purpose of
working the air pump, have also been proposed. By the
latter proposal the engines for propelling the vessel are
placed in all respects on a perfect equality with the common
loecomotive engine, or they may indeed be made even more
simple than these by attaching the feed pumps to the sup-
plementary engine, which would be driven at the ordinsry
speed,
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Performance of the Screw in Vessels of General Screw
Steam Shipping Company.—The following statement by the
managing director of the “ General Sorew Steam Skipping
Company,” presents a highly favourable view of the per-
formance of the screw as an auxiliary propelling power in
the vessels of that company, from the 1st of January to the
31st of Decewmber, 1849. It is remarked, that the seven
vessels specified have made altogether during the year 170
voyages, out and home, with cargoes, perferming a distance
of 110,849 knots, at an average speed of 8 to 8% knots per
hour. Only one casualty is stated to have happened during
the year 10 any of the Company’s vessels, and that in the

Thames.

Performance of the Serew on Canals.—An able report, made
by Sir John Macneill, C. E,, .is inserted in the Appendix,
p- 225.*

City of Rotterdam, 272 tons, 33 horse power, has made
during the year 42 voyages to French and Dutch ports,
rforming 15;450 miles, at an average speed of 8 knots.

pe 8

City of London, 272 tons, 30 horse power, has made 44
voyages to Dutch ports; total distance 13,327 miles; ave-
rage speed 8 knots, :

Lord Jokn Russell, 320 tons, 40 hdkse power, has made
50 voyages to Dutch ports ; total distance 25,379 miles, at
an average speed of 8} knots.

Sir Robert Peel, 320 tons, 40 horse power, has made 8
voyages from Liverpool to Constantinople, and 21 voyages
to ports of France and Holland; total 24 voyages, 28,206
miles, at an average speed of 8% knots.

Earl of Auckland, 450 tons, 60 horse power, has made 4
voyages to Conatantinople, and 6 to ports of Holland, Por-
tugal, and France ; total 10 voyages, 28,487 miles.

* Kindly communicated by John M‘Mullen, Esq., of Dublin.
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Bosphorus, 536 tons, 80 horse power, Laden with 860
tons of merchandise, and 120 tons of coal: took 16 days
154 hours on her first voyage from Liverpool to Constan-
tinople. Sailed 15th September, 1849 ; average speed 802
knots. Left Constantinople October 10 ; time on passage
15 days 114 hours; average speed 8:50 knots.

Hellespont, 536 tons, 80 horse power. Laden with 360
tons of merchandise, and 120 tons of coal. Sailed from
Liverpool for Smyrna October 15th; time on the passage
18 days 203 hours; average speed 7°93 knots. Sailed from
Smyrna Navember 14; time on the passage 18 days 6 hours
80 minutes ; average speed 7-:20 knots. Average speed of
four passages 7°91 knots.

Speed at the trial of Bosphorus at the measured mile in
Long Reach, 9 68 knots.

Speed at the trial of Hellespont at the measured mile in
Long Reach, 9-65 knots.

Dimensions and Particulars of Bosphorus.— Bosphorus
is 175 feet long ; 25 feet beam ; 536 tons burthen ; and 80
horses’ power. Diamoter of cylinders, 86 inches; stroke,
24 inches; diameter of screw, 10 feet, 6 inches; pitch, 18
feet, 6 inches; mean number of revolutions, 62 2; length
of the engine-room,’30 feet, which includes space for the
stowage of 150 tons of coal; draught of water on trial,
forward, 6 fect, 8 inches; aft, 9 feet, 6 inches, the screw
being 14 inches out of the water. Mean speed as above,
9679 knots ; speed of screw, 11:348 knots; slip of screw,
1:660 knots, or 14-7 per cent. Builders of vessel (iron),
Meesrs. Mare and Co., of Blackwall. Engineers, Messrs,
Maudslay, Sons, and Field.

Voyage of Bosphorus under Steam from the Cape of Good
Hope to Plymouth.—The Bosphorus made the following
H
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quick run from the Cape of Good Hope to Plymouth in
the months of June and July, 1851. She left Table Bay
at half-past two o’clock in the afternoon of May 31, passed
8t. Helena near midnight of the 8th of June. At daylight
of the 17th anchared off Sierra Leone, where she stopped
17 hours to coal. 'Was off the Island of St. Vincent (of
the Cape de Verde group) on the morning of the 28rd.
Left again at noon of the 24th, and arrived at Plymouth on
the evening of July 7th. She consumed in her outward
and homeward voyages, 787 tons of coal, and had an average
speed of 74 to 8 knots.

Epitome of Rattler's Ezperiments.—Before quitting the
subject of screw-propelled vessels, I shall give a brief epi-
tome of the results obtained from the extensive and valuable
series of experiments made with the Rattler, in the year
1844.

Dimensions of the Vessel.—This vessel has the following
dimensions, viz :—

.

¥T. IN,
Length between the perpendiculars e« .+ . 176 6
Lengthonkeel ., . ., . . . . 157 9
Breadth of beam « e« . . . B2 8
Depth in hold P . v . 18 7}
Burthen in tons, builder’s old meas. . , . 8838 034
Mean draught of water during trials . . 11 3

Horses’ power, 200; Maudslay, Sons, and Field, engineers.

Speed of the engines is multiplied by gearing 4 times, nearly.

The weight of ballast carried dunnx the trials was . 132 tons,
Ditto of coals . . . . . 122 ”

Ezperiments.—Feb. 8, 1844, With a two-threaded com-
mon screw, 9 feet diameter, 3 feet long, and 11 feet piteh,
the vessel made 925 knots, the engines making 268 revo-
lutions per minute, and the screw 106; slip, 19.5 per cent,
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Feb. 9. With a three-threaded common screw of the
same dimeneions as the last, the speed of the vessel was re-
duced to 8:28 knots, the engines making 24'2 revolutions,
and the screw 943 ; slip, 19-66 per cent.

Feb. 23. When the last serew was shortened to 1 foot,
7% inches, the vessel's speed increased to 8 57 knots, the
engines making 248 revolutions, and the screw 98-4; dlip,
197,

Feb. 28. With a two-threaded common screw, 10 feet
diameter, 8 feet long, 11 feet piteh, the vessel made 8:958
knots, the engines making 24 revolutions, and the screw 95;
slip, 138 per cent.

March 11. When the same screw was shortened to 2 feet,
the vessel's speed increased to 9:448 knots, the engines
making 25'5 revolutions, and the serew 107; slip, 135 per
cent.

March 18. With a four-threaded common secrew, 9 feet
diameter, 1 foot 7 inches long, and 11 feet pitch, the ves-
sel’s speed was 9'18 knots, the engines making 268 revolu-
tions, and the screw 104¢4 ; slip, 277 per cent.

April 13. With a four-threaded Woodcroft’s increasing
pitch screw, of the same dimensions as the last, the pitch
varying from 11 feet forward to 11 feet 6 inches aft, mean,
11-275, the speed of the vessel was 8:159 knots, the en-
gines making 2415 revolutions, and the screw 96; slip,
28-5 per cent.

April 18. With the same screw as the last, but with two
of the blades cut off, the vessel’s speed advanced to 8 68
knots, the engines making 27 07 revolutions, and the screw,
107'5; slip, 2597 per cent.

April 28, With Smith’s or common screw (of cast brass),

9 feet diameter, 1 feet 2 inches long, and 11 feet pitch, three-
H2
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M, the vessel's speed was 9°88 knots, the engines
making 2789 revolutions, and the screw 108-4 ; slip, 1597
per cent. Air quite calm.

June 18. With a common two-threaded screw, 10 feet
diameter, 1 foot 6 inches long, and 11 feet pitch, the speed
of the vessel was 9'811 knots; the engines making 2792
revolutions per minute, and the screw 1107 ; slip, 18:3 per
cent.

June 27. The same screw as last, reduced in length to 1
foot 8 inches, gave a speed of 10-074 knots for the vessel ;
the engines making 26°19 revolutions, and the screw 103-97 ;
slip, 10.42 per cent.

Note.—This is the most favourable result obtained during
the experiments.

October 10. 'With Mr. Sunderland’s propeller, 8 feet in
diameter, the vessel’s speed was 8:38 knots; the engines
making 1749 revolutions, and the screw-shaft 69-97.

October 12. With Mr. Steinman’s propeller, 10 feet
1 inch diameter, the vessel's speed was 9:538 knots; the
engines making 25:06 revolutions, and the propeller 104:24 ;
the pitch 11 feet 6 inches ; slip, 29'32 per cent.

October 17. With the common screw, 10 feet diameter,
11 feet pitch, 1 foot 3 inches long, the speed of the vessel
was 9898 knots ; the engines making 27:08 revolutions, and
the screw 108:12;—slip 1565 per cent.

The experiments show, therefere, that the common screw,
of the dimensions last quoted, gave a higher result than
either Mr. Woodecroft’s, Mr. Sunderland’s, or Mr. Stein-
man’s.

Theust on the Dynamometer—Experiments were made
during the last three trials to ascertain the actual thrust of
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the screw in propelling the ship,
by observing the pressure on the
spring of the dynamometer fitted
to the end of the shaft. The re-
sults were as follow :—

October 15. With Sunder-
land’s screw, the speed of the
vessel being 8346 knots, the
pressure on the end of the shaft
was 288 tons; the horse-power
calculated by the dynamometer
being 1649, and by the indicator
820 horses : the ratio of the two
powers being as : 194, When
the speed of the vessel was re-
duced to 6'698 knots, the pres-
sure on the end of the shaft was
1:86 tons, equal to 85'85 horse-
power by the dynamometer, the
indicator showing 1782 H.P.

October 12. 'With Steinman’s
screw, the speed of the vesasel
being 9-537 knots, the pressure
on the end of the screw shaft
was 8'35 tons; the horse power
calculated by dynamometer being
219, and by indicator 452—the
ratio of the two powers being as

*1:27.

October 17. 'With the common
screw, the speed of the vessel
being 9'893 knots, the pressure
on the end of the screw-shaft was
361 tons; the horse-power cal-
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culated by dynamometer being 245, and by indicator 465 6
—the ratio of the two powers being as 1 : 19,

Loss of Speed by Expansion Gear-—Experiments were
likewise made with the expansion-gear ef the Raétler's en-
gines, to ascertain the loss of speed in the engines, cansed
by applying successively each of the expansion cams, The
stroke of the engines is 4 feet, and the slide valve was set
to cut off one-quarter of the stroke, or one foot. The ex-
pansion cem has six steps, each cutting off four inches of
the stroke ; so that when the last step is working, the steam
is expanded for three feet, or three-quarters of the stroke.

With the
1st step of the eam, the engine made 25-2 double strokes per minute.
1

2nd ” ” 25+ ” »
3rd ” ” 239 ” ”
4th ’y " 234 »” ”
5th ” ” 224 ” ”
mh ” ” 21 .3 ” 10

Bach of these experiments lasted five minutes, the mean
being then taken.

Power consumed in driving kher Mackinery, per Indicator,—
Another set of experiments were made with the indieator,
o ascertain the amount of power consumed in driving the
Ratgler’s machinery. The results were as follow:—

I. Without any gearing attached, the mean working
pressure on the piston (taking the mean of both en-
gines) was 1'1 1b. per squarg ineh, the engines making
26 revolutions per minute, and the vacuum in the con-
denser being 28 inches.

II. 'With the gearing and screw-shaft attached, but with
the straps slack, the mean pressure was 1'67 1b,, the

engines making 25 revolutions, and vacuum in the con-
denier 28% in.
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I, With gearing and screw-shaft attached and straps
tightened (but the screw not in gear), the main pres
sure was 2:24 lbs., the engines making 25 revolutions,
and the vacuum in the condenser 283 in.

IV. With Wooderoft’s four-threaded screw in gear, the
mean working pressure indicated was ¥4-57 lbs., the
engines making 24-85 revolutions.

V. With the three-threaded screw in gear, the mean
working pressure indicated was 14:38 lbs., the engines
making 262 revolutions.

Dwarf’s Ezperiments.—In connexion with this subject
there will be found at the end of the book a Table of Expe-
riments with Her Majesty’s Steam Tender Dwazf (of 164
tons and 98 horses’ power), undertaken at Woolwich in the
year 1845, to determine the best relative proportions for the
screw-propeller, with regard to pitck, length, and area. The
whole of the screws used in these trials were true Archime-
dean screws. From this Table it appears that the most fa-
vourable results were obtained from a double-threaded screw
of & feet 8 inches diameter, with a pitch of 8 feet, the length
of segment being 18 inches, and the area 138 square feet;
and it is remarkable that in the experiment following this,
when the length of the screw has been reduced to 12 inches
and its ares to 89 squate feet, there is scarcely any appre-
ciable variation in the resulting speed of the vessel or screw.

The possible effect of Scpew Steamers on future Mail Con-
tracts.—The large sums paid by this country at the present
time for the conveyance of the foreign mails by steam ves-
sels, cause this question to be one of great importance.
The increasing number of superior screw vessels between
Liverpool and New York, which will undoubtedly make
their passages within a short time of the regular mail.
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packets, necessarily attract public attention to the question
of the amount to be paid for the receipt of the American
or West Indian correspondence, perhaps not more than one
day earlier, and also whether a different principle is to be
adopted with these than with the mails carried on the rail-
ways, The latter are not carried by the fastest possible
express trains running at great cost; and if this principle
be once admitted, there is no doubt but that great economy
would result, and, perhaps, ultimately without any loss of
speed whatever. 1t is believed that the mails might be car-
ried by steamers on all the great lines at an almost nominal
cost, and the necessity of a large and wealthy company be
obviated, if the Government were to make contracts to suit
parties who are the owners of, perhaps, only one or two
such vessels as are required. If fortnightly voyages, for
instance, are desired, there appears to be no difficulty, be-
yond & little extra trouble to the Government authorities,
in taking the contracts with two or three, or any number
of separate parties, to sail consecutively—one party under-
taking to send their vessel on the lst of every alternate
month, or at such intervals as will suit the length of the
trips to be made. Such an arrangement would ensure suffi-
cient competition on taking the contracts to lessen the
amount demanded, as parties owning competing vessels
on the station would be ready to subject themselves to the
necessary restrictions for almost no other consideration
than the being able to advertise their “Royal Mail Steam-
ers,” on account of the additional favour that they would
thus obtain with the public. A competition would also be
created between the different contractors, tending to in-
crease the speed of the vessels beyond that required by the
Government, with the view of getting the greater number
of passengers—a competition of this kind having been
already felt to be very much wanted. This prmciple would
also enable the Government to make contracts for new
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lines where regular communication may be very much
wanted by the country, but not of sufficient importance
to induce the formation of a company with sufficient ea-
pital to undertake the whole line, though one or two dif-
ferent parties might each undertake to despatch a vessel at
certain intervals.

Tables of Screw Steamers and their Mackinery.—~Amongst
the Tables at the end there will also be found a

Table of the Dimensions of Screw Steamers and their
Machinery, in the Royal Navy.

Table of the Principal Dimensions of 28 Merchant Screw
Steamers.

Government Formula of Specification for Marine Steam
Engines with Screw Propellers.

Tender to the Admiralty for Marine Engines, with Screw
Propellers, of 450 horses power.

Admiralty List of Tools and Spare Gear required with
those Engines.
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CHAPTER XIII.

THE PADDLE WHERL AND PADDLE-WHEEL STEAMERS IN
THE ROYAL NAVY AND MEROHANT BERVICE.

Paddle-wheel Steamers in the Royal Navy.—WE shall
now note a few particulars of our most successful PADDLE-
WHEEL STEAMERS, both in the Royal Navy and Merchant
Bervice, beginning with the Terrible.

Dimensions and Particulars of Terrible.—This fine steam
frigate, built from the designs of Mr. Oliver Lang, of Wool-
wich, was commissioned in the year 1846, She is built of
Honduras mahogany, East Indian teak, and English oak.

Her principal dimensions are as follow :—

Terrible Steam Frigate of 1847 Tons and 800 Horse-power.

fv. in.

Length between the perpendiculars . . . . 226 0
Ditto keel for tonnage . . . . . . 196 10
Breadth extreme . . . . . . . 42 6

s for tonnage . . . . . . 42 0

,»  moulded . . . . . .. 41 2
Depth in hold . . . . . . 22 0
Burthen in tous, builder’s old measurement . 1847
Length from the figure-head to taffrail N 253 9
Depth from under side of keel to crown of figure-head . 37 7
Length of the engine room . ae . . . 81
‘Width of ditto, in the clear . . . . . . 38 0
Depth of ditto . . . . o« . 27 4
Launching draught of water, foﬂmd .. . B10
Ditto ditto aft . ¢, . . 11 6
Load ditto mean . « . 17 6

Terrible’s Machinery.—The engines, of 800 horses power
collectively, are by Messrs. Maudslay and Field; double-
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cylinder direct action, with tubular boilers divided into sac-
tions, placed two before and two abaft the engines. Dia-
meter of cylinders each 72 inches; stroke, 8 feet. Paddle
wheels, 84 feet diameter x 13 feet.

The contract weight of the engines was « 212 tons,

' " boilers < . 150,
' ” water in boiless . 138 ,,
”» " paddle wheels . 44 ,,
" ' ocoal boxes S

Total estimated weight of machinery 560

The coal boxes were estimated: to contain 800 tons of
coal, although Sir Charles Napier affirms that 500 tons only
are carried.

The contract price-of the machinery was £41-250.

Speed.—The Terrible's speed at the measured mile, with
sea-stores and guns on board, was found to.be 1178 miles,
or 10 knots an hour, the engines making 13 strokes per
minute. By Massey’s log the speed was found to he 109
knots, the engines making 144 strokes per minute.

Armament.—~Her armament consists of 21 guns, viz.
two 8-inch and two 56-pounder long guns of 98 cwt. each,
on traversing platforms, on her upper deck, with two 12-
pounder carronades, and one 6-pound brass gun, forward,
and two 8-inch and two 56-pounder guns aft. The lower
deck has the same armament, with the exception of the car-
ronades and the brass gun.

L]

Terrible’s Daily Ezpenses.—The expense of this costly
steamer has been recently brought to light by the Report
of the “Select Committee on Navy Estimates,” whers it is
stated that the Terrible, with a complement of 320 men,
costs per day in pay and provisions, £44 5s. 2d.; and 'in
wear and tear of hull, masts, yards, &c., £25—together,
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£69 5s. 2d. per day. The wear and tear of machinery, and
consumption of oil, tallow, &o., i8 estimated at £19 11s. 2d.
per diem — making the total expenses, exclusive of fuel,
£8B 16s. 4d. per diem. When the ship is under steam, an ad-
ditional expense of £4 5s. 6d. per hour is incurred, equal to
£102 per diem for coals alone; or at 100 days steaming, to
£10,200 per annum. The vessel and machinery thus cost
£32,418 1s. 8d. per annum, exclusive of coals; or £42,618
ls. 8d. when the steam power is used for 100 days of 24
hours each. She proved herself, however, to be a very effi-

- cient steamer, good speed having becn obtained from a very
teduced power.

Sidon.—Sidon steam frigate, of 1328 tons, and 560 horse
power. This vessel is constructed by Mr. Fincham, the
machinery by S8eaward under Sir Charles Napier’s superin-
tendence.

The following are her principal dimensions, viz,—

ft. in.
Length between the perpendiculars . 210 9
s of keel for tonnage . . 185 9%
Breadth, extreme . . . . 37 0
»»  for tonnage . . . 36 6
,y mounlded . . . 3510
Depth in hold . . . . 270

The Sidon carries about 700 tons of coal, with her main
deck portsills 6 feet 6 inches above the water; the coal
boxes being so fitted that when the coals are expended,
water ballast may be taken in, to prevent too great a varia-
tion in the dip of the wheels. Her‘armament is, we believe,
twenty-four 68 pounders, on two decks. The speed of the
Sidon with her coals, guns, and sea stores on board, equals
10 knots.

Odin.—Odin steam frigate of 1326 tons, and 560 horses
power, has the same dimensions as Sidon, except being two
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foet shorter and three feet less depth in hold, The vessel
i8 constructed by Mr. Fincham, the engines by Fairbairn,
The prixricipal dimensions of the machinery are as follow:—

ft. in,
Diameter of cylinders . . . . 0 87%
Length of stroke . . . . . 5 9
Stroke per minute . . . . 19 0
Diameter of paddle-wheels, extreme . 27 0
Breadth of ditto . . . 9 6

Diameter of necks of plddle-wheel shaft. 0 16
Coals stowed in boxes, 445 tons, or 12} days’ consumption at 6 1b. per
horse power per hour.
The engines are upon Messrs Fairbairn’s direct-action
principle. '

tons.

Weight of the engines and paddle shafts . 180
' boilers and their apparatus . 60

”» water in boilers . . 48

” coal boxes . . . . 16

. paddle wheels . . . . 30

” spare gear, floor plates, &c. . 25

Total weight of machinery . 359
Cost of engines, boilers (with iron tubes), and coal boxes . £21,480

»  paddle wheels . . . . . 950
»  duplicates and spare articles, as per ldmlrllty list . 1650
Total cost of machinery . . £24,080

Length of the engine room, 52 feet ; of coal hold, 8 feet
—together, 60 feet.

Breadth of the engine room in the clear, 84 feet 4 inches ;
depth, 20 feet ; centre of shaft, 8 feet 6 inches above the

load water-line.

Odin’s Machinery.—The boilers are tubular, with iron
tubes 8} inches internal diameter, divided into four sections,
placed two at each end of the engine room. Fire surface
in boilers, 80 square inches per horse power. Effective heat-
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*
ing surface (after deducting one third of tube surface as
non-effective), 18 synare fees per horse.

Diameter of steam pipes, for each engine .. « }2in., bore.
” Injeation pipes ” . . . 6
" feed pipes, and bilge pipes - . ow

Speed.—The speed of the Odin with coals, sea-stores, and
armament on board, averaging 11§ knots. Both $éden and
Odin are excellent sea boats, and sail well under canvas,
8ir Charles Napier admits that the Odin beats Sidon a mile
an heur, when each has her full complement of coals on
board ; and still passes her when each is loaded with coals
in preportion to the horse power, which may be chiefly
attributed to the increased height and weight of the Sidon’s
hull. Odin carries main-deck guns,

Performance of Steamers in the Royal Navy—with and
withous Steam.—In evidence before the Committee of the
House of Commons,* on the subject of arming the Mercan-
tile Steam Marine, CArT. HENDERSON, of the Sidon, declares
his ship to be “the best steam vessel he ever saw; she
could take 700 tons of coals, which would last 20 days at
full speed. She is rigged as & barque, and spreads as much
canvag a8 & 32-gun frigate—more than any other steamer
he evel saw. In cruising without steam, she kept company
with the Canopus line-of-battle ship. Has never tried the
Sidon with merchant steamers, but has had 12} knots with
300 tons of coals. The Odin is aboub equal to the Sidon.
Merchant steamers with their prespnt masts and yards would
be unable to keep up with a fleet without steaming. The
masts of vessels in the navy prevent them steaming so well ;
but there is a great economy resulting from it, because they
frequently sail for months without steaming at all. If a

* This evidence in these and subsequent pages is given in & condensed
form as published in the Artizan Journal for 1849,
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merchant steamer could perform 10 knots with sail alone,
she would be able to accompany & fleet on ordinary coce-
sions. 'Whilst commanding the Gorgos, found that in
steaming head to wind, with all the masts and yards up, it
might make two to three knots difference if they were
lﬁ'll(!k.”

Carr. HENRY CHADS “has tested the capabilities of the
Blenheim, auxiliary screw, of 1747 tons and 450 horse-
power. She is a most useful vessel for every kind of ser-
vioe, her maximum speed, under steam alone, good 8 knots.
Towed the Belleraphon (2000 tons) at 43 knots. Opinion
that merchant steamers could not keep company under sail
with a fleet. From their rig they could not keep way with-
out steaming, and consequently they would soon run short
of coals. The Blenkeim can sail with a fleet without steam.
‘We attach too much importance to speed, and forget the
guns. The French steamers carry 14 to 16 guns, but give
up speed. Few of our steamers of war are equal to go
alongside a French steamer. They have broadside arma-
ment, whereas many of ours are only armed at bow and
stern. Our steam sloops carry two heavy guns; a 95-cwt.
68-pounder, and an 86-cwt. 10-inch gun, and four broadside
guns, 32 pounders of 40 or 42 cwt. "We have only three
real steam frigates (carrying guns on the main deck), namely,
the Odin, Sidon, and Terrible—and the screw vessels.”

A high Speed in the Navy attainable only by en Extrava-
gant Proportion of Horse Power to Tonnage—~The three
vessels last named (whjch wo have already particularized)
are probably the fastest war steamers, properly so called, in
the Royal Navy ; but it is apparent that their comparatively
high speed has been obtained only by the use of an extra-
vagant proportion of power to tonnage, such as is very
rarely found in ocean steamers in the merchant service.
The average speed of government steamers, when using
their full power, not exceeding 8 to 81 knots.
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Comparisons between the Performance of Government and
Merchant Steamers are generally imperfect.—This compara-
tively low result has given rise to many unjust comparisons
between the performances of government and merchant
steamers ; for when we consider the peculiar qualifications
demanded by a vessel of war, it will be seen that the compa-
rison cannot be made on equal terms. 'War steamers are
built not only to steam but to sail well ; and moreover they
must be able to carry a great weight of armament on the
upper deck without prejudice to their stability, and since the
only effectual way of doing this is by giving them a greater
relative breadth than merchant steamers are limited to, the
consequence is that the hull opposes an increased resistance
to the water, and the speed is diminished. Then the weight
of hull and equipment of a war steamer is usually much
greater than in the merchant service, causing a corre-
sponding increase of displacement : the masts, yards, and rig-
ing, being of greater dimensions, oppose a greater resisting
surface to the air: and owing to the weight of the large
guns at the extremities of the vessel demanding support
from the upward pressure of the water, the lines at the bow
and stern cannot be made so fine as might otherwise be de-
sirable. Hence it follows, that the speed of the contract
mail steamers, for instance, averages from one to one and a
half knots above that of vessels in the navy, with a similar
proportion of power to tonnage; but if the proportion of
horse power to displacement be taken, the comparison will
generally become more favourable to the war steamer.

Economy of Steam Power the best Criterion of Efficiency
in the Navy.—In estimating the performance of a govern-
ment steam vessel, therefore, we should look rather to the di-
rect distance run by the combined action of steam and
sails, at & moderate but uninterrupted speed, and with alow
rate of consumption of steam and fuel, than to the attain-
ment of a high velocity, which is seldom wanted in war
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gteamers. The best exposition we can offer of the practical
working of this combined system of steaming and sailing in
the navy, has been supplied by Capt. Hoseason, in his
account of the performance of the steam sloop Inflexible.

Performance of the Inflexible in a Steam Voyage round the
World.—This vessel, designed by Sir W. Symonds, is of 1122
tons burthen, and 878 horses power. The engines are di-
rect-action, by Fawcett, and the boilers are loaded to 8 Ibs.
on the square inch. The whole distance run (without
counting going in and out of harbour) during the time she
was in commission, from the 9th of August 1846, to the 28th
of September 1849, was as follows :— '

Steamed . . . . . . 64,477 nautical mites,
Sailed . . . . . . 4,392 »
68,869
Number of days under steam . . . 345}
” ” under sail alone . . 27%
372%
Average daily steaming . . . . 18662 knots.
Average daily sailing . . . . 161418 ,,
For the whole period . . . . 5744 ,,
Tiwe under one boiler . . . . 764 hours.
” two boilers . . . 4047 ”
” three ,, . . . . 3324}
» four , . . . . 844 »
Total . Y . . 8,292 ”

Her fires have been lighted 483 days. Total consumption of coals
while under stear, 8121 tons 12§ cwt.; coals expended in raising steam
and banking the fires, 576 tons 163 cwt. ; average. distance steamed per
ton of coals, 7938 knots. Consumption®of coals per hour, 19,688 cwt. ;
ditto per day, 23 tons, 10 cwt., 12} lbs.; average consumption of ooals
per nominal horse power per hour, 5:85 Ibs.

It is stated that the above-mentioned distances were ob-
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tained by the patent log, towed about 50 fathoms astern;
out of the influence of the backwater from the wheels; the
érror arising from this cause, while throwing the common or
band-log, having been found on board the Inflexidle to vary
from one to four knots. It is recommended, therefore, that
the patent log only should be used by a steam vesael, its re-
sults being verified by the bearings of the land, when the
distances are known.

The expenditure of coal was taken by measuring every
tenth bag in the ship, and every tenth bag as used by the
fires, 8 mean being taken every four hours for the hourly
expenditure.

Performance of the Inflexible.—The distance accomplished
by the Inflexible is stated to have been reckoned only from
the time the patent log was thrown overboard, and when
the final departure from the land was taken.

It is further stated that she was employed for 15 months
on the coast of New Zealand, during which time about 4000
tons of the Newcastle Australian coal were consumed, the
best quality of which, delivered at the mines, is about ten
per cent. inferior to good English coal, but rendered fully 25
per cent. inferior by being exposed on the open beach at
Now Zealand. A deduction should, therefore, be made for
this circumstance in considering the expenditure of fuel.

On the outward voyage of the Inflexidle to the €ape of
€ood Hope, in the months ¢f August and September 1846,
& run of 5502 nautical miles was accomplished on a single
coaling, at a mean average speed of 7:31 knots per hour,
snd an average daily expenditure of 12 tons, 19 ewt. 8qrs.
141b. This run was accomplished in 32 days.

On the voyage from the Cape of Good Hope to Port
Jackson, Sydney, 5356 nautical miles were accomplished at
one coaling, with an expenditure of 458 tons 10 ewt., being
at the rate of 15 tons, 3 owt. 2 qra. per diem, and with a
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mean average speed of 7-87 knots per hour. Time taken,
8031 days.

In caleulating the consumption of coal as above, an allow-
ance of 5 per cent for “wastage™ has been added to the
actual weight burnt in the fires—such allowance being made
in order that the captain may judge of the quantity of
coals remaining in the boxes at ady time. This per-eentage
was determined by experiment during the Inflemible’s first
two voyages, when the difference of weight was accurately
noted between the coals burnt, and those received on board
in England. If is thence argued that 5 per cent should be
subtracted from the gross quantity, if the true duty in
miles per ton of coals is sought. We confess we are at a
Yoss to account for so large a wastage.

It is further stated that on one occasion, when the full
power of the engines was exerted, the Inflexible towed
the barque Claudine, and succeeded in transporting 1500
soldiers, tent equipage, and baggage, 1400 nautical miles in
12 days, four of which were occupied in the landing of one
regiment and the embarkation of another.

After service on the coasts of India and China, the Ta-
flexible returned to England by Cape Horn, thus making the
circuit of the globe, and fulfilling her comprehensive mission
in & manner most creditable to her able commander, Captain
Hoseason.

Economy of & Moderate Proportion of Horse-power in eom-
biration with the Sails.—These results show, in a most favour-
able light, the economy ef & moderate proportion of horse-
power in combination with the judicious use of the sails; and
it is a question of much interest to the navy whether a bettet
average resulé might not be expected and obtained from
such a system, than from the present expensive fashion of
loading the vessel with very large engines whose full power
is but seldom wanted, and which monopolize so much weight
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and space that sufficient coals cannot be carried for the
proper development of the steam power. It is true, that by
the use of a high proportion of power to tonnage the vessel
has the advantage of having always a high speed at her
command, so long as the coals last ; while, by expanding the
steam in her large cylinders, she may burn the fuel, on
ordinary occasions, most economically, still we must re-
member the increased first cost of the machinery, and the
increase of displacement consequent upon the great extra
weight to be constantly carried (whether it be used ornot),
by which the speed of the vessel is permanently diminished.

A kigh Proportion of Horse Power requisite in the Merchant
Service.—Although we thus advocate the employment of a
moderate proportion of power to tonnage for the Royal
Navy, say, one-horse power to three tons, this question has
a different aspect when considered with reference to the
merchant service. For though, as is well understood, any
increase of speed requires an increaged power in the dupli-
oate ratio of the increased speed; and, therefore, a great
peconomy would seem to result from the low proportion of
power to tonnage; still, if #ime be calculated as an element
(and, in reality, a very important one) in the economy of
mercantile conveyance, it will be generally found that a high
speed at any expense of fuel will compensate for the addi-
tional expense. As regularity of arrival, also, is of the ute
most importance in passenger traffic, this can be ensured
only by the employment of a high ratio of power; for it is
apparent that, should the contrary forces of adverse winds
and waves, of tides and currents, equal or exceed the power
of the engines, the vessel may burn an indefinite quantity
of fuel without making any progress. 'We believe that the

rtion of one-horse power to 2} tons (builders’ old mea-
surement) will be generally found the most advantageous
for merchant steamers, of from 500 to 1000 fons,
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Considerations to be attended to in proportioning the Horse
Power to the Tonnage.—In proportioning the horse power of
a vessel, the fact is seldom borne in mind that the effective
power of the engines increases in a higher ratio than simply
as the tonnage, the resistance of the water to the hull of the
vessel varying as the square of the cube root of the tonnage.
Thus, if a vessel of 1000 tons and 500 horses power have a
speed of 12 knots, & vessel of 1600 tons and 800 horse
power ought, ceteris paribus, to have a considerably greatey
speed, since the square of the cube root of 1600 (/16004
or 11-73) is 684 horses power only. This law is somewhat
neutralized in practice, by the fact of the displacement
usually increasing in a higher ratio than the nominal ton-
ange. If it be desired to design a vessel of a proposed size
and speed, the safest mode of proceeding is to take the
vessel nearest in tonnage and general description to that
which it is intended to comstruct as a groundwork. If
greater speed is required, the natural law as given in page
104, will be the guide as to the amonnt of additional power
that will be necessary ; thus if a vessel of 1000 tons and 400
horses power now running, is found to have an average
speed of 10 knots, and it be desired to huve a vessel of the
same tonnage, with a speed of 11 knots, the proportion
becomes

10% : 11% :: 400 : horse power required.

By means of this proportion 532 horses power is found
to be necessary, supposing the new vessel to be of no better
form, and the engines togvork to the same amount of excess
of indicator over nominal horse power. Much may un-
doubtedly be done by an improvement in form, but too
much ought not to be expected from it, and though some
faults may be very apparent in the original and be capsble
of remedy, yet it ought not to be assumed that the new
vessel will be entirely free {rom all retarding causes.
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Dimensions and Particulars of Banshee.—As a favoursble
example of what may be accomplished by Government
builders when they are not trammelled by considerations of
srmament; or displacement, we give the following particulars
of the Holyhead Mail Packet, Banskee :—

Banshee, designed by Mr. O. Lang, jun., engines by Penn,
is a wooden vessel. Her principal dimensions are as fol-
lows:—

Length between the perpendiculars © . . 189 ft. 0 in.
from figure head to taffrail . . . 209 ft. O in.
Breadthextreme . . . . . . . 27ft. 2in,
*  ogver paddle boxes . . . 49 fr. 6 in,
Depth in hold e e e e e e . laft 9in.

Draught of water, forward . . . . 8 ft. 10 in.
. aft . . . . . 9 ft. 2 in.
Burthen in tons, builders’ old measurement No. 670
Horse power . « « « « No.35
Diameter of paddle wheels . .« . 25ft O0in.
Breadth of " « e e . 9ft. 0in.
Area of s + « « « « . 3839squarefeet
Dip of " . e . . . 5 ft. 6 in.
Area of midship section « < <« < . 190 square feet.
Diameter of cylinders . e e . 72 in.
Length of stroke « e+« « . 5ft, 6in,

Strokes per minate . . . . . No. 30

8peed at the meusured mile, with the tide . . 215 stat. miles.
” " against the tide . 1575 stat. miles.

Mean speed e e e« e+« . 1862 stat. miles.

The Banshee has proved the fastest of the Holyhead
packets, performing the trip from Holyhead to Kingston
in a little under four hours on thd average. Her shortest
passage is about 8} hours, her longest 4}. The distance
from Holyhead to Kingston is 55 nautical miles. She has,
however been taken off this station and been sent to Malta,
but it has been found necessary to remove one half of her
boiler power to enable her to carry sufficient coals for the
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longer voyages there. Her speed has thus been reduced to
12 knots, or 13'82 statute miles.

Paddle-wheel Steamers in the Merchant Service : Asig.—e
As an example of & first-class merchant steamer, we subjoin
the dimensions of the British and North American Boyal
Steam-Navigation Company’s new vessel, the 4sia.

&T. IN.
Length of keel and fore rake <« 270
Breadth of beam . . . 40 6
Ditto over the paddle boxes . . 63 6
Depth of hold, amid ships . . . 27 6
Length of the engine space . . . 92 6

Tonnage, builders’ old mess. . 2130 §}
Horses power . . . No. 800

Speed, per hour (between Glnqgow and vaerpool) 15 miles,

or 124 knots.
Load draught of water, forward 19 feet, aft 49 20 foet,

Asia bhas a pair of side-lever engines, diameter of cylin.
ders 96 in.: length of stroke, 9 ft.; diameter of paddle
wheels, extreme, 87 ft. 6 in. ; floats 9 ft. 2 in. long, % 8 ft.
2 in. broad, divided into two breadths ; number of floats in
the water at one time, eight. The boilers are four in
number, measuring together 20 feet in length, and 16 feet
in breadth ; they have 20 furnaces, five in each section, each
furnace 8 ft. long, 2 ft. 9 in. broad, and & ft. 9 in. deep.
The coal bunkers hold about 900 tons. The engine-room
staff comprehends 88 men, viz., eight engineers, 18 firemen, -
and 12 coal trimmers,

The veasel is of timber, round sterncd, carvel built, three
masts schooner rigged, three decks all flush, and carries
six boats. Builders, Messrs. Robert Steele and Co. of
Greenook ; engine maker, Mr. Robert Napier, of Glasgow;
completed in the year 1860.
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Dimensions and Particulars of the Orinoco.—Royal West

Indian Mail Steam Packet; designed by Pitcher; engines
by Maudalay.

Length between perpendiculars . «  270ft. Oin.
Breadth over paddle boxes . . . 71, 10,
Breadth of vessel, extreme . . . 41,, 10 ,,
Depth of hold . . . . 26, 0,
Tounage, builder’s old measmment . 224533
Horse power, double-cylinder engines . 800

This vessel on her first experimental trip at her medium
draught of water attained a speed of 12 knots, as ascertained
by careful trial at the measured knot in Stokes Bay off
Portsmouth, with the engines making 13% revolutions per
minute. She is fitted with feathering wheels, with all the
latest improvements and a greatly increased length of bear-
ing for the centres, on which the paddle boards vibrate.
Some of the older vessels belonging to the same company
have also lately had their paddle wheels altered and made to
feather, with decidedly good results, arising chiefly from the
circumstances that these wheels are not so much affected as
common wheels by heavy seas, and by the variation in dip,
to which these vessels, from their long voyage, are neces-
earily subject. The vessels on the North American station
have hitherto been prevented from adopting these wheels by
the fear of injury from ice, but it is a matter of doubt whether
the advantage on those voyages on which no ice is encoun-
tered would not be so great as to compensate for the risk,
especially as any partial injury, though it might prevent the
feathering of the boards for the remainder of the voyage,
would by no means render the wheel totally inoperative as a
common paddle wheel with fixed boards. The engines of
the Orinoco are fitted with double-beat equilibrium valves,
opened by cams instead of the common slide valves or piston
valves hitherto usually adopted, and in this case, as well as
in the steam frigate Penelope, they seem to have been tho-
roughly successful. In the Orinoco the cams, which are
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placed on a vertical shaft driven by wheels from the inter-
mediate shaft, drive levers which act upon a bell-erank
shaft and lift the spindles of the valves. In the Penelope
the cams are placed on a horizontal shaft driven by an in-
clined shaft from the intermediate shaft, and running
through an eye in an upright rod, attached by a projecting
arm to the spindle of each valve. The steam cams are made
movable on the shaft, so as to give any required degreo of
expansion, while the eduction cams are stationary. The
horizontal shaft on which the cams are placed, is driven, in
the same manner as in many machines with a reversing
motion, by a clutch between two bevil wheels, running loose
on it, 8o that it may revolve always in one direction, accord-
ing to the motion of the wheel into whick the clutch may
be geared, while the intermediate shaft revolves either way
for going ahead or going astern.

Summary of the Peninsular and Oriental Company’s Fleet
of Steamers.—The Peninsular and Oriental Steam Navi-
gation Company have 29 steamers, amounting in round
numbers to 30,000 tons and 11,000 horses power. They
navigate annually about 600,000 miles, with 29 vessels.
Of their 29 vessels 10 are of wood and 19 of iron. The
average speed of their Mediterranean packets is 10 to 11
knots: that of Cunard’s line of Transatlantic packets,
nearly 12 knots. At the present moment the new iron
steamer, the Himalaya, of the following extraordinary di-
mensions, iy estimated to run between Southampton and
Alexandria, a distance ¢f 8100 geographical miles, in 9
days :—

Length between the Perpendicuhu P L ¢ N
Breadth of Beam . . . . « . 43 ,,
Depth in Hold . e .. R 32 6
Burthen in Tons .+« +« s+« » No. 3000
Horses Power . . . . . . 1200
Estimated speed, 14 knotc.
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Some Particulave of the Peninsular and Oriental Com-
pony’s Fleet of Steamers—Mr. Pircaes, of Northfleet,
states before the Committee of the House of Commons,
that he “has lately built two vessels for this company, of
1200 tons each. The scantling in the midship part of those
ships is rather larger than that of ships of the same size in
the Government service, but fore and aft it is rather lighter.
These vessels are constructed capable of carrying an 8-
inch pivot gun forward, anud a 10-inch pivol gun aft, and
ten broadside guns—altogether 12 guns.” The weight of
8 10-inch pivot gun, an 84 pounder, with carriage and fit-
tings, is stated to be about 10 tons; and an 8-inch gun, a
68 pounder, from 6 to 7 tons. These vessels by Mr.
Pitcher are “framed of English oak ; outside planks of teak,
many of them 70 feet long, wales 7 inches thick; and the
general run of the interior parts, best Honduras mahogany.”
He further remarks, “ We buid the floors of vessels aceord-
ing to the station they are to go on. We cannot get so
much speed out of a flat floor without reducing the breadth
a little. We rather like to have a rising floor, they roll
easier. Steamers are always weatherly by reason of their
length, but a flat-floored vessel would not be so weatherly
a8 a vessel witha rising floor. 'With vessels of this size we
expect to get a displacement of 15} tous per inch, at a
draught of 15 feet. Opinion that the vessels he has built
for the Peninsular and Oriental Company are equal if not
superior to any in the navy. They would steam 11 knots,
and would sail better than most vessels in the navy hecause
they are longer in proportion to their breadth; their water
tanks give them sufficient stability to carry sail. Has found
the boilers in the West India Mail Packets last about six
years. We have found that by having two boilers at each
end of the engine room, and coal boxes right across the ship
insbead of at the sides of the boilers, the heat is kept from
the cabins, the ship is kept in better trim, and fewer
coal trimmers are required, as the coals run nearer the
furnaces.”
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Mz, Jorx Roxard “is a ship builder, and has been captain
of w steamer. Builds vessels now which beat the Govern-
ment vessels in speed. A merchant steamer carries more
weight than a ship of her class in the navy. The mainmast
of the Peninsular and Oriental Company’s steamer Bombay
is 81 feet, and the main yard 72 feet long. No vessel of that
class in the navy has larger spars. Nor is there much dif-
ference in their rigging and area of sails. It is a fancy of
the Government to make their vessels sharp-floored and of a
greater draught of water, but draught is not necessary to give
stability. Colliers sail as well in ballast as when loaded,
even in going to windward, but that is a part of ship build-
ing they have not found out nor adopted yet in the navy.”

Captain Samurr Lewis, “has been at sea thirty-four
years, and with the Peninsular and Oriental Company since
its commencement. Took the Malta out to Ceylon. She
is 1225 tons, and was under sail almost the whole of the
passage. Her greatest speed under sail alone, was 9'6
knots. When the floats wore taken off she did 10 knots.
She was uncommonly stiff and weatherly, and if she had hal
larger spars she would have done two knots more; th>
floats could be taken off in one hour forty minutes, and
replaced in the same time. She was three months and
oight days from Southampton to Ceylon. The Bentinck
averaged 10 knots from Calcutta to Suez. Opinion that
there would be no difficulty in adapting these superior
vessels to war purposes; that they would be very efficient
in carrying troops ands coals, and that the engineers
and crews would enter the service when required.”

J. R. ENvareous, Esq. “is superintendent of the Penin-
sular and Oriental Company at Southampton. There
would be no difficulty in giving merchant steamers the
same masts, yards, and sails as similarly-sized vessels in the
aavy; they would be stiff erough with a little ballast or

I2
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cdrgo at the bottom, Their speed under canvas would not
be less than vessels in the navy. I have run 18 knots an
hour, for six or seven hours, down Channel with a steamer
under canvas alone.”

Government Mail Contracts with Merchant Steamers.—With
reference to the Government mail contracts, we have the
following evidence by Mr. AnpERsoN, Managing Director
of the Peninsular and Oriental Company. He says, “The
postal communication can be done much cheaper by private-
contract steamers than by Government boats, because of the
merchandise and passengers carried. The steam communi-
cation between Southampton and Alexandria, with vessels
of 300 to 400 horses power, was done for 4s. 6d. per mile.
From Suez to Ceylon, Calcutta, and Hong Kong, with
vessels of 400 to 500 horses power, for 17s. 1d. per mile.
The East India Cormapany’s line between Suez and Bombay,
with vessels of only 250 to 300 horses power, cost 30s. per
mile. Her Majesty’s vessels in the Mediterannean cost
sbout 21s. per mile. £189,000 a year is the gross sum paid
for the three great contracts: Peninsular and East Indian,
‘West Indian, and North American. Receipts from post-
age £380,000. The advantages of the communication
should not be estimated merely by the postage. After
steam communication to Constantinople and the Levant
was opened, our exports to those quarters increased by
£1,200,000 a year. The actual value of goods exported
from Southampton alone, last year (1848-49) by those
steamers is nearly £1,000,000 sterling. Greek merchants
state that the certainty and rapidity of communication
enable them to turn their capital over so much quicker.
Forty new Greek establishments have been formed in this
country since steam communication was established. The
imports in that trade, fine raw materials, silk, goats’ hair,
&o., came here to be manufactured. Supposing the trade
to increase one million, and wages amount to £600,000, cal-
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culating taxes at 20 per cent., an incresse of revenue of
#£120,000 would result from steam communication.”

Minerva.—We shall close our examples of steamers by
giving some details of the Cork Steam Navigation Com-
pany's iron vessel Minerva, running between Cork and
Glssgow. She was built by Messrs. Thomas Vernon and
Co., in 1846-47, and fitted with side-lever engines by Messrs.
Bury, Curtis, and Kennedy, of Liverpool.

FT. 1IN,
Length on deck . . . . . 197 0
Length between the perpendiculars . 190 0
Breadth of beam, extreme . . . 2 0
Depth of engine room . . . 16 6
Length of engine room . . . . b7 0
Burthen in tons, builders’ old meas. No. 655 $§
Horses power . . . . No. 384

Diameater of cylinders, each 70 inches x 6 ft. 2 in. stroke ; extreme
diameter of paddle wheels 26 ft. 9 in. ; floats 9 ft. 10 in. longx 2 ft, 1 in.
deep, No. 22 ; revolutions 19 to 21 per minute ; two tubular boilers, toge-
ther 19 ft. long, fixed from each end; total number of furnaces, 12 ; each
boiler has 526 tubes, 3 in. diam. x 7 ft. 1in. long ; has an elliptical stern;
isclinker-built to the water line, and carvel-built above ; and is schooner
rigged, with two masts, withoat top masts.

Maximum speed, 15 to 16 knots, or 17% to 18§ statute miles.

Estimate of the Number of Merchant Steamers.—The
number of merchant steamers belonging to the United
Kingdom at present is about 1200, the registered tonnage
of which, exclusive of the gngine-room tonnage, is 165,000,
‘equal to a gross tonnage of about 295,000 tons; propelled
by engines of 100,000 horses power.

Estimate of the Number of Steamers in the Royal Navy.—
The number of steam vessels of all kinds in the Royal Navy
in at present about 190, representing a gross tonnage of
perhaps 150,000 ; and propelled by engines of 51,000 horses
power. The number of armed steamers in the Royal Navy
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imabout 125, carrying 800 guns (exclusive of the armaments

of the guard and block ships fitted with auxiliary engines),
snd propelled by engines of about 41,000 horses power.

The French Steam Navy.—The French steam mavy is
believed to consist at present of 114 vessels propelled by
engines of 26,000 horses power, irrespective of those not
yot completed. The number of steam trading vessels in
France during the year 1850 was returned at 279 ; baving a
tennage of 40,098 tons, and a power of 22,893 horses.

Amonst the Tables at the end of the book will be found
one of paddle-wheel steamers in the Royal Navy. Also, a
Table giving the principal dimensions of 195 paddle-wheel
steamers of all classes.

Registering Paper used in Trials of Government Steamers.
—The following is the form of registering paper used by
the Admiralty engineer officers in determining the maximum
speed of a steam vessel at her trial :

Total | Aver- Aver-

Time | yym. | 8ge | Total | age Obe Red
oocu- b b orv-|Reduc-| True
Remarke. pled b er of lof revo-of Kevo-Jof Revo. ed Rateled Rate| Rate
xperi- (1 of | lutions {lution of] lutious |of Ship.fof Ship.|of Ship.

ment. |"go. per mi- | Engine |per mi-
W | “nute, nute.

The “ Observed Rate” is deduced from the time taken
to run the measured knot or mile in each separate experi-
ment ; the “ Reduced Rate” is the mean of the two adjucent
experiments, the one with and the other against the tide,
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the mean of the first and second experiment giving the first
reduced rate, and the mean of the second and third, the
second reduced rate; and so on, each experiment after the
first being thus used twice in the calculations. The true
rate is the mean of the first and second reduced rates, and
of the second and third, and so on, thus using each reduced
rate twice also as before, and the mean of the true rates is
then taken as the speed of the vessel,

Speed of the Vessel.—Two posts are erected on the shore
to mark the distance either of a knot or mile, and at about
200 yards or farther inland from these, two other posts are
erected at right angles to the first. It is evident that a
vessel running at any distance out at sea from these posts,
if kept by the compass or by any leading marks parallel to
the line of measurement, will run the exact distance as mea-
sured when she brings the inland posts into one with those
on the shore as she passes them. It may be observed, that
a mean of the times would not give a true resuit, as no com-
pensation would in that case be given for the greater length
of time that the tide would act against the vessel than it
would in her favour. By the system adopted the influence
of the tide is thrown out as far as possible; and, if the tide
should flow at the same rate, or should increase or diminish
by regular gradations during the series of trials, the result
would be mathematically correct. In making the experi-
ments it is essential to avoid any change of the direction of
the tide during the series, and also, if possible, to select s
calm day. If the wind js in the direction of the course,
the effect will be less detrimental to the mean speed of the
vessel than if it be oii her beam. In the laiter case the
vessel is driven to leeward while running both up and down
the course, and thus subjected to a constant retarding force,
while in the other case the wind is in favour of the vessel
in one direction, though in the other it retards her in a
somewhat greater degree. .
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To facflitate these calculations, the Table (Ne. XIV.)
which will be found on p. 223 of the Appendix is used by
the officers of the Admiralty.

With reference to the question of arming merchané
steamers, the following also was given in evidence before
the Committee of the House of Commons:

Mr. ANDERSON says, that, “ according to the present con-
tracts for carrying the mails, the vessels are to be so con-
structed in respect of scantling and arrangements as to
carry and fire four guns of the largest calibre then used in
her Majesty’s service. Also the Government have the
power to take the vessels at two months’ notice, the indem-
nification for the hire, purchase, or destruction of them, to
be determined by arbitration. Thinks the same arrangement
might be extended to all vessels eapable of carrying heavy
guns. Has ascertained from competent parties that all the
merchant steamers of 400 tons and upwards are capable of
carrying pivot guns, with some strengthening. Opinion,
that in the greater number of cases exemption from the
coast-light dues, and from the unjust law of being com-
pelled to take a pilot whether he is wanted or not, would
be sufficient compensation to owners for the additional
expense incurred for strengthenings, &e. There are about
170 vessels from 400 to 1000 tons which would carry guns,
Opinion, that the exemptions proposed would not induce
steam-boat owners to put the machinery under the water
line, the expense being too heavy., More than three times
as much money is collected for the light dues than is ne.
cessary to support them. It is expected that a bill will
be brought in to reduce the light dues to a fixed rate per
annum.” *

* The entire amount of dues at present collected iz sbout £430,000,
The maintenance of the light houses costs about £140,000 per annam,
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Joux Rarre ExerEDUE, Beq.—“Has had experience
in the Navy as gumery officer. Considers nearly all our
sea-going vessels might be made to carry guns. No extra
risk from engines and boilers being above the waler line. (?)
Has had much experience with heavy guns, and thinks a
68 pounder worked as easily as a heavy 82 pounder, and
with little more concussion. Opinion, that vessels of GOO
tons are quite capable of carrying two pivot guns. Opinion,
that the engineers would require better pay than those
in the Navy. On board the Oriental boats & first-class
engineer reccives £16 to £26 per month. It is true
that in the Quecen’s service the chief first-class engineers
get £17 a month and pensions, but we find our first
engineer as good a table as you or I would sit down to—in
fact, they live like princes. In the Navy they have to find
their own table, except the common rations of the ship. As
regards pensions, I have heard some of the enginecrs say,
¢ What is the use of a pension? Very few of us will ever
live to enjoy pensions ; if we go on a foreign station, perhaps
there is not one of us that will return to receive it.’ In
Indis we have scarcely kept a complete crew of engineers
for more than a year together ; we have entire changes year
after year, principally from death, and from Liver complaints
arising from the intense heat of the engine room. Opi-
nion, that the average speed of the mail steamers is about
one or one and a half knots more than those in the Navy.
Increased speed is a great element of superiority. The
conversion of the mail steamers into war stcamers would not
necessarily diminish their speed. The armament would be
of far less weight than the cargo is now. War steamers
are built to sail well, which accounts for their inferior
speed. There may be a fow fast vessels in the Navy, but
they have extravagant power and carry but few coals,
Our Mediterranean vessels average 10 to 11 knots. Cu-
nard’s vessels make 280 to 800 miles a-day. One of these
vespels carries more weight than a man-of-war of same

I3
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tomnage, The weight is all below; but if part were pub
on deek in the shape of guns, it would be counterscted
By putting weight below. In & vessel of this size it
would have no material effect, and she would go just as
fast, Private builders are not fettered, and competition
preduees a gaod article ; but in the Government yards there
has been one surveyor and one system for a length of time.
Becond-class steamers of 500 to 800 tons would carry a
68 pounder in addition to the 82 pounder on the quarter-
deek. Opinion, that the stenm chest of the Hindostan would
Be well protected with 10 feet of cosl on each side. Thase
vessels in the Navy which have their boilers below the water
line would not be protected when the ship rolled. I have
no doubt that the spar deck of the Hindostan could be
strengthened to carry a 90-cwt. 10-inch gun. Would
particularly draw the attention of the Committee to the
Bombay steamer, which has been fitted to carry two 10-inch
guns and 10 medium 32 pounders, and is in every way
equal in fittings and efficiency to any vessel in H. M.
service.”

Mr. AxpeEw LamB.—*Is superintendeni engineer to
P. & O. Company. Opinion, that the engineers of the
private companies would volunteer at a moment’s notice,
if the vessels were vequired for II. M. service. There
would be no difficulty whatever if a provision were gua~
ranteed, the same as the engineers in the Navy have.

%1t would be quite practicable to place the boilers and
steam chests in merchant steamers below the water line,
snd it would not interfero materiully with the stowage. In
our first-class vessels like the Hindostan, there is 10 feet of
co#. between the steam chest and the ship’s side. In this
vessel [ should imagine the engineers to be safer than in any
of H. M. steamers I have seen, beeause a body of eoal is
carried between the boilers and engines, against which the
foree of steam would spend itself in the event of an explo-
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sion ; the stokers would snffer most. The engineers and
stokers wounld not be so safe from shot as if the engine
room were below the water line. The coal that protects
the boilers is left till the last, and by the time that is
wanted it is time to look ouf for a coaling port. The Pe-
ninsular and Oriental Company do not do their own repairs
either to ships or machinery. It is more economical to
employ private individuals. The machinery made at Wool-
wich cannot be better than ours, and should not be worse.
Has never found any obstacle in getting the repairs done
efficiently and with readiness. The annual expenses on a
vessel and machinery amount to seven per cent. on the
total original cust.”

Carray Epwarp Caarrery, R. N.—“ Is Secretary and
Joint Manager of West India Packets. Opinion, that all
their vessels would carry even a 95-cwt. gun forward, but
not in all cases abaft, as the sterns rako too much. Would
put 32 pounders in the entrance ports for broadside guns.
The average speed, including the intercolonial work, is 8
knots. On their trial trips, without cargo, they had a speed
of 12 knots. Opinion, that they would surpass in speed
all the men-of-war, with the exception of the five or six last
new boats ; men-of-war have heavier scantling, which gives
them greater weight, The Urgent mail steamer was bought
by the Admiralty, but proved a complete pick-pocket from
the lightness of her scantling.

“ Opinion, that the engineers would remain on board if
compensated. Thinks they are not a class of men who like
martial law. We pay our engineers £16 to £20 per month.
‘We commenced with all good men at £20 per month, and
have had few accidents in consequence. We use the beam
engine in all our boats, except the Conway ; she has direct-
acting engines, and we very much regret it. We use all
flue boilers on a peculiar plan of our own engineers,”

Cranzxs Wys Wizniaus, EsQ.—“Is manager of the
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City of Dublin Steam-Packet Company, which owne 24
ships of 10,837 gross tonnage. Our vessels often carry
very heavy deck loads. One of the smallest has often car
ried on deck, in bad weather, two locomotives, weighing 17
tons each. We have carried troops, a thousand men, with
heavy baggage, besides women and children. In our mail
boats, where the work is severe, we give our first engineer
£2 15s.; to the second, £1 17s. 6d; to the third, £1 8.
In the other vessels, to the first engineer, £2 10s.; to the
second, £1 15s. ; no third engineer.”

Lrzvrexant Jurivs RoBerTs.—“Is a lieutenant of Royal
Marine Artillery, and has been employed by the Admiralty
to inspect contract steamers. Ilas surveyed a great many,
and reported on thirteen for fittings. Ten have been
equipped and completed for service. The others inefficient,
and unable to carry armament on account of number and
nature of fittings, windlasses, hatches, &e. Must have a
clear deck, within sweep of bow and stern guns  Has found
it necessary to strengthen knees and put in additional deck
bedms. Would pul 82 pounders of 56 cwt. in merchant
ships of 500 tons, as a pivot gun forward and aft. The four
last vessels of Cunard’s line would carry a 95-cwt. gun very
well, and some others also. The United States Trans-
atlantic steamers are larger than ours, but less capable of
carrying guns for want of proper arrangements. Some of
the contract steamers are and will be capable of carrying
the heaviest shell guns. Would not call » steamer arned,
if only with broadside guns and paddle wheels. Wants
heavy pivot guns. Would undertahe, with enough hands, to
alter and turn out 100 merchant steamers in two months,
to carry heavy guns forward.”

Carraiy Hewprrsox, R.N. “has been in action in a
steamer with batteries, but not with another steamer.
Agauinst batteries they answer admirably, because you can
fight with steam down. Opinion, that in a general war
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large steamers would be available against line-of-battle
ships, because the lime-of-battle ship would be taken on her
weak points by the larger guns of the steamer, which
would keep at a distance, and could elevate her guns more
than a sailing vessel could do. Opinion, that steamers
might be brought into broadside action, and would not be
so vulnerable as people generally fancy. That in half an
hour a line-of-battle ship would be very much crippled by a
steamer, if it were calm or a light wind. If the line-of-
battle ship had an auxiliary screw she would be & more
dangerous enemy, but the steamer of superior speed would
still have the advantage. In case of a battle, each ship of
the line would have a steamer to tow her into position. In
the first of the war we ought to have a number of light fast
steam vessels to protect our trade and act as privateers.
Opinion, that there is an end of blockades, because men-of-
war could always be towed out by steamers when the bloek-
ading fleet was blown off shore. Blockading would become
an observation by steamers. With reference to arming
large merchant steamers, it is a great mistake attempting to
put large guns of 80 cwt. and upwards in vessels that are
built of light material, without immense strengthening. I
am quite sure that merchant steamers are not near so
strong in the scantling as Government steamers generally.”

Carrain CHaps, RN.—“If I were in a 120-gun ship, 1
should not care for the Sidon. She dare not come under
my guns. Supposing the line-of-battle ship in a calm, not
having heavy pivot guns on deck, I should endeavour to cap-
ture her if I were in the 8idon ; but I believe you might fire
away the whole ammunition of the steamer without hardly
striking the ship, if you kept out of range of her guns, say,
8000 yards. In a calm her boats would always keep her
brosdside on the steamer. Does not agree with Captain
Henderson on this point. At 8000 yards, even under
favourable circumstances, the steamer will not strike the
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ship above eight or nine per cent. Pivot guns have little
advantage over 32-pounders in the lower deck of a ship, as
to precision. Opinion, that the merchant steamers would
lose speed after they had taken in their armament and
spars, Is not aware that vessels of a comparatively small
class will carry 50 tons of cattle on their decks, and do very
well with it.”

Report of the Committee of the House of Commons.—The
Report of the Committee of the House of Commons, with
reference to the “ practicability of providing, by means of the
tommercial steam marine of the country, a reserve steam
navy available for the national defence when required,” is
ay follows :—

\“That mercantile steam ships of the size and strength
nekessary for the reception of such guns as arc in use in the
Royal Navy, would be a most useful auxiliary force for na-
tional defence; and your Committee do mnot foresee any

ifficulty in carrying out such a measure.

“That the prompt development of the whole available ma~
ritinje resources of the country, in the event of threatened
hostiities, is most desirable as a means for the preservation
of peace.

“That the steps necessary for rendering such mercantile
steamers available for the purpose, and the remuneration to
be given by the public for fitting them and holding them
liable to be called into the public service, must be matters
of arrangement between the owners and the Government,
upon which your Committee do not deem 1t necessary to
offer an opinion.”
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TABLE No. I.

ADMIRALTY FQRMULA OF SPECIFICATION FOR MARINE
ENGINES, WITII PADDLE WHEELS.

SPRCIFICATION of certain Particulars to be strictly observed in
the construction of a pair of Marine Steam-Engines with
Paddle Wheels, referred to in the Admiralty Letter on Her
Majesty’s Service. 1845.

TaR tenders are to be made (in triplicate) on the accompany-
ing printed forms, every particular in whick is fo be strictly and
carefully filled up; and all drawings, models, and boxes con-
taining them are to be distinctly marked with the names of the
parties transmitting them.

The whole weight of cach pair of engines, including the boilers
(with the water i them), the coal boxes, the paddle wheels, the
spare gear, the floor plates, ladders, guard rails, and all other
articles to be supphed under the contract, is not to exceed 190
tons. '

The coal boxes (in the space of the engine room) are to con-
tain eight-days’ coal, computed at 81bs. per horse power per
hour, and at 48 cubic feet 10 the ton. Sufficient details of the
coal boxes arc to be shown in the drawing, to enable a computa.
tion of their contents to be made. In this computution the space
below the deck to the depth of six inches 18 to be excluded, to
allow for the space occupieg by tho beams, and for the difficulty
of completel glli.ng the boxes with coals. .

To avoid the possibility of mistake in the dimensions given in
the drawings furnished to the respective parties, it is to be
understood that—

The length of the engine room, in the clear, is not
toegxteeed . ngm . . . . . 48ft. Oin.

Breadth of ditto . . . . . .
Depth of ditto . . . . . . }ﬁei:’:;"’in‘“
The centre of the shaft sbove the watér line wing.
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The sitnation of ditto, as per drawing, or as near as can be,

The holding-down bolts are to be secured by nuts let into the
sleepers, so as not to require the bolts to pass through the
vemsel's bottom ; and the bolte are to have, at the lower end of
their points, wrought-iron washers about eight inches square, and
one inch thick, placed belween the nuts and the wood. Should
this mode of security be inapplicable to the particular kind of
engine proposed, the engineer is fully to deseribe any other
secure mode which he may think the most advisable to adopt.

The pistons are to be fitted with metallic packings.

The blow-off pipes are to be not less than 3} inches in dia-
meter, and their thickness not to be less than # inch.

The thickness of the steam pipes is not to be less then } inch ;
of the bilge pipes, not less than 4 inch ; of the feed pires, not less
than § inch ; of the waste-steam pipe, not less than & inch; and
of the waste-water pipes (if of copper), not less than } inch.

The oylinders are {o be fitted with discharge or escape valves
at the top and at the bottom of each, for allowing of the escape
of water therefrom ; the valves to have suitable metallic cases to
gbyiate the danger of persons being scalded by any escape of
boiling water. Reverse valves are 1o be fitted to the boilers,

Each cylinder is likewise to be fitted with a separate move-
ment and valve, for the purpose of using the stcam cxpansively
in various degrees, as may from iime to time be found eligible.

The air-pumps are to be lined with gun metal of half an inch
in thickness, when finished.

The air-pump buckets are to be of gun metal, with packing

rings.

Cﬁho air-pump rods are to be of gun metal, of Muntz’s metal,
or of wrought iron cased with gun metal.

The threads of all screwed bolts, nuts, and pins used in engines
and boilers, and in every other part of the work furnishmy
the contractor, are to agrec with the threads used in the steam
department at Woolwich.

amall engine is to bo filted, capable of working one of the
pumps for feeding the boilers.

Pipes to be fitted for supplying, in the event of a leak in the
vessel, the requisite quantity of water from the bilge to the
condensers.

The hand pump to be made capable of being worked by the
engine also, and to be arranged to pump into the boilers, on
deck, or overboard ; and to draw water {rom the boilers, from
the bilge, or from the sca.

The feed apparatus to be complete, indcpendentlg of any feed
from a cistern above the deck, should such be fitted.

The steam pipes and 4l other p‘iipes to be of copper, and their
respective diameters to be specified in the tender.

£ gseparate damper Lo be fitted to every boiler, and dampers to
be fitted to the fronts of the ash pits.
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Brine 8, or some other equally efficient apparatus, with
refri pum,pw be fitted to the bgilers)r ’

A small flat iron vessel to be fixed in one of the paddle boxes,
with two pipes, one communicating with the stoke hole, and the
other with the boiler, for obtaining a small supply of distilled
water from the boiler. Air tubes to be fixed in the coal boxes,
for agoertaining their temperature. Particulars will be furnished
to the contractors, on application to the captain superintendent
at Woolwich Dockyard.

The boilers are to be tubular, having iron tubes of 2§ or 3
inches outside diametor ; and it is desirable that the upper part
should not be a greater distance above the water line than cir-
cumstances render necessary. They are to be comstructed in
three or more separate parts, each of which may be used inde-
Kendently of the others. Sufficient details of the boilers are to

e shown, to enable a calculation to be made of the area of fire
grate, and of the fire and flue surface.

In the manufacture of tubular boilers, eare is to be taken to
leave sufficient room between the crowns and the lowest row of
tubes, with mud-hole doors in the front of eagh boiler, to admit
a person into these parts, both for the purposc of cleaning them
and of repairing them, without taking out the tubes. mud-
hole doors to be placed on the nside of the boilers.

A space of 13 inches wide is to be left clear between the boilers
and the coal boxes in every part. The boilers are to be placed
on a bed of mastie.

The paddle wheels are to be of the common construction, and
to be fitted with suitable brakes. Braithwaite’s disconnecting
ap&\mtus is also to be applied.

he power of the engines is to be 260 horses, caleulated at 71bs.
effective pressure on each square inch of the piston, and the s
of the piston

ft. in.
for 4 O stroke not to exceed 196 feet per minute.

4 6ditto . . .204 ”

5 0 ditto . . . 210 »

6 6 ditto . . . 216 ”

6 0 ditto . . . 222 ” .
6 6 ditto PPN . 226 M

7 Oditto . . .28 »

7 6 ditto . . . 236 "

8 Oditto . . .240 ”

All the neoessa.:iy ladders for the engine room, together with
fenders, guard rails, and floor plates, are to be included in the

tender, and likewise the expense of trying and fitting the spare

gear.
The expense of clothing (in-the following manner) the oylinders,
stenan pfg.f: and boilers%s also to be inclgded in tzle te:%er.
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The oylinders are to be covered with hair folt to the thickness
of two inches. The felt is to be covered with thoroughly dried
wond, and bound together by iron or brass hoops.

The steam pipes are to be clothed with felt, which is $o be
woulded with spun yarn, and then to be covered with canvas;
the whole to be of such thickness as to be even with the flanges.

After it has been ascertained by trial that every part of the
boilers is perfectly tight, two good coats of red-lead paint are to
be then put on them, and felt ap lied to the tops, sides, and ends,
to the thickness of two inches, while the paint is moist. For the
more convenient application of the fell, it is to be previously
stitohed to canvas for the purpose of holding it together. The
canves is then to be well pamted and carefully covered with
'thorouﬁhly dried one-inch deal boards, having rabbeted, or
grooved and tongued joints, and bound up to the boilers by
suitable iron straps.

The coating of felt and boards on the top of the boilers or
steam chest is to be kept at least 18 inches from the funnel, and
the circular space between the coating and the funnel is to be
covered with a three-inch course of brick, set in cement, and
surrounded and held together by an iron hoop, or this space may
be filled up with mastic.

The boards and bricks on the upser parts of the boilers are fo
be covered with sheet lead, 4 pounds to the square foot, so as to
prevent any leaks from the deck reaching the felt.

N.B. Parties contracting to supplg machinery for her Ma-
jesty’s ships and vessels are to be bound in a penalty of one
thousand pounds to complete their contracts at the stipulated
riods; and it is distinctly to be understood that it 18 their
ehips’ intention to enforce the bond in all cases where the
machinery is not fixed and ready for trial at the time specified
in the contract.

The time required for completing the machinery so as to be
ready to be put on board the vessel, is to be considered as com-
me!acing from the date of their Lordships’ acceptance of the
tender.

And the period stipulated for fixing the machinery on board
the vessel is to be calculated from,the date the vessel is placed
in the hands of the parties for that purpose.

It is likewise to be understood that, if the weight specified in
the tender be exceeded, the contractor is to forfeit one thousand
pounds, or their Lordships are to be at liberty to reject the
engines, the manufaeturers paying one thousand pounds for the
disappointment. .

It 18 to be understood that the %-Va.ctice of fixing new engines
on board her Majesty’s vessels at Woolwich Dockyard is to be
ontirely discontinued. The ports to which their ips will,
for the convenience of manufacturers, allow vessels to be taken,



axe those of London, Liverpool, Greenock, Glasgow,a |
provided the places at which the vessels are to lie in those
shall be named in the tender, and apgroved of by their Lo .
In all cases of vessels reeeiving their engines on board at an
other sort than that of London, a deduction of two per cent. wi
be made from the price of the engines named in the tender, as a
compensation for the expense, wear and tear, and risk thereby
incurred.
No,charge will be allowed for transporting the vessel to the
place where the engines are to be fixed on board; for coals in
trym%! the engines wuntil are complete ; for boats, anchors,

men, lighters, pilotage, canal or dock ducs, shipwrights' work,
or for any other expense whatever. The « watvhing " of vessels
i8 to be performed in future by officers and men in her Majesty's
service.
TeNDER from Joraj .
of Steam Engines with Paddle Wheels, pursuant to a Lettor
Jrom the Admiralty, dated » and the Specifi-
cation accompanying the same.
Collective power of the two engines . . . 260 horses.
‘Weight of the engines 80 tons.
Boilers and their apparatus 45
‘Water in boilers . 30
Coal boxes . . | 10
Paddle wheels . . 13
Bpare gear, and all fittings included in contract 12
Total weight . . . . . . 190 tous.
—
ft. .
Diameter of cylinders . . . . . 001}
Length of stroke . . . . . « 4 6
Strokes per minute . . . No. 24
Diameter of paddle wheels . . . . . 210
Breadth of ditto . . 8 3

Diameter of necks of intermediate and paddle-wheel shafts 0 123
Quantity of coals which can be stowed in | 185 tons, or 8§ days’ cori-
the coalboxes . . . . . sumption.
Estimated consumption of coals per horse per bour . . .
Cost of engines, boilers, and coal boxes £ll,ggg } Including the srection

Ditto paddle wheels, common on board.
Cost of duplicate and spare articles, as Including the ontive
perlist . . . . . . 830 fittingandtryingofthe
same wherever and
Totalcost . . . . « 2£12,740) whenever required,
Rm——

Including all the items of expense wentioned at the end of the spe-
cificution,
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Time required for completing the work ready to be put on

one pair, eight months ; for two pairs, nine months.

Further time required for fixing the whole in the vessel, ready
for service, two months. The engines to be fixed on board in
the East India Docks, London,

The boilers will be constructed on the tubular principle, em-
bodying all the latest improvements. The tubes will be of iron,
3 in. external diameter, and 6 feet long, and secured in the best
manner in tube plates of the best charcoal iron, % in. thick.
The bottoms of the boilers will be composed of plates yj in.
thick ; the sides and tops of plates % in. thick ; and the fire
boxes of Lowmoor plates, & in. thick. The heating surfaces of
the Eroposed boilers will be—grate-bar surface, 85 square inches

er horie power ; tofal tube and flue surface, 16 square feet per

orse, and effective surfaco 133 square feet. Sufficient room will
be left between the crowns of the furnaces and the tubes for
cleaning the former. Each hoiler will be fitted with separate
safety valve and stop valve, 80 that either may be worked distinct
from the other if Tltlluired. Brine pumps will be attached to the
boilers ; also a small feeding engine will be provided for working
the supplementary feed pump.

The boilers will be clothed with felt, wood, and lead, as usnal.

The blow-off pipes will be of copper, 3} in. diameter, and % in.
thiﬁl, having thewr cocks, conical pipes, and stop valves of gun
metal.

The engines will be constructed on the direct-action principle,
as shown by the drawings, and will embody all the latest im-
provements. The slide valves will be formed on the long D
conatruction. The air pumps will be of solid gun metal; and
the air-gump rod and bucket, foot valve, and delivery valve, will
be all of gun metal.

There will be two feed and two bilge plunger pumps, each
pump eapable of supplying both the boilers.

The pistons to be of the mest approved construction, with
metallic packing. The steam pipes, feed pipes, and all other
pipes usually constructed of copper will be of this material, of
sufficient thickness. All the bearings will be of best brass.
Elgmive gear will be attached to the engines. The framings
of the engines will be composed chiefly of wrought iron, and
be made as light as is consistent with the requisite strength.

The paddle wheels will be on the common construction ; and
the will run through to an outside bearing on the spring

beam.,
The whole to be of the best material and workmanship.
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Last of Toors and SearE ARTICLES for Paddls-wheel

Engines of Horses Power.
ENGINERBS' TOOLS. x
0.
Brushes, for boiler tubes, to every 100 horse power . 2
Drifts, short and long do. do. . 1 each.
ire irons . . . .. 12
Mandrils “do. do. . . . leach.
Scrapers, ciroular and forked do. . . . b each.
Spanners and wrenches of sorts . . . . 24
Stocks taps and dies, from % inch to 1. .. Tlset.
SPARE GEAR.
ump, side rods, w1th straps und brasses complete
2’ so fitted) . . . . 2
Axr ~pump rod 1
Air-pump cross head Of 80 ﬁtted) P |
Arms for paddle wheels . . . . )
Bars, furnace . . . . . . % set.
Bearers . 3
Beam, swa.y (1f 80 ﬁtted) . . R §
oiler plates . . . . Beowt
Bolts and nuts for engmes, properly assorted . 120
Bolts and nuts for paddle wheels, or rivets instoad (1f
so fitted) . . . .
Bolts and nuts hook for paddle boards . . . .100
Brasses for ouler end of shaft . 2
(Cylinder side rods, with straps s.nd bmsses complete
(if so fitted) . . .
Cylmder lid . N |
Fylmder cross head af 50 fitted) . .1
rrules for boiler tubes, 1o every 100-horse power . B0
(Fork head (if so fitted) . 1)
{Side links to fork head, with straps and brnsscs com-
plete (if so fitted) . . .9
Paddle boards . . . . . .. 12
Paddle plates B |
Piston and rod . ’ 1
Rod connecting with strap and bmsses, complctc 1
” Pa.rallel motion, Wit brasses complot.e for one
F ine . £ § d) . . Ji set,
” ee pum 80 tte
» ll§6 (if so fitted) . 1
” S € 1
Berews, pa.ckmg, for shde oomplete for one engme 1 set.
Segments for paddle wheels, large . 4
Segments for paddle wheels, sma.ll (if mo ﬁtted) . 2
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Bprings for each piston (if so fitted) . . . . 1seb
!Stegngl for other parts of engines, for 1 engine . . 1 set.
e, boiler, to every 100-horse power . .. 10

Tubes, glass, for barometers . . . . . 2

Tubes, glass, forboilers . . . . . . . 4
Valve, foot, without seat ... e w1
‘Washers, iron S [ 1]

Nore—Such articles contained in this list as are not to be
found in the particular kind of engine tendered for, to be struck
out by the party tendering; and any articles may be added to it
which, from the construction of the engines, he may consider
ought to be supplied.

TABLE No. II.

ADMIRALTY FORMULA OF SPLCIFICATION FOR MARINE
ENGINES, WiTH SCRLW PROPELLERS.

SPEOIFICATION of certain Particulars to be stricily observed in
the construction of Marine Steain Engines (with Screw Pro-
pellers), referred to in the Admiralty Iitter of the 9th of° Sep-
tember, 1845, for Iler Majesty’s Steam Guardship of 72 Guns,
with Auziliary Engines of 450-Ilorse Power.

The tenders are to be made (in triplicate) on the accompanying
printed forms, every garm-ular in which is to be carcfully and
strictly filled up ; and all drawings, models, and bosos contain-
ing them, are to be distinctly marked with the names of the parties
transmitting them.

The coal boxes (in the space of the engine room) are to contain
as much room as possible. The arrangement, and quantity (com.-
puted at 48 cubic foet to the ton) to be shown in the tender.

The consumption of coal per horse power, and the number of
days’ coals which the boxes will contd#in, are to be accurately stated
in the tender.

The breadth and degth of the engine room are shown in the
drawing. If the length should be found insufficient, ithe foremost
bulkhead may be removed as much farther forward as is neces-
:lmry';dbut the situation of the gffer bulkhead is not to be

tere

As the engines will not be 8o frequently worked as in an ordi-
nary steamn vessel, especial care is to be taken in the arrangement
of the boilers and machinery, that every part may be easily ac-
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oceasible, so that no difficulty may be found in preserving them in
efficient state.

wThe situation of the centre of gravity of the whole machinery,

coals, &c., to be shown in the drawing. .

The pistons arc to be fitted with metallic packings.

Tho blow-off pipes are to be at least 3} inches in diameter, and
their thickness not to be less than # inch,

The thickness of the steam pipes is not to be less than } inch ;
of the bilge pipes not less than # inch ; of the foed pipes not less
than # inch; of the waste steam pipe not less than } inch; and
of the waste-water pipes (if of c(g)per not less than } inch.

The cylinders are to be fitted with discharge or escapo valves
at the top and at the bottom of each, for allowing of the cscape of
water therefrom ; the valves to have suitable metallic cases to
obviate the danger of persons being scalded by any escape of
boiling water. Reverse valves are to be fitted to the boilers,
and efficient stop valves at the ship’s side to the waste-water

ipes. .
P }])EQa.ch cylin Ter is likewise to be fitied with a sepurate movement
and valve for the purpose of using the stecam expausively in
various dogrees, as may from time to time be found eligible.

The air-pumps are to be lined with gun metal of half an inch
in thickness, when finished.

_The air-pump buckets are to be of gun metal, with packing
rings,

'he air pump rods are 1o be of gun metal, Muntz’s metal, or
of wrought iron cased wilh gun metal.

The threads of all screwed bolts, nuts, and pins used in the
epg{énes and boilers, and in every other part of the work fur-
nished by the contractor, are to agree with the threads used in
the steam department at Woolwich.

A fan-blower with all the necessary apparatus is to be provided
for blowing the fires in the event of injury to the funnel; and a
small engime is to be fitted, capable of working the blower as well
a8 one of the pumps for feeding the boilers.

Pipes to be fitted for supplying, in the event of a leak in
the vessel, the requisite quantity of water from the bilge to the
condensers.

The hand pump to he made capable of being worked by the
engine also, and to be arranded to pump into the boilers, on deck,
or overboard ; and 1o draw water from the boilers, from the bilge,
ar from the sea.

The steam pipes and all other pipes to be of copper, and their
re?echve diagxeters to l{;s cicflic in the li;eﬁdor. 1 dam

separate damper to tted to every boiler, an pers $o
be fittod to the frg):bs of the ash-pits. 7

Brine pumps or some other eque.lllf7 efficient apparatus, with
refrigerators, to be fitted to the boilers, and blow-off pipes o
arranged that any boiler may be blown off separately.
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Air tubes to be fixed in the coal boxes, for ascertaining thei
temperature. Particulars of these and other small fittings, suck
a8 glass water gauges, &c., to which the contractors will b
required to conform, will be furnished to the contractors or
ax:gcllication to the captain superintendent at Woolwich Dock.

yard.

The boilers are to be of the tubular construction having tabes
of 24 or 3 inches diameter outside, the cost with iron and witt
brass tubes respectively is to be specified in the tender.

The boilers are to be constructed in three or more separa(
garts, each of which may be used independently of the others

ufficient details of the {oilers are to be shown, to enable a cal
culation to be made of the area of fire grate and of the fire an¢
flue surface.

In the manufacture of tubular boilers eare is to bo taken tc
leave sufficient room between the crowns and the lowest row of
tubes, with mud-hole doors in the front of each boiler, to admii
a person into these parts, both for the purpose of cleaning them,
and of repairing them, without taking out the tubes.

A space of thirteen inches wide is to be left clear between the
boilers and the coal boxes in every part. The boilers are to be
placed on a bed of mastic.

The gower of the engines to be 450 horses; and the weight,
if possible, not to exceed 300 tons; the power to be calculated
at 7lbs. effective pressure on every squarc inch of the pistons;
and at 45 strokes per minute.

The whole of the machinery and boilers to be below the lower
or sleeping deck.

The speed of the propeller shaft to be at least 45 revolutions
per minute, the shaft to be driven direct from the engines.

The screw propeller to be two-threaded and to be made of gun
metal of about 15 ff. 6in. in diameter, and of the form to be here-
after determined.

The screw to be hung upon a separate shaft, capable of being
easily disengaged from the driving shaft, and suitable means are
to be provided for shipping and unshipping it through a trunk
e g from the upper part of the aperture for the screw to
the r deck.

Tt is to bo understood that any plans in which the arrange-
ments may differ from those abov$ described will be taken into
consideration, if they shall ap¥ear likely to answer.

All the necessary ladders for the engine room, together with
fenders, guard rails, and floor plates, are to be included in the
tender, and likewise the expense of trying and fitting the spare

gear.
The expense of clothing (in the following manner) the cylin.
g:ra, stexsl.); pipes, andngoilera, is also to be included x:y the
nder.
The cylinders are to be covered with hair felt to the thick.
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of two inches; the felt is to be covered with thoroughl
ﬁ:i':d wood, well fitted, and bound together by iron or bms{

hoﬁse steam pipes are to be clothed with felt, which is to be'
woulded with spun yarn, and then io be covered with canvas ;
the whole to be of such thickness as 10 be even with the flanges.

After it has been ascertained by trial that evgz('{v part of the
boilers is pertectly tight, two good coats of red-lead paint are to
be then pui on them, and felt applied to the tops, sides, and
ends, to the thickness of two incll):es, while the paint is moist.
For the more convenient application of the felt, it is to be pre-
viously stitched to canvas for the purpose of holding il together.
The canvas is then to be well painted and carefully covered
with thoroughly dried one-inch deal boards, lmvinﬁ rabbeted, or
grooved a:g tongued joints, and bound up to the huilers by
suitable iron strups.

The coating of felt and boards on the top of the boilers or
steam chest is Lo be kept at least 18 inches from the funnel, and
the circular space between the coating and the funnel is to be
covered with & three-inch course of brick, set in cement, and sur-
rounded and held together by an iron hoop, or this space may be
filled up with mastic.

The boards and bricks on the upper paris of the boilers are to
be covered with sheet lead, 4 pounds to the square foot, 8o as to
prevent any leaks from the deck reaching the felt.

The engines to be fitted on board the ships, either in the
Thames, at Portsmouth or Plymouth ; ihe parties tendering to
state the expense of fixing the machinery at each place respee-
tively, it being understood that if fixed in the Thames, dock
dues 4nd all other expenscs arc 1o be borne by the contractors.
But if' at Portsmouth or Plymouth dock yards, the use of the
g vernment shears or cranes, with the necessary Lands, will be
allowed for lifting the heavy weights.

N.B. The time required for completing the machinery so as
to be ready to be pul on board the vesscl, is to be considered
as commencing from the date of their Lordships’ acceptance of
the tender.

And the period stipulatcd for fixing the machinery on board
the vessel is to be calculated from the date the vessel is placed in
the hands of the parties for that purpose.

Parties contracting to supply machinery for Her Majesty’s
ships and vessels are to be bound in a penalty of one thousand
pounds to complete their contracts at the stipulated periods, and
1t is distinctly to be understood that it is their Lordships’ infen-
tion to enforce the bond in all cases where the machinery is not
fixed and ready for trial at the time specified in the contract.

It is likewise to be understood thac, if the weight specified in
the tender be exceeded, the contractor is to forfeit iyine thousand
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pounds, or their Lordships are to be at liberty to reject the
engines, the manufacturers paying one thousand pounds for the

disappointment.

TeNDER from

Jor a pair of

Bteam-Engines (with Serew Propellers), pwrsuant to a Letter
Srom the Admiratty, dated the 9th of September, 1845, and the
%ﬁcatian accompanying the same. For a 72-Gun Steam

rd Ship (auziliary).

N.B. All the following particulars are to be carefully stated in
this paper, so far as may relate to the tender required by the

Admiralty

In words and figures.
Collective power of the two engines four hundred and fifty horses 450.

%g Weight of engines . . 127 tons. One hundred and twenty-seven.
g3 Do. Boilers and their 55 Fifty-f
o2 apparatus ” itty-ive.
‘::g w| Do. Water in the boilers 45 ,, Forty-five.
bg? Do. Coal-boxes . 15 ,, Fifteen.
335 Do. Propeller, pro-
é:g peller shaft, and mn-} 30 ,, Thirty.
;5 2| chinery for driving it
52 | Do. Spare gear, and
§; all fittings included} 18 Eighteen.
g8 | in contract
Total weight 290 tons. Two hundred and ninety.

Diameter of cylinders four, each 50 in.
Length of stroke . . . . 3ft. 0 m.
%t;okea per minute . . . No., 45

volutions of propeller

shaft per minuf}e’ ? } No., 45
Diameter of the necks of 133

the engine shaft n.

Do. Propeller shaft 13 in.

The quantity of coal which

can be stowed in the } 250 tons, being 9 days’ consumption.

coal boxes

Estimated consumption of
coals per horse power
C L fll ou;' boil d
o8t of engines, boilers an
oval boxes £17,620
Do. Propeller, shafts, and
all machinery connected 3,650
with them

6 Ibs.

1lnclnding the erection on
board

j .
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Including the entire fitting

Cost of Duplicate and spare and trying of the samg

articles as per inclosed wherever and whenever re«

list, and all fittings and £1,450 quired ; and all the other

other articles to be sup- items of expense mentioned

plied under the contract at the end of the specifica-
tion.

Total cost . . . £22,720

Time required for complet-
ing the work ready to be » 12 months.
put on board

Further time required for
fixing the whole in the
vessel, so a8 to be fit for
service

At what place the engines are to be fixed on board.

3 months.

The construction and dimension of the boilers to be here de-
seribed, and the thickness of the plates of the various parts of
them ; and if the boilers be tubular, the diameter and length
of the tubes to be specified, as well as the material of which
they are to be composed.

Boilers to be tubular, over all 19 ft. 9in. long, 24 ft. wide, and
12 ft. high, being kept (as well as the engine) entirely under the
orlop deck. Tlealing surface to be 15 aq. ft. per horse power, and
grate-bar surface, 80 sq. in. per horse.

Engines to have four horizontal cylinders driving the screw
shaft direct.

The blow-off pipes to be 4in. in diamcter and } inch thick, of
coptp;r ; having their cocks, conical pipes, and stop valves of gun-
metal.

The whole to be of the best materials and best workmanship.

N.B. The position of the engines, propeller, boilers and coal-
boxes 10 be distinctly shown in the accompanying drawings of
the engine room.

Lisr of Toors and Spare ArTICLES for Engines (with Serew
Propellers) of 450 Horses’ Power.

ENGINEERS' TOOLS. .
0.
Brushes, for boiler tubes, to every 100 horse power . 20

Drifts, short and long do. do. . . leach.
ire irons . . . . . . . . 12
Mandrils do. do. . leach.
Scrapers, circular and forked, do. do. . beach.
panners and wrenchers of sorts . . e 2
Stocks taps and dies from 4 inch to 1% . . . lset.

K 2
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SPARE GEAR.
Air pump, side rods, thh straps and brasses oomp]ete No.

(if a0 fitted . . 2
Air-pump ro e e 1
Air.pump cross head (1f 80 ﬁtted) .

Bars, furnace . . g set.

Boiler plates . .. cwt.

Bolts and nuts for engmes properly assorted - 120
linder lid . A |

Cy linder cross head (1f 80 ﬁtted) . .1

Fyeru'les for boiler tubes, to every 100 horse power . b

0
Piston and rod . 1
ProPe]]er and shaft oomp]ete . .1
connecting, with strap and brasses complete N |
y Feed pump (if so ﬁtfog 1
” Bﬂge pump (if so ﬁtted) . %
S('rews, i for shdes, complete for one engme «  1szet.
Springs for each piston (if so fitted) .« . lset
Springs for other parts of engines, for 1 engine . . 1set.
Tubes, boiler, to every 100 horse power . . .10
Tubes, glass, for barometers . . .. 2
Valve, foot, without seat . . . . .
Washers, iron . . . . . . 100
Nore —Buch articles contained in this list as are not to be
found in the particular kind of engine tendered for, are to be
struck out by the party tendering, and any articles may be added
to it which, from the construction of the engines andy propeller
machinery, "he may consider ought to be supplied.

Nore.—For Tables IIT. and IV. see also “ Artizan Journal ”
for 1849 and 1850. This journal is the more specially devoted
to steam navigation and machinery generally.
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TABLE No. IIIL

TABLE OF THE PRINCIPAL DIMENSIONS OF 194 STEAMERS
WITH PADDLE-WHEELS.

gl,=4 ;=
] s N -
8, ld8/98 $38], FEIEE]
@ [ N .
A HE RS ey
the Vessel. | 8 uﬁ . - ' g ] e
5 |4 Abicd g &7 = Machinery.
M| A
1]
ft. in.|ft. in.| Tonn . o, in.
Acadia 23 6| 1150 6(16 0/woodDuncan  .[R. Napier
Africy . 627 0f 2130 717 0| ,, |R.Bteele .Ditto
Agir 0{10 265 0| 7 6|iron |Fairbairn .|Fairbairn
bert . 513 9 7 » (Wilson .|Maundslay
5|America 11256 7| 1766 118 Ojwood|R. bteele .|R. Napier
Asia 627 6| 2130 08 6| ,, |Ditto . Ditto
| Atlantio 0131 0| 2720 018 0 ,, |Ameri Amerit:
Aurors 918 1| 436 7/7 6] , [Connell .Coates snd
Young
Baltio . 0]32 0f 2725 o8 o , |A A i
10{Banshee . 2014 0 670 09 0f , [Lang, Jun. .Penn
Baron Osy . 914 020 0] iron {Robinsons &
. Russell
Bentinok 031 6| 2020 wood|Wilson . [Fawcett
Berenice 8| 646 ois o ,, R. Napier
Birkenbead,

R.N, (2 623 0f 1440 0{16 0 iron [Laird . ./Forrester

15{Black Eagle,

R.N. 1114 10| 600 3| wooa|Lang . .|Penn
Blackwall 1} 9 10{ 258 6] 5 0|iron |Ditchburn .[Miller
Bolivia 0|16 3| 706 0| » |R. Napier .[R.Napier
Brian Boiro-

rimhe 2|16 9| 600 4010 o , [Ditto . .|Ditto

mlBri_muniA 022 6f 1160 6|16 Olwood|Duncan _ .Ditto
Britanuia 610 9 412 8{ 8 6|iron [Smith and [Smith end
. Rodger . or
Brit. Queen 6/27 0f 1862 0(17 Ojwood “u;ling and {R. Napier
oung .
Briton 0| 9 14| 283 6| 6 3|iron [Tod an Tod and
M‘Gregor | M‘@regor
|Brunswick . 19 0 258 6/ 5 0| , |Ditchburn .|Sesward
Bull Dog,
RN, o021 0f 1126 6/16 Ojwood|Symonds |Rennie
25Caledonia 022 6| 1150 616 0| , |luncan .[R. Nepier
Cambria 9|24 6 1360 817 0/ ,, [R.Steele .|Ditto
114 530 6/ 8 0'iron |Caird . .Grendqn
Canada 125 6| 1756 1017 Ojwood|R. Bteele .|K. Napier
CardifiCastle| 39 8 3 0{ § 6 iron |Caird . Caird,
30|Celt . . 8j10 8 2 [ » |Denny |Wingate
Oiz of Lon- .
n . 020 o] 1119 614 0 , |R. Napier .R.Nepier
City of Paris 618 0f 426 8 9 , |Joyce . .jJoyes
[Clyde . 6/30 6| 1850 017 Oiwood{Duncan  .|Catrd
Colon . 0120 0f 860 wood|Wigram  .|Penn
85{Cora . 3|17 0 970 0 » |Putterson .|Miller
grﬂllﬁe!h 72 6 429 8 6 6/iron [Wingste . Wingsta

aignis X

Qastle 89 8 317 o5 6 , [Caird . d
Camberland 018 7| 610 610 6/ ,, [Tod and Tod and

M‘Gregor | M‘Gregor
CyelopsR.N.[10¢ 0[38 023 0] 1300 0{15 8jwood{Symonds .
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° :
-] - — - 'SG
] Sg l°§'g.: ¥§33
<] L s e
oma of |29 gé PR Eé’ i i Buldersof | TG00
essel, | 8 ] K ] 2 o Vesse H
’sn au nég’éﬁ“‘“‘ o 5? H] Machinery.
| RE
ml . 1n|f. in.|n. in| Toos. ["mats 1. in ln
n {t. LR, in.| Tons. | nal. . in it in.
Dansig, 230 0}34 4/20 3| 1280 24 4/15 0|wood|J. Bcott Rus-/Robinsons &
Pruss.R.N. sell . .| Russell
Dee . 215 0,35 9/30 3| 1325 | 435 {20 8/17 0| ,, (Soott . .|Scottand
Binclair
Demerara .[285 041 083 0] 2318 | 750 » |Patterson .[Cuird & Co.
Dundalk  .[173 0[26 1{15 6| 566 | 270 (24 9[10 6|iron |R. Napier .[R, Napier
{Dundee 175 0/28 0[17 6| 650 | 300 (24 O[11 6{wood|J. Wood .|Ditto
465/ Duchess
Argyll .1147 014 6{ 6 6/ 100| 70 14 © iron {Denny .[Penn
e . .[1056018 O/ &8 5 160| 73 |16 0 » |Tod apd  [{Tod amd
M‘Gregor| M‘Gregor
Eblano  .[205 625 215 8| 635|370 |28 7]10 0 , [Ditto . .Ditto
Eclipse .10 0016 0/ 7 0| 200 62[16 6(3 6 , |Wingate . Wingate
ipse 156 019 0/ 9 6| 278 10018 6/ 5 0 , |D.Napier .|D. Napier
B50|Elfin, R.N, 103 614 0/ 7 8 98/ 60 4 0|lwood|Symonds .|Rennie
Emperor /240 032 6]20 0| 1270 | 416 14 0|iron |K. Napier .[R.Napier
Enguneer .[162 018 1/ 8 2| 295|104 /18 0[5 3 , |J.& W.Na-J. & W. Na~
pier pier
Equador .1168 023 014 0 3815 }174 22 0 » |Tod and Tod snd
| M‘Grogor | M‘Gregor
Eurgpa 1251 6188 2/25 8| 1764 | 690 83 1[17 olwood|J. Wood .|R. Napier
55/Euxine 1222 0'29 5[18 6] 1200 | 450 |23 6|15 o|iron [Caird .  .[Caird
Fairy . 128 016 3] 8 3| 135 66 |16 6 » |Tod and Tod and
M‘Gregor | M‘Gregor
g.;rhy . .125016 7|7 8 14| G2(14 63 0 , |Vernon .|Forrester
'sther
Thames .[145 019 010 0 247 | 90 (18 6/ 4 o , Ditchburn ./Penn
Favorite .|175 022 7|12 65 443 | 160 22 0| 7 0] Wingate .[Wingste
60|Finella {160 020 411 4] 827 |110(19 6/ 6 0 , |(Vernon  .Torrester
Fire King .(180 028 0[18 8 663 | 300 » |R.Napier ./R. Napier
Frederik- 134 0{16 0] 7 0] 158 | 45 |9 6 » |Robinsons &{Robinsons &
shald . Russell .| Russell
Fitzroy Bo- {102 7(19 810 7| 200 | 108 |16 0 wood|J. Beott  .{Scott and
merset . Sinclair
Foyle .  .l196 0125 0]16 0| 741 | 372 26 6/ 8 6| ,, [American .|American
86/ , RN, 1195 8i86 021 0] 1128 | 515 (26 6/16 0 ,, |Symonds ;Riﬁby
|Ganges  .[236 0:30 4/18 7| 1086 | 470 129 8[11 ¢|iron [Tod and  [Tod and
. MGregor| M‘Gregor
Georgia 033 0] 2300 | 700 38 O] wood|American .[American
|Gorgon,R.N [180 0{37 6/20 0! 1100 | 320 |26 015 8 , |Symonds .!Seaward
Grest Liver-
1. 235 0/30 10{19 8| 1140 | 468 (28 5|16 6| ,, |Patterson .[Forrester
70{Great West-
ern , .[215 0136 423 3( 1340 | 450 28 N6 O ,, Maudslay
|Guadaloupe 185 030 0|18 0| 800 | 360 9 0 iron Laird .  .[Forrester
Guadalqui-
ver . .[205 025 012 0 660|220 37 0/ 7 0 , [Vernon .|Fawoett
gail:bnrg .15 oj26 8[16 0| 680 | 270 9 6 . |B.Napier .|R.Napier
olen
M‘@regor (180 026 016 O 681 | 250 Laird .  .[Forrester
75| Helwellyn .132 817 0/ 8 6/ 188 | 70 (156 6/ 4 0f , [Craig& Co, Orﬁg&ﬁo.
er Majesty|126 014 0/ 7 Ol 120| 40 11 0/ 4 O ,, Bnnbmsoslknobmms&
Usse; .
Herne 160 021 6{10 o 885120 18 6/ 6 2 , |Ditchburn .Bov\;lten and
att
Hibernia {218 0[38 0/24 0| 1350 { 500 30 4| wood(R. Bteele ./R. Napier
IHindostan [235 0139 0130 0 1800 | 550 17 0 ,, [Wilson |Fawoett
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8 ﬂ-‘5§£'5°'.‘§-§ ]
: E IR 3.« K Makers
Nameof (58|35 |25 5’1;5 EE|GE (%] § |mmidersor| oftho
the Vessel. | 88 R AECHIEIE P the Vessel. | Muchinery.
s R o
a=EY ) ﬁ
& =
Nomi-
ft. in.|ft, in.|ft. in. Toms, | nal. |ft. in.jft. in,
80/Incs . (168 0127 O[14 Of 628 wood| Patterson .[Miller
Indis . 195 0132 0 0f 1200 | 325 {26 6/16 0 ,, [Scott . .Mtsmlﬂg
Inverary (140020 0/ 8 7| 270 {113 18 9| 7 6iron|Tod and {Tod and
Castle M‘Gregor | M‘Gregor
Isaac New-
ton . [ 2833 | 600 wood|American .|American
Islay . . 6|11 0| 385 {162 22 0 iron |Tod and Tod and
M‘Gregor | M‘Gregor
85|Jenny Lind 07 9] 165| 70 14 0 s |Denn .|Penn
uverna Ol4 6 8656 (274 24 5/ 9 0 ,, |Lunell & Co.|[Lunell & Co.,
Kamtsshat-
ke . 024 6 600 16 Ojwood|American ./American
Lt*wing
(Tow-boat) 610 0 115 45 14 0| 7 8 iron |Reid and Co.Murdoch
Laurel 012 9 500 | 180 123 6| s |Caird .  .|Caird
QOLc{uiter 0|18 2 720 | 870 R Ni
888 p 26 6] ” . Napier .[R. Napier
Lightni | 06 0 24010 42 of ,, Y"yoop.l .
Lady Kel- 218 0] 2331 87 18 0/ 6 3 ,, |Barr and |Barrand
burne . M‘Nabb .| M‘Nabb
Lion . . 714 9] 600|236 124 0|8 & ,, |Smithand [Smithand
Rodger .| Rodger
L!ewell{:. . 7115 0 643 | 350 9 0 ,, |Milier., .[Miller
95|Loch 9/811f 176 | 66 15 653 0 , (Denny  .Smthand
mond . Rodger
London-
derry 3116 11 488 | 240 21 510 9lwood |R. Btecle .R. Napier
Lyra " 6[12 10| 600 | 276 [25 410 3|iron [B. Napier .[Intto
agicienne,
N . 021 0] 1000 | 400 28 013 8jwood Penn
Maid of Lorn
Tow-boat) 8/9 0 80| 6015 0 7 6iron |
100{Manchester 6/10 6 400 | 150 18 0| ,» |Robinsons & Robinsons &
Russell Rusgell
Maria . 0{9 6| 1747 |h.pr.[30 0| wood|Americen .|Americun
Marquis of
Stafford 012 1| 365 | 164 [22 0] iron |Reid & Co. (Thomson
Medway 680 6/ 1350 | 450 30 0]17 Olwood|Patcher .| Mandslay
Merlin 7)8 8 207| 70 13 1] 3 10| wron Winsnte .Wm&m
105| Metoor 68 6 130 62114 06 6 , [Card . +|Cair
Mindello 017 6| 604 | 220 23 0/11 8jwood|Green , . Blyths
Minerva 0/16 6| 652 | 384 (16 9| iron |Vernon . Bury
Missiesipi .| 0123 6 1% 600 [28 9 wood| American .|Americsn
Mongibello. 018 0 200 10 6 ,, 3 Maudslay
110 Nemeuns . 011 0 600|120 17 6/ 5 O] iron|Laird . ,|Forrester
Nevks . 09 6 230| 7015 6 4 » |Pair .| Fairbairn
New Gren- 014 O] 300|212 23 0 Smith and |{Smith and
ads w | Bodger .
New York . 822 0f 1700 16 0|wood F
Niagara . 1125 6| 1767 | 674 (33 1 » |R Stgele .E,Nﬁpi&
116|Niagara .2 69 8 30 0 4 8 A A
Nie . . 020 912 | 220 J20 013 6| ,, Bo'tg'l.ta:md
Nimrod J1 0[16 0 591 | 820 {24 611 10| iron [Vernon B Bur_y‘.
Nix, Pruss, o011 6] 560160 17 0 6 9| , |Rohinsons &{Robinkons &
I BN, Ruesell .| Rumsell *

v
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TABLE No. IIL— Continued.
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g a4 sg ch P é .
I I T b} Makers
Name of g,;é ié EHEH H i ] Builders of| of the
the Vessel. i g‘,a LIS S q the Vessel. | Machinery.
is A -] gla U] m % 2
Al RE A
Nom o
ft.in [t in.(ft, in | Tons. | nal. [ft. in ift. in.|
Norah 135 0j18 6/ 8 0] 23 77 116 4 68 ({wood|At Water- [At Water-
Oriena y ford ) ford
« {160 0}25 O18 6| 500 | 239 |23 612 6| ,, i .{Seott and
sinolair
Od;n, R.N. 1212 037 024 2| 1328 | 560 {27 670 0| ,, |Fincham .[Fairbaira
Obio .  .[265 0[48 0133 0| 2800 | 700 [36 0 w |Ameri Americ
Oregon (326 0{36 0|11 0] 2000 |h pr.36 0| Ditto . . American
Orion . |212 028 (18 6| 805 | 440 |20 7| iron |('aird .  .|Cuird
1261 Peiki Tijaret|172 0|26 616 ¢ 568 | 180 10 6|wood|Fletcher .[Miller
Peloro 186 020 2{11 2| 262 | 100 {15 @] » |Pitcher .Bu‘lnl’lbon and
ath
Peterhoff .{190 021 6/ 9 0/ 412 | 150 {16 8| 4 0 iron Mare . .[Rennie
Petrel . .|166 617 10{ 7 11} 248|100 [19 1| 6 Of , |Barr and |Barr and
M‘Nabb .| M‘Nab
Pharos /148 0[21 012 9] 303 | 150 {19 0] 7 6| ,. [Fairbairn .|Penn
180|Philadelphia/200 0{33 018 3| 1100 | 500 {27 O wood|American .|American
Pioneer .[161 0[18 2/ 8 0| 262 | 95 {19 0| 6 O iron |Barr and |(Barr and
M Nab M‘Nab
Pizarro  .|187 0{30 0[20 0 800 | 850 wood|Wigram  .|Miller
Pottinger .|220 035 0/28 9| 1260 | 450 18 0| iron |Fairbairn [Miller
Powhattan .[251 645 026 6| 2400 | 800 (31 0|19 Olwood|American ./American
185{Precursor .|230 0[37 025 0} 1430 | % 17 0| ,, |Hedderwick |R. Napier
President .[238 0l41 030 0 1921 | 540 (84 0]17 of ,, Cu;l.ing and|Pawoett
oung .
Premior 137 617 7/ 7 0 212| 62|16 2 iron [Denny "Snftif»% and
ers
Prideof Erin{105 0[27 2]186 0| 715 | 368 {25 6| » |R. Napier .[R. Nugier
Prince, .|165 024 0[13 O 446 | 200 20 0/ 7 6| ,, |Fairbairn .|Penn
140/ Pr, Albert .|160 019 6/ 9 6 810( 110 (17 6/ 4 6 ,, |[Coutts. .|Milner
Pr. of Wales|165 026 614 6| 576|260 [25 0 7 9 ,, |Todand Tod and
M‘Gregor | M'Gregor
Princess .|166 0124 616 0 637 | 298 |23 10|12 2/wood|Wilson .|Fawoett
Princess .|135 018 0 8 5 210| 815 11] 4 3| iron|Tod and Tod and
M‘Gregor| M‘Gregor
Prs. Alice .164 024 114 O] 479|212 [22 9| 9 o , |[Ditto . = .|Ditto.
145/ Prs. Alice
RN, . 6 270 | 120 17 0| 8 6| ,, (Ditchburn |Maudslay
Prs, Royal .| 0 800 | 380 |26 0[20 O ,, [Todand (Todand
M‘Gregor | M‘Gregor
Queen . 9l 217 16 6 4 3 , |Rennie .|Rennie
|Queen , 7| 460|175 {20 8 » |Vernon  .|Fawoett
Railway 10} 2581 90 {156 6 » |Ditchburn .[Penn
150{ Rainhow ol 581|180 |6 w |Laird . .[Forrester
Red Rover 6| 350 | 120 {16 "8| 5 6{wood| Seaward
Betribution
' N, 4] 1641 | 800 {34 018 0 ,, |Symonds .[Maundslay
Roberto . 0| 1066 | 300 » {Pitcher .| Ditto
Rose . .]1 6| 805|100 17 Of 8 6 iron |Fairbairn .|Fairbairn
166{Royal Alice 0] 165| 96 {17 9| » {Todand  [Tod and
M‘Gregor| M‘Gregor
Royal Con- i
sort . . 5| 605 | 318 |27 O » |Ditto .  .|Ditte
|Salamander. 6| 560|160 17 0 8 8 , [Robinsons & Robinsoms&
Russell .| Russell
.N.n’ . 0] 1207 | 467 27 6| wood |Symonds .[Rennie
Sapphire 166 0/18 9| 150 |16 0| 4 8| irom Seaward
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Name of 2 ‘E '55 ‘gg E Builders of | of the
the Vessel | £ | £8 |2, S0 [Ax 1§ the Vessel. | Machinery,
Fas sla
. tndn in o in | Tous | mab R, &
X . ons, | nal. n ift, in,
160{8atellite 108 618 9/ 9 § 150 | 80 18 6 iron |R. Napier .|R. Napier
Shefald .[166 022 010 of 350 ( 160 |18 0 wood|Rennie  .|Rennie
Sidon, R. N.[216 0139 027 0] 1440 27 6/17 0 ., |SirQ.Napier|Seaward
Singapore 236 030 4 7| 1066 | 470 (20 8[11 6| iron [Tod and Tod and
M‘Gregor{ M‘Gregor
8. America .[250 0127 0/ 9 0 20 0| 5 Olwood|American .[Amerioan
165/Sovereign |10 0[17 0/ 8 4 200| 8217 8§ 0iron Toii{nsxd Toﬁm
‘Gregor ‘Gregor
SphynxB.N.|185 0136 020 11/ 1065 | 500 %8 0| (woodSymonds Pemn ©
Star . 106 017 9| 8 4 185|100 (19 O iron foﬁm Tod and
‘Gregor ‘Gregor
8t.Columbs [200 027 815 5| 719 [ 350 28 0/ 9 0| ,, [Laird .go.Forrentego
Stromboli,
LN,  .|185 0134 421 o 970|280 25 O wood|8ymonds  .|R. Napier
170{Superb 164017 2/ 9 6 200 7416 2 iron |J. Reid  .[R. Napier
Busque-
henns  .[268 645 oj26 6] 2436 | 800 131 0]19 o0|wood|Ameri Ameri
Tagus . .[188 028 117 4] 700 | 260 w |J. Boott .Sog;s.na
inclai
Tay . 215 036 6/30 6| 1350 | 450 (30 017 o , |Duncan .|Csird
Temparador|105 0124 0j14 0 418 | 140 9 8 , |Fletoher .Miller
175(Terrible,

R. N, .[230 042 0] 1800 | 800 (84 0]17 0/ , (Lang ., . Maudalay
Teviot .  .[216 0[36 6| 1350 | 450 |30 O[17 0| , [Duncan ,/Caird
Thames  .[216 0[36 6] 1350 | 450 17 0| , |Pitcher .Maudslay
Thetis ,  .[{190 6/22 6| 845|160 (22 7| 7 6|iron R, Nupier .|R. Napier
Thistle  .|198 0[26 o 655|336 (25 911 0| , |[Ditto . .|Ditto

(180(Thistle 153 020 6 305|100 |17 0/ 8 6| , |Fairbairn .| Fairbairn

g 6| 1220 17 0/wood|J. Edye ,|Penn

Trofalgar /192 0)28 11) 750 | 346 28 7/i0 6|iron Todand  |Tod and

M‘Gregor| M'Gregor
(4 il 8!

6|
[
6
b|
4
8|
Tiger, R. N [210 0136 0|
1
[
6
0
3
0
4

Trent . ,12156 0[368 6] 1350 | 450 17 or
|TridentR.N |185 0j31 0| 850 |22 0j10 9)iron |Ditchburn .Bovle_lton and|
att
185(Urgont 1176 026 5| 662 | 280 24 6] " Caird
Vanguard .[183 027 7| 663 | 324 (27 011 6!iron [R. Napier .[R. Napier
Vesper  ,[165 0]18 8l 260 | 70 wood|Fletoher ,[Miller
Viotoria  .|150 0]20 5 290 | 100 [16 0| 7 0] iron |Tod and Tod and
M‘Gregor| M:'Gregor
Victoria and|
AlbertR.N {108 0/38 0/23 0f 1040 | 430 |31 6} wood| %ymond- | Maudslay
Waterman.|100 016 0| 7 3| 36 2 9|iron [D. Napier .|D. Napier
190| W hitehaven [182 0[26 5[13 10| 575 | 300 (25 10(10 6| ,, |Vernon .Bxgm audl
o 0.
Windsor .[2056 0)28 016 3| 784 [ 840 (28 212 3| ,, |Vernon -B\lra
Wirard Boott and  [Scott and
Y‘('l;u‘)h J 75014 2(9 of 82| 4012 9 » Binclair .| Sinolair
[
194 Catolion (235 038 cﬂu o167 [500| |17 olwoodWigram [Masuduley

K3
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TABLE No. IV,

TABLE OF THE PRINCIPAL DIMENSIONS OF TWENTY-EIGHT
MERCHANT STEAMERS WITH SCREW PROPELLERS.

g | ..|8(28 N A
Neme |5 (S¢|8 én‘“ gles|SE 32 : Builders Makers 4
the Ve 1§§ gg Eg gtggggé H g the Vomsel. | Mocine
o Vessel. | 2 & @ K g C e Vessel, | Machi .
Klabl ¥ agngis'““ w|8&| 2 i
=NaH] =
No-
ft. in.|ft. ft. . Tons. iminal.|ft. in |ft. in .
| Albatross .|197 0 0| 124 {10 6 iron |Smith and |Smith and
Rodger Rodger
Antelope .[175 028 0 800 | 100 » |Hodgson
Apollo .{185 030 0 820 | 100 | 8 10f ,» |Smith and |Bmith and
Rodger .| Rodger
Archimedes [180 0/44 0] 1587 | 830 [15 018 Ojwood Reunie
6/ Archimedes (116 022 0 237 908 09 4 , |Wynn .| Ditto
Arpo .  .[190 0127 8 636 | 138 [12 4 1ron (Reid & Co. .[Thomson
Astrologer .{186 025 0 563 ( 124 |19 8 ,» |Smith and |[Smith and
. Rodger Rodger
Ajyrshire
gou 88 3|19 4 94| 16(6 O «» |Denny .|Wingate
Bosphorus {180 0{25 0 530| 8010 68 6 , |Mare . .Maug.:h)'
10| Brit. Queen {190 020 0 800 | 130 » [Denny .[Caird
City of Glas-{228 0/34 6| 1200 | 380 {13 Of » |Tod and Tod and
gow M‘Gregor| M‘Gregor
Erin’sQueen|135 0|21 9 283} 2017 010 6 , Denny .|Caird
European .{172 0|25 4 416) 9819 29 O , |Smithand |Smithand
Rodger Rodger
Fawn . .{185 0{20 8] 275 | 110 6 6/ , [Penn . .}|Penn
16{Gr. Britain {300 0{51 4| 3500 (1000 18 0 ,, |Gt. Western
Co. . .|Acraman
@r. North-
ern .  .[225 037 0] 1750 | 370 |12 0 wood)At Derry  .[At Derry
Humming
Bird  .[132 418 3l 135| 80 3| 7 6 iron |R. Napier .|R. Napier
Lady Seale [122 /22 8 305! 4017 O wood|Follet & Co.|Marshall
Livorno  .160 0126 O] 508 | 100 {10 6 9 0firon |Denny .|Thomson
20| Loch Fine .| 76 0[18 7 120| 15(6 © » [Ditto . .|Wingate
Marie . L1145 020 6| 375 | 80 [10 O » |Reid & Oo, ,/Thomson
. .{185 0[30 90 100{98 09 0 , (AL Water- |Smithand
ford Rodgers
Mermaid 135 0[16 O 164| 90 |5 8 » |Renni Renni
Monumental|
ity . ,|185 030 0 120 |12 013 O|{wood|American .|American
Pomone {170 742 3 280 » |Boucher ./Count Rower
Propontis .{175 025 6 532 | 80 iron (Mare . .Msudslay,
Sarah Sands|200 032 6/ 1000 | 200 1% 614 6| ,, |Grantham
Vests .  J114020 412 2| 180 38 |8 0% o . o




APEENDIX.
TABLE No. V.

PADDLE WIEEL STEAMERS IN HER MAJESTY'S NAVY AND

POST OFFICE BERVICE.

urious .| Fine!
. SIr W, Nymonda

BRIBEXI2FAGILRER

HIN gl . |8
=K R R
vakeror BB/ E| B s52 & 2 lgaled .
Name of , er o 4 - g |88 e
ghxp. Demgner Enge. ég @ s E% s ® 8 £< 555
. == E .g 50 E :d 2 5‘ i
Enl R | g k 2 £ =3
=0
e W, Symond 7 A i T
Acheron .|Sir W. ymon s .
Adder . ld O. Pack lton & Watt | 41| 1 [ 4140 72
Advice . . & Watt | 197 6 J 414 7
frican .Lalg P {audsl .. 2% 6 414 7
Alban . 5{ .|Boulton & Watt | 205 6 | 4 'a
Alrft‘o .Sn' Symonds Seaward . .| 800 L} 5|2
Iron, .Ditchburn « _oPenn . . .| 620 6 81200
Alrdcné o « 8y d d . .| 800 [ (] 2! 0
Argus o Mnch .| 975 0T 14 |2 b
\von . ./Old P. O, Packets loulton&Wntt 361 [y 8140 8
h .|Lang, jun. . Penn . . 650) 0/ 14 (250 12
nsihsh . Lang . . Miler . . .mm 01 10 |24 93
ee ., JSirW.S§ ds |Maudsl . 42 0] 10|89 7
kenhead|Lard . J *orrcster o .[1400] 556 01 6 [30 101
Black Eagle nnw jun. . Penn . o . 540 6/ 10 2 0] 11
Bluzer JSir .Symonda Muller .« .| 527 [} 8 |14 ™
loodhound)
iron} . nlal,:r . .Napier. . . 10186 8
ll-dog .|Sir W. Symonds |Renmie . 74|28 0 ::
%»u::‘xjmf .|Edye . «  oMiller . . 14 4
(1ron) JSir W, Symonds d . . 650 12 |26 12
Centuur .|Sir W. Symonds ltou & Watt |12 827 83
+|Sir W, Symonds |Maudslay «f 750 4 7
Colombsa .Lang . . . }oulton&Wntt 4 8
Comet  .lang . . inult(m&Watt 4 8
Confidance Lun% . e . 4 8
Cormorant |8ir W, Symonds [Farrbaun . K 10
uckoo . Lang . . Boulton & Watt 1 9%
Cyclops .8 W. 8§ ds |Seaward . 6|F1 b 83
asher . Sir W, Symonds |Seaward . 3 6 8 9
P‘ec . JLang . . Maudslay . 0] 8 8
«|Sir W, Symonds [Maudslay . 4 16 0 [] 10
l)ove!(uron) Laird . |Forrester . .| 2% 3 0 8 10
]ngou "|Sir W. Symonds [Farbairn + 9 8 10
Driver .|Sir W, Symondj Seaward . 3 8
Echo . .|Lang «  .|Butterley Co. 5
Elfin . Lmi,i Rennie . 41 16 b}
Fearles: l .|0ld P. O. Plnlch 1t &Wﬁ.tt 8
Flhr:baand ’S:r W. Symonds »t ad .- 1 H gl‘
-fly .Lang,jun, . audslay . B
Fue-qneen Nap‘xgelg . v 138

o CNCRRSORSEROSS O

5
b
4
2
3
5
5
3
7
GIII' d |Lang,jun. . . 4
+|Sir ymonds L 5 Y
Ghdntor SlrW. ymonds PR 15
‘W, 8ymonds . 5
Growler Slr o . 5 3
Htrny(non) Ditchburn . enn . . . 49 (¢ 0 8
ecate  .|Sir W. Symonv cott & Sinclawr 6015 9
u‘h srw. Symonds |Scott & Sin 605 6
Hermu «|8ir W, Symonds {Maudslay . v| 40414 6 )
’i J|Sir W. 8¥ Boul Watt 56 (5 0 &
h enble \|Sir W, Symonds |Fawcatt . .|l ‘ 716 9 8
(lmu «[Nap . JNaper . . 150, 4814 0 10 (]
Jan |Lotd Dundonald |Amencan . 20| 56 5 0 8
Jaspar  |GW PO Packets|Fawcett . . 398 6 4 [:
Kite ., .l01dP.0. P Faweatt . o ! 31‘14 3 4
|Leopard .F; d . .|1435/ 560|D: | 86ile 4 1
|Lightamg JLang . dsley . 100 w0444 0 8 ]
(rom)  INaper . INaper . .| 85150 sl o whee 6
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TABLE No. V.—Continued.

=2 E| 3 s E| 8 [5f®
i 5 B E ]
Name of Makerof [R5| & -1k a &5
Ship. Designer. Engine, |43 1 3 i el % |
S
R s) B ORR® E ) g
. So| &
121=]
in. |f. 1. 1bs. |f. 1.kmots
Locust .|Sir W, Symonds Mnudshy 101|Side-lever| 403/3 G:tu ul 8 115 7
M:E::iennelEl ye . . Penn . 889\ Oxcillat. | 7217 O Tubulur| 14 127 44 10
M o .Maudnlay 850 -.y.u ders| 50 |5 3{Tubular| 10 |28 9
Medina .erév’ Symonds |Faweett I 64 8 0Tubulur| 8 |M €
Medusa .[Sir W, Svmonds |Fawcett Side-lever| 6¢ 6 0Tubular| 8 24 @
eriia .|Sir W, Symonds |Fawcett 800 Side-lever| 64 |6 0 Tubul 8 (2% €
M::ho: x anada = . . /Ward & Co. 90/ Side-lever| 4 el Flue .| ¢
W
iton)  .|Fairbaim . .Maudslay . Side-lever| 34 8 2,Flue 4|11 6 a
Il{:mk .|Old P. 0. Packets| Boulton & Watt 130/ Side-lever| 4533 5|Tllb\llll‘ 8 114 Q|
on
§M) +|Ditchburn . Penn . . . 150/Oscillat. | 48 |4 OTubular 10 176, 8
K e .[OId P. 0. Packets| Boulton & Watt S:de-lever{ 30 2 G‘Hue J 41108 7
eron
{iron)  .[Sir W. Symond- Rennie . Oscillat, | 61345 0Tubularj 10 21 0f 9
in , /Fin .|Fairbairn . Direct .| 88 |6 8 Tubular| 10 127 9
Onyx (iron) Dm:hbum . pemn . 124{Oscillat. 4524 o|Tubulur| 16 {16 6 18
T . .OldP,O | iton & Watt Side-lever| 4438 6 Flue b (14
Penclope . |Seaward . Direct 913(6 8 Tubular| 10 |31
Pigmy .Ol P 0 Packeanwoett . Side-lever| 85 (8 6Flue . 4126 8
Pike . .|Old P.O. Packets|Fawcett 50/Side-lever| 8042 6Flue . 4108 8
»’L‘f”s J|Leag . . .|Boulton & Watt '| 365 100]Side-lever| 393(8 6‘Flue J ¢4 8
] -
muy;p._ .|8ir W. Symonds [Seaward . .| B00| 200|Direct .| 53}/4¢ 8Tubular| 8 235 8}
Porcupine .iLang . . . Maudslay .| 380] 182|Side-lever| 44 |4 OTubular| 8 |15 6{ 8}
rincess
PAf{)lee(lmn) Ditchburn .  .|Maudslay , .[ 270 117/Annular .| 48 (8 6/Tubular{ 16 {18 0 1%
me-
theus SirW Symonds (Seaward . .| 796/ 192|Direct 5814 6Tubular| 10 (28 5( 8
Proapero .[0ld P. O. Packets Coatu&Yrung 249! 144/Side-lever| 46 |4 OFlue .| 4 (148 9
g:trihutlon Sir W. Symonds {Penn . .  ,[1640 399 Oscillat. | 72 (7 O.Tubu.lu 44y 10
wlaman
hus . ./Boberts .Maudslay P Side-lever| 56!5 OFlue . 520 8
Rouumond ShW vmonds Miller .” . . Direct .| 6535 0 Tubular| 10 |26 9%
ir W. Symonds N Side-tever| 534[5 OFlue . 4 (210 8
\snmplnn .sirW vmonds [Rennie . weet .| 815 8Tubular] 6 (64 9
courge Sh'“. ymonds [Maudslay . 1L 4cylind 54 18 0 Tubul, 8386 11
§ lmrwuter Grahai .|Boulten & Watt " 160 Side-lever| 48314 6Flue .| 4|17 8
Sidon .mro Nupler Selwnrd . .1 irect .| 86§16 4/Tubular| 10 32 & 10
hinx ds {Pen ﬁOOOncillnt. 8246 0 Tubular| 8 128 0f 93
Spitefl . Slr W. Symonds Scﬂtt& Sinclair 280/ Si 62 {6 0Tubul 8 (% 9
Spitfire  .|Lan § .{Butterley & Co, 140;Side 44314 6/Tubular| 8176 8
Strl:ghtl .Old Q. Packets|Boulton & Watt 1008 er( 3%(3 6Flue . 5|18 8
8tromboli .(Sir W, Symonds |Napier o Side: 6316 0/Tubular| 8 (%
8tyx . .erw Symonds |[Seaward . 278Direct .| 62 {5 3/Tubular| 8 2%
T . Sil'w- 8y Miller . ., . 138{Side-lever| 46 {3 6/Tubular| 8 |15
errible .+ . Maudslay . , 4cylinders| 72 |8 0/ Tubul 7344 1
Tiger . Edye « + JPenn . . | 899\ Oscillat, | 72 (7 0[Tuhular| 14 |27 €
urcn\uvn) Sir'w. 8§ Seaw: PN Side-lever| 49 {3 9|Tubular| 10 {17 8
iron) .|Bir W. §; ds [Boulton & Watt Oscillat. | 71 [ O/Tubular| 0 |386] 8§
6lmn) .|8ir W'. Symonds [Miller . . . 260|Oscillat, | 64 (¢ 6[Tubular| 10 (21 0{ 9
ndive .| o o Miller . . 106|Oscillat. | 42 8 O/Tubular| 25 |17 0] 12}
Vesuvius .|Sir W. 8§, ds |Napier « 2905/ Side-lever| 634/8 O|Flue 514 8
A\
Albert . Sir W. Symonds Maudslay . . 4cylinders| 54 |8 10298 1M
:;Met B wbum nds BB i & Watt l‘u%?rd:ltn. 4 :u ‘ubular| lg %2 lgi
. Bymonds |Boulton & o OiTubular)
V!Vls. .Ia%jun.. Pean . . 494 0Tubular| 16 18 ¢ 13
Viaen .Blr Symonds [Seaward . Direct .| 62 /6 8/Tubular| B |25 %
[Yolzano W, Symonds {Seaward . Side-lover| 46 4 §|Flue .| 5 (20 §
witgre str w. Symmml hh'bsim . Direct .| 8036 B? ubuldr| 10 1% 0f 10
Wg}feon Sir W. Symon ward 81 8818 1jTubul Bl13ag 9
'WildfAre .OldP.O Packeulsomwn&wm 8i 8548 O/Tul Bl120 8
Zephyr _.(0ld P, O, Packeta Boulton & Watt 001Side-lover| 89313 GFiue .« 4 1400 8
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TABLE No. VL

TABLE OF EXPERIMENTS WITH H. M. SCREW STEAM-
TENDER, ‘ DWARF.”

Barthen in tons, 163 33. Nominal horse power, 90, Draught of water, 7 fee!
aft; B feet 10 inches forward. Fitted with a common two-threaded screw, 5 fee
1 inch in diameter, with common pitch,

. [ luw Ik
N , 5|3 13 EEg - |5 |E8¥lzy |,
BB B |5'ae zgEe EEIE 5 R B. 1BREES e,
el 8 3 5-2--.-253: 0158-5->.°-5-3.s§'§"5"‘
HEA IR T FE L H P P P P
g2 |35 i3 AN R AR
1 2 o |Bg E,_anma‘ohh"ohbnl‘:ﬁ= 2= 3]
55| 5|2 ks BREE §i: TR R BT Ht
| £ §|< E2EEE° gena PR 5 RERE; RS

<< <§R R
| AT e

= feet. ift. in. -q.r.| {enm knote knts {herses | knaots. |horses.

180 |27 122 983114625 16 1 18 |11°53125°0/8 6511307 | 925 | 810 | 162
B R N Rtma | w3150 e | 9 | a8 | 1o
” o » h " * “

4 o 1o, |89.221660 . | 15T (18 09]s0-4/11 1638 | 595 | 961 | 178
510821 874133 31812711 4 I} 107 |12-93|43-418-60 148 7| 8-82 | 635 | 2'88
i Bl o) sl i) 8 9 1

12 1Rl 509 16| 1 | -] (12:57)29 M@0 143:8| 921 | 559 | 257
9,13°23 1 Ioi”ﬁlﬂ'."{ ?(:‘(u]l-l‘”-{S 131117 4% 40"_3 8881 1617 | 85 | 718 | 22
10, 3 0F1222 34010661, | 195 1300 |387i802) Litrh | 872 | 204 | 10
i [ Ay e9 tdteeel 1 | 174 |16-421447|0°07| 1769 | 877 11085 | 1+
19| o {2 TPp78 w57 1118|174 (1459|565 8 8/ 166-4| 871 |13 | 167
18 (2 l.;-g 26:201057| "4 1) 178 13 79133 08291 1519 | 843 |101 & | 1°49
4l 1B B 1222 23531006, 7| 178 1352 (30°5 8 0} 139-6| 852 | 954 | a7
15 o |1 108,133 2 0lor1] 7 | 1469 13-58|41-7|792 117°2| 879 | 920 | 187
16 o (1 84 99 2981198 . | 1-98 15 574618381474 | 861 1106 | 182
V1l o 1 830 89 206 11706 161 164 |14-58(46:1 785/ 1166 | 873 | 888 | 131
5T e | R £ &)
20| 5 (8 1% 1322 18°6] 94| L0 | 17) 112 45 a5 762 1088 | 846 | 665 | 123
5110522 102,22 2251162 1) | 199 |11-82 (300828 1273 894 1134 | 112
22 ,, |1 83133 249124 1 | 191 |I:-06|36-4/8%9\ 1330 &8l 109+ | 1-28

w1889 2661375 o | 199 140 (3858611385 | 903 1131 | 107
foal  l2 3} 178 23:91831) o |1-94 12-58(30-9l8-40/1266| 008 1128 [ 118

These experiments wer’mnde at Woolwich during the months of June, July,
Auguat, 1845. The following are the dimension of * Dwarf,” viz.:—

ft. .
Length between the Perpendiculars . . 130 ig
Breadth extreme . . . . . 16 8
Depth in Engine-room . . N . 15 9
Diameter of Cylinders . . . . 8 4
Length of Stroke . B . . . 32 8

Nore.—For Tables VI. and VII. see the very valuable Table in the new edition
of “ Tredgold on the Steam Engine,” Vol. I1I, John Weale,



TABLE
TABLE OF SCREW-STEAMERS

— b2
W N

-
S

23 RER 8 =28

3
=

. - Cl
%o = PRy =el 5 |5y
SR E| g | XE . |EEEIES |[B8 E
ol L R
= 3 % EEK
the Vessel, 3&55 §§ g5% §5=,- ;3 5;% Ez gg
¢l Elas =
15 g% |[YESET FEg g |24
ft. m in ft. in| sq. ft[Tons. | Tons, | H. P | H. P,
1 |Ajax . . 176 O (48 64| 22 64 807 (3080 | 1761 | 450 | 846
2 {Amphion . . 177 0143 21 19 0| 546 (2026 | 1474 | 800 | 592
8 |Archer . . 160 0 133 0| 14 372 {1238 970 | 200 | 345
4 |Arrogant . . . 0 |46 183 18 102 580 [2444 | 1872 | 360 | 628
5|Bee . . . 63012 2 3 bi 28-2{332 43 10
6 [Blenheim . .[181 2148 6 | 21 13 733 [2790 | 1832 | 450 | 938
7 Brlak. . B «198 7 36 0| 13 9| 373 {1474 | 1074 | 250
8 |Conflict . . 1926 134 41 14 6] 402 |1443 1038 | 400 | 777
9 |Dauntless . J210 0139 9| 16 4] 522 (2240 | 1497 | 580 | 811
10 | Ditto, lengthened 218 1 2251 | 1569 | ., | 1218

at the stern .
Desperate . 1926 34 4
Dwarf (iron) . 2130 0 |16 6

Encounter . L1800 33 2 {12

443 1628 | 1037 | 400
4a | 68 | ed | w0 | 2

o
34l (12905 | 958 | 360 ) 1445

Erebus . . .[l060 2810 14 1| 828715 3721 30

Euphrates . .26 7 [40 6| 16 73| 570 (2402 0]
Fairy (ron) . 148 20 W 50| ‘g | 1065 | 312 | 128 | {in
Greenock (iron) . 213 0 37 43] 16 0| 450 {1980 | 1418 | 338
Higbﬂyer. . 192086 4| 16 9| 465 |1737 | 1153 | 250

Hogue . . 184 0 |48 43| 22 10 | 820 (314 1846 | 450
Horatio . 164 3 40 23 19 13| 537 [V707 | 1090 | 250

Megrra (h-on) 207 0137 10 16 0| 487 12048 | 1895 | 850 | 780
Minx (iron) . 181 0 22 1 5 22 82| 203 803 | 100 | 234

Ditte: ‘"“*,f"we'} I I wo s | | 10| 82
Mjnndn . . L1960134 0] 13 6| 3741522 | 1039 | 250
Niger . . 19448 8|34 6 ags 1yn3) | 2072 | 400 | {4ig
Phoenix . . /1747 18110 ({5 33l ag7+[iig0s | 809 | 260 | {4g9
Plomper . . .1400 27 6 {17y ‘3| 247 | 652 490 | 60 | {349

Rattler . . .fizoe e sy {1} B 2415011 eas | 200 | {528
Reynard . . 47827 10 {2 ,3, B aE) sie| eo | {15
848

Bifleman . . fiso o6 7 |{ 5 & 1781841 aue | 200 | {308

Dltt.o,horseefower} W - {‘g gg {{;g 543; " 100 ;;g
Sansparei] (200 6 (52 1 22 9| 920 {3484° | 2834 | 350 | 408

Shnrp:hootor (u'on) 150 0 126 731 ¢ 3°| 196 | 518 489 | 200 | {175
Simoom (iron) {246 0 41 0| 17 0| 567 |2789 | 1980 | 850
'lI‘)eilzer (iron) . JISu 0 (21 93 5 38| 829|205 296 | 100

o porsepower Ll w | | s | 0] 128

.

Termagant .  .J210} |40 6| 17 1| 587 |2408 | 1547 | 620 | 1851
Vll-lel.n (fron) . 220041 5| 15 6] 465 (2076 | 1764 | 850 | 798
.. 48D 0 (3810 | 14 9| 395 (1337 970 | 100

N. B.—The Experiments made on each Vessel are continued, and



No. VIIL

IN HER MAJESTY'S NAVY.

Vessel.
g
E . gg.g Remarks,
VL T Constructor of and state of the Vessel
gg g§25 Vessel. at her trial trip.
@ ER
Knots. Year.
7147 | 1886 (Od74 . . . .|Notrigged, but ballasted.
a&7% 1847 [Old Fnﬁa J|Rigged and full{e«inipped for sea.
7'818 1849 Deptfo Dookyn.rd .Not. ri ged, but
gggg 1849 |Fincham B and fully equipped.
.50 < F:ttednlaomth addles, speed
{ 17::%?} } 1842 (Symonds . ° { 7+5601 knots, P e
e | 1849 (017 |Rigged and partially equipped.
9289 }Bszé Woolmch Dockyard N(gg(;?lmnl:}g (:ma.lly equip
7366 | 1848 |Fincham . . _.[Juryr allasted to
10293 1850 e e Alterep n‘; "stern, rigged md fully
1851 |Pembroke Dockyard . Not completed.
10°537 1843 |Rennie . .[Not rigged.
109641] 1848 |[Fincham . . .|Notrigged, but ballasted to trim.
em-
mated 1845 |0ld28. . . .| Rigged and fully equipped.
at3b
18:324 1831 |Deptford Dockyard . go: comp(lietledi]t
X ? . ot nggeqd, 1, o
11e91 5| 1845 |Ditchburn . Rigged and hflly equipped.
s ppe:
notlciz:n- Scott and Sinclair  .|Not completed.
&
r 9 Woolw’ich Dockyard [Not completed
by log 7' }%? 0Old .. ]lélg;ged ar;d tgully equipped.
. {& .|Not co;
975 1850 |Fairbairn . ‘ JNot rigged, but ballasted to trim.
9137 1848 (Symonds . . . Ditto,
4015 1849 » Ditto.
noti:om- Sheerness Dockyard ./Not completed.
plete
‘g::g; } 1849 |Lang . . .|Rigged and fully equipped.
;%gﬁ }g:g Seppings . - { }\{Iot ngged. but dallusted.
7'418 Rl ged and partially equipped.
6 4:;7 1848 |Fincham . . { glgged m:id bull eﬂ&pz,gf or sef.
101074 1844 ot rigged, but ballast
9639 | 1sdp)|Symonds . . { {viiggedgu&d lmlllny equipped for sea.
824 1848 ot rij )
7258 | e} |symonds . . {|Rigged and iy equipped.
3m 1847 |Finct L. { Be ore stern ;n:o fjx ner,&nggj&vhﬂl
g:g;‘ll 1848 " Horse power diminished.
notcom. N e ballasted
9'782 Fincham, same lines ged, but ballasted.
9'18Y ‘“7{ as Rifioman . Rxggeg and partially equipped,
1851 |Robert Napier . ./Notcompleted. Troop shi;
6'815 1847 |Symonds P . e 4 Notr!gxgd. Before stern nl;de finer
{ '685 1848 Ditto. Subaequenﬂy to do.
1849 |White, of Gowes E 'ngged and eq l?})et‘l tor sea.
9 605 1849 |Ditohburn . .|Not rigged, but ed.
— 1851 Deptford I)ockyargl /Not completed.

oorrespond thronghont the three Tables of Screw Steamers in H. M. Navy.




APPENDIX.

TASLE No.

TABLE OF SCREW STEAMERS
2.—Propeller. ana

Tonnuge—| ) Revolutions.
- . Bﬁﬂ&ﬂ’s lpioruel' Dteumef- Pit;'h Innftl: i-__._—A__.
of the Vessel, | o ea- | Power, T O o of nten-| Actual
wme t. (Nominal| Screw. |Screw| Screw. | ded. jat Tral.|
Tons, | H P. | ft. in. |ft.in.| f.in. | No. | No.
HAjex . . . 1761 | 450 | 16 0\1T11| 8 2 | 45 | 48
Hamphion . . 474 | 300 | 150021 0] 26| 48] &
Ar .o 970 | 200 | 9 07 9| 1 4 |14 | 1084
8lArrogant . . 1872 360 | 15 615 0 2 8| 60 | 555
Bee . . . . 43 10 3 1(38 9 240
Blenheim | 1ss2 | 450 | 16 of0 0| 8 4 | 45 | 43
UBrisk . . 074 | 250 90
Conflict . . 10 | 40 | 136/6 6] 29| | 68
Danntloss . 1497 | B0 | 14 8(18 0| 3 0 | 70 [ 553
'D‘;tj;,',"““’““’“d} B0 | w | w | w | »|6e28
11|Desperate . 1037 | 400 | 13 0fta of 3 4 |73
12(Dwarf . . 164 9 | 58[8 0] 10 |180 | 1828
I8{Encounter . . 953 360 | 12 0(15 0| 2 6 | 80 ;g
312 30
B0 4 s als ol o " a8
sz | 198 ({g4lg |14 {20
M8 | 338 | 14003 0f 32| 98
1153 | 250 85
186 | 450 | 160 (20 0| 3 4 | 45 | 50
080 | @ 55
1385 55
303 | 100 | 4 6{5 0|10 | 220[ 25
v 10| 50[38 110
1039 | 250 e
0 | 400 |12 607 0] 200 | » |§533,
1ol 8] 21 68
809 | 260 |{;y110:9 8| 1 75| % {96
g0 | e | s0f5 7|10 s /{}13
8 | 200 |10 0/ of 13 |00 {0},
89(80f14 10686
518 60 ({pn|7 8|1 a} 120 |{03
48 | 200 | 8 09 016 |14 (Il
80{90]|16 110
" 100 ({90901 et |{sem
ol Bl PUFPS PRV RPN Bl oo
s | 200 \{gglg |1 e} M |lies
1980 | 350 55
206 | 100 | 46/510/ 1 0 |20/ 200
L e P S I B + it
v | oo (f12 2103 9 5,08 ™ ({%
164 | 350 |14 0|16 6| 8 9| 65 | 685
90 | 100 191
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V11.—Continued.
IN HER MAJESTY'S NAVY,

Proportional Numbers.

Ratio of
Vessel's (Screw’s [Immersed | Nominal {Indicated
Rate of| Rate of langthto Pitch to |@® Section| H. Power |H, Power
Screw. | Bhip. [Slip ofthe Screw.|breadth.) Diame- /to Berew’s| to @ Seu-|to & Sec
ter dise. tion, tion,

Knots. | Knots. | Knota. {p. Cent.
8482 | T-147 1°885 1574 3625 | 112 401 056 105
1

3 | 675 | o1, |2158 | 41 -4 309 053 108
8295 | 7818 | 0475 | 573 | 532 | 086 | 584 054 093
negs- | nega-
8211 | 8295 { tive | tive } 431 0-96 807 0-62 107
005 | 103
a877 | 6822 | 2055 (23157 | 517 | 121 | 876 035
wigs | 5si6 | zoeT a4 | 373 | 1 | s 061 197
1067 | 9289 | 1778 | 1606 | 56 | 122 | 281 099 19
9818 | 7366 | 2452 | 2497 | 598 | 122 | 309 11 155
12:123 | 10298 | 138 [ 1509 | 548 » ” " 233
56 | 108
14427 | 10597 | 3e9 (2696 | 78T | 141 | 174 204 491
154 [ 10254 | 1257 [1163) pay | 15 |f 281 113 211
10°658 | 9315 | 1278 | 1199 264 301 1:08 189
542
20850 | 13324 | 7035 8455 | o (£1B 32 179 508
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APPENDIX.

TABLE No. XIL—econlinued,

2.—~SHOWING THE COMPOBITION OF AVERAGE
SAMPLES OF THE COALS.

Locsil ety Hydro- | Nitro ‘P‘:i;"'
) (1O~ -
or i ”ot ’Cnbon. gyen gen. |Sulphr./Oxygen| Ash. °°“]c'“h
Name of Coal, Coals, oal,
WELSH COALS. | A. B. C. D. E. F. | G H.
rul o . o Y80 | B4 384 | 041 | 045 | 71O | B 85'8
ﬁn mm . . o 1375 | 9144 | 346 | 02 | o079 | 258 1:3 929
ou{u;ue Fieryveln .| 1280 | 8768 | 489 | 181 | 009 ?‘x{ 64| W8
nclue
Ward’s Fleryveln || 184 | 8787 | 308 | 202 | 08 {dnldin 7o
ash.
Bimeacoal . . .| 04| 8% | 463 | 148 | vas | 103 |96 | S0
Llangennech oW 1812 | 8546 | 420 0 02 | 44 | 6:d4 | B3G9
mw:fom s . a1 | 8872 | 430 | 018 324 | 886 | 82
Pentrefelin . . .| 1988 | 8553 | 72 012 | 43 |600| B50
Duffryn . . . . 1326 | 8826 | 466 46 | 177 | 060 | 826 | 848
Mynydd Newydd J 18l | 871 | 576 56 | 191 | #b52 | 894 | 748
uarterRockven| 1'84 | 76'15 | 448 07 | 285 | 8-04 [l096| €25
Cwm Frood Rockvein .| 1-256 | 82'25 | 584 & 123 58 | 6 688
Cwm Nanty-Gros | 1'% 78'30 | 559 R 801 5-5? I3 656
nciu-
{Resolven . . .| 132 | 7938 | 475 | 1'88 | 507 {degm 941 | 839
ash.
Pontypoot . . .| 1'S2 | 8070 | 566 35 | 280 | 438 | 552 | 648
Bedwas . . . . 182 | 806l | 601 44 | 850 | 1650 | 694 | 717
Ebbw Vale , . .| 195 | 8978 | 515 16 | 103 | 089 | 150 K
Porthmawr Rockvein .| 139 | 7470 | 479 2% | 091 | 360 |14'72 1
Coleshull . . .| 120 | 7884 | b4 47 | 44 | 8 | 0| 560
I'Thomas’s Merthyr .| 180 9012 | 443 00 085 202 | 168 { 8658
Nixon’s Merthyr . .| 1'81 90‘23 412 68 | 120 | 258 | 12| 7011
Hili’s, Plymouth Works| 1-85 884 400 48 | 084 882 | 239 | 822
Aberdare Co.’s Merthyr| 131 | 88 | 494 | 146 | 091 | 165 | 82 | 888
Gadley nine-feet seam .| 1°88 86°18 | 4-81 09 087 22U | Y% 8654
Neath Abbey . .| 1'31 | 8904 | 605 07 | 160 885 | 6143
Gadley Four-feet seam.| 182 | 8866 | 479 088 | 121 488 | 8828
Vi o . o, o 18 | 871~ 506 '8¢ | 188 | 253 | 304 | 7204
Rock Vawzs . . 29 | 7798 | 430 | 057 | 096 | 855 | 75 { 650
LANCASHIRE
COALS.
Balcarras Arley ., .| 126 | 8354 | 52 | 098 ) 587 | 833 | 629
Blackiey Hurst . .| 196 | 8201 | 556 | 168 }‘E G2 | 446 | 57-8¢
\{Blackbrook Little Delf.| 1°26 | 82:70 | 555 | 148 | 107 | 480 | 431 | bS48
ushy Park Mime .| 1'%8 | 7776 | 5928 | 1182 | 101 | 890 | 569 | 5666
RushyPark| 1'27 | 81'16 | 599 | 185 |e-62 | 720 | 268 | 5810
Johnsou and Wirthing-
Rushy Park .| 128 | 7960 | 5156 | 1'21 | 271 | 99 | 919 5752
Laffik, “?f‘ P o 186 | 8047 | 572 | 1'% | 139 | 888 | 282 28
Balcarras Jgh J 128 | 8228 | 547 | 1'% | 1448 | 564 | 890 | 66°09
Cannel (Wigan) . .| 198 | 798 | 608 | 1'I8 | 148 | 724 | 484 | 6058
1 L 16 | 8390 | 568 | 140 | 151 | 653 | %00 | BIwm
Balcarrus Five-feet .| 128 | 7421 | 503 | 077 | 209 | 860 | 921 | 5680
Johneon and Wirthing-|
ton’s (8ir John) J 181 | 7286 | 498 (€107 | 154 | 816 |140| 56X
NEWCASTLE
COALS
A Taeid) o 19 | 8 55 | 198 | 138 | 490 |24 | 6613
'» TR X X & X X
N artley . 1429 | 8181 | 550 | 1'% | 169 | 258 7-12 o046l
ey’s Hartley . .| 131 | 8098 ( 628 | 118 | 1478 | 240 | 911 7281
gm- Wo%ﬂlrv.’lcy o 125 | 80°G1 | 52 | 152 | 186 | 681 .-ﬁ
uddie’s West Hartley }-n 8075 | 50 | 146 | 104 | ™6 | 38
Hastings Hartley . | 1'% 82 | 542 10 135 64 | 90g | B0
PR LE | tm e ia) g8
b5 | 098 | 078 | o9 || w8
5% | 108 | 1 27 |38 n-g
474 184 l'g 308 {378 | b
o | 07 | 1'd | 808 |87 | BN
30 | ve [ onn ! v lyml mw b
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TABLE No. XII.—continued.
Specific Per-cent.]
Loeality gravity Hydro-| Nitro~ Ifl of
of  |Carban. N . |Sulphr.|O: e left
Name of Cosl. | Coal. gen. | gen. |Salphr. Oxygen) Ash. % cach

EWCASTLE A, B. C. D. B, R, Q. H.
N COALS.

Park End, Sydn: J 198 | 7352 | 560 | 204 | 227 | 648 |1000] 5780
bmy:{m Jorey | 798 | 484 | 198 | o073 | 1096 | 340! &
Soarel R I e S RS L

nely.
Suevardogh, Irish An-| 190 | sows | 230 | 0 o-n{ Boa?n} 08| 0w

ash.

SCOTCH COALS.
Dalkeith Jewel Seam . 197 | 7455 | 514 | 010 | 0383 | 1531 | 87| 4980
Dalkeith Coronation

s> o o 18L 1 76941 52 | Trace | 38 | 14-87 | 8°10| 8850

‘Wallsend B!?n v 4 I 7809 b2 141 158 506 {1070 45
Fordel Splin| v o 19 | 79681 550 | 1I'18 | 148 833 | 400| 5208 |
Grangemouth ., .| 190 | 7985 | 528 185 142 858 { 353
Wellewood . . . 127 | 81'S6 | 628 | 158 | 157 (3 5918
Eglmton . . .| I'%5 | 8008 | 650 | 155 | 188 805 | 24
FOREIGN COALS. *
Formosa Island *

(&Lnblmkind)- T
rneo, $-feet seam .| 137 | 5481 | 503 | 098 | 114 | M2 |14°83
0, l1-feet ecam | 121 | W33 | 541 | o6y | 17 | 1919 | 88

plon Bay, Chili e 70'58 578 (-3 198 18 | 762 4368
Sydney, N. 8. Wales 8239 | 53 | 193 | o0 | w82 | 04
Port Famine . 6418 | 533 | 050 | 103 | 227 | 62
Chingue . . 3495 | 401 | 058 | Gle | 1838 [86°0]
LaredoBay . . ° 5867 | 553 | 070 | 14 | 1738 [16°68
Sandy Bay, Patagoma,

No, 1. 62% | 505 | 0 118 | 1754 | 1340
Ditto ditto, No. 2. 5963 | 568 | 064 | 096 | 1745 | 1584
Taleahsano Bay . 071 | 644 108 094 6
Vancouver’s Island . 66'98 | 582 1°02 220 8:70 | 1588
Colcurra Bay, C! . 7830 | 550 | 1 108 887 | 568

PATENT FUELS.
fnctu-
Wazhch's Patent Fuel.| 115 | 90-02 | 536 | Trace | 162 {dedm 20 810

* ash,
Lyons ditte ditto . .| 118 | 8638 | 456 108 120 | 207 | 468
ylam’s ditto ditto .| 1'10 | 7991 | 569 | 168 125 | 663 | 484] €580
Well'sdittoditto . .| 134 | 8788 | 528 | 081 o 042 | 4961 10

3.~~BHOWING THE AMOUNT OF VARIOUS SUBSTANCES PRO~
DUCED BY THE DESTRU(;TIVE DISTILLATION OF CERTAIN
COoALS.

et s e

Oleflant | Other
Sulph.
Name of the Coal. | Ooke,| Tar. | Water. |Ammo-|Carbon| Hydro- Gﬂy“d:g- Guses in.
ma. | Acld. | gen. | Corhon, | bla.
Graigola , , ,les50{120 | 810 | 017 | 279 |[Traces| 028 | 79
%ﬂdﬁe,fm&.’m 9290 no?x’e 287 | 020 | 008 | 004 (?) 8"‘
vein (7900 588 | 330 | 088 | 04¢ | 013 | o | oW
ard's Fiery Voln® | S0l Ao | 02 | Ye | Oat on
tneaCoal °, . 8810|208 | 368 | 008 | 168 | 000 408
Liaiwenuech” . sseiles| 407 | 008 | 3m | 003 | 8 8
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TABLE No. XIIIL

TABLE OF THE TEMPERATURES AND RELATIVE VOLUMES
OF STEAM OF DIFFERENT DENSITIES.

1}

Pressure | Corregpond- Pressure | Correspond-
in pounds| g tempera- &,‘;}:ﬁ:& n pounds) ing temgera— V?:?Lﬁ!::f
t.

P | e | e o (| B

1ba, degrees, volume. Ihs degrees. volurne.

1 029 20868 31 253'6 857
2 126:1 10874 32 255 6 833
3 1410 7437 33 25673 810
4 152'8 5685 R 259-1 788
3 1614 4617 33 2609 767
6 1692 3897 36 2626 748
7 1759 3376 37 264 3 729
8 1820 2983 38 2669 712
9 1874 2074 39 2675 695
10 1924 2426 40 269'1 679
11 1970 2221 41 2106 664
12 2013 2060 42 2721 640
13 205 3 1904 48 273 6 635
14 209-1 1778 44 2750 622
15 212'8 1669 45 276'4 610
16 2163 1573 46 277 8 598
17 2196 1488 47 2792 b86
18 2227 1411 48 28056 675
19 2256 1343 49 2819 564
20 228 5 1281 50 283-2 554
P 2312 1225 51 284°4, 544
22 2338 1174 52 286 7 534
23 2363 1127 63 286-9 525
24 2387 1084 b4 288 1 516
26 2410 1044 66 289 3 508
26 2433 1007 £6 2905 500
27 2455 973 57 2017 492
28 2476 941 58 2929 484
29 2406 911 59 2042 477
30 251'6 883 60 2056 470
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AFPEEDIX, 2%

REPORT TO THE DIRECTORS OF THE GRAND CANAL
COMPANY, ON SCREW STEAM BOATS.

GenTreMEN, I regret exceedingly that from various causes, over which
I had no control, I have been prevented until now from reporting on the
two ateam boats in use on your canal, although the experiments made
with them have been completed some time; but I hope my prefiminary exa-
mination and report on these two boats has prevented the inconven'ence
that would otherwiss have arizen from this delay, as it has enabled you to
order a boat which, I have no doubt, will be found more suited to the traffic
on your canal than either of those now employed upon it. I do not, how-
ever, claim any merit for the plans or arrangement of the machinery in-
tended for this boat, all of which were prepared by your own officers, and
whatever merit it may have is entirely due to them; all that I could do was
to satisfy myself from the experiments and examination of the two boats,
which was the best constructed, and, under similar circumstances, produced
the best effects, and to recommend to you that form of construction for the
boat you were about to build, which from these experiments I was enabled to
do with perfect confidence ; at the same time I do not by any means pretend
to say that a better form of boat, and more efficient machinery, may not be
hereafter constructed, when more experience and practical knowledge shall
be obtained by the working of these boats; for, when locomotive engines
were first introduced upon railways, they were very much inferior to those
now used. Almost every one which has been since made up to the present
time has been an improvement on those previously constructed, either in
strength, efficiency, or economy of working ; and I have no doubt but simi'ar,
or at all events very great and important improvements will be made in
steam boats for canal purposes, when they become to be more generally used
and mors attention shall be paid to them by practical men.

In ordeer, howevr, to enable mg to report on the queries put to me by
your Seoretary, I thought it naceuary to make a careful examination of the
two boats at present at work on your canal, and also to ascertain by experi-
ment the power and capabilities of each of these boats under different cir-
carostances, as well in reference to the load they could carry as to the load
they conld haul with different velocities. In making this examination and
experiment I was assisted by your excellent Secretary and intelligent Suj er-
intendent of Works, Mr. Talbot, who gave me every information, and aided
me in every way in their power,

L3
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The first of these boats which I exemined, called No. 2 Boat, was con-
stracted by Mesers. Robinsons and Rassell, of London. It is built of iron,
without ribs, is 60 feet long, and 12 feet beam, and is propelled by one scrww,
driven by an engine of the following dimensions :—boiler 2 feet 6 inches
diameter, containing 74 tubes of 1} inches diameter each ; the length of the
tabes is 4 feet 6 inches, with 2 oscillating cylinders of 5} inches diameter,
and 15§ inches length of stroke. Pressure 50 {bs, and calculated to make 120
strokes per minute ; the thickness of boiler 4, with 5 stays of round g-inch
iron to strengthen the steam chambers.

The diameter of the screw is 4 feet, width of blade 1-11} ; pitch of screw
6 feet, stern post 53 inches below keel level,

No 1 Boat was built at the Ringsend Works, and the engines and ma-
chinery were made and put into her by Mr. Inshaw, of Birmingham, who
bas constructed several steam boats used on English Canals. The length of
this boat is 60 feet, and its width 12 feet. The boiler is 4 feet 6inches in
dinmeter, containing 48 tubes of 2} inches diameter, and 6 feet long; the
éylinders are 7 inches in diameter ; length of stroke 18 inches, and calculated
to make 120 strokes per minute, the pressure being 50 Ibs. The boat is
propelled by two screws, 4 feet pitch, 3 feet in diameter, and 2feet long,
placed at each side of the stern post, worked with bevelled gear and two-fold
multiplying power.* This principle of construction appears to answer very
much better than that of No. 2 Boat, with one screw, for it is capable of
being stopped and the motion reversed with much greater ease than the
other, and it steers stern foremost almost as well as when running forward,
which is a most important and essential requisite in any steam boat employed
in Canal traffic, where obstacles and interruptions are so frequent, and which
might be attended with danger, if the power of reversing was not easy and
effective : in this respect it is very superior to the boat with one screw, which
does not steer at all when the motion is reversed, but runs direct across the
Canal to one side or other, according to the position of the boat at the
moment of reversing. This boat (No. 2) was engaged by the builders to

* These screws are what is usually termed right and left handed ; they
consequently work in opposite directiops. This is an improvement first
adopted by Mr. Inshaw, and is found to be most important as to the working
effect. Any person who has attentively watched the effect of a single screw,
will have observed that the curvent of water thrown back from it does not
take a direction mn a right line with the boat, but in one at a diagonal with
that line. By Mr. Inshaw’s arrangement of the two screws, the two dizgonal
lines being in the direction of the streams from the two screws, sre thrown
inwards, meeting immediately behind the rudder. The resultant is neces-
sarily a straight Jine of current in the centre of the canal, manifestly advan-
tagepus as regards the action of the screws, and strikingly #0 as regards tho
facility with which the boat is steered, and the powor of the rudder.
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carry 40 tons groms, to be farnished with eugines of 12-horse power, (nominal,)
vensisting of two oscillating cylinders, and a tubular boiler, with feed pipes
and reversing gear, and eapalle of going with that load at about 5 to 6 miles
per hour, and of propelling itself and another boat st the rate of about 3 Irish
miles, or 34 English miles, per hour. This agreement does not however
#'ate what load the boat to be propelled or towed was to carry, but it would
sppear to be the same as in the steam boat, that is 40 tons gross. By the
experiments made with this boat, it is evident that she falls very much short
of this performance, for, with 41 tons, she went only at the rate of 3% miles
per hour, instead of 5 to 6 miles; and when towing a boat loaded with 52
tons, she went at a rate of only 2} miles per hour, instead of 3%, In fact,
when loaded with 20 tons only, she went at the rate of 4 miles only per
hour ; this discrepancy would appear to arise from want of power in the
engnes, for it does not appear that they are more than 8-horse power, instead
of 12; it may, however, be possible, that other circumstances connected with
the form or arrangement of the screw muy he the cause of the want of speed,
but; want of power in the engine is the most apparent defect ; before, how-
ever, drawing any conclusion from the experiments referred to, it will he
proper to describe them. The first set of the experiments was made on the
24th of April; the weather was cold, but there was hittle or no wind to affect
the freec movement of the boats.

First Experiment, 24th April, 1851, was made with Steam Boat No. 2,
loaded with '41 tons. The distance of half.a-mile (measured) was run in
8’ 25”, being at the rate of 3:56 miles per hour. During this experiment
the pressure on the boiler was 50lbs. and the average number of strokes
was 102.

Second Experiment.—In this experiment the boat was loaded with 41 tons
as before, and a barge was attached to it by a tow-rope. This barge was
loaded with 52 tons: the pressure was 421bs., and the average number of
strokes per minute was 87. The same distance as before was run in 13’ 6",
or at the rate of 2'29 miles per hour,

Third Experiment,—In this gxperiment two barges were attached to the
steam boat; one was loaded with 53 tons, the other with 30 tons, besides
the 41 tons in the steam boat, in all 124 tons. The pressure on the boiler
wag 50lbs. as in the first experiment, and the average number of strokes of
the piston was 98, whilst the time occupied in passing over the same space
was 14” 40/, or at the rate of 2:05 miles per hour,

On the 26th April the following experiments weve made with the same
boat,
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First Exporiment,~The boat was loaded with 20 tons, tha presswre was
50iw. on the safety valve, the average number of strakes was 100 pey
minnte, and the same distanoe of half-a.mile was run in 7’ 3¢”, or at the
rate of 4'0 miles per hour.

Second Experiment.—In this experiment one barge, loaded with 50 tons,
was attached to the steam boat loaded with 20 tons; the pressnre as before
was 50 Ibs., and the average number of strokes per minute was 90}, whilst
the same space ran over required 12’ 207, or at the rate of 2'43 miles per
hour,

Third Experiment.—In this experiment two boats loaded with 50 tons
each were attached to the steam boat loaded with 20 tons, in all 120 tons
of goods ; the pressure was 50 [bs., the average number of strokes was 94, and
the space was passed over in 12’ 55", which was at the rate of 231 miles per
bour.

On the 5th of May the following experiments were made with No. 1 steam
boat, baving two screw propellers.

First Experiment.—The boat was loaded with 20 tons of goods; the same
half-mile distance was run over asin the former experiments with No. 2 boat ;
the pressure was 45 Ibs., the number of strokes averaged 110 per minute;
the distance was run in 6’ 41", which was at the rate of 4°49 miles per hour.

Second Eaperiment.—In this experiment a barge carrying 50 tons was
attached to the steam boat, which was loaded with 20 tons; the pressure
was 49 [bs. as before; the average number of strokes per minute was 101,
and the time was 9’ 12”, which was at the rate of 3:26 miles per hour.

Third Experiment.—Tn this experiment three boats were attached to the
steam boat—one was loaded with 50, the second with 27 tons, and the third
with 34 tons, in all 131 tons, including the 20 tons in the steam boat; the
pressure was 49 Ibs., the average number of strokes per minute was 96,
and the time occupied was 10’ 58”, which was at the rate of 273 miles per
hour.

One fact, but certainly 8 most importafit one, has been established by
these experiments, and that is, that a very much greater and useful effoct is
produced by hauling than by carrying. This fact was exemplified in every
experiment that was made, though it was more apparent in one of the boats
than the other, as will be seen by reference to the experiments; it also
appears that one form of boat and machinery is less affected in speed than
the other by & proportional increase of weight hauled than carried ; from this,
it is evident that the form of boat and machinery most suitable for carrying
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goods will differ from the form of boat and machinery suitable for havlsge.
The barges and boats on your Canal ave much too large, heavy and unwisldly ;
they are a heavy load in themselves, and require considerable power to mave
them, ¢ven at a slow rate, when empty ; they are also formed as if they were
o be employed as sailing barges, similar to those on the Thames and other
rivers : this is a very great mistake and quite unsunited to Canal navigation.
If the boats were built 60 feet long, 6 feet 6 inches wide, with upright sides,
* and upright cornered bows, which would admit two of them to enter a Jock
at the same time, a great amount of saving would bes effected on your Canal
in the power required to haul such boats, as compared with those now in use,
for I have no doubt that six of those boats carrying 35 tons each, would be
88 easily hauled as two of the present boats 50 tons each—or in the ratio of
210 to 100—and that such a steam boat as No. 1, at present in use, would
be enabled to haul these six boats carrying 210 tons of goods at the rate of
three miles an hour, and carrying at the same time 20 tons of goods, besides
the 210 tons bauled. I would, therefore, strongly recommend you to have
two such boats built, and if you found that the saving in power required for
hauling was what I have stated, it would be judicious to have all new boats
built on the same plan. I am well aware that it is very difficult to get parties
long accustomed to a particular form of boat or carriage to adopt a different
one; but I am convinced the advantages of the light and narrow boat would
be so apparent that it would in a short time be universaily used in Canels in
this country, as such boats are at present used in most of the Canals in
England and Scotland; and in any future engines that may be ordered for
your Canal, I would recommend that the fire-box should be made as large
as the construction of the boat will admit of, and that the draught up the
flue be as moderate as possible, as more suitable to a turf fir¢ than one of
coke, for there cannot be a doubt, but turf or peat fuel will answer every
purpose of working steam boats on the Canal, and will be very much cheaper
than either coal or coke. My replies to the queries put to me will form the
subject of a farther report, which shall be submitted with as little delay as in
my power.
JOHN MACNEILL.






GLOSSARY

OF

TERMS CONNECTED WITH MARINE ENGINES
AND BOILERS.

(WITH FRENCH TRANSLATIONS.)

Air-casing, of thin sheet iron, (la|
cheise,) surrounds the bottom of -
the chimney to prevent the radia-

Ai_;ion of heat t:ﬁhe deck, oad
ir-prpe, & small copper pipe lead-
ing from the top gf? the hot-well
through the ship’s side, for the
diecharge of the air and uncon-
densed vapour pumped by the air-
pump. s

Aw-pumnp, (la pompe a 'air,) is re-
quired to maintamn the vacuum in
the condenser by withdrawing the
condensing water, air, and uncon-
densed vapour,

Air tubes, are small wrought-iron
tubes hung in the coal-boxes from
the deck and filled with water, for
the purpose of ascertaining the
temperature of the coals by a
thermometer, a8 a precaution
against spontaneous combustion,

Angle-iron, (corniére),

Annular-pston, is one made in the
form of a encircling an jnner
cylinder which is enclosed Within

external one. This arrange-
ment is sometimes adopted to gam
length of connecting-rod, by caus-
iu§ it to descend within the inner
cylinder,

Anvil, (masse).

Ash-pits, (cendriers,) underneath the
fire-bars of the furnaces, where the
ashes collect, ) ,

Atmaspheric or single-acting engine,

(machine & vapeur atmospherique,)
18 a condensing engine in which the
pressure of the stenm acts during
the up-stroke only, the return
stroke being performed by the
pressure of the atmosphere acting
against & vacuum,

Auwrliary or feeding engine, (machine
alimentaire,) fitted to supply tubnlar
boilers with feed-water when the
large engines are not working, and
the ordinary feed-pumps are there-
fore inactive.

Agle, (tourillon).

Bubbit’s patent bushes, are formed of
an alloy of 1 Ib. copper, 60 1ba. tin,
5 1bs. regulus of antimony.

Back-balance of eccentric, 18 fixed to
the back of the eccentric pulley for
the purpose of balancing its weight
on tﬁe shaft.

Back-balance of shide valves, is the
weight fixed at the extremity of
the valve-lever for balancing the
weight of the slides.

Back lash, i the term given o the
jar which ensues when one portion
of the machinery which receives
motion from another (but without
being always in actual contact) hus
its velocity so incrensed from gome
extraneous canse, that it falls back
with a sudden blow, upon the pqr£
from which it ought to derive its
motion,
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Buck-links, the links in a parallel
motion

GLOSSARY OY TERMS CONNEQTED WITH

&air,) is fitted betwoen the valve-

which coumeot theair-pump | casing and the dondenser for the
rod bo the tem passage of the steaxt; used
By aiel: e, raking them to | Bofir, Tou proseuss. ich presmire
e JUes, e1m y pressure, higi A
the bn‘dw of the fummegmd then| (chaudiére & basse pression, & haute
limtheg:g them with cinders and pression).
woaall coal, the draft being at the | Bolt, bolted, (boulon, boulonné).

ssme time checked. By thismeans
the fires are kept in a state of
luniuid combustion, but are ready
to burn up briskly again when
steam is wanted at short notice,
the red-hot mass being then broken
up, raked forward, and the draft
re-admitted.

Barometer or vacuum-gauge, (baro-
métre,) is fitted to the condenser
of an engine to show the vacuum.
It resembles the common weather-
barometer, except that the top of
the tube is in communication with
the condenger.

Barrelof a pump, (corps d’une pompe).

Puse- , see Sole-plate.

Beam or saide-lever engines, (machines
4 balanciers,) are those in which the
motion of the piston is communicat-
ed to the crank through rocking
beams or levers at the sides.

Beams of a vecsel, (travers).

Bearers, are the cross bars in the
furnaces supporting the ends of the
five-bars.

Bear, is s small apparatus for punch-
ing holes by hand.

1 enring, neck, or journal, of a shaft,
(eoussinet d’une arbre,) is the part
which revolves within the pedestal-
brasses, and supports the weight or

strain, s
Bedding of a boiler, is the seat on
B&vghic it reats. 2 by th .
e-pumps, worked by the engine,
to c’l:‘u- the water from the bilge
Emﬂ;p'm £ ejecti
0; e prooess of ejecting
the supei,-—m.lteg water from the
boiler in order to prevent the de-
tion of scale or salt.

Blow-off cocks and pi are those
thro!gh which the brine 18 eject.

Blowing-through, (purger d’air,) is the
process of clearing the engine of
sir by blowing steam through the
oylinder, valves, and oondenser,
before starting.

valve, (oupape & purger

Boss, (renflement,) is a centre or
swelling of any kind in which s
hole or eye is bored.

Box-keys, are the upright keys used
for turning the nuts of large bolts,
or where the common spanner
cannot be applied.

Bracket pedestal or rgulwmmcr-block, is
the fixed support for the bearing
of ashaft in motion, formed so that
it can be fixed vertically to the
frame of an engine, or the side of &
beam, &c.

Brass, (bronze,) an alloy of copper,
tin, and zinc, in different propor-
tions. Tough brass, for engine-
work, i8 formed of 10 Ibs. copper,
14 Ib, tin, and 1§ Ib, zinc. Brass,
for heavy bearings, of 1 1b. copper,
23 oz. tin, } oz. zino.

Break or brake, (frein).

Brudge of a boiler, is the barrier of
fire-bricks, or iron plates contain-
ing water, thrown across the far-
nace at the extreme end of the
fire-bars, to prevent the fuel being
carried into the flues, and to
quicken the draft by contracting
the area.

Brne-punps, (pompes de saumure,)
are worked by the engines to with-
draw the super salted water from
the boilers methodically, instead
of by periodiral blowing-off.

Bulkheads, ( cloisons).

Bush, is a lining of brass, steel, or
other metal, fitted in an eye or
bearing, either to diminish friction
or prevent rapid wear.

)

Callipers, are compasses with round
legs, used for taking the diameter or
thickness of circular or flat inside
work about an engine. Jnside
callipers are used for measuring the
internal diametcr of a brass or hole
of any kind.

Cam, for expansion, is a diso of cast
iron, having the periphery out in
sn irregular figurs, for giving the
proper motion to the expansion
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valvé, Tt is gradueted in stevs 50
a8 to sult the different degrees of
(.';n' ml‘»;m transportation) ;
y land, monﬁses ’

Cast, .

Cast-iron, (fonte).

Cataract, i8 a contrivance introduced
into marine engines for softening
the full of the expausion valves
when these are made upon the Cor-
nish principle. It consists of a little

.

%33,
fretion aad giving smoothness of

action. .

Cold-chisel, a chisel properly tempered
for enttin&:fold iron.

Collarof & , (collier,) is the pro-
Jecting rim on eachside of the neck
or bearing, to confine it sideways
during its revolution.

Comumon steam, (in contradistinction
to super-heated steam,) is steam in
contact with the water from which
it was gelliemt;ed.

braes cylinder filled with water or | C' s ,) is the cast-
oil, and fitted with a solid piston| iron box in which the process of
connected by a crosshead with the| condensation takes place.

walve spindle. The fall of the valve | C

is checked and regulated by the
escape of the water or oil through
% small hole bored for that purpuse
in the side of the vylinder, the pis-
ton of the cataract descending ac-
cording as the liquid is forced out
from before it by the pressure due
tothe weight of theexpansion.-valve.
Cement, (ciment, mastice).
Centre-boss, of the paddle-wheels,
(renflement central des roues a

aubes),
Ch¥mney, (cheminée).
, (oiseau, burin).

Clack: J -‘tvam, a flat valve with a hinge-
joint.

Clearance of the piston, is the small
8 left between the piston and
the top and bottom of cylinder at
the end of each stroke.

Clinkers, (mrien,} are the incom-
bustible matter Jeft on the fire-bars
during the combustion of the coal.

Clinker-bar, is fixed across the top of
the agh-pit to support the slice used
it;r clearing the interatioes of the

ra.
Clothing the steam-pipes, boilers, &c.,
means covering them with felt and
other non-conducting materials, to
prevent the radiation of heat.
oals ; coal bunkers, (les - houllles,
ghu)-bon de terre; soutes a char-
on).
Coal-trimmer, » man whose duty it is
to work within the coal-boxes, and
ing the coals to the doors at the
boiler front as they continne to be
msumed.

00!
Cack, (robinet).
wheels, (roues dentées,) are
t fitted with wooden teeth or
»ogs, for the purpose of lessening

ing engine, (machine & con-
densation,) is one in which the
steam is condensed after leaving
the cylinder, for the purpose uf
gaining the effect of the atmosphe-
ric pressure.

Conmectung-rod, (bielle do la mani-
velle,) in a direct-acting engine,
communicates the motion directly
from the head of the piston-rod o
the crank : in a gide-lever A
from the cross-tail to the crank.

Consumption of fuel, (consumation
de combustible).

Counter, a little instrument employed
for registering the strokes of an
engine,

Coupling of a shaft, is the mode of
connecting together two or more
lengths of a revolving shafi, by
shaping the ends into flat surfaces
or bearings, which are held together
gy a strong iron sollar or ceupling-

0Z

Cover ox lap of the shde-valve on the
steam side, ia the speoe which it
advances beyond the opening of the
ateam-port after it has olosed it
and is given for the purpose of
ocausing the engine to work expan-
sively, by cutting off the
of steam before the end of the
stroke. .

Cover or lap an the exhausting sids of

the piston, causes the tothe
! to be cl % the
end of the stroke, the piston belng
then said to be cushioned by the
elasticity of the confined vaponr,
upon which it descends,
C‘tmb&,; cranked, (manivelle, couds §
ooudé).

Crew of o veasel, ('squipage d'am
vaissean).
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Croshead, (imaverse, 104e oroissée,)
in a side-lever engine, crosses the
heed of the piston-rod, and com-

muaniocates the motion to the side-

rods,
Crose-tail, in w side-lever engine, takes
wmotion from the side-rods and
communicates it to the connecting-

vod.
% , resembles & conical valve,
has no spindle, being turned in
the form of a cup or portion of a
the piston, means that a
smnall portion of steam is shut up
between the piston and the cylinder
top and bottom at the end of each
stroke, which acts as a spring to
goften the shock, and to give the
piston a start forward after the
centre is turned. Thig effeot is
produced by the h‘g of the side-
valve on the exhausting side.
Cuiter, (clavette,) is the wedge-key
md, in combination with the yb,
{contre-clavette,) for tightening the
sbrar”a.nd brasses of a bearing, as
o the ‘t;rt l‘:theby frii_ction. .
wtm?o e steam for expansion,
(la détente

WW (couvercle de cylin-

Dampers, (les re{utr‘ es,) are iron
plates, fitted bya inieorotherwise
across the fronts of the ashapits and
the bottom of the chimney, for the
;Frpou of regulating the draft.

‘hey are capable of being adjusted
by hand to any desired area.

Deadpiatira ambinen pinie rogmently

Y n p uently
fitted before the bars of a furnaoe,
for the purpose of coking bitumi-
nous u&m before it i8 thrown
back upon the fire,

Dead-water, (eaumort,) is the ourrent
following in the wake of a ship and
partaking of her motion.

Leck, (pont).

Depth of a vessel, (bauteur d’un

Dingram of smndicator, the e
'tmadm by thi: pencil, from whioh

ip of the wheels tbedopsh.ofmtar
D'&e'{::s::oitheverﬁcnlbmd.
i , are those in

-aeling engines,
which the motion of » pision is
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communicated directly from the
head of the piston-rad to the mk
through the connecting-rod, -

out the intervention of side-levers,

Discharge, delivery, or waste-soater
pipe and valve, 3tuyeun et son|
de décharge, ou de sortie,) are t
through which the heated condens-
ing water and vapour are discharged
into the sea by the air-pump.

Disengaging or pad-
dles or screw from the engines, (by
suitable machinery,) permits them
and their shaft to revolve freely in
the brasses by the reaction of the
water, by which means the speed
of the ship when under canvas is
not so much affected as if they were
dragged through the water.

Dusplacement of a vessel, is the weight
ot water which she displaces, being
of course equal to her own weight.

Donkey or auxihary engwne, (ma-
chine alim~ntaire )18 used for feed-
ing the boilers while the large en-

Dgiz;: are at rest. ; i2e &
ouble-acting engune, (machine
double action,) 18 one in which the
steam acts against a vacuum on
each side of the piston alternately,
a8 in the ordinary marine engine.

Dordle-acting pwmp is one which lifts
and forces wuter alternately, by
means of a solid piston or plunger
and an entrance and exit valve
communicating with each side, (as
the feed and bilge pumps of & ma-
rine engine).

Double-cylunder engine, as patented by
Mesers, Maudslay, has two oylin-
ders, between which the lower end
of the connecting rod descends, its
motien being communicated from
the piston-rod by a bent
working in grooves betwcen the
cylinders.

Drayght of the chimmey (tirage).

Iiralght of water (ixxmercion).

Dmfft is a round piece of steel, made
slightly tapering, and used for en-
larging a hole in s metal plate by
being driven through it.

vipe, is & nm&l copper pipe
onides £ "oarey oF e ‘sondenamd
inside, to carry off the

stesmn and other hot waber which

may bs blown into the “trap” at

the top.
Drivingaited, (rons motrios;) In the
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geariog of a screw veasel, 1y that
which éommunientes motfon 4o ¢he
smadl wb;eolum piion. fxed
Drwm is & ow cylinder fixed on &
.h':g got driving anocther shaft Ly
[} N
eter is an instrument for
dicating the thrust of the serew-
In-opeller by means of springs and
evers.

Eocentric, (Pexcentrigue,) i the ar-
rapgement usually adopted for giv-
ing the proper stroke to the valves.
It oconmsts of the ecventrie pulley
of oast iron, which is loose on the
intermcdiate shaft, and the hoop
of wrought iron lined with brass
which encircles the pulley, an

ves motion to the eccentric rod.

e eccentric stops or snugs are two
little projections fixed on the inter-
mediate shaft for the purpose of
carrying round the eccentric pulley,
according as it is wanted to go
ahead or astern, the pulley itself
being free to revolve backwards or
forwards between the two stops.
The weight of the pulley is balanced
on the shaft by the back-balance
cast on it.

Eduction or exhaust passages (tuyeaux
de eortie, ou d’émission), through
which the steam passes from the
valves to the condenser.

Effective diameter of a paddle wheel
is generally reckoned at one third
of the breadth of the boards from
each extremity of the diameter.

Fffectice heating surface in a boiler is
that which is considered of value in
emorating the water. The bottom
surface of the flues and furnaces,
and one third of the whole surface
of the tubes in tubular boilers, are
usually rejected as meffective

Engine beams cross through the $n-
gine room at the height of the en-
tablatures, to steady them, and re-
ceive part of the thrust of the
puddle wheels,

Engine beurers or sleepers, (poutres
de fondement,) are the longitudinal
keelsons through which the foun-
dation plate is bolted.

Engineer, engine tenter, (machiniste,
mecharicien).

Emablature is the strong iron frame
sappueting the paddle shaft, It
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mﬂmoeim additional stiffness
from

beams of ofm
tuve ot engine Wams.

Equlibrium, Cornish, or double-best
vulves, are frequently used in marine
engines as expansion valves. i
peculiarity consists in their bel

ressed by the steam equally in

irections, 5o that they rise with a
very slight force, exposing at the
same time a ares of steam
with a very small rise of the valve,
scape or priming valves, {soupapes
d’éohappement,) are loaded valves
fitted to the top and bottom of the
oylinder, for the escape of the con-
densed steam, or of water carried
mechanically from the boilers with
the steam. ,

Escape-valves are also fitted to the
feed pipes as a means of exit for
the surplus water not used by the
boilers.

Eapansion gear, (Pencliquetage pour
Pexpansion,) is fitted to marine
engiues, independently of the oy-
linder valves, for the purpose of
cutting off the steam &t different
portions of the stroke, according as
1t is wished to econowmize fuel more
or legs. It generally consists of &
graduated cam on the paddle shaft
against which a roller presses and
communicates the movement peen-
liar to the irregular surface of the
cam, through a series of rode and
levers to the eapansion valne, situ«
ated between the throttle valve and
the slides.

Expausion or Faweett joint is a stuffing-
box joint used when a straight metal
pipe, (as the steam pipe,) which is
exposed to considerable variations
of temperature, hug no elbow or
ourve in ite length to enable it to
expand without il‘li_inrg. In suoch a
cage the pipe is divided into two
lengths, which are united by #
steam-tight joint accurately
and turned, so as to allow the ons
pipe to sligl within the other, when
they lengthen by expansion. -

E‘tpan;_mmt. (o:;péggno(e)ﬁm.’ ol
ye of a oran! ., (e A
s & hole boved o socstve s a6
pin,

Fawoett joint, see Expansionjoints



»ne

Fauthering paddle whesls (88 Morgan’s
mmhl:h ate those !? w}icé:ﬁ:he
A lor feathering
the doards, or them to enter
and lewrs the water in & perpendi-
calar position, By this means, the
hoard leaves the water without
IHiing it, and the effect of the wheel

Fk somewhat lncrﬁmd. il ali

‘eading ratus, (’appareil alimen-
#aire,) for a marine Yvoﬂer, consiste
of the feed pump, feed pipe, passin,
through the refrigerator, feed coel
on the boiler, escape valve for the
surplus water, and water gauges to
show the level in the boiler,

Peading engine, see duziliary engine.

Ferules (viroles) are rings of iron or
brass frequently used for fastening
the tubes of a tubular boiler in the
tube plate.

Foles, (hmes).

i":: bare, (t(h‘n]mes‘ gu :oyer}.

grate, (grille du foyer).

Fure-hose, are made a(hyustible to the
discharge pipes from the bilge-
pumps, from the auxiliary engine
where fitted, and from the hand-
pump in engine room.

Fwe men or stokers, (chauffeurs,) the
men who work the fires.

Fuowng-up, urging the fires to make
them form &8 much steam as
possible,

Flamge, (rebord).

Float boards ox paddle boards, (Les
aubes).

Flues, (conduits).

Foos-valve, (clapet de fond,) is situated
between the bottom of the oon-
denser and the air pump, opening

mdstheh(tter. foulantes)

pumps, (pompes foulantes).

Fork, (fourche).

Fork head, the double head of a rod
which divides in order to form a
oonnection by means of & Yin.

Fowndaton or bass plate, (plague du
fond,) see sole-plate.

Foz key, is a koy with a thin wedge of
steel énven into the end to prevent
its working back,

Frame of the engine, (chissis, cadre).

Frames of » vessel, (membrares d'un

vaisseau).
Fmotion, (frottement),
4'wel, (combustible).

"ff“:':):“' (suppart, palicr, crapeu-
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Fumaes, (le foyer).

e oneten fusibies)
are pometimes fitted in boilers,
being expected to nielt by the
high temperaturs of the confined
steam, and thus allow it to esoape
in case of its attaining a dangerons
pressure from the safety valve not
acting.

Gasket, (garniture d’étoupe,) is the
hemp packing, formed of soft cord
plaited, which is used for making

Gatea.m-tilf’ht (joill;ta. 2% ) of
‘auge cocks, (robinets d’épreuve,) o
brass, attached to the front of the
boiler for indicating the level of the
water.

Gauge, steam or mercural, (mano-
metre de verre mercurial) is a
syphon tube balf filled with mer.
cury, usually employed for showing
the pressure of low steam. When
a marine boiler uses steam of high
tension, a spiral spring is employed.

Ghb (contre-clavette), is the fixed
iron wedge used, in conjunction
with the cutter or driving-wedge
(clavette), for tightening the straps
and brasses of the different bear-

ings.

Gland, is the cupped collar (lined with
braes,) which encircles the piston
and air pump rod, &c., where it
Fassel through the ocover, being
or the purpose of holding oil or
tallow for lubricating, and for

con#;reuing the packing of the

stuffing-box wupon which it is
screwed down,

Glass water gauges, attached to the
fronts of the boilers for showing
the level of the water

Governor, (régulateur,) in sorew
engines, is an apparatus by which
the steam is shut off from the
qlinders (when the speed of the

engine becomes too great), by the
divergence of two balls from the
oentrifugal forve, [

their velocity is increased.

Grease cock on the cylinder cover, f
lubricating the piston with melte
tallow, without permitting the
escape of steam or the entranoce of

air,
Graove, (trou, entaille),

Guards for the bnlg of an ne are
Jight frames of or iren,
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which the nuts of the bolts fit, to
prevent their working loose by wn-

G:?in zonjon,) is anyshort pin or

nhﬁg”&edua earing for o moving

on vf the machinery.

Guides, (ghissoirs,) are smooth sur-
{aces Detween whioh the head of
s piston rod, &o., slides to preserve
ite parallelism ; the sliding block
attached to the crogs head being
called the Guids block.

Cun metal, an alloy of brass very

nerally employed in engine work.
ﬁ is formed by melting together
1 1b. of tin, 1 b, zine, and 8 1bs.

copper.

Hull's condensers, a method of sur-
face condensation in Wwhich the
steam is condensed by passing
through a large number of small
tubes immersed in cold water.

Hummers, (marteaux,) of three sizes,
the largest being called sledge
hammer ; the next flogging hammer ,
and the smallest hand hammer.

Handle, (manette). .

Hand pump, (pompe & bras,) is fitted
in the engine room for filling and
feeding the boilers by hand, for

washing the decks, extinguishing

fire, &c. Itis always made capable
of i)eing attached to the engines
when they are workinﬁ.

Heat, heating power, (chaleur, puis-
sance calorifique). L.

Helm, helmsman, (timon, timonier).

Hemp, (étoupe).

High-pressure, or more correctly non-
condensing engines, {(machines &
kaute pression,) are those which
work simply by the excess of the
pressure of the steam above that of
the atmosphere. Condensing en-
gines, although sometimes using
- higﬁ-preuure” steam, are neyer
ocalled high-pressure engines,

H agh-pi_'em;n steam, (vapeur & ha.gte
Ppreseion,) is o expression de-
noting steath o?ﬁ:n on above 16
or 20 lbs, pressure above the atmo-
sphere.

Holding-dawn bolts, are the sirong
sorew-bolte employed to fasten the
foundation plate of the engines to

Bm ship’s bottom. ( o
o18¢ porwer, nomipal, (puissance
Gheveux, force de oheval) is as
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sumed Td £6 83,000 1be. raized
one foot high in one minute.

Hot-well, Srelervoir 4 eau chaude, la
citerne,) is the reservoir for the
water pumped out of the condenser
by the air gum-p

Hugging is the expression used when
one vessel is running so close in
the wake of another as to be
influenced by the current of dead.
water following her, in which case
the two may continue to keep close
together, although the vessel
running behind may be, perhaps,
a mile an hour slower than the

other.
Hull or shell of a boat, (coque d’un
bateau).

Incrustation or scale, (sédiment,) is
the hard coating of salt, lime, and
other mineral substances which
collect on the innmer surface of
the plates of a boiler which is not
rrﬁgulnrly and sufficiently ‘“blown
o .!J

Index of a spring balance, (eumur}.

Indicator, (indicuteur,) is the little
instrument employed for ascer-
taining the real power, as well as
the state of efficiency of the in-
ternal parts, of a steam engine, by
indiouting the actual pressure in
the cylinder during each stroke,
and the time and manuer in which
the steam is admitted and shut out
by the valves.

Injection, (injection,) is the process
of admitting a jet of cold water
from the sea into the condenser, to
condense the steam as rapidly as
possible.

Insude bearings of dedle shaft, (uson
a bracket bolted to the ship’s side,)
are employed when the wheels are
*‘ overhung.”

Intermediate shuft is the strong shaft
crossing the centre line of the
vessel and connecting the paddle
shafts ofthe two engines.

Iron-filings, (limaille).

Jaunts, (charniéres, articulations),

Jomat. (o«;u:::net) is :E:f neck or

ring of o t, "ptm
which it turns and by which it i
supported.

Junk ring, is s metallie riog confining

the h of
(w'hen‘::gh on] yed),mm



8
etpable of heing sorewed down to
compress it.

Kptlsans, (carlingues),
Key, (oiaf.) a wedge piece of iron
used for tightening the brasses of &

, &a.
Kingston’s valves, are conical valves
with a sorewed spindle, and are
generally used for olo-ing the
ces of the injection and blow-
off pipes where they pass through
the ship’s side.
Knees of iron, (équerres en fer).

Laggingsfor the cylinder, &c.,are the
tiin staves of wood employed in
*¢ clothing,” to stop the radiation of
heat and consequent condensation

of steam.

Lap of the slade valve, see Cover.

Larbourd engime, that on the left-
band side of the vessel when look-
ing towards the bow.

Latent heat, (chaleur latente,) is that

ortion of heat which is absorbed

y gases and liquids, in a latent or
ingensible state, during their transi-
tion from a denser to a rarer form ;
#8 when water at 212° changes into
steam at 212°, and when ice at 32°
changes into water at 32.

Lead «f the slute valve, (avance du
tiroir, ) is the emall space which the
valve opens to steam at the end
of each gtroke, upon the opposite
gide of the piston. It tends to
check the velocity of the piston at
the end of the stroke, and allows of
the valve being open and ready to
admit a larger supply of steam the
instant the motion of the piston is
reversed.

Leud of the crank, (avance de la
manivelle), It
acting, and generally in all un-
balanced engines, to give what is
called lead to one of the oranks;
which implies that the orank of the
one engine is get a little in advance
of the right angle to the other;
namal'ly, at 100° or 110° iu place of
$0. This assista in rendering the
motion of the piston more umform,
by moderating its velocity at the
end of the stroke.

Leather, (cuir).

gth of stroke, (longueur du coup,
on de la course).

Laubrwcators,

is usual in direct- | Mele

Mtre-
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Level, (nim}.

Lever, (Mevier).

Laghier or barge, (gabarre).

Luwuks arve short comnecting )Ibzo,
with & bearing in each end, for

transmitting motion from one red
or lever to ansther,

Lank motron, is an ingenious mn%u-
ment for working the alides, by,
which means the travel or stroke of
the valve may be varied at plea-
sure, and expansion given without
a separate expansion valve being
required. It also affords great
facilities for stopping and reversing
the engines.

Log, engune-room, & tabulated sum-

mary of the performance of the
engines and boilers, and of the con-
sumption of coals, tallow, oil, and
other engineers’ atores.

(godets, ou boites &
huile,) are the larger description of
oil-cups for holding oil and dis-
tributing it to the working parts of
the engines.

Maan centre, (goujon central, ) in side~

lever engines, is the strong shaft
upon which the sde levers vibrate,

Mankole, (trou d’homme,) is & hole

in a boiler or tank, fitted with a
steam-tight cover, through which a
man may enter for the purpose of
cleaning and examining the interior.
Metallie packing, (for the piston,) is
composed of a ring or several rings
of 1ron or other mletal, sometimes
cast 80 a8 to posaess elasticity in
themselves, or sometimes cut into
segments and pressed against the
interior of the cylinder by springs,

80 ag to form a steam-tight contaot.
Metre, equals 39'8702 English inches.
,  (Feograple or Nawbhwcal, or

knot, contains 8082'66 feet.

Mule, Bring/s Statute, contains 5280

“feet, 1760 yards, or 1609 métres.

Mhle-post, (borne milliaire).

has ite teeth set at an
angle of 46° with thé spindle, so a8
to transmit the motion {0 another
mitre-wheel and shaft st right
angles with it.

Morgow’s feathering paddle wheel, see
Featherwm,

g awheals.
Morticed, (assexablé & mortaive).
Mud hole, (orifice de

nettolerment,
titbed with steam and mﬁzﬂl



MABINE ENGINES
' hich the deposit
d«m%ﬂ:mghwc e

may be removed from the boi

Munte’s metal, used for bearings, &o.,
is formed of 2 parts of zinc, 3 parts
oopper.

Nave of & wheel, (moyen).

Neck of & shaft, (cou «inet d’un arbre,)
is the journal or bearing on which
it turns and is supported.

Non-condensing or high-pressure en-
gines, (machines & haute pression,)
are those in which the principle of
condensation is not applied, the
motive power being due solely to
the excess of the pressure of the
steam above that of the atmosphere.

Notch, (encoche).

Nut, (eorou).

Oul-cups or lubricators, (boftes d huile,)
are fitted to the several bearings and
rubbing surfuoes of the engine for
the purﬁosc of lubricating them to
diminieh friction.

Oscillating engines, (machines aux
oylindres oscillantes,) are those in
whioh the cylinders oscillate upon
hollow axes or trummions, through
which the steam enters the valve
casing. By this arrangement, the
parallel motion and connecting-rod
are dispensed with, the head of the
piston-rod being attached directly
to the crank-pin,

Owutaide bearings to paddle shaft, when
the shaft runs through to a bearing
on the spring beams,

Overhung puddle wheels, when the
shaft does not run through to a
bearing on the spring beams, but is
supported by & bracket from the
ship’s side.

Packing for the piston, slide-valves,
&o., (garniture,) is employed to
render them steam-tight, and is
formed sumetimes of rings of $ron
or other metal pressed outwards by
springs, (when it is called metallic
packing) ; sometimes by hemp con-
fined by & “ juuk ring™ and com-
pressed by screws &dled hemp
packing) ; and sometimes by rings
of canized india rubber and
other elastic material.

Paddle wheels, paddie boxes, (roues &

aubey, tambours),
Paddls boardy or)ﬂmt boards, (les

aubes) ; paddle-arms, (les wais dos

roues).

Parallel motion, (te logram,) is
the name given to the combi tion
of jointed rods usually employed in
side-lever engines (and others) for
preserving the ism of the
piston

Pedestal or plummer block is the sup-
port for a shaft in motion, holding
the brasses on which it turns.

Pet eock or test cock is the name given
to & little cock sometimes fitted at
the top and bottom of the oylinder
to allow the escape of water from
above and below the piston, inde-

gendencly of the escape valves fitted

‘or that purpose. They are kept
open until the engines are fairly
under weigh, and are then shut.

P1n, (happe, boulon).

Putch of a serew is the distance between
the threads, or the distance which
the screw advances during each
revolution when working in a solid.

Petch circles are the circles of contact
of two or more toothed wheels
working in combination.

Pitehing of a vessel, (plongement),

Plates, (thin,) (lames, tolles).

Plug, (bouchon).

Plummer block, see Pedestal.

Plunger, (plongeur,) & solid piston
without valves used in the feed and
bilge pumps, &ec.

Poits of the cylinder ave the short
steam pussages leading from the
top and bottom of the cylinder to
the slide-valve casing.

Pruning or foammg of the boilers
implies that the water boils over
into the steam pipes which lead to
the engines, and is caused by the
water being dirty, or there being &
deficiency of steam-room in i
top of the boilers,

Priming valves, see Escape valves.

Radwusof curvature, ényon de cour! &

Radwus ro’s or bars, (la bride du par.
lelogram,) are the guiding rods in &
parallel motion jointed to the con~
necting links to countersot the
vibratory motion communicated by
the side levers,

Reciprocating, (alternatif),

Ra;aﬁpm; the paddles, means disconmect~
ing the float-boardafrom the paddle~
arms, and bolting them aguin neszer
the centre of the wheel, in exder to

AY¥D BOILERS.



20

the dip when the vessel is
, This is somotimes done by
vy in what are called

w

Refregerater, is o vessel containing a
number of copper tubes through
which the hot brine passes after

ejected from the boiler by
the brine-pump. The feed water
is at the same time passed through
the yeesel surrounding the tubes,
sad hns its temieuture thus raised
by the waste heat of the brine
Vbefore entering the boiler,

Reverse or vacuum vulves, (soupapes
de sfireté intérieures,) are small
1oeded valves opening inwards, and
fitted to the boiler to admit air
when a vacuum is formed by the
condensation of the steam inside,
or when the pressure of the steam
falls to a few pounds below the
pressure of the atmosphere.

Reversing gear is the n.glparatus pro-
vided for reversing the motion of
the engine by changing the time of
action of the shde-valve
done by bringing the eccentric
beland in place of in advance of the
crank.

Riby, (tirans).

Rocﬁmg shafl, the shaft, with levers,
frequently used for working the
slide-valves, the notch of the eccen-
tric rod dropping into a stud fixed
in one of the levers, and the links
of the slide-valve spindle being
attached to the opposite lever on
b port (partie froth te)

ng pui t, (partie frottante),
Rudder, gonvemail).

Rust joints, made by spreading over
the surfaces to be united a mixture.
of oneounce of sal-ammoniac to one
pound of cast iron borings.

Safety valves, (soupapes de slireté,) are
ﬁtfid to theg)oilen for the escape of
the steam, before it attains a dan-
gerous pressure.

Salinometer, (salinométre,) is an in-
strument for measuring the guan-
tity of salt contained in solution in
g; w:{er ot;l the boﬂtﬁer, by intdicat-

either the specific gravity, or
the tempernture st wbigai't bolls.

Spate, (sédiment,) is the hard crust of
salt, lime, &c., which collects upon
the interior surface of the plates of

This is | Sude
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& hoiler wher propee ion fs
not paid to "Il:lowing .Y Phe
hammers used for logsening and ve-
moving the scale are cslled souling
hammers.

Serew, screwed, (vis, vissé).

Screw bolts, (boulons en vis, boulons

targudés).

Seat of the valve, (siége de la soupape).

Sediment collectors or scale pans, sre
shallow vessels which are sometimes
fixed in boilers about the level of
the water, for collecting the parti-
cles of sediment which are buoy-
ed up to the surface by bubbles of
steam, and which would otherwise
settle at the bottom of the boiler.

Sensible heat, (in opposition to lutent
heat,) is free calorc, which is sen-
sible to, or whose presence is indi-
cated by the thermometer.

Shaft, (arbre).

Sheet non, (tole, fer en feuilles).

Shovel, (pelle).

Shrouds for the funnel are the sup-
yorting chains from the deck.

4, in side-lever eagines,
(balanciers,) transmit the motion
of the piston rod from (he side-rods
to dthe croes tail of the connecting
rod.

Sleepers or engane bearers, (traverses).

Slice, (fourgon, tisonnier,) is the in-
strument used for clearing the air
spaces between the bars of a fur-
nace, when they become choked
with clmkcrs,

Slule wvalves, (tiroirs, soupapes &
tirvir,) are much used for the cy-
linder steam valves of marine en-
gines. The two kinds most com-
monl‘y found are called “long D *
and “ghort 1)’ valves, from the
form of their cross section; the
distinction being that in the first
case the steam enters round the
outside of the valve, and exhausts
tlrough it, while, in the second, the
exhaust takes place alternatel
from the top and botsom of
of the twvo short slides, which are
strongly joined together by vertical

rods,

Slide-casmg or jacket (boite des tiveirs)

is the caic-iron b«gx within which
szchfng: ;:’dz: et s th

wheel or sorew in the

vi.;nount which each slips back in ite

progress through the whker, in con-
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\quenoe of the imperfoct resistance
Fered by the fluid, and is therefore
jual to the difference between the
ite of the wheel or screw and that
f ;hé veneel, )
ith (forgeron).
oke box (boite & fumée,) is the
pace in a tubular botler between
he ends of the tubes and the front
» back of the boiler. It is fitted
vith doors which remove for the
yurpose of cleaning the tubes with
wbe-brughes, and removing ashes
;?’:‘ !bm. ) ratusi times
e-burning appa is sometime:
fitted to boilers with the view of
sffecting & more perfect combustion
nf the inflammable gases by intro-
ducing fresh atmospheric air behind
the ¢ bridge.” .
1ap is a tool used by boiler-makers
for giving the head of the rivet a
round and symmetrical form before
it cools, but after it has been closed.
1fting ralve, (soupape remifiante,)
is the small valve fitted to the con-
denser, and opening outwards for
the escape of the air and steam
ejected during the process of “blow-
ing through.” |
ocket (socle, crapandine).
olders are alloys of a medium degree
of fusibility employed for joining
metals together. * Hard solder”
for brass is formed of 3 parts copper,
1 part zino: soft solder for brass,
of 8 parts brass, 1 part tin, 1 part
zinc. A common solder for iron,
copper, or brass consists of nearly
equal parts of copper and zinc.

lole plate, base plate, or foundation
plate, (plaque du fond,) is the strong
plate which is bolted on the engine
hearers, and forma the foundation
for the engine.

Spanners are the keys used for screw-
ing up nuts.

Spare gear, (piéces de réchange,) are
carried in Government and other
steamers to replace any portions of
the machinery which may bebroken
or injured at sea.

Speed, (vitesse).

Spindle, (axe, verge). .

Split ping are thoge which have a thin
wedge of steel inserted in the end
to prevent their falling out.

(reports).

‘Springs.
Spring balunce, (balance & ressort,)
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is a spiral-spring weighing balance
fitted with ste‘:gx-ﬁggbt piston, in-
dex plate, and pointer, for showing
the pressure of high steam.
ing beams are wooden beams
stretched between the ends of pad-
dle beams tosupport the bracket for
the outside bearings of paddle-shaft.

Square, square foof, (quarré, pied
carré).
Square tuck is the flat surface left at

the stern of a vessel when the planks
of the bottom are not worked round
to the wing transom, but end in
the fashion-piece.

Starboard engine is that on the right-

hand ride of the vessel when look-
ing towards the bow.

Starting gear, (encliquetage régula-

teur,) for starting the engines,
comprises a wheel for working the
slide valves by hand, and at the’
same time bringing the eccentric
into gear, so a8 to continue the
motion of the valves; a handle to
open the throttle valve, and ad-
mit the steam, one to open the
blow-through valve, and another
to admit condensing water through
the injection cock.

Steam engine, steam boat, (machine &
vapeur ; bateau 4 vapeur, pyros-
caph).

Steam chest, (reservoir pour la vapeur,)
is the reservoir for steam above the
water of the boiler,

Steam room, (espace pour la vapeur,)
is the capacity for steam over the
surface of the water in the boiler.

Steam gauge, mercurial, (manométre
pour la vapeur,) is employed to
show the pressure of steam in the
boiler by marking the height to
which it will raise a_ column of
mercury in a syphon tube.

Steam-tight, (etanche de vapeur).

Steam tuz, (pyroscaph remorquant).

Steel, (acier).

Steersman, (timonier).

Stern, (poupe).

Still or dead water, (eau morte).

Stop valves, o communication valves,
are fitted in the steam pipes where
they leave the several boilers, and
in the connecting pipes between the
boilers, in such a manner that an
boiler or boilers may be shut o
from the others, and from the

engines.
M
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Stope or smuge of eccemiric, are the
catches on the eccentric pulley and
intermediate shaft, for the purpose
of communicating the motion of
the shaft, through the eccentrio, to
the elide valves, either for going

&gmo::i Mtm'(oh d

goods, lo, arger des mar-
handi

¢ ises).
Straight line, (ligne droite ).
Strawm, (effort).
of the piston, ( course du piston.)

Stuffing-box, ( boite 4 étoufle, le collet )
is the mechanical arrangement by
which a rod passes steam-tight
through the cover of a cylinder or
air-pump, &c. This is effected by
the rod being surrounded at that
place by s packing of hems or
gasket, which is compressed by
means of the collar (with its drass)
being screwed tight down upan it
The stuffing-box is lubricated with
oil or melted tallow, which is poured
into the cupped collar surrounding
the rod.

Sucking pump, (pompe aspirante,) is
one which raises water by exhaust-
ing the air from the barrel of the
pump, into which the water is
forced by the external pressure of
the atmoephere.

Suotion ppes, (tuyaux
sugoirs).

Super-heated steam, is steam whose
temperature has been raised after
it has left the water from which it
'was generated.

Supplementary engine, see Auxiliary

3 suocion,

engine,

Surcharged steam, is steam which has
an excess of watery particles held
in mechanical suspension.

Syphon o3l cups, are those fitted with
a wick of cotton or worsted hanging
over the edge of a little tube in the
middle of the cup, the oil rising in
the wick by capillary attraction,
and dropping down the tube on to
the bearing.

Tallow, o, (suif, huile).

Tape and dies are cmployed for form-
ing the threads of internal and ex-
ternal sorews. The former is a
hard steel screw, grooved from end
to end, so as to present a cutting
section, and slightly tapered, This
is turned round, by hand, inside the
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nut by means of the wrench.

Dies are sarewed nuts of hard ateel,
ved in the same way, for

cutting the threads of bolts.

Template, (of & base plate, for in-
stance,) is a model ?)%guuge of it in
thin sheet iron or wood, having the
bolt holes cut out, and the various
centres marked, for the gurpou of
transferring them tothe hull of the o
vessel.

Test cocks, see Pet cocks. A

Threud, of a screw, (filet d’une vie),

Throttle wabve, (soupape regulateur,)
is situated in the steam pipe, close
to the slide valve casing, and is
used for regulating the flow of
steam, which in the marine engine
is done by hand.

Ton equals 2240 lbs, ; the French
tonme equals 1000 kilogrammes, or
220486 1bs. avoirdupois.

Pravel of the valves, (course du
tiroir,) is synonymous with their
stroke.

Trunk-éngine, is one in which the end
of the connecting rod is attached
to the bottomn of a hollow srunk
fitted to the upper side of the
piston, and alternating with it
through the interior of the steam
cylinder. The trunk itself passes
steam tight through the cylinder
cover, by means of a stuffing box.

Trunnions of oscillating cylinders, are
the hollow axes upon which they
vibrate, and thmuﬁh which the
steam passes into the belt which
leads round the exterior of the
cylinder to the valve casing,

Tubular boulers, are those in which the
flame and hot gases, after leaving
the furnaces, pass through a great
pumber of small iron or brass tubes
surrounded with water.

Tube plugs, formed of hard wood, are
used for driving into the two ends
9{ a tube that has been burst by

e pressure of the steam, as a
te; remedy until a new tube
can be put in.

Tug, or towing boat, (remorquenr).

Two-way cock, (robinet & deux eaux).

Up-take, is the name given to the
flue of a boiler into which the
others are gathered at the end of
their course, and thus taken up iuto
the foot of the chimney.
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Vacuum gauge or barometer, is fitted
to the condenser to show the
vacuum.

Vacurm ‘pwm , is sometimes fitted to
the boilers for the purpose of filling
them above the level of the sea, by
withdrawing the air from the inside
of the boiler, when the water will
of course rise hy the atmospheric
pressure outside.

Vacuum valves, see Reverse yulves.

Valwes, (valvules, soupapes, clapets,
tiroirs).

Vulve casing, (boite du tiroir, boite a
vapeur,) i8 the cast-iron chest en-
closing the slides.

Valve-gearing, (armature du tiroir).

Velocity, (vitesse).

Wages, (gages, salaire ).
Washers. are the round pieces of thin
iron or brass interposed between the
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nut of & bolt, and the surface upon
which it is ecrewed down.

Waste-steam pipe leads from the valve
chest on the top of the boilers, to
carry off the steam escaping through
the safety valves.

Waste-water pipe, see Discharge pipe.

Water gauges, namely, glass water
gauge and the brass gauge cocks,
are attached to the front of the
boiler for showing the level of the
water.

Water-tiaht, (etanche d’eau).

Wear, (usure).

Wedge, (coin).

Wewgh-chaft, is the rocking shaft used
in working the slide valves by the
eccentric.

Worm wheel, is a wheel with teeth,
formed to fit into the spiral spaces
of & screw, 8o that the wheel may be
turned by the screw, or vice versd.
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by Bir Wm. Bymonds, Surveyor of
the Navy.

. Engines of the “Dec” and “Solway ”
West Indian mail stean packets, by
Mossrs. Scott, Simelair, & Co,

The Plates are very large, and consitt of —

Sheer draught and profile of mboard
works and after-body of the Royal
mml West India paclzet < Inis.”

Tanes of bottom, ditto.

Plu of spar-deck, showing Captain
Smith’s life boats

Plans of upper and lower decks, ditto.

Midslup section, ditto.

Sheer draught, Tmes of botton, and
after body of the “Orion,” Ipswich
iron packet.

Plan of deek of ditto

Loogitwdinal clevation of onc of the
engines of the “fns ”

End clevation of ditto, showing paddles,
shatt, and construetion of vess L

Tlan of the engives of the *“Isw,” to-

gether with the bolers, engine-room,

L.

Sheer dranght, profile of inhoard works,
with Jimes of bottom, and after hody,
of her  Migesty’s  stecam-frugute
« Cyclops,”

Plans ot upper and lower decks of ditto.

Skcteh of spars, sals, &c. of ditto.

Transverse sectiomn, and paat of Irame-
work of ditlo, showing the admirable
construction of thus vessel.

Lonagitudinal _clevation ot one of the
cngmes of the R nval wmal West [ndia
yackets “Dee” ud “Nolway.”

Two end vicws of ditto,

Plan of Ditto.
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THE CORNINH PUMPING ENGINE ; designed and constructed ab the
Hayle Copper-1Touse in CornWall, under the snperintendence of Caplain
JuNRING ; erceted and now on duty at the coal mines of Languin,

Department of the Loire Inférienr, near Nantes.

Nine claborate

drawings, historically and scientifically described.
LIST OF PLATES,

Plan of the engines and boilers.—Sido
olevation of e¢ngine.

End view of engine and builers.

Detwils of cylindor, nozsles, valves,
hand gearing, &c.

Details of air-pump, condensers, food-
pump, d&e.

Ditto boiler aud boiler apparatus.

Flevauon and sections of purups and
pit work.

The toxt in a 4to volume, and plates in a large folio sizo.
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ALSO, STORMS.
1X.

Third edition, in rvyal 8vo, boards, with 13 charts, &e., price 12s.

AN ATTEMPT TO DEVELOP THE LAW OF

STORMS, by means of facts arranged according to place and time;
and hence 1o point out a cause for the VARIABLE WINDs, with a view
to Pracrrear Use in Naviaarior, By Colovel Sir W. Rem, K.C.B,,
and R.E., Governor of Malta.

X.

In royal 8vo, uniform with the preceding, price 9. with Charts and wond-cuts.

THE PROGRESS OF THE DEVELOPMENT OF
THE LAW OF STORMS, AND OF THE VARIABLE WINDS;
with the practical application of the subject to Navigation, By Colonel
Sir W. Rem, K.C.B., F.R.8,, &c. &e.

XI.

In royal 8vo, uniform with the preeeding, price <. 6d.

NARRATIVES (Writien by Sea Commanders) ILLUS-
TRATIVE OF THE LAW OF ‘STORMS, and of its practical applica-
tion to Navigation, No. 1, The ¢ Blenheimn * Hurricane of 1851, with
Diagrams,

XI11.

In one small volume, with many plates and wood-cuts, second edition, corrected
and 1mproved, neatly bpund, 4s. 6d.

TEMPLETON’S OPERATIVE MECITANIC'S WORK-
SHOT (COMPANION, AND THE SCIENTIFIC GENTLEMAN'S
PRACTICAT ASSINTANT; containing a great varicty of the most
useful Rules in Mechanical Science, divested of mathomatical com-
plexity ; with numerous Tablos of practical data and calculated results,
for facilitating mechanical and comurercial transactions,
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AND COMIRISED IN

ONE HUNDRED FULL-PAGED EXAMPLES,
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NEWLY-IMPORTED WORKS FROM FRANCE

ON

DESIGN IN ART.

—

THE following very superior Works, which are elaborately
illustrated by Eungravings, show, by educational means, the
correct mode of Instruction in Design for elementary purposes,
and for practice in drawing accurately, with elegance of style,
in the Fine and Useful Arts.
To the Trustees of Government Schools of Design, Mechanic
Institutes, Institutions of Civil and Mechanical Engineers, and
to Professional Men, the following list is especially addressed.
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COURS ELEMENTATRES DE LAVIS APPLIQUE
A L’ARCHITECTURE. Folio volume, containing 10 cluborately
engraved plates, in Shadows and Colours, very finely executed by
the best urtists of Franco. Irice 20. Puaris, b0f.

IL

COURS ELEMENTAIRES DE LAVIS APPLIQUE
A MECANIQUE. Foliv volume, contwning 40 claborately en-
graved plates, in Shadows and Colours, very fincly oxocuted by
ihe best artists of France. Price 2. Taris, 5Qf.

IIr.

COURS ELEMENTAIRES DE LAVIS APPLIQUE
A ORNEMENTATION. TFolio volume, containing 20 claborately
engraved plates, in Shadows and Colours, very fincly executed by
the best artists of France. Price 11, Daris, 25/,

1v.

ETUDES PROGRESSIVES ET COMPLETES
D’ARCHITECTURE ET DE LAVIS. Par J. B. TRIPON. Targe
folio, 21 fine plates, compnrsing 1he orders ot Architecture,
Mouldings with Profiles, Ornaments, and Forms of their Propor-
tion, Art of Shadowing Doours, Balusters, 1 arterres, &c. &c. &e.
Price Ll 4s. Paris, 3¢/. M

V.

SPECIMENS FOR DRAWING, SITADOWING,
AND ELABORATING THE EXTERIOR AND INTERIOR OF
HOUSES, drawn on a {urge scalo in lurge Atlus fulio, consisting
of Btyle Rénaissanco—Old French, Moderu Freneh, Italian, Vene-
tian, English, and Parisian. 12 plater, very finely executed.

Price 15s. Paris, 20/
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. Definitions and Notation,

. Addition of Whole Numbers,

. Subtraction of Whole Nwmbera,

. Multiplication of Whole Numbers.

. Division of Whole Numbers.—TProof of
the first Four Rules of Arithmetie.

. Vulgar Fractions, - Reduction of Vul-
gar Fractions.—Addnion and Sub-
traction of Vulgar Fractions.—Mul-
tiplication and Divigion of Vulgar
Fractions.

. Decimal Fractions, — Rednction of
Decimals.— Addition and Subtrac-
tion of Decimals, — Multiplication
and Division of Decimals,

, Complex Fractions used in the Arts
and Commerce.— Reduction,— Addi-
tion.— Subtraction and Multiplica-
tion,—Division.—Duodecimals.

9. Powers and Roots.— Evolution.

10. Proportion.—Rule of Three—Deter-

mination of Ratios.

11. Loganthmic Arthmetic.—Use of the
Tables.—Multiplication and Division
by Logarithms.— Proportion, or the
Rule of Three, by Logarithms,—
Evolution and Involution by Log-
arithms,

12. Properties of Numbers,

CHAPTER II.—ALGEBRA.

1. Definitions and Notation.

2, Addition and Subtraction,

3. Multiplication.

4. Division.

5. Involution,

6. Evolution,

7. Surds.— Reduction, — Addition, Sub-
traction, and Multiplication, — Di-
vision, Involution, and Evolution,
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Solution of General Problems,
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9. Quadratic Equations.

. Lquations in Gteneral.

. Progression. — Arnthmetical Progros-
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. Fractional and Negative Exponenta.
. Log.withms,
. Compntation of Tormula.

. Definitions.
. Of Angles, and Right Lines, and their

. Of Triangles.
. Of Quadrilaterals and Polygons.
. Of the Circle, and Inscribed and Cir-

, Of Planes and Solids,
. Practical Geometry.

. Weights and Mcasures.—1. Measures

. Mensuration of Superficies.
. Mensuration of Solids.

. Definitions and Trigonometrical For-
. Trigonometrical Tables.

. (leneral Propositions.

. Solution of the Cares of Plane Trian-

. On the application of Trigonometry

sion,—(teometrical rogression.

CHAPTER ITI.—GE0MLTRY.

Rectangles.

cumscribed Figures.

CHAPTER 1V.——MENSURATION.

of Length.-—2. Measurcs of Surface.
—3. Measures of Solidity and Ca-
pacity.—4. Mensures of Weight, —
5. Angular Measure.—6 Mensure of
Time.— Comparison of English and
French Weights and Measures.

CHAPTER V.—TRIGONOMETRY. \

mula.

gles.—Right-angled Plune Triangles.

to Measuring Heights and Distances.
~— Determination of Ieights and
Distances by Approximate Mechani-
cal Methods.
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CHAPTER VI.—Coxnio SEOTIONS.

. Definitions. .

Properties of the Ellipse—Problems

. relating to the Ellipsc.

}. Propertics of the Hyperbola, — Fro-
blems relating to the Hyperbola.

}* Properties of the Parabola.—I’roblems

relating to the Parabola.

PART IT.—-MIXED

[IAPTER I.—MucuANics IN (GENERAL.

CHAPTER 1L-—SraTIcs.

. Statical Tquihbrinm,

', Center of Ghavity.

I General application of the Principles
of Statics to the Equilibrium of
Strnctures. — Equilibrium of Piers
or Abutments.—Pressure of Harth
against Walls,.—Thickness of Walls,
— Kquilibrium of Polygons. — Sta-
bility of Arches. — Equilibrium of
Suspension Bridges.

CHAPTER TTL—Dynanics,

. General Definitions,

%, On the General Laws of Uniform and
Variable Motion. —Motion uniformly
Aceelerated.—Motion of Bodies un-
der the Action of Gravity.—Motion
over a fixed Pulley. — Motion on
Inchned Planes.

' Motions about a fixed Center, or Axia,
—Centers of Oscillation and Per-
cussion. — Simple and Compound
Pendulums. — Center of Gyration,
and the Principles of Rotation.—
Central Forces.—Inquiries connected
with Rotation and Central Forces.

. Percussion or Collision of Bodies in
Motion.

i. On the Mechanical Powers.— Levers.
—Wheel and Axle—Pulley.—In-
clined Plane.—Wedge and Screw.
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CHAPTER VII.—MEcHANIOAL AGENTS,
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2. The Conchoid.

CHAPTER VII.— PROPERTIES OF
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. Definitions.

. The Cissnd.

. The Cycloid and Epicycloid.

. The Quadratrix.

. The Catenary.—Tables of Relativns
of Catenarian Curves.

CHAPTER IV.—HyYDROSTATIOS.

. General Definitions.

. Pressure and Equilibrium of Nos-
elastic Fluids.

. Floating Bodes.

. Specific Gravities.

. On Capillary Attraction.

CHAPTER V.—HYDRODYNAMIC3.

. Motion and Effluence of Liquids.

. Motion of Water in Conduit Fipes
and Open Canals, over Weirs, &e.—
Velocities of Rivers.

. Contrivances to Measure the Velocity
of Running Waters.

CHAPTER VI.—PNEUMATICS.

. Weight and Equilibrium of Air and
T'lastic Fluids.

Machines for Raising Water by the

DPressure of the Atmosphere,
Force of the Wind.

. Water as a Mechanical Agent.
., Air as a Mechanical Agent.— Cou-
lomb's Bxperiments.

Heat. The Steam Engine.—Table
of DPressure and Temperatute of
Steam.— General Description of the
Mode of Action of the Steam Engine.
—Theory of the Steam Engine,—
Description of the various kinds of |
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Engines, and the Formule for calen-| 3. Elasticity and Elongation of Bodies
Jating their Power.—Psactical appli- subjected to a Crushing or Tensile
cation of the foregoing Formule. Stiain,
4. Animal Strength asa MechanicalAgent.| 4. On the Strength of Materials subjected
to a Tiansverse Strain. — Longi-
CHAPTER VIIT.— Snurxmu or tudinal form of Beam of uniform
MATERIALS. Stiength.— Transverse Strength of
other Materials than Cast Iron,*-
1, Results of Experiments, and Principles The Strength of Beams according to
upon which they should be practically the manner in which the Load i
apphied. distributed.
2. Strength of Materials to Resist Tensile | 5. Klasticity of Bodies subjected to :
and Crushing Strains,—Strength of Transverse Strain.
Columns. G. Btrength of Materials to resist Torsion
APPENDIX

1. Table of Logarithmic Differences.
II. Table of Logarithms of Numbers, from 1 to 100,
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