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376 DESCRIPTION OF PLATES.

CHAPTER X.

description of plates.

Plates 1 and 2. —These plates are described by the
firm as follows :—

The engines are of 300 horse-power, nominal power,
manufactured by Messrs. Maudslay, Sons, and Field,
having three horizontal cylinders, 55 inches in diameter,
with a stroke of 2 feet 6 inches, giving motion to a three-
throw crank shaft, with the cranks set at an angle of
120° with each other. The cylinders are entirely cased
with steam, having steam jackets around their circum¬
ferences and at their ends, and are intended to work
with a pressure of 25 lbs . per square inch. The steam
is cut off by the slide valve at from ^ to £ of the stroke,
without the use of any separate expansion valves. The
slides are double ported as far as the eduction passages
are concerned, but they have three steam openings in
order to give the requisite area to the admission of the
steam. The slides are worked by a crank shaft running
across the whole length of the engines, and driven by a
train of spur wheels from the main crank shaft of the
engines. The two intermediate wheels of this train are
mounted in a movable frame, which may be raised or
lowered at pleasure, the effect of which is to vary the
position of the cranks that work the slides, so as to
make them cut off sooner or later, as may be required:
by the same means the slide cranks are shifted into the
proper position for going astern. There are two surface
condensers, fitted with inclined tubes, with the steam
inside the tubes, and the condensing water outside, as
originally adopted by Samuel Hall . The steam passes
into the condenser at the upper end of the tubes, and
the condensed water is delivered at the lower end, from
whence it passes to the air-pumps. Each condenser is
fitted with 2,436 copper tubes, 6 feet 3 inches long,
r;-inch diameter inside, with a thickness of No. 18 wire-
gauge. The tubes are packed at each end with small
screwed stuffing boxes with tape packings. The con¬
densers, with their corresponding air-pumps, are placed
opposite the two outer cylinders, the air-pumps being
worked by brackets secured to the piston rods. The
space between the two condensers over the cylinder

cross-heads and piston rods is occupied by the engine
platform ; by this arrangement all the working parts
are kept well within the reach of the person in charge.
Motion is imparted to the circulating pumps by rods,
connected with the steam pistons ; these pumps are
10J inches diameter, and 2 feet 6 inches stroke, and are
fitted with lignum-vit® packing to the plungers, and
india-rubber foot and discharge valves. The condensed
water is delivered from the air-pumps into a feed-water
tank, from which it is forced into the boiler by the
ordinary feed pumps. This description of engine offers
the advantage of great economy of fuel, with a compara¬
tively simple arrangement, while at the same time it
gives an equable power, and the centre of gravity of
the different moving parts being always the same in
relation to the vessel , it does away with all the un¬
pleasant vibration so frequently felt with quick-working
engines.

The steam is generated in two boilers, of the ordinary
tubular construction with return tubes over the furnaces,
placed one on either side of the vessel, with the stoker’s
room between them. Each boiler has four furnaces,
3 feet 2 inches wide, and 6 feet 7 inches long , and is
fitted with 440 brass tubes, 2-J inches diameter outside,
and 6 feet long ; the chimney is 5 feet 6 inches diameter,
and it is made to lower on the telescope principle.

Each of the boilers is fitted with a superheating appa¬
ratus, consisting of a series of flattened tubes, placed in
rows in the up-take : the tubes are placed so as to offer
as little obstruction as possible to the heated air in its
passage to the chimney ; each superheater has 81 tubes,
6 feet 6 inches long, and inches diameter before they
are flattened.

The screw-propeller is four-bladed, with an increasing
pitch on Mr. Woodcroft’s principle ; it is 12 feet dia¬
meter, and has a mean pitch of 13 feet. The blades are
bolted on to a spherical boss, and they are made so that
the pitch can be altered and set at any pitch , from 11 fee*
6 inches to -14 feet 6 inches.

The vessel is an iron-plated battery ship, with a ram
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bow, and was built by tbe Thames Iron Works and Ship¬
building Company; it is 2,811 tons, builders’ measure¬
ment, and is 220 feet long between perpendiculars, and
53 feet wide, with a draught of water of 14 feet 6 inches.

Plates 3 to 8 inclusive . —These illustrate the ar¬

rangement and details of Mr. Spencer’s patent auxiliary
surface condensers and engines for the iron screw
steam-ship “ Frankfort,” of Liverpool. The type of the
engine is vortical, inverted direct action. The con¬
densers are tubular, with outside condensation; the
pumps being on the combined principle, similar to those
adopted by Messrs. Penn in H.M.S. “ Aretliusa.” The
motion is derived from the steam piston-rods for the
pumps, and the arrangements and form of the valves can
bo understood from the drawings. The cylinders ar6
fitted with the ordinary slide valves and expansion valves
at the back of the same.

The following particulars will render the.several por¬
tions to bo understood without further notice ;—

Diameter of Cylinders . 20”
Length of Stroke of Piston . 15”
Diameter of Combined Pumps . 14”
Length of Stroke . .. 15"
Diameter of Feed Pumps .. . 3Y'
Length of Stroke of ditto . . .. 15”
No. of Tubes in Condenser . 584

Length of ditto . 5' 6”
External diameter of Tubes . 11”
Thickness of ditto, 18 wire gauge.
Amount of Cooling Surface (sep feet), 1,004.

Plates 9 to 14 inclusive .—A description of these
engines, constructed by Messrs. Dudgeon, will be found
in pages 71 to 73, inclusive. The “ condensers’ are
described in page 259; also the “ cylinders” in page
277; the “ slide valve” in page 286 ; the “ piston ” in
page 278, and the “ link motion” in page 292 ; to which
the following particulars, supplied by the firm, are now
added:—

Nominal Horse-power Collectively. 350
Actual „ Indicated . 1540
Diameter of Cylinders .. .. Inner, 27” ; Outer, 62”
Length of Stroke . 2' 0"
Width of Exhaust Steam Ports in Cylinders, 6f” and 4”

„ „ „ Yalve .. .. 3i”
„ Supply Ports in Cylinders .. .. 4” and 2”
„ „ Valve . 3i”
,, Small Bar in Cylinders . IV’

Width of Large Bar in Cylinders ., ..
Length of Steam Ports . 2' 61
Outside Lap of Valve
Half travel of Valve .
Width of Steam Opening caused by Valve
Diameter of Valve Bod .
Length of Link between Centres of Eccentric

Bods .. .. .

IT"
XTV

0 17/

ifT
31”

Thickness of Cylinders ..
Diameter of Piston Bods ..

Depth of Piston
Diameter of Crank Shaft ..
Length of Bearings .. ..
Diameter of Connecting Bod
Length of „ „

. 1 ' 6 ”

Inner 1)" ; Outer 1-fe"
Inner Cylinder
(1) 3| ” ; Outer (2) 4>"
. 8 ”

.. . . (bearing) 9-f"
.18i”

05 ". vs
.4 ' 0”

Diameter of Air Pump . 11”
„ Suction Valves’ Openings . 4| ”
„ Discharge „ „ . 4| ”

Number of Suction Valves(ditto for each condenser) 18
„ Discharge „ . (ditto) 18

Diameter of Circulating Pump . 11”
„ Suction Valves Openings .. .. As above.
„ Discharge „ „ .. .. Ditto.

Number of Suction „ „ .. .. Ditto.
„ Discharge „ „ .. .. Ditto.

Thickness of Metal of Condenser.
Number of Tubes in Condenser .
Diameter of Tubes (External) . f 1"
Length of Tubes . 5' 101"
Diameter of Feed Pumps . 3i”

„ Injection Pipe (Surface Condenser,
with additional Jot Injection 3” diameter.)

n"
TV

2017

„ Feed . 3"
„ Bilge Injection Cocks .. . .. .. 3"
„ Cylinder Belief Valves . 4”
„ Main Discharge Pipe ..
„ Exhaust Steam.
„ Single Supply .
„ Main Supply .16”

Material of Air Pump . . Gun Metal.
„ Feed Plunger . Ditto.

Feed Pump . . .. Single Acting.
Distance between Centres of Cylinders .. 5’ 6”

Diameter of Screw Propeller .. 10' 6”

Length on Line of Keel .. 3' 0”

Pitch . . 18' 0”

Kind of Propeller
Number of Blades

, Common.
a

3 i



378 DESCRIPTION OP PLATES.

Length, of Ship . . .. .. .. 288 feet.
Breadth . 84 feet.
Depth . 27 feet.
Speed . 13 knots per hour.
Number of Devolutions of Engines .. .. 90 per minute.
Kind of Boilers .. . Multitubular.
Number of Boilers . Two.
Length of Tubes in each, 6' 3” ; and total number 608

» Eire Grates .. .. 6' 6" ; Breadth 3' If"
Number . Ten.
Diameter of Funnel . 4' 6”
Consumption of Fuel per indicated Horse-power,

2-667 lbs. per hour.

Plates 15 to 18 inclusive .—These engines are con¬
structed by Messrs. Napier, and fitted by them in
H.M.S. “ Hector,” described in pages 46 to 49 inclusive.
The firm have added the following dimensions and par¬
ticulars :—

Nominal Horse-power Collectively . 800
Diameter of Cylinder . 82"
Width of Exhaust Steam Port in Cylinder .. . .. 8a-"

» „ Yalve .. .. 12"
Supply Port in Cylinder . 3"
Small Bar in Cylinder . If"
Large „ „ 12"

Length of Steam Ports . 55"
Outside Lap of Yalve . 34" and 3| "
Half travel of Valve .. 54"
Diameter of Yalve Eod . 44"
Length of Link between centres of Eccentric Bods 244"
Diameter of Piston Bods .. .. 64” ; 104" in body
Depth of Piston . 14" on edge
Length of Stroke . 4'
Diameter of Crank Shaft . 164"
Length of bearings ditto . (total) 9' If"
Diameter of Connecting Bod .. .. (small end) 84"
Length of ditto . (centres) 8' 9"
Diameter of Air Puffip . (single acting) 43"

„ Suction Valves’ Openings . 64"
„ Discharge ditto . 9| "

No. of Suction . (for each pump) 42
„ Discharge . „ „ 24

Diameter of Feed Pump . 64”
„ Injection Pipe (2) . 74"
„ Feed . . (main) 6"
„ Snifting Valve . 4"
„ Bilge Injection Cocks . 44"
„ Cylinder Belief Valves . 64"

Blow-through Valve (slide valve of starting
cylinder)

Diameter of Main Discharge Pipe . (2) 25”
„ Exhaust Steam „ . (2) 24"
„ Single Supply Steam Pipe (to 1 engine) 20"
» Main » „ „ . 25"

Thickness of Cylinders . If"
„ Condenser . 14"

Material of Air Pump . Brass
„ Feed Plunger . Ditto

Feed Pump . Single Acting.
Distance between centres of Cylinders . 8' 2"
Diameter of Screw Propeller . 20'
Length on line of Keel . 4' 44" boss.
Pitch . 25'
Kind of Propeller . Griffiths.
No. of Blades . 2
Length of Ship . 280' 0”
Breadth . 56' 3"
Depth . 38' 2"
Kind of Expansion Gear. Eccentric motion and Vi¬

brating cylindrical valves.
Grade of Expansion, maximum .. ., .. .. T2T

*„ „ minimum . TV
Kind of Boilers . Tubular.
No. of ditto . 6
Length of Tubes in each, 6' 6", and total number,

3,168 ; diameter . 24'f
Length of Fire Grates, 7' 5”, breadth . 3' 2"
No „ „ . 24
Diameter of Funnel . . . 9' 0"

Plates 19 to 21 inclusive .—In pages 62 to 65 in¬
clusive there will be seen a description of these engines,
constructed by Messrs. Maudslay. A detailed notice of
the “ condenser” in page 250; of the “ cylinders” in
page 276 ; of the “ slide valves” in page 287; and the
link motion in page 289. The firm have also contributed
the following particulars :—

The engines are of 900 horse-power(nominal). They
are horizontal, double piston-rod engines, having two
cylinders 87 inches in diameter, with a stroke of 4 feet,
and intended to work at about 60 revolutions per
minute. The cylinders are entirely cased with steam,
having steam jackets round their circumference and at
their ends, and are intended to work with steam at a
pressure of 20 lbs. per square inch. The slide valves
are double ported, the steam ports in the cylinder
being 68 inches long by 34 inches wide. The expansion
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valves are revolving valves with four ports, and revolve
at one-half the speed of the engines ; the degree of
expansion is regulated by spiral grooves cut in long brass
sockets, as introduced and practised for some time by
Maudslay, Sons, and Field. The air-pumps are horizon¬
tal, double acting pumps 26J inches in diameter, worked
by rods direct from the pistons. The foot and discharge
valves are of india-rubber with gun-metal scatings; they
are placed above the level of the air- pump, the foot
valves being inverted, and draining directly from the
bottom of the condensers, which are placed altogether
above the level of the air-pumps. The feed-pumps arc
worked from the cylinder crosshead, the pumps being
placed under the starting platform at the end of the
condenser; the valve boxes of the feed and bilge pumps
are placed so as to be easily got at at all times when the
engines are at work.

The screw propeller is four-bladed with moveable
blades, so arranged as to allow of the pitch being readily
adjusted. It is 20 feet in diameter, and the pitch can
be adjusted from 20 feet to 25 feet.

The boilers are in six parts, placed forward of the
engines. They have in all 30 fire-places, 7 feet 6 inches
long by 3 feet wide, having an area of firegrate of 675
square feet, and are fitted with 3,600 brass tubes
2i inches in diameter outside and 6 feet 6 inches long;
the total area of heating surface is 19,000 square feet.
The two aft boilers are fitted with a superheating
apparatus consisting of a number of flattened tubes
placed in the boiler up-takes immediately above the
level of the boiler tubes. There is one chimney 9 feet
4 inches in diameter, which is made to lower on the
telescopic principle.

Plate 22 .—Description of the engines and boilers of
the Egyptian screw ships “ Charkieh” and “ Dakahlieh,”
constructed by Messrs. J . and G. Rennie, with surface
condensers and superheaters by the firm:—

These engines are on the return connecting-rod prin¬
ciple, with double piston-rods.

The two cylinders are on the same side of the ship
and bolted together, leaving a passage between them to
get at the centre bearings.

Each cylinder is 63f inches in diameter and 3 feet
stroke.

The slides are double ported, and a separate valve
(gridiron) is supplied for working expansively.

The surface condenser, on the opposite side of the ship,
18 fitted with vertical copper tubes yginch diameter.
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The steam passes through the tubes ; each tube is
fitted with a screw gland and stuffing-box top and bottom,
and cotton packings.

Total condenser surface about 7,000 square feet.

Circulating and Air Pumps. —One of each: both are worked
from the steam pistons, and are of equal diameter, and
the passages are so arranged that a circulating pump
can also be worked as an air-pump if the condensers
are worked with injection.

The water is drawn through the condensers, and
not pushed through by the circulating pump, so as to
cause a more uniform flow, and dispense with shocks
in the condenser. The quantity of cold water circulated
is in proportion to the quantity of steam used. The
air pump discharges the condensed steam into a hot-
well or overboard.

Feed Pumps. —Each engine is fitted with a full-sized
feed-pump in case of working by injection, drawing
the water either from the hotwell or sea.

An injection valve and pipe, of full size for working
with ordinary condensation, is fitted, as well as a small
injection pipe for working up the quantity of water
lost by evaporation.

Bilge Pump.—Each engine is fitted with one of same
size as the feed-pump.

Boilers. —Four in number, havinga total heating surface
of about 7,500 square feet, and grate surface of 280
square feet, with Lamb’s patent flues in place of
tubes. Each boiler is fitted with a brine or blow-off
pipe, feed regulating valve, double safety valves, stop
valves, and vacuum valves.

The boilers are united into one take-up, into which
is fitted a Lamb’s patent Scroll Superheater, of
about 800 square feet of surface, so arranged that
engines may be worked with or without superheated
steam.

Shafting— The bearings in the sea are fitted with lig-
num-vit®.

Screw. —Three-bladed, 15 feet 6 inches diameter, and
19 feet 6 inches pitch.
The dimensions of the vessels “ Charkieh” and

“ Dakahlieh” are as follows:—
Length between perpendiculars .. .. 260 feet
Beam . 35 „
Depth amidships . 26 feet 6 inches
Tonnage, O M . 1557| -|
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The trial of the “ Charkieh ” gave the following
results :—■

Draft of water , forward .. .. 15 feet 6 inches
Ditto aft . 17 „ 9 „

Displacement at 16 feet 7* inches . . 2,200 tons
Midship section . 452 square feet
Engines .—Horizontal double piston rod . Nominal

horse -power , 350.
Screw, 6-bladed, with wrought -iron blades—
Diameter . 15 feet 9 inches
Pitch . 19 „ 6 „
Engines with surface condensers and superheaters.

Trials outside Plymouth Breakwater :—

Revns. Steam. jVacuum. Min. Sec. Knots per
Hour.

74 23 i 24* First Bun .. 4- 52 = 12 -329
74 24 ! 24 Second do .. 4 13 = 14 -229
76 23 25 Third do. .. 4 52 = 32 -329
74 22 | 25 Fourth do. .. 4 27 = 13 -483

4 ) 52 -370

Mean of Four Buns . 13 -0925
Ditto , by Government Buie 13T85

Days. Hrs. Miles.
Plymouth to Gibraltar . . .. 3 18 . . 1,080
Gibraltar to Malta . 3 18 __ ggp
Malta to Alexandra . 3 0 . . . . 819

!0 12 2,880

Mean speed , Plymouth to Alexandria .. 11 -4 knots.

When working at sea,  with 18* lbs . steam, 71 revolu¬
tions , 24 vacuum, 183-lbs . pressure , the result was
1,475 indicated HP.

When cutting at ^-stroke , 58 revolutions , 18* lbs.
steam, 24 vacuum, indicated power at sea, 1,166.

When working on the first trial trip , with 3-bladed
screw, before 6-bladed screw was put on, indicated
power , 1,860 horses ; pitch of screw, 18 feet 6 inches.

The trial of the “ Dakahlieh, ” the sister vessel, was
made in Stokes ’ Bay:

The draft of water being , forward 15 feet 6 inches
Ditto aft .. 18 „

Displacement in Tons . 2,200
Area of Midship section .. . . 484 square feet
Weights on Board . 815 tons.

OP PLATES.

The power developed by these engines was upwards
of 1,900 HP ., with a three -bladed screw of 15 feet
9 inches diameter , and 19 feet 6 inches pitch , and with
parallel blades—viz ., of the same width at the boss as at
the outer circle —gave the vessel a mean speed of 14-2
knots . This speed, is, we believe , unequalled for a
screw-vessel of these proportions and dimensions , and
with so large a cargo, and contrasts favourably , in point
of results obtained by indicated power, with any of the
vessels in the Peninsula and Oriental Company’s fleet.

Plates 23 and 24. —These depict the plan and eleva¬
tions of twin -screw engines , boilers , fittings , shafting,
and propeller of 200 nominal horse -power collectively,
constructed by Messrs . Watt , and fitted by them in the
steam ships “ Medusa ” and “ Triton .” The engines are
“ direct acting, ” with the condenser between the shafts
of both engines , by which location a compact arrangement
results . The condenser is of the “ injection ” type , and
internally arranged with care as to the correct disposition
of the valves . The starting wheels are at the boiler
side of the engines , thus enabling the engineer to proceed
direct from the deck or stoking room to his post of duty
without clambering over the engines or going around
them . The boilers are the ordinary multitubular type,
with a cylindrical superheater . The general arrangement
of the piping , &c., are so evident from the drawings , that
further description is scarcely requisite.

Plate 25. —This is aplan and elevation of an arrange¬
ment of a pair of “ direct acting, ” by the above firm last
alluded to, of the same collective nominal horse -power
as the last example, fitted in H .M. steam ship “ Research .”
The “ condenser ” is described and illustrated in page
261, the cylinders in page 276, and the expansion valve
in page 301. The remainder of the arrangement and the
main dimensions are obvious from the views depicted.

Plate 26. —This type of engine , by Messrs . Hum-
phrys , is described in pages 52 to 56 inclusive ; the
“ condenser ” in page 248 ; the “ air pump ” valves in
page 271 ; the “ link motion ” in page 290 ; and the
“ starting gear ” in page 295.

Plate 27. —These engines are constructed by Messrs.
Penn , and fitted in H .M.S. “ Arethusa, ” being one of the
trial  ships , in which the makers of the engines were n°t
bound as to terms or price as in the usual contracts.
The “ type ” of “ engine ” is described in pages 42 and
43 ; the “ cylinders ” in page 274 ; the “ slide valves ” in
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page 284 ; and the “ condensers” in page 258, to which
the firm has added the following:—

Nominal Horse-power . 500
Indicated ditto on official trial, April 1st,

1862 . 2,871
Speed of Ship .. * . 12-694 knots
Diameter of Screw Propeller . 18'
No. of Blades . • .. .. 2
Kind of Screw . Griffiths’ patent
Pitch of ditto . (mean) 23'
Revolutions per minute . 70
Pressure on Safety Valves, 20 lbs. per sq. inch
Vacuum . 271-to 28
Diameter of Cylinder . . 86V'
Effective diameter of ditto . 80"
Diameter of Trunk . 33"
Length of Sfroko . 3' 6"
Diameter of Air Pumps . 20"
Length of Stroke . 3' 6"
Diameter of Circulating Pumps . 20"
Length of Stroke . 3' 6”
Diameter of Feed Pumps . 5"
Length of Stroke . . 3' 6"
Diameter of Condenser Tubes (outside) 1"
Length of ditto . 6' 9”
No. of ditto . 4,832
No. of Boilers . 4
Diameter of Tubes in ditto . 3"
Length of ditto . 7'
No. 1,216
No. of Furnaces . 16
Breadth of ditto . 2' 10”
Length of ditto .. 7'
Diameter of Chimney .. .. 6' 8"

^ Plate 28 .—This is the most complete illustration in
the present work, being an arrangement of a pair of
return-action engines, by Messrs. Napier and Sons, com¬
prising six  views. As the illustrations are so complete
it will be sufficient to state that the condenser is de¬
scribed in page 262, and that the following particulars
added by the firm renders conclusion evident :—

Nominal Horse-power collectively .. .. 300
Diameter of Cylinder . 63"
Length of Stroke . . .. 2' 6"
Diameter of Piston-rods . 51"
Depth of Piston . 8"
Diameter of Crank Shaft . 12| "
Length of each Bearing of ditto .. 1' 10"

Diameter of Connecting Rod (crank end)
Length of ditto.

„ Guide Block Surface
Width of ditto.
Diameter of Air Pump

„ Circulating Pump
„ Injection Pipe (1)
„ Feed (1 to each engine)
„ Snifting Valve
„ Bilge Injection Cocks(2)
„ Cylinder Relief Valves
„ Blow-through ditto 10£ sq.

ins. area to each engine.
„ Main Discharge Pipe ..

5’ 6”
2' 6"

16"
16"
16"
6*"
3| "
2*"

K3"

16"

15"
16”
-4
li"

„ Exhaust Steam do. (each cylr.) 20"
„ Single Supply do. „
„ Main ditto Pipe „

Thickness of Cylinders „
„ Condensers „

Size of Suction Valves for Air Pump,
rectangular 28 in. x 13 in.

No. of Valves (Suction) for Air Pumps,
1 to each end of Pump.

Discharge of Valves, 1 to each end of
Pump.

No. of Suction Valves for Circulating
Pump, 1 to each end of Pump.

Discharge of Valves, 1 to each end of
Pump.

Suction and delivery valves are alike, and
are the same for both air and circulat¬
ing pumps. Each valve consists of two
rectangular grated openings of 2 feet
3^ inches long by 5 inches wide.

Diameter of Condensing Tubes, f inch
outside.

Tubes are about ^ th of an inch thick.
Length between tube-plates .
Diameter of Circulating Water-pipe

„ Discharge ditto . 16"
No. of Tubes, 3,923.
Material of Air Pump Piston, brass.

„ Feed Plunger, brass.
Feed Pump, single acting.
Distance between centres of Cylinders
Diameter of Screw Propeller
Pitch (mean) . 14' 6
Kind of Propeller, Griffiths’.

„ Expansion Valve, Gridiron.
3 E

6' 3”
16"

8' 9"
15'

it
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Grade of Expansion, maximum, 2 from Screw Propellers, whether right or left-
commencement of stroke. handed . Right and Left

Grade of Expansion, minimum, 6 from Diameter of Screw. . . 2' 6”
commencement of stroke. Pitch of ditto .

Kind of Boilers, tubular. Length of ditto. . . Si"
No. of ditto, 4. No. of Blades .
Length of Tubes in each, 6 feet 6 inches, Length of Launch . .. 42'

and total number 272. Breadth of ditto . 10' 11"
Length of Eire-grate, 5 feet 6 inches, Tons.cwt.qrs. lbs.

)
breadth 3 feet 4 inches. Weight of Engines , Boiler , Centrifugal

No. of Eire-Grates, 3. Pumps, Surface Condensers, Donkey 2 6 0 0
Size of Funnel, 7 feet 9 inches by 3 feet Engine, &e., as lifted out. J

9 inches.
Stern Tube, Propellers, Shafts, Stern

Brackets, Propeller Shafts, Thrust ► 8 0 0Plate 29 .—Steam Launch engines and boiler, by Bearings, Bolts, and Holding-down
Messrs. Rennie. The engines are vertical, direct acting, Plates. j
singlo cylinders, one to each serew shaft ; surface con- Sea Cocks and Discharge Pipes, Roses,* 13 0densers are attached to the sides of the boilers, the latter Bolts , and Nuts.
being the return tubular type. The following particu- Coal Boxes, Spanner Racks, and Spanners 3 0 0

lars, contributed by the firm, will be all that is necessary Floor Plates. 2 0 0
to appreciate the design in question :—

Kind of Boiler. Multitubular with return Tubes. 3 0 3 0
Width of Shell of Boiler . 2' 5" Water in Boilers . 7 10
Length of ditto 4' 94”
No. of Tubes 40

„ Condensers . 3 0

Outer diameter of Tubes . If"
Engine Bearers of wood, and Chocks,

3 8 3 0
Length of ditto . 3' 6” 4 2 0
Width of Fire-grate . 2' forming part of the Boat .
Length of ditto . 2' 54"
Diameter of Chimnoy . . 9” 3 13 1 0

» Steam Dome . 1' 1”
No. of Steam Cylinders . 2 It will be seen by the above that the total weight ofDiameter of ditto fi" the launch engine, including surface condensers, centri-Length of Stroke r," fugal pumps and their appurtenances, together with the
Diameter of Piston-rod . 1” water in the boiler and in the surface condensers, and

’> Crank Shaft at Bearings .. If” of the wooden chocks and bearers fixed in the boat to
Length of Bearing 9-L" carry the screw tubes, thrust block, boiler, and floor
Diameter of Feed Pumps plates, is considerably under 4 tons, and excluding the

| Length of Stroke fi" surface condenser and its pipes, as in the launches
Diameter of Donkey Pump 1J-' hitherto adopted in the English navy, the weight willLength of Stroke a" be 8 cwt. less, or 3 tons 5 cwt. 1 qr. altogether. This
No. of Tubes in Surface Condenser .. 86 small additional weight of 8 cwt. is the substitute in
Diameter of ditto ditto . . . Ty' these engines for the cumbrous tanks of fresh water
Mode of Circulating the Water, Centrifugal placed in the ordinary launch, the weight of which, with

Pump. the water in them is upwards of a ton.
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Tbial of H .M. Steam -Launch No.  10 , fitted with High -Pressure Engines and Subface Condensers
by Messrs J . and G. Rennie.

Full Power, High Pressure,
without Condensers.

When tried.
Where tried
Nominal Horse Power
Makers ’ Name ..

Draught of Water jj ™ d
Load on Safety Valve
Pressure of Steam in Boilers

Number of Revolutions of Enginesj ^ ^ 1111111
Mean Pressure in Cylinders .
Indicated Horse Power .
Speed of Vessel.
Quantity of Coal on board.
Quantity of Stores .

'Description
Diameter.
Pitch.

JLength . . .
^Immersion of upper edge.

True mean Speed of 6 runs with and against tide, in knots
True mean Speed of 4 runs with and against tide , in knots

Propeller

8th June , 1866
Stokes Bay.

6 Horses.
J . & G. Rennie.

1' 11”
3' 0i”
80 lbs.

80-833 lbs.
330

326-333
54-958 lbs.

30-732
7-897 knots.

5 cwt.
1 day.

Common 4-bladed and variable pitch.
2’ 6”
3' 6”

31 ”
3”

7-897
6-054

Full Power, Condensing,
using Condensers.

73-25 lbs.
340

328-5
58-344
32-84

8-054 knots.

Plate 30 .—This is an example of paddle -wheel en¬
gines by Messrs . Watt ; the description of the details
will be found in Chapter V., commencing in page 193.

Plate 31 .-—Messrs . Maudslay ’s example of boiler and
twin screw engines for H .M. Launches is illustrated
by this plate . The cylinders are secured direct to the
fire-box shell , and the shafts are supported by brackets
secured below the cylinders ; the latter being also sus¬
tained by stays connected to the brackets . A donkey
engine feed pump is connected to the smoke box, and
the engine feed pumps are worked by cranks at the
extremities of the shafts . The following particulars by
the firm are sufficient to understand the practicability
of the arrangement in question :—

Kind of Boiler —Locomotive.
Diameter of ditto . 2' 1"

Length of ditto . 3' 7”
No. of Tubes . 31
Outer diameter of Tubes . 2”

Length of ditto . 3' 7"
Width of Fire -grate . 2' 1"
Length of ditto . 2' 3”
Diameter of Chimney . 10”

„ Steam Dome . 1' 3i”

No of Steam Cylinders . 4
Diameter of ditto . 5”

Length of Stroke . 0”
Width of Supply Port . iV’

„ Exhaust Port . 1$”
Length of ditto . 2£"
Width of opening caused by Slide .. .. i”
Outside Lap .. .. . . f”
Diameter of Piston Rod . 1”

„ Crank Shaft at Bearings .. 2”
Length of Bearings . 3£"
Diameter of Feed Pumps . If”
Length of Stroke . 21-
Diameter of Donkey Pump . If
Screw Propeller , 1 right handed and 1 left.
Diameter of Screw . 2' 6"
Pitch of ditto . 3'
Length of ditto . 3”
No. of Blades . 4

„ Revolutions . 306 to 375
Speed of Launch , 7-25 knots per hour.
Steam pressure . 65 lbs.
Length of Launch . 42'
Breadth of Ditto . 10' 6”
Depth of Ditto . 3' 9”
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. Tons. cwts. qrs.
Weight of Engines and Boiler com¬

plete . 1 19 2
Weight of Water in Boiler .. .. 072

Total .. .. 270

Plate 32 . These are elevations and plan of a boiler
and twin-screw engines for one of IT.M. Launches, by
Messrs. J . Penn and Son. The boiler is the locomotive
type ; the engines are secured to the sides at the fire¬
box end, and thus frames are dispensed with. The don¬
key pump is attached to the smoke box; the form of
the engines, pumps, and shafting is obvious from the
illustrations, without further notice, excepting the fol¬
lowing, by the firm:_

Kind of Boiler, Locomotive.
Number of Tubes . 35
Outside Diameter . 21'
Length, ditto . 3' 10"
Width of Fire-grate . 2' 4"
Length .. __ __ _ 2'
No. of Steam Cylinders. 4
Diameter of k"
Length of Stroke . 6"
Screw Propellers (2), Eight and Left-

handed.
Diameter 2' 6"
Pitch .. ^i
No. of Blades in each . 4
Length of Boat . 42"
Ship’s Launch.
Total weight of Machinery, Boiler, Water

and Wood chocks, and Engine bearers,
complete, 3 tons 4 cwt. 2 qrs.

Indicated Power, 36 to 40 (collectively).
Eevolutions, 300.
Speed, 8 to 8£ knots.

■<

Plate 33 .—The engines for H.M.S. “ Lord Clyde”
are illustrated by this plate, being the contribution of
Messrs. Kavenhill and Hodgson. The type of engines
is “ return action, the cylinders being 116 inches in
diameter, and the stroke of piston 4 feet ; the cylinders
are jacketed, and the grade of expansion is determined
by the ordinary “ gridiron valve,” as adopted by Messrs.
Watt and Penn. The condensers are the “ surface”
system, the water being circulated by centrifugal pumps,
driven by auxiliary engines. Steam starting gear is

introduced to raise the link ; and thus also starts the
engines when the “ hand ” power is futile.

Plate 34 .—This is a pair of twin-screw engines, and
locomotive boiler, for the steam Launch lately supplied
by Messrs. Forrester and Co., Liverpool, for the S.S.
“ Great Eastern ;” the following description by the firm
will readily convey a correct idea of the arrange¬
ment:—

The boiler is of the locomotive type ; the barrel is
2 feet 6 inches diameter, and 5 feet long, including
smoke box. There are 51 tubes, of If inches outside
diameter, and 4 feet long, giving a heating surface of
93 square feet ; the outer fire-box is 2 feet 6 inches long,
by 2 feet 11J inches wide; the area of the fire-grate is
5 square feet. The diameter of the chimney is 9 inches,
and its height, from top of smoke-box, is 7 feet. The
dome is 16 inches diameter, and 2 feet high, and con¬
tains a trap to prevent water from entering the steam-
pipe when the boiler primes. The safety-valves are two
in number, are loaded by spring-balances to 60 lbs.
pressure per square inch. The steam cylinders, of which
there are two to each screw shaft, are 5 inches diameter,
and 6 inches stroke of piston. The slide-valves are
single ported, having a lap of yf inch, and open for
steam | inch ; the ports are ^ inch wide, so that a free
exhaust is permitted. The forked connecting rods are
15̂ inches long ; and the piston rods, each 1 inch in
diameter, are guided by brackets below the crosshead
pin. The crank shaft is supported by the capped ends
of wrought-iron columns, the upper ends of which are
fixed to the cylinders, and the lower ends bolted to the
fire-box. The engines are fixed to wrought-iron brackets,
which are planed true after being rivetted to the boiler.
The feed pumps, one to each engine, are worked by
eccentrics, and are If inches diameter, and 2f inches
stroke. All eccentric rods are of gun-metal, cast in one
piece with the strap ; the eccentric pulleys for the valve
motion are forged with the shaft, and turned out of the
solid. The donkey pump is bolted to the side of the
smoke-box, its steam cylinder is 3 inches diameter; the
pump plunger is 1J inch diameter, by 3 inches stroke;
the donkey is also adapted for being worked by
hand.

The screw-propellers are four-bladed, each being 3 feet
diameter and 3} feet pitch. The propellers, propeller
shafts, and stem tubes are of gun-metal.

Gun-metal bosses are rivetted in with the plates of
the boat, for supporting the inner end of the stern tubes,
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the outer ends of which are fixed in wrourfit-ironO

brackets close to the propellers, so that the shafts are
entirely protected outside the boat.

The launch is 50 feet long, and 10 feet beam, and
built entirely of steel plates, and also steel frames.

Plate 35 .—Marine boilers have not been varied so
much as the engines, simply because the requirements
are more easily attained in the former than the latter.
The plate under notice illustrates an example by Messrs.
Dudgeon, fitted by them in the steam ship “ Ruahine.”
To enable the “ staying ” portions to be clearly under¬
stood, they have been represented by blue  lines . The
arrangement of the fire boxes, tubes, and uptake is
the ordinary kind, and the “ superheater” is fully
described in pages 157 and 159. The only features in
the design presenting any novelty worthy of comment
are the safety valve weights above  the casing and the
mode of lifting the valves, the remainder of the arrange¬
ment being the general practice: as the drawing is
freely dimensioned the proportions can be fully under¬
stood.

Plate 36 .—This is the complete plan of the engines
fitted by Messrs. Penn in H.M. steam ship “ Achilles,”
1250 nominal horse-power collectively. This arrange¬
ment is explained in detail in pages 43 and 44.

_ JeJ?W
/
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Plate 1.—Three cylinder expansive engines, 300 H.P.
collectively, fitted in the Imperial Russian iron-cased
Frigate “ Pervenelz,” by Messrs. Maudslay, Sons and
Field.

Plate 2.—Three cylinder expansive engines, 300 H.P.
collectively, fitted in the Imperial Russian iron-cased
Frigate “ Pervenelz,” by Messrs. Maudslay, Sons, and
Field.

Plate 3 .—Supplementary inverted engine and surface
condenser, by J . F . Spencer, Patentee, for I.S.S. “ Frank¬
fort.”

Plate 4 .—Supplementaryinverted engine and surface
condenser, by J . F . Spencer, Patentee, for I .S.S. “ Frank¬
fort.”

Plates 5 & 6 .—Details of Supplementary inverted
Engine and surface condenser, by J . F . Spencer, Patentee
for I .S.S. “ Frankfort.”

Plate 7.—Combined pump for supplementary inverted
engine and surface condenser, by J . F . Spencer, Patentee,
for I .S.S. “ Frankfort.”

Plate 8.—Details of supplementary inverted engine
and surface condenser, by J . F . Spencer, Patentee, for
I .S.S. “ Frankfort.”

Plate 9 .—Twin screw Engines, of 350 H.P. collec¬
tively, fitted in the M.S. “ Ruahine,” constructed by
Messrs. J . and W. Dudgeon.

Plate 10.—End elevation of the engines fitted in the
M.S. “ Ruahine,” constructed by Messrs. J . and W. Dud¬
geon.

Plate 11.—Pistons of the engines fitted in the M.S.
“ Ruahine,” constructed by Messrs. J . and W. Dudgeon.

Plate 12.—Cylinder of the engines fitted in the M.S.
“ Ruahine,” constructed by Messrs. J . and W. Dudgeon.

Plate 13.—Slide valve and casing of the engines fitted
in the M.S. “ Ruahine,” constructed by Messrs. J . and
W. Dudgeon.

Plate 14.—Condensers of the engines fitted in the M.S.
“ Ruahine,” constructed by Messrs. J . and W. Dudgeon.

Plate 15.—Transverse section of H.M. armour-cased
iron ship “ Hector,” showing engines, 800 H.P . nominal,
fitted by Messrs. R. Napier and Sons, Glasgow.

Plate 16.—Air pump trunk engine, 800 H.P. collec¬
tively, fitted in H.M. armour-cased ship “ Hector,” con¬
structed by Messrs. R. Napier and Sons, Glasgow.

Plate 17.—Elevation of cylinders of the engines fitted
in H.M. armour-cased ship “ Hector,” constructed by
Messrs. R. Napier and Sons, Glasgow.

Plate 18.—Elevations of condensers of the engines
fitted in H.M. armour-cased ship “ Hector,” constructed
by Messrs. R. Napier and Sons, Glasgow.

Plate 19.—Return connecting rod, double piston rod,
engines, 900 H.P. collectively, fitted in the S.S. “ Roma
and Venetia,” constructed by Messrs. Maudslay, Sons
and Field.

Plate 20 .—Return connecting rod, double piston rod,
engines, 900 H.P . collectively, fitted in the S.S. “ Roma
and Venetia,” by Messrs. Maudslay, Sons and Field.

Plate 21 .— Return connecting rod, double piston rod,
engines, 900 H.P. collectively, fitted in the S.S. “ Roma
and Venetia,” by Messrs. Maudslay. Sons and Field,

Plate 22 .— Double piston rod, engines and boilers,
350 H.P. collectively, expansive surface condensing and
superheating, fitted on board the Egyptian Government
steamers “ Charkieh” and “ Dakahlieh,” constructed
by Messrs. J . and G. Rennie, London.

Plate 23 .—Engines and boilers, 200 H.P . collectively,
3 L
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fitted in the twin screw armour-plated S.S. “ Medusa and
Triton,” by Messrs. James Watt and Co.

Plate 24 .—Transverse sectional elevations of twin
screw armour-plated S.S. “ Medusa and Triton,” con¬
structed by Messrs. James Watt and Co.

Plate 25 .—Direct acting engines, 200 H.P. collec¬
tively, fitted in H.M.S. “ Research,” constructed by
Messrs. James Watt and Co.

Plate 26 .—Direct acting engines, 400 H.P . collec¬
tively, constructed by Messrs. Humplirys and Tennant.

Plate 27 .—Expansive engines, of 500 H.P., fitted in
H.M.S. “ Arethusa.” constructed by Messrs. John Penn
and Son.

Plate 28 .—Expansive engines, 300 H.P ., with surface
condensers, constructed hy Messrs. R. Napier and Sons.

Plate 29 .—Twin screw engines, boiler, and surface
condensers, of one of H.M.S. Launches, by Messrs. J . and
G. Rennie.

Plate 30 .—Boilers and oscillating paddle-wheel en¬
gines, 300 H.P. collectively, fitted in the I .S.S. “ Abigail,’
constructed by Messrs. James Watt and Co.

Plate 31.—Twin screw engines and boiler of one of
H.M.S. Launches, by Messrs. Maudslay, Sons, and Field.

Plate 32 .—Twin screw engines and boiler of one of
H.M.S. Launches, by Messrs. J . Penn and Son.

Plate 33 .—Arrangementof engines of 1000 H.P . for
H.M.S. “ Lord Clyde,” by Messrs. Ravenhill, Hodgson,
and Co.

Plate 34 .—Twin screw engines and boiler for the
Steam Launch of the “ Great Eastern,” by Messrs. For¬
rester and Co.

Plate 35 .—Boiler by Messrs. Dudgeon, fitted in S.S.
“ Ruahine.”

Plate 36 .—Plan of engines, by Messrs. Penn, fitted
in H.M.S. “ Achilles.”
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