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PREFACE.

[ —

IN preparing this work the authors’ object has been to
provide a useful guide and reference to the best known
practice in this branch of Steam Engineering, and one that
will be of practical utility to designers, makers, and users of
High Speed Steam Engines.

The first edition of this book was issued in September,
1900, and it-is a matter of gratification to the authors that
another issue has become necessary so soon following. The
opportunity has been taken to correct several errors which
appeared in the first issue, and two important sections have
been added dealing with the High Speed Engines exhibited
at the Paris and Glasgow Exhibitions respectively.

As stated in the preface to the first edition, the authors
have not set forth herein their pet theories, or the exclusive
practices of any individual firm, but an accumulation of
knowledge gained by years of study and much -experimenting
by men whose success places them among the foremost of
our most eminent engineers. This work is based purely on
practical experience, and to-day the high pressure at which
we have to take life does not allow of too much mathematical
research ; but by collecting results from actual practice
much time and labour may be saved, and with a surer
certainty of final success. Not that the authors for a

98886



vi PREFACE.

moment disparage the use of mathematics or accurate
calculation, but formula are only applicable within certain
limits, for apart from the risk of error in calculation, a
comparison of the results from the formule of one writer
with those of another will often show great discrepancies
between them.

With the idea of making the work as exhaustive as
possible, the results of tests have been given, where reliable
ones could be obtained.

To the names of Mr. Tom Scott King and Mr. G. Hives
Dawson, whose assistance we gratefully acknowledged
in the first edition of this work, we add the name of
Mr. E. H. Judd, who has placed some valuable data at
our disposal, and made several suggestions which we have
adopted.

THE AUTHORS.

————— et S w—  ———
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2 HIGH SPEED STEAM ENGINES.

and not because its piston speed is greater than that of any
engine running a slow rate of speed with a longer stroke, or
that the power developed piston for piston and speed for
speed is any different. We are in no degree claiming thata
high rotation makes something out of nothing. What we do
say, and what is common knowledge amongst makers of high
speed steam engines, is, that higher rates of rotation than
those formerly used have become necessary, through the
exigencies of modern requirements. The.experience which
has been had, and tests which have been made, have proved
indisputably that within certain limits short-stroke engines
at a high rate of rotation develop economies in many ways
which are more than a set-off against increased clearances.
Their larger clearances cause a loss, but their decreased
cylinder losses on other points quite balance the former, with
a result that, for about half the money formerly spent on any
given amount of power, you can have an engine in which the
steam economies are quite equal to the average best quality
of long-stroke slow rate rotation engines: and not only do the
engines cost less, but the buildings also in which they are
contained in an even greater ratio. In addition to these very
obvious advantages to the capitalist, in many cases of
manufacture, the speeds are much more convenient, while
for electric light and similar work it would be idle to discuss
their absolute superiority.

The better understanding of the conditions developed by
high rates of rotation which experience has given to thosesteam
engineers who during the past twelve or fifteen years (or, We
may say, even during the last eight or ten years) spent their
time and brains on the subject, has enabled them to produce
engines which are not only as economical in steam, easier t0
govern, cheaper to produce, cheaper to house, and cheaper
to attend, but are machines much more reliable, less liable to
accident, and less dangerous in case of failure than the more
ponderous types of former days. In a word, for what they
have to do they are vastly stronger; and, moreover, are
easily made so. To give the same margins in larger engines
is impracticable. In regard to the term ‘‘small engine,” 1t 1S
hardly necessary to say, this is ¢ relative.” The more correct
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designation would perhaps be short engine. You cut the
long engine in two, metaphorically, and let it turn round
twice in the time instead of once.

The introduction of high speed single-acting engines on
sound mechanical lines is unquestionably due to the late
Mr. P. W. Willans. His famous single-acting engine has been
the subject of most exhaustive trials and experiments, the
results of which are published in the ¢ Proceedings of the
Institute of Civil Engineers,” ! and form classical studies on
steam engine performances and economy.

It was not until Mr. Morcom designed the ¢ Belliss"
double-acting engine with forced lubrication that the single-
acting engine had any serious rival. We have had consider-
able opportunity of watching the behaviour of four “ Belliss”
engines for the past two and a half years.

The steam Turbine with its ideal rotary motion, one moving
part, dispensing, as it does, with what most engineers have a
sneaking regard for, viz., the innocent crank and connecting
rod, has for more than a quarter of a century been assiduously
developed by the Hon. Charles Parsons. Messrs. Parsons
& Co. have made a large number of this type of engine up
to 1,000 H. P. These turbines run with as small amount of
steam as the best reciprocating engines.

Any radical departure from a well-beaten track requires
no small amount of courage, and such an engine as
Mr. Parsons’, coupled with the many years of practical
success it has met with, places the designer in the foremost
rank of pioneers.

We must not lose sight of the sterling work accomplished
by American engineers. Was it not Charles T. Porter who
in 1860 first proposed to develop double or triple the power
from the same weight of material for the same weight of
engine, by increasing the number of its power-producing
elements per minute from 50 strokes, as was the practice, to
2507 Then we have the ‘ Westinghouse” single-acting
engine, and the ‘“Ideal’’ double-acting engine, both of which
are engineering triumphs.

’

1« Proc, Inst. C.E.,” Vols. xciii., xcvi., and cxiv.
B 2



4 HIGH SPEED STEAM ENGINES.

There have been vast strides in steam engines as in other
things during the last decade, and the lines on which these
have been entirely brought about can be expressed in two
words, * high speed.”

LUBRICATION.

It is a notorious fact that strict attendance to lubricating
and cleanliness has been sadly neglected by many English
makers of high and slow speed engines.

It is a common practice to use a number of drop feeds to
lubricate the various bearing surfaces. Each of these feeds,
which must be adjusted to a very small opening to get a
drop by drop feed, requires constant watching, and is liable
to become choked. The varying temperature of the engine
room is also responsible for erratic supply.

When using oil or any other lubricant it is absolutely
essential that the oil should be evenly distributed, and at
a fixed rate over the whole of the bearing surface.

It is well known that to efficiently lubricate a machine
running at a high speed there is great difficulty in ensuring
an even distribution of oil, and when moving parts are
subjected to heavy pressure the difficulties are considerably
intensified. Since engines of the high speed type are so very
largely used for driving dynamos and continuous running is
a sine qila non, the lubricating of the moving parts must of
necessity be constant, if the maximum duty of the engine
is to be maintained for any length of time.

Forced Lubrication.—It has been proved by several makers
of high speed engines that the pressure of the oil as supplied
need not by any means be equal to the pressure of journal
on the bearing, as it is only required to put the oil between
the rubbing surfaces when the pressure on the bearing is
reduced on the return stroke, and when the pressure of the
shaft on the brass is set up there is not time for the filling
oil to be entirely squeezed out in a high speed engine before
the pressure is again reduced to admit of the supply being
reinforced.
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By arranging a suitable oil pressure, metallic contact
between the surfaces is avoided, as there is always a film
of oil under them.

Forcing oil under pressure to each bearing by means of a
simple oscillating valveless pump driven off the engine shaft
is a system which leaves little to be desired.

The density of the oil used in any type of engine plays a
very important part as to its behaviour. Thin oil with little
body will allow knocking to take place, while a thicker oil
would reduce the knock considerably.

A novel system of lubricating and making stroke by stroke
a close-up adjustment of the brasses is used by Mr. Dales on
high speed engines. This method consists of a hydraulic
‘“stop ™ or support to such brasses.

A well-known American system of lubricating is that used
on ‘“Ideal” high speed engines. In this arrangement the
crank discs dip in the oil contained in the chamber beneath
them, and none of the parts are submerged. The oil clinging
to the surfaces of the discs is raised, and cast off in a shower
of drops by the action of the centrifugal force. A constant
and abundant supply of oil is thus delivered into pockets
placed with the hood, wherein it flows in streams to the
crank shaft bearings, and from the bearings back into the oil
chamber under the discs.

GOVERNORS.

Governors used on steam engines are mechanical combina-
tions in which the centrifugal force developed is balanced
and opposed by dead weights, springs, or other resistances,
and are mostly arranged to run at an average speed, deter-
mined by the conditions under which the engine is employed,
with a margin of variation usually allowed in the design,
generally ranging from 2 per cent. for engines when great
steadiness is a desideratum, to 5 per cent. for ordinary pur-
poses. In a well-designed governor disturbing action may
be neglected, since the object of the governor should be to
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signal to a separate part of the engine to perform the work,
such performances being carried out without interfering with
the governing proper. When shaft governors are used to
vary the cut-off, the valve spindle should not pass through an
ordinary stuffing box ; if this is permitted, then a disturbing
action must of necessity take place, and ‘‘ hunting” as a
natural consequence will follow. It is possible even now to
find steam engines which are used for driving dynamos with
the governor out of action, and the steam regulated to suit
the load.

Shaft governors consist essentially of an excentric which
fits loosely on the hub of the governor wheel and which is
connected by means of weight arms or springs through links
in such a manner that the excentric is moved round the hubs
of the governor, forward or backward as the weights change
their position. This forward or backward movement through
the excentric should be communicated in such manner as to
give a straight line across the shaft, thus maintaining a
constant “lead” for all points of cut-off. This movement
across the shaft is always in the direction of reducing the
excentricity of the excentric, consequently reducing the
travel of the valve.

When the weights are at the inner position, the throw of
the excentric is at its maximum. When the weights are at
their extreme outer position the throw of the excentric is at
its minimum. Between these two extremes any number of
positions of the weights and corresponding angular position
of the excentric may be had, and as the steam is thus adapted
to the load in each position it follows that a slight increase
or decrease in speed must make a change in the cut-off, and
so bring the engine again to its normal speed.

Many English makers of high speed engines use a shaft
governor regulating the quantity of steam admitted to the
high pressure valve box by means of an equilibrium or throttle
valve. A well-known type is where the centrifugal force of
the governor balls is mainly met by springs applied to them,
but a part is carried by the adjusting springs by means 9f
which the revolutions can be yaried, whilst the engine 15
running through a considerable p,pge-

— — e
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““ Dale’s ”’ governor, which we have tested with highly satis-
factory results, differs from any other of the shaft type, and is
known as a fly wheel radial governor, on the centrifugal
principle, in which the centrifugal force generated by opposite
and duplicate parts is so balanced and arranged that it
acts upon and moves the cut-off excentric in performing its
functions, without any friction caused by such centrifugal
force; and thus reducing the work to be performed by the
governors to such as is necessary to overcome the friction
and inertia of the governing parts, which is a very small
item as compared with the larger centrifugal force of such
an arrangement of governor. The friction and inertia of the
arrangement are so low that the governor can be made
practically isochronous, and can therefore be adjusted to
work through its whole range with a 1 per cent. variation of
speed without ‘“hunting.” This governor acts on the cut-off
valve, and by means of a very ingenious arrangement the
usual stuffing box is dispensed with, and so the disturbing
action is eliminated.

It is well known to engineers in this country that most
American engineers have pinned their faith to the shaft
governor acting direct on the admission valve, whilst English
practice is somewhat conflicting as regards the advantages
of the direct cut-off over the ‘‘strangling” process. As
already explained, the disturbing action, which undoubtedly
exists in some types of shaft governors, is responsible for
purchasers preferring the throttle valve centrifugal type.

‘ Rites’ " shaft governor isvery largely used in America. This
governor embodies the centrifugal and inertia principles in a
single weight. The inertia principle of the governor regulates
all sudden changes in load, and the centrifugal principle takes
care of any changes in speed which might occur from a
gradual change.

THE ACTION OF THE RECIPROCATING PARTS OF THE
ENGINE.

When using a single cylinder to obtain a given power at
a slow speed we must employ moving parts of great strength,
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and a heavy fly-wheel must of necessity be used to take the
crank through the negation parts of the cycle. Now if we
use a cylinder of say half the area, keeping the stroke the
same and double the number of revolutions, we obtain the
same power, but with double the number of impulses in the
same period ; and although we have only the same number
of impulses to each revolution of the crank, yet a much
lighter fly-wheel and moving parts can be used, since there
will be only one-half of the pressure on the piston. There-
fore a steadier movement is obtained, and less vibration and
shock to the engine, and to whatever it may be attached.
In designing high-speed engines these facts must have been
well borne in mind by the designer as described and illus-
trated some five years ago.! “ When the force of inertia
of the moving parts is shown to act as a regulator and
modifier of shock in the transmission of the force to the
crank, a point which, though well known, is much over-
looked ; while in virtue of the high speed, this force of inertia
is utilised to the fullest extent, and instead of being an evil,
it becomes a distinct gain.”

““No amount of testimony,” said Mr. John Hick, after he
had come every day for a fortnight, and watched a  Porter-
Allen” engine in the Paris Exposition of 1867, running
with a 24 in. stroke at 200 revolutions per minute, “ no
amount of testimony would have made me believe that a
steam-engine could be made to run at such speed, with such
absolute smoothness.” The secret of it was the inertia of
the reciprocating parts between the steam and the crank.

The action of these parts is highly interesting. On every
centre they are at rest. At the middle of each stroke they
have a velocity equal to that of the crank. This velocity is
all imparted to them in the first half of each stroke, and
taken from them in the last half.

A little thought will enable one to see that the force
exerted must vary as the square of the motion imparted or
arrested within a known distance. For example, if a double

! W. Norris. **Practical Treatise on the * Otto’ Gas Engine,” Longmans,
Green & Co.
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velocity is imparted, it must be imparted in one-half of the
time, and so requires the exertion of four times the force.

It has long been established that the inertia of the recipro-
cating parts of an engine culminates on the dead centres,
the point at which their motion in one direction is finally
arrested, and that in the opposite direction begins to be
imparted ; and that it is there equal to, or rather is identical
with, the centrifugal force, which these parts would continu-
ally exert if they were revolving in the path of the crank;
and that at every other point in their stroke it is equal to
the horizontal component of this centrifugal force at the
corresponding point in the revolution of the crank.

The unit of centrifugal force, or the centrifugal force of
1 lb., making 1 revolution per minute in a circle of 1 ft.
radius is ‘000341 of a lb.; and this force varies directly
as the weight revolving, and as the length of the crank,
and as the square of the number of revolutions per
minute. So the simplest computation enables one to find,
in any case, what this final retarding and initial accelerating
force is.

For example, in an engine of 2 feet length of crank,
making 50 revolutions per minute, it.is 1,705 times the
weight of the reciprocating parts; for 50° X 2 X 000°341 =
1,705. That is, they are being put in motion 1,705 times as
rapidly as gravity would do. 'We have then only to multiply
the weight of these parts by 1,705, and we have the total
force; and then by dividing this by the number of square
inches on the piston, we have the pressure of steam per square
inch that will furnish it. At the above speed it will be
insignificant, probably 7 or 8 Ib. per square in. But it
increases as the square of the speed; at 100 revolutions it
is 4 times as much, at 200 revolutions it is 16 times as much.
The first is 30 1b., something to be considered ; the second
is 120 lb., something to be avoided.

The force on the square inch having thus been found for
the dead centres, we have only to measure, at the commence-
ment of the diagram, a height representing it—as, for example,
a, b, Fig. 1—and from the point b to draw a diagonal, crossing
the line of counter-pressure at the middle of the diagram,
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and continue it to the end, and we shall have enclosed two
triangles, the first representing, at every point, the force
exerted to give to these parts their velocity, which they must
have to keep up the crank, and the second the precisely
opposite force exerted to stop them.

At the mid-stroke acceleration passes insensibly into retar-
dation. The curved end of the lower triangle shows the
extent to which the motion of these parts is arrested by the
compression on the
opposite side of the
piston, and not by
the crank.

We see at a
glance what a use-
ful action this may
be made when
judiciously appiied,
which high speed
enables us to do.

In a variable cut-
off engine the pres-
sure on the piston
is enormously
different at the opposite ends of the stroke, and when, as
is the case in all slow-speed engines, the pressure on the
crank is nearly the same with this, the engine is rotated
by a succession of separate impulses, which are certainly
in the highest degree unfavourable, either to quiet and steady
motion, or the permanent good condition of the running
parts.

But let the weight and speed of the reciprocating parts
be so adjusted that their initial acceleration shall require
about one-half the initial pressure of the steam, and what a
magical change is effected.

The crank is relieved of one-half of the pressure at the
commencement of the stroke; the force given out to the
crank by the reciprocating parts, in being brought to rest,
supplements the falling pressure of the steam towards the
end of the stroke, and, as shown by the shaded portion of

FIG. I.
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the diagram, the pressure on the crank is approximately
equalised throughout, giving a smoothness of running and a
steadiness of motion, with a small fly-wheel, which cannot
be too much admired.

These parts, when their inertia is thus utilised, may very
properly be termed ‘“ the reciprocating fly-wheel,” since they
act to equalise the motion by alternately absorbing and
imparting force.

The most trying office of the fly-wheel is that of com-
pensating for the varying angles, varying from o° to go°, at
which force is applied to the crank, so as to maintain
approximately uniform rotation under a constant load. This
inequality in rotative effect, which has to be corrected, is
enormously increased when most of the force is applied at
the commencement of the stroke. The resulting irregularity
of motion is seen in the vibration of belts, and is heard
in the pulsation of gearing. This function of the fly-wheel
is performed by the reciprocating parts in a superior
manner.

The fly-wheel does nothing to save the crank and shaft
from shocks, but these parts act to equalise the application
of force to them also.

The fly-wheel acts only to the comparatively slight extent
to which its speed is varied, but these parts act to equalise
motion to the extent of their momentum, being on every
stroke brought to rest. Above all, their action does not
involve the least change in the rotative speed of the engine,
while the fly-wheel, imperfect regulator, acts only by
absorbing force as the speed of the engine is accelerated,
and giving it out as the motion of the engine is retarded.

The ideal conditions of smooth running are better realised
in throttling engines than in automatic cut off engines. By
keeping down the space between the throttle valve and slide
valve the initial pressure in the cylinder can be made to
closely approximate to the pressure at the stop valve, and as
the piston speed increases the pressure in the cylinder will
fall, as shown in Fig. 2, the aperture through the throttle
valve being so restricted that the pressure in cylinder is not
maintained, although steam up to full pressure is fed into the



12 HIGH SPEED STEAM ENGINES.

inter-valve space during the period when the steam port is
not open to cylinder.

In comparison with an ordinary arrangement of throttling
this modification presents economic advantages, and does
practically equal the more elaborate engine fitted with
automatic cut off gear.

The high initial pressure helps to maintain the average
temperature of
thecylinder walls,
and provides re-
evaporation dur-
ing expansion.
Hence the line
a can be made
more nearly
parallel to & by
careful designing
than ¢ can.

Thepressure on

FiG. 2 the crank pin is

therefore more

nearly constant with throttling engine a than with automatic

engine ¢. The reversal of stress arising from the recipro-

cating parts is equally well effected in both cases. The aim

of the high-speed designer should be not only to produce an

engine which can be run quietly, but go further, and produce

an engine in which the constancy of pressure on revolving

crank necks and pins does maintain absolutely equal wear

and give an engine which, when old and worn, can be still

run quietly instead of degenerating into noisiness owing to
untrue necks and pins.

THE “ WILLANS >’ ENGINE.

This famous engine is the design of the late Mr. P. W.
Willans. It has been the subject of most exhaustive trials
and experiments. The ‘“ Willans” Central Valve Engine is
a single-acting engine, whose working-stroke is the down-
stroke, the piston or pistons having equal pressures on both
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sides during the up or return stroke. The arrangement of
the engine will be understood from Figs. 3 and 4.

Fig. 4 shows a standard pattern engine, simple, compound,
or triple-expansion in section. In the triple-expansion form

‘ WILLANS" HIGH SPEED ENGINE AND DYNAMO.

FIG. 3.—700 H.P.

e TR

of these engines what is usually called the “ Intermediate
Cylinder ” is called the ‘ High-pressure,” or H.P. cylinder,
because it is virtually the H.P. cylinder of the compound
form of the same engine, “ tripled ” by adding a still smaller
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cylinder above it; the latter is called the “H.-H.-P.”
cylinder. )

It will be noticed that a compound, or even triple-expan-
sion engine, may be run as a simple engine without removing
the upper cylinders, by merely removing the upper pistons
and the piston-valves corresponding with them; in fact,
either the steam-pistons or the valves might be left, were it
not for the useless friction of the rings; the upper cylinders
in such a case become mere extensions of the steam-chest.

Starting with a simple engine, the steam passes from the
steam-chest into the cylinder through the hollow piston-rod
21, which moves through the gland 11 L.P. in the cylinder
top, which forms also the bottom of the steam-chest (or
receiver, if the engine be afterwards compounded).

Referring to the left-hand line of pistons (which has com-
pleted one-fourth of the down-stroke), it is seen that steam is
entering the piston-rod or ‘trunk” by the ports 7, and
passing out again into the cylinder by the ports 8. At about
three-quarter stroke the piston-valve V8 will close the last-
named ports, but cut off will take place earlier than this by
the ports 7, entering the gland 11 LIP., and so leaving the
steam-chest. The point in the stroke at which cut off takes
place is governed by the height above the cylinder top to
which the gland-rings are raised, by the distance piece W.

The cut off is fixed with reference to the steam pressure
and other circumstances. When a very late cut off is
required it is effected by the ordinary valve-motion. In this
case there is no valve-piston above that which actually
closes and opens the ports, .c., above V&, V3, or V2, as the
case may be, the latter being constantly exposed to the
pressure in the steam-chest.

The piston-valve V& (which commences to uncover the
ports 8 at top-stroke) is now nearly its lowest position
relatively to the ports.

Shortly before the piston reaches the bottom of the stroke
the valve V8, then moving upwards, again uncovers the ports
8, and places them in commuynication with the ports g,
through which the steam commences to pass from the upper
to the under side. of the piston,
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i

FIG. 4.—SECTIONAL VIEW OF THE ‘' WILLANS" STANDARD PATTERN ENGINE.
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The space below the piston communicates with the exhaust-
chamber and the exhaust-pipe, the steam passing -away
(through 8, 9, and the exhaust) during the whole of the
upstroke.

Compound Engine.—The above description is applicable to
the second stage (i.e., to the low pressure cylinder) of a
compound engine, the word ““ receiver ”’ being substituted for
‘““steam-chest.” The description of the first stage of expan-
sion is, however, but little different from that of the second.
The steam enters the H.P. cylinder by the ports 4 and 5,
until cut off by the passage of 4 through the gland 11 H.P,,
the point of cut off depending, as before, upon the height to
which 11 H.P. is raised above the cylinder cover. V? is the
valve, shown fully open (like V® in the cylinder below); it
will shortly rise, close the ports 5, and still rising will open
them to 6; the steam will then pass from above the H.P.
piston to the space below it, which, this time, is not an
exhaust-chamber, but a receiver. The receiver may also be
regarded as the steam-chest of the cylinder below it.

Triple Expansion-Engine.—The addition of a third (or
‘“H.-H.-P.”) cylinder above the others only involves a repe-
tition of the foregoing paragraph, substituting the ports
I and 2 as the channel by which the steam passes from the
steam-chest to the cylinder, the cut off being given by the
passage of the ports 1 through the gland 11 H.H.P., and the
exhaust (into the receiver below) by the passage of the valve
V2 above the ports 2.

It will be noticed that in the simple engine the steam
remains in the engine from the commencement of admission
to the end of exhaust, for one revolution, as in ordinary
engines. But in the Compound Engine the steam remains
for two. and in the Triple Expansion Engine for three whole
revolutions. In this way the economical advantages of the
well-known Cornish cycle are obtained.

Triple Expansion Transfer Engine.—For very high pressures,
and where economy of fuel is of great importance, an addi-
tional receiver is used between the loW-pressure and the
exhaust. It is known as the trapsfer-chamber, and its action
is precisely the same as that of any of the upper receivers:

- —— ———— e e
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The steam during the up-stroke of the engine is merely
transferred from the upper to the lower side of the low-
pressure piston, instead of being discharged direct to the
exhaust, to which it only passes during the succeeding down-
stroke. By this arrangement the upper or hot end of the
low pressure cylinder is never placed in direct communica-
tion with the condenser, and the range of the temperature in
it is divided into two parts, reducing initial condensation.
The L.P. cylinder and the transfer - chamber combined
constitute in effect an ordinary Cornish engine.

The brasses are arranged to be constantly in compression;
that is to say, the piston-rod is kept pressing in the same
direction (downwards) against the connecting-rod, the latter
against the crank-pin, and the crank against the main bear-
ings, not only throughout the working-stroke,.but through
the return stroke as well. There being no reversal of
pressure there is freedom from knocking, which is usually
the initial cause of wear.

In order to secure that the condition of constant thrust is
maintained, an amount of compression must be provided
which shall always cause a downward pressure in excess of
the upward accelerating force. In the ¢ Willans” engine,
the requisite compression is obtained by means of an air-
chamber above the guide-piston—the lowest on the rod.
This piston on the up-stroke compresses the air contained in
the chamber above the piston, and thus any amount of com-
pression can be obtained according to the clearance allowed.
The work expended in compressing the air is given out
again by expansion on the succeeding down-stroke. The
engine is usually governed by a throttling governor, but
often by a variable expansion governor.

A disadvantage of all single-acting engines is that for a
given power the cylinder capacity must be twice as great as
in a double-acting engine, or else the engine must run twice
as many revolutions per minute.

The high economjfal performance of the “Willans”’ engine
is shown by the following table :—
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TEST oF * WILLANS "’ ENGINE.

Duration of Tests: 1st, 4°2916; 2nd, 3'5166; 3rd, 3'55; and 4th, 3'05
hours.

Effective Area of Cylinders—three of each : High-pressure, go'836 square.
inches ; Intermediate, 345°44 square inches; Low pressure, 587°175 square
inches.

Stroke : 10°24 inches.

Number of Boilers in use ........cccocceeivevnaneennns One.
Total length of Boiler ......c..cceveiiiiiiiieiiniiannnns 28 feet.
Diameter of Boiler .........cccocoiiiuceiiirenniiiiannnnns 7 feet 6 inches.
Diameter of Furnaces (two)......... (Purvis mean
diameter) 2 feet 11 inches.
Heating Surface of Boiler .......ccccceveviinvennnnene. 9o4 square feet.
Grate Surface of Boiler ........c.cccocuiiniiiniinniinn. 32 square feet.
Ratio of Heating Surface 1o Grate Surface ...... 28:1
Mean Boiler Pressure above the Atmosphere ... 190 lb. per square
inch.
Mean Admission High-pressure Cylinder ......... 169°5 lIb. per square
inch. '

Mean Effective Pressure on Low-pressure 28'918 Ib. per square

(037251116 [=3 N inch.
Mean Vacuum ......cccoeeviiivnieiniinniniinnininnnn., 25°925 inches.
Mean Revolutions per minute ...........cccoveennnens 299°8.
= o T B8 0 R 394°775-
Mean total Feed-water per Hour..........cc..oceeeee 5,050 1b.
Mean Deductions for Separator and other Drains

per hour .....cccveeniinnnnn. F N 117:1 b,
Mean total Steam to Engine per hour............... 49329 Ib.
Mean Steam used per 1.H.P. per hour ............... 12°49 lb.
Temperature of Feed to Economiser ............... 113 degrees.
Temperature of Feed to Boiler.........ccecovniinniins 243 degrees.
Coal burnt per hour.....cccoceuieniiiiiiiiinniininnann, 457°6 1b.
Coal burnt per square foot of Grate Area per

hour ..coviviiiiiii 14'3 Ib.
Coal burnt per I.H.P. per hour ........cccceivniennne 1185 Ib.
Pounds of Water evaporated per lb. of Fuel...... IT'I.
Pounds of Water evaporated per lb. of Fuel

from and at 212° F. c.oooiiiiiiiiiiiiiiinininninan, 12°83.

Pounds of Water evaporated per square foot of
Heating Surface per hour ............ccoooeeiiiil 5'58.
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THE “ BELLIss” ENGINE.

Messrs. Belliss & Morcom, Ltd., in 1890, introduced what
is known as forced lubrication to the moving parts of quick

o o—- S oy

“

FIG. 5.—‘BELLISS " PATENT SELF-LUBRICATING TWO-CRANK COMPOUND QUICK-REVOLUTION ENGINE AND DYNAMO.

revolution steam-engines, which at once gave to the double-

acting engine all the advantages of quiet running at high

rotative speeds which had hitherto been claimed for single-

acting engines, with the additional power. As already
c2
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pointed out, a high speed does not necessarily mean a high
rotative speed. "The * Belliss” engine is in reality a low
piston speed engine with a quick revolution. Some years
ago we pointed out that the misleading terms, nominal and
I. H.P., should be abolished, and that engines should be sold
on their B.H.P.—i.c., brake, effective, or actual horse power.

FIG. 6.—' BELLISS " ENGINE. SECTIONAL ELEVATION.

Messrs. Belliss & Morcom make a point of rating their
engines on the B.H.P. for continuous running ; this is as it
should be.

With forced lubrication oil is supplied to all the bearings
by means of a simple pump without valves or packing, dis-
charging the oil at a pressure of about 15 Ib. per square
inch, through a specially arranged system of oil channels.
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Fig. 5 is an external elevation of a * Belliss”” compound
quick revolution engine coupled direct to a dynamo.

Fig. 6 is a sectional elevation, and Fig. 7 is a sectional end
elevation of the same engine.

Referring to Figs. 5, 6, and 7, it will be seen that only one
piston valve is used, arranged between the high and low

FIG. 7.—‘* BELLISS "’ ENGINE, SECTIONAL END ELEVATION.

pressure cylinders, operated by an excentric. The cranks
are set opposite to each other, the steam being admitted
simultaneously to the top of one cylinder and the bottom
of the other; by this arrangement the reciprocating parts
are to a great extent balanced, the strains on the bearings
much reduced, and a high speed of rotation made possible
without setting up undue vibration.
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Messrs. Belliss’s governor is of the centrifugal type working
an equilibrium throttle valve, and is adjustable by hand while
the engine is rmnning. In this governor the centrifugal force
of the governor balls is mainly met by springs directly
applied to them, but a part is also carried by the adjusting
spring by means of which the revolutions can be varied,
whilst the engine is running through a considerable range.
By way of showing what the throttle valve form of governor
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FIG. 8, —‘BFLLISS" PATENT SELF-LUBRICATING ELECTRIC TRACTION SET, FITTED WITH
THROTTLE VALVE GOVERNOR DIAGRAM SHOWING GRAPHICALLY THE RESULTS OF
SWITCHING ON AND OFF VARIOUS LOADNS. IT WILL BE SEEN THAT WHEN THE LOAD IS

LceoLine o Reverurions & Auskncs.

SUDDENLY THROWN OFF OR ON, THE VARIATION OF SPEED FROM THE MEAN DOES NOT
EXCEED 3 TO 4 PER CENT. PERMANENT, AND 2 PER CENT MOMENTARY.

as applied to these engines is capable of, Fig. 8 was selected
from Messrs. Belliss’s test house records.

In the case of central stations, situated in the midst of
residential neighbourhoods, the necessity of reducing the
vibrations, set up by the working of the machinery, to a
minimum becomes of paramount importance. Messrs. Belliss,
with this fact before them, have designed a three-crank
tandem compound quick revolution engine, having the
three cranks disposed at equal angles, each crank having a

- — ——— ™
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complete engine. Fig. 9 shows an external view of a
‘““Belliss” three-crank tandem compound quick revolution
engine coupled direct to a dynamo. In such a combination,
whilst rocking couples are not wholly eliminated, there is no
vertical displacement of the centre of gravity of the working
parts as a whole ; and, in practice, this type is found to work
without setting up appreciable variations.

The soundness of Messrs. Belliss & Morcom’s system is
admitted in the most practical manner by the large number
of firms who have waited sufficiently long to see the market
value of forced lubrication before adopting it.

R ¥
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The *¢ B.1.”” Engine. ' 27

FIG. 10.—SECTIONAL VIEW OF “B.L"” QUICK SPEED ENGINE.
JouN MusGrRAVE & Sons’ “B.I.” ENGINE.

For more than half a century “ Musgraves” have been
identified with mill engines and millwrighting. During the
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past few years this firm have made a number of high speed \

HIGH SPEED STEAM ENGINES.

FIG I11.—SECTIONAL END VIEW OF ‘‘B.L" QUICK SPEED ENGINE.

engines of the single acting type. Like many other firms,

we B e
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The ¢ B.1.”” Engine. 29

Messrs. Musgrave are now pinning their faith to double
acting engines of the forced lubrication class. Figs. 10, 11,
and 12 are sectional elevation, sectional end elevation and
external views of ‘“ Musgraves’” ¢ B.1.”” quick speed engines.

FIG. 12.—THE “B.L" QUICK SPEED ENGINE.

By referring to Fig. 10, it will be seen that this engine is
arranged with external piston valves for high and low pres-
sure cylinders. This is necessary for *“ timing *’ the valves to
suit the relative position of the cranks which are set at go
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degrees. The cranks have counter-balance weights in one with
the shaft. The main bearings are arranged in the base and are
quite independent of the casing proper, which is open at the
front and closed at the back. This enables a very substantial
form of slide block being used, whilst leaving the front quite
as accessible as the open “fronted” engine. As already
mentioned, oil under pressure is used for lubricating the main
bearing surfaces, without moving joints. The gudgeon pin
receives its supply of lubricant through a cavity in the block,
the oil travelling down a tube to the crank pin. * Governing
is effected by using either a governor of the  Pickering”
type driven by ropes, acting on an equilibrium valve, or a
shaft governing acting direct on the high pressure piston
valve. By arranging the valve boxes on the outside the
valves are easily adjusted and the main bearings have only
three supports which are arranged well up to the crank
webs. These engines have a piston speed of about 600 ft. per
minute, and are designed for a steam pressure of 130 Ib.
per square inch.

BroweTT, LINDLEY & Co.’s ENGINE.

Fig. 13 illustrates a well-designed High Speed Compound
Engine, by Messrs. Browett & Lindley, Patricroft. It in-
dicates 150 H.P. when running at 420 revolutions per
minute with a steam pressure of 130 lb. per square inch,
non-condensing.

The steam distribution is effected by means of two packed
piston valves. The piston valve for the high pressure cylinder,
which is arranged on the outside of the cylinder, the excen-
tric rod, valve spindle and guide block are completely encased
inside a removable cast-iron casing, so that no oil or water
can escape outside of the engine.

The piston valve for the low pressure cylinder is actuated
by an excentric, fitted on the crank shaft between the two
cylinders.

The regulating of the steam is effected by means of a shaft
governor controlling the speed of the engine by acting direct

N
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Browett, Lindley & Co.’s Engine. 31

on to an equilibrium valve. Forced lubrication is used.
The oil pump is of the valveless type, driven by an excentric
on the engine shaft. The crank shaft is supported by two

FIG. 13.—HIGH SPEED COMPOUND ENGINE AND DYNAMO BY BROWETT, LINDLEY & co.

main outer bearings and two centre bearings, with the low
pressure excentric between.

This type of engine is made in sizes from 45 I.H.P., 550
revolutions per minute up to 400 I.H.P., 350 revolutlons per
minute.

THE CLAYTON ENGINEERING AND ELECTRICAL
ConsTRUCTION Co0.’s ENGINE.

Fig. 14 is a part sectional elevation of a high speed com-
pound engine, coupled direct to a dynamo made by the
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Clayton Engineering and Electrical Construction Company.
This engine belongs to the forced lubrication class, and
develops 120 I.H.P. when running at 380 revolutions per
minute, with an initial steam pressure of go lb. per square
inch. By referring to the illustration it will be seen that
the distribution of the steam is effected by means of a piston
valve arranged between the high and low pressure cylinders.
The length of the cylinders is somewhat long in proportion
to the length of the stroke. This is a decided advantage, as

I
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FIG. 14.—PART SECTIONAL ELEVATION OF COMPOUND * CLAYTON" ENGINE.
120 LH.P., 380 REVS.

FQ__
t-—HE
Ig R

it admits of the top and ‘bottom parts to each cylinder
being the same length. The inside of the cylinder covers
and pistons are polished so as to reduce initial condensation.
This very important point is overlooked by most engineers.
The cranks are set opposite to each other, and are fitted with
balance weights secured by means of steel straps.

All the rubbing surfaces are lubricated with oil at a
pressure of about 30 lb. per square inch. The pump is of
the valveless oscillating type, worked with ram attached to

main excentric clip. The governor is fixed on crank shaft .

—————— &
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Clayton Engineering and Electrical Construction Co.’s Engine. 33

controlling the speed of the engine by direct connection to
the throttle valve and consists of two revolving weights and
connections controlled by springs.

Fig. 15 is a part sectional elevation of a three-crank tandem
compound high speed engine, designed to develop 600 I.H.P.
when running at 300 revolutions per minute. The dis-
tribution of the steam is effected by means of a piston valve
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FIG. 15.—PART SECTIONAL ELEVATION OF THREE-CRANK ‘' CLAYTON" ENGINE.
600 I.H.P., 300 REVS.

operated by an excentric having a fixed travel. The steam
inlet to the high pressure cylinders is controlled by a shaft
governor, which operates an equilibrium valve. The cranks
are set at 120°. Forced lubrication is used on all the rubbing
surfaces.

This firm also make a two-crank enclosed triple expansion
vertical engine, for direct coupling to dynamo, to develop
150 B.H.P. at 300 revolutions per minute, with a steam

- pressure of 200 lb. per square inch. This engine consists

S.E. D
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essentially of four cylinders, one high pressure, one inter-
mediate, and two low pressure, arranged high and inter-
mediate side-by-side with central valve box distributing
steam to both cylinders. The high and intermediate
cylinders are carried above low pressure cylinders by four
massive steel pillars. The low pressure cylinders are carried

FIG. 16.—'‘CLAYTON " ARRANGEMENT OF VALVELESS OSCILLATING OIL PUMP.

on the crosshead guides. The valve spindle between the
two sets of valves works through a long brass bush, provided
with water grooves.. All packings for piston and valve rods
are of the United States Metallic Packing Company.

Fig. 16 shows very clearly the arrangement of valveless
oscillating oil pump. It will be seen that the oil strainer can
be readily detached for cleaning. Fig. 17 is a photograph
of a 200 H.P. compound high speed engine, coupled to a
dynamo.

|




Clayton Engineering and Electrical Engineering Co.’s Engine.

35

FIG. 17.—VIEW OF 200 H.P. COMPOUND “ CLAYTON" ENGINE, COUPLED TO DYNAMO.
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THE “ ERITH” ENGINE.

Messrs. Easton, Anderson & Goolden, Ltd., make a series
of high speed engines. These engines are ma‘dc? from designs
of Mr. Jorgen Bjornstad, and possess orlgxpal . features,
especially in the arrangement of the forced lubrication.

FIG. 18.—SINGLE CYLINDER “ERITH" ENGINE, COUPLED TO FOUR-POLE DYNAMO.
580 REVS., PER MINUTE.

Fig. 18 is from a photograph of a single cylinder high
speed “ Erith” engine coupled direct to a four-pole dynamo,
output 20 kw. 580 revolutions per minute.

Fig. 19 is from a photograph of a three-crank compound
tandem high speed ‘“ Erith” engine arranged for direct
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coupling to dynamo. 300 I.H.P., 400 revolutions per
minute.

Fig. 20 is a sectional elevation of compound high speed
engine. The smallest sizes up to 35 I.H.P. are made with

single cranks either with a single cylinder or with a high
pressure and a low pressure cylinder arranged tandem wise.
In both cases piston valves are fitted. The next sizes
up to 100 I.LH.P. are cross compound with cranks at 180

STEAM PRESSURE, 140 LB.

400 REVS. PER MINUTE.

300 LH.P.

FIG. 10.—~THE “ERITH" SELF-LUBRICATING ENGINE.

PER SQUARE INCH. FLOOR SPACE, IO FT. BY § FT. TOTAL HEIGHT, 10 FT. 6 IN.
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degrees, with one piston valve between, which serves both

cylinders.
From 100 I.H.P to 300 I.H.P. two piston valves are fitted

between the cylinders and are worked off an excentric, so

FIG, 20.—SECTIONAL ELEVATION OF ‘“ERITH'" COMPOUND ENGINE.

that their movements are identical. One valve distributes
the steam to the high pressure only, while both valves are
utilized for the low pressure cylinder, by which means good
port areas are given with small clearances. The valve or
valves are so arranged that the spindle glands are only
subject to the pressure of the low pressure exhaust.

— A A ——— e ——— e
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From 250 I.H.P. and upwards three-crank engines are
made with one set of compound tandem cylinders over each
crank. The high pressure cylinder is fitted with one piston
valve, and the low pressure cylinder with two piston valves,
arranged so that they can be taken out without disturbing
the high pressure cylinder or its valves. The spindle of the
high pressure valve passes through a passage between the
two valves of the low pressure cylinder, which passage also
acts as a steam pipe between the high pressure and the low
pressure valve chests. The three valves are fixed to one
crosshead and are driven from one excentric. The valves
are arranged so that exhaust pressure only comes on the
stuffing boxes for the spindles. The three-crank engines
are also made as triple expansion engines by arranging the
cylinders as follows :

The high pressure and one low pressure cylinder
tandem over the first crank, and one intermediate pressure
cylinder and one L.P. cylinder tandem over each of the
two other cranks. The high pressure cylinder and the two
intermediate pressure cylinders are made of the same size,
so that the pistons and valves are interchangeable. The
pistons are made of cast iron for the high pressure and cast
steel for the low, arranged to balance each other. The
lubrication is forced, and the oil is carried direct to every
bearing surface by independent pipes, in accordance with
Mr. Bjornstad’s system, so all the bearings throughout the
engine are supplied with an ample quantity of oil under
practically the same pressure, which is about 25 Ib.
per square inch. By this arrangement metallic contact
between the surfaces is avoided, as there is always a film
of oil under pressure between them, and the wear is thus
reduced to a minimum. The mechanical efficiency is said
to be 92 per cent.

The oil is pumped by a valveless pump worked from an
excentric on the crank-shaft and delivered into a main placed
inside the framing at the back of the engine, and led from
this main through swivel pipes to the various joints. Fixed
pipes lead to the crank shaft bearings and guides. An
accumulator is fixed on the main pipe to allow for the
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pulsations in the delivery from the pump. The oil, which
has pressed through the bearings, drains down into the base
plate and passes through strainers in a box on the outside of
the bed plate before it enters the pump again. The strainers
are arranged so that one at a time may be taken out and
cleaned whilst the engine is running. The governor is fixed
on the end of the crank shaft and works an equilibrium
throttle valve.

RoBEY & Co.’s ENGINES.

It is questionable if any firm is more widely known
than that of Robey & Co., who have been estab-
lished close on half a century, and during that period
have built some 20,000 engines, varying in size from 5 to
1,000 H.P.

For more than a quarter of a century Mr. John Richardson,
M.I.C.E., an engineer of great energy, rare practical and
theoretical knowledge, has been responsible for the designs
of the numerous machines manufactured by this firm. More
than twenty-five years ago Mr. Richardson made a three-
cylinder compound engine to work at 500 lb. per square inch
steam pressure.

About twenty-six years ago Mr. Richardson introduced
the ‘“Robey” engine, which type has been copied by a
great number of engineers, both at home and abroad. It
is pleasing to note that the pioneers of this very useful type
of engine are still to the front.

To most readers it will be interesting to learn that some
hundreds of high-speed engines have been made by Messrs.
Robey & Co. having cast crankshafts of a special mixture
of iron and steel. It was whilst Mr. Richardson was on a
visit to the Railway Works, Brighton, that Mr. Stroudley
drew his (Mr. Richardson’s) attention to a large engine
which had been in use many years, having a cast-iron bush
upon the shaft revolving in a cast iron bearing; the idea
being that cast-iron surfaces working together give better
results than any other. This is confirmed by the wear of
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the cast-iron parts of machine tools. When they have
sufficient surface the amount of wear is infinitesimal, and
the wearing surfaces remain bright and smooth. It is now
more than forty years since the late Mr. Robey introduced
cast-iron solid slide blocks working upon cast-iron bars, and
out of the many thousands that have been made in none
has the wear been sufficient to need the slide bars tightening,
t.e., the distance between reduced. It was a knowledge of
these facts that led to the introduction of cast iron of very
high quality with a slight admixture of steel for use in the
crankshafts of high speed steam engines. Out of several
hundreds made only one case is known which resulted in
an accident, and that was due to causes which would have
spoiled any crankshaft. The margin of strength was very
great, and the surfaces necessarily large. It was only on
account of unreasonable prejudice which led to their disuse
now several years ago. Siemens-Martin’s steel is now used
for cranks.

Such, however, has been the excellent results of their use
that some of Messrs. Robey’s customers who had the heavier
engines insisted upon having the same material in giving
repeat orders.

Fig. 21 is an external elevation of a high speed com-
pound vertical closed type ‘ Robey” engine, coupled with
a dynamo.

It will be seen from the illustration that the whole of the
working parts are enclosed within the standard surrounding
the crank and effectually preventing the splashing of any oil.
The working parts are lubricated from the inside, a licker
fixed under the large end of the connecting-rod taking up
a portion of the oil at each revolution and lubricating the
crank pin. Drop lubricators in connection with slipper and
piston rod are provided. This engine is made in sizes from
14 B.H.P. (500 revolutions per minute) up to 114 B.H.P. (300
revolutions per minute).

It will be seen that the simplicity of this engine is very
marked. An ordinary excentric operates a common slide
valve, having a fixed cut off, though this can be readily
adjusted. The regulation of the steam is effected by this



Digitized by G008[€



Robey & Co.’s Engines.

The wearing surfaces are very much
The slide bars are of the bored type.
able if any other type can surpass
stability and right down hard work wi
attention.

Referring to the governor and equili
it will be seen that the stop valve forms

FIG. 22,—THE ‘' ROBEY" HIGH SPEED EQUILI

body. The equilibrium valve spindl
governor spindle. When the steam 1
brium valve is lifted so that the engine
amount of steam whilst the governor b
position. Since the steam valve is of
the troublesome disturbing action is |
The main spring D is arranged in the
governor sleeve B, and the auxiliar
sleeve which is centred in the governc
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position by the adjustable spool on the main spindle. By
arranging the adjustable spring in an independent sleeve, the
speed of the engine can be varied while running. The upper
spring case can be grasped in the hand and easily held

FIG. 23.—THE “ROBEY " HIGH SPEED COMPOUND VERTICAL ENGINE. OPEN TYPE.

while the governor continues to revolve without putting
any additional load on the governor proper. By means of
the spool C, the speed of the engine can be increased or
decr'eased in the simplest possjpje manner.

Fig. 23 is an external eIeVatiOT‘ of a high speed vertical
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“Robey ” engine, open type. The distinguishing feature of
this engine is a cross tie-rod instead of the usual entablature.
This type of engine is made up to 40 B.H.P.; above this
power the usual entablature is used.

Some two years ago Messrs. Robey & Co. turned thei
attention to high speed engines using forced lubrication.

Fig. 24 is from a photograph of a ‘“ Robey” high speec
compound engine with dynamo. It will be seen that thi:

FIG. 24.—' ROBEY" COMPOUND ENGINE OF THE VALVE CLASS, SHOWN WITH DYNAMO.

engine belongs to the ‘ Central” valve class, i.e., one val
common to the two cylinders. Forced lubrication is er
ployed and a shaft governor operating a double-beat stea
valve.

Fig. 25 is from a photograph of a ‘ Robey” high spe
compound engine with dynamo. The distinguishing featt
in this engine is the use of independent valves to ea
cylinder. For the low pressure cylinder the ordinary
valve is used.
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Some time since Messrs. Robey & Co. informed us that
they were having two engines built exact duplicates and
tested with the same dynamo, one with a central valve
(Fig. 24), and one with a piston on the high pressure and
a flat slide on the low. There is always a risk of leakage
with a piston valve, and in the cases of the central piston
valve the boiler pressure, say 150 Ib. per square inch, on one

~
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FIG. 25— ROBEY'" COMPOUND ENGINK, DESIGNED WITH INDEPENDENT VALVES TO
EACH CYLINDER, SHOWN COUPLED TO DYNAMO.
side has just a possibility of leaking past the valve, the
exhaust port of which is open to the atmosphere. The
leakage may be very small, especially when the engine is
new and in good condition, but eventually becomes a serious
item. There is the further disadvantage of the cooling
action of this valve, which has the two extremes of pressure
and temperature to contend with, whereas when the valves
are separated the high pressure valve works always at a
high temperature, and the low pressure at a low, and this
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last effectually prevents leakage into the atmosphere or
condenser.

DYNAMOS AND LOCOMOTIVE BOILERS, SUPPLIED TO THE WAR OFFICE,

FIG. 27.—GROUP OF TEN “ ROBEY" ENGINES, ‘‘ TYNE"

Messrs. Robey & Co. inform us that the tests show a very
considerable advantage in steam economy in favour of the
two independent valve engine.

- - e — — —
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valveless type driven from the excentric strap, the pump
being placed in the bed plate of the engine and provided
with a suction rose. From this pump copper pipes are
taken to the four main bearings, guide bars, crossheads,
crank pins, and excentric,and lubricated under an oil pres-
sure of from 101b. to 15 lb. per square inch.

The engine and dynamo shown in Fig. 29 is one of three

FIG. 29.—ERNEST SCOTT AND MOUNTAIN'S COMPOUND CENTRAL VALVE ENGINE, WITH
DYNAMO COMBINED,

sets supplied by Messrs. Ernest Scott and Mountain to the
Hill of Howth Electric Railway for the Great Northern
Railway of Ireland. This combination has proved very
successful. Recent installations by this firm include four
sets for the Darlington Corporation for town lighting and
two for the Birkenhead Corporation.

Fig. 30 is from a photograph of Scott and Mountain’s single
cylinder high-speed engine, ‘ open " type.

The steam valve is of the block piston type without springs

E 2
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or rings. The governor is of the well-known “ Pickering ”’

n

FIG. 30.—ERNEST SCOTT AND MOUNTAIN'S SINGLE CYLINDER HIGH
SPEED ENGINE. ‘‘OPEN" TYPE.

type actuating an equilibrium valve. The crank is of cast
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steel arranged with counter’s weight and ring with centri-
fugal lubricator for crank pin. The bearing surfaces are
unusually large.

FIG. 31.—ERNEST SCOTT AND MOUNTAIN'S CENTRAL VALVE ENGINE, COUPLED TO A
¢ “TYNE" DYNAMO.

RANsoMEs, SiMs & JEFFERIES' ENGINE.

This well-known firm’s practice calls for no general
introduction. Fig. 32 is from a photo of a single cylinder,
‘“open”’ type, high speed engine coupled direct to a dynamo.
By referring to the illustration it will be seen that an auto-
matic expansion shaft governor acts direct on the steam
valve, which is of the piston type, controlling the cut-off in
proportion to work done with the full advantage of the boiler
pressure. The crosshead gudgeon and the crank pin are
both of large diameter, and the width of each of these
bearings is equivalent to twice the diameter. We are
strongly of the opinion that some makers have sadly neglected
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-the bearing surfaces in high speed engines, especially the
small .end of connecting rods. A connecting rod should
consist of the least possible number of loose parts, and should
be get-at-able. Ransomes’ engine conforms to this.

Fig. 33 shows a Ransomes’ high speed engine, ‘‘open”’
type, fitted with a crank shaft throttle valve governor. This
system is not so efficient as the previously described direct
method of governing, though it is free from the objectionable

FIG. 32.—RANSOMES' SINGLE CYLINDER ‘' OPEN" TYPE ENGINE (COUPLED DIRECT
TO DYNAMO), FITTED WITH AUTOMATIC EXPANSION SHAFT GOVERNOR.

belt driven governing. These engines are built with cylinders
of 54 X 5 stroke to 10} X 10 stroke, and with a piston
speed of from 300 to 500 ft. per minute, suitable for a steam
pressure of 100 lb. per square inch.

The misleading term I.H.P. is rightly pointed out by this
firm as follows :— ’

If the engine is worked at 30 to 40 lb., add 65 per cent.
to the B.H.P. for the I.H.P. '

If the engine is worked at 50 to 60 lb., add 45 per cent.
to the B.H.P. for the I.H.P.
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If the engine is worked at 70 to 100 lb., add 25 per cent.
to the B.H.P. for the I.H.P.

The additional B.H.P. obtained by a condenser, if the
cut-off is unaltered, is the same for any given number
of revolutions independently of the boiler pressure; the
additional I.H.P. will be the same as the additional B.H.P.

Fig. 34 shows very clearly Ransomes’ shaft governor.
It will be seen that the governor consists of a circular

FIG. 33.—RANSOMES’ ENGINE (COUPLED TO DYNAMO), FITTED WITH CRANK
SHAFT THROTTLE VALVE GOVERNOR.

casing, keyed on the shaft, and carrying on one side a pair
of symmetrically arranged weights, each of which is jointed
to the casing at one end, while being free at the other end
to move in a plane vertical to the shaft. On the other side
of the circular casting are affixed a pair of straps forming
a circular recess, the centre of which is at a distance from
that of the shaft. A disc is fitted into the recess, and on the
disc, with its centre at a distance from the centre of the disc,
is the excentric which operates the slide valve. The weights
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are made with bosses which pass through holes in the circular
casting, and are connected by links to studs on the disc. The
weights, in moving outwards by the action of centrifugal
force, compress spiral springs, and at the same time rotate
the disc in its recess, thus changing the position of the
centre of the excentric so as to vary the cut-off of the valve.
The resistance of the spiral springs can be adjusted to

FIG. 34.—RANSOMES' AUTOMATIC SHAFT GOVERNOR.

suit the particular speed at which the engine is required
to run.

Reversing.— When the shaft governor is applied to engines
to run in either direction, the disc is provided with two studs
for each of the links. To reverse the engine it is only
necessary to shift the links from stud to stud.

THE ‘“ PEACHE”’ ENGINE.

Fig. 35 is an external elevation, Fig. 36 is a part sectional
elevation, and Fig. 37 isa sectional end elevation of ¢ Peache”’
engine made by Messrs. Davey, Paxman & Co., Colchester.

PR 4
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This is a single-acting engine, the inertia of the pistons
being balanced on the up-stroke by compression of steam in.
the space between high pressure and low pressure pistons,
while the inertia of the valves on the up-stroke is balanced
by compression of air in an air buffer cylinder provided
for this purpose.

A peculiarity which at once attracts attention is the
position of the crankshaft, which is placed in front of the
axis of the cylinders by an amount equal to the throw of the

FIG. 35.—THE ‘' PEACHE” SINGLE-ACTING ENGINE, SHOWN COUPLED
DIRECT TO DYNAMO.

crank. The reason for this is that in a single-acting engine
a central position of crankshaft entails a double action on
the crosshead and crosshead pin, viz., the crosshead is
thrown from side to side of the slides on each up and down
stroke as the angularity of the connecting-rod is reversed.
With the crankshaft placed out of line of the cylinders, as in
the ‘¢ Peache ” engine, the angularity of the connecting-rod
is always towards the back slide of crosshead, and the pressure
on this slide is thus maintained. At the same time, the
angularity of the connecting-rod is slight during the down or
working stroke, while, on the up-stroke, when the angularity '
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is considerable, the pressures are slight. The valve gear is
also unusual. Excentrics are done away with, thus leaving
room for long and well supported crankshaft bearings.

——— -
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Motion for the valves is taken from a point on the connect-
ing rod. This form of valve gearing allows of a much
better steam distribution between high pressure and low
pressure than could be obtained from an ordinary excentric
motion.

Admission of steam is controlled by a throttle valve and
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centrifugal governor, and passes to a branch on the low-
pressure cylinder casting, and thence outside the three high-
pressure valves to high-pressure cylinder. It is then exhausted
over the top of the high-pressure valve and through the centre
of this valve to the low-pressure cylinder, and, finally, under
the low-pressure. valve to the exhaust.

Pressure is maintained in the space between the high-
pressure and low-pressure pistons (called the controlling
cylinder) by means of bye-pass ports, which are uncovered
by the high-pressure piston near the top of its stroke. The
steam then expands in this space during the down-stroke,
and is compressed again during the up-stroke, the indicator-
card (see Fig. 38) taken from this cylinder showing a line and
line diagram. It will be noticed that the steam acts on the
underside of the low-pressure piston, and at first sight it
would appear that the engine must be double-acting. This
power, exerted in the low-pressure cylinder, is not, however,
directly transmitted to the crankshaft, but is first utilised
in compressing steam in the controlling cylinder and in
driving steam out of the high-pressure cylinder against the
receiver pressure, and this work, so far as the controlling
cylinder is concerned, is given out by expansion of the steam
in that cylinder on the next down-stroke, while the work
done in forcing steam out of the high-pressure cylinder
against the receiver pressure is returned in work done by
this steam on the low-pressure piston.

In the design of this engine care has been taken to keep
everything of simple and strong design. There are no
external glands or complicated parts. Every part of this
engine is readily accessible. The engine is made of the
three-crank tandem compound pattern in order to provide
for even turning and absence of vibration.

The following are results of some one hundred and fifty
high-pressure ‘‘ Peache” engines now working in a central
station. For this station, as in so many stations, it was speci-
fied that the engines should usually work with a condenser,
but should be capable of taking the whole load non-con-
densing when required. The results, therefore, do not give
the best figures that could be obtained, either condensing or
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non-condensing, but give the best compromise between the
two conditions.

“ PEACHE" 150 H.P. HIGH SPEED COMPOUND ENGINE.

Cond g Non-cond
1bs. per Ibs. per.
sq. in. sq. in.
Steam chest pressure .. .. 94 . 119
Revolutions .. .. .. 438 .. 438
M.E.P. . . .. .. 4001 .. 42°96
IL.H.P. . . .. S 28 ¢ .. 150°5
E.H.P. . .. . o 1243 .. 128-0
per cent. per cent.
Efficiency .. . . 883 .. 85
Steam per I.LH.P. hour .. .. 184 .. 22
" EH.P. , . .. 209 .. 258
. Kw. ,, .. .. 281 e . 346
Ibs. per - 1bs. per
sq. in. sq. in.
Steam chest pressure .. .. 51 .. 77
Revolutions. . .. .. o 4417 .. 441
M.E.P. .. .. . e 2358 .. 24'1
IL.H.P. .. .. .. .. 835 .. 85°25
E.H.P. .. .. .. .. 666 .. 657
per cent. per cent.
Efficiency .. .. .. .o 79'7 .. 77
Steam per I.H.P. hour .. .. 203 .. 26:9
" E.H.P. ,, .. .. 254 .. 350
" Kw. . .. 341 .. 468

THE “ ScorTt” COMPOUND ENGINE.

A novel type of high speed compound engine is made by
Messrs. Reavell & Co., and known as the ““Scott’’ Compound
Engine. (See Figs.39and 40.) The distinguishing features
are as follows :(—

The second stage of expansion in a compound or two-
stage expansion engine is usually obtained by transferring
to a larger cylinder the steam which has just completed its
first stage of expansion in the smaller, or high pressure
cylinder.

The same effect, however, can be obtained by transferring
only a portion of the steam which is already expanded in
the first cylinder, in which cage the second cylinder may be

e
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of the same size as the first cylinder, and the portion trans-
ferred will be further expanded in the second cylinder, the
portion remaining in the first cylinder being utilised, as will
be described later.

The first cylinder would be equivalent to the high pressure

FIG. 39.—THE ‘SCOTT"” COMPOUND ENGINE, ATTACHED TO DYNAMO.

cylinder, and the second cylinder to the low pressure cylinder
in an ordinary compound engine. :

This latter method is adopted in the ¢ Scott” Compound
Engine, the only difference being that, instead of employing
two cylinders, the first stage of expansion takes place on the
top of the piston, and the second stage on the bottom of the
piston, in one cylinder.
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The cycle will be made clear by reference to the theoretical
diagram Fig. 41.
Steam is admitted at W, into a cylinder having a con-

— - - - - - -——

FIG. 40.—END VIEW OF “SCOTT" ENGINE, SHOWING GOVERNOR.

siderable clearance volume above the piston at the
beginning of the stroke. This clearance volume is already
filled with steam at boiler pressure, having been compressed
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during the latter part of the preceding stroke, as v
explained below.

Cut off takes place at X, the actual point being vai
the governor to suit the variations of load.

The total steam in the cylinder, which include
already in the clearance space at the beginning of the
then expands during the remainder of the down-strok

As the piston is turning the bottom centre a con
cation is opened between the top and the bottom
cylinder, which remains open till Z, transferring a
of the steam to the under side, where its second s
expansion takes place till the termination of the up

w X
/ ’ Y
THEORETICAL DIAGRAM, ACTUAL DIAGRAM.

FIG. 4I.—THE ‘ SCOTT" ENGINE. DIAGRAMS.

just in the same way as it would do if transf
exhausted to a separate cylinder.

The steam which remained above the piston at t
Z, when the communication from the top to the
of the cylinder was closed, is compressed up |
pressure W. , ,

Referring to the sectional views of a single cylind
(Fig. 42), it will be seen that the steam inlet flange
body of the cylinder itself, there being a steam
considerable size between the working barrel and tt
of the cylinder, and between the inner and the oute:

The valves of the engine reciprocate in a cen
liner secured in the bottom of the cylinder as sh
the piston reciprocates in the annular space bet
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liner and the cylinder walls. The steam, entering through
the stop valve, passes up between the inner and outer
cylinder walls and covers, and is admitted into the valve
liner through ports (A) near the top. The available area
through these ports is regulated by a multi-ported throttle
valve (B), as afterwards described.

From the inside of the liner the steam passes into the
cylinder through spiral ports (C) up to the point of cut off,
the clearance space shown above the piston being already
filled with steam up to initial pressure, as before stated, and
the cut off being effected by the valve (D), driven by the
slide rod.

After an early cut off, the precise point of which is con-
trolled directly by the governor, the steam expands during
the remainder of the down-stroke, and while the crank
is turning the bottom centre, the ports (E) in the centre
of the liner about halfway in the stroke of the engine are
opened by the valve (F), called the transfer and exhaust
valve. ‘

This valve (F), at the same time, opens the ports (G) at
the bottom of the cylinder, so that while the piston is making
its up-stroke a communication is made between the top and
bottom of the cylinder, transferring steam at equal pressure
and temperature, from the top to the bottom of the piston.
This transfer continues for about half the stroke. In other
words, about one-half of the steam which was above the
piston is transferred to the other side.

The transfer is closed first by the piston overrunning the
ports (E) in its upward stroke, and immediately afterwards
by the valve (F) closing the ports (E) and (G).

The steam transferred to the under side then completes its
second stage of expansion, and at the end of the upward
stroke the exhaust valve opens and allows this steam to
escape to the atmosphere or the condenser.

In the meantime, the steam which remained in the
cylinder above the piston, when the transfer closed is
compressed during the latter half of the upward stroke, and
the clearance space in the cylinder is so proportioned that
this steam shall be compressed to initial pressure, when the

S.E. F
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termination of the stroke is reached, and the valve (D) opens
for the next admission of steam. By this means the recipro-
cating parts are brought to rest, and the inertia is taken up
by means of the working fluid itself, while, at the same time,
the parts which will be first touched by the entering steam
are already heated up to initial temperature, and thus
cylinder condensation is reduced.

LIST OF SIZES AND POWERS.

' ! SINGLE CRANK TYPE. || TWO CRANK TYPE.
Diameter | ke, | Revolu- ' B.H.P. available with varying | B.H.P. available with varying
Cylil‘l der. | tions. steam pressures. steam pressures. '
E | 1201b. | 101b. | 160lb. | 1201b. | 1401b. | 1601, |
A R R B |
12 6" | 560 29 35 l 43 — - -
14" 7 i 500 I 41 ' 50 i 61 | T 82 100 122 ’
16" 8 | 450 ' 55 ‘70 I 82 110 140 164 |
18" 9" ‘ 415 , 72 90 ’ 108 144 180 216 I
20" 10" l 385 92 115 | 137 ||- 184 230 274
22" 1r” ! 360 | 114 140 | 171 1 228 280 342 |
24" 12" | 340 - f 140 175 | 210 | .38 350 420 i
28" 14" ‘ 310 ' 203 255 ! 304 1 406 510 608
32" 16" | 290 | 283 | 350 ' 425 566 700 850 |
36" 18" ‘ 270 | 374 470 ; 562 | 748 I 940 | 1124 ’

The pressure on the bearings of the engine is always in a
downward direction, ensuring silent running, even after the
bearing surfaces become worn.

Very accurate and regular governing of the speed of the
engine is obtained by a crank-shaft governor, which both
varies the point of cut off of the admission valve (D), and
also reduces the area thro h the throttle valve (B). The
position and size of the Opey, &S in the throttle valve (B) are
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so arranged, however, that throttling daes not take place
except at light loads.

This throttle valve- (B) has two guide studs fixed to it,
which pass through holes in the admission valve (D).

The valve (D), though reciprocated by the slide rod, and
having a constant stroke, is free to be rotated by the guide
studs on the throttle (B), and the ports in this admission

‘FIG. 43.—RUSTON, PROCTOR & CO.’S COMPOUND (OPEN TYPE) ENGINE.

valve (D) are so arranged in connection with the ports in the
valve liner itself that a slight axial movement will cause an
alteration in the point of cut off.

The valves are driven by a radial form of valve gear,
operating from a point in the connecting. rod, and the
positions of the valve gear centres are so chosen as to
enable a considerable variation in the point of cut off to be

F 2
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obtained, with an exceedingly slight change in the amount
of lead.

An oil and water bath is formed in the bottom of the
crank chamber, into which the bottom end of the connecting
rod dips at every revolution, throwing a constant stream of
lubrication over the working surfaces.

All the bearings have exceptionally large surfaces, so that
they are subjected to low pressures per unit of area.

RustoN, ProcTOR & Co0.’s ENGINE.

Fig. 43 is from a photograph of a high speed compound
engine (open type), made by Messrs. Ruston, Proctor & Co.,
Lincoln.

By referring to the illustration it will be seen that the main
standards form dis-
tance pieces between
the cylinders and
basic plates, and are
fitted with slide bars.
These distance pieces
are also supported
in front by columns.
The admission of
steam to the high
pressure cylinder is
controlled by this
firm’s automatic
crank-shaft governor
acting upon a slide
valve, which rides on
the back of the main
slidé valve, the latter
valve having a fixed
travel. Thisarrange-
ment of valves en-

FIG. 44.—RUSTON, PROCTOR & CO0.'s SINGLE sures a free exhaust
CYLINDER ENGINE,
to the low pressure
cylinde: ) “*ad. The ' ' 7
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working parts are lubricated from one central oil box. The
cranks are set opposite each other, and are balanced. These
engines have a piston speed of about 450 ft. per minute.

Fig. 44 is from a photograph of a high speed single
cylinder engine, fitted with automatic crank-shaft governor,
controlling a flat slide valve. '

FIG. 45.—THE ‘' UNIVERSAL” ENGINE COUPLED TO DYNAMO.

THE ‘“ UNIVERSAL” ENGINE. A
The high speed engine, which is shown in Fig. 45
coupled direct to a Mordey-Victoria Alternator, from the
designs of Mr. J. S. Raworth, chief engineer and co-manager
to the Brush Electrical Engineering Company, Limited, has
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many novel features, and is a distinct departure in high speed
engine construction.

Figs. 46 and 47 show, by vertical sections in the line of
the crank shaft and transversely to it, the whole of the
arrangements of the parts.

FIG. 46.—LONGITUDINAL VERTICAL SECTION. FIG. 47.—TRANSVERSE VERTICAL SECTION.
THE ‘“‘UNIVERSAL" ENGINE.

’

In this engine “ Corliss” valves are used in lieu of piston or
slide valves. The object of using ““Corliss’’ valves is to reduce
the clearance; this they accomplish with highly satisfactory
results. The high-pressure steam acts on the underside
of the high-pressure cylinder, and, when the piston has
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approached the upper limit of its stroke, exhausts through a
number of holes, as shown, into a surrounding receiver. The
high-pressure cylinder is, it will be seen, jacketed inside and
outside by steam at the pressure of the receiver. On the
commencement of the down stroke of the pistons the steam
in the receiver and high-pressure cylinder acts on the upper
part of the low-pressure cylinder, very free exhaust being
obtained by a circumferential ring of holes, as in the high-
pressure cylinder, and by the opening of the exhaust valve.
In the section, Fig. 47, the

valves are shown as closed, both

to exhaust and inlet, the pis-

ton performing the up stroke.

Cushioning is effected in the

ordinary way in double-acting

engines, and water is easily got

rid of. From the high-pressure

cylinder it descends into the

low, from which it passes away

freely into the lower exhaust

chamber through the ring of

holes in the lower part of the

cylinder. In the high-pressure

cylinder it collects in the annular

channels shown (Fig. 47), from

which it freely passes away

through the low-pressure valve

by the large port shown and

channels leading from it. From  F1G.48.—VALVE CHEST OF “ UNIVERSAL”
the receiver the water passes EromE

through two side ports into the cavities a (Fig. 48), and thence
through the valve box into the low-pressure cylinder. The
exhaust from the low-pressure cylinder, which does not pass
away by the holes when the piston is at the bottom of its
stroke, passes through the valve and thence by the valve casing
into the lower exhaust chamber. The connection between
the low-pressure exhaust port and the exhaust pipe is through
the ends of the valve, but this cannot be shown clearly in the
engravings. The method of driving the valves is such that
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each valve can automatically take up wear like an ordinary
slide valve. The high-pressure valve wears upward and the
low-pressure downward. The function of the upper part of
the low-pressure valve is simply to isolate water which may
lodge in the valve cavity from the high-pressure steam. The
ports communicating through low-pressure valve between the
receiver and the low-pressure cylinder are seen at a Fig. 48 ;
the section Fig. 47 being on the centre line, does not show
them. The valves are worked by ordinary excentrics, one of
which is controlled by a shaft governor.

WATER CoNsUMPTION TESTS OF ‘' UNIVERSAL " ENGINE. September 2nd, 1896.

Indicated Total Water per Indicated

Horse Power. Weight. Horse Power.
15 ' 405 27
30 615 20'5
33’5 675 20'1 half load in E.H.P.
42°3 840 19'8
43 852 19'8
44'8 888 19'8 full load.
55 1'150 209

The above is an extract of an independent test made of
~an engine having cylinders 932 in. and 14} in., ruhning 450
“revolutions per minute, the boiler pressure being 140 1b. per
square inch.

T. CourLTHARD & Co.’s ENGINE.

The compound and triple high speed engines which are
shown in Figs. 49 to 55, from the designs of Mr. W. Norris,
of the firm of Messrs. T. Coulthard & Co., are a distinct
departure in high speed engine construction. Fig. 49 is an
external view, Fig. 50 a sectional elevation, and Fig. 51 is a
part sectional end view of a compound high speed engine.
Here the usual central bearing is dispensed with, reducing
the rocking couple to a minimum, whilst the arrangement of
the cylinders effectively minimizes the lateral couple. The
supply of steam, under the control of a *“ Pickering ”’ governor,
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enters the high pressure valve chest and fills the hollow
piston valves, passing to the lower end. The exhaust, which

FIG. 49.—HIGH-SPEED ELECTRIC LIGHT ENGINE, BY MESSRS. COULTHARD & co.
Shown with steel sheet covers removed.

passes round the outside of this comparatively thin valve and
also round the steam passage in the receivers forming the top
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FIG. 50,—SECTIONAL ELEVATION. FIG. 5I.—~PART SECTIONAL END ELEVATION.

HIGH SPEED ELECTRIC LIGHT ENGINE, BY MESSRS, COULTHARD & CO.
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cylinder cover, is in a large measure re-heated by the hot
walls in contact with which it moves.

FIG. 52.—COULTHARD'S HIGH SPEED TRIPLE EXPANSION ENGINE.

The bottom cover of the high and low pressure cylinders
and valve chests, together with cross head guides, are cast in
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one piece. Raised above the cylinder cover on a column is
the oil reservoir, and from it pipes lead to the various moving
parts. The method of lubricating the crank pins in particular

FIG 53.—SECTIONAL VIEW OF COULTHARD'S HIGH SPEED
TRIPLE EXPANSION ENGINE,

will be noted from the section view. Fig. 49 shows the
engine with sheet steel covers removed.

Figs. 52, 53, 54, and 55 show external and sectional views
of Messrs. Coulthard’s Triple Expansion High Speed Engine.
Dispensing with the central bearing in a compound engine is
by no means new, but a triple expansion engine with only
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two bearings is a bold and successful departure in high sp
engine design, and, as far as we are aware, not previot
attempted by any maker. It will be seen by referring to
sectional views that the cylinder casting is arranged in s

FIG 54.—SECTIONAL VIEW OF COULTHARD'S HIGH SPEED TRIPLE
EXPANSION ENGINE.

a manner as to leave only a thin wall between the bore
each cylinder. Piston valves are used for all the cylind
and no rings or springs are employed. The steam is admit
at the top to the inside of the hollow piston valves. Tl
are two receivers, one between the high pressure and the in
mediate, the other between the intermediate and low press
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There is only one top cover for cylinder and valve chests,
and the entablature serves for bottom cover and crosshead

F1G. 55.—SECTIONAL VIEW OF COULTHARD'S HIGH SPEED TRIPLE
EXPANSION ENGINE.

guides. The speed of these enginesis 500 to 600 revolutions
per minute with a 5-in. stroke.

FIG. 56.—'‘ ROBINSON AND AUDEN " SINGLE CYLINDER ENGINE, COUPLED DIRECT
TO DYNAMO.
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‘“ ROBINSON AND AUDEN ’’ ENGINE.

Fig. 56 shows a well-designed single cylinder high spee
engine, as supplied to the M.F.B. Station, Southwark, t
Robinson and Auden. It will be seen that the engine is «
the Marine type.

The diameter of the cylinder is 93 in. and the stroke 8 in

\ FIG. 57.—'* ROBINSON AND AUDEN' ENGINE VALVE DRIVE.

normal revolutions per minute 300, with a steam pre
9o lbs. per square inch ; the brake horse-power 30.

The valve (see Fig. 57) is of the piston type with this e
tion, that the valve is absolutely balanced. The meth .
operating the piston valve enables the port clearance
reduced to a minimum and provide a movement of the
which is not influenced by the angularity of the excentri
The steam valve is regulated by means of Robinson’s fly
governor.

[ Y
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There are three important features in the ‘“ Robinson”
expansion governor (see Fig. 58).

1st.—The guiding of the frame which carries the excentric
in a straight line bya
jointless form of Watts
parallel motion.

2nd.—The holding
of excentric frame in
position by laminated
steel blades, the
arrangement so far
being free from any
working pin-joint.

3rd.—The applica-
tion of power to the
springs by means of
four lever arms instead
of weights, arranged
in such a manner that
the centrifugal action of the one arm governs that of the
other, rendering the forces at work in the governor extremely
stable and capable of meeting much slide valve resistance
without being disturbed. The speed of the engine can be
varied by means of a speed lever some 50 revolutions per
minute. We are informed that the difference in speed
between full and half-load suddenly thrown on and off is
about three revolutions per minute.

FIG. 58.—THE ‘‘ ROBINSON' EXPANSION GOVERNOR.

RESTLER’S TANDEM COMPOUND SINGLE ACTING ENGINE.

Messrs. Clarke, Chapman & Co., Ltd., are the sole makers
of a multiple expansion high speed engine of the single
acting class. This new type of engine is the invention of
Mr. J. W. Restler, M.I.C.E.

The Engineer of June 17th, 1898, gave a description of
Restler’s engine direct coupled to a centrifugal pump installed
at Southwark and Vauxhall \Water Company at Hampton.
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FIG. 59.

SUMMARY OF TRIAL OF A “RESTLER"” MULTIPLE-EXPANSION
HIGH SPEED ENGINE AT HAMPTON, MIDDLESEX.

DECEMBER 2IST, 1896,

Duration of Trial .. .. .. .. 24 hours.
Cylinder Diameters, two sets smgle actmv .. . .. 6§in, 11}in.
& 17 in.
Stroke of Pistons .- . .. .. .. .. 9gin.
Effective areas of H.P. Cylmders .. .. .. .. -+ 34'47 sq. in.

v ,,  Ist M.P. . .. .. .. .. .. 6994,

, , 2nd M.P. .. .. .. .. . .. I240 ,,

. . L.P. . .- .. .. 224 "
Mean revolutions per minute throughout mal .. .. 2525 revols,
Mean Piston Speed .. -- - .. .. . -+ 37875 ft. per

min.

S.E. G
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Mean pressure from 48diagrams, rightand left-hand Engines, H.P. 566 lb. per

sq. in.
" " 48 " . " ,, Ist M.P. 261 per sq.
in.
" . 48 " " . ., 20dM.P. 205 ,,
" 48 » . " . LP. .. 172 ,
lndlcated horse-power, H.P. Cylinders .. .. .. .. 22:38L.H.P.
" " 1st M.P. , .. .. .. .. 2079
" " 2nd M.P. ,, .. .. .. .. 2917,
. L.p. " .. .. .. .. 4421 .
Total mdlcated horse-power .. .. .. .. 11655 ,,
Total amount of Steam used throughout Tr1a1 .. .. .. 45,800 lb.
Steam per hour .. . . .. .. .. 19083 lb.
Water per indicated horse power per hour .. .. .. 16375 1b.

** The engine was arranged in two sets of tandem cylinders over two cranks,
and coupled direct to an 18 in. centrifugal pump. The boiler pressure averaged
162 1b. during the first half of the trial, and was raised to 200 1b. during the last
twelve hours. Indicator diagrams were taken every half hour from each set of
cylinders, changing over the indicators every six hours alternately.”

FIG. 60.—THE ‘* RESTLER’ ENGINE, COUPLED TO DYNAMO.

Fig. 60 is from a photograph of the ¢ Restler ” engine and
dynamo, and Figs. 61 and 62 are sections of the engine.

S
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It will be seen by referring to the illustration that the
steam cylinders consist of two tandem sets. The piston
valve, which controls the admission and exhaust of steam
to both sets of cylinders, and which is formed in sections

F1G. 62.—END SECTIONAL VIEW.

il
%W[
7

FIG. 61.—FRONT SECTIONAL ELEVATION.

Ey 7ime s

threaded on the valve rod, is coupled to an automatic
expansion governor.

Steam Distribution.—Live steam enters the upper annular
chamber, and in the position shown in Fig. 61 the left hand
high pressure piston is commencing the down stroke. The

G 2
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steam above the right hand high pressure piston, which is
commencing the up stroke, is passing through the port,
passage, and valve, to the upper side of the left hand low
pressure piston, while the steam from underneath this piston
is discharging through the passage on the outside to the
valve, and through the exhaust port, to the atmosphere or
condenser. The annular chamber between the low and high
pressure ports is a receiver which is alternately in com-
munication with the right hand intermediate and right hand
low pressure, and the left hand intermediate and the left
hand low pressure.

When the engine is supplied with an automatic expansion
governor operating the steam valve direct, no air buffers are
used, but in the case of engines governed by the throttle
valve an air buffer is fitted on each piston rod to ensure the
engine keeping in single action on ¢‘light ”’ loads.

‘¢ Splash about ” lubrication is employed.

Outside the crank casing is a water-jacket. The object of
this jacket is to cool the lubricant, and is in smaller sizes,
arranged in the form of coils of copper pipe through which
the water is circulated.

THE ‘“ SENTINEL” ENGINE.

A well-known type of single-acting engine is the  Sentinel,”
as made by Messrs. Alley and Maclellan, Glasgow. About
twelve years ago Messrs. Alley and Maclellan started the
manufacture of this simple type of engine, and have during
that period had a very large experience. There are now
some 7,000 engines of this type in operation all over the
world. The simple engine is of the two-cylinder, two-crank
type, having the cranks set at 180 degrees, and is made in
sizes up to 150 I.H.P., and is specially adapted for running
non-condensing. Fig. 63 is a longitudinal section through
crank shaft. It will be seen by referring to this illustration
that all the moving parts, with the exception of the fly
and belt wheels, are enclosed within the frame of the engine,
and on further examination it will be noticed that the
internal moving parts consist of two pistons, two connecting-
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rods, crank shaft, a single central valve, excentric rod for
same and an automatic expansion governor. Not a single
gland or stuffing box is required in the whole engine. The
pistons are of the trunk pattern, and of great length, which
ensure a long life. It is well known that the pistons of the
“Otto ” type gas engines, which are of the trunk pattern,

A\
FIG. 63.—'* SENTINEL " CLASS ‘‘C " SIMPLE ENGINE-—LONGITUDINAL SECTION
THROUGH CRANK SHAFT.

fitted with rings only at the back end, give excellent results,
and though the conditions, such as varying temperature, are
very severe, yet the mechanical efficiency is remarkably high.
Bearing this fact in mind, then, nothing can be urged against
a well-designed plunger piston for single-acting engines.
The steam is distributed to the two cylinders by a single
balanced piston valve, and acts only on the top of the pistons,
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making the engine single-acting throughout the whole revo-
lution, the inertia of the reciprozating parts being taken up

FI1G. 64.—GOVERNOR OF “ SENTINEL"
ENGINF.

by judicious compression of
the exhaust steam on the
return or up stroke.

The governor is of the crank
shaft variable expansion type,
and acting direct on the travel
of the balanced piston valve,
controls the supply of steam at
four points in each revolution.
This governor is shown in
Fig. 64, and its action in con-
trolling the steam at varying
loads is shown in Fig. 65.

Fig. 66 shows one of these

simple engines of 50 B.H.P. direct driving a dynamo at

430 revolutions per minute.

The compound engine, as now made by Alley and
Maclellan, is chiefly of the tandem type, and, like the simple

engine, is also single acting.

It is made with two cranks

FIG. 63.-—° SENTINEL” ENGINE—INDICATOR DIAGRAMS.

generally, but when exceptionally steady running is desired
it is made with three cranks set at 120, the two-crank engine

having its cranks at 180.
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Fig. 67 shows one of these engines of 35 B.H.P. direct
driving a dynamo at a speed of 475 revolutions, and Fig. 68
shows a 300 B.H.P. tandem compound *‘ Sentinel”’ engine,
arranged for driving dynamo at each end at a speed of 400
revolutions per minute.

The governor is built on a small extension of the
crankshaft, has direct control of a balanced throttle valve,
and is capable of adjustment while running, and such is

FIG. 66.—‘* SENTINEL " CLASS ‘*C" SIMPLE FNGINE, COUPLED DIRECT TO DYNAMO.

the sensitiveness that these engines are made to govern
within 1} per cent. between no load and full load without
hunting.

Lubrication is effected in both simple and compound
types by having the crank case filled with oil and water
nearly up to the height of the crank shaft; this, when the
engine is running, is in a few minutes churned into a
foam, which, while it offers little or no resistance to the
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moving parts, thoroughly lubricates all internal bearings
constantly, and, by using the same oil over and over again,
economically.

Distribution of steam is effected by simple piston valves,
and is on the Cornish cycle, the steam acting on the top of
the high pressure piston, then exhausting to the under side
of this piston, which forms a receiver into the low pressure

FIG. 67.—‘‘ SENTINEL" TANDEM COMPOUND ENGINE, COUPLED DIRECT TO DYNAMO.

cylinder, after which it exhausts to the atmosphere or
condenser, as the case may be.

All the internal packings are of the floating metallic type.
Large bearing surfaces are provided, so that the wear is
reduced to a minimum, the bearings varying in length from
two to three and a half times the diameter of the shaft. The
main bearings are not provjded with any means of adjustment.
Shells lined with Babbit metal are provided, which admit of




The ‘¢ Sentinel Engine.
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‘“ BuMsTED AND CHANDLER ”’ ENGINE.

This well- known firm have built a large number of
Chandler’s high speed engines. Fig. 69 is from a photo-
graph of the ¢ Chandler” compound engine; Fig. 70 shows
the valve gear, and Fig. 71 diagram.

It will be seen by referring to Fig. 70 that the arrange-
ment of valve motion dispenses with excentrics and a better

FIG. 69.—THE ‘' CHANDLER"” COMPOUND ENGINE.

steam distribution is effected. The over-all length of an
engine of 180 I.H.P. is 2 ft. o0 in. shorter than can be obtained
with an engine having excentrics on the crank shaft, and
admits of the main shaft being supported well up to the
crank webs. The saving in length is owing to the position
of cylinders on the top of crank case standing at right angles
to the centre line of the engine. The valves are of the
piston type, with sufficient downward pressure to keep all
moving parts in constant thrust-

- —

T —



““ Bumsted and Chandler’’ Engine.

The steam cycle is the same as in a ** Willans’”’ engi:

N

FIG. 70.~—VIEW SHOWING VALVE GEAR OF THE ‘ CHANDLER" ENGINE.

Steam on top of high pressure piston during down st1 |
then during up stroke the steam is transferred to under i

N H.P \

RECEIVER /
—_
N

FIG. 71.—* CHANDLER" ENGINE, DIAGRAM.

of high pressure piston, the high pressure piston risi
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equilibrium ; during next down stroke steam from under high
pressure passes into low pressure cylinder above the low
pressure piston; during next up stroke the low pressure
piston rises in equilibrium as steam is transferred from the

Tests of Chandler's engines.

Date 28.9. 95, Type, Tripls, Ravs 220.
Boiler Press” I601bs: Stroke 13*
H.P, Cylinder = /1" Diam.

, | Under H.H.P.

Intermediate Cylinder 154 Dia

MEP 21
H-P- IHR27.79

P NEFS.5. | Under H.P.

” IHPR.ST |

L.P. Cylinder 22 Dia.

WEP IO
L.P, 1LHP27.06.
AN MEP 6

5 Vot o PI.H.p 1623 § Under L-P.
3726 Total I,H.P. of 6 Diagrams 11478 .

CHANDLER’S HIGH SPEED TRIPLE EXPANSION CONDENSING ENGINE (22 IN.).

Water consumption on four hours' test, 14 Ib. per one H.P. hour. M.E.P.L.P. piston
(22 in. diameter) = 42 Ib. per sq. inch.

upper to the under side, and when exhausting to a vacuum 2
very powerful diagram is obtained under the low pressuré
piston during down stroke only, as during the down stroke the
under side is in communjcgtjon with the condenser. )
The diagram Fig. 71 sh,ws how very small the drop 11t
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It will be seen that valve motion joints are small in con
Parison with excentrics. All the engines have ‘ distanc
pieces ”’ between the low pressure cylinders and the crank cas
This provides a ready means of packing the glands whic
are subjected only to the exhaust steam, except an air buffe

FIG. 52.—‘ DONKIN & CLENCH' ENGINE, COUPLED TO DYNAMO.

The whole of the bearings can be taken out without lif
the crank chaft, and the two central bearings are rea
adjustable. The crank shaft can be taken out of either
of the engine without moving the crank case, as can alsc |
connecting rods and crossheads.

The larger sizes of Chandler’s engines are supplied
“forced ” lubrication.




Water consumption on four hours’ test, 14 Ib. per one H.P. hour.
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equilibrium ; during next down stroke steam from under high
pressure passes into low pressure cylinder above the low
pressure piston; during next up stroke the low pressure
piston rises in equilibrium as steam is transferred from the

Tests of Chandler's engines.

Date 28.9 /s, Revs 220.
Boiler Prcsyp./' £ Stroke 13!
H.P Cylinder = I/ Diam.

Intermediate Cylinder 15% Dia

mEP 21
H-P- I HR27.19

— NEPS.S.

I-H.P2.57

L.P. Cylinder 22 Dia.

MEP IO
L.P, 1.H.P27.06.
EP 6

< [ 7 [ 1.H.P16.23 % Under L.P.
sr7e. Total 1,H.P. of 6 Diagrams 114-78.

CHANDLER'S HIGH SPEED TRIPLE EXPANSION CONDENSING ENGINE (22 IN.).

(22 in. diameter) = 42 lb. per sq. inch.

upper to the under side, and when exhausting to a vacuum &

very powerful diagram is obtained under the low pressuré
piston durmg down stroke only, as during the down stroke the
under side is in communijcgtion with the condenser.

©, . }Under H.H.P.

}Under H.P.

M.E.P.L.P. piston
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It will be seen that valve motion joints are small in com-
parison with excentrics. All the engines have ‘ distance
pieces ”’ between the low pressure cylinders and the crank case.
This provides a ready means of packing the glands which
are subjected only to the exhaust steam, except an air buffer.

FIG. 52.—" DONKIN & CLENCH'" ENGINE COUPLED TO DYNAMO.

The whole of the bearings can be taken out without lifting
the crank shaft, and the two central bearings are readily
adjustable. The crank shaft can be taken out of either end
of the engine without moving the crank case, as can also the
connecting rods and crossheads.

The larger sizes of Chandler’s engines are supplied with
“forced ” lubrication.




o4 HIGH SPEED STEAM ENGINES.

“ DONKIN & CLENCH"” ENGINE.

Messrs. Bryan Donkin & Clench, Ltd., make a new type
of high speed engine. Three of these are in use at the

FIG. 73.—'T'ONKIN & CLENCH' ENGINE.

Blackwall Tunnel installation. Fig. 72 shows a single
cylinder engine and dynamo. By referring to Fig. 73 it will
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be seen that the frame consists of two open front castings,
bolted together at the base through the middle bearing.
The front leg of frame is arranged to take out for examina-
tion of brasses. The cylinders and valve boxes ‘‘tie” the
upper portion of the frames in a very simple manner.

The distribution of steam in the cylinders is effected by
piston valves, each driven by an excentric on the crank
shaft, and the steam supply is controlled by a *‘ Pickering ”’
governor.

The diameter of the high pressure cylinder is 11 inches,
and the diameter of the low pressure cylinder 18 inches, both
having a stroke of 10 inches, with a maximum number of
revolutions of 300 per minute. With a steam pressure of
150 lb. per square inch, cut off ‘67 stroke the B.H.P. is 120.
The main bearings are 7 inches diameter and 12 inches long,
and the crank pin 6 inches diameter and 6 inches long.

The working barrels or liners are surrounded by steam at
boiler pressure. The cylinder covers and piston rod stuffing
boxes are air-jacketed, and filled with fibrous non-conducting
composition. ‘

The smaller engines at Blackwall have high pressure
cylinders g inches diameter, low pressure cylinder 144 inches,
and a stroke of 8 inches. Maximum number of revolutions
per minute 350. With a steam pressure of 150 Ib. per
square inch, cut off *65 stroke the B.H.P. is 8o.

The main bearings are 6 inches dianieter and 10 inches
long, and the crank pins 5 inches diameter and 5 inches
long.

Gravity lubrication is used throughout.

PLENTY & SoN’s TrI-CoMPOUND VERTICAL ENGINE.

Fig. 74 is a sectional end view, and Fig. 75 is a part sectional
elevation of an unusual type of three-crank tandem compound
high speed engine built by Messrs. Plenty & Son, Ltd., for
the central station of the London Electric Supply Corpora-
tion at Deptford. This engine is coupled to the shaft of a
650 K.W. Ferranti alternator. By referring to Figs. 74 and 75
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it will be seen that each high pressure cylinder is completed
with its own separate stop valve, Pickering governor, starting
valves, &c., and it is quite possible to run any one or two, or
all three, engines on load at the same time. There are
three high pressure and three low pressure cylinders, set in
pairs above the crank shaft, the diameters being 16 inches
and 28 inches, while the stroke is 14 inches, and the speed, of
course, the same as that of the alternator—viz., 250 revolutions
per minute. The total B.H.P. of this engine is 950 H.P.,
and it is guaranteed these engines will provide such an out-
put, under ordinary working conditions, when provided with
a vacuum of 20 inches of mercury. The working barrels or
liners are steam jacketed, and are provided with steam straight
from the boilers. Since the cylinder covers are not provided
with a steam jacket we do not think only ¢ partial jacketing”
is worth the necessary extra complication.

The value of steam jackets has been very ably dealt with
by The Engineer, 17th November, 1871, up to the present
time, and also by Narcott and Fletcher.

The crank shaft is made in three interchangeable pieces.
All the main bearing and crank pin journals are of the same
dimensions, each having a length of 13 inches, and a diameter
of 10 inches. Continuous forced lubrication is effected by
means of oil force pumps, attached one to each engine, and
such supply is still further supplemented from a separate
steam-driven pump.

EasTON AND BESSEMER’s ENGINE.

A neat type of high speed engine of the ‘“open” class is
made by Messrs. Easton and Bessemer, of Taunton.

By referring to Fig. 76 it will be seen that the standard is
in one piece with the bed plate. The cylinder and valve
box are in one casting, fitted with a lug to which the front
column support is secured.

The admission of steam is controlled by a “shaft” governor
which operates a balanced piston valve.

The crank is provided with counter-balance weights.

S.E. H
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Lubrication is effected by means of sight feed ‘‘drop”
lubricators, which are adjustable.

These engines are designed for a steam pressure of 1201b.
per square inch, and arranged for speeds of 500 revolutions

FIG. 76.—MESSRS.' EASTON AND BESSEMER'S, LTD., HIGH SPEED SINGLE CYLINDER ENGINE,
WITH EXTENDED BASE-PLATE FOR DYNAMO.

per minute in the 4 in. stroke and 225 revolutions per minute
in the 14 in. shaft engine.

SHANKS & SoN’'s ENGINES.

We illustrate in Fig. 77 a well-designed single cylinder
engine by Messrs. Alexander Shanks & Son, Ltd., of
Arbroath. The frame is of solid construction, which ensures
rigidity ; the bearing surfaces are very ample, and balanced
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cranks and automatic system of lubrication ensures cor
tinuous running at high speed without heating. Th
governor, as will be seen, is of the crankshaft type, contro!
ling throttle valve, and will maintain a uniform speed wit
varying loads.

Fig. 78 shows a double-cylinder high-speed engine by th

FIG. 77 —SINGLE CYLINDER HIGH SPEED ENGINE BY MESSRS. ALEX. SHANKS & SON.

same makers; it is of an open type, and very accessible
all points. The governor usually fitted is of the vert
high speed, driven by belt and controlling throttle va
When automatic expansion gear is used a special gover
is provided, as shown in our illustration, Fig. 78. A he
fly-wheel for belt driving, supported by an outer bearing
fitted, and for direct driving a heavy disc-coupling in p
of the fly-wheel.

) H2
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FIG. 78.—DOUBLE CYLINDER VERTICAL ENGINE BY MESSRS. ALEX. SHANKS & SON




AMERICAN HIGH SPEED STEAM
ENGINES.

“ WESTINGHOUSE > SINGLE ACTING ENGINE.

THE well-known ¢ Westinghouse ” Two Cylinder High
Speed Single Acting Engine was introduced in 1881 by the
Westinghouse Machine Co., Pittsburgh, Pa., U.S.A., and
has proved beyond all doubt that the field of applica-
tion for a simple non-condensing engine was enormous.
Economy of fuel and commercial economy are not always
synonymous terms. There are many situations in which for
various reasons the mere steam consumption of an engine is
a matter of secondary consideration, and consequently there
exists, and probably always will exist, a legitimate and active
demand for a non-compound, non-condensing engine.

The ““ Westinghouse ”” engine belongs to the enclosed type,
and lends itself touse in locations exposed to weather, dust and
grit. Fig. 79 is a longitudinal section and Fig. 80 is a cross
section through cylinders of the Westinghouse ¢ Standard
Engine. Referring to Fig. 79, it will be seen that the valve
chest is arranged between the cylinders, which are fitted with
pistons of the “ Trunk’ pattern, double walled at the upper
end to prevent condensation. The length is about one and
a half the diameter. We have had a long experience with
pistons of this pattern on gas engines, and have no hesitation
in saying that this type of piston is all that can be desired.
There is no piston rod, crosshead, stuffing box, or guide,
the piston serving the double function of slipper block and
plunger. A shaft governor is fitted between the two cylinders
working direct on the distribution valve. Between the cranks
is the centre bearing, which gives what we consider a doubtful
additional support to the shaft against downward pressure
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imposed by the pistons and connecting rods. The crank
case is filled with water high enough to half submerge the
crank pin when at the bottom of the throw, and on top of
the water is floated a few gallons of lubricating oil. The
motion of the cranks throw this mixture of oil and water
freely over all the enclosed working parts. A wide experience
with this system has proved the mixture of oil and water
a more satisfactory lubricant than oil alone. The mixture is
less tenacious than the pure oil, and consequently it is thrown
about more freely; furthermore, the crank case is open to
the atmosphere through a vent pipe, so that the slow evapora-
tion of the water prevents the temperature ever rising above

FIG. 81.—DETAIL, SHOWING CYLINDERS, PISTONS, STEAM CHEST AND VALVE.

212° Fahr. In the ordinary course of operation a little
water works past the piston, sufficient in quantity to make
up the small loss by evaporation. All the leakage past the
piston goes into the crank case, and thence through the vent
pipe into the engine room, and if excessive in amount would
blow the lubricant out of the crank chamber.

The crank shaft is forged steel roughly turned, and has
cast upon one of the crank webs a disc which forms a
frame for the automatic governor. The cylinders and
steam chest (see Fig. 81) are in a single casting. The steam
chest is between and back of the cylinders, and slightly
inclined from the perpendicular. This arrangement allows
the cylinders being placed more closely together. A line
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through the centre of either cylinder would not pass through
the centre of the shaft, but through a point in front of the
shaft at a distance equal to one half the length of the crank.
This constructure reduces the angularity of the connecting
rod one half while the working or downward stroke of the
piston is being made ; on the up stroke the angularity of the
connecting rod is of course correspondingly greater, but as
the pressures on the return strokes are trifling, this increased
angularity is of no consequence. The main valve V is of the
piston type. Steam enters through the throttle valve at S,
and passes into the annular space around the neck of the
valve. In the section through both cylinders the left hand
piston is shown as just starting on its downward stroke, and
the right hand piston on its upward stroke. The valve has
moved upward by the amount of its lap and lead, and is
beginning to open communication between the steam space
and the port A, admitting steam to the top of the piston,
forcing it down. The extreme bottom edge of the valve has
uncovered the lower port, establishing communication with
the right hand cylinder and the exhaust chamber E. The
crank forces the right hand piston up, the exhaust passing
through the port B, under the valve into E and out through
the exhaust pipe. As the revolution progresses, the valve
moves upward to the limit of its stroke, and starts downward,
covering the port A again at a point determined by the
governor, cutting off the steam supply and allowing expansion
to take place in the left hand cylinder. A little later the lower
edge of the valve covers the port B so that the steam
remaining in the right hand cylinder is compressed. When
the stroke is nearly completed the upper edge of the valve
begins to uncover the port A, when release takes place in
the left hand cylinder. When the revolution is half completed
the left hand piston has reached the limit of its downward
stroke and the right hand piston is about to begin its down-
ward stroke. The valve is then in the position shown in the
right hand section, i.e., travelling downward, beginning to
uncover the port B admitting steam to the right hand
cylinder, and uncovering the port A leading from the left
hand cylinder. During the remainder of the revolution a

L W
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cycle of operations occur similar to that just described,
except that these operations take place in opposite cylinders.
The exhaust steam from the left hand cylinder passes over
the top edge, and down through the valve, which is hollow,
into the chamber E.

The valve guide G is a small piston of about the same
diameter of the valve which serves as a crosshead for the
attachment of the excentric rod, and at the same time
prevents the exhaust steam passing into the crank case. If
the engine were exhausting against any considerable back
pressure, there would be an unbalanced downward force
caused by the pressure of the exhaust over the area of the
valve guide G. To provide against this, the chest is extended
upward, and a back pressure piston P attached to the valve
stem, above the main valve high enough so that it never
comes down to the port A. The upper surface of P is open
to the atmosphere through a hole in the steam chest cover,
while the under side is subjected to the pressure of the
exhaust, which exerts a force equal in intensity and opposite
in direction to that due to the pressure on G, and consequently
makes the balancing of the valve practically perfect for all
conditions of both steam and exhaust pressure.

THE “ WESTINGHOUSE ”’ SINGLE ACTING COMPOUND
ENGINE.

The ““ Westinghouse ” Single Acting Compound Engine was
introduced about twelve years ago. These engines are built
in sizes from 25 to 750 H.P.; above the latter power double
acting engines are built up to 5,000 H.P.

Fig. 82 is from a photograph of a 100 K.W. ““ Westinghouse "
Compound Engine coupled to a dynamo.

Fig. 83, details of cylinder, pistons, steam chest and valves.

On referring to Fig. 83, it will be seen that the cylinders
consist of two plain tubes, without ports or cored passages of
any sort, cast together with flanges at top and bottom. The
steam chest is also a very simple casting, the steam passages
being formed by a bush. S and E are the steam and exhaust
chambers around the bushing, into which connect respectively
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the steam and exhaust pipes. The curved passage B connects,
through the by-pass valve, controlled by a hand wheel on the
back of the steam chest, with the steam space S.

The pistons are of the trunk pattern, double walled to
prevent condensation. The low pressure piston differs from
the high pressure in that it has two diameters. The larger
diameter is that of the low pressure cylinder, while the
smaller is the same as the high pressure cylinder, and works
through a sleeve or internal cylinder fixed in the bottom of
the low pressure cylinder. The object of this construction is
two-fold :—If two pistons of unequal area were in com-
munication with the crank case there would be at each
revolution an alternate compression and suction due to the
unequal displacement, which would interfere with the level of
oil and water. By the construction adopted, the displace-
ment of each cylinder is made the same, and the volume of
air in the crank case remains practically constant. The
annular space A underneath the larger diameter of the
piston and outside of the sleeve forms a cushion chamber, in
which the enclosed air is slightly compressed at the bottom
of the stroke, and a partial vacuum formed at the top of the
stroke. This action, involving no loss of power, assists in
absorbing the momentum of the larger piston at the end of
the stroke and materially relieves the crank pin and connect-
ing rod of that duty. The cushion space is drained by a
spring check valve C. By means of the handle the valve can
be held off its seat to destroy the cushioning action when
starting or turning the engine over by hand.

The governor, two views of which are shown (Figs. 84 and
85), is of the at present popular ‘ single weight ”’ or * inertia”
type, used by most of the leading American manufacturers.

In general the inertia governor consists of a single weight
of the typical form shown by Figs. 84 and 85, pivoted on the -
hub of the governor wheel to one side of the shaft, the centre
of gravity of the weight being located approximately at G.
A spring with an adjusting screw to regulate the tension is
attached to the wheel and the weight at convenient points.
Rotation being in the direction of the arrow, any increase in
speed tends to make the centre of gravity of the weight seek a
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position further away from the centre of the shaft, and cau
the weight to swing on its pivot in a direction opposite
that of the wheel. The excentric is attached to the weig
and this movement brings the centre of the excentric nea
the centre of the shaft, and increases its annular advar
thus effecting an earlier cut-off. Fig. 84 shows the positior.
the governor at longest travel and cut-off, and Fig. 85
shortest or zero cut-off, where the valve travel is just equa
the lap. The greater part of the weight lying outside
the pivot, if there be any sudden tendency of the engin
ncrease its speed, the weight of its inertia tends to lag bel

FIG. 84.—AT LONGEST CUT-OFF. FIG. 85.—AT SHORTEST CUT-OF
POSITION OF GOVERNOR PARTS AT LONGEST AND SHORTEST CUT-OFF.

the wheel, thus augmenting or almost anticipating the
of centrifugal force and bringing the excentric to a sl
cut-off. Conversely, if a load be suddenly thrown o
engine, and there be a consequent tendency to drop in ¢
the weight by its own inertia tends to rotate at the
- speed and runs a little ahead of the wheel, swingin
excentric to a position of longer-cut-off. It will thus b
that in this type of governor, when properly designed, «
fugal force, the primary regulating force, is aided 1
inertia of the weight, and the action of the governor is t!
materially hastened.
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“ WESTINGHOUSE "’ CoMPOUND DOUBLE ACTING ENGINE.

Fig.86is froma photograph ofa 2,500 H.P. ¢ Westinghouse "’
Compound. Three of this type have been supplied to the

FIG. 86.—2,500 H.P. * WESTINGHOUSE" CROSS COMPOUND VERTICAL ENGINE. METROPOLITAN TYPE.

Metropolitan Electric Supply Co., Ltd. Each engine has
a nominal capacity of 2,500 H.P. The extended shaft carries
the armature of an alternating current generator with an
output of 1,500 K.W. The armature is so designed as to
diameter and weight that no flywheel is required.




““ Westinghouse ”’ Compound Double Acting Engine. I

TABLE OF AcTuAL STEAM CONSUMED PER INDICATED HORSE POWER.
“ WESTINGHOUSE ” COMPOUND ENGINE, CYLINDERS 14 IN.
AND 24 IN. BY I4 IN, By TEsST, UNDER VARYING Loaps aNnD

PRESSURES.
Unjacketed and Uncorrected for Entrained Water. February, 1888.
NoN-CONDENSING. - CONDENSING.
Boiler Pressures. i Boiler Pressures.
, Horse
Golb. | Solb. | 1oolb.-| 1z0lb. | FOWERs: || zotb. | 1001b. ’ sob. | 6olb.
226 I 210 184 . 4
230 2179 170 181 : 18-8 r
249 236 22°2 140 182 18'5 | 200
257 | 239 | 222 115 182 186 | 196 | 205
26'9 25'2 24'9 22'4 |, 100 183 186 | 19'7 20'3
277 25°'2 25°'1 246 | 8o 183 ' 186 \ 19°9 20°'1
30'3 287 294 288 50 204 20'8 ’ 207 l 204

“WESTINGHOUSE " SINGLE ACTING COMPOUND.

These tests were made with 150 pounds of steam, non-condensing, and at five
different loads, ranging from one-fifth up to full rated capacity of the engine

No correction for moisture in steam.

- : ‘
ELECTRICAL OUTPUT. " _Total ' Steam per = Steam per
Indicated Electrical = Efficiency Indicated | Electrical
— . Horse Horse Engine and Horse | Horse
Power. Power. Dynamo. Power Power
Amperes. Volts. Per Cent. per Hour. i per Hour.
. |
' H I
1000 125 202'56 167°56 82'72 2282 | 2759
810 125 162°48 13572 | 8353 2323 | 2781
| i
610 125 12467 102°21 l 8200 2431 | 2965
|
400 125 8135 6702 824 | 2806 ‘ 34°06
200 125 4669 3357 7175 | 3521 | 4906
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THE WESTINGHOUSE *‘ JUNIOR ” ENGINE.

The Westinghouse * Junior”” Engine is of the simple single-
valve automatic type. Fig. 87 is an outside view, Fig. 88 is a

el

L

FIG. 87.—FRONT VIEW OF * JUNIOR" ENGINE.

section, and Fig. 89 is a section through steam chest, cylinders,
valve and pistons.

It will be seen that this engine consists essentially of two
cylinders, arranged with only a thin wall between them,
which enables the central bearing to be dispensed with. We
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have already pointed out that there is no advantage in using
a central bearing in most types of engine. We are acquainted
with engines of the cross horizontal compound type develop-
ing 400 H.P. with only two main bearings. The steam chest

FIG. 88.—SECTIONAL VIEW OF “ JUNIOR" ENGINE,

forms the cover for both cylinders. The valve is of the
piston type. Horizontal reciprocating motion is imparted to
it from the up and down moving excentric rod, through a
bell crank rocker arm.

S.E. I
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It will be seen that the governor is in the flywheel instead
of in the crank case, as it is in the ‘“Standard ”’ engine. The
governor is of the “ single weight ” or ““inertia” type.

The action of the valve will be easily understood from
Fig. 89. Steam entering at S fills the annular space sur-
rounding the neck of the valve. When the parts are in the
position shown, the valve is moving towards the left, estab-
lishing communication between the steam space and the left-
hand cylinder through the port A, the left-hand piston just

FIG. 80.—DETAIL SHOWING STEAM CHEST, CYLINDERS, VALVE AND PISTONS OF
WESTINGHOUSE * JUNIOR.”

starting on its downward stroke. The right-hand end of the
valve has begun to uncover the port B, so that the exhaust
can pass up and through the valve, which is hollow, to the
exhaust pipe E. As the revolution' progresses, the valve
‘reaches the limit of its travel toward the left and starts back,
covering the port A again, at a point determined through
the governor by the load, allowing expansion to take place in
the left-hand cylinder. Continuing its travel toward the
right, the valve covers the port B, so that a portion of the
exhaust steam is compressed to fill up the clearance spaces.
A little later, and just before the revolution is half completed,
the left-hand end of the valve uncovers the port A, so that
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the exhaust may have free exit when the left-hand piston
begins its upward stroke.” A similar cycle of operations now
occurs in opposite cylinders, completing the revolution.

STEAM CONSUMPTION OF THE SEVERAL SIZES OF WEST-
INGHOUSE “JUNIOR” ENGINES AS DETERMINED BY
ACTUAL TESTS.

Steam Pressure 100 pounds. Cylinders Unjacketed.
No Correction for Moisture in Steam.

e e
Indicated T Indicat Indicated t Indicat
Stze. Horse lgower. ggenl:c‘»lv:?r Size. Ho?se(i’aosver. g;fel_f ::;et
Lbs. Lbs.
5 X 4 675 4268 9 X8 4862 32°go
6x5 | 1673 4121 wo 2547 3142
. 942 42’14 " 1411 34°61
7 X6 22°86 37°53 10 X 9 '61°'56 31°00
" 12°12 " 3646 . 31°28 3222
" 718 4484 " 20'93 34'54
8x7 3447 3316 12-X 10 94°25 30°49
" 1803 3394 " 4792 32'21
" 947 44'98 | " 2574 | 3407

THE “IDEAL” ENGINE.

It is no exaggeration to say that a careful examination of
the numbers of double acting engines built throughout the
U.S.A. will show a majority to have included one or more of
the improvements adapted after success attained by A. L.
Ide & Sons upon their ‘Ideal” Engines. This simple
self-oiling ‘“Ideal”” centre crank engine was introduced ten
years ago.

Fig. go is a section of the ‘Ideal” simple engine.
The main feature of this engine is the self-oiling device,
which is as follows : The lowest interior” portion of the
engine frame is directly under the crank disc. A sufficient
quantity of oil is poured into the engine frame so that
the rims of the crank disc are immersed from one-half
to three-quarters of an inch. So soon as the engine is

I2
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started the revolv'ng crank discs begin to throw the oil from
the reservoir back on the guides and cross-head, so that
when at full speed these parts, together with the wrist pin,
are deluged with lubrication. The crank discs also, centri-
fugally, throw a continuous spray of oil forward into a trough
placed across the inside of the oil guard, or hood, which at
once becomes filled with the lubricant. At either end of
this trough is attached a small pipe which conveys the oil to
a point directly above the main bearings, leaving an open
and easily visible distance from the end of the pipes to the
receptacle cast in the bearing caps. In this way the
constant stream of oil is visible to the attendant. This

FIG. 90.—* IDEAL" SELF-OILING SYSTEM. A. L. IDE & SONS, SPRINGFIELD, ILL.

stream of oil is allowed to enter and flow along the main
shaft bearings, from which it finds its passage inwardly into
an annular excentric groove cut in the outside faces of the
crank discs. From the most excentric point annular holes
are drilled through to the centre of the crank pin. By these
channels every drop of oil discharging into the main bearings
from the oil trough within the hood is made, by centrifu al
pumpage, to be drawn across the main bearing, and
greater part discharged by that force to the crank pm
bearing. In this device, therefore, it will be seen that oiling
or lubrication is actually automatic.
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We had the opportunity of watching daily the behaviour
for some weeks in Detroit of a tandem compound “Ideal”’
engine (see Fig. 91), coupled direct to a dynamo; and

. k
"

FIG. 9I.—TANDEM COMPOUND ‘' IDEAL " ENGINE, COUPLED TO DYNAMO.

although the output was varied between very wide limits
the governing was exceédingly “ close,” in fact, the general
behaviour of this engine left little to be desired.

FIG. 92.—}iSTON VALVE OF IDE & SONS' ‘‘IDEAL" ENGINE,

For the past fifteen years Messrs. Ide & Sons have used a
plain block piston valve, and continue to use this valve on
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engines up to 40 H.P.; above this power they use a very
simple form of adjustable piston valve. It will be seen by
referring to Fig. 92, that the follower plate at either end of the
valve carries a set of cams which bear against four shoes
under the expansion rings. The nut behind the follower
plate clamps it in position. To adjust the valve it is only
necessary to slacken the lock nut, and turn the follower plate
by means of a spanner, to expand the ring to the desired
diameter, then lock it in the next position with the lock nut.

The crank shaft used on the ¢ Ideal ” engine is of special con-
struction known as ‘“ Semi steel.” This crank shaft is of the

FIG. 93.—'‘ IDEAL" ENGINE—VIEW SHOWING WATER PACKING, PISTONS, SLIPPER AND
CONNECTING ROD.

built-up type with the distinguishing feature that the core is
of steel, whilst the outer covering is of gun-metal. In casting,
the strengthening core is supported in a mould and the metal
is poured and cast so as to form the disc and shaft in one
piece. The steel centre rod is heated to a degree which
will enable it to become fused with the molten cast metal
surrounding it. Several thousands of engines have been
equipped with this form .of shaft which demonstrates that
the gun-metal makes a serviceable journal when used with
‘ Babbitt ” metal bearings. The built-up crank enables a
““Tool” steel crank pin to be used, which is of very much
stronger form than can be obtained in a forged crank.
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Fig. 93 shows ¢ Ideal ” engine with water packing, piston,
slipper, and connecting rod.

Rite’s ““ Inertia.” governor is used on the ¢ Ideal ” engine.

This governor embodies the centrifugal and inertia principle
in a single weight. It will be seen that there is only one
pillar or element with its controlling spring. The inertia
principle of the governor regulates all sudden changes in load,
and the centrifugal principle takes care of any changes in
speed which might occur from a gradual change.

Fig. 94 shows ‘ Ideal ” Simple High-Pressure Engine.

FIG. 94.—'' IDEAL" SIMPLE HIGH-PRESSURE ENGINE.

These engines are now made in England by Messrs.
D. Adamson & Co., Dukinfield.

THE “ HARRISBURG” ENGINE.

The Harrisburg Co. manufacture self-lubricating engines

on the Ide system. _ :
Figs. 95 and 96 are sections of the Harrisburg ¢ Ideal”

engine, built under Messrs. Ide’s patents.
Fig. 97 shows the ““Ideal ” engine running on three steel
points. The Harrisburg Co. finally test all their engines on
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steel points, sufficient in number to prevent rocking. Assoon
as the steam indications are found to be correct, the engine
is subjected to a system of counter-balance, which gradually
reduces the thrust or vibration until such tendencies are
reduced to a degree which, even with the engine thus
delicately supported upon steel points, and the fastening

FIGS. 95 AND 96.—SECTIONAL VIEWS OF THE HARRISBURG ‘‘IDEAL" SIMPLE ENGINE.

clamps gradually but entirely removed, will show the engine
to be operating without thrust sufficient to disturb by
vibration by its own weight. Some thrust, due to the
motion of reciprocating parts, doubtless remains, but this
is thrown at an angle of 45° from horizontal, and is obviously
very slight.

Another type of self-oiling engine is made by this firm,
belonging to the side crank class. That is, the shaft is




The Harrisburg * Ideal ”” Engine. 121

FIG. 97.—VIEW OF A HARRISBURG “ IDEAL " ENGINE RUNNING ON THREE STEEL POINTS,
SHOWING BALANCE

FIG. 98. —HARRISBURG " IDEAL” TANDEM COMPOUND ENGINE—BELTED STYLE
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supported by one bearing on the side of the frame, one a
¢ piilow block.” The oiling device is the same as used on
the ¢ Ideal ” engine.

It is well known that there is a difficulty in keeping in
line more than two bearings. In the two-bearing engine,
when the outer bearing is not * self-contained,” there is the
possibility of an unequal settling to contend -with. It will
be seen that all parts are accessible. This type of engine is
also made with ¢ Corliss ” valves fitted with  live ”” steam for
accelerating cut-off.
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THE “CHANDLER AND TAYLOR” ENGINE.

This Chandler and Taylor Co. was established in 1857, and
claim to be the originators of the self-contained side crank
engine. The firm is represented in this country by Messrs.
Robert Blackwell & Co., Ltd., of 59, City Road, London,
E.C. Fig. g9 is an external view of a self-contained high
speed engine. The engine bed with overhanging cylinderis
well known in this country as the ‘ Tangye.” The main
bearings for the shaft are of the reservoir type, and are oiled
by means of ring or chain oilers from an oil reservoir below.
This method is positive, and permits of the oil returning to the
reservoir, where any sediment that has accumulated may
settle. These bearings are fitted with removable Babbitt
linings which admit of easy renewal. It will be seen that
the reciprocating parts are not closed, but are open at all times
for inspection. The cylinder is made with double walls,
there being an air space between the inner and outer shell of
the cylinder proper. This non-conducting air space in a
large measure arrests radiation and consequent condensa-
tion. This arrangement has been used for a considerable
period by many well-known English firms, notably Robey &
Co., on small and larger size engines.

The valve is of the balanced box type. A heavy pressure
plate covers this valve, and is arranged so that the valve and
the pressure plate can lift to give relief in the event of any
accumulation of water. All surfaces of this valve are flat
and parallel, and are free to expand or contract. The
governor used on the “ Chandler and Tavlor ”’ engines is made
under Mr. F. M. Rite’s patents, a type of governor which is
largely used in America.

THE “ RusseLL’” ENGINE.

A type of engine which has been highly successful is that
known as the ‘“ Russell ” engine, built by Russell & Co.,
Massillon, Ohio.

Fig. 100 is a front view of the simple type of ‘‘ Russell ”
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engine. The bed is of the ‘ box ” type, or a combination
of the well-known ““ Tangye” and ‘ semi-girder " patterns,

FIG. 100.—FRONT VIEW OF ‘' RUSSELL' ENGINE.

with projecting cylinder, free to expand whilst working.
The guides are bored, and permit a certain amount of self-
adjustment in the crosshead.
Fig. 101 is a part sec-
tional plan through the
cylinder and steam
chest. It will be seen
by reference to Fig. 100
that theadmissionvalve
is double ported and
balanced through
needle ports leading
into steam and exhaust
ports. The steam chest iy s ooy
cover is surrounde

with a light casing, which not only gives a neat appearance
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to the steam chest, but admits of ready removal in case of
overhaul.

The proportions of the main shaft and crank pin are some-
what different to English practice. The main bearing is
half the crank pin, quarter the diameter of the cylinder. The
arrangement of oil guards will be clearly seen by reference
to Fig. 1o2.

The governor (see Fig. 103) controls the speed of the engine
' through the inner ex-
centric R, which fits
loosely on the hub of
the governor wheel A,
and is connected with
the weight arms F,
through the links K,
‘in such a manner that
the inner excentric is
moved round the hub
of the governor, for-
ward or backward, as
the weights change
their position. This
forward or backward
movement is com-
municated through the
inner excentric strap

Qto the main excentric

O1L Guarns., strap B, causing this

FIG. 102.—* RUSSELL " ENGINE—SHOWING ARRANGEMENT to slide on the hub

OF OIL GUARDS. .

plate C, in a straight

line acvoss the shaft, thus maintaining a constant ‘‘lead ” for

all points of cut-off. This movement across the shaft is

always in the direction of reducing the excentricity of the

main excentric, consequently reducing the travel of the
valve.

When the weights are ¢ the inner position, the throw of the
excentric is at its max; um, and steam is admitted three-
quarters of the engine’s st ke When the weights are at their
extreme outer positioy | throw of the excentric is at its

the
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minimum, and the steam is cut off at the beginning of the
stroke. Between these twoextremes any number of positionsof
the weights and corresponding angular positions of the excen-
tric may be had, and as the steam is thus adapted to the load
in each position, it follows that a slight increase or decrease
in speed must make a change in the cut-off, and to bring the
engine again to standard speed. The free movements of the

Lovernon

FIG 103 —'‘RUSSELL" ENGINE—GOVERNOR.

weights F is opposed by the springs H. By tightening the
tension screw N the force of the springs is increased, and
by adding weights to the weight arms F the centrifugal force
for any given speed is also increased. Now it is clear that
there is a point where these two forces exactly balance each
other, and but for the unsteadiness produced by the equili-
brium of these two forces, this would be the proper adjustment
for the best regulation. It is Messrs. Russell’s practice to
give a small preponderance to the weights F, by reducing
the tension of the springs just. enough to- overcome the
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unsteadiness, and after the spring tension has been thus
adjusted, it should not be tampered with to make any desired
change in speed, as speed should always be adjusted at the
weights and not at the springs.

Fig. 104 shows very clearly Rite’s governor is fitted to the
““ Russell ’ engine.

The single cylinder engines are made in sizes from 18 H.P.,
cylinder 6 in. bore X 10in. stroke, making 325 revolutions per

FIG. 104.—‘ RUSSELL " ENGINE—RITE'S GOVERNOR.

minute, up to 175 H.P., with cylinder 16 in. bore X 20 in.
stroke, making 175 revolutions per minute. Steam pressure
125 lb. per square inch.

A very neat type of tandem compound engine is made by
Messrs. Russell & Co., which is largely used for driving
dynamos direct. See Fig. 105.

It is well known that the greatest economy attached to the
use of the compound engine is obtained when running it
condensing, as the Iarger area of the low-pressure piston
exposed to the action of a more or less perfect vacuum adds

p
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considerably to the efficiency of the engine. The ratio
between the cylinders should be greater for condensing than
for non-condensing engines to obtain the best results, but
engines fitted with a condenser often are compelled to be
run non-condensing for a longer or shorter period of time,
owing to lack of sufficient water supply or other causes, and
as engines originally intended to be run non-condensing are
later supplied with a condenser, Messrs. Russell proportion
the cylinders of their engines so as best to meet both these
extremes, so that whilst recommending the use of a condenser

FIG. 105.—THE “RUSSELL’ HIGH SPEED TANDEM COMPOUND ENGINE.

in connection with their compound engines, they claim that
with a high steam pressure of, say 125 lb. per square inch,
almost as economical results can be obtained non-condensing
as condensing. We agree with Messrs. Russell on this point,
having for some considerable time failed to see how a con-
densing plant for a small installation of, say 100 H.P., would
warrant the outlay, to say nothing of the up-keep.

Referring to Fig. 105, this type of high-speed tandem
compound engine possesses several very good features, and
is admirably suited for driving dynamos direct. It will be
seen that the engine and dynamo are arranged on one base.

S.E. K
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The receiver between the high and low pressure cylinders
forms a substantial support for both cylinders, and is well
arranged for sliding the cylinders. Every part of the engine
is get-at-able, and is altogether a first-class job. The tandem
engines are made in sizes from a gin. X 14in. X 14 in. stroke,
making 260 revolutions per minute, up to 13 in. X 20} in.
X 20 in. stroke, making 210 revolutions per minute. The
cut-off, non-condensing, =30, and condensing, 20 of the
engine stroke.

THE ‘““ RoBB ARMSTRONG ' ENGINE.

The “Robb Armstrong” Engines were introduced in 1891
by the firm of that name of Amherst, N.S. This firm built

FIG. 106.—THE * ROBB ARMSTRONG" DIRECT CONNECTED ENGINE AND DYNAMO.

engines of the centre crank, side crank, and side crank tandem
compound. Fig. 106 is from a photograph of a single cylinder
high speed engine direct coupled to a dynamo. The governor
used on these engines is a modification of Professor Sweet’s
straight line governor.

The valve is a flat plate, arranged to give a double opening
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both for admission and exhaust. This valve is provided with
a back pressure plate.

TR SETIS L

The main bearings are lubricated by means of the
well-known ring system.

BurrFaLo ForGE Co.’s ENGINE.

Another self-lubricating engine is that made by the Buffalo
Forge Co., shown in Fig. 107, and known as the Buffalo
Automatic Cut-off Engine.

K 2

FIG. 107.—THE BUFFALO FORGE CO.'S ENGINE.
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The self-lubricating system, as regards the main bearings,
differs from the ¢ Harrisburg " in dispensing with the trough
fixed in the hood, the lubricant being guided to a recess in
the main bearing cup arranged inside the crank hood.

The distribution of the steam is effected by means of a
piston valve fitted with snap rings. This valve is coupled
direct to a flywheel governor.

The cylinder differs somewhat from other self-lubricating
types, inasmuch as the cylinder and inside cover with stuffing
boxes are separate. The division plate is dispensed with.
We consider the division plate a necessity, inasmuch as the
stuffing boxes can be inspected without stopping the engine,
and the oil is kept on the hot cylinder end.

THE “ BALL AND WooD”’ ENGINE.

Fig. 108 is {rom a photo of a 600 H.P. Vertical Compound
Condensing Engine, with 200 K.W. direct connected railway
generators, made by the Ball and Wood Co. This engine
does not belong to the high rotative speed class, though the
piston spzed is gbo feet per minute; the revolutions per
minute being 190.

The chief features of this engine are its small clearances
and ““close "’ regulation.

The Ball and Wood engine valves are of the ¢ Corliss ” type,
and are fitted to the extremities of the cylinders so that the
clearanceis under z per cent. The valve is made to lift in the
event of water entering the cylinder, thus allowing the water
to be returned to the valve chest. Relief valves by this
arrangement are dispensed with.

Another feature of this engine is the re-heating coil in
receiver, which reduces the drop in the initial between the
high pressure exhaust and low pressure admission. The
makers state that their experience has proved that this
re-heater gives greater economy than jacketing. It will be
noticed in the illustration, Fig. 108, that the engine bed
is built up; but the usual practice is to build it to two
longitudinal girders with separate bed for high pressure and
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low, bolted and held in place by tongued and grooved joints
with machined faces, and to fit four intercostals made of
brickwork. This gives a very rigid bed-plate, enabling the
parts to be easily handled under the most awkward conditions,

FIG. 108.—THE “ BALL AND WOOD" ENGINE.

and also insures a bed of much greater rigidness than it is
possible to obtain where the high and low pressure beds are
cast separately and bolted together. Another feature consists
in the arrangement of the front columns ; the back columns
are made sufficiently massive to enable the front columns to
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be removed should it be so desired to replace the crank
shaft.

The Ball and Wood Co. give some interesting figures of the
Edison Electric Illuminating Co., Paterson, N.]., who have
6,000 H.P. of their engines made up of 10 units.

The actual output per pound of coal, costing four shillings
per ton delivered at their works, is 300 watts. There is no
doubt that this high economy is largely due to the excellent
arrangement and system. Unlike many central stations in
England, the buildings have been designed to suit the
machinery. It is well known that the cause of failure in
many instances is due to the machinery having been arranged
to suit the buildings.




CRANKLESS ENGINES.

PARsoONS’ STEAM TURBINE.

THE search for the ideal in connection with the steam
engines has always been directed towards one which should
have but a single revolving part and a constant circular
movement. To convert a reciprocating into a circular
motion has been left severely alone by most engineers who
have pinned their faith to the sweet simplicity of the crank
and connecting rod as the easiest possible means to make
a marketable engine.

We have carefully followed Parsons’ Steam Turbine, and
have no hesitation in stating that Parsons’ system is no
mean rival to the highest grade of single or double acting
steam engines. "

Fig. 109 shows a section of the compound steam turbine, as
applied to driving dynamos.

The turbine motor consists of a cylindrical case with rings
of inwardly projecting blades, within which revolves a con-
centric shaft with rings of outwardly projecting blades. The
rings or blades on the case nearly touch the shaft, and the
rings or blades on the shaft lie between those on the case,
and nearly touch the case.

Fig. 110 shows a form of blades which is used. Steam
entering at J (Fig. 109) passes first through a ring of fixed
guide blades, and is projected in a rotational direction upon
the succeeding ring of moving blades, imparting to them a
rotational force. It is then thrown back upon a succeeding
ring or guide, and the reaction increases the rotational force.
The same process takes place at each of the successive
rings of guide and moving blades.

The energy to give the steam its high rotational velocity
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at each successive ring is supplied by the drop in pressure,
and the steam expands gradually by small increments.

At the left side of the spindle are grooved pistons or
dummies, which fit into corresponding grooves in the cylinder.

The object of the dummies is to prevent end thrust, and
there is, therefore, a passage into the cylinder between each
diameter of the spindle and the dummy of the same size.

The dummies also act as a practically steam-tight joint,
since the clearance between the grooves can be adjusted
longitudinally by a thrust block in the end oil keep.

The bearings are of the tubular pattern, and, owing to the

FIG. 109.—SECTIONAL VIEW OF PARSONS' STEAM TURBINE.

light weight of the revolving spindle, the wear is so small
that the bearings often run for several years without being
touched.

The armature is directly coupled to the motor spindle by
means of a steel sleeve. The sleeve carries a thread which
works a worm-wheel, and the worm-wheel actuates the oil
pump and the steam admission governor by means of an
excentric.

The governing of the machine is accomplished as follows:—
Steam is admitted to the turbine by a series of gusts by the
periodic opening and closing of a double-beat valve. This
valve is operated by means of a steam relay in mechanical
connection with the turbine shaft.
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The duration of each gust is controlled by an electric
solenoid, which is connected as a shunt to the field magnets.

The core of the solenoid is hung from the end of the
long lever.

The fulcrum of this lever is periodically moved up and
down by means of a link connecting it with the excentric,
which receives its motion from the worm on the sleeve
coupling, the excentric also serving to work the oil pump.

The short end of the lever controls the valve of the steam
relay.

Each periodical movement causes a gust of steam to be

e, v 7

Fur o bi L CCUCCCCLKN
e ) el
S \\SA (Y
Moving Benoes, )DIDIIDIDID— |

FIG. 110.—BLADES OF PARSONS' STEAM TURBINE.

admitted to the turbine, the duration of the gust depending
on the height of the distant end of the long lever.

The bearings are all under a head of oil, and as the oil is
continually circulated by means of a pump there is very little
used. .

One of the advantages that the Parsons’ steam turbine
has over other engines is, that no lubricant is used in the
cylinder, and the exhaust steam is, therefore, entirely free
from oil and other impurities.

With alternating machines a series of solenoid is also
placed above the shunt solenoid, being connected to the top
side of the long lever; thus, as the load on the dynamo
increases, the lever rises and increases the duration of the
gusts of steam.
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In 1892, Professor Ewing tested a 140 K.W. turbo alternator,
condensing type, and reports as follows :—

*“ A consumption of 27 or 28 lb. of steam per electrical
unit at full load, and 30 or 32 lb. at half load, is a result that
does not need to have its significance emphasized. The
efficiency under comparatively small fractions of the full load
is probably greater than in any steam-engine, and is a feature
of special interest in relation to the use of the turbine in
electric lighting from central stations. A consumption of
steam at the rate of 28 lb. per electrical unit is equivalent
to 15'7 of feed-water per °‘indicated’ horse-power hour.
Similarly, the steam consumption of half-load is equivalent
to about 17 1b. per ‘indicated’ horse-power hour.”

Since then considerable improvements have been made, as
is shown by the following test by Mr. Hunter, the Engineer
of the Newcastle and District Electric Lighting Company,
Limited, on a 150 K.W. condensing type alternator, complete
with exciter, which was supplied to him in November 18g6.

It will be noted that the pressure at the steam-chest of
the motor was only 70 Ib. per square inch, and the vacuum
only 26} inches and 26% inches, so that neither pressure nor
vacuum were exceptionally favourable to economy. The
object of the test made, however, was to ascertain the
economy under ordinary working conditions.

The consumption of steam was measured by carefully
calibrated tanks, from which the feed was drawn, and the
electrical output was taken by a ‘‘Kelvin wattmeter ” cross-
checked by independent amperemeter and voltmeter; no
steam separator was used, nor was the steam superheated.
The power was absorbed by a water resistance.

Reference to the diagram shows the total water used per
hour, for about full, half, and quarter load, to be respectively
3,484, 1,950, and 1,150 lb., or expressed as pounds per
electrical horse-power per hour; the figures become 17°28, 20,
and 22°01 respectively.

It is further to be noted that the quantity of water used
when the generator was running at full voltage, but without
doing work, was exceedingly small, and since the diagram
shows that from this point the consumption of water increases
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with the load at approximately constant ratio, the importance

of being able to keep the “no load ” consumption down is at
once apparent.

Vacuum Total Water per | Water per| Revolu-
E.H.P. 1b

Water per | unit, 1b. tions per Remarks.

Units. at
Cylinder.| hour, Ib. | per hour. | per hour. | minute.

150°33 | 26} | 3,384 | 2317 1728 | 2,700
7284 | 26} | 1,950 | 26777 | 200 4,700

Barometer 29°3.
Pressure of

3897 263 1,150 29°51 22701 4,700 steam at Generator
70 1b. per sq. in.

‘175 | 26% 437 — — 4,600

TESTS SUPPLIED BY MESSRS. C. A. PARSONS & CO. OF
500 K.W. PARSONS’ TURBO ELECTRIC GENERATOR.

27TH OCTOBER, 1899.

Boiler pressure . . . 137 139 145 140
Vacuum . . . . . 24% 243 26% 27¢
Barometer . . . . 296 29'6 296 29'6
Duration of Test . . . 9 min, 94 min. 17-10 11} min.
Total Water used . . . 2,011 2,011 2,011 8oo
Nett Water per hour . . 13,400 12,675 7,029 4180
Average Kilowatts . . . 598 526°4 256°1 124
Average Volts . . . 2,120 2,015 2,115 2,015
Average Speed . . . 2,775 2,750 2,750 2,700
Lb. per KW. hour. . . 2275 24 1 27°5 337

We are indebted to Mr. R. C. Quin, M.LE.E,,
M.I.Mech.E., consulting electrical and tramway engineer,
who not only kindly allowed us to watch the behaviour of the
Blackpool installation, but furnished us with the following
reliable data :— :

“As you know, we have now four turbines here, and
are having another four. They vary in horse-power from
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100 to 1,000 each. The steam consumption is less under
the specified conditions than with reciprocating engines
placed side by side with them. In order to secure the best

TESTS OF 200-UNIT TURBO DYNAMO.

Water per Water per
Kilowatts. T;:lh::(rer Kilowatt. lﬁ)sl:l Fe
: N Lbs. per per
Lbs. hour. hour.

2192 .. Q406 .. 4320 .. 3222
087 .. 5848 .. 59023 .. 4418
545 .. 4330 .. 7950 .. 5930

o .. 2092 .. — .. —

Non-condensing.

Non-condensing and super-

2030 .. 8429 .. 4I'52 .. 3097
} heating 30° Fahr.

1061 .. 5287 .. 4983 .. 3717
[ .. 1,402 .. — .. —

1084 .. 3037 .. 2802 .. 2090 heating. Vacuum at

2080 .. 5443 .. 2616 .. I9'5I Condensing but no super-
o .. 531 .. — .. — } full load 25 in.

— —_—
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economy it is essential that the turbines should be provided
with dry steam, preferably super-heated, and a good vacuum.
Our turbines, as you know, are direct coupled to dynamos,

.
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and the steam consumption when working at full load was,
with the larger sets, 22 1b. of steam per kilowatt hour, and
with the smaller sets 24 lb. In the maintenance of the
turbines several points have specially to be observed, the
balancing and maintenance of steam joint in the dummy
piston chambers. Both of these are readily adjusted for
wear. The bearings have given us no trouble whatever,
although the question of suitable oil for the high speed and
high temperature is a difficult one for oil blenders. 'We have
only been able to obtain one oil after considerable trouble
which is satisfactory. The governing of the machines is
almost perfect.”

Fig. 1111is from a photograph of the Blackpool Corporation
Traction Turbo Plants.

THE “DE LaAvaL” STEAM TURBINE.

In an ordinary steam-engine the expansion of the steam in
the cylinder gives out useful work, but in the ‘“de Laval”’ steam
turbine the steam is allowed to expand before doing useful
work. This expansion takes place in conical nozzles, and the
increased volume at exhaust pressure imparts a very high
velocity to the steam jet issuing from the nozzles. In this
way, by the expansion of the steam, the static or potential
energy of the steam is converted into kinetic energy, and if
the nozzles are made suitable for the expansion all the static
energy of the steam will be stored up as kinetic energy in the
steam jet when leaving the nozzles. This kinetic energy
will, for a given quantity of steam, be absolutely identical to
the work given out in a cylinder by the expansion of the
same quantity of steam down to the pressure of the exhaust.

The steam issuing from the nozzle at very high velocity
strikes the buckets of the turbine wheel, the impulse impart-
ing motion to the wheel on a similar principle to the impulse
water wheel. As the turbine rotates the steam passes
through the buckets, and to get a high efficiency the peri-
pheral speed of the wheel must be great to correspond with
the high velocity of the steam. The following table gives

—
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FIG. 112.—I100 B.H.P. “DE LAVAL" STEAM TURBINE AND DYNAMO.

FIG. 113,—300 B.H.P, “ DE LAVAL"” STEAM TURBINE MOTOR,
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v
FIGS. 114 AND 115.—SECTIONAL VIEWS OF A 20 P.H.P. " DE LAVAL"” MOTOR TURBINE,
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an idea of the velocity of overflow of dry saturated steam
blown out through suitable nozzles against different pressures :

- VELocITY OF QUTFLOW. 145 FEET PER SECOND.
INITIAL STEAM PRESSURE.

Counter pressure= | Counter pressure=
= Lbs. per square inch. Counter pressure= 24 1bs. corres- 0°g3 1bs. corres-
b 1 atmosphere. ponding to 25" ponding to 28"
/ Vacuum. Vacuum,

/
100 2717 3520 3871
150 - 2953 .3690 4023
200 3115 38io 4127
|

AT o

I

In these motors the peripheral spded varies with the
size of the wheel. The 5 H.P. turbine wheel running at
30,000 revolutions per minute, has a rim speed of 5I5
feet per second; the 300 H.P. wheel running at 10,600
revolutions per minute, has a rim speed of 1,378 feet per
second. '

Direct driving, due to these excessive speeds, is impossible.
A second shaft driven by reduced gearing of special form is
provided. The shaft also serves to carry the centrifugal
governor by which the speed of the turbine is regulated by
means of a balanced valve, which throttles the steam admis-
sion. The variation of speed between ‘“no’’ load and ““full”
load on the larger sizes has been found by actual tests not to
exceed I per cent.

Fig. 112 shows a 100 B.H.P. “De Laval” Turbine and
Dynamo, and Fig. 113 a 300 B.H.P. Turbine Motor. Figs.
114 and 115 are sectional views of a 20 B.H.P. turbine made for
driving machinery by means of belt. This is called a turbine
motor. The steam entering the ring formed channel E,
and passing governor valve D, issues from the nozzles and
impinges on the vanes or brackets of turbine wheel E,
exhausting at N. The power is transmitted from the turbine
wheel shaft L through the gearing H ] to shaft G, power
being taken from the pulley M.

S.E. L
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HIGH SPEED STEAM ENGINES.

The following table gives the results of a test made in
December, 1899, with a 300 B.H.P. “ De Laval” Steam

Turbine Motor :—

Pressure of Lbs. of
Admission ;  Vacuum No. of Loads in Steam per
Steam. Inches of Nozzles Brake. Brake. REMARKS.
Lbs. per . Mercury. open. H.P. H.P. per
square inch. hour.
!
192'7 273 7 3036 41
196'3 276 6 255’5 147
Work for
196'3 27°6 5 2169 144
Condensing
196.3 276 4 172°6 14'5
is not
190°6 27'8 3 121°6 149
included.
1963 281 2 74'2 17°2
2133 285 1 315 21'6




HIGH SPEED STEAM ENGINES AT THE
PARIS EXHIBITION, 1goo.

WILLANS AND RoOBINSON’s EXHIBIT.

A Willans’ Central Valve Triple-Expansion Engine,
capable of developing 3,000 H.P., was exhibited. Thisengine
was the only example of the high speed type in the Exhibition
of such gigantic size, and so far as we are aware, it is the
largest high speed engine of the reciprocating type ever made.

Fig. 116 is a photograph of the engine, taken at the
makers’ works. The bed-plate is divided into two parts
longitudinally down the centre line of the crank shaft, and
is bolted together to form the usual oil bath. Each piece
weighs about 15 tons. The crank chamber upper part is
also divided; the lower portion into four pieces, so as to
enable the crank shaft, connecting rods, and crossheads to
be got at and withdrawn if necessary without dismantling
the engine. The exhaust chamber is in one piece. The
crank shaft, in spite of its size, is in one piece. The
diameter of the journal is 14'5 in., and the total weight of
the shaft about 12 tons. The necessary fly-wheel is
obtained in the armature of the Siemens dynamo, to
which it is shown coupled, and a coupling disc only is
supplied upon the engine, which serves also for the purpose
of barring. The engine is triple-expansion, with three lines
of cylinders arranged tandem in the usual Willans manner,
the diameters being 18% in., 304% in., 48 in., as near as
possible, the original figures being given in the metric system,
which is used by Messrs. Willans and Robinson. We are
pleased to learn that several well-known firms are adopting
the metric system, and though the change necessarily means
some expense in the first instance, makers will soon have a
return which will more than pay for the trouble and expense.
The stroke of each trunk is 23§ in. The maximum power

S.E. L*



148 HIGH SPEED STEAM ENGINES.

for continuous running is 2,400 H.P., with boiler pressure
at 190 Ibs. per square inch, but the engine is capable of

FI1G. 116.—WILLANS' CENTRAL-VALVE TRIPLE-EXPANSION ENGINE, CAPABLE OF
DEVELOPING 3,000 H.P.

developing 3,000 for shorter periods. The speed is 200 revo-

lutions per minute. The total weight of the engine is about
1zc tons. The floor space occupied is only 31 ft. by 11 ft. 1 in.
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The exhaust is conveyed into a jet condenser supplied by the
Worthington Pumping Engine Company. We have given
a full description (see page 12) of the “ Willans’’ engine, and
it is therefore unnecessary to go fully into the details here.
The smoothness with which this engine ran in the Exhibition
is what we have long been accustomed to from the Rugby
firm, and must have added to their already high reputation. -

GALLOWAY’S ENGINE.

This engine is shown in Fig. 117 coupled to Messrs.
Mather and Platt’s Multipolar Dynamo. It is of the
compound condensing type, and capable of developing
680 I.H.P. when running at 105 revolutions per minute, with
steam at 140 lbs. per square inch. The high pressure cylinder
is 18 in. diameter, and the low pressure 34 in. diameter, both
being arranged with a stroke of 3 ft.

The cylinders are fitted with * Corliss ”’ valves, having
separate chests for steam and exhaust, both sets of valves
deriving their motion from excentrics fitted on crank shafts
driven from the end of the main shaft.

The governor, which is of the ¢ Porter ” type, is driven by
means of gearing, and controls the admission of steam to the
high pressure cylinder. Provision is also made for the adjust-
ment of speed by hand while the engine is running. We
have pointed out.(see page 5) that *““in a well-designed
governor the disturbing action may be neglected, since the
object of the governor should be to signal to a separate part
of the engine to perform the work, such performances being
carried out without interfering with the governing proper.”
To overcome the disturbing action dashpots and counter-
weights are used, but fail to give that necessary quick
response to call for variation of steam admission.

Forced lubrication is adopted, and the steam is super-
heated between high and low pressure cylinders. The
condenser, which is of the ejector type, is fitted with an

independently driven water pump.
L* 2
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The bed-plates have been arranged to meet the whole of
the straining action within the structure of engine and

FIG. 117.—700 I.H.P. ENGINE BY MESSRS. GALLOWAYS, LTD., MANCHESTER.

dynamo, and the whole is absolutely self-contained. The
objection to ‘Corliss” valves is the necessary long
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‘‘ wait” between opening and closing, which means cyclical
variation, though 105 revolutions is much above the ordinary
practice.

MERTZ’s TRIPLE-EXPANSION ENGINE.

The distinguishing feature of this ¢ enclosed ”’ engine is the
quadruple action. By referring to Figs. 118 and 119, it will
be seen that the high, intermediate, and low pressure cylinders
are placed in position upon a stout framework, completely
enclosed, which forms an excellent foundation base. In each
of these cylinders of quadruple action, two pistons, whose
rods are fitted one in the other, are transposed in an opposite
way, the steam acting in succession on their internal and
external faces. The cranks operated by these two piston
arrangements of each cylinder are connected to the driving
shaft at 180 degrees in such a manner that the pressures
put upon the pedestals are done away reciprocally, and in
consequence of this absolutely balanced working the neces-
sity of a heavy fly-wheel is dispensed with.  There are four
piston valves, two for the low pressure cylinder, arranged
between the cylinders and actuated directly by means of
excentrics. The piston valves for the intermediate and low
pressure cylinders have a fixed travel.

The distribution of the steam to high pressure cylinder is
regulated by a shaft governor.

The diagrams shown (Fig. 120) were taken on 18th July,
1900, at the Paris Exhibition :—

Pressure of steam at high pressure cylinder .. .. 95 kilos.

Vacuum .. .. .. .. .. .. .. 59c.m.

Cut-off in high pressure cylinder .. .. .. 048

Average pressure in high pressure cylinder .. .. 17ksq.cm.
. " intermediate " .. .. 20z k.sq. c.m.
v low pressure " e .. 0'52 k.sq. c.m.

ILH.P. 344

Revolutions per minute .. . .. .. .. 280
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MERTZ’s CoMPOUND ENGINE.

This engine (see Fig. 121) is of the turn-tandem expansion
single action type. This includes two pairs of cylinders
superposed in tandem, the coupled-up pistons of which work
at 180 degrees to each other. The high pressure top cylinders
are alternately supplied with steam by an admission valve
common to both cylinders, and with variable expansion.
The exhaust from each high pressure cylinder and admission
into the corresponding low pressure cylinder are controlled

* by a balanced slide valve with pistons. The slide valve con-
trols the steam exhaust from the low pressure cylinder. The

FIG. 119.—SECTIONAL PLAN OF MERTZ'S ENGINE.

central valve is controlled by a shaft governor. The lubrica-
tion of the slide valves and pistons is effected by an oil pump
worked by the main shaft of engine. This engine ran very
silently and almost without vibration.

MERTZ’s SINGLE-ACTING CoMPOUND ENGINE.

A novel type of vertical engine is shown by Mertz.
Fig. 122 is an elevation, and Fig. 123 is a section of this
ingenious engine. By referring to the illustrations, it will
be seen that this engine is a single-acting compound. It
consists of a framework on which two cylinders are fixed,
one over the other—one for high, the other for low pres-
sure—which act upon the same horizontal or intermediate
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shaft by an arrangement of connecting rods, which balance
the reciprocal bulk, and prevent, with the aid of the com-
pression of steam in the cylinder, the impact or concussion.
The engine being of the single-acting type, the bearings only

O

FIG. 12I.—MERTZ’S COMPOUND ENGINE.

transmit the power on one side of their respective crank .
pins. Splash-about lubrication is employed, and a shaft
governor for regulating the steam supply.

THUNE’S DoUBLE-AcTING COMPOUND ENGINE.

Fig. 124 is an outside view, and Fig. 125 is a sectional
elevation, of Thune’s 55 B.H.P. Double-Acting Compound
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High Speed Engine, “open” type, driving a ‘‘ Schuckert ”

FIG. 122,—MERTZ'S SINGLE-ACTING HIGH SPEED ENGINF{

7% in.; revolutions per
minute, 350. Steam
pressure, 120 lbs. per
square inch.

We are indebted to
the makers for the fol-
lowing particulars :—
The consumption of
steam 1s 28 lbs. per
I.LH.P. when working
non - condensing  with
120 lbs. of steam per
square inch, running at
a normal speed of 350
revolutions per minute,
and developing 47
I.LH.P., cut-off 0'35.

The maximum power
of 55 H.P. is obtained
with a cut-off in the

dynamo.

It will be seen by
referring to Fig. 125
that the high pressure
cylinder is fitted with
piston valve, and the
low pressure cylinder
is fitted with an ordi-
nary D valve. The
steam admission is
regulated by means
of a “shaft” gover-
nor. Thediameter of
high pressure cylinder
is 73 in., low pressure
cylinder 114§ in., both
having a stroke of

FIG. 123.—SECTIONAL VIEW OF MERTZ'S SINGLE-

ACTING ENGINE.

high pressure cylinder of o'55, I.LH.P. 65, mechanical
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efficiency 85 per cent., and the consumption of steam 29 lbs.
per I.H.P. per hour. The cut-off in the low pressure cylinder
1s fixed at o°52.

The governor is of the simplest possible construction.
The travel of piston valve and the angle of advance of excen-
tric are regulated by an excentric sheave fixed on the shaft

FIG, 124.—TRUNE’S COMPOUND HIGH SPEED ENGINE.

and another excentric sheave connected to the governor arms
The governor is designed to give a maximum cut-off in the
high pressure cylinder of o6o.

THUNE’s DOUBLE-ACTING SINGLE CYLINDER ENGINE.

Fig. 126 is a sectional elevation of Thune’s 53 B.H.P.
Double-Acting Single Cylinder High Speed Engine, ““ open ”
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type, driving a ““ Schuckert ’ dynamo. The diameter of the
cylinder is 3}} in., stroke 3} in. ; revolutions per minute, 600.
Steam pressure 120 lbs. per square inch.

A shaft governor is responsible for the admission and
exhaust.

This well-known firm of Norwegian engine builders have

FIG. 125.—SECTIONAL VIEW OF THUNE’S DOUBLE-ACTING COMPOUND ENGINE.

held a high position for many years, during which time they
have built a considerable number of high speed engines for
electric lighting and torpedo boat destroyers.
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“ FARcOoT” ONE CYLINDER ENGINE.

This engine does not come under the heading of High Speed
Engines, although there are many points in the design which

FIG. 126.—SECTIONAL VIEW OF THUNE'S DOUBLE ACTING SINGLE CYLINDER ENGINE,
are well worthy of consideration. The cylinder is 39°37 in. in

diameter, and the stroke 4 ft. 5 in.; revolutions per minute,
79 ; steam pressure, 100 lbs. per square inch; I.H.P., 850.
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The main shaft has a diameter of 17°75 in. at the crank
bearing. The crank shaft bearing is 17°75 in. in diameter,
and 15'75 in. at the exciter bearing, and is swelled to 256 in.
diameter at the centre of its length, when the dynamo
fly-wheel is keyed on to it. Constant automatic lubrication
is provided by centrifugal force through a light return crank.
In the main shaft bearings ‘“ring” lubrication is used
Fig. 127 is a sectional view of the cylinder and ¢ Corliss”
valves. It will be seen that the steam supply from the boiler

-

FIG. 127.—SECTION OF * FARCOT " ENGINE CYLINDER.

first traverses the jacket round the sides of the cylinder, and
then finds its way into the cover jackets. We have pointed
out (see page Q7) that partial jacketing is not worth the
necessary complication, but if jacketing is used then the
cylinder covers should be provided with a steam jacket. In
the ¢ Farcot ”’ engine this isdone in a very complete manner.
The valves are placed in the covers so that all the steam used
passes through both the end jackets. By arranging the
valves in the covers the lowest possible clearance is obtained
without interfering with draining of the cylinders. The
cylinder proper is of simple construction, whilst the general
design and finish is excellent.
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‘“ BorsiG ”’ TRIPLE-ExPANSION ENGINE.

We give two sectional views explanatory of the large triple-
expansion 4-cylinder ‘ Borsig” engine, direct coupled to a
three-phase 2,200 volt generator by Siemens and Halske,
which was exhibited by A. Borsig, of Berlin. The cylinder
diameters are 30 in., 46} in., and 52% in., while the stroke is
47% in. The cranks are placed at an angle of 140 degrees.
The engine is intended for a steam pressure of 2101b., and for
a speed-of go revolutions. When working with condensation
it will develop 2,500 H.P. The two-part crank shaft has at
one end the dynamo, and at the other a disc from which the
two single-acting air pumps are driven which are placed in
the basement, about 8 ft. below the engine floor. The bed-
plate of the engine consists of two parts, each weighing
29 tons, flanged and bolted together, and forming oil troughs,
from which two small centrifugal pumps, driven by a steel
wire cord from the crank shaft, take the oil up to the purifier.
Each half bed-plate is made with two crank-shaft bearings.
Between the bed-plate and the dynamo bearing is a 41-ton
fly-wheel provided with a toothed ring, on which an electric
motor acts. On the bed-plate rest two cast-iron standards
with the guides, and two forged-steel columns; these carry
the two low pressure cylinders, which are bolted together.
The high pressure and intermediate cylinders are supported
by wrought-iron columns. These platforms are so arranged
that if the iron columns are removed the covers and pistons
of the low pressure cylinders can be taken out. After un-
coupling the crossheads the piston rods can then be lowered
into recesses in the bed-plates which are usually covered in,
and finally removed. All the cylinder jackets are heated
with their own steam. The packing rings of the high
pressure piston are of the Ramsbottom type; the other
pistons are provided with ¢ Buckley ” rings. The valve gear
excentrics are all mounted on a shaft, which is carried in six
bracket bearings situated. behind the low pressure cylinders.
The pendulum governor is on an intermediate shaft which
passes obliquely between the standards. The admission and
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FIG. I28.—~FRONT SECTIONAL VIEW OF 2,500 H.P. ‘' BORSIG " ENGINE.
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FIG. 129.—END SECTIONAL VIEW OF TRIPLE-EXPANSION FOUR:CYLINDER ‘' BORSIG "
ENGINE, DEVELOPING 2,500 H.P.

S.E. M
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exhaust valves of the four cylinders are actuated by means
of levers and pawls. In the case of the inlet valve of the
high pressure cylinder, the release is controlled by a cam
from the governor; in the other valves, stops have been pro-
vided for hand adjustment. The valves areall of the double-
seat type, and are provided with Collmann’s oil cataract.
The casing of the cataract contains an additional spring, with
the help of which and of a hand wheel the speed may be
varied while the engine is in motion. For the high pressure
and intermediate pressure cylinders, one excentric actuates
both the admission and the corresponding exhaust valve; on
the low pressure cylinder two inlet valves and two outlet
valves are each actuated by an excentric. | Lubricating oil
is forced into all cylinders and stuffing boxes. Oil for the
shaft bearing and for the moving pin bearings is supplied by
gravity from an overhead tank, to which it is pumped from
below. All the oil is collected and sent through an oil
cleaner, and then pumped once more up to the tank. Though
intended for a steam pressure of 210 lbs., the Exhibition
arrangements only permitted of the engine running with a
steam pressure of 140 lbs., and at 835 revolutions.

ParsoNs’ STEaAM TURBINES.

The turbo-dynamos exhibited by C. A. Parsons & Co. at
Paris consisted of a 500 K.W. alternator, which is shown in the
illustration, and of a 50 K.W. direct current generator. The
armature of the alternator is direct coupled at one end to the
turbine shaft by means of squared ends and a sleeve, and at
the other end is the exciter armature, the whole plant being
arranged in tandem. The speed of the machine is 2,400
revolutions per minute, and the periodicity is 8o, the magnets
being only 4 polar, thus making both a simple design of
dynamo and of armature winding; and the current, which is
collected off two brass slip rings, is generated at 2,400 volts.
The governor is controlled either electrically for constant
voltage, or mechanically for constant speed, and so perfect is
it that the voltage does not vary more than 2 per cent. if the
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load be suddenly thrown off. Also, these machines run
perfectly in parallel with each other and with machines of
other make. The turbine is of the condensing type, and
works with 130 lbs. boiler pressure, the steam expanding the
full range down to about 27 in. vacuum at the exhaust. The
bearings are lubricated under pressure from a small oil pump
at about 5 lbs. per square inch, the oil being used over and
over again. The pump is driven off the turbine shaft by
means of worm gearing, which also actuates the governor.
The efficiency of a plant of this size is very good, the steam
consumption at full load being 16°9 Ibs. of steam per E.H.P.
and at half load 19°5 Ibs. ; though this is not the best that has
been done by the firm. The size of this machine is very
small considering the output, especially since the load can be
exceeded by 20 per cent., the floor space occupied being only
25 ft. The weight complete is only 18 tons.

The 50 K.W. plant combines its bed-plate and condenser in
one, thus making a very neat and compact plant. Such a
combination is only possible with a steam turbine owing to
the absence of all vibration and reciprocating motion. The
pumps are bolted on to the side of the condenser, and are
driven by means of a worm and worm-wheel; this also
actuates both the oil pump and governor aswell. The steam
consumption of this plant is 2.4°8 lbs. of steam per E.H.P. at
full load, including the steam required to drive the condenser
pumps, while the boiler pressure required is 120 Ibs., and the
speed is 3,500 revolutions per minute. Many machines of
this type have been supplied both for alternating and direct
current, lighting and traction, and work most successfully.
With machines of greater output than 350 K. W. it isusual to
place the condenser ina pit below the turbine, but the pumps
are still driven off the main shaft as before; with thisarrange-
ment machines have been constructed up to 500 K.W. output,
and above this size it is found better to have a separate
engine for driving the pumps. One of the great advantages
the turbine holds over the reciprocating engine is the fact
that no oil enters the cylinder, and thus the exhaust steam
‘may be condensed and taken straight back into the boilers.
Also a much higher temperature may be attained when
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superheating, since there is no oil to carbonise and so choke
the cylinder, and no glands to cut. Even very moderate super-
heating gives a gain of efficiency of 8 to 10 per cent. in the
steam consumption. Turbines are also largely used at
collieries for driving fans and direct current and three-phase
dynamos, and are becoming very popular for traction purposes.

“HuLT” RoTaRY ENGINE.

We have inspected the working of this engine with con-
siderable interest. As a rule with most rotary engines with
high speed, the wear caused by friction soon increases the
play between the moving parts, and this is the main cause
why rotary engines have hitherto made such little progress;
there has either been too much leakage with loss of steam, or
too tight fit with loss of power through excessive friction.
A special feature of the Hult system is that rolling friction
is substituted for sliding friction, with full security against
leakage between the piston and the cylinder, and thereby
friction is reduced to a minimum. This engine is extremely
simple in construction, and works remarkably well and
smoothly. The construction andoperation of the engine
will be understood by reference to the illustrations. The
revolving piston F is fixed to a hollow shaft A, which rests
upon two bearings B of elastic rings. The cylinder is excen-
tric to the piston, and is also supported by two elastic ring
bearings. The rotary motion of the piston gives by friction
a revolving motion also to the cylinder C; both these have
thus the same circumferential velocity. The pressure of the
piston against the cylinder, at the line of contact J between
them, can be regulated as desired, in order to secure always
a perfectly steam-tight joint between them. A sliding shutter
G moves in a groove cut along the piston, and is pressed tight
against the inner surface of the cylinder by centrifugal force, so
as to prevent leakage of steam. The steam enters through the
hollow shaft A, and after passing through a canal H cutin the
piston, acts upon the sliding shutter G, first by full pressure
and afterwards by expansion (the direction of the movement
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is indicated by an arrow). After a complete revolution when
the sliding shutter again arrives at the line of contact ]
between the piston and the cylinder, the space between these

“HULT" ROTARY STEAM ENGINE,

FIG. 131.—THE

two parts is filled with steam which has completed its work
of expansion ; as soon as the sliding shutter passes the line of
contact ] this steam escapes through the canal I, at the same
time as the full-pressure steam commences to act upon the
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FIG. 132.—END SECTIONAL VIEW, “HULT " ROTARY ENGINE.

FIG. 133.—FRONT SECTIONAL VIEW OF THE ‘ HULT " ROTARY ENGINE.
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other face of the shutter. All the moving parts of the < Hult”
engine are completely enclosed within its casing; the oil
required for lubrication is drawn in by the steam, which
circulates throughout the whole of the interior, prior to its
passing to the condenser or escaping into the outer air.

‘““ Franco Tost” 8oo H.P. ENGINE.

In this four-cylinder tandem engine each pair of cylinders
is cast in one piece, the high pressure cylinder being below

FIG. 134.—800 H.P. ‘' FRANCO TOS1" ENGINE.

the low pressure cylinder, and an automatic metallic packing
is utilised for the passage of the piston rod between the two.
The first cylinder is 375 mm. (14'76 in.) in diameter; the
second cylinder, 525 mm. (20'67 in.); the third, 675 mm.
(26'57 in.); and the fourth, 1,000 mm. (29°37 in.); the
length of the stroke being 650 mm. (25'59 in.), and the
number of revolutions 160. The two pairs of cylinders are
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coupled to cranks at right angles, and each cylinder, with
the exception of the high pressure one, is steam-jacketed.
The high pressure cylinder is designed for superheated
steam.

Piston valves are used for all the cylinders for the steam
distribution, separate rods and excentrics being employed

FIG. 135.—800 H.P. ‘“‘ FRANCO TOSI' ENGINE.

for the valves for the first and second cylinders, while one
rod and excentric serve in the case of third and fourth
cylinders. The pistons are made of forged-steel discs, with
cast-iron piston rings. The crank shaft has a flanged end
for bolting up to the dynamo shaft on which the fly-wheel
is mounted. Each half of the frame, which is divided
symmetrically, contains a vertical guide, also one outside
and half the middle bearing.
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An iron strut from the bed-plate to the underside of the
head frame carrying the cylinders strengthens the frame.
The air-pump, which is single-acting, is mounted at the back
of the engine frame, being driven from one of the cross-
heads. The speed of the shaft governor may be changed by
a device in which glycerine is pumped by hand into the
hollow governor weights. A multiple oil pump driven from
the end of the crank shaft serves to lubricate the cylinders
and valves, the remainder of the lubrication being continuous.

J
|



HIGH SPEED STEAM ENGINES AT TI
GLASGOW EXHIBITION, 1go1.

WILLANS AND ROBINSON’s EXHIBIT.

This firm exhibited two of their standard engines, tl :
coupled to a ¢ Crompton’ dynamo of 700 to q6o kil
capacity, and the other to a British Schuckert Co.’s m

of practically the same output. Each engine, whict
their 3 V size, 3-crank tandem triple-expansion ty
capable of giving an output of 1,200 I.H.P. as a norn
load, or 1,500 I.H.P. as a maximum overload, this
equivalent to 1,075 and 1,250 brake H.P. respe
making a total of 3,000 I.H.P., or more than h
combined output of all the high speed engines shown
Exhibition. The engines are designed for 180 lbs. to
steam pressure and working condensing.
As shown by the illustration (Fig. 136), there ar
cranks, which are set 120 degrees apart, and abo
crank is a complete triple-expansion engine of three cy
arranged tandem, so that there are nine cylinders alt
The dimensions of the cylinders are: 15 in. (38
23'6 in. (6oo mm.), and 37°5 in. (950 mm.) in ¢
respectively, the stroke being 16% in. (430 mm.). T
when running at full load is 230 R.P.M., so that t!
speed is 650 ft. per minute. It is not necessary for
into more minute details here, as the engine is fully «
in the preceding pages. Large air-buffer cylinders an
are provided to overcome the inertia of the reci
parts, and keep the connecting rods in constant thrt
the whole revolution, independent of the load on th
the advantages of which for this type of epgine in
silent running, etc., are now so well knoyp.
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Lubrication is effected on the ¢ splash ** method, the cranks
and excentrics dipping into an oil bath in the crank chamber
while running.

Governing is effected by a powerful centrifugal governor
mounted on a vertical spindle, driven by machine-cut gear

FIG. 136.—1,075 H.H.P. ‘“ WILLANS " HIGH SPEED ENGINE DIRECT CONNECTED TO DYNAMO.

wheels on the end of the crank shaft, and having positive
control of a balanced piston valve. Automatic expansion
gear is also fitted, so that the best economy may be obtained
by a combination of the two governors. Although the engine
is very high, the floor space occupied by the engine alone
does not exceed 16 ft. by 8 ft. 6 in., and the total weight is

N~



Alley and Maclellan’s Engine.

about 34 tons. One engine has a small fly-wheel face
form a coupling, and the other merely a coupling disc
necessary fly-wheel power being provided by the rot:
part of the dynamo.

ALLEY AND MACLELLAN’S EXHIBIT.

Of the single-acting type of high-speed engine, M:
" Alley and Maclellan, of the ‘ Sentinel ” Works, Gla :
exhibited, next to Messrs. Willans and Robinson, the |
combined output, having 600 H.P. of their now well-I -
‘““ Sentinel ” high speed engines actually running !
Exhibition. These included one of 300 H.P., dri
‘“ Mavor and Coulson”” dynamo as a complimentary ¢
exhibit for the lighting of the Exhibition, and a cor :
output of 300 H.P. on their own stand adjoining.

One of their class G 3-crank vertical tandem-com
enclosed, single-acting, self-lubricating type, having
cylinders each 10 in. diameter, and 3 L.P. cylinders !
diameter by 9 in. stroke, was on exhibit in the L
Station. The normal speed was 400 revolutions per:
It was designed to stand up to 180 lbs. pressure, and
run either condensing or non-condensing, without any
tion to the valves. As seen from the illustrations, F
and 138, there are a pair of compound cylinders—H
L.P.—above each crank, with a single line of valves
line of cylinders, the cranks being set at 120 degree
The valves are of the balanced piston type, each lir
driven off a single excentric on the crank shaft, «
arranged that both H.P. and L.P. valves may b
withdrawn for inspection or adjustment without di
the cylinders. .

The steam distribution is on the well-known ¢ (
cycle. Perfect and automatic drainage of the cylind:
revolution is secured in a very simple and efficient
A number of small holes drilled round the cyli
uncovered by the piston at the bottom of its stroke,
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water in the cylinders is blown out through these by the rush
of steam to the exhaust.
In order to overcome the inertia of the reciprocating parts

FIG, 137.—300 H.P. VERTICAL TANDEM-COMPOUND SINGLE-ACTING ENGINE, BY MESSRS., ALLEY AND
MACLELLAN, GLASGOW,

and secure ““ constant thrust ”” or “ single-action ' throughout
the revolution, irrespective of the load and the steam pressure,
the crosshead or guide piston is made an air-buffer, as clearly
shown on the sectional illustration, by means of which the
air contained in this cylinder is compressed by the engine on
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the up stroke ; but the energy thus stored is given out again
without appreciable loss on the down stroke. This ingenious
method of overcoming so successfully one of the greatest
difficulties with high speed engines was invented by the late
Mr. P. W. Willans, and is used in the ¢ Willans " engine.

The engine is lubricated on the ‘“ splash ” method, with a
bath of oil and water in the crank chamber, into which the
cranks and excentrics dip at every revolution, and throw the
oil over all the working parts enclosed therein. This method
has proved to be most thorough and economical.

The bearings are of unusually large dimensions, in fact the
makers claim that the bearings’ surfaces in this type of
engine are more liberal than in any other engine of the same
output in the market; and on this account the wear is
reduced to an almost negligible quantity, requiring no
adjustment for several years. All the piston rod packings
are of the *‘ floating ”* self-adjusting metallic type, the parts
of which are all interchangeable, and easily adjusted or
renewed. Those in the air-buffer and L.P. cylinder covers
are open to the exterior, and easily accessible through hand
holes in the ‘“distance piece” between the L.P. cylinder
and crank chamber or framing of the engine. This has
the further advantage of at once being able to detect the
slightest leak of air or steam, and prevents oil from creeping
up from the crank chamber into the L.P. exhaust, and
away to the condenser. The importance of this will be fully
appreciated by those who have had the charge of engines.

Governing is effected by a powerful centrifugal governor
built on the end of the crank shaft, and having direct control
of a balanced throttle valve. The variation in speed does
not exceed I to 1} per cent. on either side of the mean, and
closer governing can be obtained when necessary. The
momentary fluctuation in speed on suddenly throwing on or
off the load is very little more than the permanent. In order
to reduce friction to a minimum amount, the bearings and
joints consist of steel points bearing in little cups, and a
very simple centrifugal oiler is fitted, by means of which
constant and thorough lubrication is obtained. Provision is
made for hand adjustment within a considerable range while

——rn
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running. This type of engine is made with two or three
cranks—the latter for larger sizes, and where perfectly
uniform turning and steady running are necessary—and in
standard sizes from 150 to 750 B.H.P.

Messrs. Alley and Maclellan also showed a similar com-
pound engine, but with only two cranks instead of three,
each line of parts being exactly identical. This engine will
develop zoo H.P., and runs at 400 revolutions per minute.

One of their class “H” two-crank, tandem-compound
engines of 60 H.P., direct coupled to a ‘ Laurence-Scott "
dynamo, both being mounted on a combined bed-plate, was
also shown. This engine differs from the ““ G ” type in having
only one line of valves, this placed between, and distributing
steam to, the two lines of cylinders. These valves are
mounted on one spindle, and driven by a single excentric on
the crank shaft. Lubrication and governing are effected in
the same way as in the larger engines. This ‘“H” type is
made in sizes of 10 to 150 H.P., and may be run either con-
densing or non-condensing, there being the ‘“ distance-piece ”
provided below the L.P. cylmders

This engine has cylinders 6 in. and 10 in. diameter by
6 in. stroke, and runs at 525 revolutions per minute.

Besides these there were two small simple engines of their
two-cylinder ¢ Marine Auxiliary ”’ type, the one driving a
dynamo for lighting the stand, and the other a ‘“ Sentinel ”
centrifugal pump. Both of these sets were direct coupled,
and each mounted on a combined bed-plate. They were
especially designed for use on board ship, strong enough for
120 lbs. steam pressure, and may be run either condensing or
non-condensing. They are fitted with a powerful automatic
expansion governor, built on to the shaft between the cranks,
the variation in speed between full and no load not exceeding
2% to 3 per cent.

Davey, PaxmMaN & Co.’s EXHIBIT.

This firm showed one of their ¢ Peache” patent high

speed engines, direct coupled to a ‘ Peel-Hawkins ” dynamo.
This engine is of the three-crank, tandem-compound,
S.E. N
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en:lused sinzle-atiing tvpe. having  splash T lubrication, the
i :on being capabie of developing 360 I.LH.P.,
™ pressure, and running at 330 revolutions
= oy iniers are 10} in.and 17 in. diameter by
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FIG. 229.—363 LLH.P. “JLACHE " ENGINE. BY MES~RS. DAVEY. PAAMAN & CO.. COLCHESTER,
DKIVING DYNAMO BY THE GENERAL ELECTRIC CO.

11 in. stroke. The valves, which are of the piston type, are
plaf:ed at the back of the cylinders, oné set for each pair of
cylinders, and drivep off the connecting rod, there being no
excentrics. A)thou,,h steam is taken on the top of the H.P.
and the bottom of thg L P. piston, thus at first sight appearing
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double - acting, constant thrust is obtained by a steam
cushion formed by the alternate compression and expansion
of the steam enclosed in the space between the two pistons,
which space is of variable volume, depending on the position
of the pistons, it being greatest when the pistons are at the
bottom, and least when at the top. Instead of the centre
line-of the cylinders being in line with the shaft, it is placed
behind the shaft by an amount equal to the length of the
crank, the reason for this being that, the engine being single-
acting, the effective stroke in the revolution takes place with
the least angularity of the connecting rod, thus relieving the
pressure on the guides, and also keeping this pressure always
in one direction, as in a double-acting engine.

The engine is controlled by a throttle valve governor,
driven by belts off pulleys on the end of the shaft. Large
doors are placed on the front of the framing, giving easy
access to the working parts. ' ‘

- . REeaVELL & Co.’s ENGINE.

" This firm exhibited one of their single-acting, enclosed,
self-lubricating engines, having a central valve (as in the
“Willans ” engine).

One striking feature in this engine is that the economy of
a compound engine is obtained with only one cylinder instead
of two or more as usual. The makers claim that, although
the second stage of expansion in a compound engine is
usually obtained by expanding the steam in a large cylinder,
the same effect can be obtained by transferring only a
portion of the steam which is already expanded in the first
cylinder. That is to say, instead of having two cylinders of
different sizes and expanding the whole quantity of steam in
each, they might have two cylinders of the same size and
expand a smaller quantity of steam in the second cylinder
than in the first. The same effect is obtained with advan-
tage by using the top and bottom ends of the same cylinder

alternately.
N 2
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The steam on the underside of the piston is approximately
half that which expands on the upper side, it being obtained
by having a cylinder clearance of large volume, so that, at
the point of cut-off, the quantity of steam which expands on
the top of the piston is divided approximately into two equal
parts—first, that quantity which has been compressed into
the clearance space; and, secondly, the quantity of steam
which is admitted as new steam per stroke.

With this method of compounding, the high and low
pressure cylinders, as it were, are the same size, and with
the additional advantage that in consequence there is no
drop when release takes place in the high pressure cylinder,
because as the steam passes into the underside of the cylinder
(which represents the low pressure cylinder in a compound
engine), the volume in the high pressure cylinder is being
decreased in the same proportion, but there is no change of
total volume at all, and therefore no drop such as is obtained
in a compound engine having cylinders of dissimilar size.
This engine, which is known as the ¢ Scott,” is described in
detail in another part of this book.

Governing is effected by a very simple governor, designed
on the ““ Inertia” principle, which alters the cut-off point in
the H.P. cylinder, and gives good results. The engine
exhibited was one of their two-crank 12 in. by 6 in. size,
capable of developing 60 B.H.P. at 140 lbs. steam pressure,
condensing or non-condensing.

CLARKE, CHAPMAN & Co.’s EXHIBIT.

This firm showed a number of engines on their stand,
including their ‘‘ Restler” high speed engine, which they
make under the patents of Mr. J. W. Restler, chief engineer
of the Vauxhall Water Co.

This engine, the details of which appear in another section of
this book, is of the enclosed, single-acting, two-crank, tandem-
compound type, lubricated on the ““ splash ” method. A pair
of H.P. and L.P. cylinders is arranged tandem-wise above
each crank, the cranks being placed opposite each other, and
steam is distributed by a string of valves placed in between
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the two lines of ports, and mounted on a single rod, and
driven by one excentric. When controlled by a throttle
governor, the cross-heads are made into air-buffers, to main-
tain ‘‘constant thrust” at all loads; but when variable expan-
sion gear is used, the air-buffers are not necessary, as the

FIG. 140.—' CRICHTON " HIGH SPEED ENGINE, BY MESSRS. THWAITES BROS., LIMITED,
BRADFORD.

governor, which controls all the valves simultaneously, is
arranged to give considerable compression of steam in the
cylinders on the up or exhaust stroke, which compression
is increased at the lighter loads.

The engine exhibited was of 70 I.H.P., and runs at 450
revolutions per minute, it being direct coupled to a dynamo
of their own make.

There were, besides this, two or three small single-crank
engines and one two-crank of the double-acting open type,
driving pumps, dynamos, etc.
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THwAITES Bros.” ENGINE.

This firm make the * Crichton * patent engine, and showed
two or three on their stand. One was shown driving a
dynamo (see Fig. 140) and another a centrifugal fan, both
being of their single-crank tandem compound pattern. The
engine is of the single-acting, enclosed type, and depends
for its single action on the compression of the steam in the
cylinders during the up or exhaust stroke; and on this
account the low pressure cylinder is fitted with separate
valves for steam and exhaust, so that the amount of com-
pression can be varied by hand while running if necessary,
to suit the particular speed at which the engine runs. Speed
regulation is effected by a throttle valve governor adjustable
by hand while running. A bath of oil and water is provided
in the crank chamber for ¢ splash ”’ lubrication.

MATHER AND PLATT’S EXHIBIT.

Messrs. Mather and Platt, Ltd., exhibited two engines of
the medium speed, double-acting, open type, both driving
dynamos, and two of the enclosed, high speed, single-acting
type, one direct coupled to a dynamo and the other to a
centrifugal pump.

The two open type engines were of the marine pattern,
having cast iron back columns and turned mild steel front
columus, the cylinders being placed side by side, adjacent
to each other, with the valves outside. The cranks are
placed opposite each other in the larger engine, which has
cylinders 14 in. and 24 in. diameter respectively by 16 in.
stroke, and develops 215 to 250 I.H.P. at 180 to 190 revolu-
tions per minute, and 150 lbs. steam pressure. The H.P.
cylinder is fitted with “ Meyer” valve gear, in which the
point of cut-off may be varied by hand while running, the
L.P. cylinder having a double-ported slide valve. The
governor is of the throttle type, driven by toothed gearing
from the crank shaft. The smaller engine has cylinders
10 in. and 17 in. diameter by 12 in. stroke, running at 230
revolutions, and develops 120 I.H.P. The H.P. cylinder has
a balanced piston valve, the cut-off of which is controlled by




Mather and Platt’s Engine. 185

a powerful shaft governor, which maintains the speed within
14 per cent. to 3 per cent. variation from full to no load. In
both engines, sight-feed drop-lubrication from a large oil-box

FIG. 141.—250 H.P., ENGINE AND DYNAMO, BY MESSRS, MATHER AND PLATT, LIMITED, MANCHESTER.

is provided. This type is adopted for sizes from 100 to
1,000 H.P.

The high speed enclosed engines were both of the single-
crank, single-acting type, provided with ‘splash” lubrica
tion. The one coupled to a centrifugal pump was of their
tandem-compound pattern, having cylinders 73 in.and 12 in.
diameter by 5 in. stroke, and runs at 480 revolutions. There
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are two piston valves tixed on one rod, and steam is distributed
on the “ Cornish ™’ cycle.

The other engine was of the single-cylinder simple pattern,
having one cylinder 17 in. diameter by 7 in. stroke, the speed
being 450 revolutions, and the output about 35 B.H.P.

BELLISs AND MoRcoM’s EXHIBIT.

We have noticed all the leading single-acting types of
engines exhibited, and will now deal with the double-acting
engines, of which there were a large number on show.
Messrs. Belliss and Morcom, Ltd., who first introduced

FIG. 142.—TANDEM COMPOUND ENGINE AND FIG. I43.—SINGLE CYLINDER ENGINE AND
CENTRIFUGAL PUMP, BY MESSRS., MATHER OVERHUNG DYNAMO, BY MESSRS. MATHER
AND PLATT, LIMITED. AND PLATT, LIMITED.

about eleven years ago the enclosed type, forced lubrication,
double-acting engine,and have ever since taken the lead in the
production of this engine, showed one of 300 to 325 B.H.P.
direct coupled to a ‘‘ Bruce-Peebles ” dynamo (see Fig. 142).
This engine represents the firm’s latest design of triple-
expansion engine, which, instead of having the cylinders
arranged tandem above each crank, has only three cylinders,
one above each crank. By this arrangement one large
cylinder for each stage of expansion is used instead of two or
three smaller ones, with the result that the engine is simplified,
the number of parts less, and the thermal efficiency probably
increased. A balanced piston valve, driven by an excentric
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on the main shaft, distributes steam to each cylinder, and an
improved system of automatic drainage is adopted. Even
with a triple-expansion engine the turning effort is remark-
ably uniform at varying loads, owing to the engine having
three cranks at 120 degrees apart, and the high speed of
rotation. Their standard throttle valve governor is fitted,
and lubrication effected by a valveless oil pump distributing
oil under pressure to all the bearings, which system was first
introduced by this firm eleven years ago, and, if ‘‘imitation
is the sincerest flattery,” with the greatest success.

The steam consumption of these engines has proved to be
remarkably low, and, combined with the very high
mechanical efficiency at all loads, gives excellent results.
One of these engines, of 225 B.H.P., supplied to the Barnes
and Mortlake Electricity Works, gave the following remark-
able results, the steam pressure being 150 1b. and the vacuum
273 inches :

Load.
Full. 3 3
Lb. steam per kilowatt hr. . 25 267 272
Combined efficiency ?':’:’% ... 87 818 80
Variation in steady speed from full to no load, 2

per cent.

The excellence of design and construction so well known
in this firm’s productions is here fully maintained. These
engines are made in standard sizes up to 2,000 H.P.

BrowETT, LINDLEY & Co0.’s ENGINE.

What has proved to be one of the most successful engines
of the double-acting, enclosed, high speed type is that made
by this firm, who showed one of 250 B.H.P. direct coupled
to an ‘ Edison-Swan ” dynamo. The engine was of their
standard two-crank, side-by-side compound pattern, No.g S.L.
size, and capable of developing the above output with 160 lbs.
steam pressure, either condensing or non-condensing. The
two cylinders are placed above two cranks set at 180 degrees
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apart, and are respectively 13 in. and 21 in. diameter by g in.
stroke, the speed being 380 revolutions per minute. Details
of this firm’s engine are given on p. 30.

ERNEST ScoTT AND MOUNTAIN’S ENGINE.

This firm showed one of their two-crank, side-by-side,
double-acting, forced lubrication compound engines of 250

FIG. 145.—250 H.P. DOUBLE-ACTING FORCED LUBRICATION COMPOUND ENGINE, BY MESSRS. ERNEST

»

H.P., direct driving one of their multipolar dynamos. (See
Fig. 145.) The engine has cylinders 11} in. and 21 in.

SCOTT AND MOUNTAIN, OF NEWCASTLE-ON-TYNE.
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diameter by 10 in. stroke, and runs at 360 revolutions per
minute. One balanced piston valve is placed between and
distributes steam to the two cylinders. A small governor.
fixed on to the end of the crank-shaft, operates a throttle

FIG. 146.—SECTIONAL VIEW OF MESSRS. ROBEY & €O.'S COMPOUND ENCLOSED,
FORCED LUBRICATION ENGINE.

valve, and controls the speed of the engine within about
4 per cent. from full to no load. Lubrication is obtained by
a valveless oil pump supplying oil under pressure to all the
bearings.
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Rosey & Co.’s EXHIBIT.

Messrs. Robey & Co., Limited, showed two high-speed
engines. One was of their medium speed open type, and
the other of their latest high speed, double-acting, forced
lubrication, enclosed type. The open type engine is of the
vertical two-crank, side-by-side compound pattern, has
cylinders 103} in. and 18} in. diameter by 11 in. stroke, and '
runs at 250 revolutions per minute, the normal output being
120 I.LH.P. The speed is controlled by a governor, driven
off the shaft by gearing, and operating the H.P. piston valve,
which is driven by double-excentric link motion, the L.P.
valve being driven by a fixed excentric. The enclosed
engine is direct coupled to a ““Scott and Mountain” dynamo,
and is of 100 H.P. It it of the two-crank, side-by-side com-
pound pattern, but has the cylinders placed adjacent to each
other and the valves outside. The H.P. cylinder has a
balanced piston valve, but the L.P. cylinder a flat slide valve,
each driven by its own excentric. The cylinders are 8% in.
and 143 in. diameter by 6 in. stroke, the speed being 550
revolutions. A centrifugal governor attached to the end of
the crank shaft operates a balanced throttle valve. A
valveless oil pump, driven by the L.P. excentric, supplies oil
to all the bearings, the arrangement being, however, slightly
different to that adopted in the ‘ Belliss” engine. The
design and construction of most of the details are in accord-
ance with their standard practice. The engine is exceptionally
well finished, and runs well.

Ruston, ProcTOrR & Co0.’s ENGINE.

A 100 B.H.P. engine direct coupled to a multipolar
dynamo of American manufacture was the exhibit of this
well-known firm. This engine was of the enclosed, double-
acting, two-crank, side-by-side compound type, with cylin-
ders 9% in. and 15 in. diameter by 8 in. stroke, and a speed
of 450 revolutions per minute, with 120 lbs. steam pressure.
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As will be seen by the sectional illustration (Fig. 148), the
two cylinders are placed adjacent to each other, and the
valves, cach of which is of the balanced piston type, are
placed one at each end, outside the cylinders. The principal
advantage of this arrangement, which is also adopted in the
“ Robey " as well as the * Musgrave " engine (described in
the foregoing pages), is that the couple tending to rock the

FIG. 147.— 100 R.H.P. FNCLOSED DOUBLE-ACTING COMPOUND HIGH SPEED ENGINE, LY
MESSRS. RUSTON, PROCTOR & CO., LTD., LINCOLN.

engine longitudinally is greatly reduced, producing a rather
steadier running engine.

The H.P. valve is directly controlled by a powerful shaft
governor of their own make, and closed into the crank
chamber by a large end door, so that it is thoroughly
lubricated while running. This door also provides easy
access for examination of the governor, and large hinged
doors are fitted to the side of the crank chamber, for access
to the other working parts. Lubrication is effected, in the
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usual way, by a valveless oil pump, but in this case driven
off a pin on the governor end of the shaft instead of from

the excentric.

IR
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FIG. 148.—SECTIONAL VIFW OF MESSRS. RUSTON, PROCTOR & CO.'s ENGINE.

ANDERSTON FouNDRY Co.’s EXHIBIT.

This firm, which has been established over half a century,
have within the last year or two taken up the manufacture
of high speed or quick revolution engines of the enclosed,
double-acting, forced lubrication type. This engine (see
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Fig. 149), though sometimes made single crank for the
smaller sizes, and occasionally three-crank for triple expan-
sion, is usually of the two-crank, side-by-side, two-cylinder
compound type, and has a separate piston valve to each
cylinder, both valves, however, -being mounted on a fork-
spindle driven by a singie excentric, and placed between the
cylinders. By placing the valves across the engine, the
cylinders are got closer together, and the length of the engine

FIG. 149.—DOUBLE-ACTING, FORCED LUBRICATION COMPOUND ENGINE,
BY THE ANDERSTON FOUNDRY CO., LIMITED, GLASGOW.

not more than the usual two-cylinder, single, middle valve
type. A valveless oil pump, driven by the excentric, supplies
oil under a pressure of about 20 lbs. per square inch to all the
bearings. The speed of the engine is controlled by a small
shaft governor operating a throttle-valve, the makers claiming
very close governing under the most fluctuating load. Two
large hinged doors on both sides of the engine allow free
access to the internal working parts. The engine was shown
running, and coupled to a multipolar dynamo.
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ALEX. SHANKS & Son’s ENGINE.

This firm exhibited an engine of the double-acting, forced
lubrication, enclosed type (see Fig. 150). The engine, though
possessing no novel features, appears to be very well designed,
and of excellent finish, as well as being compact and easily

FIG. 150.— DOUBLE-ACTING, FORCED LUBRICATION COMPOUND ENGINE, BY
MESSRS. ALEX. SHANKS & SON, LIMITED, ARBROATH.

accessible. It is of the two-crank, side-by-side compound
type, having cylinders 8 in. and 15 in. diameter by 6 in.
stroke, and when supplied with 160 Ib. steam pressure, and
running at 500 revolutions per minute, will develop 75 B.H.P.
The two piston-valves—one to each cylinder—are placed
transversely between the cylinders, and each driven by its
own excentric. A valveless oil pump, driven by one of the
excentrics, supplies oil under pressure to all the bearings.
S.E. : 0
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These engines are made in standard sizes of 30 B.H.P. and
upwards, and designed for 160 lb. steam pressure. The firm
also show small, open type, medium speed engines.

FIG. I51.—100 L.H.P. DOUBLE-ACTING, FORCED LUBRICATION COMPOUND ENGINE, BY
MESSRS. DAVID CARLAW & SONS, GLASGOW.

Davip CArLAW & Soxs’ ENGINE.

This firm exhibited a double-acting, enclosed, forced
lubrication engine, of 100 I.H.P. (see Figs. 151 and 152). It
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was of the two-crank, side-by-side compound type, having
cylinders 8 in. and 12 in. diameter by 8 in. stroke, and
running at 350 revolutions per minute, the above output

FIG. 152.—SECTIONAL VIEWS OF MESSRS. DAVID CARLAW & SONS’ HIGH SPEFD ENGINE.

being obtained with 150 lb. steam pressure. The cranks are

opposite each other, and there are two piston valves in one

common chamber between the two cylinders, but worked by

a single excentric. The usual valveless pump driven off the

excentric forces the oil under pressure of about 20 Ib. to all
02
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the bearings. The main bearings are lined with white metal,
but the crank pins and cross-heads bushed with phosphor
bronze. The main bearings and guides are adjustable from
the outside, but all other parts inside the crank chamber are
easily accessible by means of large hinged doors.

Governing is effected by a centrifugal governor controlling
a throttle valve.

W. SissoNn & Co.'s ENGINE.

One of the most novel of the high speed engines shown
working was that of Messrs. W. Sisson & Co., of Gloucester.
This engine differs from most others in almost every detail,
having many original and novel features. The one shown
running was a double-acting, two-crank compound engine ot
125 H.P., direct driving a *‘ Clarke-Chapman” dynamo at
400 revolutions per minute. The sectional and outside views
(Figs. 153 and 154) show the general arrangement of the
parts so well that a lengthy description is nnnecessary. The
main object of placing the cylinders and cranks so close is to
reduce the couple tending to rock the epgine longitudinally.
The extra length of the H.P. piston rod makes up the differ-
cnce in weight between the two pistons, and helps to balance
the two lines of parts. Sufficient space is provided between
the bottom of the H.P and top of the L.P. cylinder to
allow for the removal of the L.P. cylinder cover, piston.
etc. The valves, of the balanced piston type, are, as will
be seen by the illustration, placed at the back of the
engine, and driven off a rocking shaft, this being actuated
by the excentric of a variable expansion shaft governor built
on the web of the H.P. crank, and provided with means for
adjustment by hand while the engine is running. A little
air buffer or dash pot is provided at the bottom end of the
valve rod to cushion the inertia of the line of valves. One
of the most distinguishing features in this engine is that of
the bearings. In all other successful double-acting high
speed or quick revolution engines, the necessary lubrication
is obtained by means of an oil pump forcing the oil into the
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bearings under a pressure of 15 to 30 lb. per square inch,
thus maintaining a thin film of oil between the wearing
surfaces, but in this one it is effected by a combination of the
‘¢ splash ” method and self-adjusting bearings in the connect-
ing rods. This adjustment of the connecting rod brasses is

FIG. 153.—THE * SISSON” COMPOUND ENGINE, SHOWN DIRECTLY CONNECTED TO A
“ CLARKE-CHAPMAN” DYNAMO.

effected by means of a column strut in the hollow interior of
the bored-out rod, and a transverse wedge held up by a very
strong, coiled spring, so that as wear takes place, the wedge
is drawn up by the spring, and forces out the brasses against
their respective bearings. This also allows the brasses to
yield to expansion caused by heating. This automatic
adjustment is, however, only confined to the connecting-rod
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and valve-rod brasses, all other bearings requiring hand
adjustment.

Easy access to the working parts is obtained by a very
large sheet steel door secured by a single bolt to the front of
the engine, and both easily and quickly removed.

These engines are made either two-cylinder, side-by-side
compound, two-crank triple, or four-crank compound. The
engine we saw running at the Exhibition appears to fulfil the
claims of its makers as to its steady and silent running.

The makers have supplied us with the following particulars
of results obtained from an 11 in. and 20 in. by II in.
““ Sisson "’ engine coupled to Siemens two-pole generator :—

Steam 135 lb., exhaust atmospheric, R.P.M. 340, indicated horse-
power in H.P. cylinder 141, in L.P. cylinder 149, total 2g0 H.P. Volts
120, amps. 1550. Electrical H.P. 250 and then comb. efficiency =
86 per cent.

Another test of the same set gave :—

Steam 130 lb., exhaust atmospheric, R.P.M. 335, indicated horse-
power in H.P. cylmder 131, L.P. cylinder 134, total 265 H.P. Volts
123, amps. 1400.". E.H.P.=231.". efficiency =87 per cent.

Governing tests at somewhat lower loads were as follows,
the steam pressure being 140 to 145 1b.:—

Engine running light, 350 R.P.M., load thrown on 600 amperes,
momentary change 6 revs., settled change 5 revs.

Engine running light, 350 R.P.M.,, load thrown on 1100 amperes,
momentary change g revs., settled change 5.

Engine running loaded 345 R.P.M., load thrown off 600 amperes,
momentary change 5 revs., settled change 5.

Engine running loaded, 345 R.P.M., load thrown off 1250 amperes,
momentary change 15 revs., settled change 5.

RANSOMES, SiMs AND JEFFERIES' EXHIBIT.

This well-known firm of general engineers showed one of
their high speed engines direct coupled to a dynamo. The
engine (see Fig. 155) is of the single-crank, double-acting,
open type, and is designed to stand a steam pressure of
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175 1b. per square inch on the piston, but will work well
with any pressure above 70 1b. It is fitted with their own
tvpe *“ B shaft governor, operating an equilibrium throttle
valve, the total permanent variation in speed between full and
no load not exceeding 2 per cent. Provision is made for

FIG. 155.—OPEN TYPE HIGH SPEED ENGINE, BY MESSRS. RANSOMES, SIMS AND
JEFFERIES, LIMITED, SHOWN COUPLED TO DYNAMO.

adjustment by hand while running. Sight-feed drop lubri-
cation, as usually adopted for open type engines, is provided,
the bearing surfaces are large, and splash guards are fitted
to prevent oil throwing. The accompanying illustration
shows clearly the general design, which, combined with
good finish, makes a very neat engine.
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WM. FosTErR & Co.’s ENGINE.

This firm, who make high speed engines in the smaller
sizes, showed one of their standard engines driving a
dynamo by belt. The engine is of the single-crank, double-
acting, open type, of their newest design, and clearly shown

FIG. 156.—'0PEN TYPE ENGINF, BY MESSRS. WM. FOSTER & co.,
LIMITED, LINCOLN.

in the accompanying illustration (Fig. 156). It is fitted
with Robinson’s patent expansion governor, controlling direct
a balanced piston valve, with a variation in speed not
exceeding 2} per cent. from full to no load. The particular
engine shown was their 8} in. by 8 in. size, capable of
developing up to 40 H.P.
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DaNieL AbaMsoNn & Co.’'s ExHIBIT.

The only example of the horizontal high speed engine so
commonly used in America was the exhibit of Messrs. Daniel
Adamson & Co., who exhibited what goes by the striking
name of the *‘ Ideal ” engine, the American makers of which
are Messrs. A. L. Ide & Sons. This make of engine is
fully described in a previous section.

Two engines were shown, one of the single-cylinder simple
type, 12 in. by 12 in. size, running at 300 revolutions per
minute, and the other of the single-crank, two-cylinder,
tandem compound type, 10 in. and 16 in. by 12 in., running
at 260 revolutions. Each engine was direct coupled to a
dynamo, and they run very nicely, while the general design
and finish are good.

STURTEVANT ENGINEERING Co.’s ENGINE.

This was the only example of an American design of
vertical high speed engine, and was of the semi-enclosed,
double-acting type, sight-feed drop lubrication being used.
These engines were shown driving dynamos and fans.
The larger one is of the two-crank side-by-side simple
pattern.  \Vhen supplied with steam at 120 lb. pressure,
and running at 490 revolutions per minute, it develops
35 H.P. The cranks are directly opposite each other. A
single balanced valve, controlled by an “Inertia’ shaft
governor, distributes steam to the two cylinders.
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Phospbor Bronz¢ Co.

-+« Limited,

87, SUMNER ST., SOUTNWARK,
Sole Makers of the Original LO"DON, S.E.
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Brands of

“PHOSPHOR BRONZE.

The Best and Most Durable Alloys for Slide Valves,
Bearings, Bushes, Eccentric Straps, and other Parts

of Machinerv_exposed to friction and wear; Pump

Rods, Pumps, Piston Rings, Pinions, Worm Wheels, &c.

A Special Quality in Plates, Bars, Rods, Wire, &c.

DO

“DURO METAL”

(REGISTERED TRADE MARK).

A“oy B’ specially adapted for Bearings for Hot Neck Rolls
—_— of lronworks, Tin Plate Mills, &ec.
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ROLLED AND DRAWN PHOSPHOR BRONZE, SILICIUM BRONZE, BRASS
ALLOYS, GERMAN SILVER, GUN METAL, TIN AND ALUMINIUM BRONZE.

Castings in Bronze, Brass and Gun Metal, Machined if Required.

Phospbor Tin and Pbospbor Copper ““Cog Wheel ™ Brand.

Specify the Manufacture of the Phosphor Bronze Company, Limited, Southwark,
to prevent imposition and error.
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STEAM DYNAMOS
, —

Mo'l‘o_Rs, PUMPS, RANS, Xo.
€lectric Light & Transmission or Power Plants.

Manufactured by

ERNEST SGOTT & MOUNTAIN, Lo.

Cleetrieal and General Engineers, .

NEWCASTLE-ON-TYNE.

o ————
London Office:
20, NEW BRIDGE STREET, BLACKFRIARS.,




iv ADVERTISEMENTS.

EASTON, ANDERSON & GOOLDEN,

LiMITED.

Bead Offices and MWorks :—

ERITH IRONWORKS, ERITH, KENT.

Telegrams: ‘‘ BASTONS, BRITH.'® Telephone: No. 4, Dartford.
fondon Offices:

BROAD SANCTUARY CHAMBERS, BROAD SANCTUARY, S.W.

Telegrams: ** BAYPTIAN, LONDON.'' Telephone: No. 545, Westminster.

“ERITH” STANDARD COMPOUND HIGH-SPEED ENGINE and
4-pole DYNAMO, Output: 20 K\W, at 580 revs. per minute,

¢ ¢

Electric Lifts and Cranes. Pumping Engines.
Water Supplies. Electric Lighting.
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HIGH SPEED ENGINES

ROR

ELECTRIC LIGHTING,
TRACTION AND POWER.

Economical in Steam, Oil and Attendance. Excellent Governing.
Perfect Lubrication. Silent Running, Simple and Durable.
Standard Sizes to 750 H.-P.

Alley & Maclellan,

SENTINEL ENGINE WORKS,
POLMADIE, GLASGOW.

TeLzarAMS: ‘“‘ALLzy, GLAsGOW.” TeLerHONE: Nos. 673 AND 4446.
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REAVELL & Co., Ltd.,

% Ranelagh Works,

IPSWICH. ——
*

HIGH SPEED COMPOUND ENGINES
For Power and Lighting.

Early delivery guaranteed for any size
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The BEST

Metallie Packing

.+ IN THE WORLD.

OVER l20,000 FITTED

THROUGHOUT THE WORLD.

* * * *
Unrivalled for . . .

High Speeds, Pressures, and Temperatures.

Working at Electric Light aund Power Statious . .
.. THROUGHOUT THE UNITED KINGDOM.
CAPITAL AND WORKMEN ALL BRITISH.

United States Metallie Packing
Telegrams s eo., Etd.,

“ Métallic, Bradford.”
*

¥*
Telephone 1 No. 604. BRADFORD.
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DAVEY, PAXMAN, & G0., Lto.
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Engines of all sizes up to 1,500 H.P.
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RANSOMES, SIMS & JEFFERIES, Lo.
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Telegraphic Address : ‘ HEROIC, REDDISH.” Telephone : No. 47, HEATON MOOR.
« « THE MORRIN PATENT . .

““CLIMAX*’ WATER-TUBE BOILER

OVER 590,000 H.P. IN USE in various industries in plants from 50 H.P. to 20,000 H.P.

What T. A, EDISON thinks of the Morrin * Climax”* Steam Boiler.

From the Laboratory of Thomas A. Edison,
Clonbrocli’rsot::ln;n'mnlgl: Works, Orange, N.J.

Dear Sirs,—Your letter of 30th ultimo is received. I have a *‘ Climax ** Boiler, and it is
giving great satistaction. Taking everything in consideration, /¢ /s, in my opinion,
practicaily and theoretically, the best boiier so far invented.

Yours truly THOMAS A. EDISON,

ADVANTAGES.—No Screw Joints; no Metallic Direct Firing, or for the utilisation of waste heat
oints; no Packing Juints; no Cast Iron Pj or from Cylinder Boilers, Blast Furnaces, etc.

eaders to cause trouble from expansion and con- For utilisation of heat generated in Town's
traction; is Perfectly Safe and able to carry High Refuse Destructor Furnaces.
Pressures; Produces Steam Rapidly, not only Abso- For use in Sugar Plants, arranged for burn-
lutely Dry, but Superheated to over 8o deg. It is ing begasse fuel or crushed sugar cane.
ibl reardei(lf' irat and can be examined, nequalled in economy, efficiency, safety, a d
cleaned, and fired with facility. This Boiler occupies low cost of maintenance.
less floor space, and will, under equal conditions, W evap more ds of water
evaporate niore water per pound of coal than any per pound of combustible than any other Steam Boiler
other on the market. Itisa Boiler, Fuel Economiser (or now on the market. This has been proved by many
Feed-Water Heater), and Superheater combined in one. tests.
iler for Cen! Statlon and Power Several plants are working most satisfactorily at

e
Plants, where fuel economy is of importance, for 250 1b. Pressure per square inch.
IF YOU NEED MOREK STEAM, WRITE FOR CATALOGUE.

B. Ro ROWLAND & COQ, Ltd\,
CLIMAX WORKS, REDDISH, nrr MANCHESTER

Sole Manufacturers Outside U.S. America. TEL. CODES: A.B.C. AND LIEBER'S.
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BUMSTED & CHANDLER,

Makers of Chandler’s Patent
HIGH SPEED ENGIN

For €lectric Light and F

*  ® ®
EBxtremely durable and generally econmon
*® R

Made on the interchangeable
system to templates and gauges.

Hundreds of repetition orders re-
ceived from large firms who
have had years of experience
of these engines. =

RANS for Rorced Draught, &c. 280 I.H.P. ENGINE.

Cannock Chase Engine Works,
4 HEDNESFORD, STARRORDSHIRE.
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Westinghouse
1“@ Standard

Steam of the Steam

Engines Engines

World.

Economical, Efficient, Durable,

Westinghouse Engines and Generators installed atthe Willesden Works
of the Metropolitan Electric Supply Co., Ltd., London,

The British Westinghouse
Electric & Mtg. Co., Ltd.,

Notfolk Street, Strand, London, W.C.
The

name WWestinghouse suarantee.

S.E. M
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CATALOGUE.

Farming Industries of Cape Colony.

By RoBert WaLracg, F.L.S., F.C.S., F.R.S., Edin.,, &c.,
Professor of Agricultuve and Rural Economy in the University
of Edinburgh, With 81 full-page Plates, from Photographs of
Scenery, Stock, Cereals, &c., 14 Maps, 6 Plans, and g2 Illus-
trations in the Text. 590 pages. Demy 8vo, cloth, 10s. 64.

This volume is the result of a visit of inspection paid by the author to Cape Colony, and
the adjoining South African States, at the request of the Cape Government; it contains a com-

prehensive view of the numerous Agricultural, Horticultural, Viticultural, and Stock-Rearing
Indastries. .

Times.—** The results of observations made by Prof. Robert Wallace ae embodied in
this well-illustrated volume, the appearance of which is opportune in view of the interesting
problems at present associated with this portion of our Colonial Empire.”

Duaily News.—** This is, perhaps, the most important work that has yet appeared on the
vast subject of which it treats.” ’

Birmingham Daily Post.—‘* Its importance cannot be over estimated.”

Mark Lane Express.—‘* The volume contains a vast amount of information, and will, we
have no doubt, be read and studied with deep interest by those who are now, or are likely .to
be in future, concerned in the development of South Africa.”

Morning Post.—** Professor Wallace's latest work should not only prove of the greatest
utility to Agricultural and Stock Farmers in South Africa, but-also afford much valuable
information to those engaged in similar pursuits in Europe.”

Pall Mall Gasgette.—‘* A most complete and ever-entertaining book. It promises for long
enough to be the standard work on the subject.”

South Africa.—** Worthy of a place on every bookshelf in the Cape.”

The Field.—** The author has conferred a benefit on all who are interested in the agricul-
ture or stock breeding of South Africa.”

Speaker.—* The book is in truth an admirable and finely-illustrated work of reference.”’
Yorkshire Daily Post.—** Of its kind, there is probably no better work extant.”

Agricultural Gazette.—** The most complete book on Cape agriculture that has 'yet been
published,

Natal.

The Colony of Natal. An Official Illustrated Handbook and Rail-
way Guide. By ]J. ForsyTH INGRAM, Author of “The Land of
Gold, Diamonds, and Ivory,” etc., etc. 140 Illustvations and Map.
273 pages. Cloth, Demy 8vo, 3s. 6d.

CONTENTS (summarised) : —Introduction — Physical Geography — People, Language,
Government, and Settlements—Finance, Industries, Commerce, Productions, Stock-—Govern-
ment Railways—Geology—Forests, Flora, Animals, etc.—Umtamvuna to the Bluff—The
Biuff, Harbour, and Bay—Durban—Durban to Isipingo—Durban to Umgeni—Umgeni to
Verulam—Verulam to Lower Tugela—Durban to Pietermaritzburg—Pietermaritzburg. Its
History and Description—Maritzburg to Greytown and Tugela Valley—The Polela District—
Maritzburg to Ladysmith—Ladysmith to Harrismith—The Orange Free State—Ladysmith to
Dundee and Newcastle—The Zululand Gold Fields—Newcastle to Volksrust—The Transvaal
Republic—Volksrust to Johannesburg and Pretoria.
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History of the English Poor Law,

Vols. I. and II., in connection with the Legislation and other
Circumstances affecting the Condition of the People, a.p. g24
to 1853. By Sir GEorGE NicHoLLs, K.C.B., Poar Law Commis-
sioner and Secvetary to the Poor Law Board. New Revised
Edition, with a Biography and Portrait of the Author. 2 Vols.
Demy 8vo, cloth, 30s.

‘T'he demand for this standard work, which has been out of print for some time, since its
original publication in 1854, has been such as to call for u new edition. This new edition is
edited by Mr. H. . Willink, a grandson of the author, and Chairmaan of the Bradfield Poor
law Union. He incorporates in it the manuscript notes and corrections made by Sir George
Nicholls in his own copy, and has written an interesting biography of the author, which
appears as a preface to Vol. I. A new index has been made and placed at the end of Vol. 1.

Spectator,—** ‘This new edition of a work, which has almost become a class’c, is enriched
by a life of the author, and by many notes. . . . One feels, on reading this long record
of unwise legislation, how true is the well-known saying, * With how little wisdom the world
is governed.' "

Speaker.—** It is still the standard work on its subject, and invaluable to the student of
the present day problems of pauperism, if only because it shows how many of the solutions
proposed by impatient social reformers have been aiready tried in the past two centuries,
commonly with the most benevolent intentions, and utterly failed to effect their purpcse.”

Annals of the American Academy of Political and Social Science.—** This new edition of .

Nicholls's * History of the English Poor I.aw * will be thoroughly appreciated by a large circle
of readers, including students of several of the social sciences. "

Manchester Guardian.—** Nicholls's work is valued for the light that it throws upon the
abuses of the old Poor Law.”

Local Government Journal. —'* ‘The work reads as freshly as if only just written, and the
life of the author by Mr. H. G. Willink adds to the value of the work, a perusal of which is
a complete education on the history of the poor relief in England.”

History of the English Poor Law,

Vol. I1I1., 1834 to 1898, being an Independent as well as a Supple-
mentary Volume to Vols. 1. and II. By THomas Mackay,
Author of “ The English Poor,” and Editor of the Volume of Essays,
“A Plea for Liberty: An Avgument against Socialism.” Demy
8vo, cloth, 21s.

The scope and character of the work, which brings the subject from 1834 down to the
present time, and the thoroughness with which the Author has treated the subject, compares
tavourably with that of Volumes I. and 1I. This volume has assumed more or less the form
of an independent work, and the reader is asked to regard it as a supplement rather than as
a continuation of Sir George Nicholls's history. A separate and complete Index has been
provided.

Pall Aall Gazette.—'* As befits the sequel to a classic, this work at once takes its place
in the first front of the literature on the subject.”

Quarterlv Review.—** Mr. Mackay has produced a remarkable book, written in a popular
style, which will appeal to a wider circle of readers than either official publications or purely
scientific works can hope for. We have no hesitation in saying that it is one in which nobody
interested in the Poor Law can afford to pass by ; and that it will amply repay careful study
on the part of those who are familiar, not only with Blue-book literature, but with the purely
scientific treatises written by Eglish and German authors on the English Poor Law.”

Speaker.—'* Every reader who has tramped with Nicholls along the highways and byways

of Poor Law history will be grateful for the easier and more attractive route provided in the
philosophic treatise of Mr. Mackay."
Spectator.—** The work of a man
and by practical experience.”
Manchester Guardian.—¢* Mr, Macka
future student of the moderr. Poor I ;

most fully qualified both by grasp of economic principles

y has produced a very valuable book, which no
-aw can afford to neglect.”
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Our Treatment of the Poor.

By W. Cuance, M.A., Author of “The Better Administration of the
Poor Law,” * Childven under the Poor Law,” &c. Crown 8vo,
cloth, 240 pages. 2s. 6d.

CONTENTS :—Introduction—A Model Union and its Lessons—Old Age Pensions—The
English Poor Law and Friendly Societies—Public and Private Charity—In Defence of Poor
Law Schools—Appendices—Index.

. Palli Mall Gasette—** At a time when the Poor Law is once more the subject of impas-
sioned denunciation in respect to its treatment of both young and old, it would, we think, be
well if the public could be got to study with due seriousness the facts contained in this volume.
They are to be learnt nowhere else more concisely or convincingly. Mr. Chance is no mere
doctrinaire. His book is full of valuable evidence as well as of close reasoning. . . . This
volume should certainly be read by every guardian of the poor.”

The English Poor Laws:

Their History, Principles and Administration. Three Lectures
given at the University Settlement for Women, Southwark.

By Miss SopHia LoNsDALE, Guardian of the Poov for the Lichfield
Union. Crown 8vo, paper, 1s.

Pall Mall Gazelte.—'* The Lectures are full of admirable practical hints, and pleas for
real humanity as opposed to mere sentimentalism.”

Poor Law Conferences.

Messrs. P. S. KiNG & Son publish the Proceedings of the Central
and District Poor Law Conferences, a description of which,
with list of the Papers read at the Conferences held in the
year 1899-1900, will be forwarded on application.

ANNUAL SUBSCRIPTION,

Report of any single Conference e 1s. Od.
Each Conference, sent as soon as published ... ... 1Ios. 6d.
Annual Bound Volume, with Index ... ... 125 od.

The Publishers are confident that, dealing as these Conferences do with every
subject that touches on the administration of the Poor Law, the Annual Pound Volumes
will be found of great use to Guardians in the responsible work in which they are
engaged, and to all others interested in the poor and their relief,

1877-98. Papers read at all the Central and District Poor Law
Conferences, held from February, 1897, to March, 1898, with
Discussion thereon. Report of Central Committee and Index.
Portrast. 8vo, Cloth, 742 pages, 12s.

Subjects of the more important Papers contained in the Volume :—Assessment—

Agricultural Labourer—Barrack Schools—Boarding Out—Causes of Pauperism—Educa-

tion—Industrial Training—Infectious Diseases—Local Taxation—Lunatics—Medical

Economics— Nursing —Orphans—Out Relief—Overseers— Rating—Schools—Vagrants
—Workhouses.
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1 Papers read at the Central and District Poor Law
Conferences, held from April, 1898, to February, 1899, with
the Discussion thereon. Report of Central Committee and
Index. Portrait. 3Svo, Cloth, 700 pages, 12s.

SURIEC IS :—Association for Befricnding Boys—Boarding Out—Casual Paupers

— Causes of Pauperism — Duties of Guardians— Emigration — Epileptics — Imbeciles—

Indoor Relief—Local Taxation—Nursing—Old Age Pensions—Out Relief—Paupers

= 'owers of Guardians—Reserve Pay—Unemployed—Vagrancy—Way Ticket System—

Workhouses.

1899-1900. Papers read at the Central and District Poor Law
Conferences, held from May, 1899, to March, 1900, with the
Discussion thereon. Report of Central Committee and Index.
Portrait. 8vo, Cloth, 660 pages, 12s.

St Kk IS i—\ccounts- - \fter care of Children—Aged Poor—Casual Ward—

Cluldren of Tramps - Cottage Homes—I)etention of PPaupers—Indoor Cases—Labour

Homes  Nursing  Old Age Pensions—OQutdoor Relief—Pauper Children—Pauperism
and Overcrowding  Phthisis --Workhouses.

People’s Banks.

A record of Social and Economic Success. By Hexry W. WoLFr.
Second Edition, Revised and Enlarged. Demy 8vo, cloth,
10s. net.

Atheneum. —'* We may confidently refer those who desire information on the point to the

book with which Mr. Wolff has provided us. It will be a most useful thing if it is widely
read.”

Daily Telegraph.—** 'T'he schemes which have worked so well in Germany and Italy may
need adapting to English circumstances, but the effort is well worth making, and this most
interesting volume points the way to its probable ultimate success.”

Co-operative Societies.

Statistics of Co-operative Societies in Various Counties. Prepared
by the Statistical Committee of the International Co-operative
Alliance. 330 pages. 4to. 10s.

Printed in three languages, English, French and German, inclusive in the one volume.

International Co-operative Congress.

Proceedings of the First International Co-operative Congress
held in London, August, 1395, with Appendix. 432 pages.
43 Portraits. Demy 8vo, 10s.

The Appendix consists of Reports on the present Position of Co-operation in France,
Germany, Denmark, United States of America, Great Britain, and other Countries.

Co-operative Credit Banks.

A help alike Economic and Educational to the Labouring and
‘(‘Iultxva,tmg Classes. By Henry W. WoLrF, Author of
People’s Banks,” “Agricultural Banks,” &c.  Demy 8vo, 6d.
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Village Banks.

Village Banks or Agricultural Credit Societies for Small Occupiers,
Village Tradesmen, &c. How to start them, How to Work
them, What the Rich may do to help them; with Model
Rules and Account Sheets. By HENRY W. WoLrr. New
Edition, 64d.

A People’s Bank Manual.

Containing Model Rules and a few Sﬁggestions relative to the
Formation and Management of Urban Credit Societies.
By H. W. WoLFr. 6d. '

How the English Workman Lives.

Being the Experiences and Reflections of a German Coal-Miner
(Ernst Dickershoff) in England. Translated by C. H. p’E.
LEeppINGTON. Crown 8vo, Is.

Standard.—** There is a piquant interest in this little volume. We only trust that the

author’s old friends at home will not find his little book so interesting that it will lead to
a notable increase in the number of immigrant pitmen ‘made in Germany.’ "’

Manchester Guardian.—** In this little book the author compares his impressions of the
two coun'ries. The result is instructive and amusing.”

Family Budgets.

Being the Income and Expenses of Twenty-eight British House-
holds, 1891-18g4. Compiled for the Economic Club. With
an Introduction by CHarLEs BootH, ERNEST AvEs, and
Henry Hics. Royal 8vo, paper, 2s. 6d. net.

Daily News.—-'* A little volume which will one day be as precious as the Paxton Letters,
It is an account of the way they live now in the \wenty-eight British households, ranging from
the labouring class to the well-to-do.”

Working-class Dwellings.

Papers read before the Royal Institute of British Architects,
April, 1goo, with the Discussion thereon. Plans and Views.
2s. 6d.

I.—Effects of Injudicious Legislation. By Joun HoNEY-
MAN, R.S.A.

I1.—Block Buildings. The Associated and Self-Contained
Systems. By HENRY SPALDING.

I11.—The Later Peabody Buildings. By W. E. WaLLis.

IV.—The Rebuilding of the Boundary Street Estate. By
OweN FLEMING, Assistant Architect to the London County

Council.

Plans of Labourers’ Dwellings erected by the City of Manchester, of Proposed dwellings
to be erected by the London County Council on the Millbank Estate, Westminster, and of
Peabody Trust Buildings in Stamford Street. Views of the Buildings erected by the London
County Council on the Boundary Street area, Bethnal Green.
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Houses for the Working Classes.

How to provide them in Town and Country. Papers read at the
National Conference on Housing, held in London, March,

1900, 1S,

CoN1ENTS: Bad Housing in Rural Districts, by CLEMENT EDWARDsS—Labourers'
Cottages, by Miss ConsTANCE COCHRANE—Facts as to Urban Overcrowding, by Dr. EDWARD
BowsArtk—The Existing Situation in London : Statistics of the Problem, by Mrs. R. C.
PHILTIMORE. - Powers of .ocal Authorities, by Alderman W. THoMPsoN—Consideration ot
Practical Difficulties as regards Building, by Councillor H. C. LANDER—General Principles,
by Councillor F. L.awson Dopp—A Select Bibliography, by SibNey WEBS, L.C.C.

Housing of the Working Classes.

.\ description of the Richmond Municipal Cottages. Compiled at
the request of the Health Committee by ALDERMAN T HOMPSOX,
Richmond (Surrey) Town Council.  Illustrations and Plans.
2s. 6d.

Taxation, Local and Imperial ;

and Local Government.

By ‘]{ C. GRaHAM, Barrister-at-Law. THIRD EDITION.
evised and brought up to date, by M. D. \WARMINGTON,
Barrister-at-Law. Cloth, crown 8vo, 2s.

This new edition, which discusses the question of taxation as applied to both its imperial
and local aspects, will prove most useful to those persons engaged in the administration of
public affairs, as well as instructive to any one who i» interested in the subject of taxation and
local government.

City Press.—* The distinctions between Imperial and Local Taxation are clearly ind-
cated, and the exact duties that devolve upon Local Authorities are defined with commendable
exactitude.”

Local Government Journal.—'* Exceedingly valuable for reference.”

Sheffield Daily Telegraph.—** The facts are clearly stated and well expounded.”

Local Government.-—** Clear and to the point.”

Local Taxation.

Some recent modifications of our rating system. By W. M. ]J.
\WiLLiaMs. 6d. .

Local Government Chronicle.—** Those who hold the view that the action which has been
taken by Parliament during the latter part of the present century in granting relief to Local
Taxation from the Imperial Revenue has been wrong and indefensible, will find their case very
ably and clearly stated in this pamphlet by Mr. W, M. J. Williams."

Local Government and Taxation.

An Outline of Local Government and Local Taxation in England
and Wales, including London. By R. S. WriGHT and HENRY
HoBHousg, Barristers-at-Law. SECOND EDITION, with
Introduction and Tables of Local Taxation, by HEeNRy
HosHouse, M.P., and E. L. Fansuawg, Barrister-at-Law.

) Royal 8vo, cloth, 7s. 64.

; UNITS OF LOCAL GOVERNMENT—The Parish—The Union—The Rural District—The
Urban District—1 hf Municipal Borough—The County. MATTERS OF LOCAL ADMINISTRA-
1’ :c;h-:t}’oo;{ Law—Public Health—Highways— Police—Licensing—Lunatics—Burial—Parish

perty—Rights of Way—Open Spaces—Allotments—Small Holdings—Workmen's Dwellings

- -Education—Drai 2 N :
T Loos M:n . ‘;:;.nage and Embankments. LoCAL FINANCE—Valuationand Iocal Accounts
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The Growth of Cities in the

Nineteenth Century.

A Study in Statistics. By Ab~ya FerrIN WeBER, Ph.D. 488 pp.
paper, 14s.; cloth, 16s.

Introduction—The History and Statistics of Urban Growth—Causes of the Concentration
of Population—Urban Growth and Internal Migration--The Structure of City Populations—
The Natural Movement of Population in City and in Country—The Physical and Moral
Health of City and Country—General Lffects of the Concentration of Population—Tendencies
and Remedies.

English Local Government of To-day.

A Study of the Relations of Central and Local Government.
By M. R. Macrteig, Ph.D., Columbia University. With
Bibliography and Index. Demy 8vo, paper, 8s.; cloth, 10s.

Introduction—Poor Law Administration—Public Health and I.ocal Government—Police
--Elementary Education—I.ocal Finance—Central Audit—Special Legislation—The Theory
of Central Administrative Control.

London Water Supply.

Being a Compendium of the History, the Law, and the Trans-
actions relating to the Metropolitan Water Companies, from
Earliest Times to the Present Day. By H. C. Ricnarps,
Q.C., M.P., Bencher of Gray’s Inn, and W. H. C. Pavne,
Barrister-at-Law, ex-Member of the Water Committee, Representative
of the London County Council on the Thames Conservancy Board ;
assisted by J. P. H. Soper, B.A., LL.B., of Lincoln's Inn,
Bayrister-at-Law. SECOND EDITION. Cloth, 324 pages,
6s., net.

‘T'his book is an up-to-date edition of a work which had already won for itself a name on
the County Council and in the water world, being neither polemical nor political. Its aims
are historicaland legal ; it is an attempt to place in the hands of legislators, shareholders, and
ratepayers in a clear and comprehensive form, the past and present position of the water
supply of the Metropolis and Greater I.ondon, and of some of the large centres of population
of the United Kingdom.

Local Government C/zronicle.—-" A successful attempt to illustrate the difficulties of the
l.ondon water question.’

Law Magasine and Review.—* Those who wish to have a clear idea of the history of the
numerous inquiries that have taken place, and of all the schemes suggested with relation to it,
will find the same m this book, with the facts and argumems on both sides lucidly and
impartially set out.’

The Government of London.

Containing the Text of the London Government Act, 1899, Clause
by Clause, with Notes, Explanation, Preface, Introduction,
and Index. By J. Renwick Skacer, L.C.C., Author of
““ Notes on Registration,” &c.  Crown 8vo, cloth, 2s. 6d.

Duily News.—** We may congratulate our readers that Mr. Seager, L.C.C., has undcr-
tuken the task of making the London Government Act plain to the ordinary citizen.

has done so m language intelligible to us all, instead of lazily repeating the legal gibberish of
the sections.’

Municipal Journal and London.—** Of the making of books on the London Government
Act there is no end. We have alrcady 1eferred at length to several guides to the new Act,
and now we have before us another volume of a more popular character from the pen of Mr.
Renwick Seager, L.C.C., who has already sent out into the world several useful books. Mr.
Seager has throughout the book endz_avoured to treat his subject in a popular manner, and
he has succeeded remarkably well.”
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Tribunal of Appeal under the
London Building Act.

A Manual for the Guidance and Assistance of Intending Appellants,
their Architects and Surveyors, desiring to exercise the rights
of Appeal to the Tribunal. By Cuas. H. Love, Clerk of the
Tribunal. Cloth, 3s. 6d., net.

London County Council.

Messrs, P. S. Kixng & Sox are the Publishers appointed for the
sale of the Reports and Publications issued by the London
County Council. These consist of its Annual Report and
Accounts, Reports of its Officers and Committees on Water
Supply, Public Health and Sanitary Matters, Lunacy, Fire
Brigade, Housing, Technical Education, Rating and Taxation,
Statistics, Bye-Laws, &c.

Special Catalogue arranged according to Subjects. Post Free.

Sewage Disposal.

The Disposal and Treatment of the Sewage of the City of Man-
chester. Report of the Experts, BaLowin Latuam, C.E,,
Percy F. Frankraxp, and W. H. PerkiN, Jun., appointed
by the Rivers Committee of the Manchester Corporation.
Dated October 3oth, 1899. With 25 Photographs and Diagrams.
Cloth case, 8vo, 6s.

In continuation of the above :—

Report of the Rivers Committee, 22nd January, 1g9oo, with
Appendices, containing Report of the Experts on the require-
ments of the Local Government Board, and Report of the
Superintendent and Chemist on the recent results obtained
by the Bacterial Treatment of Sewage at the Davyhulme
Works. Nuinerous Diagrams. Stiff boards, 8vo, 3s.

Massachusetts State Board of Health.

Purification of Sewage and Water.

Experimental Investigations upon the Purification of Sewage, by
Filtration and by Chemical Precipitation, and upon the
Intermittent Filtration of \Water. Diagrams, &¢c. 18go. gIo
pages. Demy 8vo, cloth, 12s.

. Filtration 91’ Sewage and Water, and Chemical Precipitation of Sewage, by HirAM
F. MiLLs, C E. _General view of results, &c.—Report of the Chemical Work of the
lLawrence Experimental Station, including methods of Analysis, and some investiga-
tions of the process of Nitrification—Report of Experiments upon the Chemical Pre-
w)(l)triug;nthof ISewage at the Lawrence Experiment Station— Report of the Biological
Nitrifying Ct)erg;at:g;r:oe }:xpf:nment Station—Investigations upon Nitrification and the
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Annual Reports of the Board.

Thirtieth Annual Report for 1898. 878 pages, Demy 8vo, cloth,
128,

General Report—Advice to Cities and Towns in reference to Water Supply,
Sewerage and Sewage Disposal, and Pollution of Ponds and Streams—Examination of
‘Water Supplies—Experiments on the Purification of Sewage and Water—Action of
Water upon Lead, Tin, and Zinc, with special reference to the use of Lead Pipes—
SewagePurificition of Cities an d Towns in Massachusetts —Food and Drug Inspection
—Diphtheria Cultures —Tuberculosis—Malaria, &c.

Some of the previous Annual Reports can still be supplied.

A Metropolitan Water Supply.

Report upon a Metropolitan Water Supply. Numerous Maps and
Plans. 1895. 232 pages. Demy 8vo, cloth, 10s.

Investigation of the Question of procuring a Water Supply for the city of Boston
and suburbs.

Epidemic Cerebro-spinal Meningitis.

Report on Epidemic Cerebro-spinal Meningitis and its Relation to
other forms of Meningitis. Map and Eight Coloured Plates.
1898. Demy 8vo, paper, 4s. 6d.; cloth, 6s.

History of the Disease—Epidemic Character of the Disease—Sporadic Cases—
Clinical Cases—Bacteriology—Lumbar Puncture—Gross Pathological Anatomy—
Pathological Histology—Classification of the Disease—Symptomatology —I.esions of
the Eyes—Lesions of the Ears—Diagnosis—Summary—Other Forms of Meningitis—
Description and Plates—Bibliography.

Manual for Boards of Health.

Manual for the Use of Boards of Health of Massachusetts, con-
taining the Statutes relating to the Public Health, the Medical
Examiner Laws, the Laws relating to the Registration of
Vital Statistics, and the Decisions of the Supreme Court of
Massachusetts relating to the same. Prepared by direction
of the State Board of Health. 1894. 213 pages. Crown 8vo,
paper, 3s. 6d.

Municipal Finance and Municipal Enterprise.

By Rrt. Hon. Sir H. H. FowLer, G.C.S.I., M.P., being his
Annual Address, May, 1900, as President, to the RovaL
STATISTICAL SOCIETY. 1Is.

Analysis of the Finance of Municipal Trading—The Advantages and Limits of Municipal
Management—Statistics of Profit and T.oss in various Municipal Undertakings — Loans
raised, &c.

Times.— ** A remarkable address.”

The Cost of Municipal Trading,

By Dixoxn H. Davies. A Paper read before the Society of Arts,
the Master of the Rolls, Sir Richard Webster, G.C.M.G.,
M.P., in the Chair, with the Discussion thereon, and Five
Explanatory Diagrams. 2s.

Local Government Chronicle.—'* Mr. Davies certainly makes out a plausible case for pro-
hibiting the development of municipal trading when he points to the enormous local indebted-
ness of the country. The paper is, in some respects, a strong indictment of municipal mis-
management, and it is well worth careful study.”
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Municipal Affairs.

A Quarterly Magazine, issued by the New York Reform Club
Committee on City .\ffairs. Annual Subscription, post free,
7S.

Besides th - leading articles, each number contains a Bibliographical Index of all the
literature that has appeared during the preceding quarter, not only in the U.S,A., but in
other countries also, thus making it possible to ascertain in a few moments what articles.
pamphlets, books and reports have appeared upon any phase of city government ;
Digests of Periodical Literature, which are exceedingly valuable to the busy reader who
wishes to secure the gist of the best articles without extended reacding ; and Book Rewviews
of the mo-t important works, by persons entirely familiar with the various subjects.

Vol. ITI. No. 4. December, 1899. The City Beautiful, Illustrated.
1s. 6d.

Municipal Art: Letter from Walter Crane —City Monuments—Municipal Art in
New York  Suggestions for Embellishnients. ///ustrated—Bridges—-Improvements 1n
Fdinburgh—Decoration of School Rooms—Trees and Parks in Cities—The Use of
Stained (Glass - Baltimore Municipal .Art Conference—Book Reviews—Bibliographical
Index,

Vol. IV. No. 1. March, 1900. Puyblic Services. Is. 6d.

Shall we Municipalize? - Municipal Telephones in Amsterdam —Street Railways in
British Towns- Glasgow Municipal Tramways—Syracuse Water Supply —History of
I’ublic Monopolies in New York—Ferry Franchises, Water, Gas. I'ramways, Subways, &c.

- Municipal Ownership of Docks in New York—Bibliographical Index, &c.

Vol. I. No. 1. March, 1897. A Bibliography of Municipal
Administration and City Conditions. By R. C. BRrooks.
2s. 6d.

A very full list of Books, Magazine and Newspaper Articles arranged both under
uthors’ Names, and under Subjects, on every branch of Municipal Administration and
City Problems. This Bibliography is coniinued in each quarterly issue of the Magazine.

Vol. II. No. 2. Supplement. Street Cleaning. By Geo. E.
WaRriNG, Jr.  Tlustrated. 2s. 6d.

Street Cleaning Methods in European Cities—Street Sprinkling in Vienna—Machine
Sweeping in Berlin—The Snow Problem in Paris—Picking Yards in London—Street
Cleaning in New York, and the Disposal of Refuse—Refuse Disposal Plant—Dumping
Barges—Sorting Yards, &c. — Snow Removal. ’

Vol. II. No. 4. Municipal Functions. A Study of the Develop-
ment, Scope, and Tendency of Municipal Socialism. By
. Miro Roy MaLTsie. 8vo, 240 pages. Full Index. 2s. 6d.

The Historic City— I'he City of To-day—Protective Functions—Charities—Educa-
tion — Recreation — Street Facilities — Industrial Functions — Causes of Increased
Municipal Activity— Futwie City Functions,

Vol. ITI. No. 1. Housing Problem in Cities. [Illustrated. 1s. 6d.

Working Men's Hotels — Housing of Single Women — Model Tenements and
Suburban Homes, Plans, &c.—A Mo lel Factory Town.

Political Economy.

Transactions of the Political Economy Circle of the National
Il,iberal Club. Edited by J. H. Levy, Honorary Secretary of
the Circle.

Vol. 1., 1891, Demy 8vo, cloth, 39.'

Introductory Address on the Economic Principl i i islati
. y S ples which should guide Iegislation
wltIh regard to the Occupation of I.and, By Rt. Hon. I.EoNARD H. (g:OUR'I‘Nl-‘.g\'. M.P.
R ;} t:nelg‘mluon‘e\l Mlgmtlgn and Political Economy. By J- S. MANN, M.A.—The Report
By slfm;g ;} &""I?.BSB]I\ieli (é:mnll)lis:tnqg. t'By .-\LFR]I;I) M rlll.mzs. M.A.—The Rate of Interest.
NEY ¢ B Jistribution as a Branch of Economics. . By J. H. I.kvy—
The Migration of Labour. By HURERT LLEWELLYN SMITH, B.A., R SYLJ



P. S. King & Son’s Publications.

Vol. I1., 1893, cloth, 3s.

The Economic Effects of an Eight Hours’ Day for Coal Mine
MUNRO, LL.D.—Pensions for the Aged. By Rev. W. MOORE ED
By E. BELFORT BAX.—Monopoly Rents of Capital. By JoHN A. ]
Agricultural Distress and its Remedies. By WiLLIAM E. Bear -
‘Freeland.” By C. GODFREY GUMPEL—The Economic Effects of M
Tolls. By W. A. CASSON, Barrister-at-l.aw—The Final Futility of
H. M. HyNDMAN—The Distribution of Real Property in France. |
Late Minister of Public 11 orks of France—Some Kconomic and Comu
the Land Question. By ROGER C. RICHARDS, Late Assistant Labour

Vols. 1. and II., in one volume, cloth, ss.
Vol. II1.  (In preparation.)

Chicago University.
Economic Studies.

1. Cohn’s Science of Finance.

Authorized English Edition of Professor GusTav !
der Finanzuissenschaft. Translated by Dr. T
Revised and approved by the Author. 800 pag: :

The State and the Public Business—The Historical Developr :
Economy—Different kinds of Public Contributions—The Struct -
Relations of Public Organizations---Self-Government and Volun
Sequence in the  Political Economy.

The Theory of Taxation—The Historical forms of Taxation—
The Public Credit at the Present Time, &c.

2. History of the Union Pacific Railway.
By Henry Kirke WHiTE. With Elaborate Statist
Charts. 132 pages. Cloth, 6s.

3. The Indian Silver Currency.

An Historical and Economic Study. By Karr
Translated from the German by Professor
LaAuGHLIN, 116 pages. Cloth, ss.

The Indian Monetary System—Movement of the Precious Met
Changes in the Price of Silver-on Trade and on the Industrial and -
tion of India—The Financial Condition of the East Indian Govern 1
Indian Silver Currency.

4. State Aid to Railways in Missouri.

By Joun WiLsoN MiLLION. 264 pages. Cloth, -

5. Journal of Political Economy.
Subscription, 12s. per year. Specimen Number, -

American Academy of

Political and Soc

A Bi-Monthly Journal devoted to Politics, Public
and Sociology.

A full List of these Publications post frez on app
Average price, 1s. each.

Manchester Guardian.—*' It is interesting to note the vast num )
economic’ and political subjects which are poured forth in the Un :
contrast with our comparative barrenness in England in tphe same field. )
¢raphs are of more interest and value than those written under the supe )
Academy of Political and Social Science,”
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Columbia University, New York.

Studies in History, Economics and Public Law. Edited by the
Facuvrty ofF PoriticaL SciExce oF CoLuMBIA UNIVERSITY.
A List of these Publications sent post free on receipt of
address.

Value,

A Symposium on Value. Edited by J: H. Levy. 6d.

Papers by E. Belfort Bax, Wordsworth Donisthorpe, Geo. Bernard Shaw, J. C. Spence,
J. Armsden, Philip H. Wicksteed, H. M. Hyndman, Clara E. Collet, J. H. Levy.

PrEFACE :—The initial paper of this Symposium was read at one of the meetings of the
National Liberal Club Pohtical Economy Circle ; and, reinforced as it is by the contribution
of Mr. Hyndman, may be regarded as a thoroughly efficient exposition of the Marxian Theory
of Value. Mr. Belfort Bax is certainly one of the ablest, as he is one of the most consistent
and courageous, of living Socialists. The Fabian revolt from Marx is represented by Mr.
George Bernard Shaw; while Socialism as a whole is represented by him and his twe
antagonists. ‘The Anarchistic, or Proudhonian, theory has Mr. Armsden for its champion.
Mr. Wicksteed takes up the cudgels on behalf of Jevonian orthodoxy, as distinguished from
the Jevonian Sociahsm of the Fabians. Miss Collett's *‘ views on the subject of Value are
Aryan rather than Unitarian '—which eniimatical utterance I take to mean that she must be
regarded as differing from Ricardo and Marx rather than as agreeing with Mr. Wicksteed.
Mr. Spence opposes Mr. Bax's reasonings from the point of view of the '‘actual business”
man who distrusts *‘ theoretical economists” ; Mr. Wordsworth Donisthorpe’s standpoint of
opposition to the Socialistic economics is that of ‘“an inductive science of plutology " ; while
mine is that of a Ricardian in economics and an Individualist in politics.

In my capacity as editor of the Symposium, my chief care has been to get all shades of
econoniic opinion worthily represented.—J. H. LEvy,

The Work of the London School Board.

By THoMas ALFRED SPALDING, LL.B., Barrister-at-Law ; Private
Secvetary to the Chairman of the School Board for London; assisted
by T. H. A. CannNEey, B.A., with contributions by S. E. Bray,
Miss PHivrips, &c., &c., and a Preface by Lorp REavy,
G.C.S.1,, G.C.1.E., Chairinan of the School Board for London.
Presented at the Paris Universal Exhibition, 1900. 6 Plans

and 13 Diagrams. 4to. 5s.

CONTENTS— PART 1. Historical—Introduction : (i.) The Influence of the Reforma-
tion ; (ii.) The 17th and 18th Centuries ; (iii.) The Education Societies ; (iv.) Govern-
ment Aid; (v.) Legislation. PART II. The Foundations.—CHAPTER I. The first
School Board for London—CHAPTER II. Statistics—CHAPTER I1I. School Buildings :
(i.) Before 1870; (ii.) After 1870—~CHAPTER IV. School Management. SEcCTION I.
Before 1870—(i.) Curriculum ; (ii.) The Teaching Staff; (iii.) Books and Apparatus.
SECTION II. After 1870—(i.) Curriculum; (ii.) The Teacher; (iii.) School Manage-
ment : (iv.) Books and Apparatus; (v.) Evening Schools. CHAPTER V. Compulsion—
CnapTER VI Industrial Schools—CuAPTER VII. Finance. PART I1I. Curriculum
and School I.ife—CHAPTER 1. Educational Progress—CHAPTER II. The ordinary Day
School—CHAPTER III. Method in Infant Schools—CHAPTER IV. The Higher Grade
School—CHAPTER V. The Training of Teachers; (i.) The Pupil Teacher's School ;
(ii.) Training Classes for ‘Teachers—CHAPTER VI. Special Subjects of Instruction ;
(i.) Science; (ii.) Drawing; (iii.) Singing; (iv.) Manual Training; (v.) Cookery ;
(vi.) Domestic Economy ; (vii.) Needlework ; (viii.) Physical Training, 1, for Boys ;
2, for Girls—CHAPTER VII. The Abnormal Child—(i.) The Blind; (ii.) The Deaf;
(iii.) The Defective —CHAPTER VIII. The De‘ective— CHAPTER 1X. The Evening
Continuation School.

The School and Society.

Lectures by Joun DEeWEY, Professor of Pedagogy in the University of
Chicago, supplemented by a Statement of the University
Elementary School. 130 pages. 8vo, cloth. Facsimsle Illus-
trations of Children’s Drawings. Second Edition. 3s.

The School and Social Progress—The School i ild— W’ i
dvieon gt E gress and the Life of th
Education—Three Years of the University Elementary St‘;}‘xoo;.e of the Child—Waste in
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Bimetallism.

Pamphlets by M. Henri CerNuscHi, advocating Bimetallism.
1s. each.

Monetary Diplomacy. )

Bimetallism in England and Abroad.
Bimetallism at 15}; a Necessity.

The Monetary Conference.

The Great Metallic Powers.

Anatomy of Money.

The Bimetallic Par.

Sreech at the Paris Monetary Conference, 1889.

The Silver Question.

A Letter to the Prime Minister concerning the Evils arising from
Trade by Barter, due to the Loss of an' Universal Medium.
By Sir E. R. Prarce EpGcuMBE, Banker. 2d.

Britannia.
A Monthly Magazine, having for its object the promotion of the

closer Union of Home Country and Colonies. Portraits and
Cartoons. Monthly, 6d. Annual Subscription, 6s., post free.

Canada and the Empire.

By ]J. Van SomMER, Jungr., of Toronto. Compiled from the
Official Reports of the Inter-Colonial Conferences and Cham-
bers of Commerce Congresses. 1898. 1s.

A necessary book to all students of ITmperial uestions, and especially to members
of Boards of I'rade or Chambers of Commerce.

This work gives an epitome of the three Chambers of Commerce congresses, the
Ottawa conference, tables of colonial tariffs, &c., and is of invaluable service to those
present at the fourth congress of the Chambers of Commerce in June, 1900.

Charities and Correction.

Proceedings of the National Conference of Charities and Correc-
tion, at the Twenty-third Annual:Session held at Grand
Rapids, Michigan, U.S.A., June, 1896. 525 pages. Demy
8vo, cloth, 8s. 6d., net.

Papers by various authorities on the following important questions :—The New
Philanthropy -— Social Settlements and the Iabour Question— The Insane—The
Epileptic—The Feeble-minded—The Tramp Question— Charity Organisation— Charities
—Immigration— Child-Saving—]Juvenile Reform, &c.

Proceedings of the Twenty-fourth Annual Session, held in Toronto,
Ontario, July 7 to 14, 1897. 517 pages. Portrait. Demy
8vo, cloth, 8s. 6d., net.

President’s Address— Soldiers” and Sailors’ Homes—Prison Reform—Fpilepsy—

Insanity—Child-Saving — Reform Work — Charity Organisation — Qutdoor Relief—

Municipal and County Charities —The Feeble-minded —Deserted Children—Social
Settlements—Moral Reform in Ontario—Tramp and Settlement Laws, &c.
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Proceedings of the Twenty-fifth Annual Session, held in New
York, May, 1898. 544 pages. Portraits. Demy 8vo, cloth,
8s. 6d., net.

President’'s Address—The Theocratic Republic—Reports from States—Municipal
and County Charities—Laws of Settlement—Politics and Public Institutions—Immigra-
tion — The Insane — Feeble-mindedness—Medical Charities — The Defective and
Dependent Classes—Delinquent Children—Charity Organisation, &c. ’

China Imperial Maritime Customs.

Reports on Trade at the Treaty Ports; Medical Reports from the
Doctors in the Customs Service on local peculiarities of
disease, and diseases rarely or never encountered out of
China; Reports on Special subjects, such as Silk, Opium,
Chinese Language, Music, &c.

These important publications, printed at Shanghai, are issued by authority of the
Inspector-General of Imperial Maritime Customs.  List sent post free.

Corrupt Practices Act, 1883.

(Parliamentary Elections.) _ i
With Introduction and Index. By J. RENWICK SEAGER. Is.

Criminal Appeal.

The Necessity Criminal Appeal, as illustrated by the Maybrick
Case, and the Jurisprudence of various Countries. Edited
by J. H. Levy. 610 pages, Demy 8vo, cloth, 10s. 6d. net.

Contains a Revised Report of the trial of Mrs. Maybrick, with Explanatory and
Critical Notes, Speeches of her Counsel, Sir Charles Russell (now Lord Russell, of
Killowen, Lord Chief Justice of England), together with Essays on the circumstances
and events relating to the case, before and after the trial, and New Evidence collected
since the Verdict. :

The Volume also contains Essays on the REPARATION OF JUDICIAL ERRORS in
various Countries :—

AMFRICA—By MAX J. KOHLER, A.M., LL.B., New York.

ExGrLanp—By C. H. Hopwoob, Q.C., Recorder of Liverpool.

FRANCE—By Monsieur YVES GUYOT, late Minister of Public Works.

GERMANY—By RECHTSANWALT FRIEDRICH KRAFT, Giessen.

ITALY—By Signor ANTIGONO DONATI, Avvocato, Rome.

POorRTUGAL—By Professor Major GREENFIELD DE MELLO, Lisbon.

NorRwAY—By Advokat FrRaNTZz F. MELHUUS, Christiania.

SWITZERLAND—By Monsieur HENRT DEcuGIS, Docteur en Droit, Paris.

Duaily Mail.—-'* Persons who are in favour of -the institution of a Court of Criminal
Appeal will find arguments in plenty in this corpulent compilation.”

Leeds Mercury.—** Since Mr. Levy has printed this very fat (and well printed) book, it
will no doubt take its place as the standard and most complete text of the Maybrick case.”

Employers” Liability. What Ought it to Be 2

By H. W. WoLrr, Author of * People’s Banks,” &c. 114 pages.
Demy 8vo, paper, 2s. 6d.

Manchester Guardian.—'* Points out the extremely unsatisfactory nature of our present
law as to employers’ liability, and goes on to advocate an adaptation of the German system of
giving compensation to workmen for all injuries received in the course of their employment,
coupled with a provision for punishing employers whose culpable conduct gives rise to
accidents.”
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Eight Hours’ Day,

Report on a Year’s Work with a 48 Hours’ Week in the Salford
Iron Works, Manchester (Mather & Platt, Ltd.); with a
Reply to Criticisms. By WiLrLiaMm MaTtuer, M.P. 6d.

The Established Church and its Endowments.

A word on Lord Selborne’s Defence. By CriTticus. 1s.

Formosa.

A Handbook of Formosa. By ]. D. Crark, Editor of the
““ Shanghai” Mercury. Maps. 213 pages. Crown 8vo, paper,
3s.

Brief History—Population—Trade—Social Conditions—Foreign Population, &c.

India Office and Government of India.

Messrs. P. S. Kinc & Son have been appointed by the Secretary
of State for India, Agents for the Sale of the Publications of
the Government of India and of the India Office. They are
prepared to supply copies of the Reports and Publications
printed by the Government Printer in Calcutta, and of the
Departmental Reports, &c., on sale at the various Govern-
ment printing presses in India. Such works as are not
stocked in this country will be obtained from India. Lists
of these publications appear regularly in their monthly
catalogues.

A Catalogue of the move smportant of these publications, post free.

India.

The Bogey of a Russian Invasion of India. A Lesson from the
Tirah Campaign. By Coroner H. B. Hanna. 2d.

Indian Famine.

Indian Famine Charitable Relief Fund, 1897. First Report of
the Central Executive Committee, January to July, 18g7.
177 pages. Demy 8vo, 2s.

Labour Literatﬁre: Handbook of.

Being a Classified and Annotated List of the more important
Books and Pamphlets in the English Language. Compiled
by HELEN MaAROT. 2s. 6d.
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J. H. LCVY, Pamphlets by—

The Outcome of Individualism. 6d.

State Vaccination: with Special Reference
Ancient Judaism. 2d.

A Symposium on Value. 64.

The Economics of Labour Remuneration.

Freedom the Fundamental Condition of N |

Military Imposture and Social Mischief.

Ministry Card :

Containing a List of all the Members
Principal Officers of the State, &c. 6

Newfoundland Law Reports,
Decisions of the Supreme Court of Newf
Annotated, Revised, and Edited by .
Newfoundland Bar, Queen’s Counsel, &
Index. Demy 8vo, cloth, 30s.

Opium Habit in the East.

A Summary and Study of the Evidence, .
Commission on Opium. By Jossua .|

Opium.

The Report of the Royal Commission on (
the Evidence from China that was su
mission. An Examination and an /
FosTER, B.A., Hankow, China. 1899.

With a Preface signed by the Archbishop of Canterbui 1

Liberalism : Paths of Progress

Some Discussions on the Aims of Moder
Reform—Education. By CHarrLes Tr

Pennsylvania University.

Department of History.

Translations and Reprints from Original T 1
European History.
List of these most intevesting Publications

Poor Law Schools :

A Criticism of the Report of the Departyyent
to be made by a Conference of Mgpa¢
all the Metropolitan Boards of Gu’c\r diad

‘w
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Prison Association of New York.

Report for the year 1895, Fifty-first Annual. 1,005 pages,
cloth. 7s. 64.

Report on the General Administration and Condition of the Prisans in New York—
Prison Labour. By EUGENE SMITH—The New Constitution of New York in relation
to Prison Labour. By W. P, PRENTICE—The Bertillon System. By Dr. PAUL R.
Browx—Collection of all the Laws relating to Prison matters, managzment, discipline,
&c., in the State of New York.

Report for 1894, Fiftieth Annual. 215 pages, cloth. 2s. 6d.

The Massachusetts System of Probation — Paper on Electrocution — Prison
Reforms, &c.

Report for 1893, Forty-ninth Annual. 223 pages, cloth. 1894.
2s. 6d.

In addition to the usual Report on the Administration of the Prisons, this volume
contains a Catalogue of the Library of the Prison Association, forming a useful
Bibliography of the subject.

Public Works in Lancashire.

For the Relief of Distress among the Unemployed Factory Hands
during the Cotton Famine, 1863-66, carried out under the
Supervision of Sir KoBERT Rawrinson, K.C.B., President of
the Institution of Civil Engineers, 1894-95, with an Appendix
on the Sewering of Towns and Draining of Houses. Paper,
1s.; Cloth, 2s.

Gives an account of the Public Works devised by the Local Authorities, and carried
out with money lent by the Government, for the Relief of the able-bodied men thrown
out of work by the Cotton Famine.

It shows how the difficulties were overcome, relief given, pauperism avoided,
malingering prevented, good work done, roads made, sewers built, and towns improved
without Joss of any of the money advanced by the Government for relief.

‘T'he Appendix contains Papers by Sir Robert Rawlinson on the Sewering of Towns
and Draining of Houses, and his Report on the Sanitary Works at Windsor Castle.

Railways.

Monthly Bulletin of the INTERNATIONAL RaiLway CONGRESS
(English Edition). Illustrated. Subscription for twelve months,
January to December only, post free, 24s.

Single numbers vary in price from 2s. 6d. to 5s. each.

April, 1900. Vol. XIV., No. 4. Diagrams and Illustrations. 4s.,
post free.

CONTENTs:—Banking, Piloting, or Double-heading, by Sigismond ABELES, /nspecteur
de la Direction on the Hungarian State Railways :—Exhaust and Draught in Loco-
motives, by ED. SAUVAGE, Assistant Chief Engineer Locomotive and KRolling Stock
Department Frenck VWestern KRailway,; Numerous Tables and Diagrams.—Technical
Education of Railway Servants, by K. KILLANDER, Locomotive Carriage and 1Vagon
Super.ntendent to the Swedish State Railways,; and LroN DROUIN, Engineer, General
Inspector of the Madrid Caceres Portugal, the Spanish Western, &c., Railways.—Tran-
sition from a Rising to a Falling Gradient, by WENzZEL HOHENEGGER, Controller of
New VWorks on the North West Austrian and South North German Junction Railway.
—Methods of Dealing with Snow, by 1. FLETZER, Chief Engineer of the Hungarian
State Raxlw{z_v.r,' Plates and Diagrams.—Use of Steel and Ingot Iron in the Construction
91!‘ g_l.ocomotlvqs and Rolling St'ock, by WiLLiAM FORSYTH, Jleckanical Engincer;
La Vss‘ aEd vaaﬁgnrams.—-—Mechamcal Bells intended to Duplicate Ordinary Signals, by
A'P ”‘ZI;SEN B;*;Cll;. Assistant to the Head of the Department for Supervising Safety

paratus on the Belgian State Railways Diagrams.—Working Stress of Materials in

Locomotives, by F. W, JENNINGS i—Monthly Bibliography of Railways, '
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Light Railways.

A Catalogue of Books, Reports, Papers, and Articles relating to
Light Railways. Compiled by Corrie L. THomPsoN.
39 pages. Demy 8vo, paper, 2s. 6d.

|
E Russia: The Industries of.

Important Works on the Industries of Russia, prepared under the
direction of the Russian Ministry of Finance, Department of
Trade and Manufactures.

Messrs. P. S. King & Son are the Publishers appointed by
the Russian Government for the Sale of this Work in England.

Vols. I. & II.—Manufactures and Trade. 576 pages. Imp. 8vo.
With a General Industvial Map. 12s.

REVIEW OF THE MANUFACTURES AND TRADE OF RuUSsIA, by C. I. Mendeléeff,
Emeritus Professor, St. Petersburg University. —COTTON Goobps, by N. Langovoy,
Professor St. Petersburg Technological Institute.—Flax, Hemp and Jute Goods—
Woollen Goods—Silk Goods— Paper Industry—Leather Goods—India Rubber Trade—
Wood Industry — Metal Industries — Machines and Implements —Glass Wares—
Ceramics—Chemical Industry—Manufacture of Matches—The Naphtha Industry—
Cement Trade, by various Professors and Authorities.

Vol. II1.—Agriculture and Forestry, Maps and Diagrams. 488
pages. (Out of print.) ,
General View of Rilissia, characteristics of the Agricultural Regions—The Climat
Soil—Rural Population and Landed Property—Systems of Agriculture and Field
Rotation—Cultivation of the Soil—Breadstuffs —Flax and Hemp —T.ive Stock, Cattle
Trade—Rural Economy—Farming Machines and Imp'ements—Agricultural Schools—
Industrial Rural Credit—Forestry—Goods Freights in conjunction with Transport
Statistics—Household Industry—Manufactures from Farm Produce—Administrative
Measures.

Vol. IV.—Mining and Metallurgy. Map. 98 pages, 2s. 6d.

General History of Mining Industries in Russia—Mining Schools—An Account of
each Mineral and the Localities where worked in Russia—Gold, Platinum, Manganese,
Iron, Coal, Phosphorites, &c.—Building Materials—Mineral Springs.

Vol. V.—Siberia and the Great Siberian Railway. Map. 265
pages, 6s.

Historical Sketch—Geographical Review— The Yakutsk Frontier Country—The
Amour Littoral Borderland—The Kirghiz Steppe—Tenure and Use of I.and—Forest
Wealth—Hunting and Fur Industry in the Far East—Industry, Commerce, and Ways
of Communication—The Foreign Trade of Siberia—The Great Siberian Railway ;
Topographical and Technical Conditions, Cost, &c.—Its Importance.

Silver Exchanges.

Tables of Silver Exchanges, wherein the intrinsic and (approxi-
mate) exchange values of the rupee, the (Shanghai) tael, and
the (Hong Kong) dollar are worked out in decimals of a
penny, and in logarithms of pence and pounds sterling, with
bar silver at prices rising by eighths of one penny, from 414d.
to 6od. per ounce. By James Graname. Cloth, 2s. 6d.

State Children’s Aid Association.
1st Annual Report, 1897. 3d.
2nd ,, " 18g8. 3d.
3rd C 1899. 3d.
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Toronto University.
Studies in History.
First Skries:—Review of Historical Publications relating to
Canada.
Vol. I. Publications of the year 1896. (Including some of the
more important Publications of 18395.) 1go pages. 1897. 4s.
Vol. II. Publications of the year 1897. 238 pages. 189%. 4s.

Canada’s relations to the Empire—History of Canada—Provincial and I.ocal
History—Geography, Economics and Statistics—Law, Education and Bibliography.
Vol. III. Publications of the year 1898, 225 pages. Paper, 4s.,

cloth, 6s.
Vol. IV, Publications of the year 1899. 229 pages. Paper, 4s.

SecoxD SERIES :—Preliminary Stages of the Peace of Amiens.
The Diplomatic Relations of Great Britain and France from
the fall of the Directory to the Death of Emperor Paul of
Russia, November, 1799, to March, 180o1. By H. M.
Bowsax, M.A. 79 pages. Sup. roy. 8vo. 1899. 3s.

Vaccination.
A Royal Commission's Arithmetic. A Criticism of Vaccination
Statistics, and a Plea for Fresh Figures and Fair Inferences.
By ALExaNDER PatL.. 6d. .

Vaccination.
The Report of the Royal Commission on Vaccination. A Review

of the Dissentients’ Statement. By Joux C. McVaiL, M.D.
2s.

Vital Statistics of the New England States.

A Summary for the year 1892; being a Concise Statement of the
Marriages, Divorces, Births, and Deaths in the six New
England States. Compiled under the direction of the SEcrE-
TARIES OF THE STATE Boarps oF HEeaLTtH. Demy 8vo,
2s. 6d.

The Engineering Times.
Great Britain’s Leading Engineering Magazine. Written by the
Most Eminent Men of the Day. Profusely Illustrated and
Exquisitely Printed. Price 64. monthly. Annual Subscription

(2 vols. and including Special Issues), post free to any part
of the World, gs.

High-Speed Steam Engines.

By W. Norris, A.M.Inst.C.E., M.I.Mech.E., and Ben H.
MoraGan, Editor “Enginceving Times.” Fully Illustrated. Demy
8vo. 10s. 6d.

This work deals with the subject of ‘‘ High-Speed,"” ** Quick Speed,” and *‘ Quick-
Revolution” Steam Engines in the most exhaustive manner yet attempted. The
World's leading engineering firms’ practice is described.

Details are dealt with in separate chapters on Governors, Lubrication, Action of
Reciprocating Parts, &c, It is 2 complete guide to the practice of the day.
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London School of Economics and
' Political Science.

Studies in Economics and Political Science.

A Series of Handbooks by Writers connected with the London School of
Economics and Political Science. Edited by Prof. W. A. S. Hewins, Director.

1. The History of Local Rates in England.
The substance of Five Lectures given at the School in November

and December, 1895. By EpwiNn CannanN, M.A., Balliol
College, Oxford ; Lecturer at the School, 1896. 140 pages. 2s. 6d,

7'imes.—*‘An interesting summary of the development of one element of taxation.”

Law Jourrnal.—'*So interesting and so instructive. . . . Every lawyer and political student
ought to read them.”

Pall Mall Gasette.— ‘*That Nir. Chapman should have succeeded in making his
““History of Local Rates in England " readable is a proof that lucid thinking and writing can
redeem the driest of subjects.”

2. Select Documents Illustrating the History of Trade
Unionism. 1.—The Tailoring Trade.

By F. W. Garton. With Preface by Sipney Wess, LL.B,
1896. 242 pages. 5s.

Times.—** What Professor Brentano fai'ed to find when he collected the materials for his
memorable essay ‘On the History and Development of Guilds and the Origin of Trade
Unions,” Mr. Galton has discovered in great abundance, setting forth in his introduction the
historical sequence and the economic significance of the documents themselves, and the
movement they illustrate with no iittle skill and insight.”

Glasgow Herald.—‘ The work reflects the greatest credit on Mr, Galton's industry and
intelligence in historic research,”

Manchester Guardian.—'‘1t is to be hoped that i1he admirable example set by
Mr. Galton will be followed by other students as competent to trace the early history of
combination in other great trades.”

g. German Social Democracy.

ix Lectures delivered at the School in February and March,
1896. By Hon. BrerTranD RusseLr, B.A., Fellow of
Trimity College, Cambridge. With an Appendix on Social
Democracy and the Woman Question in Germany by ALys
RusseLr, B.A.  1896. 204 pages. 3s. 64.

Times.—*'' A history of the movement during the last thirty years and of the aboriive
efforts to retard its growth leads up to the consideration of its present position, which is
approached in a fair-minded spirit and discussed with insight and judgment.”

Journal des Debats.—**. . . un des meilleurs manuels historiques sur le développement du
socialisme qui aient été publiés."” -

Scotsman.—** . . . Mr. Russell has studied his subject with great thoroughness, and his
book gives a most interesting picture of the present political condition of Germany and the

causes which have led to it. It is a book which should prove of the utmost value to students
of current foreign politics.” ’

& The Referendum in Switzerland. ) )
y M. SimoN DEePLOIGE, University of Louvain. With a Letter on
the Referendum in Belgium by M. ]. van pEN HEeuvEL, Pro-
Sessov of International Law in the University of Louvain. Translated
by C. P. TreverLvaN, M.A., Tvinity College, Cambridge, and
edited with Notes, Introduction, Bibliography and Appendices,
by LiLian TowmN, Girton College, Cambridge ; Research Student

at the School. 1898, Ix.and 334 pages. 7s. 6d.
Scolsman.—**. . . a careful and detailed study of the history of democracy in Switzerland,
. Miss Tomn's introduction is valuable as showing the bearings of the experience of Switzer-
land upon other countries in which the Referendum has been introduced or is, in one form or

another, proposed to be introduced. "

E. P. OBERHOLTZER, in the Annals of the American Academy.—**. . . we will content

ourselves with advising these who wish to understand this subject to apply themselves to the
study of this instructive treatise.”
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5. The Economic Policy of Colbert.

By A. ]J. SarcenT, B.A., Brazenose College, Oxford ; Hulnie
Exhibitioner, Oxford ; and Whateley Prizeman, Trvimty College,
Dublin, 1897 ; Lecturer at the School 1899. viii. and 138
pages. 2s. 6d.

Saturday Review.—‘*Mr. Sargent's monograph on Colbert is a very thorough bit of
work. We have rarely met with a book that concealed with so careless a grace the elaborate
researches it has entailed.”

Spectator.—'* This short but brightly written study . . . English readers will be grateful
for an account of the man who founded French financial and commercial policy. . . .""

Manchester Guardian.—'*. . . We trust that the readers of Mr. Sargent’s useful little book
will be encouraged by his example to undertake for themselves the more detailed study of this
remarkable man and his period. ‘I'hose who do so will be greatly assisted by the carcful
bibliography appended to the present volume."

6. Local Variations in Wages.

(The Adam Smith Prize, Cambridge University, 1898.) By F. \V.
Lawrence, M.A., Fellow of Trinity College, Cambridge. 18599.
vili. and go pages, with Index and 18 Maps and Diagramts.
4to. 8s. 6d.

Birmingham Post.—'*. . . Mr. Lawrence’s work may be commended to those who make a
special study of Economics as affording material for much thought and many interesting
points of comparison.”  * .

Yorkshire Post.—** A work of sociological first importance. . . . His information is clearly

tabulated. . . . Its results appear to us to have been carefully reached and to be of great
importance.”

7. The Receipt Roll of the Exchequer for Michaelmas Term
of the Thirty-first Year of Henry the Second (1185). «

A unique fragment transcribed and edited by the Class in Palae-
ography and Diplomatic under the supervision of the Lecturer,
Husert Harr, F.S.A.,, H.M. Public Record Office. Witk
T hirty-one Facsimile Plates in Collotype, and Pavallel Readings from
the contempovary Pipe Roll. 31s. 6d. ’

Other volumes are in preparation. .

Transport by Aerial Ropeways.

Contributors—W. T. H. CarrincgTon, M.Inst.C.E., R. E.
Commans, M.Inst.C.E., J. Pearce Roe, M.I. & S. Inst.,
S. M. CockBurN, A.M.Inst.C.E., J. WaLwyn WHITE, and
OTHERS. lllustrations from Photographs. Price 1s., or post
free, 1s. 4d. :

In this work all the important systems of Ropeways are fully illustrated and
described by the actual inventors, the conditions under which they. can be used and the
economies that can be effected by their use. For the conveyance of passengers, trans-
porting goods and minerals over mountainous and other districts, for use in the
construction and demolition of bridges, quarrying, mining, connecting warehouses,
Ropeways are being vtilized more and more every day, and correspondingly appreciated.
This volume will fully inform you on the subject.

It is acknowledged to be the most authoritative work available, and is printed in the
best possible style on excellent paper, and most profusely illustrated.

Engineering at the Paris Exhéhition.
Fully Illustrated. Price 2s. 6d., or post .F 1 -

This is a special issue of the Engineering_ Times, an. & 3' rd
of the leading civil, mechanical, and electrical féafures of the (36( Ulliveneo. of
Tgoo. Printed and illustrated in the best style.

P

BRADBURY, Agngw, & CO. LD., PRINTERS, LONDON AND TONBRIDGE.
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