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PREFACE TO SECOND EDITION.

THE reception given to this book by the technical Press interested
in the subject was most gratifying, and engineers -engaged in the
construction of pumping and hydraulic machinery, as well as advanced
students, lost no time in obtaining copies.. The outbreak of war
just as the book was made known diverted interest to other subjects
of more pressing need, yet, notwithstanding this and the trade
slump which followed the war, a new edition is already called
for. Developments in the art of building and operating hydraulie
machinery have also been retarded, and it follows that for this
edition only essential alterations are necessary. To practical engineers
and designers the wealth of sectional views of machinery with
‘which the subject is illustrated will appeal more than photographs
of recent machines, designs and specialities. The subject is so wide
that for special branches of it reference must be made to other
books; thus, for Centrifugal Pumps and Suction Dredgers Mr. E. W.
Sargeant’s work should be consulted, and for Automatic Pumping,
a new work now at press, by W. Walker Fyfe, will give full
information.  The available supply of water power and its possi-
bilities has been forced upon the attention of engineers by the
greatly increased cost of coal and the unceasing demand for power.
In this edition, therefore, the theory and practice of the application of
water power have been very extensively dealt with and graphically
explained, as the author is of opinion that all manufacturing
countries will need to give most careful consideration to this

source of power.
E. B.

December, 1921, S 00990






PREFACE.

THE object of this treatise is to present in a clear and concise form
information specially useful to practical engineers, designers, and
others engaged either in the construction or application of Pﬁmping
and Hydraulic Machinery for any of the numerous purposes, where-
with this useful and, in many respects, indispensable class of machinery
can be employed.

An impression of the extent and varied application of pumping
and hydraulic machinery will be at once gathered by a glance at the
Contents. This including, in addition to that used for water supply,
wells, mines, etc.; drainage, irrigation, dredging, and reclamation’
work—all classes of direct-acting steam pumps, injectors, and con-
denser pumps ; fire pumps, high-speed, and that useful class known
as variable-delivery constant-speed pumps.

Besides rotary, centrifugal, and turbine pumps, there must also
be included steam, air, gas, and hydraulic direct-displacement, or
pulsator pumps, as well as air-lift or aeration pumps, together with
the various appliances especially adapted for raising petroleum from
deep wells. In all of these separate and distinct classes of pumps,
in addition to a number of typical examples illustrating the most
modern practice—the construction, working, and relative advantages
have been impartially considered—an explanation has also been
given wherever necessary of the theoretical principles involved.

The increasing use of internal-combustion power for automobile
and maritime propulsion, a subject fully dealt with by the author in
The Evolution of the Internal Combustion Engine, recently published,
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lends additional interest to that part of the work devoted to a
description and analysis of the various hydraulic power transmission
systems in use. Hydraulic turbines, too, although nbt so important
a subject perhaps for this country, constitutes, nevertheless, one of
vital concern to many other p:a,rts of the world ; a cﬂapter, therefore,
has been included dealing extensively with the theory and possi-
bilities of water power, together with a number of practical examples
demonstrating the relative adaptability of the several tyi)es of
motors available for varying conditions of pressure head and other
factors.

It has been the endeavour of the author to treat exhaustively
and systematically the whole range of pumping appliances, as well
as the various machinery used in hydraulic transmission and genera-
tion of power. In so doing, a series of articles contributed to the
Mechanical Engineer have been largely drawn upon, through the
courtesy of the editor, and the author’s thanks are here tendered,
as also to the various firms who have kindly afforded information
regarding their productions.

EDWARD BUTLER.

February, 1913.
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MODERN PUMPING

AND

HYDRAULIC MACHINERY.

CHAPTER I
INTRODUCTORY REMARKS.

WATER has always been regarded as the first necessity of life, and any means
that can be employed for raising and distributing it must rank as one of the
most important considerations for communal or urban existence, there being
very few cities indeed so favourably situated as to be able altogether to
dispense with all such assistance, and there certainly is no form of motive
power entirely independent of pumps. Recognising this, it is extremely difficult
to realise how people of, say, quite recent times managed to get through life
as well as they did without the many conveniences and comforts we moderns
derive from the use of pumping machinery in one form or another, recognising
that their knowledge of mechanics was a very little higher than that known
to the ancients, who, there is good reason to believe, were undoubtedly acquainted
with several mechanical devices for raising water, it being only necessary, for
instance, to go as far as the British Museum to find some proof of this, where
may be inspected, in a condition of remarkably good preservation, a double-
barrel pump with bucket plungers and clack foot valves, The origin of which
particular “ find ”” is supposed to date back some 3,000 years or so, yet from
its appearance, which affords evidence of skilful construction and scientific
design, one would gather that the art of raising water by mechanical means
was well known at that distant time. Scoop-wheels, too, are supposed to have
been used by the Chinese for irrigation purposes at a very remote period, and
indeed we have actual record of the use of the inclined Archimedean pump in
Egypt before Hero’s time, who describes in his work on pneumatics the effect
of a vacuum, the construction and effects of various syphons, valves, etc.;
a fire engine is also described by this philosopher, constructed with two eylinders
having pistons whose rods were attached to a rocking beam. Hero also ascribes
the credit to Ctesibus, to whom he was indebted for most of his knowledge
of mechanics, for having made the discovery that the atmosphere had weight,
and at a time, be it known, right back in the middle of the third century s.c.
The earliest method for raising water mechanically was probably an adapt-

ation of the winch and bucket, apparatus of this kind having been in use from
1
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quite prehistoric times down to the last century. Another adaptation of the
bucket pump of Egyptian origin is the balanced pole dipper, and was largely
used for irrigation purposes, the use of a balanced pole enabling the water raised
to be delivered at any desired angle from the source of supply. The first pump
capable of continuous action was probably worked by an endless chain or a
rope carrying a series of cups or buckets, a form of pump still in use for raising
semi-fluid or viscous substances.

The most notable improvement in the bucket pump was the addition of
a filling valve, this being the first known application of a valve for any purpose
whatsoever, and constitutes a form of pump known as a “ baler,” and now used
for raising oil from deep wells.

" The earliest form of lift pump with bucket-piston caused to reciprocate in
a barrel was probably made in wood, an elm trunk properly seasoned and soaked
in oil having been generally used for this purpose, owing to its durability. The
improved form of lift pump with lead barrel, and wood sucker or bucket, fitted
with a leather packing ring and flap-valve was first used for draining mines, the
rising main being constructed out of elm trunks bored and coned together, from
which practice is derived—in mine parlance—the term  pumptrees” to denote
the rising mains or uptakes ; the same material was also in general use for town
distributing mains down to the seventies of the last century. Therefore, it will
be seen that before the advent of steam power, bucket-piston lift pumps actuated
by water wheels and animal power were in extensive use; also, that scoop-
wheel, chain and screw pumps worked by wind power were in common use for
draining the lowlands of Anglia, Holland, and elsewhere, and also for irrigation
purposes; but the greatest incentive towards the discovery and development
of another and better form of motive power engine was primarily due to the
increasing need for a more efficient means for raising water from mines, a
purpose that, owing to the comparatively high lifts necessary, required a pro-
portionately greater power,

To such an extent, following the advent of steam power, has this development
proceeded, that if all the various hydraulic appliances that have been devised
for lifting and forcing water, as well as for generating and transmitting power
therefrom, were recorded, it would be truly amazing and probably serve but
an incommensurate purpose, as may be gathered from the eighteen following
chapters—limited to the description of modern pumping and hydraulic machinery
—the number and variety of appliances included would seem to be sufficient
or even to exceed many of the requirements of the world for some time to
come.

Water being incompressible and of considerable density, as well as possessing
the lowest viscosity of any liquid of equal weight, is peculiarly adapted for many
purposes other than the more pressing needs of life, such as producing and
transmitting great pressures; but its greatest effect, it must be admitted, is
produced from the force of gravitation combined with its other attributes, as
1t can be applied to generate power in such magnitude that if all the < Falls ”
of the world were fully utilised for this purpose, the power so generated would
more than equal the combined effect of all the motive engines now deriving
their forty million or so of indicated horse-power from the combustion of fuel;
and although only about two million horse-power is at the present time generated
by this means, it affords sufficient evidence that hydraulic power is destined
to have in the near future a tremendous influence on the prosperity of manu-
facturing districts, bearing in mind that, whereas the generation of power by
the consumption of fuel, which is going on at the rate of more than one
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million tons for each day, since the process of combustion is not reversible
must consequently result in a total loss to the world’s fuel-power resources.
Every ton of fuel once burned is irretrievably lost, and considering that at
the present time that the consumption of fuel for the immediate purposes of
power does not fall far short of 400,000,000 tons every year, there must be a
time—and not so very distant either—when water power will have to be much
more extensively utilised than now, recognising that it possesses the inestimable
advantage over every kind of fuel power in having a complete cycle provided
by nature in perpetuity.




CHAPTER II
EARLY DIRECT-ACTING STEAM PUMPING ENGINES.

Tue first application of steam power as a pumping engine was made by the
Marquis of Worcester in 1663, who improved upon the ideas of one Solomon
de Claus, a French engineer, Worcester having visited this misunderstood
inventor in an asylum; where he was incarcerated as an impostor for importuning
his betters and proclaiming too loudly the many advantages his country would
derive in adopting his invention. Although far from the purpose of this chapter
to describe with any approach to detail the various stages in the evolution of
the power-driven pumping engine, yet an outline description of a few of the
most prominent inventions made in connection with pioneer attempts to raise
water by other and cheaper means than that known at that time will be of
some interest.

The Worcester pumping engine consisted essentially of two principal elements
—i.e., the steam generator and a closed water chamber, the latter being located
at a point below the water to be raised. The modus operandi of this engine,
which can be explained without drawings, was to first fill this chamber with
water by means of an inlet pipe provided for the purpose, when steam from
the generator was admitted so as to be able to press on the surface of the water
in this closed chamber, the water being thus forced out through an uptake
pipe communicating at its lower end at a point near the bottom of the water
chamber. In some of these engines two water chambers were used, each pro-
vided with a clack non-return valve and delivery pipe, which communicated
with a water tank situated at a height at which water could be thus conveniently
raised, the steam pipe from the boiler being connected by branches to each of
the * pulsator”” chambers, to which were fitted stopcocks that could be opened
and closed by hand in an alternate manner, and by this means while one pulsator
or water chamber was being emptied the other could be filled. A somewhat
identical method for raising water was described by Montgolfier in 1816 for
raising water by means of hot air caused to press direct on the surface of water
in an enclosed chamber.

The next stage in the development of the pumping engine was Savery’s
improvement for utilising the force of the atmosphere, an engine on this prin-
ciple being made in 1698 ; this differed from the foregoing in being more like
the modern pulsometer, and consisted of a steam generator and closed water
or pulsator chamber as before, but situated in this case about 20 feet to 28 feet
above the surface of the water to be raised, and was connected by a steam pipe
and stop cock to the boiler as in Worcester’s engine. Savery, however, used
a suction pipe provided with a non-return clack valve in addition to the ascension
pipe ; the action of this pump was as follows: (1) the pulsator chamber was
filled with steam ; (2) water was introduced in the form of spray for the purpose
of condensing the Steam and in this manner produce a vacuum; (3) water ascended
into the chamber from the source of supply, and when this action ceased steam
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‘was again admitted from the generator on to the surface of the water driven
into the chamber by the force of the atmosphere, until (4) the steam pressure
had displaced the water in forcing it up through a delivery pipe into a tank
or sluice, placed at a height which depended on the pressure available; this
never exceeded the distance of the pulsator above the suction supply, but prac-
tically doubled the efficiency of the pump as compared with the first attempt.
In this connection it may be mentioned that the first description of a pumping
engine worked by a vacuum produced by the condensation of the products of
combustion of an explosive mixture of gas and air was by Samuel Brown, who
between 1823 and 1826 proposed to raise water by this means for the purpose
of driving a water-wheel.

The third and most important stage up to this time in the progress of the
pumping engine was the application of the cylinder and piston; this appears
to have been first suggested by Papin in 1698, who first proposed to use gun-
powder behind a piston, and thus produce a vacuum for the purpose of raising
water, but later showed the possibility of realising this effect by the use of steam ;
however, this idea was very soon after adopted by Thos. Newcomen, a Devon-
shire man, who made his first practical application of this principle from 1705
to 1712. N.B.—A working model of an improved Newcomen engine is to be
seen at the Patents Museum, South Kensington, which consists of an open-
topped cylinder fitted with a hemp-packed piston made as water-tight as its
free movement will allow ; this piston in the earlier forms communicated its
motion by a chain to a quadrant at one end of an overhead beam, the other
being utilised to balance the steam piston and to work a pump. This engine
worked in the following manner :—Steam was at first admitted to the under-
side of the piston, which then, by means of the counterweight of the pump
mechanism, made its up stroke; then water was sprayed into the cylinder,
and thus condensing the steam ; thirdly, by the resulting vacuum of from
6 to 9 lbs., the piston was forced down and the pump-bucket raised. Several
pumping engines of this type were put down at various collieries up and down
the country, and at the tin mines of Cornwall, from the time of its introduction
—1705-1712—until as late as 1820, when three engines were put down at Farme
Colliery, Rutherglen, near Glasgow—.¢., nearly 60 years after Watt’s discovery
- of the separate condenser. One of these engines was worked for nearly a century,
and the other two were only dismantled 26 years ago. The largest had a
60-inch diameter cylinder, with a maximum stroke of 7 feet, and was
supplied with steam from two haystack boilers, as shown in Fig. 1, at a pressure
from 2% lbs. to 3 lbs. per square inch, the boilers being 30 feet and 25 feet in
length respectively. The piston was packed in the usual way by old hemp-
Tope, kept in place by heavy iron segments, the piston being water-sealed, as
found necessary with all engines of this construction, in order to keep out air
from the cylinder. The first “ Newcomen ” of which there is any record was
put down at Dudley Castle in 1712, and water-jacketed for the purpose of
condensing the steam for the down stroke, but owing to the slowness of its action
was afterwards fitted with a water injection ; the second engine, having a cylinder
22 inches diameter, was put dewn at Nuneaton in 1715. The engine illustrated
by Fig. 2 was installed at Caprington Colliery, Ayrshire, in 1806, and was con-
tinually in work until 12 years ago pumping from a pit 166 feet deep; the
cylinder of this engine was 30 inches in diameter, and had a stroke from 4 feef
6 inches to 5 feet, and a speed of 11 to 12 double strokes per minute, and worked
a pump of 9 inches diame~ter, the water-load being from & to 9 Ibs. per square
inch of the piston area. Another rather interesting instance may be given of one
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of these engines which was erected at a colliery belonging to the Ashton Vale
Iron Company, Bedminster, near Bristol, in the middle of the last century—
viz., 1745—and is, judging from the illustration,* Fig. 2, a very remarkable
example of early engineering art, especially as it had continued in almost
unbroken service for practically 1} centuries. This engine had a cylinder 5 feet
6 inches diameter, with a maximum stroke of 8 feet, and was indicated as
recently as 1895, at which date it was working with a vacuum of 9 Ibs. to 10 Ibs,
per square inch, and developed 52 I.LH.P. in pumping water from a depth of
700 feet in three stages by three pumps each 9 inches diameter.

Various improvements were made from time to time in the detailed con-
struction of these engines; at first they were worked by hand, until by degrees

Fig, 1.—Early Type of Newcomen ”’ Pumping Engine.

A, 'Piston; B, the cup ; C, water supply pipe to top of piston; D, overflow pipe from
top of piston ; E, injection cistern ; F, injection pipe and valve ; G, injection ; H, regulator
valve; J » eduction pipe ; K, injection pump; L, plugtree which opens and shuts regulator
and injection cocks; M, pump rod; N, snift.

means were discovered for actuating the steam inlet and water-injection valves
mechanically. In all the old engines the eduction pipe from the cylinder was
arranged with sufficient fall to prevent water from'returning to the cylinder

* Engineering, October 25, 1895,
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from the hot well, later engines being fitted with a short pipe and non-return
valve, as show.n in Fig. 8. Beighton, of Newcastle, made some considerable
Improvements in the valve mechanism on an engine put down at Low-Walker
in 1718, and Smeaton, who formulated the present pump-duty equivalent,
computed the duty of 15 engines in the Newcastle district in 1767, and two years
later 18 other engines in Cornwall, and found the average power duty obtained
at that time to be 74 million foot-lbs. per cwt. of coal; it may be also noted
that at this stage eight of these engines had- cylinders from 60-inch to 70-inch
diameter, and that one “ Newcomen” put down in 1775 at Chacewater in
Cornwall had a cylinder 72 inches diameter, and showed an efficiency of
11,000,000, working on the old water-injection principle.
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Fig. 2.—Section of Newcomen Pumping Engine, showing Details of Steam and Injection
Valve Gear.

Although many detail improvements by Beighton, Potter, Hornblower,
Smeaton, and others were introduced in the construction and working of the
Newcomen engine, which, by-the-way, continued to be made for nearly a century
after its inventor’s death, 1t was destined for James Watt to advance the art
of utilising steam power, the greatest step forward; for, like Newcomen, who
obtained his first knowledge of the properties of steam while engaged in the
construction of a Savery pump at Dartmouth, in 1702 or thereabouts, so, in
like manner, did Watt, 60 years later, make his first acquaintance with the
steam engine while repairing a Newcomen model. This was in 1763, and resulted
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in his discovery of the separate condenser, which by one stride practically
doubled the efficiency of the atmospheric steam-pumping engine. Watt realised
that the great waste of steam in the Newcomen engine was caused by the con-
densation of live steam coming into contact with water on the cylinder bottom
and the cold walls of the cylinder and piston after each down stroke, and con-
ceived the idea of exhausting the steam into a separate chamber, fitted with
a spray injection, and provided with a pump for removing the water and accumu-
lating air. ]

During 1776-1779 Watt had already installed four of his improved pumping
engines in Cornwall, and by 1800 had succeeded in raising the average power
duty to nearly 24,000,000, one engine put down at Gwinear, with a 70-inch
cylinder, giving a duty of over 30,000,000. A great demand sprang up for this
more economical engine, which resulted in 1775 by the Soho Works being estab-
lished for their manufacture. Although Watt engines gave such a marked

atm_cine  Lbs
0

Indicator Dwagram s

~ 10
Fig. 3.—Improved Newcomen Engine.

A, Pit pump; B, jack head pump; C, injection tank; D, injection valve; E, steam
valve ; F, hot well.

superiority over the Newcomen engine in economy, which, by-the-way, they
very closely resembled, Newcomen engines still continued to be made for many
years, and, strange to say, while Watt’s first engines were put down in Cornwall,
Newcomen’s latest engines were installed in Scotland. ~Other improvements
in pumping engines made by Watt were the parallel link-motion, shown on
Fig. 3. which superseded the old chain attachments to quadrants, or  horse-
heads,” at the two ends of the beam, as shown in Figs. 1, 2, and 4, and the
closed cylinder.

By thus using a separate condenser, he not only avoided considerable con-
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densation on the upstroke, but by excluding air altogether from the cylinder
was enabled to obtain a better vacuum on the down stroke, one of the greatest
difficulties being experienced in all the early engines in keeping the piston from
leaking air to the under-side of the piston. In the cylinder, which was closed
at each end. steam was first admitted over the piston at a pressure varying
from 3 to 7 lbs, and on the up stroke this steam was transferred to the space -
under the piston when the communicating valve was closed and another valve
to the condenser opened, as shown in Fig. 4.

By this description it will be seen that Watt’s single-acting pumping engine
with a closed cylinder was the fore-runner of the well-known Cornish beam and

Cylinder and Separate

Bull engines so extensively used for mining and other purposes during the early
part of the nineteenth century. ]
Watt always remained an advocate for low pressures and opposed the practice
of using steam higher than 7 to 10 Ibs. per square inch, and it is said his firm even
tried to get Parliament to restrict the use of higher pressures than this owing
to the danger of bursting the boilers. Trevithick, Hornblower, Slms,‘Bull, and
others were in favour of higher pressures, and the first compound engine on the
Woofe systemn was made by Hornblower in 1781, and later on seygral variations
.on the compound principle were tried, but did not develop any striking advantage
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in economy, owing to the low pressures used. Three examples of cylinders for
compound or double-expansion working are shown in Fig. 5. The outcome
of all these experiments was the single-acting three-valve engine shown by
Fig. 6. This rather cumbersome and simple type of engine has been put down
in great numbers for draining mines, for waterworks, and for reclaiming low-
lands. They work to best advantage when employed in operating deep-level
pumps, owing to the method adopted of utilising the weight of the pump-rod
and plunger to make the water stroke and partly to the design of the steam-
jacketed cylinder, and in not exposing the live steam end to the frigorific
influence of the condenser. The construction of the cylinder and disposition
of valves is very similar to the design of Watt’s enclosed cylinder engine shown
by Fig. 3, and bears some resemblance to Sims’ method of steam distribution
shown by Fig. 5; in all the early types of pumping engines single- or double-
beat lift valves were used for admission and exhaust, and were actuated by
tappet gear shown by Figs. 4 and 6. The piston in the example illustrated
is at a point on the down stroke, where the steam from the boiler is usually
cut off, the under side being in communication with the jet condenser for prac-
tically the whole of the down stroke; thus it is seen that this type of engine

I i

Haarlem.
Fig. 5—FEarly Types of Compound Cylinders used in Pumping Engines.

relies entirely on the counterpoise effect of its pump-rod and plunger to obtain
the up stroke of the steam piston. The cylinder is completely jacketed round
the barrel and on the top cover, the jacket space being fed with live steam direct
from the boiler; the early cut-off is obtained by a trip-gear easily adjustable
to close the steam admission at any point from one-fifth to one-third of the steam
stroke, and during the greater part of the up stroke the transfer valve shown
in Figs. 4 and 6 is open, thus placing the two sides of the piston in equi-
librium, only closing sufficiently early to form a cushion, and thus arrest the
motion of the heavy swinging beam used to continue the steam stroke after
the early cut-off by 1ts momentum.

The Cornish pumping engine works a pump of the plunger type; conse-
quently the water load is overcome entirely by the counterpoise action of the
pump end of the beam. Thus, when these engines are used in waterworks, it
is necessary to proviae a balancing weight, which is placed directly above the
plunger, this counterpoise being filled with lead shot in sufficient quantity to
complete the water stroke at the required speed, and varies accordingly to the
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water head against which the engine is set to work. One peculiarity in this
type of engine is the disparity in the velocity of the down and up strokes, the
up stroke of the plunger—i.e., the steam stroke—being usually from 60 to 80
per cent. faster than the down stroke or the water stroke, and for this reason
the suction valve is made especially large, and in many cases two suction valves
are employed and one delivery valve, each of the multiple-seat type, to be

i}
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Tig. 6.—Cornish Pumping Engine, with Single-acting Steam-jacketed Cylinder.

described later. Although the steam pressure available for this class of engine is
limited to from 40 to 45 lbs. per square inch when one cylinder is used, and the
weight of the pump end of the beam found necessary in practice must pre-
ponderate by as much as 20 per cent. the resistance of the water load, yet it
works with a fairly high economy when properly adjusted to its load, and has

been found to be superior in this respect to the early makes of rotative engines,
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and was on this account selected in 1840 for the purpose of draining the Haarlem
Lake in Holland ; three engines, with cylinders 12 feet diameter, and having
a piston stroke of 10 feet, being used. These engines were constructed with
compound concentrically-arranged cylinders, as shown in Fig. 5, steam being
first supplied to the bottom end of the inner cylinder for the up stroke, and on
the down stroke this cylinder was placed into communication with the top
end of both cylinders, and thus acted equally upon the upper sides of both
pistons, which moved together, the space below the outer piston being always
open to the condenser. It is stated that an economy of nearly 90,000,000 was
obtained in these engines on best Welsh coal, each being capable of lifting
60 tons of water per minute to a height of 15 feet, and worked from 9 to 10 double
strokes per minute.

In 1836 the first of a long series of Cornish engines was put down at Old Ford
by the East London Water Company, the Vauxhall and Southwark Company
alone having more than a dozen engines with cylinders ranging from 36 to 112
inches diameter. The combined capacity of Cornish engines in the various
waterworks of this country far exceeded any other type up till 30 years ago.
The largest example of this type has been in continuous pumping duty at
Battersea for upwards of 60 years, and is still apparently as good as new. This
engine has a cylinder 112 inches diameter, while another at Kew Bridge has
a cylinder 100 inches diameter, there being some 30 others of various sizes
still in use at the several pumping stations under the control of the Metropolitan
Water Board, and serve to distribute a large proportion of London’s daily supply
of 220,000,000 gallons of water, and equivalent to some 33 gallons for each
man, woman, and child of this great city. There is no other type of pumping
engine that creates such an impression of solidity, and certainly few are more
durable, but the percussive shock of such large single-acting plungers on the
water mains must be immense whatever the dimensions of the air chambers,
there being too long a pause between the successive water strokes for the flow
of water through the pipes to be made quite continuous, even with the aid of a
hydraulic balancing column some 50 to 70 feet high, which is the method usually
adopted with these engines for equalising the flow in town mains. To give some
idea of this pulsating action, it must be considered that a 112-inch engine delivers
860 gallons at each water stroke, at a plunger velocity of from 110 to 130 feet
per minute ; or, in other words, a weight of water of nearly 4 tons is forced into
the delivery main at intervals of three seconds. These engines, however, under
some circumstances when worked in pairs lend themselves for synchronous
action, when, of course, the combined effect of two engines is equivalent to
one double-acting pump, provided both are delivering into one main. Although
the manufacture of these engines has been discontinued since about 1885, when
the latest of this type was put down at the Leicester Waterworks, there is every
probability of their remaining in use for many years, and it may be noted in
this connection that the Harvey Works, which was principally engaged in their
manufacture, as well as the Soho Works, are both now closed.

The Bull pumping engine is of somewhat similar construction to the fore-
going, but instead of having an overhead beam, is made direct acting, and is
provided with one inverted steam cylinder of the triple-valve balanced type,
the piston being directly connected to the bucket plunger of a pump placed
below. Several engines of this construction are still to be met with in mines
and various pumping stations, all of which are provided with a balancing beam
and counterpoise arranged below the steam cylinder, and used for the dual
purpose of controlling the velocity of the down stroke and assisting the up
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stroke. In this engine (vide Fig. T) the steam and water strokes work together
and in this respect is quite the reverse to the action of the beam engine, which
as described, is worked on the water stroke by the deadweight alone of the
pump mechanism. In point of economy and working, and in the distribution
of steam, they resemble very closely the beam engine shown in Fig. 5, but are
not liked so well, although they occupy much less room. :

The best results are obtained in pumping engines of the single-acting beam
type when working with a correctly adjusted cut-off to suit the exact load again
the velocity of the steam stroke must be high, or the deadweight of the n’noving
parts excessive, and are on this account better adapted for pumping against
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Fig. 7.—Sections showing Comparative Space occupied by Cornish and Bull Direct-acting
Pumping Engines.
a constant water head than a variable resistance, as met with in charging town
mains for instance; it is, therefore, found that in ordinary working many of
these engines scarcely realise so good a result as often anticipated from a trial
test under special conditions, and fall in many cases below an average duty of
60,000,000. However, in order to demonstrate the possibility of a higher average
working efficiency being obtained, an improved type of engine, constructed on
the compound balanced action principle, has been made by Messrs. Hathorn,
Davey & Co., of Leeds, from the designs of Mr. Henry Davey, of Westminster.
One of these engines was put down at the Basset Mines, Cornwall, in 1890, where




14 MODERN PUMPING AND HYDRAULIC MACHINERY.

an economy is obtained under every-day working conditions which never falls
below 90,000,000, and frequently exceeds a duty of 100,000,000 foot-lbs. per
cwt. of ordinary steam coal. In this mine water has to be pumped from a depth
of 1,000 feet at a rate of approximately 1,000 gallons per minute,

The general arrangement of the engine differs very materially from the old
type with one single-acting cylinder, as will be seen from the illustration (Fig, 8).
In this case there are two inverted cylinders, /1, placed one at each end of a beam
pivoted at the floor level of the engine-room. At the extremity of one end of
the beam is pivoted the pump-rod p, where it receives a vertical motion of
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Fig. 8.—Davey Compound Beam Pumping Engine (Cornish Type).

13 feet. At another point closer in towards the centre of the beam 13 pivoted
the connecting-rod of the high-pressure cyhnder, which 18 40 inches diameter,
and recelves a motion giving a stroke of 9 feet. At the other end of the beam
is pivoted the connecting-rod of the low-pressure cylinder, which is 80 inches
diameter, and where it recelives a motion giving a stroke of 10 feet, each
piston-rod being fitted with a crosshead, working between parallel guides formed
an the cylinder columns. The totat weight of the two pistons, plunger, beam,
and rods is somewhere near 160 tons, which mass swings with a steady motion
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each way at from 10 to 12 double strokes per minute. The cylinders are each
constructed on the single-acting principle—viz., the high-pressure cylinder
receives live steam, acting on the bottom side of the piston during the up stroke
of the pump-rod ; on the down stroke this steam is transferred to the top side
of the high-pressure piston; on the succeeding up stroke of the pump plunger
the steam is expanded against the top side of the low-pressure cylinder, whence
it is transferred to the bottom side of the low-pressure cylinder on the succeeding
down stroke of the pump plunger—i.e., the up stroke of the low-pressure cylinder
—and exhausted into the condenser on the following stroke; by this cycle the
temperature at each end of the pistons is maintained at a more constant degree
than in a double-acting engine, the pressure at the top and bottom of the piston
in each cylinder being ‘balanced on alternate strokes, and accordingly both
cylinders are single-acting only. Although the power of both cylinders is applied
to the two ends of the beam simultaneously, it is necessary for the low-pressure
end of the beam to be weighted, vide w, to partly counterpoise the long spear-
rod p and plungers, the total length of the 1,000 feet lift being divided into
stages of 200 feet, as in another mine worked under similar conditions, where
one of the Davey improved compound single-acting beam engines, having
cylinders of 45 and 90 inches, has been installed. In each case steam at 100 lbs.
pressure is used, the distribution being by double-beat lift valves, actuated by
the maker’s “ differential controlling gear,” to be described later. There are
in all five of these valves used—one high-pressure admission and one balancing
valve to the high-pressure cylinder, and one admission, one balancing, and one
exhaust valve to the low-pressure cylinder.

Another compound engine, of exactly similar type, but of even larger size,
has been more recently put down at the Waihi Mines, New Zealand, the par-
ticulars of which are as follows :—High-pressure cylinder, 60 inches diameter
by 6 feet stroke ; low-pressure cylinder, 110 inches diameter by 12 feet stroke ;
ratio of high pressure to low pressure, 67 to 1; range of expansion, 14 times;
steam pressure, 150 lbs. per square inch. Plunger ram pumps are arranged
23 inches in diameter by 12 feet stroke in two stages, the first pump being
700 feet from the surface, and are capable of raising 1,500 gallons per minute
from a total depth of 1,550 feet at a speed of 7 double strokes per minute, when
730 P.H.P. are developed,

The buffer planks.'b b, placed on the pit floor, are only used for the purpose
of arresting the motion of the beam when exceeding the limits of the working
stroke, as in starting or in case of failure of the pump attachment. In ordinary
working the action of these engines can be easily controlled to within an inch
or so of its full stroke, and it will be seen that in applying these various improve-
ments together with the compound principle to this useful and once popular
type of mining engine, an advance has been made which may be safely said to
have touched high-water mark in the development of the “ non-rotative beam "
pumping engine,
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CHAPTER III

WATERWORKS PUMPING ENGINES.
Rotatory Class.

RoraTive beam pumping engines were first made with single-acting cylinders,
a few having been constructed to work on the atmospheric principle with water
injection as far back as the latter end of the eighteenth century by the Coal-
brookdale Iron Company, where one of these engines was occasionally used until
1879. Although Watt’s engine with closed cylinder and separate condenser
was so great an improvement on the old Newcomen, yet it was not such a success
when applied to the lywheel pumping engine as with engines of the non-rotative
beam type; Watt, therefore, on realising that the single-acting engine laboured
under a great disadvantage on account of its want of balance and slow action,
introduced his double-action engine, by which means he was enabled to dis-
pense with the necessity for using a balance weight for the up stroke. The
rotative beam pumping engine from that time has received many improvements,
the principal advance consisting in the use of two cylinders arranged to work with
double expansion ; also a great number of water supply pumping engines have
been built with two cylinders variously arranged in combination with an overhead
beam and flywheel by the old firm of Boulton & Watt and others ; as a notable
instance of which may be mentioned a pair of large engines of this type supplied
to the Grand Junction Waterworks of the Metropolitan Board, each capable of
delivering from 3 to 3} millions of gallons per 24 hours. In these engines the two
cylinders are both situated at one end of the beam, the pump-rod being pivoted
at a point outside the crank connecting-rod, the crank having a radius of 3 feet
6 inches; the diameter of the high-pressure cylinder being 29 inches by 5 feet
7 inches stroke, and that of the low-pressure cylinder 48 inches diameter by 8 feet
stroke. The pump is of the plunger and bucket pattern, more fully described in
Chapter VL., the diameter of the plunger or ram being 21§ inches, and the diameter
of the bucket plunger 30} inches, which is, of course, single acting, while the high-
lift end of the pump is double acting. The advantage of this form of pump con-
sists in being double acting at its delivery end, while only requiring one suction
valve and one valve in the bucket piston,the valves both being of the double-seated
ring type. The diameter of the ram is proportioned to give half the area of the
bucket, and it follows that, on the down stroke, one-half of the water transferred
from the bottom of the bucket to the space above the piston is displaced by the
ram plunger, and thus forced into the delivery main, and on the up stroke of the
plunger and bucket the other half of the water above the bucket is lifted into
the main by reason of the area of the bucket piston being twice as great as the
area of the ram plunger. In combination with deep-level pumping engines
this form of pump is often used as a relay to force the water from a sump, where
it is lifted by the deep-level pump before being forced into the town-delivery
pipes, this method being adopted at the Streatham pumping station, where
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the machinery consists of two pairs of geared triple-expansion horizontal engines
having cylinders 8%, 13, and 25 inches by 2 feet stroke. These engines each drive
separate pump crank shafts through helical steel wheels 8 and 12 feet diameter
by 8 inches face, from which are worked two deep-level pumps, situated 140 feet
below the surface, and having each a pair of bucket plungers of the concertina
type, 156 inches diameter, both buckets having a stroke of 5 feet, thus the"
effective stroke of each pump is 10 feet; the advantage of this form of pump
is the facility of removing the working parts for cleaning or repairs, there being
no foot valve or delivery valve other than the valve in each bucket, which are
driven by two balancing quadrants, the lower plunger being connected by a
rod passing through the upper plunger, which is in turn connected by a tubular
rod. These pumps deliver into a sump alongside the éngines, whence the water
is forced against a head of about 230 feet direct into the town main by a crank-
driven differential pump, in which the diameter of bucket plunger is 2 feet
6 inches and the diameter of the ram plunger 1 foot 9 inches, with a stroke of
2 feet 6 inches; and has each a capacity of 11 millions of gallons per 24 hours
when working at their normal speed of 12 revolutions per minute. The valvesused
in the force pumps are of the ring double-seated type shown by Fig. 54, which
in this case are particularly suitable owing to the slow plunger speed of 60 feet
per minute. It is noteworthy that the two sets of pumping machinery installed
at this station was the last job carried out by the firm of Boulton & Watt, the
engines having been running now for about tweunty-five years.

In the design and arrangement of this class of enginc, when considered
apart from the pumps, lowness of first cost as in so many other cases is the pre-
dominating factor, the question whether the engine shall be horizontal or vertical
being influenced as much by the bias of the designer as by other considerations
—such as floor space. When it is necessary to pump the water supply from a
deep level, in addition to forcing it into the surface main, the differential non-
rotative type of pumping engine is very usually employed, and it is for such
cases as this that the quadrant rotatory pumping engine, illustrated by Fig. 9,
has been designed. This improved type of engine combines the advantages
of the horizontal triple-expansion direct-acting differential with the steadiness
of action and economy of the flywheel engine, The particular engine illustrated
has been installed at the East Barnet Well. This engine, of which there is a
duplicate, is capable of delivering 1} millions of gallons per 24 hours from a depth
of 300 feet in the well, and delivering the same into a reservoir against a surface
head of 250 feet. A special feature of these engines is that the whole of the
low-iift pump work can be got at and drawn out, without in any way interfering
with the engine mechanism. This is accomplished by having the high-pressure
and intermediate-pressure cylinders attached to the outer ends of the bell cranks,
and thus leaving the inner ends quite free. The engines are designed for a
working steam pressure of 150 lbs. per square inch, the whole of the steam
cylinders being steam jacketed, while steam-jacketed receivers are also fitted
between the cylinders. The valve gear is of the latest type of Corliss trip gear,
the trips of the high-pressure cylinder being directly controlled by a very sensitive
governor. The low-lift pumps are of the single-acting bucket-plunger type, and
deliver through a surface condenser into a tank just below the engine-room floor,
from which the high-lift pump draws its water; which latter is a horizontal
double-acting plunger pump with externally packed rams and multiple spring-
closed valves. From the description it will be seen that this engine is constructed
from a very unique design, one, in fact, for which can be claimed some special
features, not only of novelty, but of great utility and interest. .

&
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Touching on this point a compound direct-acting engine was put down at

Hebden Colliery by Messrs. Joicey, of Newcastle, in 1886, which was constructed

to work without a flywheel, although provided with a crank shaft having two
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Fig. 9.—Sectional Elevation of Simpson Triple-Expansion Rotatory Deep-level Balanced
Action Pumping Engine for the Barnet Gas and Water Company.
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cranks at 90 one of which was connected up to the piston of a smali secondary
engine, which was used solely for the purpose of turning the crank of the main
engine over the centres, the crank shaft being utilised for actuating the distri-
buting valves of both engines, and as no flywheel was used, the time taken in
getting over the centres could be entirely regulated by the supply valve of the
auxiliary engine. In this rather remarkable pumping engine the high-pressure
cylinder was 20 inches diameter, and the low-pressure 48 inches by 5 feet
stroke, which, of course, was never less than this; the pumps were of the directly
connected double-acting outside packed ram plunger type of 10 inches diameter,
and worked against a 1,100-foot water head. The engine, which is horizontal,
was placed down in the mine at the 1,100-foot level, and worked well without
compensators, as used in the high-duty duplex Worthingtons; without differ-
ential action, as employed in the direct-acting Davey simplex, and without
flywheel, as used in the various types of rotatory pumping engines ; consequently
the crank shaft, which is comparatively small, is only used to control the working
of the engine without regard to a high degree of expansion, and the principal
advantage of a rotative engine, which is, of course, due to the steadying action
of the flywheel, is therefore entirely lost in this case.

The compound rotative beam pumping engine (illustrated by Fig. 10) put
down at the Chatham Waterworks by. Messrs. Simpson & Co. in 1901, is
designed to raise 3} millions of gallons per 24 hours from a well into
reservoirs which give a total combined lift of 380 feet. In this case both the
high-lift and low-lift pumps are of the bucket and plunger type with double-
seated valves, the low-lift pump delivers into a tank placed outside the engine
room, and on its way forcing the water through a surface condenser shown
underneath the steam cylinders, the exhaust before entering the condensers
passing through a tubular feed-water heater. The steam distribution is by
Corliss trip gear, both steam cylinders being jacketed throughout, and the engine
placed under the control of a sensitive governor situated alongside the high-
pressure cylinder and immediately over the gear shaft used to actuate the
distributing valves, and the plungers of both pumps are driven from points
immediately adjacent to the crank connecting-rod, and thus relieves the beam of
considerable vibration and strain. The illustration gives a capital idea, not only
of the general design of this engine, but shows in a comprehensive manner the
well-considered arrangement and fixing of both pumps as well as the construction
of the foundation and building of this splendid example of rotative beam pumping
engine with its 26-foot diameter flywheel.

The rotative beam compound pumping engine, illustrated by Fig. 11, repre-
sents a design of pump disposition for this type of engine of modern construction,
this particular engine having cylinders 24¢ and 32 inches diameter by 2 feet
81 inches and 4 feet 6 inches stroke respectively. Of the two plunger pumps,
the one located under the high-pressure cylinder is worked by a prolongation
of the piston-rod, and the other direct from the beam hy a connecting-rod, which
is pivoted within the hollow plunger ram trunk fashion. Both of these single-
acting ram plungers have a diameter of 16} inches and a stroke of 2 feet 8} inches,
and pump against a water head (including friction of water in the pipes) of
300 feet, the engine running at the moderate speed of 15 revolutions per minute.
Under these conditions the mechanical efficiency of these engines is 86 per cent.,
and the duty 98} millions per ewt. of Welsh coal. All the water from the pumps is
circulated on its way to the delivery mains through the surface condenser (shown
in the sectional cut) as in Fig. 10; also, in regard to the general construction of
this engine it may be mentioned that the cylinders, entablature, columns, and
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crank-shaft pillow blocks are bolted down to massive girders with broad bearing
on the masonry ; the entablature rests on and is bolted to piers built in the side
wall, the spring beams extending into the end walls of the house. The engine
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Fig. 10.—Compound Rotative Beam Pumping Engine, with Bucket and Plunger, High and
Low-lift Pumps, for Chatham Waterworks.

beam is formed of two elliptical-shaped steel plates, each 21 inches thick, and
held together by cast-iron distance pieces riveted through. Mild steel gudgeons
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enabling the engine to turn the centres easily when running at a much slower
speed than the normal and against the full water resistance.

Geared pumping engines have one great advantage—viz., in making it
possible to speed up the engine—and by this means reduce its cost, for an engine
when directly connected to a set of pumps is necessarily limited in speed to that
of the plungers, which is very far below that obtaining in ordinary steam engine
practice, the piston or plunger speed of the pump rarely exceeding 250 feet
per minute in either American or Continental practice, and 100 to 220 feet in
British, consequently a larger and proportionately more expensive engine is
required to do the work than would be necessary if the pumps could be run
faster. Nothing impresses one more than the immense size of a direct-connected
rotatory pumping engine for the power developed ; so marked is this that an
engine, for instance, of the marine type only indicates one-fourth the power
_ when working a set of pumps direct as it would be capable of developing if
speeded up to normal. However, there are other considerations in the case,
and in general practice the geared type of pumping engine is not found so
extensively used as one might expect, for the smaller engine entails the dis-
advantage of requiring two crank shafts, in addition to heavy gear wheels,
and occupies a greater area of floor space than direct-connected types.

There is, notwithstanding, a possible advantage to be gained from geared
plant, when, for instance, the engines and pumps are put down in duplicate,
as in this case each engine can be arranged to drive either set of pumps, thus
reducing the chance of a complete breakdown very considerably. A plant on
these lines has just been installed at Portsmouth Harbour for pumping sea.
water in case of fire, and for other purposes. This plant consists of two sets
of three-crank triple-expansion vertical steam engines and two three-throw
geared pumping sets having plungers 16 inches by 3 feet 6 inches, and is capable
of lifting 100 tons of water per hour 110 feet high, the gearing being arranged
with two pinions on each engine shaft, which can be slid into gear with either
or both pump-shaft wheels, an arrangement that may possibly prove very
useful in an emergency.

A very interesting example of geared pumps is illustrated by Figs. 12 and 13,
both engines and pumps in this case being of the horizontal type, and capable
of raising 13 millions of gallons per 24 hours. These pumping sets, which have
been supplied in duplicate by Messrs. Brazil, Holborows & Straker for the Shore-
ham Waterworks—the pumping station being situated at the foot of the hill near
0ld Shoreham and the reservoir on the brow of the hill, at a height of about 200
feet above the water level in the well or source of supply, are of the following
description :—The engines, which. are of double-cylinder compound horizontal
type, with disc cranks and cylinders 13 and 22 inches by 24-inch stroke,
run at 72 revolutions per minute under normal conditions, and drive a three-
throw pump shaft through two pairs of cast-iron gear wheels with helical teeth,
having a fine piteh, so as to obtain smooth and silent working, any clang and
vibration being so reduced as to be barely perceptible. The pump barrels arc
143 inches in diameter by 24-inch stroke, the three plungers being of the outside
packed ram type, and are driven by cranks at 120°, at a speed of 24 revolutions
per minute—.e., at just under 100 feet plunger speed per minute. Both suction
and delivery pipes are 12 inches diameter, and the valves of the multiple
type, a separate set being used for each pump with a waterway capacity equal
to the area of each plunger; both the suction and delivery sets of valves, which
are gun-metal with mitre seats, are held down to seatings screwed into the
casing floor by springs arranged under the seatings, the valves being guided by
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vanes set at & slight angle. The engines exhausi into jet condensers, the air
pumgs being arranged tandem to the low-pressure cylinder, the whole thus
forming a complete and very get-at-able set of pumps, the flywheel being located
between the two pinions, and quite oub of the way of the cylinder frames. It
will be noted from this description, together with the assistance of the illustra-
tions of these very simple and efficient force pumps, that the drive from the
engines is centralised at two points between each pump crank, and that the
design shows in several other ways evidence of very careful consideration.
What may be characterised as being the standard design for a direct-con-
nected rotatory pumping engine is the vertical three-erank type with flywheels
arranged between the bearings, as shown by Figs. 14 and 15, in whieh the two
outer cranks are generally overhung, except in very large engines when the cranlk

Fig. 14.—Three crank Triple-expansion Pumping Engine for Argentina.

shaft is built up in two separate parts, the pin of the centre crank of one parb
engaging with a bearing block fitted in the web of the other part ; and accordingly,
the shaft being divided in the middle, any difference in the adjustment, wear,
or level in the two sets of bearings can be accommodated, there being four
or six bearings for the complete shaft. In this design, as in all vertical engines
directly connected to the pumps, two rods are used which connect on to cross-
heads above and below the crank shaft, the rods being situated between the
crank webs and bearings, and at opposite sides of the shaft in the usual way.
The pumps, save in some exceptional cases, are of the single-acting ram
plunger type, and may be used In two sets arranged one below the other to
serve in the capacity of high- and low-lift pumps, when the depth does not
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Fig. 16.—Cross Sectional Elevation of Three-cranx Pumping Engine for Leeds Waterworks,
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exceed 50 or 60 feet or so. An engine of this type has recently been supplied to
the Consolidated Waterworks Company of Rosario de Santa Fe in Argentina,
where it supplies this town with water from the river Panama at the rate of
4,000,000 gallons per 24 hours against a head on the high-lift pumps of 170
feet, including friction, and a head of 55 feet with the low-lift set of pumps.

gz R, 77 ///./ / i . // i ki
Fig, 16a.—Sectional Elevations of Three-crank Pumping Engines fitted with separate Sets
of High- and Low-service Ram Plungers, for Rosario Waterworks, Argentina.

This engine 18 of the triple-expansion inverted vertical suriace condensing:
type, as illustrated by Figs. 14 and 1o, with the exception of the low-lift pumps,
The cylinders are respectively 15, 25, and 40 inches diameter, and drive
three single-acting ram plungers 16 inches diameter for the high-lift and
162 inches in diameter tor the low-hit (all having a stroke of 3 feet) at a speed.
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of 36 revolutions per minute, which corresponds to a plunger speed of 216 feet
per minute. The valves are gun-metal, faced with rubber, .and are of.the multiple
type for both sets of pumps, and of a waterway capacity exceeding the area
of the plungers. The three cranks are set at 120° the two outer cranks being
overhung as shown; and on the shaft are keyed two built-up flywheels, one
situated between each pair of bearings and on each side of the middle crank. The
distributing valves in each steam cylinder are of the Corliss type, operated
by a Craig trip motion, and are opened positively by hardened steel dies fixed
on small eccentric clips that engage with other corresponding dies attached
to levers on the valve spindles; which eccentric clips receive their motion from
the valve shaft, and, as seen, are placed in front of the cylinders, where they are
driven by cut gear wheels from the crank shaft. By means of this improved
form of a trip gear a very rapid steam opening is obtained, and the dies keep
in good condition for years without renewing, owing to the sliding motion of
one die upon another tending to keep the cut-off edges sharp. The exhaust
valves are all operated by cams, and each steam valve is separately adjustable
for lap, lead, cut-off, cushion, and release while running. An automatic safety
controlling device operated by an hydraulic governor is fitted to cut off the
steam supply, and destroy the vacuum in case of loss of load, resulting for instance
from a fractured pipe. :

The following particulars have been abstracted from a report on the working
of this engine by Mr. Thos. Thomson, the company’s resident engineer :—

Ratio of cylinders 1: 2-86 : 7-35.
.,  receiver capacity to I.P. cylinder, 2-27.
”» » » L.P. ) 1

All cylinders and receivers are steam-jacketed, the steam pressure at engine
being 177 lbs. per square inch, and the superheat 53° F.

The pressure in H.P. receiver, . 3 r . 397 Ibs.

¥ Ol A A 3 . 3L
Vacuum in surface condenser, . s o . 2749 inches,
Indicated power of H.P. cylinder, : . A TE6 YRR
15 T i el 20 goeas 1T
3 o WABLTR i 2 £ . 8-98
Total for engine, 3 2 z s . 230 >
,»  pumps, £ A 3 Y 5 o AU
Steam per pump H.P., : : / ¢ . 12-28 1bs,
e WeLERES Y % . : 3 b T IGIE e
Mechanical efficiency, : : . 3 . 91 per cent.
Thermo efficiency of indicated work, . A . 208 -

i = actual work, £ 3 . 189 %
Actual duty per cwt. coal, , c . o . 158 millions.

This is a remarkable and very creditable result for an engine of this size, and is
usually only equalled by much larger engines,

The following particulars are also adduced from a report by Prof. Unwin on the
Tunning of a pair of similar engines supplied to the Leeds Corporation’s Head-
ingley Pumping Station in 1899, from the designs of Mr. A. Fowler, and will
be interesting, as they indorse the very high economy obtained in other engines
-of this class :—Diameter—Cylinders, 15, 25, and 40 inches ; pump rams, 13-48
inches ; stroke, 3 feet. There are no low-lift pumps on these engines, and the
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effective head of the high-lift pumps by the gauge measured 287 feet. The
cut-off in high-pressure cylinder was 28 ; intermediate-pressure cylinder, 28 ;
and low-pressure cylinder -26.

The indicated horse-power of H.P. cylinder, . 524
LP

2] tH) 0 ”» . 527

”» » LB . 185
Total indicated horse-power of engine, ; . 1837

3 A pumps, 2 . 166-7
Revolutions per minute, . : c 4 . 346
Steam per LH.P., . ; : : 5 S ey

% TR HERY Ve : g : : e ABIE e

Duty per cwt. coal, . : : : : . 125-35 millions.

The duty of the engine tested, if corrected to the equivalent of 95 Ibs.
evaporation per pound of coal, works out at 154,000,000, and is just under the
result obtained in the Rosario engine, and approaches very nearly to the highest
results obtained in American engines of this type, which are made in sizes up
to 1,000 indicated horse-power, with in-between column flywheels, triple-ex-
pansion, and divided three-throw crank shafts. Several engines may be met
with in the various water-supply stations of this and other countries of a similar
build to this; but with only two cylinders working compound, these are carried
by two columns, between which is located the flywheel, with the eranks both
over-hung. In connection with this rather old type of pumping engine, double-
acting pumps are usually fitted (the cranks being at 90°), and often the heavy
single flywheel is not machined as in the case of many old beam engines with
a rotation rarely exceeding 10 revolutions per minute in either case.

A modified form of pumping engine belonging to the vertical rotatory class,
but with outside flywheels and known as the British or marine type, is widely
adopted in modern pumping stations of large capacity. A splendid example
of this class of engine is illustrated by the sectional cut (Fig. 16), which represents
an elevation of one of three triple-expansion three-crank inverted vertical engines
with direct-connected double-acting piston plunger pumps, supplied by the
North-Eastern Marine Engine Co. to the Riverdale Pumping Station at Hlampton-
on-Thames. These engines, which are each capable of delivering 9,000,000
gallons per 24 hours against a water head of 280 feet, will work smoothly up
to 25 revolutions per minute, and the largest of their class in this country,
were built from the designs of Mr. James Restler, the engineer to the Vauxhall
and Southwark district of the Metropolitan Water Board, another pair of
engines of somewhat similar construction, but smaller and having two cranks,
being installed at the Wandsworth relay station.

The cut illustrating the Riverdale engines has been reproduced from an
engraving appearing in The Engineer, issued on August 2nd. 1901, from which
the following particulars are taken:—The cylinders are respectively 20, 29,
and 54 inches diameter, and the double-acting pumps 16} inches diameter,
all having a stroke of 5 feet, and normally work at about 200 piston speed per
minute. The crank shafts of these engines are 13 inches diameter at the
bearings, which are 18 inches long; the crank pins, 12 inches diameter by
14 inches long; the crank webs, 22 inches wide by 8 inches thick ; the flywheel
at each end of the crank frame, which is 26 feet long, is 15 feet diameter by
12 inches wide, the rims being 15 inches deep, and is supported by an outside
bearing. The steam distribution is by piston valves for the high-pressure and
intermediate-pressure cylinders, and double-slide expansion valves for the
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low-pressure cylinder. Each cylinder and valve' chest is ste.zmbja‘cketed_, the
cylinders also having jacketed covers. The ratio of expansion can be con-
trolled from the floor level for all three cylinders, the attendant having within
his reach at one point all the controllng levers and wheels necessary for
stopping, starting, or for any steam adjustment. In addition to this a tiyball
governor prevents racing on a reduced load.

HE (B

& it ;é ;l

Fig.16.—Sectional Elevation of Triple-expansion Three-crank Pumping Engine, with Double-
acting High-lift Pumps, at the Riverdale Station, Hampton-on-Thames.

To give a better idea of the size of these engines, it may be stated that the
engine-house is 125 feet long by 40 feet wide. and the length over the outside
bearings of each engine is over 40 feet; the height from the engine floor to the
cylinder covers is approximately 33 feet, and the depth to the pump floor 34 feet.
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The pumps are each provided with two suction and two delivery valves of the
multiple bee-hive pattern, similar in form to Fig. 44, but with only two tiers
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of valves, which are of the same pattern as shown by Fig. 56. There are ten
valves in the bottom tier and six in the top tier of each valve box, each valve

Fig. 17.—Elevation of One of Four Triple-expansion Pumping Engines for Johannesburge
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being about 5 inches outside diameter, and are together capable of affording a.
waterway equal to about 60 per cent. of the area of the piston plungers, which are
18 inches long, and supplied with no other packing than water rings § inch wide
by 4 inch deep, svaced 1} inches apart, The indicated horse-power of these
engines when running at 20 revolutions per minute 1s approximately 500, which
_is equal to 450 cffective or pump horse-power.

Fig, 17a,—General View of one of the ** Rand Pumping Engines.

Another pair of engines of this class—viz., with three eranks and outside
flywheels, has recently been put down at the Patcham Waterworks, Brighton,
from the designs of Mr. James Johnston. These engines differ in one respect
from the foregoing in having low-lift or, rather, deep-level pumps as well as
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high-lift pumps, the low-lift pumps, of which there are two, being worked by
a fourth crank through a pair of balancing quadrants, after the fashion of the
engine shown at Fig. 9 ante. The deep-level pumps are 223 inches diameter
by 3 feet stroke, and are of the bucket type, with multiple valves 2 inches
diameter by £ inch lift, arranged in a bee-hive box, and have a maximum lift
of 175 feet; the high-lift pumps are of the single-acting ram plunger type,
15} inches diameter by 4 feet stroke, which are also supplied with small
multiple valves of woodite and gun-metal seatings screwed into a bee-hive box,
as shown by Fig. 44. The daily capacity of one of these engines is 3,000,000
gallons, against a total head of 500 feet, the three steam cylinders being respec-
tively 211, 36%, and 58 inches diameter by 4 feet stroke.

One of the most remarkable pumping engine installations has quite recently
been put down by the Rand Water Board in Johannesburg, which, being situated
at the top of a hill, necessitates an unparalleled height for the water to be pumped
—viz., from 900 to 960 feet—and for this reason presents an excellent oppor-
tunity for demonstrating the superiority of the rotatory three-crank triple-
expansion engine over other types when required to pump against a high-pressure
head ; in these four engines, however, the highest duty hitherto recorded has
been exceeded, the guaranteed consumption of 11-5 lbs. of steam per pump
or water horse-power having been improved upon in each engine under ordinary
service conditions—a truly remarkable attainment, indeed, as will be realised
by Prof. Orr’s report below. In comparing the results obtained in these engines
with the highest recorded with American pumping engines—viz., 181,000,000
foot-lbs. per 1,000 lbs. of steam—it must be borne in mind that that result was
obtained in one of three sets at St. Louis, each capable of delivering 16-5 million
gallons per 24 hours against a pressure head of 200 feet, whereas these engines
of a much smaller size have only a daily output of 2-5 millions of gallons per
24 hours. ‘

From the following Table it will be seen that the actual steam consumption
per water-delivered horse-power is 10-904 lbs. at normal load, and 10-782 lbs. at
overload, which amounts are respectively 518 and 6-24 per cent. below the
guarantee given by the makers (Hathorn, Davey & Co.) of 11-5 lbs. of steam
per P.H.P. per hour.

The consideration of rotatory pumping engines would be incomplete without
some reference to a few of the many very large engines recently put down in the
United States, where the prevailing practice is to favour the type shown by
Figs. 14, 15, and 17, with in-between column flywheels and crank shaft carried
by four or six bearings, the shaft being usually divided at the web of the centre
crank where the join is by a bearing block with a slight movement. The steam
distribution is by Corliss valves for high-pressure and intermediate-pressure
cylinders and poppet valves for the low-pressure cylinder. The piston speed
is usually 200 feet or higher per minute; the pumps of the single-acting plunger
type and the valves of the multiple type as illustrated by Fig. 56.

At the Cincinnati Waterworks there are four triple-expansion pumping
engines of this type, each of 1,000 LH.P., 98 feet high, with a low-pressure
cylinder 82 inches diameter by 8 feet stroke, and a speed of 256 feet per
minute, the flywheels being 24 feet diameter, built up in eight segments.
Corliss valves are placed in the covers of the high-pressure and intermediate-
pressure cylinders, and multiple-seated poppets in the low-pressure cylinder,
this being done to gain more steam way, and with less clearance than possible
with other forms of valves.

At the Philadelphia Waterworks there are three sets of triples, sagle type
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Report of Test of No. 2 Engine by Professor Orr.

Summary of Principal Results—Engine No. 2.
Steam cylinders: H.P.= 23 inches; LP.= 43 inches; L.P.= 64 inches by 3 feet stroke.

. . , ;\}%ea,n of . 6\Iea111 ofd
Tond? Ovi’;&g ad. | [oad Tests | Testson
1908. s on Four Four
Engines. Engines.
Date of test, 4 3 ; . . | May 30th | May 31st
Test began, . d 4 s 5 .| 10am. | 6.30am. 2
Test ended, . 3 8 . 5 . 8 p.m. | 4.30 p.m. s
Duration of test, . 4 3 5 . | 10 hours | 10 hours i A
Barometer, inches of mercury, 5 s 25-3 25-3 25-24 2525
Pressure of steam at engine stop valve— |~
1bs. per square inch, . y d 1836 183-6 181-6 1824
Vacuum (exhaust steam just entering con-
denser), inches of mercury, . X i 2266 22-6 22-7 22-6
Temperature of steam at engine stop valve,
degrees Fah., . 5 ¢ s .| 499-5 500 500 500
Revolutions per hour, . X 2028-6 2475:1 1925 2475
Revolutions per minute, A g 33-81 41-25 33-7 41-26
Piston speed, feet per minute, 3 .| 2029 247-5 202-3 247-5
Pump displacement per revolution—cubic
feet, o . 4 o . A 7-0686 7-0686 7-068 7-068
Pump displacement per revolution (slip
neglected), 5 . 3 . lbs. | 440-35 440-49 440-3 440-5
Water delivered per revolution, . 1lbs. | 42873 429-69 4287 4297
Water pumped per hour (slip neglected), |
Ibs. | 893,294 | 1,090,257 | 893,350 | 1,090,300
Water pumped per hour (actually delivered
in Turffontein reservoir), . . Ibs. | 869,722 | 1,063,526 | 869,700 | 1,063,500
Water pumped per hour (slip neglected), :
galls. 89,329 109,026 88,857 109,034
Water pumped per hour (actually delivered
in Turffontein reservoir), . . galls. 86,972 106,353 86,548 106,073
Slip of pump, . 5 . per cent. 2-64 2:45 2-87 272
Effective head of water pumped, . feet 929-7 975-5 914 975
Horse-power, water delivered (slip neglect-
ed), . g 5 5 > . 419-44 537-14 411-6 537
Horse-power, water delivered (actual), 408-37 523-97 400 522
Water collected from air pump discharge
per hour, . 5 . a . lbs. | 3990-3 5080-8 4038 5246
Water collected from jacket and reheater ]
drains per hour, 2 5 . lbs. | 4624 568-8 522 631
Steam consumption per hour, . lbs. | 44527 5649-6 10-47 10-35
Steam consumption per hour, per water
delivered horse-power (slip neglected),
- 1bs. 10-616 10-518 10-85 10-74
Steam consumption per water delivered
horse-power (i.e., for water actually de-
livered to Turffontein reservoir), .  lbs. 10-904 10-782 11-08 10-94
Duty : Millions of foot-lbs. per 1,000 lbs.
of steam, water delivered (slip ne-
glected), . . ., | 186512 | 188251 | 17874 | 18106
Duty : Millions of foot-lbs. per 1,000 Ibs.
of steam (water actually delivered in
Turffontein reservoir), J 3 .| 181:591 183-634 173-6 176-1
Mechanical efficiency of steam engine,
g per cent. 97-9 97-49 96-6 96-4
Mechanical efficiency of pumps (slip
neglected), - . . percent.| 982 97-9 97-9 981
Mechanical efficiency of pumps (actual),
i per cent. 95-6 95-5 95 95-4
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as foregoing, each to pump 16§ millions of gallons, against a head of 160 feet.
In these engines the low-pressure cylinders are 96 inches diameter by 5 feet

6 inches stroke; pump rams, 33 inches diameter, same stroke; valves as at

Fig. 56, 4} inches diameter; steam pressure, 160 lbs., and duty 175 millions ;

weight of engine, just on 1,000 tons, vide Fig. 18.

At Chicago there are three sets of 13} million gallons daily capacity each ;
plungers, 42 inches diameter; stroke, 5 feet. At St. Louis there are three
sets of the same type, each with a daily capacity of 161 million of gallons;
200 feet water head; pumps, 34 inches diameter by 6 feet stroke; piston
speed, 198 feet per minute. In each of these sets—i.e., complete engine and
three pumps—there are nearly 1,200 valves, arranged in groups of 28 valves,

Fig. 18.—Triple-expansion High-duty Pumping Engine.

which are protected by a cage. The steam cylinders are 34, 62, and 94 inches
diameter by 6 feet stroke; two flywheels, each 40 tons. And at Boston a pair
of engines of 27 millions capacity each have cylinders 30, 56, and 87 inches
diameter by 66 inches stroke; steam pressure, 185 lbs.; duty, 162 million
gallons per cwt. Many other examples of smaller rotatory engines might be given.

In London it must be admitted there are some 20 pumping sets of the three-
crank vertical type, ranging from 100 LH.P. to 500 I.H.P., of which particulars
of one at the New River Waterworks, Hornsey, may be useful as a comparison.
This engine has cylinders 21, 34, and 52 inches diameter by 4 feet stroke, and three
single-acting plunger pumps 27 inches diameter. On trial this engine developed
% maximum of 326 I.H.P. at 25 revolutions per minute—t.e., equal to 200 feet
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per minute, and a maximum pump horse-power of 287. Duty per cwt. at an
evaporation of 10 lbs., 170 millions, which Is equal to the best results obtained
with much larger engines above referred to, some particulars of which have
been abstracted from the Proceedings Inst. M.E. 1905. Measurements of
eapacity and duty efficiency being stated in imperial gallons and per ewt. of
coal on the basis of an evaporation of 10 lbs. of water per pound, which renders
the comparison of results obtained from modern engines to those of the earlier
pumping engines more simple. At the same time there can be no question
that the unit adopted in the States of estimating the duty efficiency of a pumping
set in terms of water raised per 1,000 lbs. of dry steam supplied to the engine
gives a truer comparison, as it eliminates any uncertainty as to the efficiency
of the generator. ' : B )

A fairly representative illustration of American practice in the construction
of water-supply engines is shown by Fig. 18, this representing one of four
triple-expansion ram-plunger pumping engines supplied to the Queen Lane
Pumping Station, Philadelphia, the dlm_ensmns of 'whlch engines are as follows :
—Diameter high-pressure cylinder, 37 inches; diameter intermediate-pressure
cylinder, 62 inches ; diameter low-pressure, 96 mqhes ; diameter water plungers,
34} inches; stroke, 45 feet; revolutions per minute, 22-46 ; and corresponds

Fig. 19.—Rotative Duplex Pumping Engine.

to a speed of plunger travel of 202 feet per minute. In these engines there are
540 valves of the rubber-disc type, each 8 inches diameter, and giving a water-
way area of 9 square inches, the total area of waterway both for the suction
and discharge being 810 square inches, and is nearly equal to the area of the
plunger—i.e., 936 square inches—the displacement of the three plungers for
each engine being 63 gallons per revolution, and each engine is, therefore, equal
to a capacity of 17-7 millions of gallons per diem. On a 24-hours’ test of one of
them this quantity was delivered against a pressure equal to a water head of
260 feet, this engine meanwbile indicating a little over 1,000 H.P. in the three
steam cylinders and 933 H.P. in the pumps, thus showing a mechanical efficiency
of 92 per cent. ’

In another engine a plunger speed equal to 273 feet per minute has been
obtained, this high speed being made possible by fitting grid-iron suction and
delivery valves, vide Chap. XV., Fig. 205, giving aw aterway much exceeding the
area of the plungers; these valves are actuated hydraulically—viz., each valve
is provided with an actuating piston and cylinder using water from the force
main, The water-motor cylinders used for this purpose are not capable of
exerting enough power to traverse the valves until the pressure on them is

. e e
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balanced ; at that instant—i.e., when the ordinary rubber disc valves would
commence to lift—these slide valves are raised slightly from their seats, and
there being then no friction to prevent their movement, they are swiftly opened
by the hydraulic plungers, these being controlled by cam-actuated lift valves to
close at the correct moment ; the disadvantage sometimes experienced in pumping
engines fitted with mechanically-actuated valves is practically removed in this
engine, as the opening of the valves is automatically timed and works with entire
smoothness and precision under the every-day conditions imposed on a water-
supply engine. ) i

There are some other rotatory pumping engines that may be described,
such as the Holly type of horizontal beam engine, of which the latest design
is to arrange two pairs of cross-compound cylinders H and L superposed to
.one another. as shown in Fig. 19, and to connect the crossheads of the four
steam cylirders to a pair of walking beams B, the upper ends of which are
connected to two overhung cranks K, a flywheel F being arranged centrally
between the shaft bearings. The crank shaft is situated over the pair of double-
acting piston-plunger pumps P, the plungers of which are directly connected
to the high-pressure cylinder crossheads. This design is a little difficult to
arrange suitably, and at its very best is complicated, although exceedingly
compact for a flywheel engine. In action it resembles very closely two pairs
of Blake Knowles duplex engines working together, the cranks being arranged
at 90°, and the steam distribution by valves actuated from the crank shaft.

Yet another type of pumping engine s shown by the sectional cuts, Fig. 2C,
which example represents what is one of the largest reciprocating pumps in
existence, and is used at the Boston Main Drainage Works, U.S.A. This
engine, although having only two single-acting ram plungers, is capable ot
delivering 60 millions of imperial gallons per 24 hours against a head of from
40 to 50 feet, the two plungers being each 60 inches diameter by 10 feet stroke,
and discharge into two 48-inch diameter delivery mains leading out in opposite
directions. The valves for both suction and delivery are of the type shown by
Tig, 45, there being 64 suction valves and 48 delivery valves, each 4 inches wide
by about 17 to 20 inches long, and afford an aggregate waterway of 30 square feet
for the suction area of each pump and 25 square feet for the delivery, this giving
the exceptional proportions of 155 and 130 per cent. ratios of valve areas to plunger
areas, and allows a plunger speed of nearly 300 feet per minute in an emergency
such as caused by flooding. This engine is arranged with three steam cylinders,
the high-pressure and intermediate-pressure cylinders of 184 and 33 inches
diameter being directly over one plunger, and the low-pressure cylinder of
52% inches diameter over the other, the two sets being equalised by a beam, as
shown in Fig. 19, connected to an overhung crank of 40-inch radius, for which the
crank shaft measures 24 inches diameter between the 38-inch width bearings,
and carries a 55-ton flywheel, 36 feet diameter by 15 inches wide. The engine
is jet condensing, which is usual in American pumping engine practice, the air
pump being 35 inches diameter by 24 inches stroke, and single-acting of the
bucket type. In general design this engine approaches as near finality in com-
pactness as possible, and could be easily doubled in capacity by arranging a
set at each side of a central flywheel, the two sets working at 90° on to overhung
cranks as in Fig. 19, and would then, as in that instance, present a type of
rotatory pumping engine having a strong resemblance in its working to many
of the non-rotative duplex class; such engines having some advantage in being
less subordinated to the structural arrangements required by flywheel and
crank shaft than found in other types of rotatory engines.
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CHAPTER 1IV.

WATERWORKS PUMPING ENGINES.
Direct-Acting Duplex Class.

A cLass of pumping engine now very widely used in large central pumping
stations consists of an improved form of the duplex direct-acting type, first
introduced into this country in 1885, the underlying principle of which is the
invention of Henry R. Worthington, who obtained a gold medal at the Cen-
tennial Exhibition, U.S.A., in 1876, and subsequently succeeded in getting it
largely adopted by the American oil companies for pumping petroleum through
the extensive pipe lines from the oil fields of Pennsylvania and elsewhere to the
sea-board, owing to its smoothness of working and freedom from concussive
action, an advantage obtained by utilising the piston movement of one engine
to actuate the distributing valves of the other. Each complete engine con-
sists of two separate sets of steam and pump cylinders, hence the term
“ duplex ”’ used m naming pumps of this class.

Many waterworks and pumping stations in this country are equipped with
modernised Worthington engines with compensating action. In describing
this type of engine it is difficult to choose any one particular case among so
many ; a large installation in West Australia has, therefore, been taken as an
interesting example—e.g., the Coolgardie water supply, consisting of 20 high-
duty pumping engines capable of delivering 51 millions of gallons of water
through a main extending inland to the Gold Field District, a distance of 360
miles, and including several widely-separated townships; the whole of this
plant having been supplied and installed by Messrs. Simpson & Co. This notable
installation consists of eight stations distributed along this extensive pipe line
at irregular intervals, increased difficulties having to be reckoned with in conse-
quence of the tract laying across a waterless and extremely difficult country.
The daily capacity of these engines amounts to over 5% millions of gallons in
ordinary working, the water being pumped in stages through a steel pipe 30
inches diameter, against a total head, including friction, of 2,700 feet, the
whole of the contract for completing this scheme, including all machinery,
boilers, etc., having been carried out by this firm. Apropos of the indispensable
desideratum for a daily supply of water in adequate quantity, it may be stated
here that in this district, where gold has been found so plentifully, water has
been known to be so scarce as to be worth actually 2s. for a single gallon previous
to this plant being put down; now, thanks to Sir F. Forest and modern enter-
prise, a practically unlimited supply is available, and at a cost of less than 5s.
per 1,000 gallons. In the construction of this pipe-line, let it be considered,
over 60,000 separate pipes each 28 feet in length had to be properly laid and
connected up, the weight of which, although averaging only } inch thick, totalled
up to 77,000 tons.

The engines which more closely concern the purpose of this treatise consist
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of 12-inch triple-expansion horizontal Worthington’s of the high-duty class,
each engine having two high-pressure cylinders 16 .inches diameter, two
intermediate cylinders 25 inches, two low-pressure cylinders 46 inches, and two
double-acting piston plunger pumps 15 inches diameter, each having a common
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Fig, 21.—Sectio

stroke of 36 inches. In addition to these 12 engines, there are other 8 exactly
similar in size, excepting that the pump plungers are made 21 inches diameter
instead of 15 inches, these being used against a lower head. The indicated
horse-power of each of these 20 engines works out at close on 300 when working
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at their full capacity, and their general construction is very similar to the engine
shown in Fig. 21. By means of plungers in the hydraulic compensators, as
shown at h, sufficient power is stored during the first half of each stroke to
enable the steam pistons to complete their full stroke after the steam has been
cut off at from one-third to one-fourth ratio, and consequently fallen con-
siderably below the average pressure, while, of course, the resistance opposed
to the pump plungers has remained constant. The action of the two pairs of
compensating plungers, so important for the efficient working of this class of
pumping engine, will be gone into in further detail later on. It may be mentioned
here, however, that, in combination with their use and an hydraulic safety device
for destroying the vacuum, the engines are efficiently guarded against racing
following on a sudden fall of pressure in the water main. It must not be gathered
from the description of the working of these exceptionally economical engines
that large pumping engines constructed on the duplex -principle cannot be
run without compensators, either on the hydraulic principle, as adopted in the
Worthington high-duty pumping engines, or on the Heisler method of causing
the cylinders to transmit a portion of their force from the side under full steam
pressure to aid the other side, which is at this time working expansively, or
again, as in the Odesse pumping engine described later, in which a compensating
action is obtained by air pressure. The Holly duplex rotative engine shown
by Fig. 19, it will be recollected, has also for its special object the balancing
of the forces in the two sets of cyhnders more fully when working expansively,
and, indeed, this is the raison d’etre of all the various forms of crank and fiy-
wheel pumping engines.

The advantage obtained by the use of the hydraulic compensators is the
higher degree of expansion in combination with larger steam cylinders than
found to be possible in duplex engines constructed without them. An inter-
esting example of their efficiency can be stated with reference to the triple-
expansion duplex engines put down in 1898 at the Grand Junction Waterworks
at Hampton; these engines, having two sets of steam cylinders, 15, 23, and
36 inches diameter respectively, fitted with the usual form of Worthlngton-
Corliss valve gear, and double-acting pumps of 22} inches diameter; the
stroke of these engines is 36 inches, and the number of double strokes per
minute at which they can be worked 30, this giving a piston speed of 180 feet
per minute, their capacity at this speed being 7} millions of gallons per diem
against a head of 150 feet. In order to prevent these engines from running at
an undue speed on a sudden falling-off in the load or by mismanaged starting,
a valve in communication with the condenser is automatically opened by a
spring, held normally in compression by the pressure of the water in the delivery
main acting on a governor plunger in a very simple manner, when the compen-
sators also are put out of action.

One of the largest examples of Worthington pumping engines of the hori-
zontal compound type was put down at the West Middlesex Waterworks in
1897, these having a daily output capacity of 18 millions of gallons against a
head of 60 feet; the dimensions of the steam cylinders of these engines are
27 and 54 1nches and water plungers 39 1nches with a common stroke of

44 inches. In this case compensating cylinders are also used in combination
with a variable cut-off gear on the high-pressure cylinder, together with a fixed
degree of expansion for the low-pressure cylinder. These engines, on a sudden
release of water pressure, as witnessed by the writer, are held in check to a very
great extent indeed by the combined action of the compensators and hydraulic
safety governor, as, with the extremely early cut-oft used, the steam pistons



i

WATERWORKS PUMPING ENGINES. 41

were incapable of completing the full stroke. Of course, as in all engines of the
duplex type, the oscillation is quicker with a reduced load, but in this case,
even with no water head at all, the pistons are cushioned so as to be prevented
from concussion with the cylinder ends. In addition to these safety devices,
an hydraulic governor, acted upon by the fluctuation of water pressure in the
delivery pipe, and arranged to automatically control either the point of cut-
off or the steam regulator, is very often adopted, thus making these engines
still more independent of constant vigilance on the part of the engineer-in-
charge.

The following data have been abstracted from Prof. Unwin’s report on the
working of an engine of this size :—Steam cylinders, 27 and 54 inches ; double-
acting ram plungers, 40 inches; stroke, 44 inches.. Pump valves consisting of
rubber discs held up to brass seats by brass discs and springs, the action of which
is extremely smooth and efficient. The action of the pump plungers is, to a
very considerable extent, assisted by the compensators, there being two hydraulic
plungers for each cylinder 11 inches diameter, acted on by a pressure main-
tained at a constant of 120 lbs. per square inch. These engines, which are
employed in delivering water from Hampton to Barnes, a distance of 9 miles,
worked during the trials at a head varying from 50 to 65 feet; the mean speed
of double strokes per minute was 17-6; the indicated horse-power, 296; the
pump horse-power, 250, the mechanical efficiency being, therefore, :84. The
engine delivered over 191 millions of gallons during the 24 hours under obser-
vation, the work done in this time equalling 106 millions per cwt.

The following notes are taken from E. A. Cowper’s report on the working
of & similar engine at the Metropolitan Water Board’s New River District Station
at Green Lanes, Stoke Newington. In this case the pressure on the compensator
plungers was at the time of the trials 158 1bs. per square inch ; the steam pressure,
80 lbs.; diameters of steam cylinder, 27 and 54 inches; water plungers, 28
inches; stroke, 42 inches; indicated horse-power, 330; pump horse-power,
301 ; mechanical efficiency, 91-5 per cent. ; coal consumption, 2 lbs. per pump
horse-power ; and duty, 109 millions per cwt. '

Pumping engines of the Worthington type have been supplied to most of the
London pumping stations, in either vertical or horizontal form ; of which the fol-
lowing particulars describe one of a pair of vertical triple-expansion engines, with
quadruple single-acting plunger pumps, as illustrated by Fig. 22. In these engines
the high-pressure cylinders are arranged over the intermediates, and together drive
one single-acting plunger, the other being driven from the low-pressure cylinder.
These engines are connected together in pairs by a beam, somewhat after the
fashion of the Blake-Knowles pumps, and in this case two pairs of engines are

-arranged side by side to work on the duplex principle. There are thus for each

complete engine six steam cylinders and four plungers; Corliss valves are used,
as in the horizontal type, as well as the hydraulic compensators, for which there
are eight plunger rams, the weight of the four sets of pistons, rods, and plungers
being balanced in pairs by the two beams. One of these engines, tested at the
West Middlesex Waterworks, Hampton-on-Thames, gave the following results :
—Duty, 101 millions per cwt. ; consumption per indicated horse-power 1-6 lbs.,
per pump horse-power 2-17 Ibs. ; mechanical efficiency, 736 per cent. ; diameter
steam cylinders, 18, 29, and 45 inches; diameter plungers, 35 inches; stroke,
54 inches; the speed in double strokes per minute, 17-8. Total indicated horse-
power, 288 ; total pump horse-power, 212 ; steam pressure, 77 Ibs. ; and mean
lift of pumps, 51-4 feet. The engines worked with a total absence of thud or
concussion, their action being so smooth as to be almost inandible,
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Fig, 22.—Sectional Elevation of Vertical Triple-expansion Worthington Pumping Engme,
with Four Single-acting High-lift Pumps,
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From observations made by the writer on the working of several large pump-
g engines of different types, there certainly seems to be a smoothness of action
with engines of the direct-acting compensated class, both vertical and hori-
zontal, which is rarely met with except in the highest class of three-crank flywheel
engines. Duplex engines are, it is true, more sensitive to variations in load,
and for this reason are not so well liked by some engineers for pumping direct
into town mains, on account of the fluctuations of pressure to be met with,
especially in cases where engines of different types aré connected to deliver
into a common main. This class of engine is, however, cheaper and much more
compact than any form of crank engine can be, and, as an instance of their
popularity, the Buda-Pesth Waterworks may be cited as being the largest
pumping station in the world having engines of this class. The plant installed
there for one of the main stations consists of six high-duty engines of the vertical
type, each having a daily output of 6} millions of gallons. These engines are
arranged to draw their supplies direct from the wells, four other engines of the
horizontal type being used for raising the water to the necessary level (..,
to about 200 feet head) for supplying the town mains. To afford an idea of
the enormous capacity of this station, it may be stated that the ultimate daily
quantity of water to be raised from a double line of 100 wells, each 16 feet
diameter, and extending along the bank of the Danube for a total distance of
8 miles, will be 53 millions of gallons per diem when completed.

The leading dimensions of these engines are as follows :—Steam cylinders,
18, 27, and 50 inches diameter; pump plungers, 22} inches diameter ; stroke,
36 inches. Kach engine is capable of delivering 6 millions of gallons per diem
against a head of 243 feet, with an effective steam pressure of 160 lbs. per
square inch and a piston speed of 130 feet per minute, the indicated horse-power
being, therefore, in the neighbourhood of 300. The well-known Worthington
construction is strictly adhered to, the two sets of three steam cylinders being
arranged tandem wise, and the connections by single rods from the pump plungers
to the low-pressure pistons, and double rods from the low-pressure to the inter-
mediate-pressure pistons, and single rods again from the intermediate-pressure
to the high-pressure pistons. This particular construction is followed to allow
of the withdrawal of any one of the steam pistons without in any way having
to dismantle the engine itself. Each cylinder is jacketed wherever possible,
and to conduce to still further economy, the steam, in passing from one cylinder
to the next, circulates through a tubular reheater, jacketed with live steam at full
boiler pressure.

The valve motion of these engines is a modification of the Corliss type, the
cylinders having two admission valves at the front and two exhaust valves
at the back, the four valves being operated from a central wrist plate, which
is actuated through the medium of links and rock shaft from the eross-head
at the opposite side in the manner peculiar to this type of engine. The exhaust
valves are opened and closed by links connecting the cranks on the valve
spindle direct with the wrist plate, while the steam admission and cut-off
valves are connected by links from their cranks to a secondary or arm crank
tulcrumed on the wrist plate, and receiving its motion from its own side of the
engine. By this arrangement the valves are opened by the motion imparted
to the wrist plate from the opposite side of the engine, and are closed by a
secondary motion derived from their own side of the engine ; in this manner the
cut-off can be made as rapid as desired, and all releasing devices, such as trip
gears, are dispensed with.

The most important feature for the economical working of this class of engine
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is the compensating action of the oscillating cylinders, previously referred to and
now shown in diagrammatic fashion in Fig. 23. These cylinders are always

under constant pressure, so that the actual eflect of the dual plungers on the
piston-rod of the engine is determined by the various positions caused by the

Fig. 23.—Steam Pump and Compensator Diagrams of Worthington High-duty Pumving Engine.
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oscillation at different points in the stroke. The diagram (view 5) shows the
actual negative and positive effect of the hydraulic plungers. Diagrams 1, 2,
and 3 are taken from the three steam cylinders; diagram 4 from the pump
cylinder. Diagram 6 represents the combined effect of the three steam cylinders
reduced to the area of the low-pressure cylinder only, the three-cylinder effects
being shown superposed to form one diagram. Now, in diagram 7, the combined
steam effect, minus and plus the effect of the hydraulic compensators, is indicated
at S, this being the equivalent of diagram 6 modified by diagram 5. The line
W in diagram 7 indicates the net pump cylinder resistance, and is the mean
of the suction and delivery lines in diagram 4, the difference in the areas of S
and W representing the mechanical efficiency between the indicated horse-
power and the pump horse-power of the engine, and shows at a glance the
proportion of power lost in engine friction. It will be noted that the net positive
impulse effect, as indicated by the line 8, is verv nearly parallel to the line of
resistance W, and, when allowance is made for the retarding and accelerating
effect of momentum, this difference in parallelism will disappear altogether.

The closed ends of the oscillators H are connected by portways passing
through the trunnions T to a central distributing chamber in communication
with the differential accumulator A (see Figs. 24 and 25). From the diagrams
1, 2, 3, and 6, Fig. 23, can be seen the effect of the forces produced in the two
sets of triple-expansion cylinders, both separately and collectively, and that
the power absorbed and given out again by the equalising plungers H when
subtracted from the left-hand side of the diagram and added to the right
produces a propulsive effect of almost equally sustained force and nearly as
constant in degree as the resistance opposed to the pump plungers. As the
equalisers act in concert to resist the advance of the piston-rods of the engine
during the first half of the stroke and assist it during the second half, and owing
to their being placed opposite to one another, all lateral strain on the cross-
heads is obviated ; at the beginning of the stroke when their angularity is greatest,
the compensators exert their greatest influence, which gradually decreases as
the steam pistons advance until at midstroke their influence is nil, then during
the latter half of the stroke their action is in inverse order—i.e., the power
absorbed is again given back in an increasing ratio.

In order to limit the size of the compensating cylinders the pressure on the
plungers is increased considerably above the pressure of the water in the delivery
pipe by means of a differential accumulator, as shown at A, Fig. 25; to obtain
this effect the accumulator ram is provided with a piston of about four times
the area of the ram, and by this means the pressure acting on the compensator
plungers is increased to the same degree. The top of the accumulator is in
communication with the air bell B, consequently the action of the compensators
immediately ceases in the event of the pressure in the service pipes falling away
from any cause. An instance of this actually occurred with the 750 L.H.P.
engines at the Brooklyn Waterworks, where the water main burst soon after
the engines were first started, but resulted in the engines being almost immedi-
ately brought to a standstill, owing to the resultant inaction of the compensators
and condensers. :

In vertical engines of this type, the weight of the reciprocating parts is
counterbalanced by hydraulic pressure acting upon the plunger rams R, which
work in barrels situated directly under the pump-rod crossheads, as illustrated
by Fig. 24; the double-acting piston plungers P being arranged below, and
in order to economise space, are made cup-shaped to receive the lower ends
of the balancing ram barrels R, and are connected to the pump-rod crossheads
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by two pairs of side rods, partly shown in the sectional view of one of the pumps.
The pressure required to obtain the necessary balancing effect is produced by
compressed air, which is supplied by the same compressor as used for the air

il

:

Fig, 24.—Section showing Arrangement of Steam Cylinders, Double-acting Air Pumps, and
Hydraulic Balancing Plungers of Worthington Vertical Pumping Engine.
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vessels and accumulator. In this manner, therefore, the entire weight of the
vertical rods, pistons, and plungers can be floated so as to be exactly counter-
balanced as desired, notwithstanding that the two sets of cylinders and pumps
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Fig. 25.—Section of Accumulator for Hydraulic Compensators of Worthington Vertical
Pumping Engine.
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constituting one complete engine, are, with the exception of their valve gear,
entirely independent of one another. The valves used for the pumps of these
engines are of the same rubber disc type as used for the horizontal engines, the
area of waterway, both for suction and delivery, being approximately equal
to the plunger area, and to this cause, in some degree, perhaps, may be attributed
the marked absence of thud and water wump in their working as compared
with crank engines running at an equal speed. The air pumps are actuated
from beams connected directly to the main pump rods, a section of one of the
jet condensers being shown by Fig. 25, where it will be recognised below the
exhaust pipe X.

Turning now to American practice, we find much larger engines of the
independently-balanced vertical type, as deseribed and illustrated in the fore-
going—the six sets at the Chicago Waterworks, for instance, have each a capacity
of 18 millions of gallons per diem, and give a duty on trial equal to 144 millions
per cwt. These engines have steam cylinders of 21, 33, and 60 inches diameter,
and pump plungers of 341 inches diameter, with a stroke of 50 inches; other
two sets of engines of exactly similar type are each designed to deliver 33 million
gallons per diem, these being the largest direct-acting duplex engines of the
vertical type in existence. Many other examples could be adduced, though
sufficient has already been stated to give a very clear insight into the general
construction and working of direct-acting pumping engines with hydraulic com-
pensators in regard to their main features, yet, by entering more extensively
into the various details making up the full construction of this very efficient,
compact, and interesting machine, a great deal more might be said.

Duplex pumping engines without compensating action are made by the
Dean Steam Pump Company and the Wilson-Snyder Manufacturing Company
in both horizontal and vertical form, with triple-expansion, up to a capacity of
seven millions of gallons per diem, but the arrangement of the steam cylinders
in these engines is the converse to that adopted in the Worthingtons—
t.e., the low-pressure cylinders are situated at the end of the engine, then
the intermediates, the high-pressure cylinders being arranged next the pumps.
In the Dean, the low-pressure cylinder pistons are connected to cross-
heads situated between the high-pressure eylinders and the pumps by double
rods, which pass through the steam jackets of the intermediate-pressure cylinders
and outside the high-pressure cylinders, the pistons of these cylinders being
connected by single rods direct from the crossheads, an arrangement that does
not appear to lend itself quite so conveniently for examination and removal
of the pistons of the two sets of smaller cylinders. The steam distribution in the
Dean pumping engines is generally effected by slide valves for the low-pressure
and intermediate-pressure cylinders, the valves being balanced by pistons.
having pendulum rods, as shown at b in Fig. 21, while the high-pressure cylinders.
are controlled by a special form of Corliss valves provided with a variable cut-oft
gear; and in the Wilson-Snyder by piston valves. The pumps in these engines.
are not dissimilar to those already described, having double-acting piston
plungers and multiple rubber-faced valves. In the Blake horizontal duplex
mining engines the pumps are fitted with double-ram plungers, both ends out-
side packed, the two outend rams being connected to the rods carrying the
steam pistons by side rods and crossheads,

Before concluding the consideration of duplex pumping engines of
large capacity, such as required for distributing stations in large towns,
there must be described another and equivalent form of balancing device,
known as the Oddie compensator, which consists of an oil-sealed single-acting
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air-spring plunger coupled to each of
the two pump-rods through a system
of toggle levers in such manner that
power during the first half of the
stroke is stored up in compressing a
charge of air, which on again expand-
ing during the second half of the
stroke returns this power, thus equal-
ising the thrust on the pump plunger
durmg the whole stroke, and thereby
permitting the employment of a higher
range of expansion in the steam cylin-
ders than would be possible without
a compensator.

The construction of the air-spring
compensator gear used in the Oddesse
pump will be gathered from the sec-
tional and diagrammatic illustrations,
Figs. 26 and 27, in which (a) is an
inverted plunger passing through the
stuffing-box (b) into an oil chamber
(c). On the downward stroke of (a)
air under pressure is compressed be-
tween the surface of the contained oil
and the space (d) under the hollow
plunger (a), its lower edge remaining
in continuous contact with the liquid
below and is effectually sealed thereby.
The motion of the air plunger is de-
rived from a double pair of toggle
links (¢) connecting it with the pumpg-
rod at a point between the steam and
water glands of the pump, although
obviously equally adapted to be con-
nected to the pump-rod at either end.
The toggle levers (f) are hinged to
fixed fulcrums at (z), the two double
links connecting midway to a bearing
block at (y), free to slide in a stirrup
(9), joining together the piston-rod
and plunger crosshead, while the lower
end 1s hinged at (2) to the air plunger.

In the sectional elevation (Fig. 26),
the pump-rod is shown at mid-stroke,
with the air plunger, therefore, de-
pressed to its full extent against the
pressure of air contained in (d), which,
during the second half of the stroke
of the pump-rod, is caused to expand,
and in so doing to return a measure
of energy stored during the compres-
sion of the air charge. The bottom-
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Fig. 26.—** Oddesse Compound,” 14 X 24 x & X 18 mches, Mine Pumping Kngine, fitted with Air-spring Compensator.
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end toggle bearing at (2) is carried by the radius rod (f), this bearing being free
to slide along the end of the plunger (a); therefore, all end thrust is removed
from the compensator piston.

The action of the air spring used in the Oddesse high-duty pumping engines
will be made more intelligible by reference to the diagram, Fig. 27; in this, steam
at a pressure (p) in the high-pressure cylinder is shown cut-off at (S), and ex-
panded in the low-pressure cylinder to a point (z). By the action of the air
spring, as indicated by pressures minus (c) and plus (c), the resultant thrust
imparted to the pump plunger in either direction is represented by the pressure
o’ ', this being the equivalent of p-c during the compression stroke of the air
plunger and first half-stroke () of the pump plunger, and to the corresponding
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Tig. 27.—Diagrams showing Action of the Air-spring Compensator in an ‘ Oddesse "
Direct-acting Pump.

second half-stroke (n) of the pump plunger, by which it will be seen that there
are two strokes of the air plunger to one of the pump plunger.

Compressed air is delivered at the required pressure by the small pump (e)
driven off the radius arm (f), and can by a small relief valve shown at (A) be
automatically regulated to compensate for the difference of mean steam pressure
and the hydraulic pressure opposed to the pump plungers by a relief valve (h)
controlled by a lever connection with the radius arm (f), the contact screw
shown being adjusted to clear the end of the valve stem so long as the pump
works with a normal length of stroke; but on the stroke of the main pump
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exceeding this, the relief valve is opened to a corresponding degree by the increased
oscillating action imparted to the radius arm (f), the opening varying as the
stroke of the main pump exceeds normal.

The action of this form of compensator is thus seen to tend towards the
maintenance of a constant length of stroke in the working of the pump under
varying pressures, a most important feature in pumps of the direct-acting kind,
as obviously any fore-shortening of the stroke results in steam waste due to
increased clearances, :




52

CHAPTER V.
DIFFERENTIAL NON-ROTATIVE PUMPING ENGINES.

Pumping engines of the simplex differential non-rotative type are also largely
used for purposes where large quantities of water have to be dealt with at high
pressures, and owing to their peculiar construction are particularly adapted for
working deep-level mine and well pumps, the differential horizontal engine having,
it may be said, almost completely usurped the position once held by the vertical
single-acting Cornish beam and Bull engines, to both of which the differential
direct-acting engine compares to great advantage in respect of economy, more per-
fectly balanced action, and less first cost. Engines of this class are constructed
with their steam cylinders arranged for working either compound or with triple-
expansion all in one horizontal line, the piston-rod at one end connecting either
on to a compensating oscillating disc or to the arms of a pair of quadrants, for
the purpose of working deep-level pump plungers with a balanced action.

In connection with this class of engine there are several points of considerable
importance—e.g., the compensating method adopted for equating the power
effect of the steam cylinders (when working with a high degree of expansion)
to the constant load opposed by the pumps, combined with a differential con-
trolling gear used in connection with the steam distribution.

In this class of pumping engine the power may be applied in direct line with
a double-acting high-lift pump, or to low-lift pumps through a balancing motion,
and comprise two distinguishing features—viz., the method for controlling the
steam distribution by a differential gear actuated by a secondary engine, and
the method used for transmitting the motion from the piston-rod to a pair of
deep-level pumps in such manner that the ratio of movement of the steam pistons
in their relation to the movement of the pump plungers increases as the steam
pistons advance towards the completion of each stroke, thus making it possible
to use steam with a high degree of expansion ; a result obtained in non-rotative
beam engines by utilising the momentum of very heavy mechanism—by means
of cranks and flywheels in rotatory engines and hydraulic compensators in high-
duty duplex engines.

In describing the Davey differential valve gear used in these engines, it may
be said to consist essentially of a small subsidiary engine, the speed of which
can be regulated by means of a cataract cylinder to any desired rate, and of
a pair of links having no fixed anchorage, but attached at one end to a rocking
shaft and driven from and moving with the main engine, and at the other end
to the small subsidiary engine. Itisevident that, supposing the subsidiary engine
and the main engine to be moving in opposite directions, a point at the centre
of the links will not be moved exactly in accordance with either of them, but
will have a mean or differential motion between the two. It is ¢pso facto from
this central point that the valves receive their motion, and the arrangement
is such that the valves are opened when the links are moved in the direction
in which the snbsidiary engine tends to move them, and closed when the links
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are moved in the direction in which the main engine tends to move them. As
before noted, the subsidiary engine is controlled by a cataract cylinder, and
«can, therefore, be set to move at a rate which will give the necessary valve
opening when the main engine is working at any required speed, but directly
this speed is exceeded, either let it be supposed from increase of steam pressure
or decrease of load, the main engine will gain upon the subsidiary engine, the
closing of the valves is accelerated, and as a consequence the steam is either
throttled or cut off as the case may be ; the gear, therefore, fulfils the additional
function of a sensitive governor acting directly upon the steam valves. In
combination with this subsidiary engine, there is a second small engine used
to reverse the valve of the differential gear or first subsidiary engine; by this
means the gear engine can be caused to make a pause after each stroke, and with
it the main engine also, until the secondary engine has made its stroke. A
second cataract cylinder enables the duration of the pause at the end of each
stroke to be adjusted to a nicety, from a mere dwelling at the end of each
stroke to a pause of 10 to 15 seconds or more, when for any reason it is desired
to run the main engine dead slow. :

However, in order to make the action of this gear thoroughly clear, it may
be useful to append a description contained in one of Mr. Henry Davey’s papers
before the Institute of Mechanical Engineers, and can be better understood
with reference to the four diagrammatic views A, B, C, and D, in Fig. 28. These
views for clearness sake represent this gear as applied to an engine having only
one cylinder, the subsidiary engine piston J being controlled by the cataract
plunger K and the valve Q. The fulcrum P is assumed to be fixed in the following
description, although it is in reality given a lateral movement by the second
subsidiary engine referred to as being used to obtain the pausing action so essential
for the smooth and efficient working of this class of engine.

The main slide valve G is actuated from the piston rod through a lever H
working on a fixed centre, which reduces the motion to the required extent
and reverses its direction. The valve spindle is not coupled direct to this lever,
but to an intermediate lever L, which is jointed to the first lever H at one end ;
while the other end is jointed to the piston-rod of the subsidiary steam cylinder
J, which has a motion independent of the engine cylinder, its slide valve I being
actuated by a third lever N, coupled at one end to the intermediate lever L,
and moving on a fixed centre P at the other end. The motion of the piston in
the subsidiary cylinder J is controlled by a cataract cylinder K on the same
piston-rod, by which the motion of this piston is made uniform throughout
the stroke ; also the regulating plug Q can be adjusted to give any desired time
for the stroke. The intermediate lever L has not any fixed centre of motion,
its outer end M being jointed to the piston-rod of the subsidiary cylinder J;
hence the main valve G consequently receives a differential motion compounded
of the separate motions given to the two ends of the lever L. If this lever had a
fixed centre of motion at the outer end M, the steam would be cut off in the
engine cylinder at a constant point in each stroke, on the closing of the slide
valve by the motion derived from the engine piston-rod; but, inasmuch as
the centre of motion at the outer end M of the lever shifts in the opposite direc-
tion with the movement of the subsidiary piston J, the piston of the cut-off
point is shifted, and depends upon the position of the subsidiary piston at the
moment when the slide valve closes. At the beginning of the engine stroke
the subsidiary piston is moving in the same direction as the engine piston, as
shown by the arrows in A, and in the instance of a light load as illustrated in
B, the piston then having less resistance to encounter moves off at a higher
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speed, and sooner overtakes the subsidiary piston moving at a constant speed
under the control of the cataract; the closing of the main valve G is conse-
quently accelerated, causing an earlier cut-off. But with a heavy load as in C.
the engine piston encountering greater resistance moves off more slowly, and
the subsidiary piston has time to advance further in its stroke before it is over-
taken, thus retarding the closing of the main valve G and causing it to cut off

Diagrams dlustrating action of Differential Valve Gear.

Beginning e

|Engine Stroke.

Fig. 28.—Davey Differential Vaive Gear.

later. At the end of the engine stroke, as shown in D, the relative positions
become reversed to that obtaining in A, in readiness for the commencement
of the return stroke.

The force acting on the subsidiary piston J is much greater than that re-
quired for moving the slide valve, the excess being absorbed in driving the fluid
in the cataract cylinder K through the small adjustable aperture Q; and as the
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resistance of the fluid increases as the square of the velocity, a very small varia-
tion in the speed of the subsidiary piston can be effected by a considerable
variation in the force upon it, so that the speed is maintained practically con-
stant for a given adjustment of the cataract plug Q, although the boiler pressure
of steam may vary. The main slide valve G is opened at the beginning of each
stroke by the motion of the subsidiary piston, which is controlled by the cataract,
and a pause is consequently given at the completion of each single stroke of
the engine, and allows time for the large double-seated pump valves to settle
on their seats. Slip in the water is by this means prevented, as well as con-

cussion arising from the closing of the valves from a moving plunger. Freedom

from shocks 1n pumps having long delivery pipes is an important point, and
goes a long way towards the prevention of ““ bursts,” in addition to giving a longer
life to the engine.

In connection with the gear, as shown in Fig. 28, an independent steam
starting or pausing cylinder is used to control the lateral position of the fulcrum
P, the pausing engine being arranged below the fulecrum, which it controls by
means of a rack gearing into a pinion on one end of a tubular shaft, the other
end of the shaft being made with a screw thread, and by its rotation traverses
the outer end of P of the lever N of the valve gear, and thereby opens the small
slide valve I of the subsidiary cylinder J. The slide valve of the pausing cylinder
is moved by tappets by means of a lever actuated by the same lever H that
works the inner end of the intermediate lever L of the valve gear, The steam
cylinder of the pausing or second subsidiary engine is itself also controlled by
a cataract on the same piston-rod, and the length of pause after each stroke of
the engine is consequently determined jointly by the two cataracts; the first
regulating the time of opening the small slide valve I for starting the subsidiary
piston J, after which this piston under the control of the other cataract has to
travel a sufficient distance for opening the main slide G of the engine, the second
cataract determining the mean speed of the eagine under normal conditions
of load and steam pressure.

The slide valve G of the high-pressure cylinder is provided with a couple
of narrow ports through the back of the valve from end to end, as shown in
Fig. 29, the effect of which is that, while the engine is pausing at the end of its
stroke for the valve to be moved from mid position through the extent of the
lap, & communication is established from one side of the piston to the other,
so that, whatever the amount of clearance space left in front of the piston at
the end of the stroke, it becomes all filled with steam that has just done its work
behind the piston. This prevents the slight loss that would occur in having to
fill the whole clearance with full boiler steam at the commencement of the return
stroke ; the initial steam has, therefore, only to raise the pressure in the clearance
from the terminal pressure in the high-pressure cylinder, instead of from that
of the low-pressure cylinder. A double-beat valve W is provided in the steam
pipe, and actuated from the main valve spindle by means of a bell-crank lever
and a pair of slotted connecting-rods X X, which are fitted with right and left-
hand screws, and thus afford a ready means for adjusting the degree of ex-
pansion under normal conditions of working ; the closing of the valve W also
relieves the slide G from having to work under the full boiler pressure after the
steam has been cut off. The slide valve Y of the low-pressure cylinder is balanced
by means of a steel ring inserted in an annular groove Z on the back of the
valve.

Simplex pumping engines with a differential valve gear on this principle
are made by this firm with one steam cylinder (.e., to work on single expansion)
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for purposes where a high economy in steam consumption is of secondary con-
sideration, a case in point being an engine at the Kettering Waterworks, having
a capacity equal to raising 13 millions of gallons per diem against a head of
40 feet ; 1n this engine a double-acting piston-plunger pump is used, and as there
is but the one steam cylinder the general design of this engine is exceedingly
compact. For a water resistance involving a pressure higher than a maximum
of 150 Ibs. per square inch, the piston-plunger type of pump is not so suitable
even with clear water, owing to the difficulty of avoiding slip. Messrs. Hathorn,

Ar==

" ig. 29.—Sectional Elevation and Plan of Davey Compound Differential Engine,
showing the Action of the Valve Gear.

Davey & Co. make compound and triple-expansion direct-acting engines with
outside packed double-acting ram plunger pumps for dealing with the higher
pressures involved in connection with mine drainage. An engine recently
supplied to the Tranent Collieries, Scotland, may be referred to as a case in point,
this engine being located 300 feet below the surface, and having to pump through
540 yards of piping,



However, engines of this class compare to more particular advantage in
combination with a compensating high-duty balancing disc motion, the action
of which transmission gear is illustrated clearly by the diagrammatic drawing,
Fig. 30. Generally speaking, this high-duty attachment consists of an arrange-
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together in such a way that the steam pistons get a mechanical advantage over
the pump plunger as the stroke continues, in order to compensate for the gradu-
ally decreasing pressure of the expanding steam. For, whereas the force exerted
by the engine piston decreases while the load is almost constant throughout
the stroke, it is evident that the pistons must exert their combined force through

Fig, 30.—Diagram showing the Balancing Action of the Differential Pumping Engine.
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a distance constantly increasing relatively to the movement of the weight lifted,
in order to be able to complete the stroke with a falling steam pressure, and to
compensate for this effect means are required by which the steam pistons may
move with a velocity varying relatively to that of the pump plungers. Re-
ferring now to the diagram, S is the steam piston, P and R the pump plungers,
and D an oscillating disc moving about the centre E. The pump plungers are
attached to the discs at the points P and R by means of rods, and the steam piston
to the point S; whilst the steam piston is making its stroke in the direction of
the arrow the plunger P then lifting is decreasing in velocity relatively to that
of the piston S, the ratio being determined by the relative positions of the points
of attachment P and R, and S on the oscillating disc D. The effect of this mode
of coupling the pump plungers to the engine pistons is to make the pump resist-
ance diagram so nearly approach the shape of the combined engine diagram that
the weight of the moving parts of the engine is in itself—by its inertia—sufficient
to equate the two diagrams.

It will be seen that, although the points of advance 1 to 9 denoting one
stroke of the steam piston S are equally spaced, the motion transmitted to the
pump plunger P during its ascent results in the spaces between the corresponding
points of advance from 9 to 1 being in a diminishing ratio, the distance travelled
in the last stage from the point 2 to 1 being only about 40 per cent. of the distance
travelled in the first stage—i.e., between the points 9 and 8. The relative
positions in the path of the points of attachment to the disc are indicated by
corresponding figures to those used for the piston and plungers. It will be noted
that the down stroke of plunger R is in an increasing ratio and quite the reverse
to the ratio of advance during the up stroke, this, however, does not materially
affect the resultant advantage gained.

A similar differential motion can be obtained by a pair of balancing quadrants
constructed as shown in Fig. 31: here instead of the usual arrangement of right
angle bell-crank levers, the quadrant centres of attachment are differentially
spaced with a similar effect to that shown in Fig. 29, the plungers in this case
being balanced as in the other. The drawing Fig. 30 shows the general arrange-
ment followed in the fixing of a compound or triple-expansion engine having
differential action balanced quadrants for the low-lift pumps and a double-
acting high-lift pump connected direct on to the tail-rod of the low-pressure
cylinder which draws its supply from a pump alongside the engine foundation.
The following results, obtained on a 48-hours’ trial of an engine of this character
put down at the Widnes Waterworks, afford sufficient evidence of the engine’s
capabilities: the actual duty obtained equals 1094 millions, which is over 19
millions in excess of the requirements of the Corporation at the time of accepting
the contract. This engine has two steam cylinders 32 and 60 inches diameter ;
two low-lift pumps 18} inches and one double-acting high-lift pump also 18}
inches diameter, the stroke of each being 6 feet 6 inches. The water pumped
per 24 hours is slightly in excess of 21 millions of gallons at a speed of 12-5 double
strokes per minute, and the indicated and pump horse-power 230 and 200 respec-
tively, showing an efficiency of 87 per cent., the steam used per indicated horse-
power being 15-6 and 18 lbs. per pump horse-power. The illustration, Fig. 31,
represents one of six sets supplied to the South Staffordshire Waterworks, and
has cylinders 20 and 30 and 44 inches diameter; two borehole bucket plunger
pumps and one double-acting piston-plunger pump, all of 15} inches diameter,
the stroke common for both steam and water being 5 feet. The well pumps
are placed at a level of 300 feet from the surface, although the actual lift required
is only 67 feet; the high-lift pump, however, instead of having to do less than
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half the duty intended has to force against a head of over 320 feet, as against
the contract head of 160 feet. The bucket plungers with their double-beat
valves are of a type approximately represented by Fig. 34, double-beat valves
being also used for the high-lift pump, and are found to work very satisfactorily.
As previously pointed out, double-beat valves are peculiarly suitable for use
in pumping engines having a slow beat, or better still if permitted a pausing
period at the termination of each stroke. A 24-hours’ trial of one of these engines
afforded the following results, every precaution being taken to obtain absolute
accuracy in the readings . Gallons delivered per diem against a total head of
393 feet, 1-57 millions; equivalent pump horse-power, 129 ; indicated horse-
power, 163 ; efficiency, 79 per cent. ; steam per indicated horse-power, 14-3 lbs.,
and per pump horse-power, 18 Ibs. ; duty per cwt. on a 10 per cent. ratio, 123
millions nearly. These results, although good, do not show so high an efficiency
as obtained in triple-expansion three-crank rotatory engines as used in water-
supply stations, and may be in part accounted for by the use of low-lift bucket-
plunger pumps having a restricted water-way seldom exceeding 40 per cent.
of the area of the plungers.

The deseription of this class of engine, so well adapted for deep-level pumping,
would be incomplete without some particulars of a large mining installation
capable of dealing with 8 millions of gallons per diem against a total head of
2,000 feet, which has been equipped by Messrs. Hathorn, Davey & Co. for the
Tasmanian Gold Mining Company :—This plant consists of three units, each unit
consisting of a differential pumping engine placed upon the surface, and arranged
to actuate through a pair of coupled quadrant levers four pairs of plunger pumps
fixed in the shaft in such a manner as to be capable of raising 24 millions of gallons
per diem in four stages, each of 500 feet. The engines are compound, receiving
steam at 150 lbs. pressure, and are of exceptional dimensions—e.g., the high-
pressure cylinders are 50 inches diameter, and the low-pressure 108 inches
diameter, with a stroke of 10 feet. The valves used for the steam distribution
are of the double-beat type, and are actuated by the differential gear above
described. Each engine is fitted with a separate surface condenser, having brass
tubes and brass tube plates and independent air pumps. The pump work proper
is of an exceedingly massive and interesting character, the quadrants, for instance,
have arms each 15 feet centre to centre, and are built up of steel plates blocked
with pitchpine, the main quadrant bearlngs being 18 inches diameter and 24
inches long. The spear rods themselves are 22 inches square, and in lengths
of about 47 feet, the joints being made with steel spear plates and bolts in the
ordinary manner. The pumps are fitted with outside packed ram plungers,
each 20 inches diameter by 10 feet stroke. The valves are of the double-beat
type, but arranged in multiple in separate boxes, there being eight suction and
eight delivery valves to each plunger. By this means it is possible to get a full
water-way and still to use comparatively small valves and small valve boxes,
no part being too heavy to be readily dealt with by one man without the use of
tackle. The rising main, which is of steel, is 16 inches internal diameter, and
has welded flange joints. As the weight of the spear rods and plungers is much
in excess of the water resistance, balancing beams are arranged on each level,
and relieve the quadrants of unnecessary strain; the working efficiency of these
engines is 83 per cent. in relation of indicated horse-power to the actual or
water horse-power.
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CHAPTER VI,
MINE-PUMPS, FORCE-PUMPS, AND SINKING-PUMFS.

THE necessity for draining tin mines and coal pits may be said to have been
primarily responsible for the introduction into use ‘of deep-level steam-actuated
pumps, these being in the earlier stages all worked from engines located at the
head of the pit shaft. Pumps of the bucket type with leather-packed plungers
provided with leather-faced flap valves, as shown in Fig. 32, were at first prin-
cipally used, the water head for each pump not generally exceeding 300 feet.
On the introduction of improved engines, such as the Cornish beam single-
‘acting class, ram plunger pumps were found to be more suitable, these lending
themselves, together with the heavy spear rods used to connect the engine
beam to the pumps, to obtain a complete balance of the water column in the
rising main. Ram plunger pumps are even to this day more used than any other
type in deep-level mines, owing to the greater facility of access to the valves,
and to their being easier maintained in water-tight condition. In some instances,
it is true, bucket plungers may be advantageously used to pump the water up
the first stage, ram plungers being used to force the water from a sump, or from
the head of the bucket plunger, as shown in Fig. 32, to the surface in one or
more stages, according*to the depth of the mine, a leap of 500 feet being seldom
exceeded in one single stage.

In all the earlier types of non-rotative beam engines the usual practice was
to connect up the pumps in series from one end of the working beam, the down
stroke being performed entirely by the weight of the rods and plungers; the

_ time taken for this was usually much longer than the up or steam stroke, this being
done, as before explained, in order to obtain a more expansive working of the
steam. For this reason it was customary to provide two valves for the suction
or indoor strokes of a type similar to the annular-seated valve illustrated by
Fig. 54, and one for the delivery or outdoor strokes; this form of valve, it may
be stated, greatly contributed to the successful working of this class of engine.
In the more modern method adopted of employing two sets of pumps actuated
from spear rods which are connected to the arms of a pair of balancing quadrants,
as shown in Fig. 31, a much smoother action is obtained, the engine being usually
of the horizontal double-acting simplex type, of which the Davey differential
pumping engine above described may be taken as a good example. Other
reasons for using ram plunger pumps for draining mines are the following :—
(1) They are less liable to become choked ; (2) are more accessible for. examining
the valves; and (3) are easier to keep water-tight ; although for low-lift pumps
located in wells or boreholes for water-supply stations and the like, bucket-
plunger pumps are employed under most circumstances, whether the actuating
engine be of the rotative beam, simplex horizontal, vertical rotatory, or geared
three-crank type. In usual pitwork practice a single ram plunger pump, as
shown at (a) in Fig, 32, is put down, unless the mine exceeds in depth 400 to
600 feet, and is the type of pump adopted in connection with most of the early
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Fig. 32.—Typical Deep-level Mine Pumps.
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direct -acting beam pumping
installations. A later form for
deep levels is, as shown at (d)
and (e), this arrangement having
the advantage of permitting the
water to be lifted in stages, the
lower pump discharging into
the upper pump, thus halving
the pressure on the plungers
and delivery valves; although
the plungers are shown inverted
—a disposition that has some
advantages —a similar series
effect can be obtained with the
direct form of ram plunger
pump, the plungers in either
case being connected to move
in opposite directions.

Another form of relay pump
is illustrated by (b) and (c),
Fig. 32; in this example the
low-level pump (¢) is shown
fitted with. a bucket plunger,
and to deliver into a sump (p),
from which the upper pump (b),
which may be fitted with either

a bucket plunger or a ram |
plunger as shown, delivers the Fif
water to the pit-head. Thisis [

a method commonly adopted
for deep levels, pumps being

often placed in as many as four §

stages, at from 300 to 500 feet
intervals.

In the form of ram plunger
pump illustrated by Fig. 33, no
foot valve is required other
than the valve (v) fitted to the
upper end of the hollow plunger
(), which is thus in part utilised
as a suction pipe; the purpose
in view for adopting this con-
struction is to be able to with-
draw the foot valve together
with the plunger.

The form of pump commonly

used for high lifts is one known
as the bucket-and - plunger
pump, which consists, as shown
in Fig. 34, of a combination
of ram plunger (P) and bucket
plunger (K), the latter, of course,

Valve closed.

] >
Fig. 33.—Hollow-vam Mine Pump.
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being provided with a valve arranged to open on the down stroke; this type of
pump acts as follows :—On the up stroke the bucket draws water through a foot
valve, and on the down stroke this water is forced to the upper side of the bucket,
(K), and it follows that as one-half the displacement above the bucket is caused
by the ram plunger (P), one-half of the water so displaced is forced into the
rising main, the other half being delivered on the up stroke; there is thus an
equal rate of delivery at each stroke, although the pump is single-acting in
regard to suction, and consequently only delivers a volume of water equal to
the displacement of the single-acting bucket plunger. A similar effect can
obviously be obtained with a combination of piston plunger and ram plunger ;
in this form of differential pump, however, water instead of passing through
valves in the plunger, is forced through a passage outside the barrel to the
space above the solid piston plunger, a ram plunger being used at the delivery
end of the pump, as in the bucket-and-plunger type of pump. This form of
pump was first used by Sir William Armstrong as
an hydraulic pump, who used the rod as a ram
plunger.

A differential pump can also be constructed
with two ram plungers, one of which is of twice
the area of the other; the larger ram is single-
acting, and forces at each down stroke half its
displacement into the water space around the
smaller ram, and half into the delivery main
direct, and is a form of pump, as in the two
former variations, that affords the advantage of
a double-acting delivery with but two valves;
whereas with a double-acting ram plunger pump,
as shown in Fig. 35, two suction valves (n) and
two delivery valves (d) are required,

A form of force pump that is entirely without
foot valves is sometimes used for liquids contain-
ing solids liable to choke the valves; in pumps
of this kind, which usually have two or three
single-acting bucket plungers, the liquid is caused
to pass through each bucket in succession, and
consequently at twice thie velocity for the same

- plunger speed as in an ordinary pump. In con-
Fig. 34.—Typical Plunger and struction the top of each barrel is connected to
%“.clfet Foree Pump, with t},6 ynderside of the one next to it, and in action

riple-seated Ring Valves. .

, as the first plunger descends after a suction
stroke, its fellow ascends, and thus draws water into the second barrel; on the
second plunger descending, the first plunger ascends, and forces water from the
first barrel through the connecting water-way and descending plunger into the
second barrel, and thence to the delivery outlet; this pump is thus double-
acting, although requiring for this effect two plungers, each provided with
delivery valves, which, as in the form of pump shown by Fig. 33, can be with-
drawn with the plungers.

Another form of deep-level force pump requiring no foot valve is that known
as a concertina pump, from the to-and-fro action of two plungers in a single
barrel, and thus is peculiarly adapted for borehole wells. In this useful pump
—described more fully in Chapter IX.—each plunger is fitted with a.lift valve,
the valve in the lower plunger serving to admit water between the plungers
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on the receding stroke, and the valve in the upper plunger opening on the in-
stroke, thus the pump is double-acting at the delivery end, and delivers a volume
of water equal to the combined stroke displacement of the two plungers, which
are connected by quadrant levers, as shown in Fig. 31, the connection to the
lower plunger being by a solid rod passing up through the upper plunger, which
in turn is connected to one of the quadrant levers by a tubular rod.

There is another particularly useful form of pump for raising water from
deep wells in connection with continuous town supply, which is notable in having
both the suction and delivery valves carried in the plunger. Pumps of this
type are provided with a double hollow plunger, the lower of which works in
a barrel with a closed end, and is provided with inlet valves opening inwards,
while the upper plunger is provided with a ring delivery valve; the annular
space separating the divided plungers is placed in communication with the
suction pipe, the action of the pump being as follows :-—On the up stroke water
is drawn into the closed lower barrel through the series of valves in the neck
separating the two plungers, and is displaced during the down stroke through
the delivery valve in the upper plunger, when agan on the succeeding up stroke
the water so displaced is forced into the rising main. In a modified pump of
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Fig. 35.—Double-acting Ram Force Pump.

this kind, known as the Ashley, vide Fig. 36, the double plunger is separated
by a waist having an internal‘area of half the area of the plunger, which waist
is cast in one piece with the plungers, and is of hexagonal form, each facet con-
taining a row of small inlet valves SV, and the upper plunger with a double-
beat delivery valve D V. In this form of pump an almost unlimited water-
way can be provided by employing a number of inlet valves, and as the plunger
speed of all pumps is limited to the velocity at which water will follow the
plunger, it will be seen that a higher speed can be obtained with a pump of this
form than with a pump using the ordinary foot valve ; its principal advantage,
however, consists in the ability for both sets of valves to be drawn up for
examination or renewals, there being no foot valve required.

The Ashley pump, although represented as a 3-throw pump, is equally
well adapted for being worked in pairs from balancing quadrant levers or other-
wise. The particular set of pumps illustrated, represents one of a pair that have
been supplied to the Brighton Corporation Waterworks; and are actuated direct
from a vertical 3-crank triple-expansion engine at 25 revolutions per minute,
at which speed they are capable of delivering 2,250,000 gallons per diem into

5
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a sump 170 feet above the level of the water in the well where the pumps are
fixed to girders built in the walls. The diameter of the pump barrels is 15} inches,
o
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Fig. 36.—Ashley Deep-level Pump.

and the stroke 2 feet 6 inches, the plunger speed thus being 125 per minute.
Altogether there have been eight sets. ranging in size from 8 to 23 inches diameter,
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supplied to these works, and a further six sets to the East London Water-
works of similar type, but arranged with inlet openings in the waist of the
shrouded jacket around the barrel, the pumps in this case resting on a pedestal
bolted direct to foundations in the bottom of the wells 200 feet down.

The particular interest attached to the Ashley pump is in the form of the
plunger, with its double piston and series of multiple suction valves placed
between them, it being recognised that the speed limit to pump plungers is
influenced to a greater extent by the available area of waterway in the suction
inlet than by any other cause; in this rather unusual form of plunger, the con-
struction is such as to afford a waterway capacity of any desired extent, and
as the valves are situated at a point high above the bottom of the pump and are
contained in the plunger itself, not only is there less liability of the valves being
choked with sand or from other causes, but the pump is thereby adapted for
being placed lower down in the well ; and, moreover, owing to the fact that
both suction and delivery valves are contained in the plunger, the whole can
be removed at one operation, The plunger, as will be noted, consists of two
water-tight pistons cast in one piece with a connecting throat of hexagonal
form .in which are inserted a series of brass seatings containing rubber disc
suction valves SV, a multiple-seated delivery valve being fitted at the head
of the plunger, having two annular waterway passages resembling closely the
construction shown in Fig. 34; the upper end of the bucket is precisely similar
to the ordinary pump, but the lower end, on the contrary, is seen to be quite
free and open. The working barrel may either terminate in a suction rose, as
shown, or the inlet for the water may be through openings in the jacket, the
pump then resting on the bottom of the well without side supports; a point
not to be overlooked is the location and arrangement of the inlet valves which
escape much of the trouble liable to be caused by grit or sand, no very serious
consequence resulting even if one or two of the valves do get temporarily held
up.

5 The pumps so far described are worked by surface engines. There is, however,
@ growing practice to place electrically-driven pumps of the horizontal 3-throw
type close down to their work, there being less loss in transmitting the neces-
sary power by means of cables than has been experienced with carefully insulated
steam pipes, The electric motors used for this purpose are obviously both
water and spark proof, pumps of this type being found to afford a most con-
venient means for removing accumulating water, especially in such cases where
they are not required to be constantly in use; and, further, as in many mines
there is an electric installation for lighting the various galleries already put
down, much of this plant can be brought into service for pumping purposes.

Another method now also being employed for pumping out water from
deep levels is by high-lift centrifugal turbine pumps directly driven from electric
motors. Centrifugal pumps with impeller wheels arranged in series on the
turbine principle, although not so efficient as plunger pumps, have the great
advantage of being far more compact and easier fixed; also, high-lift pumps
of this class constructed in multiple series are now guaranteed to work with
efficiencies up to 70 per cent. in raising water against heads up to 500 feet,
the pumps being usually arranged in stages for lifts higher than this.

A suitable form of oil or gas-driven pumping set can also be used with excellent
results, both in regard to economy and freedom from breakdown, the modern
oil-fuel-engine gear-driven pumping set, now being considered to have an econo-
mical advantage over steam, or even gas, especially when only required to work
intermittently. When required for use down in a coal pit, an oil engine must
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obviously be constructed to start and work without the application of a flame,
and, moreover, no part of the combustion chamber or exhaust pipe should be
allowed to exceed a temperature of 700° to 800° F., in order to be entirely immune
from any risk that may arise from the occasional explosive atmosphere of a
coal mine. In the writer’s experience a Butler oil engine of 20 H.P. made in
accordance with the above standard has continued to work in a very satisfactory
manner over a period of twenty years, pumping against a head of 500 feet at the
Spring Well Colliery, Durham ; this pump, however, is only used for temporary
working, the time rarely exceeding 25 to 30 hours per week.

Apparatus for removing water percolating into wells, mine shafts, and other
excavations during sinking operations—known as sinking pumps—constitute one
of the most useful of all pumping appliances. Sinking pumps are made in many
varieties, which may be roughly classified as follows :—(1) Steam plunger pumps ;
(2) electrically-driven centrifugal or turbine pumps; (3) pulsator pumps. Such
pump in order to be adapted for this purpose must necessarily be entirely self-
contained and capable of working without excessive vibration in a suspended posi-
tion. Pumps of this class are usually provided with a telescopic suction pipe
having a range of adjustment of a pipe length to enable the pump to be adapted
to its work without having to be lowered for shorter distances. In large steam
sinking pumps an exhaust pipe is usually carried up to the surface in addition to
the steam and water delivery pipes, although for small pumps it is convenient to
turn the exhaust into a condenser box forming a part of the suction pipe, a prac-
tice quite common in the States for sinking pumps of all sizes; by this means
the pipe connections are reduced to that required in pulsators. It is owing to
the simplified piping connections required in electrically-driven sinking pumps
that they have such an advantage, there being in these practically only one
pipe, and that a water pipe, which being cold is more convenient for piecing up
than hot steam pipes.

The largest sinking pumps known to the writer are the Denaby-Davidson
steam pumps, these being supplied in sizes capable of delivering up to 70,000
gallons per hour against a head of 300 feet or so; for depths beyond this it is
usual to suspend a portable sump and to use a second pump on a lower stage,
or even a third pump, according to the depth of the excavation ; in which case
the connections for the pump used on the upper stages can be made compara-
tively permanent, it only being necessary to adjust the pipes for the pump
in use at the lowest level. One important requirement of a sinking pump is
that of being (if steam-actuated) dead certain to start from any position, and
be proof against the racket caused by racing when drawing above the water
line. Obviously a desideratum in a pump suspended down a dark shaft is that
of being very strongly made, and of having no unprotected mechanism, it being
a class of pump probably exposed to the roughest usage imaginable, what with
the loose method generally employed for fixing things up for operation, the
liability of condensed water gaining access to the steam cylinder, and the suction
pipe not being completely immersed. The Denaby pump, vide Fig. 37, consists
of three hollow plungers, the upper pair R being stationary. Over these are
siiding barrels connected by rods to the steam piston; a third plunger G pro-
jects from the lower end of these barrels V; this plunger works in a third barrel
B, and is actuated, together with the first two barrels, by the steam piston.
The third barrel is secured together with the pair of stationary plungers R
to the steam cylinder E by means of connecting-rods ; thus it will be seen there
are two small barrels V in connection with the large ram G moving between
the smailer rams R and the large barrel B, which are also connected together.
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There is a series of india-rubber disc valves D in the junction between the smaller
barrels and the large ram which constitute the delivery valves; and another
series of valves S at the bottom of the large barrel constituting the suction valves.

Fig. 37.—Denaby Sinking Pump. Fig. 38.—Marsh Sinking Pump.

The action of the Denaby pump is as follows :—As the plunger rises water
follows it into the lower barrel B and at the same time the water in the hollow
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plungers R is forced into the rising main P M. On the down stroke the water
in the lower barrel B is forced through the lower plunger G and valves D into
the upper barrels V and plungers R, and thence into the rising main ; thus it
will be seen, there is a continuous delivery on both the up and down strokes.
The steam cylinder used is constructed on the same principle as for the Davidson
simplex general purposes pump, described in Chapter XI., vide Fig. 96. In regard
to the general dimensions, it may be stated that a 50,000 gallons per hour size
pump is fitted with a 22-inch diameter by 27-inch stroke steam cylinder; a
suction plunger 18 inches diameter, and two delivery plungers, each 8% inches
diameter. Such a pump is capable of delivering this quantity at 35 strokes
per minute with 80 lbs. steam pressure, and against a water head of 300 feet,
which rate can be accelerated on emergency some 25 per cent. In this pump
there will be seen a strong family likeness in the principle of the method of its
operation to the ram and plunger type of pump, inasmuch as the area of the
bottom hollow plunger is equal to twice the combined areas of the two upper
fixed plungers; the bottom hollow ram, together with its series of delivery
valves, corresponding to the bucket plunger and double-beat valve, and the
two upper fixed plungers to the ram displacement plunger, as shown in Fig. 34,
which 1t closely resembles, also in being double-acting at the delivery end and
single-acting at the suction end. It may be remarked in parenthesis that this
form of’sinking pump has the advantage of being not only double-acting, but
is more accessible than would appear at first sight, the three plungers being each
outside packed, while both sets of multiple valves are easily got at through
side doors not shown in the illustration.

A typical example of American sinking pump practice is shown by the
sectional view, Fig. 38, representing a Marsh pump. In this pump there is a
simple double-acting ram plunger, the barrel being cast in one piece and bolted
direct to the steam cylinder. The water valves for both suction and delivery
are arranged one over the other in a box situated at the front side of the pump
immediately under the steam-distributing valve chest, a water portway being
cast in the pump barrel communicating with the bottom plunger ram. The
action of the steam valve calls for some description, it being entirely independent
of actuating gear :—The distribution of steam is obtained by a double piston
valve, which controls ports communicating with the two ends of the cylinder
in the ordinary way; this valve is provided at either end with an actuating
piston of about twice its diameter; the inner sides of these two pistons are
placed in communication with the cylinder portways by means of passages
controlled by small regulating plugs, the outer ends being provided with separate
small port passages of their own, which communicate direct with the cylinder,
and at a distance from either end equal to half the thickness of the main piston,
which is made in halves with an annular space between. In order to admit.
steam between the two halves of the main piston at the required pressure for
actuating the valve pistons, a small pipe is fixed to the outer cover which tele-
scopes into the main piston-rod through a packed gland, and by this means
the steam necessary for traversing the distributing valve is obtained, the main
piston serving as a slide valve for the two valve pistons, which receive a positive
movement in both directions without outside actuating gear of any sort. Another
sinking pump of very similar construction, but fitted with a steam cylinder
arranged with the Blake steam-thrown valve is made in sizes from 3} to 12 inches
diameter of plunger, and with steam cylinders from 7 to 18 inches diameter,
and are capable of delivering from 3,000 to 300,000 gallons per hour at a plunger
speed of 100 feet per minute. In the Blake sinking pumps, as in the Marsh
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speciality, there are no outside moving parts, the constructior. being adapted
to withstand the rough usage to which all sinking pumps are exposed—i.e., in
being slung for continual change of working position. A % W et
A sinking pump of quite another pattern is shown at Fig. 39, this being ¢
modification of the Ashley pump above described. For this purpose the pump
is provided with a telescopic suction slide arranged to be regulated from the
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Fig. 39.—Ashley Sinking Pump
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surface. This pump is adapted for
being actuated either direct from an
engine or from a geared crank shaft at

-the surface, and can afterwards be

conveniently used as a service pump
if required. In this pump the con-
necting-rods for the plunger and the
suction slide, together with the delivery
pipe are built up in sections as the
sinking operation progresses, inter-
mediate stages being conveniently
provided for by the sliding suction
pipe.

An example of an electrically-
driven centrifugal turbine sinking
nump is illustrated by Fig. 40. This
class of sinking pump is capable of

Fig. 40.—Electrically-driven Turbine
Sinking Pump.

delivering against a head of 600 feet. A special feature in this pump is the method
of cooling the electric motor by passing the water delivered by the pump up
through an annular space provided in the motor casing; this method of cooling i¢
found not only to be quite as efficient as by air ventilation, but is, in addition,
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safer for mining work, as it enables the motor to be totally enclosed, so protecting
the electrical portion of the machine from damp or mechanical injury. On
each side of the motor casing are provided heavy steel pulleys, from which the
pump and motor are hung in the shaft by steel ropes; the delivery column
i8 in turn carried by the special form of breeches pipe shown above the mactor,
so that as in the case of a large pump the total weight can be supported in this
manner, which, including the full column of water, may amount to as much as
40 or 50 tons. On this account it is, of course, necessary to provide a powerful
winch or apparatus at bank for raising and lowering the sinking pump ; and so

Fig. 41.—Pulsometer Sinking Pump.

s to obtain the greatest possible stability of the apparatus it is usual to fix steel
clamps at frequent intervals on the column to serve as guides for the steel ropes.

A totally different variety of sinking-pump is to be found in the pulsator
class of pumps, these constituting an extremely useful and cheap appliance
for any temporary purpose, and are peculiarly adapted for the drainage of
excavations, wells, and the like, during sinking operations. This form of pump,
although not claiming as a strong point a very high economy, is, on the other
hand, the most easily set to work, and moreover requires absolutely no provision
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for attachment to the wall of the shaft as in other pumps, it sufficing merely
to suspend the apparatus by means of a chain or rope running over a pulley
block to the required level, when the water delivery pipe can be at once connected
up to the surface, a flexible metallic pipe being conveniently used for the steam
supply ; there is, moreover, no occasion for an exhaust pipe.

Pulsator pumps are, however, limited as to the practical water head or height
of delivery to within 100 feet, including suction, the most efficient results being
obtained on a steam pressure of from 45 to 60 lbs. per square inch, and a water
head from 15 to 60 feet or so, although it is common practice to test pulsator
pumps up to & head of 90 to 100 feet. Obviously, with the higher pressures,
a greater degree of condensation occurs, this class of pump, from its very nature,
exposing the steam to a maximum of condensing surface.

Fig. 42 —Sectional Views of Korting Pulsator Sinking Pump.

Pulsator pumps consist- essentially of two cast-iron chambers of a pear-shaped
form, and cast in one piece side by side ; these are provided at the junctions of
the two stems of the pear-shaped chambers with an oscillating steam valve or
clapper, which is common to both sides, its action serving to open and close
each mouth alternately, with the result that while steam is passing into one
chamber the mouth of the other is closed. At the lower part of each chamber
is arranged a suction valve, which separates it from the inlet opening, the chambers
also branching off to a delivery valve leading to the delivery pipe. The action
of a pulsator is as follows :—On referring to the sectional cuts, Figs. 41 and 42,
which represent typical examples of present practice, and supposing either
of these pumps to be primed and ready for starting—i.e., having the chambers
filled with water (for this class of pump will not generally start without this
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being done if vequired to draw irom a level much below the inlet)—now,
on opening tae valve, steam will enter at the apex K of the two chambers
A A; 1t will then pass either the ball valve I or clapper C, situated in the veck
lying between the two throats, the action of the oscillating valve being to close
one throat and open the other for the entrance of steam, which then presses
upon the surface of the water, without, however, in any way ruffling it; the
steam thus forces the water gradually out through the back-pressure valve
indicated at F, Fig. 41, into the delivery pipe D. When now the water has
been depressed as far as the lower edge of the chamber, the surface becomes
agitated, and the rate of condensation consequently increased, besides which
a certain amount of steam escapes under the dividing wall between the delivery
valve chamber and the two filling chambers A A; this results in a sudden
decrease of pressure in the chamber, to which steam is being supplied, and has
the effect of drawing over the ball valve or oscillating clapper, as the case may
be, and in this manner shutting off the steam. Immediately this takes place,
the chamber just emptied condenses the steam now occupying the place of the
water, which process may be expedited by the injection of a water spray by
rose pipes, as shown in Fig. 42. The resultant vacuum then causes this side to
fill with water from the suction pipe at S or C; during this operation, the opposite
chamber will be in turn emptied as before by steam pressure admitted by the
oscillating valve controlling the entrances to the throats in the dividing necks.
This action goes on repeatedly, each chamber being alternately filled and emptied
in turn. In addition to the injection of water after each chamber is emptied,
there is a further economy gained by air-snifting valves situated in either
throat, which serve the purpose in partially insulating or dividing the steam
from the surface of the water to reduce the rate of condensation, and thus
compensate for an extravagant consumption of steam.

Another method adopted for conducing to more economical working in the
make known as the Pulsometer pump (the progenitor of this class) is to obtain an
automatic cut-off by means of a cup valve situated in a ehamber immediately
above the oscillating ball valve I. This cup floatsin a cylindrical seat, communica-
tion to the space underneath being adjusted by a small by-pass controlled by a
small set-screw ; the action of this cup (termed the Grel valve) is to rise and close
the mouth of the steam inlet on a slight reduction of pressure, which occurs after a
degree of momentum has been imparted to the water, thus accelerating the inflow
of steam, there then results a slight difference of pressure on the two sides of the

.cup. Pulsometer sinking pumps are made in various sizes to lift from 1,000 to
150,000 gallons per hour, the output being based on a lift of 20 feet. The quantity
discharged diminishes by about 25 per cent. on the lift being increased to 70 feet
oz 80, and for all practical purposes the height of lift is limited to a total head not
exceeding 100 feet on a steam pressure of 65 lbs. when worked in single stage,

In an improved form of Pulsometer pump having chambers of considerably
less capacity than usual, a constraction that is compensated by an increased
flow of injection water, a less degree of condensation is realised and higher
economy obtained. In consequence also of its quicker action, this pump is
suitable for steam pressures up to 100 Ibs. per square inch, and water lifts up
0 170 feet, the quantity of water capable of being discharged being about double
on the total head being reduced to one-third and wice versd. In point of steam
consumption, tests with pumps made by the Pulsometer Company show that
less steam is required per water horse-power on 150 feet than on 90 feet total
head, also that these pumps will start without priming on a suction lift not
exceeding 16 to 18 feet.
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CHAPTER VIL
SUCTION AND DELIVERY VALVES.

Ix connection with the working of large pumping engines, it cannot be said that

“there appears to be any very decided advantage in the use of one form of

valve over another. For instance, under identically similar circumstances ring
double-seated valves, such as shown by Fig. 43, are used side by side with the
beehive arrangement of multiple valves shown by Fig. 44, these two forms of
valves having an almost equal advantage in area of waterway, and are both
adapted for either a suction or foot valve, or delivery or bucket valve. Referring
to Fig. 43, the valve V (usually cast in gun-metal) is formed with two rings,
each having two seats which rest—one on a seat on the outer ring of the seating

~_7
Fig. 43.—Quadruple-seated Suction Fig. 44.—Triple Tier Beehive Multiple
Ring Valve. Valve Box.

T, two on the second ring, and one on a seat around the hub carrying the guide
stem G; the seating T is in cast iron, and faced with gun-metal rings. In the
illustration the valve is shown open to its fullest extent, and affords four ways
W for the waterflow, as indicated by the arrows; water can thus flow past
four seats, although there are only two annular openings W in the seatings T,
and it will be clearly understood that an area of waterway more than equal
to the area of the ports W is easily obtained without excessive lift, which in this
case is shown to be limited by a buffer stop N. Valves of this type are sometimes
made as shown in Fig. 34 ante, having only one ring, and thus present three
openings for waterflow past the seats, which in that case must pass partly through
a series of port openings between the ribs of the valve, and partly round the
outer edge, the seating forming a part of the suction pipe, and is, except in this
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respect, similar to Fig. 43. Ring valves are found to work very satisfactorily
in direct-acting pumping engines, having a pause at the end of each stroke,
and in rotative engines not exceeding 10 to 15 revolutions or so per minute;
but ‘when forced much beyond this limit they are prone to close on their seats
with a thumping action not experienced to so great an extent with valves of
the multiple class, as shown by Figs. 44 to 47. When fitted in a beehive form
of valve box they are usually arranged in two or three tiers, around which are
either fitted lift valves of from 2 to 4} inches diameter, or a suitable form of
flat valve. In the illustration, rubber or vulcanite valves V are shown, these
being held down to gun-metal seating rings E, screwed into the ledges D of the
valve box by springs; similarly also, gun-metal mitre-seated valves can be used.
On the question of area of waterway obtainable, there is little to choose, as,
when fitted in a plunger bucket, the ring double-seated valve will give from
35 to 45 per cent. the area of the
plunger, according to the available area
of opening between the seats, and mul-
tiple valves rather less than this, but
depend, of course, on the number of
tiers used.

Another form of multiple valve is
the ““flapper,” illustrated by Fig. 45,
which is a construction of valve and
seating that affords good results in
pumps used for low lifts, and one
particularly appropriate for obtaining
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Fig. 45.—Arrangement of Metal-backed Rubber Fig. 46.—Arrangement of Spring-seated
Flap Valves for Suction or Delivery. Copper Flap Gutermuth Valves.

a very large waterway. The valve I is formed of a specially prepared rubber,
backed with a composition having a lead inset for the purpose of holding it down
to its seat T, which is arranged at an angle of 45°; a stop-plate P is used to limit
the lift with no spring, thus affording a very free opening. A similar class of valve
is shown at Fig. 46, constructed out of thin hard copper sheeting of a gauge to
suit the pressure, and is formed to fit over rectangular grid openings T ; one end
of the flapper is coiled to form a spring, and is threaded on to a spindle, having
a groove engaging with the inner edge of the coil. These valves are usually
carried in pairs, one at each end of the spindles, which are gripped by a bearing
cap B, thus permitting an easy adjustment of the coil tension by means of a key
fitting the squared ends of the spindles; in this manner the flappers V can be
tuned, as it were, to give the best results. The illustration shows a form of valve

' b o
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box adapted as a suction valve of a large pump, and can be lifted bodily out of
the pump barrel or casing as in the case of Figs. 44 and 45.

Fig. 47.—Witting Multiple Gill Suction or Delivery Valve.

The sectional valve shown at Fig. 48 was designed as an Improvement on
the single-seat type of valve for the purpose of reducing “thud ” associated
with high speeds; this valve is multiple and of a pyramidal formation, having
an ordinary disc V, which fits over one or more wheel-shaped valves D, the rim

Fig. 48.—Half-sections, showing Multiple Disc Flat-seated Valves, Open and Closed.

edges of which when closed, as shown in the half-section form a water-tight
fit to one another and to the seating T, the disc V closing over the rims D, which
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in their turn close on to the seating T. When open for the waterflow, as, for
instance, produced by the suction of a pump, the several sections of the valve
separate as shown, and thus afford a waterway of a much greater area than can
be obtained by a single-seated valve. Valves of this form are in use at several
of the Metropolitan and other pumping stations, and are found to work very
smoothly at normal speeds; the vanes of the rim sections are inclined about
5° to serve the dual purpose of imparting a whirling movement and of opposing
a slight resistance to the waterflow to insure the requisite lift. Rarlier forms
of suction and delivery valves of the pyramidal type are shown by Figs. 49 and
50:—Here in each case the complete valve separates into three sections on
opening, thus affording about double the area of waterway of the single-seated
valve of equal diameter. In Fig. 49 the ring sections are mitre-seated, and are
bored out to serve as a guide for the next section above them ; each section,
as well as the clack at the top, being provided with vanes. In this form, how-
ever, the pyramidal principle was not found to work as anticipated, there being
too great an area opposed to the waterflow on the two ring sections, and in
consequence of this, on opening, the water instead of raising each section as
shown, lifted all more or less together, and in action resulted with little or no
advantage over the single-seated valve. The triple-hinged clack, Fig. 50, is
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Fir. 49.—Pyramidal Arrangement of Fig. 50.—Pyramidal Arrangement of
Mitre seated Valves. Rubber-faced Hinged Valves,

shown faced with rubber, each clack being independently controlled ; thusthe
fault of all lifting together is prevented in this case; this form of multiple lift
valve appears also to have been carefully designed, and to present some advan-
tages, although it has long gone into disuse, possibly owing to the expense and
complication of the fittings. The valve shown at Fig. 51, although constructed
in sections and in pyramidal form, is an ordinary ‘ gill ” valve fitted with rubber
rings, held in place by the several sections, which are in turn held down by
bolts as shown ; this valve affords a greater area of waterway for its diameter
than any other valve, even when allowing for the obstruction of the numerous
bars across the annular waterways.

Mechanically-actuated valves of the Riedler type, wide Fig. 206, have
been used with some success in pumps of large size, but where the conditions
of working impose a varying speed and water head the timing of these valves
does not always synchronise harmoniously with the pump plunger and water
column, such valves having in some cases been modified on this account to work
automatically ; there are, of course, other considerations to be taken into account
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in a pump fitted with * timed ” valves, such as provision for holding the water
back when forcing against a head and for retaining water in the suction pipe at
starting.

Probably the earliest form of suction and delivery valves were simple leather
flaps, similar in form and arrangement to that used on present-day manual
lift pumps ; in the earlier makes of steam-driven mine pumps, hinged metallic
valves faced with leather were used in the bucket plungers and for the suction
inlet or foot valve, these being arranged back to back very much as shown in
Fig. 52; which form of flap or butterfly valve was usually hinged on a brass
seat provided with a guide stop to limit the opening. In a more modern appli-
cation of the flap valve for drainage pumps, rubber composition flaps backed
with lead are used, the flaps being arranged at an angle of 45°, over cover grid
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Fig. 51,—Pyramidal Arrangement of Rubber TFig. 52.—Butterfly Leather Flap
Ring or Gill Valves in Multiple Series. Foot Valve.

seats in size from 2 to 4 inches wide by from 6 to 20 inches long, in manner shown
in Fig. 45, and is a form of valve that lends itself for an exceptionally liberal
waterway. The valve illustrated by Fig. 46 is another development of the flap
valve, the flaps being formed of thin sheet copper, specially hardened and coiled
at one end to form a spring hinge; valves of this type are known as “ Guter-
muth” flaps, and are arranged in group formation on removable plugs for speci-
aliy high-speed plunger pumps as shown ; this form of hinged flap valve is also
adapted for bucket plungers, in which when arranged in pyramidal form they
afford a larger area with a limited lift than any other valve; another advantage
claimed is reduced water slip owing to their quick action. Another early form of
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valve is the mushroom, known also as a stem valve when provided with a central
guide rod, and as a stalk valve when cast with vane guides, as illustrated by
Fig. 53 ; valves of this type are usually made in brass with mitre and flat seats,
the stalk vanes being usually set at an angle to impart a slight twisting move-
ment, and—being limited to a diameter of 6 inches or so (more usually to a less
size), and to a lift from } to % inch—require in consequence to be in great
number, in order to afford a waterway sufficient for modern practice.

The valve shown in Fig. 54 is an early form of multiple seat lift valve, variously
known as multiple-beat, ring, crown, etc., and was first introduced to comply with
the requirements of the Cornish pumping engines, in order to obtain the requisite
strength and waterway capacity unobtainable with a single-beat valve; the
quadruple-seated suction ring valve shown in Fig. 43 is the latest development
of this type.

There have been various gill, band, and other flexible forms of valves intro-
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Fig. 53.—Common Form of Single Mitre Valve.  Fig. 54.—Double-seated Ring Valve.

duced from time to time, as the outcome of the desire to obtain an increased
waterway capacity, smoother action, and greater freedom from water hammer.
The gill valve, as shown in Fig. 51, consisting of a number of ring seats with
rubber rings can be made to easily afford a waterway of greater capacity than
the area of the valve base, but as in the case of band valves, consisting
of a series of hat-shaped seats covered by elastic bands, have not been
used to a great extent, owing to the expense of valve renewals, and to the
high pressures now worked at. However, this type of valve has recently been
much improved, and in its latest form (known as the “ Witting” valve), owing
t0 the smoothness of its action, has many compensating advantages for all
high-speed pumps worked at pressures not exceeding present-day waterworks
practice, The “ Witting” valve, which is made in pyramidal form (as shown
in Fig. 47), consists of a series of sectional metallic rings (), one fitting within
another, and to a height equal to about the diameter, which are held down
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by a central bolt (b) and cap (k) to the pump body. The rings (¢) are each pro-
vided with circumferential openings (p) separated by ribs, which openings
are each normally closed against water return by a pair of metallic disc flaps
(d), these, in addition to being held together by water pressure, are pressed
together by a series of rubber bands (r) sprung into grooves around the sections
(t)- In action the parting of the discs (d) to permit the outflow of water is with
five discs as shown, less than one-fifth that necessary with a single-beat valve,
as the discs are somewhat larger in diameter than the base of the valve. The
direction of waterflow is less subject to abrupt change than in the ordinary
multiple-seated ring valve, and, moreover, as the discs are comparatively light,
they oppose little resistance to movement and are quick in closing, both advan-
tages equally shared with the spring coil flap valve above described. The
flexible disc form of valve, such as shown in Fig. 55, first introduced as an
ordinary water-pump valve, is now only used in condenser exhausting pumps,
this form of valve with discs sufficiently flexible to allow a free way for the
water, not being strong enough for the pressures used in waterworks’ engines,
even when provided with a grid seat, in
which respect they compare with valves
of the metallic dise or Kinghorn type,
in being limited to comparatively low
pressures. The form of valve for almost
every kind of pump work now mostly
used is what may be said to be a de-
velopment of the flexible rubber disc
valve just described, and as may be
gathered by the illustration, Fig. 56,
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Fig. 55.—Grid or Diaphragm Valve. Fig. 56.—Modern Yorm of Suction o»
Delivery Composite Disc Valve, arranged
in Multiple Series.

closely resembles it. This universally used form of valve, however,'d_iﬁers in an
important detail—viz., in being faced with hard rubber or composition, and in
being held up to its work by a spring—a construction that, provided the diameter
of the valve does not exceed 5 or 6 inches, and that it is used in sufficient number
to limit the lift to 3 inch or so, renders this comparatively simple form of valve
as silent in action and durable as any other. y

The type of valve that has continued in favour for the longest time for use
under ordinary pressure conditions met with in mining or water-supply engines,
working with a slow beat, is undoubtedly some modification of the double-
seated ring valve. Multiple-lift valves, however, on account of their limited
“lift,” are better suited and work with a smoother action at the speeds ob-
taining in the more modern pumpiny engines of the rotative class than the
larger double-seated valves with their greatly increased lift. For exaénple, a
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quadruple-seated valve of 25 inches diameter is allowed a maximum lift of nearly
12 inches when its opening exceeds the area of waterway in its seating, the width
of the annular portways being in this instance 2} inches, and total area of water-
way 270 square inches, and the inside diameter of the three outer seats 24, 17,
and 13} inches respectively. A valve of these dimensions works well in a pump
with a plunger of 19 inches diameter by a stroke of 7 feet, and running at a
maximum of 12 beats per minute. Again, in another pump, fitted with a beehive
arrangement of “ woodite ” valves, 2 inches diameter by % inch lift, a total
of 120 valves are required to obtain the same waterway, the plunger speed
being approximately the same in each case—i.e., 140 feet per minute—but with
this important difference, that this pump works with a beat of nearly 25 per
minute, thus proving that the peculiarities of the two valve arrangements
had been duly considered in designing these two engines. The suitabihty of
the high-lift valve is even more pronounced in such cases as the Davey compound-
beam engine, illustrated by Fig. 8, and other non-rotating engines provided
with a pausing gear, so allowing ample time for the valves to settle properly
on their seats after each stroke; but for rotative, duplex, and other pumping
engines designed to work with a quicker beat there is an undoubted advantage
in the use of multiple valves in one form or another, and to further soften the
action of these engines the valves are for the most part either made of specially
prepared rubber with a metallic backing, or, if in metal, are provided with a
rubber facing, and in modern American practice is the form of valve finding
the most favour for all classes of rotative and duplex pumping engines, where
this form of valve consists of a rubber disc, which is supported by a brass disc
grooved and provided with a bearing boss, the rubber disc being usually about
4 inches diameter, the size varying from 3 to 4} inches, and rests on a brass .
seat with six radial bars carrying the guide stem; on this is screwed a grooved
cap for holding down a brass-wire spring to the required tension ; the seats are
usually screwed into valve plates in groups of from 10 to 30 valves, which are
covered by a grid or cage, as a safeguard against a valve breaking loose. A great
number o6f these valves are used as many as 500 being provided for both suction
and delivery, a total of nearly 1,200 valves of 4 inches diameter being fitted
in a pump having three single-acting plungers 34 inches diameter, this number
affording an area of waterway of 130 per cent. the area of the plungers, which
work at nearly 200 feet per minute.

The form of pump used also varies considerably in different engines, and confin-
ing our purview for the present to such as are employed in pumping stations and
the like, we find the bucket and plunger pump used in engines of the slow running
rotative beam type ; double-acting piston plunger pumps in two and three-crank
direct-acting engines of large size; singie-acting ram plunger pumps in three-
crank engines ; especially is this the case in American practice, where the vertical
rotatory type of engine is principally used, being made in this form up to 60
inches diameter and 10 feet stroke. In the duplex class we find the double-
acting piston plunger, while for deep-level pumping engines of the horizontal
geared and differential direct-acting simplex type, bucket and ram plunger
pumps are used. Generally speaking, ram or outside packed plunger pumps
have an advantage for the higher pressures, and are for this reason always
used for hydraulic work, but for purposes where the conditions of engine design
and water head will permit there is considerable advantage in employing a type
of pump having a double-acting piston plunger, owing to the more uniform
water-flow obtained, and to decreased friction.

Other considerations are found to influence the form of pump used in engines
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of the rotative type, such as number of cranks and length of stroke, single-acting
ram plunger pumps being generally used for all classes of three-crank engines ;
there are, of course, exceptions to this rule where an especially uniform flow
is desired. The double-acting piston plunger pump is always found in com-
bination with the two-crank engine when made in large sizes, in which case
with cranks at 90° there is no other alternative than to male the pumps double-
acting.
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CHAPTER VIIL
BORING APPLIANCES FOR ARTESIAN TUBE WELLS.

Tuse wells afford a most expeditious and cheap means for obtaining water
in almost any district, even when, as in many localities, there is little or no
indication of a water supply existing under the surface. There are two
kinds of tube wells, the Abyssinian and the Artesian, of which the
first-named is by far the simplest. as it involves the use of so few
appliances, and is, therefore, for this reason often employed in connection
with military and other expeditions. The Abyssinian well consists essentially
of a perforated pipe of from 1} to 4 inches diameter, which is provided with a
pointed plug to enable the pipe to be driven into the ground; a simple well
may comprise two or three lengths of piping only, which may be connected
up direct to an ordinary hand-lift or force pump. Wells of this type were first
used to provide water for the British army under Sir Robert Napier during the
Abyssinian War, hence the name given to such wells as can be formed by the
simple process of driving perforated pipes into the ground to a depth sufficient
for piercing a water-bearing stratum, the usual depth required being from 30 to
50 feet, although 150 feet has been reached in this way; driven tube wells of
this class are mostly used where the subsoil is either gravel, coarse sand, or
other loose strata of a porous nature, but are not suitable for clays, marls, or fine
sands, and obviously are not capable of piercing hard sandstone, limestone or
ground of a rocky formation.

The apparatus necessary for sinking one of these wells consists principally
of a tripod and tackle, such as may be used for pile-driving, while a tube of the
smaller size may sometimes be capable of being driven into loose sand strata
to a depth of 30 or 40 feet by the skilful use of a beetle without any special
appliance. A driving block is, however, preferable, and should be arranged
s0 as to be guided in its fall to impart a correctly vertical impact to the tube,
successive lengths being screwed on as required. Perforated tubes are some-
times driven into water-bearing strata at a distance of only a few yards apart,
these being then connected up to a single suction pipe and pump for supplies
which may attain to a capacity of from 10,000 to 40,000 gallons per hour; the
usual capacity of a 2-inch well ranges from 300 to 900 gallons and of a 4-inch
well from 1,000 to 3,000 gallons per hour, according to the depth and locality
of the well.

For tube wells larger than 4 inches diameter, or deeper than 100 feet, holes
have to be bored before driving in the tube; the principal interest, therefore,
attaching to artesian wells is in the apparatus used for boring the holes; the
name “ artesian ”’ well is a term derived from Artois, a French province where
they were first extensively used ; the action of artesian wells is due to the prin-
ciple that water seeks to find its own level, hence the great number which are in
use over the chalk of the London basin for supplying water to breweries, manu-
factories, steam-power stations, and the like; indeed, artesian wel lsare to be
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found in towns in almost all parts of the world, and are now also being extensively
used for irrigation purposes, although for the matter of that boreholes are used
for other purposes than for forming wells for water supply—e.g.. (1) the numerous
ail wells of Pennsylvania, South Russia, and other countries ; (2) boreholes sunk
in prospecting for minerals of all kinds, and for petroleum. The usual diameter
of holes drilled for sampling or testing purposes is from 2 to 7 inches, according
to depth and nature of material to be passed through, the test holes made in
prospecting. for coal in Kent and Sussex, for instance, by the Sub-Wealdon
Exploration Syndicate, were 9 inches diameter for the first 300 feet o: so, when
the boring was continued a further 700 feet by a 3-inch diameter hole. In boring
for oil, boreholes from 3 to 5 inches diameter are principally used, the upper
strata being subsequently—or before completing the bore—tubed to prevent, the
sides falling in. Space forbids the treatment of this subject from a geological
point of view, interesting as this may be, it sufficing to say, before going on
to describe the various appliances used for boring for artesian wells, that in a
borehole in the London basin about a dozen varieties of material have to be
cut through before reaching the water-bearing chalk strata, commencing at from
2,100 to a 300-foot level, while under Birmingham about 25 different layers are met
with in boring a hole 500 feet down, these strata for the most part consisting
of various kinds of sandstone. The subject is an exceedingly intricate and
difficult one to compress into a few sentences so as to be generally intelligible
and interesting, and, as in the case of oil-bearing strata, forms a subject quite
apart from apparatus and pumps used in obtaining a water supply in this way.
Just, however, to emphasise this statement it may be said that there are some
30 different formations, which may again be subdivided into about 100 different
groups of strata to be met with in various parts of the world, endless combina-
tions of which may be encountered in drilling down to the 2,000 ft. level, this
depth being about the limit for all practical purposes, although exceeded in a
few rare instances. Now, considering that rarely are two boreholes sunk under
identical conditions, it will be admitted that great judgment and some con-
siderable experience must be brought to bear in deciding as to the most suitable
kind of boring apparatus to be employed in each separate case.

Boring appliances consist of several kinds, and each a variation of either the
rotary or percussion type of machine, the former being used for drilling through
hard rock and stone strata, and when it is required to extract cores showing the
formation at each particular stage of the boring, while the latter are found to
be quicker in action and otherwise more suitable for boreholes cut through soft
sandstone, clay, marl, chalk, etc. For quite small holes of from 3 to 6 inches
diameter, a hand-worked boring jumper can be used when the depth does not
exceed 100 feet or so. This consists of a pole balanced horizontally on a trestle,
one end being immediately over the point for drilling. Suspended at this end,
then, is the drill, consisting of a steel bar flattened to form a cutting edge, and
at the other end is a transversely arranged cross-bar or handle for the operators
to lay hold of for the purpose of jumping the boring bar up and down after the
fashion of using a hand-boring bar in drilling small holes in rock and quartz, etc.,
for blasting operations. A very useful adaptation of this method, constructed
for being operated by steam power, is illustrated in Fig. 57, and affords a
sufficiently clear idea of its working as not to require further description than the
following :—This consists of an inverted steam hammer type of engine arranged
under a larch pole, hinged at one end on a trestle, and carrying the boring tool
at the other; by this means a quick, jumping action can be imparted to the
drill until a depth of a foot or so has been cut through, when the drilling bar
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is hauled up out of the hole and a sludge bucket lowered for bringing up the
debris, or, as in some cases, the hole may be washed out by forcing down a stream
ot water by a donkey pump represented in the cut. The boring bar is suspended
from a pulley carried by a tripod, the end of the rope being held by a pulley
block and adjusting screw used for the purpose of holding the boring-bar sus-
pended a foot or so from the bottom of the hole, acecording to the depth; by
this means, on the steam piston being brought to rest by steam cushioning in
the cylinder, the rope stretches and the bar makes a cut, the rope then recoils
and aids the piston on its next up stroke. Attached to the tripod is a small

s P s

Fig. 57.—Steam Percussion Boring Rig, with Pole and Trestle Action,

winch for winding up the bar out of the hole, and it may be said that in con-
nection with a boring plant of this kind may either be used a solid flat-headed
boring bar or a hollow boring bar studded with carbonate, or carbonado. to
give it its Brazilian name, this being a species of black diamond extremely
hard, and at the same time without a tendency to split in certain directions.
Artificial carborundum stones are also sometimes used for this purpose, and
when the material to be cut through is not hard the hollow boring bar may be
studded with hardened steel cutters; the hollow bar permits of the extraction
of solid cores, as seen in the foreground of the illustration.
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For boring larger and deeper holes a high derrick, as shown in Figs. 58 and 59,
is used. This structure attains the height of about 50 to 70 feet in usual practice,
this height being necessary to give the rope the necessary spring above the
actuating beam, at one end of which the rope is gripped. In place of the jumping
engme as described in the apparatus used for boring smaller holes, in this case
a portable oil or steam engine may be used to drive a crank shaft by means
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Fig. 58.—FElevation of Percussion Boring Rig, showing Action of Walking Beam.

of a large belt wheel, the belt being held taut or slack by a jockey pulley by the
man in charge. A variable stroke is given to the beam (b) by means of a crank
(k) having several holes along the web for the insertion of the driving pm at
the required radius. The upper end of the rope (p) passes over the pulley on
the top of the derrick (a), and then down on to the barrel of & winch (h), which
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is held locked by a brake and let out as the boring proceeds. The derrick type
of boring machine is used by several firms, and except in detail conforms to the
general construction shown in the cut in all cases—i.e., all use a high derrick,
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Fig. 59.—General View of Round Rope Well Boring Plant.

a swinging beam, jockey belt driving gear, etc. With this apparatus a much
heavier bar (I) can be used, varying in length according to the diameter of the
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hole, machines of this type being made for boring holes from 6 up to 18 inches
diameter, and from 300 to 3,000 feet in depth. In all cases a round rope (p)
is used, the bar, being suspended by a stirrup, to which an oscillating move-
ment can be imparted in a convenient manner by means of a handle attached
to the rod just under the beam, this movement being effected without mechanism
other than this by the operator, who swings the lever over first to one side and
then to another, so causing the flattened cutting edge of the boring bar to cut
all round the hole evenly. .

In the action of a plant of this character, the bar is suspended some 3 feet
or more from the bottom of the hole, and in work the bar in falling at each down
stroke acquires sufficient momentum to stretch the rope across the gap thus
intervening ; the bar in springing back again by the recoil is caught by the
upward movement of the beam and raised for another stroke, the speed being
regulated to catch the bar at the right moment of its recoil, and results in a
somewhat rhythmical action, which is continued until the bottom of the hole
is choked with debris, when the bar is wound up by a special winch (%), forming
a part of the plant and a sludge barrel (¢), provided with an inlet valve in the
bottom, lowered for clearing the hole by means of the rope () and winch drum
(w), which is driven by frictional contact with the large belt pulley on the crank
shaft. Boring apparatus of the derrick type is generally used for mixed strata
of sandstone, clay, chalk, etc., and can be used for boring through hard rock.

Another type of boring apparatus widely used works with a flat rope, and
was first introduced by Messrs. Mather & Platt, the modus operand: of this
system may be described as follows :—Between the two front columns of the
framework, which in this apparatus does not require much head room, there
is arranged a steam jumping engine, which imparts a vertical movement to a
pulley attached to the piston-rod crosshead working between guides in the usual
manner. A flat rope is looped over this pulley, one end being attached to a
coll held in a locked position by a brake drum, and can be let out as required
for lowering the boring bar held in suspension from the other end of the rope.
In this manner the bar is raised on the up stroke of the piston at twice the
speed and stroke of the engine piston ; owing to the looped method of attach-
ment, the boring bar, which may be either hollow or solid, quickly falls by gravi-
tation, and is as quickly raised again, the action being much faster than the beam
and derrick boring apparatus. A rotary motion is imparted to the boring bar
by an ingenious ratchet method, the point of attachment of the rope to the bar
being made through a stirrup which hinges on a sleeve, which is free to slide
between two collars on the stem of the bar. In action this sleeve is pulled
against the upper collar on the up stroke, and falls against the lower collar in
descending. Now, the sides and ends of the collars and sleeve are formed with
ratchet teeth, the sleeve of which is arranged with one set of teeth half in advance
of the other, and thus, in engagiig first with one face and then with the other
in an alternate manner, causes the boring bar to revolve one tooth at each double
stroke, so maintaining an even-cutting action around the hole. To clear out
the sludge the bar is hoisted out of the hole by a winch and a sludge bucket,
as seen to be suspended in front of the machine, is lowered for clearing the hole
for further boring. The process of boring for an artesian well of large size—
4.e., anything from 18 to 33 inches diameter, and 1,000 feet and downward in
depth—is a most tedious one, owing to the time occupied in removing the boring
bar for clearing at frequent intervals, and to the necessity for tubing the upper
strata before proceeding with the boring, all of which occupy much time, so
that the operation of sinking and tubing such a well extends in many cases to
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considerably over a year, the average time occupied in boring even to 500 feet
being from 25 to 100 days.

Fig, 60.—Flat Rope Boring Machine, showing Steam-driven Jumping Action.

In rotary boring machines there is no percussion action, the boring tube
being balanced so as to bear on the substance being cut with a downward
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pressure of from 50 to 100 lbs. per inch of diameter in the case of a drill having
a diamond-studded crown ; the regulation of the necessary pressure is under easy
control, and can be readily varied to suit the particular hardness of rock under
treatment. Boring bars may be either fitted with a short steel tubular crown,
which is studded with carbonate, carbonado, or carborundum stones ; or, as in
some cases where softer strata mtervenes between hard rock and limestone strata,
a steel-studded crown-piece is used, by which means the softer material can be
more quickly cut through. Then, again, there is yet another boring method,
one having the advantage of great simplicity and employed in connection with
a rotary boring machine. This consists of an iron tube of about % inch in thick-
ness, in which are cut a few V-shaped slots on the cutting edge, this simple form
of boring bar being fed with water and small steel shot down a tubular driving
shaft. The diamond rock-boring machine has, however, survived the test of
long use, and is still employed with advantage where boreholes are required to
be expeditiously sunk through exceptionally hard rock; such a boring bar
equipped with stone cutters is capable of penetrating limestone at a rate of from
3 to 4 inches per minute, emery at 2 inches, quartz at 1 to 1} inches, and ordinary
hard sandstone at 6 to 7 inches per minute when worked with a proper supply
of water under pressure, and with the most suitable degree of pressure on the
cutting edges. In forming a diamond-studded crown, a short steel tube is evenly
faced and drilled with the number of holes on the cutting edge it is desired
to fix in carbonate stones. Fach holeis then chiselled out to the exact shape of
the stone it is to receive, and when the stones are properly inserted, the metal
around each stone is drawn by punches so as to almost cover the stones and
the edge of the crown piece hollowed out between the stones to permit of a flow
of water passing down the driving tube to escape under the cutting edge, and
in this way wash away the debris as it is formed, and keep the drill cool. By
this method it is not necessary to withdraw the drill at intervals for clearing
out the hole; and, moreover, a perfectly round hole of the exact size required
can be bored, and the inner core drawn up intact in such lengths as is con-
venient. More accurate balance is necessary to work a gem-studded boring
bar with advantage than is the case when the drilling is performed by attrition
of hard pieces of metal or stone supplied in a granular state with water.

An example of a rotary boring machine working on this principle is illus-
trated by Fig. 61, and represents the best practice in the use of the chilled shot
method, which particular type of boring machine is constructed on the A. C.
Potter system for boreholes ranging from 8 to 30 inches diameter, through
any strata of hard chalk, rock, or stone formation. The boring tube may be
either iron or steel, and is usually about  inch in thickness; its upper end is
closed by a solid cast-iron plug K screwed in by a square thread, the length of
the boring tube being from 7 to 12 feet. In the centre of the plug is screwed
the tubular driving shaft D, which serves the dual purpose of communicating
motion to the horing tube and of carrying water down under the cutting edge
in order to wash away the detritus as in the case of the gem-studded boring
tube just described. The weight of the boring bar is partly supported by lifting
tackle, from which it is suspended at the shackle S, and fed forward into its
work according to the judgment of the man in charge, the adjustment of the
cutting pressure not requiring to be so carefully handled as in the former case,
where it is usual to balance the boring tube and driving shaft according to the
depth of the hole by means of counterweights, the feed forward in that case
being to a certain extent quite automatic in its action. The rotating gear in
the example shown is very simple, and consists of a gear-driven ring V, from
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Fig. 61.—Rotary Abrasive-action
Boring Machine,

which project two driving posts T,
which are in contact with the ends
of a cramp A bolted to the driving
shaft D. The borehole, if the inter-
vening strata be soft and show a
tendency to cave in, may be quickly
cased in by lowering a tube close
up to the work. The cutting tube
R is furnished with four notches G
in its working face ; their function,
however, as in the case of the
hollowed-out gem-studded crown in
the diamond boring machine, is
merely to afford a passage for the
circulating water which is pumped
down to carry away the detritus.
The real work of cutting is per-
formed by the abrasive action of
chilled steel shot of about 2 to 3
millimetres in diameter, which is
supplied together with the circu-
lating water down the hollow
driving shaft, and grinds a circular
path underneath the edge of the
boring tube; the shot, of which
about half-a-pint is required for an
18-inch diameter hole per shift,
rolls round in the groove under the
boring tube by the rotation and
pressure applied to the tube, and in
this simple manner rapidly wears
its way into the stone. As would
be supposed, the boring edge is
subject to wear, and requires
squaring off after a few days’” work,
and from time to time the notch-
ways, therefore, have to be recut,
and, of course, after a while the
tube will wear too short for accu-
rate boring, and will require to be
substituted by another.

Above the boring tube R is
carried a second tube C, called a
chip-cup. This is open at the top,
and guided by the head piece H,'
and serves as a collecting bucket
for the sludge passing up between
the wall of the hole being bored
and the outside of the boring
tube, and is emptied from time
to time on the tube being hoisted
up out of the borehole. It is,
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however, by no means a sine qud non, as the detritus or sudge can be
washed up to the surface by the circulating water. There 1s another
point in connection with this method of boring, and it will be of interest
to know how the cores are removed when the cutter has gone down
to the required depth to form a core of sufficient length. The machinery for
this purpose is first stopped, and a certain amount of fine gravel put into the
hollow driving shaft, which is carried down by the water and forms a grout,
and thus binds the cutting tube firmly round the core; an upward pull is then
given to the driving shaft, and at the same moment a powerful twist is applied
which, together, have the effect of breaking off the core at its root. The core
can then be pulled up along with the boring tube, and when landed a sharp
tapping round the tube is all that is required to loosen the grout and enable
the core to fall out. When boring a deep well, such as will be illustrated later
in describing a direct-acting steam engine made by this firm for actuating a.
deep well pump, a high derrick forms a part of the boring equipment, which
frequently attains to a height of from 50 to 70 feet, this, of course, being neces-
sary in order to be able to hoist the boring tube and chip-cup clear of the boring
machine, and for the convenience of screwing together one or two lengths of the
driving tubular shafting D. The shackle S is suspended by a wire rope from a
pulley at the top of the derrick, a steam hoisting winch being provided for
raising and lowering this heavy mechanism from time to time as required,
an operation demanding much care, for an accidental losing hold of the boring
tube may result in weeks’ loss of time. A portable steam engine for driving
the boring ring shaft B and supplying steam to the duplex circulating pump
P completes the plant necessary for boring a well on this system. It may be
pointed out that the revolving ring V and bearing pedestal B permit of the
boring tube passing up through them, the driving posts T and cramp A being
then removed.

A boring tube working with chilled shot on the cutting edge can be made
thinner and is much cheaper than a diamond boring tube, and for certain work
is more suitable than the diamond drill, but for soft clogging strata of clay,
marl, and other material, a shell boring bar, with steel cutters, is more satis-
factory when worked on the percussion system, and, needless to say, a revolving
shot or diamond drill would be at a disadvantage under these circumstances.
There is, however, one advantage that has not been mentioned in connection
with the latter type of boring machine which no other can claim—viz., the
capability of drilling a hole under water without much difficulty, the tubular
boring bar with its gem-studded crown enabling cores to be extracted from a
great depth in this way for inspection. A form of rotary drill outfit is also
commonly used in the oil fields, where a number of small holes are required
in proximity, which is arranged on a carriage so as to be quite self-contained,
and in some cases is even made self-moving. For portable boring machines
an oil engine is found to be the most suitable and lightest form of power avail-
able, these being used to great advantage when the drilling is not carried to-
a depth much exceeding 200 or 300 feet. The boring bar used consists of a steel
drill or bit of various form screwed on to a bar shaft, which is again screwed
on to others as the hole deepens, the jointing being made by taper threaded
connections. In other cases a tubular driving shaft is used, provided with a
steel cutter crown-piece, this method enabling a stream of water to be forced
down to the bottom of the well for the purpose of washing away the borings.
Portable boring machines are also consiructed to work on the percussion system,
the derrick being much reduced in height ; in machines of this type a solid bar
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is jumped up and down on the end of the rope, to which motion is com-
municated by means of a walking beam worked from an oil engine. Yet
another type of boring machine suitable for soft ground is fitted with an auger
bit, such a contrivance being capable of boring down to 100 feet or so. In
a.ction the bit is rotated until choked, when it is raised by clutching into

gear a winch for clearing, the operation being repeated until the desired depth
is reached.




CHAPTER IX.
ARTESIAN-WELL OR BOREHOLE PLUNGER AND AIR-LIFT PUMPS.

DeEp borehole or artesian-well pumps may be said to consist essentially of a
plain barrel hung in the water by a wrought-iron rising main of slightly greater
diameter, the bucket plunger being hung by a pieced-up rod inside the rising
main which projects through a stuffing-box contained in an anklet casting at
the top of the main, which may be situated at the surface level or in a shallow
well from which a borehole has been sunk; the pump barrel in all cases is a
continuation of the delivery pipe, which is usually of a diameter to as nearly
fill the well as possible. Such pumps are fitted with bucket plungers of one
form or another, the suction end of the barrel being almost always carried down
below the working level of the water in the well; this does not imply that the
pump is at the bottom of the well, but rather that a borehole is continued down
far below the water level. The depth at which water is to be found depends,
of course, on the level of the * outcrop ”—i.e., the lowest point at which the
water-bearing stratum meets the surface; or, in other words, it may be said that
the level at which water rses mn an artesian well—which, by-the-way, is often
sunk to the bottom of a basin formation where water is held in a porous stratum
between upper and lower impervious strata—depends on the height of the lowest
point, where the edge, as it were, of the basin meets the surface or a porous
stratum capable of draining water therefrom is reached. For borings in rock
having a surface outcrop near the site of the boring, the water will not be much,
if any, above the nearest water course crossing the seam; but where borings
penetrate an impermeable stratum and reach a porous rock having a distant
outcrop, the water level will be determined by this level, and the water level,
though lower than the ieceiving surface, will be somewhat higher than the
draining point. In some cases, as in certain parts of Lincolnshire, for instance,
water will rise to within a few feet of the surface, and, indeed, the most copious
supplies are always met with at levels not exceeding 300 feet down, the rule
being such that the farther the boring is continued beyond this the less is the
supply, although for other reasons it 1s often desirable te tube a boring for the
first 200 or 300 feet, and continue it down far enough to reach another water-
bearing stratum. Tubing, however, is not necessary in boring through hard
sand or lime rocks, excepting to such depth as to prevent the inflow of surface
waters. In ordinary circumstances it is usual in modern practice to case the
upper and middle phases of the boring with stout, steel-socketed, wrought-iron
" or steel pipes to a point at least lower than the lowest water level; in chalk
bores, as in the London district, the casing pipes are driven at least 10 feet
in'o the chalk, the socket projections effectually securing the shutting back
of the upper and undesirable waters from the lower. The quality of water
derived from artesian wells depends on the nature of the stratum holding it ;
this, of course, accounts for the water obtained from one part of the country
being more suitable for certain manufactures than another. The temperature
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being to enlarge the well and loosen the water-bearing chalk or rock formation
around the bottom of the well.

PLUNGER PUMPS.

Artesian-well or borehole pumps are actuated in several ways, the largest
being often connected up in pairs to balancing quadrant levers, as illustrated
by Fig. 31. This method, of course, necessitates the boring of two wells to-
gether ; single pumps can, however, be balanced by a counterpoise or by using
a double plunger arranged to work concertina fashion, but the most important
differentiation in the various makes and types of borehole pumps consists in
the particular method adopted for balancing the action of the water column
and actuating mechanism. The method of boring two wells within a few feet
of each other and arranging a pair of quadrant levers over these for actuating
the plungers of the two pumps is a convenient and practical course to follow
" for pumps of large size, and a pair of such pumps can be efficiently worked by a
triple-expansion engine of the type illustrated by Fig. 31. In connection with
such pumps a form of bucket plunger and double-beat valve is used, as shown
by the sectional cuts, Fig. 62 ; * this plunger, which is some 18 inches diameter,
is packed with a rubber ring, and the double seatings of both head and foot
valves likewise, the same method also being adopted for jointing the foot-valve
casing ; this, as shown, is held down by a long, heavy rod of some 7 ewts. An
important consideration in connection with borehole pumps, when provided
with a foot valve, is a convenient means of lowering the valve in situ,
and for removing same for repairs or cleaning when required—a con-
tingency to be reckoned with in some districts more than others on
account of the ¢ caving in >’ of sand from the boring below the casing. For
this purpose a special form of grappling hook is used for engaging with the stem
of the valve case, which is provided with a pointed cap, that also affords a
shoulder for the spring snatchers of the grappler to hold on to. The plungers
may be connected up to the quadrants by an iron rod or wood spear, a steadying
guide being, of course, fitted wherever two lengths are coupled together.

Obviously the worst feature in connection with the boring and equipment of
artesian-well pumping installations, from an engineering point of view, results from
the general unhandiness of many of the parts; on this account a high derrick and
heavy lifting tackle is a desideratum that cannot be dispensed with, for assuming
the wells to be already tubed, there remains the lowering down of the pump
barrel and connecting same up to the several lengths of piping required for the
rising main, all of which must be suspended from the anklet casting at the top ;
then again, in order to lower the plunger into the barrel, the rod has to be pieced up
in several sections, according to the depth of the well, and requires much patience
and skilful handling when dealing with pumps of large size.

Borehole pumps in single units are frequently arranged in the manner shown
at Fig. 63, small pumps being driven in this way without any balancing -ffect.
This installation is a good example of a gas-power well pump, and shows another
method for balancing the 160 feet head of water on the up stroke. In this case
a 2-throw crank (k, k) is used, the second crank being connected up to a heavy
counterpoise (w) arranged to slide between guides ; the pressure head above the
pump is balanced in almost every case by the use of a ram at the head of the
plunger-rod, and works water-tight in a gland at the top of the anklet casting

* From the Proceedings of the Institution of Mechanical Engineers, 1803.
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in the usual way (vide Fig. 34). The plunger and valves are constructed prac-
tically identical in form, as shown in Fig. 62, the foot valve being nearly 60 feet
})elow the water level, and about 240 feet from the bottom of the well. The
illustration, Fig. 63, of an Isler gas-power gear-driven pump of the counter-
poise Lype, also shows the disposition of the strata underlying London.

“Another method of balancing a borehole pump is illustrated by Fig. 64, and is
one that lends itself to being driven from a direct-acting steam engine ; in this,
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the Ashley deep-level pump, the weight of the water column, piunger, and rod are
balanced by a weighted beam ; and in the working of this pump, not only are the
water column, plunger, and rod balanced by the counterweight and beam, but this
is corrected for the difference in suction level also, which is an improvement of
some importance when the relative proportion in the difference of water level is
great to the total lift. The form of plunger used is identical to that shown at
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Fig. 36, and will not, therefore, need further description. The peculiarity of the
Ashley balancing arrangement consists in the use of a tubular plunger-rod of prac-
tically half the area of the plunger, and as water direct from the well is free to
flow into this tube, the level therein is caused to coincide wi h the level in the well

—1.e., within the limits of the distance between the level
of the delivery valve and the top of the well ; the tubular
rod is also provided with a ball valve situated immediately
over the double-seated delivery valve on the plunger head,
and it will be seen from the two sectional illustrations,
Fig. 64, that by the action of this balancing valve,which
is hollow, water in the tube can be prevented from re-
turning back during the up stroke; but during the down
stroke, owing to the movement of the plunger, the valve
will rise sufficiently off its seat to permit any required
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equalising of the water level inside the rod and the level in the well ; so that it

follows that supposing there to be a difference of level of, say, 20 feet in the well,
an ordinary pump would work unbalanced to this extent. With this arrange-
ment, however, the effect of an increase of 20 feet in the level of the well water
would be compensated by the 20-foot column of water in the rod acting against
the up stroke and in assisting the down stroke, the area of the column being

_ practically half the area of the plunger; and again, supposing a diflerence of level

of 10 feet below normal, there will be 30 feet difference in the tube—i.e., the level
therein will be the same as outside, and consequently in place of having an
extra load equivalent to 20 feet of water there will be a reduced load of 10 feet
con the up stroke and a corresponding difference on the down stroke, which
together balance the 10 feet reduced level in the water outside the pump. At
the top of the pump, vide Fig. 65. there is a ram plunger which balances the
high lift, and, of course, causes this end of the pump to be double acting in the
usual way. In order to obtain the correct balancing effect, the water level must
not fall below the level of the ball valve, as below this the tube has no effect
whatever; and besides, any advantage of balancing the difference of suction
level in this way has one or two off-sets : (1) The delivery valve at the head of
the plunger is reduced instead of increased in waterway area ; (2) the waterway
area in the rising main is also reduced, being about half the area of the plunger.

The principal advantage of the Ashley form of deep-level pump consists in
being able to dispense with the foot valve, thus enabling both valves and plunger
to be removed from the well at one operation ; and thus obviates the trouble and
delay often caused in grappling for the foot valve seat. In another pattern, vide
Fig. 66, this pump is modified in construction to enable the working barrel as well
as the plunger and valves to be drawn up for renewal or repairs. In this form the
suction valves, instead of being in the pump casing, are fixed round the bottom
end of a liner constituting the working barrel ; this barrel is surrounded by a
shroud communicating with the borehole suction pipe, the bottom of the liner
being closed ; the plunger is of the piston type, but differs from the ordinary prac-
tice in being provided with holiow stems projecting above and below ; these carry
two sets of multiple delivery valves, the action of this pump being as follows :—
‘On the up stroke of the plunger water enters by the valves in the liner to the
space underneath the plunger, and on the down stroke is forced past the valves
in the stem below the plunger, and out again past the valves in the upper stem,
and thence into the rising main, which is slightly larger than the liner to enable
it to be drawn up to the surface without having to dismantle the whole of the
pump.

However, the Ashley method of arranging multiple valves on the plunger
shows to best eflect in the double-acting concertina type of pump, as illus-
trated by Fig. 67, which is a modification of a method often used for obtaining
a balanced action in a double-acting pump, and is very applicable to the
single barrel of an artesian well. The concertina pump, as before explained in
connéction with the borehole pumps at the Streatham Water Works, consists
essentially of two independent bucket plungers, each provided with a lift valve,
the two plungers being aciuated so as to approach and recede from one another
concertina fashion, hence the name given to this style of pump. No foot valve
is necessary, the valve in the bottom plunger serving this purpose, and opens
as the plungers recede from one another, thus admitting water to the space
between the plungers produced by their movement away from each other, when
this volume of water 1s forced through the upper plunger on the; next:; stroke ;
half the volume thus forced past the valve in the upper plunger is delivered at
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' the surface by the up stroke of the lower plunger and one-half during the up
stroke of the upper plunger, the pump being thus double-actmu at the delivery end ;
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and further, as each plunger may have a full stroke, the capacity of such a pump
is double that of an ordinary single plunger pump. There are thus to be seen -
three distinct advantages pertaining to this class of pump—viz., (1) it is double-
acting, (2) it is entirely balanced, and (3) it is double the capacity of an ordinary
pump, the capacity being only limited by the waterway area of the plunger
valves. In the example presented at Fig. 67, an increased plunger speed is
practicable, due to the large area of waterway afforded by the multiple suction
and delivery valves shown ; the working barrel is also jointed above and below
to casings of a larger diameter and forms, respectively, continuations of the
suction and delivery pipes provided for receiving the plunger extensions
according to the Ashley system before described. The motion for the lower
plunger is communicated by a rod passing through the upper plunger, which
in turn is actuated by a tubular rod, the two rods being either connected to the
arms of a pair of quadrants or to a balancing disc, as showr by Fig. 30; or
may be driven by a direct-acting engine, as shown at Fig. 68, which consists of
a vertical engine with direct-acting cylinder of the steam-thrown simplex type,
carried on a pair of rather tall standards (d) for the purpose of accommodating
the two crossheads (%) and pair of beams (m) used for communicating an up
and down motion simultaneously; in this case the solid rod (p) is connected
to the piston-rod direct, and the tubular-rod (f) to the bottom crosshead, and
affords a compact and certainly unique arrangement for this purpose. In con-
nection with the double-plunger, double-acting, form of artesian-well pump, may
be pointed out the advantage gained in being able to dispense with the foot
valve, thus avoiding much of the trouble often caused by sand, which together
with its perfectly-balanced action goes far to make up for the extra mechanism
entailed by the use of two actuating rods.

The double piston pump has the further advantage of working with a full
displacement or delivery at each stroke, from a single well, which is a very
important consideration, wells more often than not supplying more water than
can be raised by a single-acting plunger pump. In.regard to economy in steam
consumption, there is no advantage in using a direct-acting engine, as shown in
Figs. 68 and 70, owing to the limitation of piston speed ; but, on the other hand,
it is very much quieter in action and requires less floor space than a geared
double crank steam, oil, gas, or electrically-driven pump.

A point of some importance in the working of a double piston pump is due
to the wear and friction of the inner rod at the gland-packed head of the outer
tubular rod, this in usual practice being just left to run in water. In the Downie
double-acting pump the space between the two rods, as shown in Fig. 69, is filled
with oil, which being slightly lighter than water is prevented from escaping down
into the water column to any very appreciable extent, a gallon or so per week
sufficing for the make up. Another consideration in deciding on the relative
merits of a double wersus a single plunger deep-level pump results from the
increased plunger speed that a double-acting pump with two plungers can be run
at, owing of course to the continuity of motion of the water column, thus a
double plunger pump has a capacity, not double, but three times or even greater,
than a single plunger pump of the same diameter and stroke

The direct-acting vertical borehole pump with floating spear-rod is essentially
of American origin (the first of this type being the Smith-Vaile), and is a form of
pump that certainly affords a very simple and effective means for raising water
from a borehole, especially in such cases where the depth of the well does not
exceed 500 to 700 feet or so, as the unbalanced weight of the moving parts,
potwithstanding that a considerable proportion of the total weight is floated by
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the water in the rising main would soon become excessive; the connection
between the upper ram and the bucket in this type of pump is made by a series
of wood rods of large rectangular form, which are firmly bolted and strapped
together at their ends. Careful attention has in many respects been paid to an
improved proportioning of the various parts in the A. C. Potter pump of this
type, which has been supplied in great number to users up and down the
country for artesian wells ranging in size from 8 to 18 inches diameter, with a
length of stroke for all sizes of 3 feet, and a working speed of about 20 double
strokes per minute, although capable of being forced up considerably beyond
this as occasion may require. The means adopted for the steam distribution
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in the engine cylinder will be recognised as being on the steam-thrown valve
principle used in variously modified form in engines of the simplex class. The
weak point in this very simple direct-acting construction of artesian-well pumping
engine struck the writer as being due to the absence of a balancing action ; how-
ever, a factor is present wherewith in considerable degree the lack of balance
is compensated for—viz., hydraulically by means of a double-acting ram delivery,
and, mechanically, by the lighter than water connecting-rod—and judging
from the working of one of these pumps at Queen Anne Mansions, Westminster,
any deficiency in this respect would seem to have been well compensated for
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although the depth of the pump barrel in this particular instance is some 230 feet:
down.

The diagrams shown at Fig. 71 will indicate the differential action obtaining
on the up and down strokes without saying further than that the method adopted
consists in cushioning and throttling the exhaust on the down stroke, which simple
means successfully serves the purpose of enabling the pump to work with a regular
and quiet action from 5 up to 25 strokes per minute without knock or sign of
being over speeded. The size of the steam cylinder is 9% inches diameter, and
the pump barrel 7§ inches diameter, with a stroke of 3 feet, as usval in engines
of this make. = At 18 double strokes per minute the capacity of this pump is
10,000 galions per hour—u.e., abouts equival nt to a quarter of a million gallons
per day. The description of this engine, which by-the-way resembles very
closely in appearance and working to a vertical simpiex “ boiler-feed pump,”
is as follows :—In the two steam ports and m the down stroke exhaust port are
inserted throttling plugs, by means of which the engine can be controlled to a
nicety both on the up and down strokes, it being usual to work with the steam
supply full on to the valve chest. There are five ports in the slide-valve face
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Fig. 71.—Diagrams from Direct-acting Artesian Well Pump.

as used in duplex pumps (vide Fig. 108) for the purpose of reducing the travel of
the valve. At the side of the slide-valve is a piston valve, the two being connected
by an arm. In action the slide is traversed by the outside lever mechanism in
the usual way for a short port opening, when steam is admitted to one end of
the piston valve, with the result that it shoots over and so quickly completes
the travel of the main distributing valve in either direction. There is no diffi-
culty at starting, partly due to the pump barrel being below water level, thus
avoiding the possibility of running empty.

The construction of the pump itself is in accordance with the ram and plunger
principle, the pump being single acting for the low lift and double acting for
the high lift ; this, of course, to some extent gives a balanced action varying in
degree as to the relative height of the low lift to the high lift, there practically
remaining the weight of the water column in the borehole rising main in addition
to the steam piston-rod, ram, and plunger, the spear rod being practically
floating and all over surface head perfectly balanced. The bucket plunger is
packed with three or four leather rings, each held in place by a junk ring, which
is threaded over the plunger; in practice, these rings wear for years, and are
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practically water-tight. The bucket plunger is fitted with a ball valve, which
although affording much less waterway than either the Ashley method or the
Downie multiple-seated valve shown in Fig. 67, has, nevertheless, one advan-
tage, and is found to give less trouble from sand and grit than the double-
beat valve; further, its use obviates considerable inconvenience on this account
at starting a pump in a newly bored well; the suction valve is also of the ball
type, and being fitted with a cage can be easily grappled for as occasion may
Tequire.
th may be mentioned that the degree of throttle and cushioning required
in the steam cylinder on the bottom end is proportionate to the depth of the well, -
and the amount of steam used to raise the plunger is reduced to this extent
as shown by the diagram, Fig. 71, while the down stroke with the pump in smooth
working order may require little or no steam whatever. The sectional drawing,
Fig. 70, of a borehole sunk in the Birmingham district, affords a much clearer
conception of the proportion of an artesian pumping engine in point of diameter
to depth than words can convey. This well is bored 14 inches diameter, and tubed
down to the bottom of the lowest stratum of marl—i.e., to a depth of 217 feet—
below which the bore is reduced to 12 inches diameter. The diameter of the
pump barrel, which extends down to the 170-foot level, is 94 inches, the suction,
or rather the inflow pipe, being continued another 30 feet. This well was bored
by means of a rig, as illustrated by Fig. 61, and extends to a depth of over
530 feet; indeed, this same method has been used for boring a well, down to a
depth of 1,500 feet, the diameter being 4 inches only at bottom, the difference
of diameter at the top depending on whether the well has been tubed in one, two,
or three stages, as the tubing for each stage must pass down within the casing
immediately above, and thus determines the diminishing diameter as the bore
proceeds. To give some idea of the enormous length of the steel-driving tubular
shaft, it may be said that in a well of this depth as many as 75 separate lengths
of tubing. each of 20 feet, have to be screwed together in order to communicate
motion to the rotary boring tube at bottom ; and the elasticity of this shaft is such
that as many as 7 or 8 revolutions may be imparted to the driving cramp before
the boring tube commences to move. Consequently every precaution is required
to prevent the driving shaft from being twisted in twain, and on this account
is always driven by a belt proportioned in width and tautness to slip im-
mediately too great a pressure is thrown on the boring tube, or, as may happen
in cutting through a stratum of clay or marl, when the boring tube is liable to
be held tight by the squeezing in of this softer and somewhat plastic material,
The borehole pump illustrated by Fig. 72 is interesting in being double
acting, an effect that is ingeniously obtained by the use of a single plunger.
It may be gathered from the illustration that a movable-pump barrel is
used in which both top and bottom valves are of smaller diameter than the
inside diameter of the column or rising main, and can be pulled up together
with the plunger for repairs in ‘a similar manner to that shown in Fig. 66.
The peculiarity of this pump consists in discharging at full capacity on the
down stroke as well as on the up stroke; the pump, therefore, is of twice the
capacity of a single-acting pump of a given size and speed. The barrel and
hollow plunger rod are of seamless brass tubing, and all other parts cast brass;
the three annular valves are best rubber—i.e., the valves at top and bottom
of the barrel and the valve over the plunger—there is also a hollow-brass ball
valve controlling the discharge from the central tubular rod, which latter is
packed with special flanged-leather rings, where it passes through the top and
Fottom valve seats. The action of this pump is as follows :—On the up stroke
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the annular-rubber suction valve below the plunger opens, and the space between
it-and the plunger i3 filled, and at the same time the discharge valve under the
rising column is opened and the water between it and the plunger is forced up
into this. On the down stroke, the two annular valves referred to close and
the valve over the plunger opens—i.e., the down stroke suction valve—and
water is drawn through the hollow plunger-rod from the suction pipe not shown,
and passing up through the plunger fills the space above the plunger; at the
same time the ball-discharge valve opens and the water below the plunger is
forced up through the hollow rod connecting the plunger with the ball valve-
seat casting and rod connection, and thus into the rising main; it will thus be
seen that there are four valves in all, and one double-acting plunger

’ In concluding the consideration of plunger
pumps in their application for raising water from
deep wells, it must be again emphasised that from
the point of view of economy in fuel consumption,
the geared pump has an undoubted advantage
over the more simple direct-acting steam-driven
pump, the geared pump having the further advan-
tage of being adapted for being driven by gas or
oil power, a feature of special value when the
pump is only required to be worked for a portion
of the day; and, in any case, this class of pump
does not require a greater power than can be
supplied by the more convenient and economical
internal-combustion engine.

Sosionh uld .

AIR-LIFT PUMPS,

The method of raising water on the aération
principle has been very extensively applied to
artesian wells, the number of air-lift pumping
installations in use being the more surprising
considering that this method does not lend itself
to a high economy. Its populari'y can only,
therefore, be accounted for (1) by the extreme
simplicity of the under-surface mechanism ; (2) to
an absolute immunity from the scouring ard
choking effect of sand; (3) to the short time
required for setting up the necessary plant to
7 e start pumwping operations, it being convenient to

Pig. 72.—D0u1e-acting Single utilise temporarily the steam boiler and engine
Plunger Borehole Pump forming part of the boring plant in ascertaining
tentatlvely the water supply value of the borlng

before putting down permanent plant ; a preliminary test can thus be carried out
by this means before removing the boring derrick, to ascertain whether or not it
would be desirable to continue the boring to a lower stratum. In order to
obtain a trial run on the air-lift principle it is not necessary to fix the machinery
immediately over the well ; indeed, this is one of the salient advantages claimed
for the air system, that the compressing plant may be located at_ any point
adjacent without materially affecting the efficiency of the working; a com-
pressor, moreover, can, if required, be connected up to more than one well.
A well fitted up with pumping plant on the air-lift principle is first tubed or cased
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in the ordinary way to prevent inflow of surface water; over this tube is jointed
a head-piece casting, and suspended therefrom are two pipes, one serving for a
discharge pipe and one for conveying the air down to the discharge nozzle, hoth
pipes being continued down below the surface of the water in the well to a
depth equal to or slightly greater than the height of the lift from the water level
to the outlet level of the delivery pipe.

There are several ways of arranging the compressed air and discharge pipes
down within the tubular casing of the well : their disposition may be either
concentric—.e., with the air pipe arranged within the water pipe, or vice versd ;
or the two pipes may be carried down separately to the required level,
the air pipe being bent at its bottom end to project up within the open mouth
of the rising main. When, however, the air pipe is suspended alongside or within
the ascension pipe, this may conveniently have attached to it at the bottom
end a mouthpiece of slightly enlarged diameter, so as to accommodate a multiple
ring discharge nozzle at the end of the air pipe, formed to deflect the air current.
upwards, and at the same time to distribute it over a wide surface, thereby having
the effect of reducing the resistance of inflow. By this means the water entering
the enlarged mouth of the uptake is thoroughly aérated, and being thus reduced
in density ascends with a velocity depending on the volume and pressure of the
discharge. The action of the compressed air may be compared to the violent
ebullition produced in a vertical or slanting tube of a water-tube boiler when
exposed to fierce heat; it is, however, not de rigueur to discharge the compressed
air into the water pipe in a number of fine jets or in an annular stream, as, for
instance, the discharge or uptake pipe may simply terminate open-mouthed in
the centre of a larger pipe used to conduct the air down, the air pipe in this
case being continued down to a lower level, although not essentially necessary.
The top of the well casing must in all cases be sealed to prevent water from
being carried up and overflowing at the surface.

There is no definite limit to the depth to which an air-lift pump may be
applied, excepting the limit ruled by expediency. The greater the depth the
greater the pressure of air required, this factor by reason of the decreasing ratio
of efficiency of compressors tending more than any other to determine the height
of lift possible in actual practice; in some rare instances water has been raised
to the surface from a depth exceeding 1,000 feet, but is more generally con-
fined to lifts of two or three hundred feet or so. The working pressure of air
found to give the most economical result is approximately 65 lb. per square
inch for each foot of lift from the surface of the water, and the volungle of com-
pressed air required at the discharge nozzle is approximately 1 cubic foot for
every 8 to 12 gallons raised, the efficiency varying considerably in some cases,
and is influenced by the proportions of pressure of air to immersed depth of
nozzle, to shape of nozzle, diameter of discharge pipe and other factors, the
volume of air required at the nozzle being practically the same for all lifts. Thus
for a 50-foot lift, air at about 33 to 35 lbs. per square inch pressure is required ;
for a 100-foot lift, 65 1bs. air pressure; 150-foot lift, 95 to 100 lbs., and so on;
the use of air pressure in excess of this results in a greater waste of power,
notwithstanding that a greater volume of water can be lifted thereby, and the
effect of decreasing the air pressure is to diminish the volume of water raised
until a point is reached at which no water is delivered, the air finding its way
up through the water column to the outlet.

The low efficiency of an air-lift pumping installation is influenced to a con-
siderable degree by the filtration, as 1t were, of the air in fine bubbles up tl}roug}:
the water column, the action resulting from the discharge of the air in a diffusec
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state into the surrounding water of an uptake not being comparable to an
enclosed vessel from which water could, of course, be forced to a great height
with an efficiency depending entirely on the perfection of the compressing
plant. In the raising of water on the agration principle this is not so, as the
power capable of being utilised in terms to be expressed in water horse-power
—t.e., in actually lifting water against the force of gravitation—is rarely much
greater than half the power represented by the volume of air discharged at the
nozzle, notwithstanding that the air expands under conditions seldom realised
in an air motor—viz., in being supplied with heat from the water and mamtained
at constant temperature. The net efficiency of an air-lift pump is more often
less than one-third of the power expended in compressing the air than above
this figure, and rarely exceeds 35 per cent., the loss of power between the prime
mover and the compressor piston representing some 10U to 23 per cent., according
to size, method of driving, construction, and other conditions relating to the
compressor ; the loss resulting from mechanical friction, however, may be
debited at a maximum of 15 per cent. in a good compressor, and the loss resulting
trom compressing the air above the isothermal line, variously at from 20 to
40 per cent., it being quite evident that none ot the heat imparted to the air
during compression can be utilised, and that it will immediately fall to the
temperature of the water on being discharged at the nozzle, if it has not already
done so during its passage down the air pipe.

In order to emphasise the amount of power required to compress air at
increasing pressure and volume as against that necessary when the temperature
is maintained at a constant degree, it may be stated that the difference in the
power to be expended in moving the compressor piston under these conditions
results in average cylinder pressures as follows:—For constant temperature,
17-9 lbs. per square inch, as against 24-3 lbs. for adiabatic or increasing tem-
perature, when delivering air at 35 lbs. pressure, the difference being from 24-8
to 38-1 lbs. for delivering at 65 lbs. ; and from 30-2 to 51 lbs. for delivering air
at 100 lbs. pressure—e.g., in the last instance a compressor would indicate
30 horse-power when delivering at constant temperature, and 51 horse-power
if no heat were carried away from the cylinder during the process of compres-
sion. It is due to this difficulty of keeping down the increase of temperature
during the process of compression that compressors with small cylinders work
with a higher efficiency than larger ones, and also explains why it is advisable
to compress in multiple stages with inter-coolers when supplying air at pressures
above three or four atmospheres ; the rise in sensible heat resulting from com-
pressing air to 105 lbs. per square inch—i.e., 7 atmospheres—is 490° F., at
which temperature the volume is doubled, and the resultant compressed air,
instead of occupying a space equivalent to one-eighth of the original volume
will occupy one-fourth; it is very evident, therefore, that careful attention
should be paid to cooling the air thoroughly during compression. Compressors,
unlike internal combustion engines, should be run slow, a piston speed of 100 to
150 feet per minute being very suitable, although exceeded in many instances to
more than double this. All compressing cylinders should be thoroughly water
jacketed, both round the barrel and covers; and water-cooling of the piston and
rods is a further advantage in the larger sizes. Even with every precaution air
may leave the compressor at a temperature sufficiently high to vaporise lubricating
oil, and often gives rise to explosions in the receivers, especially when oil has been
used too lavishly. As an instance of the inadequate cooling capacity of the
ordinary compressor may be mentioned the case of a compressor having
a cylinder 20 inches diameter by 33 inches stroke coming within the
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writer’s own experience, which, while delivering air at 60 lbs. per square
inch only, registered a temperature of 314° F. higher in the delivery valve
chest than in the suction box. The piston speed of this machine was, however,
nearly 450 feet per minute—capacity being of greater importance than economy.
It none the less demonstrates the insufficiency of simple water jacketing to keep
down the temperature to anything near that of the cooling water. Now, if all
loss of power from this cause could be avoided, the general working efficiency
of an air-lift pumping installation would be measurably improved. One way
of minimising the incapacity of water jacketing is by using water injection,
which in a suitably constructed compressor has no deterrent effect in this par-
ticular application; or, as an alternative means, the compressor piston may
be entirely immersed in water at one end—e.g., a compressor arranged compound
and single-acting coming under the writer’s experience, was constructed with
its two pistons, cylinders, and valve casings all in water, the pistons being
packed with leather rings, hydraulic plunger fashion, and although worked at
a piston speed of 250 feet per minute, and delivering air at 1,000 lbs. per square
inch, the rise of temperature at the delivery valve only exceeded that of the
cooling water by 70° F. However, in the case of the air-lift pump, we must
look for expediency rather than for any other factor to explain the raison
d’etre of its use, the question of economy being entirely subordinated to the
other recognised advantage in being able to dispense with sub-surface mechanism.
Taking the case of one make alone—e.g., the Isler—we find that there has already
been installed over 80 air-lift plants in this country, of an output capacity varying
from 5,000 to 60,000 gallons per hour; two pumps, for instance, at the Dart-
ford station of the Kent Waterworks are capable of lifting 100,000 gallons
per hour—i.e., equal to nearly 2,500,000 gallons per diem,

The following illustrations and description will serve to make the construc-
tion of this class of pumping machinery sufficiently clear. The concentric arrange-
ment of discharge and air pipes is shown in the air-lift hotel pumping plant,
illustrated at Fig. 73, the lift in this case being 105 feet to the surface, with an
additional 20 feet to an overhead tank. In this pump the air pipe surrounds
the discharge pipe and extends down to 334 feet below the surface, it being
thus continued down 66 feet below the bottom of the discharge pipe, and is a
practice adopted to prevent sand from accumulating in the well. Not that much
trouble is experienced in the chalk from silting up with sand; if, however, is very
useful in the Tunbridge Wells district, for instance, where the formation is
practically all sand. In this method of arranging the pipes for an air lift, it
will be noted there is no special form of air nozzle, the discharge pipe simply
dipping down into the air pipe to a depth of 140 feet below the level of the
discharge tank, and 100 feet below the surface of the water in the well. In
the example shown at Fig. 74, quite another arrangement of air and discharge
pipe is used—viz., the air and water pipes are separately suspended within the
iron casing lining the well side by side, the air pipe bending up within the bottom
of the delivery pipe, and is fitted with a nozzle cap to cause the air to be diffused,
an improvement having some advantage over the simple method of discharging
the air into the mouth of the delivery pipe in one unbroken stream. In both
these air-lift installations the compressors used are of the Rand-Ingersoll type,
there being in the second example a high-lift pump used to distribute the water
raised to a sump tank by the air lift to the various baths in the building; the
capacity of this pump is 15,000 gallons per hour, a duplicate plant of the same
capacity being provided. The water level in each of these wells is 180 feet down
—t.e., the rest or static level—the working level being 10 to 25 feet below this
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Tig. 73.—Actesian Well Air-lift Pump.
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Fig, 74.—Artesian Well at the Prince of Wales Road Public Baths, London, N, W,,
showing Steam-driven Air-lift Pump.
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according to the season, this depth necessitating a length of air and discharge
pipes of nearly 400 feet; and extends to within about 50 feet of the bottom of
the well in each case. In another application, shown at Fig. 75, an electrically-
driven installation is used, the motor driving on to a four-cylinder Reavel com-
pressor, the arrangement of the air-lift pipes in this well, which is 400 feet deep
and 7} inches diameter, being identical to that shown at Fig. 74 ; a belt-driven
plunger pump, used for distributing the water to all parts of the building, com-
pletes the equipment. As an example of an air-lift pump being worked by gas
power, one at Bembridge, Isle of Wight, may be cited; in this installation a
20 horse-power producer-gas engine, directly coupled to a Reavel compressor,
is used for supplying the necessary compressed air for lifting 5,000 gallons per
hour a total height of 170 feet, the actual water horse-power, independent of
all frictional and other losses, being approximately five, and the cost per hour
in anthracite, at 50s. per ton, about 3 pence per hour.

There is very little data available as to the actual cost of pumping on the
air-lift principle. A few figures may be, therefore, adduced from a test made
by Prof. H. S. Hele-Shaw on an air-lift pumping plant belonging to the Birken-
head Corporation, the machinery consisting of a compound steam-driven two-
stage compressor, with steam cylinders 15 and 28 inches diameter, and air
cylinders 12 and 24 inches diameter by 30 inches stroke ; speed 48 revolutions
per minute, and equal to a piston speed of 240 feet per minute. This plant
was put down to lift 45,000 gallons per hour, a maximum lift of 300 feet, the water
being in this manner delivered to a tank from which it is forced on to a reservoir
by a duplex pump; the water horse-power represented by lifting this volume
of water to the surface would be approximately 68 for this lift. On test the plant
gave results as follows :—Steam indicated horse-power, 156 ; air indicated
horse-power, 135 ; mechanical efficiency, 86 per cent.; water horse-power, 44,
which is equivalent to 28 per cent. of the steam indicated horse-power, and
32 per cent. of the air indicated horse-power; the water in the well remained at
slightly less than the 200-foot level throughout the trial.

The following particulars are abstracted from a report of a test made at
the Kent Waterworks, on an air-lift pump put down at one of this company’s
artesian wells :—Diameter of borehole, 24 inches; depth, 250 feet; depth of
rising main, 123 feet, alongside which is an air-supply pipe 3 inches diameter ;
the bottom of the uptake is widened out as shown in the illustration, Fig. 76,
at T, into which the air pipe A is bent round so as to project up into the widened
mouth at N for a distance of 32 inches, the internal diameter of the uptake
at this point being 8% inches; the water is delivered at W into a tank 4 feet
above the surface. The total lift in this case is from 30 to 40 feet, and at the time
ot the test 34 feet, the quantity of water raised being 1567 cubic feet per minute,
or roughly 1-4 millions of gallons per diem. and represents some 9-6 water horse-
power. Now, in obtaining this result, 11-4 cubic feet of free air, or a little over
3 cubic feet of air at 40 lbs. pressure, was used for each cubic foot of water
raised, the air being supplied from a direct connected steam-driven double-acting
compressor, having a cylinder 14 inches diameter by 16 inches stroke, and running
at 100 revolutions per minute. At this speed some 2,800 cubic feet of air would
be compressed per minute, and would absorb approximately 24 air horse-power
—~.e., at isothermal compression—the efficiency of the pump for water raised
to volume and pressure of air used, including air and water pipe resistance,
is thus just 40 per cent., with no loss in compression ; under the existing circum-
stances, however, the net efficiency of the water horse-power as compared with
the indicated horse-power in the steam cylinder did not exceed 255 per cent.
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The possibility of raising water on the now recognised air-lift principle was
discovered by Carl Emmanuel Loscher, in 1797. No practical application,
however, appears to have been made of this discovery until 1866, when an
American, named Crockford, took up the idea for raising petroleum from several
of the numerous boreholes of Pennsylvania. According to the investigations
made by Pohle, a pioneer engineer of considerable experience in the raising of
water on the principle explained above, it would appear that there is no advantage
in using an air-discharge nozzle, having an annular series of outlets for the
purpose of diffusing the air into the surrounding water in a divided state, and
in United Kingdom Letters Patent applied for on the 14th January, 1893, and
numbered 22372, Pohle claimed special advantage in the discharge of com-
pressed air from a nozzle arranged centrally within a mouthpiece at the bottom
of the uptake pipe constructed of a slightly enlarged diameter, this particular
method being fairly represented by Fig. 76 ; Pohle further postulated the theory
that air by this means is caused to enter the mouthpiece of the ascension pipe
in a series of pulsations, and to be separated in strata from the liquid being

Fig. 76.—Air-lift Pump at the Kent Waterworks.

raised in the form of a number of short columns, the intervals between the
liquid widening during its passage upwards by reason of the expansion of the
air; this being so, there would be some advantage in continuing the uptake a
few feet above the point of discharge to allow the air columns to exhaust on
being liberated at the overflow, and in proportioning the lift and air pressure
50 as to obtain the maximum expansion effect. In any case, it is certain that
the action of the air in being forced into an ascension pipe properly submerged,
lifts the water by reason of its buoyancy, and is little influenced by the kinetic
energy of the air issuing from the nozzle, and may be said to lift more after the
manner of an elevator than a pump, any specific difference in effect obtainable
by one disposition and form of nozzle over another being entirely demonstrable
by using a coloured liquid in a glass ascension tube experimental apparatus,
such, for instance, as the Borsig air-lift pump installed at the Machine Labora-
tory of the Technical High School at Berlin.

Whatever difference of value the respective methods of introducing the air
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into the liquid may have, in no way detracts from the importance of properly
proportioning the degree of submergence, the diameter of air and water pipes,
together with the most suitable pressure and volume of air, in order to obtain
the most successful result ; in support of this assertion we have only to consider
the several variations adopted by different makers of air-lift plant in the method
of arranging the submerged parts. The Worthington method, for instance,
is to introduce the air by a pipe arranged concentrically within the ascension
pipe; while in the Isler, the air pipe is sometimes suspended inside the uptake,
and in others the uptake within the air pipe, and yet again, where the diameter
of the well permits, to carry the two pipes down side by side. In the Pulsometer
and Mather & Platt methods the pipes are arranged side by side; the former,
in place of arranging the air pipe so as to project up into the mouth of the ascen-
sion pipe, connect the air pipe to a sleeve surrounding the uptake at a point
some distance up from the bottom, where it enters and mingles with the water
within by means of an annular series of openings, The Thom method is to
place the uptake within the air pipe, and the American, Well Wo:ks wvice versd.
In the A. C. Potter air-lift pumps—e.g., the Skegness Waterworks—the con-
centric method is adopted. A notable difference is to be found, however, in
the disposition and construction of air-lift apparatus on Price’s taper-lift system,
which is an innovation that possesses several features of interest, and may be
said, with some justice, also to more nearly approach finality in respect of economy
of working than any other. The taper tube air-lift pump consists of a rising
main built up of tubes of a gradually increasing diameter from the intake to
the delivery outlet, in connection with which is used a concentrically srranged
air-supply pipe, having a discharge nozzle called the * ejector,” which is capable
of adjustment from the surface—the tout ensemble being known as Price’s
Taper-tube System—the construction of which is shown by the sectional drawing,
Fig. 77. In the illustration L is the borehole tube, and T, T', and T? the tapering
uptake, this being built up of tubes of two or more diameters, according to
the depth of the well ; the rising main is supported by the head-piece H, in which
is formed the delivery outlet D. Over the head-piece is carried a cylinder C,
containing a piston P, on to which is suspended the air tube A, this being per-
forated under the piston to admit the air; the function of the piston or the
balance weight B is to assist in the adjustment of the depth of the air tube
by the hand-wheel J. Situated about midway between the surface of the water
and the air discharge valve V is a second air-outlet nozzle Z, this being opened
in starting when the rising main is filled with water up to the level in the well,
water meanwhile entering by the perforations in the bottom of the uptake
at BE. The two air nozzles Z and V are arranged so that only one shall be open
at the same time; this is accomplished by allowing the annular seat of the
valve V to support the portion of the air pipe between V and Z, thus closing
the ring nozzle V and opening the nozzle Z, as shown in the detached sectional
view, where the upper portion of the air-supply pipe, represented by A, is shown
with a conical plug G, which opens to the rising main on A being lowered. Now,
on raising the air pipe A by the wheel J until G closes to the valve box Z, air
discharge at this point will be shut off, and by further raising the air pipe A,
the section A! below Z will be raised, thus lifting the conical valve attached
at the bottom, up from the seat carried by the pedestal E; the extent of the
annular opening at the air-discharge valve at V is capable of exact adjust-
ment by this means, so enabling the utmost advantage to be obtained from
the air discharge at high velocity, and by tapering the tube the upward velocity
of the rising column of mixed water and air can be made more coustant, the
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dir being in this manner permitted to expand laterally in place of vertically ;
this would mean in a rising main, say, of 500 feet in length, and tapering from
a diameter of 4 inches to a diameter of 63 inches, a difference in area at the
bottom of the uptake as compared with the delivery end equal to one-half;
the veloeity of the aérated water flow in delivering 100 gallons per minute would
thus be, for a submergence of 200 feet, equal to a volume of water of approxi-
mately 16} cubic feet per minute, plus a volume of air at 100 lbs. per square
inch, equal to 11 cubic feet per minute. The combined volume entering the
bottom of the rising main would thus be 271 cubic feet per minute, and would
result in a velocity at the bottom or narrow end of about 215 feet per minute,
which would in ordinary practice—i.e., with a parallel uptake and expanding

Tig. 77.—Price’s Taper Tube Air-lift Pump.

down to 14 atmospheres (i.e., to about 7 lbs. pressure)—result in an accelerated
velocity equal to 790 feet per minute, due to the expansion of the 11 cubic
feet of air to 40 cubic feet. Now, in order to obtain the most efficient result
the area of the delivery end of the uptake should in this case be 3-7 times
larger than the intake end, in order to avoid loss of power by acceleration. The
work accumulated in raising the velocity of 100 gallons of water from 215
to 790 feet per minute is approximately 1,600 foot-1bs., which represents less than
1 per cent. of the actual power required to overcome gravitation, and the loss due
to acceleration with a 66 per cent. taper is reduced to 04 per cent. However negli-
gible this may be, a careful investigation of all the peculiarities pertaining to the
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action of compressed air in lifting a column of water, shows results that justify
the use of a tapering uptake in comb'nation with an adjustable air admission,
judging from the working of an air-lift pump on this system at the Wandsworth
and Putney Gas Works, of which the following particulars are abstracted from
a report appearing in Engineering, September 21st, 1906 :—Depth of borehole
630 feet, diameter 7} inches, the well being lined to a depth of 280 feet below
the surface; length of rising main from the ejector to the delivery overflow,
580 feet ; height of delivery above the surface, 33 feet ; water level while pumping,
223 feet—i.e., 69 feet below rest level, the effective lift being 256 feet, including
an allowance of 6 feet for friction in all the pipes. The capacity of the pump,
as measured by water raised, was 5,200 gallons per hour, and required 76-5
cubic feet of free air to be supplied per minute, at a pressure of 135 lbs. per
square inch—i.e., equivalent to 0-54 lb. pressure per foot of effective lift, and
5-6 cubic feet in volume of free air per cubic foot of water raised ; or, in other
words, 0-57 cubic foot of air at the ejector was used for each cubic foot of water
flowing into the mouth of the uptake per minute. Water horse-power, 7;
indicated horse-power of the steam cylinders of the direct-driven two-stage
compressor, 19:6 ; efficiency of plant, 36 per cent.; and thus shows a material
advance over results obtained in ordinary practice.

Considering this result, we find that the power lost between the steam
cylinders and the air receiver amounts to 8 H.P., and the actual air horse-power
as represented by 765 cubic feet compressed to 135 lbs. per square inch amounts
to 11-5; now, the water horse-power amounts to seven, thus showing that nearly
twice as much power is lost in compressing the air as in its application to the
actual work of lifting the water, the net efficiency of the compressor and engine
being slightly below 60 per cent., and represents an efficiency which is doubtful,
and can be materially exceeded in the ordinary two-stage water-jacketed com-
pressor with inter-cooler ; if, therefore, the air were compressed at within, say,
50° F. of the free-air temperature, and mechanical as well as air resistance reduced
to a practical minimum, the loss then between the steam and air cylinders should
not exceed 15 per cent., and the loss between the compressor and the receiver
7 per cent., as represented by diminution of volume after leaving the com-
pressor, 5 per cent. being an ample allowance for valve and pipe resistance. On
such a basis the net efficiency between the steam cylinder and the discharge
nozzle would be 75 per cent.; and whereas the efficiency of the air in lifting
water according to the above figures is 60 per cent.—i.e., from leaving the
receiver—it would on this basis, with a compression efficiency of 75 per cent.,
show a net efficiency for an air-lift pump between the steam, indicated horse-
power, and the water horse-power (as represented by the volume of water raised)
equivalent to 45 per cent., a result that would increase the usefulness of com-
pressed air in this connection very considerably.

Enough has been said to show that the great impediment to the application
of air-lift pumps on a large scale is due to the loss of power in the compressor.
This loss, according to generally accepted deductions, is approximately midway
between isothermal and adiabatic compression, the error being more generally
on the wrong side of the dividing line; for example, the energy required to
compress 1 1b. of air to 11 atmospheres—t.e., a pressure very frequently used
for air-lift pumps—is 96,000 foot-lbs. for adiabatic compression, 664 thousand
foot-iks. for isothermal compression, and as high as 81-6 for the * best cooling ”
methods in ordinary practice, showing a loss of nearly one-fourth the energy
expended on the compressor piston to be due to inefficient cooling. This is
obviously unavoidable in the ordinary form of single or double-acting compressor,
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however well the cylinder walls, covers, pistons, and interchangers are cooled, as
the distance across a compressor cylinder of quite moderate capacity is too great
to abstract heat from the air except for an inch or so away from the cooling
surface, air being so poor a conductor. Very small cylinders overcome this
drawback to a great extent, but absorb more power in mechanical friction
and in leakage. From the writer’s point of view, in order to compress close
down to the constant temperature line, and thus obtain the maximum efficiency,
the compression chamber should as nearly approach the form of a condenser
as possible ; this may not appear feasible at first sight, but is quite practicable
by constructing a compressor to work with a hydrostatic cushion at one or both
ends of an ordinary water plunger; one form of such a compressor would
consist as follows :—At each end of a horizontal cylinder there would be a com-
pression chamber extending upwards, and of a capacity somewhat exceeding the
displacement of the plunger piston; this chamber would be divided into a
number of cellular spaces by ribs extending across from side to side in both
directions ; at the head of each compression chamber would be inlet and outlet
valves, as used in the best air-pump practice—i.e., rubber disc valves of ample
area. In action, the cylinder would be filled with water, which would rise and
fall at either or both ends to follow the movement of the plunger, the water being
supplied in sufficient quantity to practically avoid clearance, without escaping
with the air at the termination of each stroke. In such a compressor all the
cooling surface for the air would be water-washed at each stroke, and the com-
pressor piston being water-cushioned, there need not be any air space more dis-
tant than 1 or 2 inches from the cooling surface. The cylinder and hydrostatic
compression chambers would be water-jacketed in the ordinary way, and the
general construction of the working cylinder and plunger in accordance with recog-
nised pump practice. The mechanical efficiency of a compressor constructed on
these lines would be approximately identical to that of a good high-lift pump,
and the efficiency of compression be within 3 per cent. of the maximum possible,
as clearly the air would be compressed under conditions such as to cause heat
to be absorbed so rapidly as to enable compressed air to be delivered at prac-
tically the temperature of the cooling water. Owing to there being no clearance
and no necessity for intercoolers, compression up to at least 20 atmospheres
could be effected in one stage, and in this way avoid much loss of working
efficiency entailed by gland and piston leakages, and by the additional friction
losses involved in the practice of compressing in two stages, Further, with such
a compressor, necessity for lubrication—one of the troubles experienced in most
compressors—would be obviated; and as an efficiency as high as 75 per cent.
has been shown to be possible for the process of compression, and for water
raised as high as 45 per cent., it would seem that a compressor constructed on
these lines would be worth while, the increased efficiency off-setting the necessary
extra cost of construction due to its slowness of action and increased size; for
obviously the plunger speed would be limited to prevent splash and consequent
escape of water with the air past the delivery valves, thus resulting in loss of
power that may exceed the advantage gained by conforming more nearly to the
1sothermal line.
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CHAPTER X.

APPLIANCES FOR RAISING PETROLEUM FROM ARTESIAN OR
BOREHOLE WELLS.

As an increasing proportion of the total output of petroleum oii, now exceeding
50 millions of tons per annum, has to be brought to the surface by mechanical
means, a consideration of the various appliances that are adapted for raising oil
from deep wells will not be without interest. Further, considering that four-
fifths of the oil raised has to be pumped from depths exceeding 200 feet, and at
least one-third of this proportion from depths of from 300 to 500 feet down,
this process cannot otherwise than be associated with many difficulties. Many
wells in Caspania, Galacia, California, Mexico, Borneo, Burmah, Trinidad, and
other fields, are bored to depths ranging from 1,500 to 2,500 feet and more, from
which oil, intermixed often with a considerable proportion of brine, has to be
frequently raised from the 600-foot, and in some cases from the 1,000-foot level.

The appliances that have been pressed into this service, as will be gathered
below, present some extremely varied and interesting characteristics, the prin
cipal of which consist of :—(1) Special adaptations of the ordinary plunger force
pump; (2) an appliance known as the baler pump; (3) the compressed air
displacement pump ; (4) the air-lift pump; and (5) an appliance that may be
termed a conveyor pump or elevator. Of these several appliances for raising
petroleum, the first named is more suitable for comparatively shallow wells,
although used for deep wells when sand is not present. The common practice
in the Pennsylvanian and other oil fields, where wells have not to be bored to
greater depths than 300 feet or so, is to link up a series of pumps so that a number
of wells can be worked from a common power-house by means of suitably sup-
ported tension rods, and presents a practical means for separating the boiler-
house some distance from the wells—a consideration of some importance when
steam power is used. Plunger pumps employed for this purpose seldom exceed
a diameter of 6 inches, but pumps from 3 to 4 inches are the sizes most commonly
used ; these are generally single acting, and fitted with spherical or ball valves
on account of difficulty with the sand encountered, the ball valve being less
liable to stick up than any valve requiring a guide stem. The apparatus shown
in Fig. 78 serves as well as any other to illustrate the kind of actuating gear
adopted for linking up a series of small plunger pumps, this, as will be seen,
consists of a vertical gear-driven shaft, on which are keyed a series of large
eccentrics (z), from the strap surrounding each of which are connected a series
of rods, wires, or ropes to the various wells, where the horizontal motion is
changed to a vertical one by an ordinary crank lever. A flexible steel wire as
at (e) is the form of connection most suitable for wells at such a distance as to
require guide pulleys, although for shorter distances an iron wire such as (r)
or wood strut as at (d) is commonly used, these for distances not exceeding
500 feet or so being supported on rocker arms,
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'The appliance used for raising petroleum from the deep wells of the Baku
district, where the strata bored through is of a peculiarly sandy nature, is known
as a baler pump or “ jelonga,” and is a development of an early form of pump
used tor water wells. The baler, as now used for raising oil, ranges in size from
6 to 18 inches diameter, and from 15 feet to 40 feet long, and is suspended by
a wire rope (from £ to % inch diameter, according to size of bucket) from a pulley
as at (e), Fig. 79, carried by a derrick (k) built to a height to enable the * jelonga
(b) to be emptied into a tank (p) or race alongside. In consequence of the
extreme length of these buckets (from 30 to 40 diameters) the height to which
the derricks are carried is often found to exceed 60 feet and higher, and forms,
in consequence, quite a characteristic feature of many oil fields. The power
required to work a baler pump 10 inches diameter by 20 feet long, and weighing
520 lbs. empty and 1,200 lbs. full, is from 38 to 40 I.H.P., there being naturally

Fig. 78.—Multiple Plunger Pump actuating Gear for Oil Wells.

no means for utilising the power lost in the lowering process. With a baler
of this size, 1,000 lbs. of oil-well liquid consisting of brine, sand, and petroleum
can be raised per minute from a depth of 510 feet (the bucket being lowered
to a depth of 1,100 feet at alternate dips) on a consumption of 240 1bs. of astatki
per hour, and will, therefore, be seen to average 6 lbs. per L. H.P. per hour.
Although a baler pump can be operated at such high speeds as 700 to
1,000 feet per minute, the output is considerably limited owing to its intermittent
action, and as in ordinary practice the bucket is lowered several hundred feet
below the level of the liquid at every third or fourth dip for the purpose of pre-
venting the bottom of the well from silting-up, the greatest number of dips seldom
exceeds from 20 to 30 per hour. In action a tremendous agitation is set up in
the well if precaution is not taken to slacken the speed on striking the oil
column, which agitation is considered by many authorities to have a detrimental
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effect on the natural inflow of oil to the well—a conjecture that is fully substan-
tiated by the greater output of oil from wells operated by a continuous system
of pumping, as by air-lift and elevator pumps. Another disadvantage associated
with the operation of a baler pump is the unremittent attention demanded on

! :
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Fig. 79.—Derrick and Winding Gear for Baler Pump.

the part of the operator in charge of the winding engine ; there is, moreover,
@ considerable wear and tear of the cable to be allowed for, as well as damage
done to the bucket in contacting with the casing used to line the borehole,



124 MODERN PUMPING AND HYDRAULIC MACHINERY.

this latter defect being more particularly in evidence with wells bored out of
‘umb.
% The construction and manner of working an oil-raising plant operated on
the baler system will be gathered from the illustrations, Figs. 79 and 80. In
this example, the borehole (w) of a minimum internal diameter of 12 inches
is carried down to a depth of 1,500 feet, and lined with a steel casing down to
somewhere about the 800 to 1,000-foot level. The casing is increased in diameter
at the upper levels for convenience in tubing the lower levels, as in the practice
followed in the boring of artesian wells for water supply.. In this instance the
diameter of the casing is such as to allow a working clearance for the bucket
(b) which is 10 inches diameter by 34 feet long, and suspended by a steel cable
of & inch diameter from a pulley (¢) of 5 feet diameter, carried by the wood
derrick structure (k), the bucket being raised and lowered from a winding engine
(m), which may be actuated electrically, by oil, or by steam power, as shown.
In general practice the bucket is lowered down into the well at a speed closely
approaching 1,000 feet per minute, until near the surface of the liquid. The
bucket, after being immersed for a few seconds to allow it to fill from the valve
{v), is then again as quickly raised and the contents emptied into a tank, this
method naturally necessitating a higher derrick ; or, the bucket can be emptied
into a sluice as at (p), from which the oil runs by gravitation, or is pumped into
a storage tank that may serve for a number of wells. The bucket is provided
either with a disc filling valve, as shown at (v), or with a ball valve, or again
with a spherically seated valve with a stem projecting downwards, and known
as an arrow valve; a flap valve is also sometimes fitted. The bucket, which
is of thin steel, must always be from 1} to 3 inches less in outside diameter
than the bore of the casing at its narrowest diameter, and can be operated
under normally favourable conditions with a winding efficiency of from 50 to
60 per cent., when the net efficiency, as represented by the difference of indicated
power and oil raised, falls somewhere between 25 and 30 per cent.

Particulars of Baler Pump (10 inches x 31 feet).

Weight of bucket empty, . 3 g . : . 350 1bs,

»»  contents, 5 P 2 5 : 121510075,

,»  cable, . 3 5 2 o 3 . ’ 22035
Total weight to be lifted, . . . 5 3 » 1,670 ,,
No. of dips per hour, . . 3 . 3 3 5 25
Power required to lift baler empty, . A o 4 20 H.P.

- " charged, p v @ 5 (613) & =8

It will thus be seen that in the working of a baler pump there is an approxi-
mate loss of from 30 to 35 per cent. in lifting the dead-weight of the cable and
bucket at each dip. The average power required to operate'a number of baler
pumps electrically from a central power-house ranges from 26 to 30 E.H.P. per
pump, capable of raising a volume of liquid representing 9 P.H.P. The net
efficiency, therefore, obtainable in operating a series of baler pumps under
these conditions ranges from 29 to 33 per cent.; as between the power repre-
sented by the oil raised and the power expended at the winding drums.

Of the two methods for raising oil by compressed air—viz., by direct air
pressure or displacement, and by elevator or buoyancy action, the first named
18 now not much used, as its operation not only entails a more expensive con-
struction, but a less efficient action than the air-lift or aération method. The
action of a direct air-pressure pump is intermittent, and is usually controlled
by hand, but can be constructed to vrork automatically as shown below. The
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speed at which a direct air-pressure oil-raising appliance can be operated is
determined more by the size of the air supply pipe than by the pressure at which
the air is delivered, as obviously the principal factor in control of the rate of
output is the time occupied in recharging the filling chamber, which is deter-
mined by the combined resistance of the air exhaust and of the inflow of oil
from the well to the submerged displacement chamber.

Although displacement pumps actuated by direct air pressure have been
employed for raising petroleum from
artesian wells, their working has met
with indifferent success, their failure
being more due to the excessive
clearance space between the filling
tube and the air-distributing valve
mechanism at the surface level than
to any other cause, the consumption
even with an early cut-off being very
high, owing to toe impossibility of
arranging the admission valve close
to the displacement chamber. An
air- displacement artesian oil - well
punup of the kind that has been used
in Austria, Bavaria, South Russia,
and elsewhere, is illustrated at Fig.
81. In this construction the com-
pressed air is supplied by the pipe A
to the long filling chamber B, which
is provided with a spherical suction
valve § arranged in a guide cap
screwed over the bottom end of the
tube B; at the top a second cap is
screwed on containing a smaller dis-
charge valve H communicating with
the delivery pipe D, and having an
intake pipe P extending down nearly
to the bottom of the filling chamber
B. In action the pump is suspended
by the uptake from a plate T, at a
depth at which B will be quite
immersed, the lower the immersion
the quicker the chamber B is filled,
for which purpose the pipe A is
either automatically or by hand
placed into communication with the
atmosphere, when by the admission
of air at a pressure corresponding to
the depth of B the contents can be
forced out by way of P past H into
the delivery pipe D. The operation is necessarily slow owing to the restricted
areas of the air and oil pipes, which when operating at a great depth, say
flOO feet, impose a considerable resistance; this, however, is of negligible
importance compared to the consumption of air due to the clearance in the
supply pipe; for instance, with a filling tube 6 inches inside diameter by 16 feet

Fig. 81.—Air-displacement Artesian Oil-Well
Pump.
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long, its capacity minus the displacement of P is 3,700 cubic mches, and the
clearance in A 2,800 cubic inches, thus requiring at this lift 1 cubic foot of air
delivered at 220 lbs. per square inch for each 5 gallons raised, as against 0-6 cubic
foot for a like output on the air-lift principle. The displacement pump, per contra
does not depend on a submergence much exceeding the length of the filling tube,

An application of this principle arranged with a modified form of distributing
mechanism of Hungarian origin for the purpose of automatically admitting
and exhausting compressed air to obtain continuous working of an artesian
well displacement pump is clearly illustrated by the sectional, elevation, and
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Fig. 82.—Air-displacement Borehole Pump with Automatic Float Distributor.

plan views at Fig. 82, automatic action in this case being obtained by the action
of a cistern of about the capacity of the pump-filling tube, which is provided
with an air-tight chamber placed in communication with the contents of the
cistern from time to time, the liquid being prevented from entering by the
entrapped air until the level in the cistern has attained to a certain predeter-
mined point, when a small float opens a ventilator valve—or an ordinary ball-
cock may be used—which allows the entrapped air to escape and liquid to enter
from the adjacent cistern. This action causes a large float contained in the
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air chamber to lift and ordinarily to actuate a 3-way cock controlling the
admission and exhaust of air to the submerged filling tube, as well as to open
and close a valve for emptying the cistern.

In this automatically operated displacement pump, a filling tube E of a
diameter of 8 inches is suspended from the anklet casting Y to a depth of 400 feet,
the tube being provided at the bottom with a socket and suction valve cap V,;
and within this outer tube is suspended an uptake tube B to within such distance
from the suction valve as required to constitute the filling chamber. At the
bottom of this inner tube is screwed on a cap containing the delivery valve V,,
from which depends, as in Fig. 81, a pipe P, the slight clearance between B
and E serving as a conduit for the admission and exhaust of compressed air
controlled by the piston distributing valve D. The uptake B communicates
with a cistern K of slightly greater capacity than the filling chamber. Adjacent
to this cistern is the air chamber N, provided with an air-tight cover H, passing
through which is a rod attached to a metal or wood float T, which is caused to
rise on the pilot float F opening the ventilator valve communicating with the
top of N, thus allowing ingress of oil from K through X. The float T in rising
cuts off at an early stage the admission of compressed air to the pump, and
on reaching nearly to the limit of its stroke upwards causes the valve G to open
communication with the delivery outlet, and the valve D to the atmosphere,
when the float T sinks to the bottom and traverses D down for the admission
of air for another displacement of the contents of E, the float-actuated pilot
F meanwhile again sealing the chamber N. The necessary adjustment for the
desired working speed is controlled by the air stop valve A and emptying valve
W, the relative positions endways of the valves D and G being adjusted by nuts:
on the rods (d) and (g) to the levers L to obtain correct timing of their motion
with the movement of the float, the throttle W serving the purpose of timing
the period required for the filling of the submerged portion of the pump.

The output of a pump of this kind depends not only on the air pressure
available and degree of expansion relative to the lift, but is directly influenced
by the depth of immersion and area of the inlet valve, and also to some extent
by the back pressure of the air exhaust during filling, this with the restricted
air-supply area necessary in order to diminish clearance to a fine point being
equal to a head of 10 feet or more, with a velocity of air discharge for a speed
of working of two strokes per minute being some 20 feet per second. The system,
therefore, does not compare in economy with the air-lift pump, nor in simplicity
either, its only advantages of any importance consisting in not requiring a much.
greater depth of submergence than that of the displacement chamber, and in not
causing the excessive agitation as set up by a baler pump. The minimum
amount of free air required for raising 1 cubic foot of oil-well liquid 400 feet is
15 cubic feet to 17 cubic feet ; this, however, although required to be compressed
at a considerably higher pressure than that absolutely necessary with the air-
lift,” yet does not exceed the pressure percentage to “lift ”’ often employed in
raising petroleum from deep wells on the aération principle.

The direct air-pressure principle compares to less and less advantage the lower
the level from which the liquid is to be raised; for instance, to pump from a
depth of 700 feet would require an air pressure of 375 lbs. per square inch, and
the consumption of air at this pressure would be approximately 12 cubic feet
per minute, at a speed of working equal to 40 discharges per hour; or, in otber
words, 1-7 cubic feet of air at 375 Ibs. pressure would be expended for each cubic
foot of liquid raised, and as the power absorbed in compressing 300 cubic feet
of free air per minute (the volume required to raise 12 tons of oil liquid from
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a depth of 700 feet) to this pressure, will not be much less than and may be more
than 80 H.P., the net power efficiency of a pump working on this system cannot
very well be higher than from 11 to 12 per cent. in delivering against this head.
In common fairness to this method of raising petroleum or other liquids, it
should be stated that this low efficiency will improve in proportion as the depth
of lift is diminished by reason of reduced clearance loss in the shortened air-
supply pipe—i.e., provided the well be free from sand, for otherwise leakage
past the filling valve would make this type of pump impossible for any lift.

Compressed air can be used to much better advantage when applied on the
aération principle, as in this form of pump no submerged mechanism is needed,
the lifting power as applied to the raising of liquids on this method being due
to the aération of an ascending column, hence the title ¢ air-lift.” In this pump
the only parts required in the well are two pipes, one for the supply of compressed
air, and one for the uptake, both of which are submerged to a depth in the liquid
equalling about half its level below the point of delivery. There are several
ways of arranging these pipes, as before pointed out, but the usual practice for
deep wells of comparatively small diameter, such as used for raising oil, is to
subtend the air pipe within the ascension pipe, as shown at (d) and (n) in the
illustration (Fig. 83). The end of the air pipe usually terminates in a rose, as
shown at (f), and is provided with a series of outlets having preferably an upward
direction, although not necessarily so. Around the nozzle, and for a considerable
depth below, the ascension pipe is extended downwards as shown at (z), the
pipe at this point being of a slightly increased diameter, so as to oppose as little
interference as possible to the entrapping of the liquid. The ascension pipe
is carried by an anklet casting provided with a packed gland (g) for receiving
the air downtake pipe (d), a construction that lends itself for raising and lowering
the nozzle in order to obtain a submergence best adapted for the oil level.

The air nozzle is usually subtended to a distance from the point of delivery,
equal to from 60 to 70 per cent. greater than the total lift—.e., the distance
from the oil level, as shown at (v), to the discharge outlet (p). Thus, in order
to raise oil from the 700-foot level as at (v), the depth of submergence of the air
pipe must be approximately 500 feet. The ascension pipe is proportioned to
an absolute minimum in diameter, owing to its great length, and in a pump
having a capacity of 12 tons of oil per hour from the 700-foot level ; the bore
of the outer pipe is 4} inches, and that of the inner pipe 2} inches, which is the
limit of size in order that the velocity of the air column may not exceed 50 feet
per second. The volume of air discharged at the nozzle to raise 7 cubic feet,
or 40 1bs. of liquid per minute, is in good practice about 8 cubic feet per minute
at 300 lbs. pressure, which is the equivalent of 0-6 Ib. pressure for each foot of
submergence, and is thus seen to compare very favourably with the volume
of 12 cubic feet at 375 lbs. pressure, as required to raise an equivalent weight
of liquid by a pump operated on the direct air-pressure displacement method.

The cost of an air-lift installation is approximately the same as that of a
baler pump, when taking into consideration the derrick, and only two-thirds
that of a displacement pump; but its principal advantage is its continuous
action, and in requiring no operating valve or mechanism either in the well,
or at the surface, which, together with the other advantages named, constitute
features of value which outweigh its dependency on such deeply submerged
pipes, and to the fact that by an air-lift'a deep well cannot be pumped to within
several hundred feet of its lowest level. For instance, on the property of the
Russian Petroleum and Liquid-Fuel Company, at Bibi-Eibat, where some 1_5
compressors of a combined capacity equal to the compression of 4,500 cubic
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feet of free air per minute, to pressures varying from 200 to 300 lbs. per square
inch, have been installed, the raising of oil on this principle has been of peculiar
value, as a great quantity of sand, saline, and other solids are brought to the
surface with the petroleum, from which cause the use of deep-level plunger pumps
is next to impossible ; and the use also of a baler very unsyitable owing to the
curvature of many of the wells, which would necessitate the use of balers con-
structed in halves and articulated so as to avoid being strained in rising and
falling by a certain degree of flexure; balers constructed of flexible metallic
tubing have been used in some bad cases where the curvature is unusually
pronounced. .

As oil wells in this district vary in depth from 1,000 to 2,000 feet, they
present many possibilities for wear and tear, not only on account of their want
of straightness, but owing also to overwinding of the baler drums, it not being
unknown for a bucket to be shot right over the drum, and, needless to say, hope-
lessly smashed. Air-lift pumps, although presenting a most convenient alter-
native for raising petroleum, having been, as before pointed out. first used for this
purpose, are not by any means as economical in power as the baling process
Take, for instance, a well having pipes extending down to 1,540 feet, the ascension
pipe of 4 inches internal diameter containing a 2}-inches diameter air-supply
pipe, which is continued down to within 70 feet of the end of the uptake, which,
by-the-way, is carried down to within a few feet of the bottom of the well, in
order to prevent silting up, and to obtain the maximum degree of submergence,
which in this case is 47 per cent. of the actual lift of 770 feet, this requiring
an air pressure of 300 lbs. per square inch, supplied by a two-stage compressor,
having cylinders 7 and 14 inches diameter by a stroke of 12 inches, and run at
75 revolutions per minute. at which speed the volume of free air compressed is
150 feet per minute. The volume of compressed - air discharged into the
well at a pressure of 20 atmospheres is 7-5 cubic feet per minute, and the volume
of petroleum raised per minute 6-25 cubic feet, which is equal to a weight of
396 1bs.—.e., approximately in degree of density to that of salt water. Now
this represents an actual gravitation or petroleum horse-power of 9-25 and
shows an efficiency of 25 per cent., the indicated horse-power of the compound
direct connected steam cylinders being 36.

In another instance, with pipes and a well of the same diameter, but having
a submergence of only 37 per cent., and a direct lift of 650 feet, 5-5 cubic feet
of petroleum on these conditions is raised per minute by an air pressure of
350 bs. per square inch, the actual gravitation horse-power being seven ; how-
ever, in this case, a greater percentage of air is required, as would be expected,
owing to the reduced ratio of submergence, and results in a net efficiency of only
15 per cent., and thus shows in a marked degree one of the influences in the
working of a pump on the air-lift principle. As previously indicated, the most
economical results are obtained with a submergence of from 55 to 65 per cent.
of the total lift in the rising main—i.e., the distance between the level at which
the liquid leaves the uptake and that at which the air is discharged in the well—
any increased depth beyond this necessitating a proportionate increase of air
pressure, which, with a compressor of ordinary efficiency of 50 or even 65 per
cent., will absorb more power than that gained by additional submergence—
1.e., the resulting lifting power, if any, thus obtained, will be more than counter-
balanced by the decreasing ratio of efficiency of the compressing plant—then,
again, the effect of reducing the ratio of submergence will result in an increased
volume of free air being supplied at reduced pressure. In the case of the oil
wall air-lift pump referred to, working with a submergence of 47 per cent., the
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volume of free air is 24 cubic feet for each cubic foot of petroleum raised, the
lift being 770 feet, and the pressure 300 lbs.; but in the other case, havmg a
37 per cent. submergence and a lift of 650 feet the volume of free air required
per each cubic foot of petroleum raised is increased to 40 cubic feet, the pressure
being reduced in this case to 170 lbs. per square inch. In order to emphasise the
effect of arranging for the air discharge to be too near the surface of the liquid
in the well, it may be borne in mind that it is even possible to elevate a liquid
by compressed air with a submergence of just sufficient depth to cover properly
the discharge nozzle, but at a great expenditure in air, the liquid in this extreme
case would obviously be lifted in the form of spray.

Other useful data bearing on the application of the air-lift pump for raising -
oil from deep levels are as follows :—

Depth of well, . e . 1,540 feet.
0il level beneath the surface, g . TIONES
Submergence of air nozzle, . 5 3 540 ,
Ascension pipe continued down to ¢ 1,500 feet.
Diameter ascension pipe, 3 5 4 inches.
Diameter compressed air pipe, . g 2k -+,
Air pressure per square inch, 5 : 300 lbs.

Volume discharged at nozzle per minute, 7°5 cubic feet.
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Volume petroleum raised per minute, . 625
‘Weight petroleum raised per minute, . 396 lbs.
Actual petroleum or P.H.P., . 9:25
Indicated H.P. in steam cylinders, J 36

Net efficiency, . : . . 25 per cent,

Another instance is as the following :—

Depth of well, . ‘ . 1,500 feet.

Direct lift, o . . . s 8 > - 650 ,,
Submergence, . ¥ . b - ’ . 455 ,,
Air pressure per square mch . . . . . - 350 Ibs. :
Petroleum raised per minute, 5 - 5 P X 55 cubic feet.
Net efficiency per cent., . . . . 5 - 5 15
Again—

Two-stage compressor (cylinders 14" x 77 X 12”), revolutions

per minute, 5 . 5 5 145
Volume of free air per mlnute in cublc feet, . - . o 300
Compressed to lbs. per square inch, . 5 . & 5 270
Indicated H.P. of steam cylinders, P 4 Pl - v 70
Petroleum H.P., . . . . . 154
Petroleum ralsed per mlnute in Ibs. gy . . . . 1,000
Petroleum raised from depth in feet, . g 5 5 . 510

. . . . N 22

Net efficiency per cent., . -

And again with a two-stage compressor—
Volume discharged at nozzle per minute,

8 cubic feet.
Volume petroleum raised per minute, . 7

Weight petroleum raised per minute, 3 . . . 3 440 Ibs.
Qil level in well, { . 3 2 i g = % 700 feet.
Depth submergence, . < . . % " v e 500 ,,
Actual pump H.P., . . . . . > 9
Indicated H.P. in steam cylmders, . . . . . 45

Net efficiency, . . . 20 per cent.

The following volumes of free air in cubic feet are average requirements
for each cubic foot of oil raised from a depth of 500 feet :-—

With a submergence of 70 per cent., . . . . . 11
" » 60™ 3, . : 5 B Tl
% 2 501 s, g 3 ; g 1%
2 ” 40 ” . . . . 25
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Again, to lift 1 cubic foot of oil 600 feet, with 66 per cent. submergence,
requires 15 volumes free air at 175 lbs. per square inch. To lift 1 cubic foot
of oil 850 feet, with 43-5 per cent. submergence, requires 35 volumes free air
at 165 lbs. per square inch.

N.B.—Petroleum as obtained from the above records averages about 66 lbs.
per cubic foot.

In order to overcome the disability under which all oil-raising appliances
operated on the air-lift principle have to work—viz., “ the deep submergence
of the uptake pipe, so making it impossible for a well carried down to the 1,500 ft.
level, for instance, to be pumped to a lower level than 1,000 feet, thus leavmo

-a depth of 500 feet of oil in the well, from which cause oil is naturally obstructed

from flowing into the well from hydrostatlc pressure, and the well, therefore,
prevented from being worked to its full capacity —several appliances have
been devised to raise oil on the conveyor principle, The essential feature in
the conveyor or elevator pump is the employment of an endless kand, one loop
of which depends into the well with a few feet of submergence, and the other
is arranged to run through a pair of rollers to squeegee the oil adhering to the
band into a collecting vat, sluice, or tank. The velocity at which a band may
be driven depends upon the v1scos1ty of the oil; in the Pedley oil elevator,

a steel band 3 inches wide by 1t inch thick has been used for a well 500 feet
deep in California, in which the oil to be raised is rich in paraffin and compara-
tively thin in consistency; the output, therefore, was found to be less than
would be expected with a thicker oil. In the Pedley endless steel band elevator,
the oil is scraped off by a sort of spoon, the band simply running over a flanged
driving pulley, and kept taut by a weight suspended in the well from a small
runner. The band when driven at a velocity of 20 feet per second was found to
raise about 30 lbs. of oil per minute, and to require only about 1 E.H.P. to drive
it, thus demonstrating that oil can be raised in this manner with a very high
efficiency.

In the Leinweber elevator pump, several of which are used by the Galician-
Carpathian Petrolenm Company in the Kryg oil fields, a hemp band is used,
on to which is attached a number of loose strands of ‘‘ carpet-shag,” in order
to increase the adhering capacity. A band of this construction is naturally
limited to a slow speed, but 1s found to have a high lifting capacity, as much as
2 lbs. per metre being raised at a speed of 1 metre per second, with a band 3-25
inches wide by 0-37 inch thick, from a well 9 inches diameter and 1,500 feet

-deep, and having only 50 feet depth of oil, under which circumstances it would

obviously be impossible to use an air-lift pump, and very difficult indeed for
either a baler or plunger pump to be worked with any show of success. It is
noteworthy that these belts, although three-fifths of a mile long, are made in
three lengths, and are sewn together at * well-head ” by cobblers’ thread and
a saddler’s sewing machine, such a band having a breaking strength of 4 tons,
and in fact has to carry a surcharge load of 3,000 lbs. on the ascending side.

The method employed for driving and pressing the oil from the band is
illustrated diagrammatically by Fig. 84, in which the band represented by (p)
first passes over a pulley (e), the ascending charged side then passing through
a pair of rollers (r) situated over the oil collecting vat (y), the band thence passes
twice over the iwo driving pulleys (m, m'), which are geared together, the
squeeged end then returns down the well after passing over the pulley (¢'). The

-complete apparatus is of necessity strongly made, but has the advantage of being

quickly set to work, the splicing of the band and lowering into position not
requiring more than a few hours,
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A self-contained band conveyor pump, electrically driven and of substantial
construction, has been designed by the writer for use in deep wells in which
the oil only rises at most to a hundred feet, so precluding the use of an air-lift,
or in some cases even a baler pump. In this pump, of which the illustrations,
Fig. 85, are reproduced from working drawings, an endless two-ply gandy belt
(¢1is suspended over the well by an A frame structure carrying two puileys (a, a) ;
the ascending end of the belt thence passes in the direction of the arrows over
a roller (r1), on to which it is pressed by the roller (r2), the oil thus squeeged
from the belt falls into the cistern (n), whence it can be drawn off at the outlet
{(p). The descending end of the belt after leaving the roller ') passes over the
guide pulley (r), and thence over the pulley (a') to the well, where at the loop
it is held taut and centrally with the well casing by a suspended weight (w).

Fig. 84.—Leinweber Endless Band Pump for Raising Oil.

The guide pulley () and roller (r!) are carried in bearings (b) capable of being
moved along the supporting frame by set-screws (e), by which means the re-
quired pressure can be obtained between the rollers (#!) and (#%). The driving
power is derived from a 20 H.P. electric motor (m) running at 900 revolutions
per minute, the driving roller (r!) being reduced in speed by the intervening
gear wheels to 100 revolutions per minute, from which the speed of the gathering
belt is approximately 450 feet per minute, but can be varied from 350 to 600 feet.
per minute. At the mean working speed a bel: without any collecting attach-
ments and 4-5 inches wide is capable of raising from 5 to 7 cubic feet of thick
oil per minute from a level 1,000 feet down, and the only submergence required.
is about 10 to 20 feet, and, moreover, with less expenditure in power than by
any other form of deep level pump; as the friction is very much less in the
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fig. 85, —Butler Deep Well Oil Elevator Pump,
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belt ascension than in a pipe, the more viscous the oil the greater the advantage
of the belt lift.
There is yet another method of raising oil from deep wells, in which the liquid
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only accumulates to comparatively shallow depths, and that is to first line the
well with a casing of one diameter from top to bottom, the lifting apparatus
consisting of a cup-leather-packed piston or plunger, which is lowered by its own
weight, a snifting valve being fitted in the top of the plunger to allow the air
to escape during its descent, and to enable the plunger to continue its descent
to the required level below the surface of the oil; when after a few seconds
the plunger is hauled up by a winding drum, by this method a column 50 to
80 feet deep can be raised at one stroke, and has the advantage of not requiring
2 high derrick. On the other hand, the cost of casing the well is higher, and the

power absorbed in frictional contact and through leakage during the ascension
stroke is considerable. 5
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CHAPTER XI,
BOILER-FEED AND GENERAL SERVICE PLUNGER PUMPS,

Tr1s all-important application of pumping machinery embraces in some degree
almost every form of direct-acting and power-driven pump, the endeavour of
makers being for the most part to supply an article which shall be essentially
reliable and automatic in action; the demand for this auxiliary when used for
marine purposes tending more especially in this direction than when employed for
power stations, in which instance economy is found to be the first consideration.
Pumps of this character are made in several types, but may be generally classified
as follows :—Direct-acting simplex and duplex pumps, flywheel pumps, and
gear or belt driven pumps : the two direct-acting types being equally adaptable
to the vertical and to the horizontal form of construction.

In recent years there has been a notable tendency for many makers to adopt
the direct-acting simplex or marine type of pump for boiler-feed purposes, in
the construction of which the principal differentiation applies to the steam end,
this being in almost all cases provided with a combined mechanically-actuated
and steam-thrown distributing valve of variously modified form, in which
connection there are, as will be seen by the following examples, some most
interesting and ingeniously planned gears,” the solution of this problem
evidently not being quite the simple nature as appearing at first sight, as pumps
used for this purpose are required to be capable of continuous action under
all sorts of working conditions for many days fogether, and withal be self-
regulating and, what is of the utmost importance, be positively proof against
sticking-up.  Provided these conditions be fulfilled, the direct-acting simplex
form of feed pumps present in a high degree such advantages as the following:—
(1) Economy in space occupied; (2) can be made with less steam port area
than the duplex pump, and be run slower than the flywheel or geared pump;
(3) the simplex form lends itself conveniently to being compounded for use with
high pressures ; (4) when used in pairs, the two pumps can be fitted with manifold
water connections, so that either pump may be employed on boiler-feed or for
general service as required, the second unit thus serving as a stand-by. Duplex
pumps, on the other hand, are simpler, have an absolute positive steam distri-
bution, and are less sensitive to neglect. The use of flywheel pumps of the
single-cylinder type are confined to auxiliary purposes and as feed pumps for
the numerous small boilers used on deck or land service; the double-cylinder
pump of this type, however, presents the advantage for being compounded
on the cross-over system, and can be constructed to work with a greater degree
of expansion than possible with the direct-acting simplex or duplex types when
worked at full capacity; but obviously to be able to run slow on an early cut-off,
an impracticable weight of flywheel would be necessary in order to obtain the
required balancing effect. This disadvantage is not present to quite the same
degree with geared 2-crank or 3-crank feed pumps—a type in very general use
in Continental practice for large power stations—although when electrically
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driven their efficiency is considerably reduced when run below normal speed,
owing to the waste of current resulting from the methods used for slowing down
the motor to an extent as frequently required in boiler-feed practice. Other
types in use for this purpose are variable delivery pumps and turbine pumps,
both of which are described in Chapters XVI. and XVIII.; to which may be in-
cluded also the pulsator pump, a device working on the displacement principle,
and adaptable under certain conditions where a high economy is not essential ;
and lastly, the various adaptations of the injector principle—both in simple and
compound form—as extensively used in locomotive practice, which extremely
compact and useful boiler-feed device is separately considered in the following
chapter.

%efore proceeding to describe the various types of pumps that may be used
for boiler feeding, a few remarks dealing with the thermal aspect of this appli-
cation will be appropriate. The theoretical quantity of steam required to force
water at equal pressures is that which will raise the temperature of the water
pumped from 5° to 6° F.; in practice, a high class compound pump will use
from 2} to 3 times this amount; pumps taking steam for the * full ” stroke
4 to 5 times this amount ; and pumps working at “‘ less > than their full stroke,
owing to faulty valve gear or other causes, may use from 7 to 9 times the amount
of steam theoretically required, from which it should be gathered that great
care is necessary in the selection of a pump that may be reasonably expected
to work with any approach to economy in general use.

Boiler-feed pumps are required to work at a great range of speed, and in con-
sequence of this the direct-connected simplex and duplex types are found to be
the most suitable and economical when fitted with gears ensuring the com-
pletion of the plunger stroke in both directions. In general good practice the
water plungers of pumps of this class are made double-acting, and fitted with
ebonite water sprung packing rings, composition liners and rubber disc valves
arranged in group form. The speed may be automatically controlled by the
water level in the hot-well by a float acting on the steam supply. Pumps of this
class must be capable of running dead slow, and be self-starting from any point
of the stroke.

Steam distribution is usually effected by a steam-thrown slide, piston, or
Corliss valve, controlled by a pilot valve actuated by a rod connected to the
main crosshead on the ““lost-motion ” principle, the essential requirements of
which is a gear that will traverse the distributing valve across the neutral point
without any liability to sticking fast, and also be capable of cutting-off the
steam admission at a point in the stroke to suit the speed the pump is required
to work at. In determining the capacity of a feed pump it is usual to allow
20 Ibs. of feed water per I.LH.P. per hour. In describing with an approach to
completeness the various classes of boiler-feed and service pumps in general
use, several examples illustrating the best-known makes must be considered,
and in commencing their description with those of the generic type known as
“ simplex pumps,” the various makes are taken alphabetically.

SIMPLEX PUMPS.

Proceeding, therefore, on these lines with a description of the * Blake-
Worthington * direct-acting pumps of the simplex class which are supplied
in great variety of form and size, we find the general characteristic in-design,
whether used for boiler-feed or general service, to consist essentially of a double-
acting steam cylinder, which is supported—in the vertical form by wrought-
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iron pillars, and in the horizontal by a cast-iron distance piece—irom the water
end, containing a double-acting piston or ram plunger which is directly connected
to the steam piston, the construction so far being in common with all pumps
of this class. Another feature of similarity is the construction and arrangement
of the pump valves, these having in many cases rubber discs supported by brass
backings held up to brass seatings by brass springs, the valves being generally
arranged in sets, which are superposed to one another, and usually contain
three or four valves in group form. All pumps of the direct-acting type are
invariably fitted with brass liners, plungers, and pump-rods, the two rods being
connected together by a sleeve which either carries an arm or is pivoted to a
link for actuating the distributing valve mecharism. It will be understocd
thdt for parts made in “ brass,” alloys of various composition are used as found
most suitable for their particular function, and that great care is usually taken:
in the selection of all material used in the construction of this class of pump.

It may be said, before describing in detail the action of the distributing
valves as used in the various makes of pumps, that in all single-cylinder, direct-
acting engines some means must be provided to traverse the valve across the
neutral point other than can conveniently be obtained from a movement com-
municated from the motor piston-rod, which cause explains the raison d’étre
of the use of the several forms of steam-thrown pistons or “ shuttles,” con-
trolled by pilot valves or other equivalent means; the only exception in this
regard to the writer’s knowledge being the “ Bradford ” pump, the action of
which will be explained later. In the ““ Blake” pump, of which a sectional
diagram is shown by Fig. 86, this action is obtained by means of the steam-thrown
piston shuttle B, which is controlled by the ports X and X! and extension to
the main slide valve C, which is actuated mechanically by the rod P for a short
distance towards the termination of each stroke of the motor piston A. The
main valve D, which controls steam to and escape from the main cylinder by
way of the ports H, H!, and M, and ports E, E!, and K in the valve C, is traversed
by the pistons B. As shown in the drawing, D is at the left-hand end ‘of the
stroke and C at the right-hand end. Steam can, therefore, enter the cylinder
through the ports E and H, meanwhile the exhaust is permitted to escape by
the ports H', E!, K, and M, and the piston A will be caused to move from
right to left. Now, towards the completion of this stroke, an arm on the sleeve
will move the rod P, and thus the valve C, together with the side extensions
controlling #he ports X, X1, N, and N, from right to left, which movement
admits steam to the left end of shuttle B, thus forcing it together with the main
valve D from left to right, for the movement of C will have opened port N and
closed N, and at the same time port X will have been put into communication
with Z. The two slides C and D will now have positions opposite to that shown
and will admit steam through E' and H', and exhaust through H, E, K, and
M, and thus cause the main piston A to move from left to right. The piston A
is prevented from striking the cylinder covers by reason of lead given to the
valve D by the shuttles B. This is even so should the movement of the shuttle
be tardy, for in this case steam will be admitted in front of A before the com-
pletion of its stroke, as the stroke of C exceeds that of D. Cushioning of the
shuttles B is likewise effected by the steam entrapped between X or X! and
the covers of the supplemental cylinder.

Another form of distributing valve is used in the Worthington-* Simplex
type of pumps, which, as in the case of the ““ Blake ”-Worthington, are made
in vertical and horizontal form, and proportioned for various adaptations, such
as feed, hot-well, general service, air pumps, etc. In the illustration which
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shows a standard design of vertical feed pum,p‘ (Fig. 88), the main valve V is cast
together with a shuttle piston situated at each side of the steam chest. These

XI

T
Y

i
== Y 'E‘Iu K
S0l 7
e 7 1
5" Il_r-:- ﬁi;fji%:f_.! :l;: 15
P <
e Sei= ' C’H
HEER
N i f’f( M E
- A
L = T TR

'Fig. 86.—Sectional Views of Cylinder, showing Steam Distribution in Blake Direct-
acting Pump.

Fig. 87.—-Blake-Knowles Simplex Pump.

pistons are moved by steam controlled by the pilot oscillator P, which obtains
1ts movement towards the end of each stroke of the pump-rod M by means of
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the lever L, rod D, and tumbler R. In this case the separate steam and exhaust
ports S and X in'the steam cylinder are arranged end to end on the valve face,
through which steam is admitted to and exhausted from the cylinder A by the
horizontal movement of the valve V, there being a cushioning effect given to the
pump piston by reason of the exhaust being entrapped for the portion of the
stroke from X to S, quite independent of the movement of the distributing valve
mechanism.

Blake-Worthington and Worthington-Simplex direct-acting pumps are
made in great variety of form to suit the numerous purposes for which a steam
pump of this character may be usefully
applied, of which in connection with large ‘ S .
power installations using steam at high | Epfe——is 42
pressures a great number of boiler-feed and  [A X HH /¥
pressure pumps have been supplied of this 2l | W\ :
make arranged to work in pairs on the cross- - !
over compound system, one side being used
as a hot-well lift pump, and the other for
boiler feeding, their action being made auto-
matic by means of a float control. Another
type of simplex pump is the Blake-Knowles
boiler-feed and general service pump illus-
trated by the sectional view, Fig. 87. In |
this pump, which is seen not to differ very ‘
widely from the preceding other two types of
pumps of this class, the main steam slide
valve is operated by an auxiliary piston
shuttle, which works in the steam chest at _ | ‘
the back of the main valve. The peculiarity | v || o
in this instance is in slightly rotating the B T
auxiliary piston shuttle—which thereby acts ; oo
as a pilot valve—by the valve motion through AL 2
the medium of a tappet and roller attached i | U e e
to the pump-rod crosshead, which engages a A [
rocking lever that carries at one end an
adjustable connecting link by ‘which the
valve-rod is partly rotated. This movement
places ports in the piston valve in communi-
cation with others in the steam chest, by 7
which means steam pressure is caused to act -
on one end of the piston valve, thus
“ throwing ” it together with the main°
valve. The rotative motion opens the port Fig. s5.—Sectional Elovation of
to steam at one end and simultaneously Simplex Feed Pump.

a port at the opposite end to exhaust.

There is no point of the stroke at which either the piston valve or main
valve is not directly exposed to steam pressure, there being no lap on the valve,
and consequently no expansion in the main cylinder. As in other pumps
controlled on the ‘lost-motion” principle, the length of stroke is capable
of adjustment, due attention being required in this distributing gear so as to
ensure that the tappet arm on the pump rod shall strike the rocker bar at equak
distances on each side of the centre, “a precautionary measure necessary in
nearly all pumps of this class.”
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Fig. 89.—Sectional Elevation of the Bradford Fig. 89a.—Sectional Elevation of a later
Patent Boiler Feed Pump (Slide Valve form of Bradford Boiler Feed Pump,
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The illustration (Fig. 89) shows a wide departure in the usual practice
followed in the construction of direct-acting simplex pumps, the particular
construction used in the Bradford boiler-feed pump having been adopted in
order to dispense with the usual auxiliary pilot valve and shuttle pistons serving
the purpose of traversing the main valve, and of also avoiding thereby any
liability to stop at the neutral point. In this pump only one steam valve is
used, which will be seen by the section, is an ordinary slide operated by a lever
and rod from the pump-rod crosshead on the usual “Ilost-motion ” principle.
There are three ports on the cylinder face, and the two outer ports cross over
one another, so that each may communicate with the end of the cylinder most
remote from the port on the valve face. Thus, referring to the section where
the piston is shown at the completion of its down stroke, the valve is traversed
by the lever to uncover the upper port, thereby admitting steam to the under
side of the piston, and placing the top side open to the exhaust, as indicated
by the arrows. The valve will remain in this position until the steam piston
has arrived at nearly the termination of its upward stroke, when the lever will
carry the valve up with it, and thus reverse the steam distribution. In order
to prevent the pump plunger stopping while the valve is being traversed across
its neutral point—i.e., when it is alike closed to both ends, the plunger at this
point places itself in equilibrium by uncovering a row of holes in the pump liner,
thus permitting the steam to complete the stroke, however slow the pump may
be working, the travel of the valve being exceedingly short, in order to avoid
the cushioning effect of admitting steam before the end of the stroke, which,
with an excessive load, would result in preventing the pump from being worked
dead slow. This method, although not admitting of the slightest degree of
expansion, compensates for shis by the extreme simplicity in the construction
of the steam end of the pump, and in avoiding the possibility of the pump stopping
owing to the valve sticking fast. In the pump end the ordinary construction
is followed, excepting as regards the perforated brass liner, ebonite rings being
used in the plunger and manganese valves arranged in group order.

In a later pump of this make the slide valve shown in Fig. 89 has been re-
placed by a Corliss valve, which works in a separate valve chamber attached to
the main steam cylinder casting by four bolts, for which construction one of the
advantages claimed is that a complete valve and valve chest can be fixed to the
cylinder should such change be required. Another point in the working of the
new form of pump is that the Corliss valve can be operated from the piston-rod
by means of a single working joint; in other respects the construction and
modus operands of this pump is essentially as above described.

In the Burnham simplex direct-acting general service pump illustrated in
section by Fig. 90, the steam distribution is obtained by the rocker (A) lugs
(L), rod (T), and pilot slide (H), which is traversed in a direction opposite
to, and in travel about one-fifth, that of the motor piston. The motion thus

‘imparted to the pilot slide admits steam alternately through the double ports
(P) and (C) to each end of the valve cylinder, thereby causing the piston valve
(M) to traverse the main slide valve (D), which in its turn admits steam to the
main cylinder through the double ports (E) and (G), the latter only serving to
admit steam for the first portion of the stroke, the larger ports (E) being situated
some distance in from the cylinder covers to cushion the action of the pump,
and to cause the initiatory movement of the pump piston to be slow, thus im-
parting to the water column a more gradual acceleration than obtained in the
ordinary manner, and relieving the pump and piping of unnecessary strain.
When required to pump heavy and thick liquids, such as tar, molasses, mash,
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slush, etc., the water end is fitted with bell valves, as shown at (V), which have
the advantage of the spherical form of valve, but without their weight, the cup
formation also causes the valves to close more quickly and with less pounding
action on the seats; these valves, as shown, are arrangedin pairs, have removable

e
- i
=

H

! i

Iig. 90.—Section of Steam Cylinder, showing Distribution used in the Burnham Simplex
Direct-acting Pump.
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¥ig. 90a.—Section showing Spherical Valves used in Burnham Double-acting Pump for
Thick Fluids.

seats, are fitted with guide stems and occupy no more head room than the
ordinary disc valve,
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The Caird & Rayner boiler-feed pump, illustrated by Fig. 91, presents
In working with an effect somewhat
r, thus allowing time for the water

some features of practical usefulness—e,g.,
similar to that obtained by a pausing gea

valves to settle, and thereby
avoiding wunnecessary stress on
the water-feed connections, The
" general construction of this pump
1s not widely dissimilar to others
of this class, the action of the
steam-distributing mechanism re-
sembling in some degree that
shown by Fig. 88—viz., (1) in
there being separate steam and
exhaust ports to the cylinder;
(2) in the exhaust ports being
arranged some distance in from
the cylinder ends 5o as to entrap a
portion of the escaping steam to
obtain a cushioning effect ; (3) in
the main valve receiving a
horizontal movement from two
shuttle pistons. The similarity,
however, ceases at this point, as
in the pump now under con-
sideration the shuttle pistons (7)
are entirely separate from the main
slide valve (6), thus enabling this
valve to wear on to its face
without affecting the actuating
pistons, on which wear is in con-
sequence: practically nil.  The
auxiliary or pilot valve face is
provided with ports which com-
municate with the ends of the
subsidiary cylinders carrying the
two shuttle pistons which traversc
the main valve. These ports are
opened alternately to steam and
exhaust, and cause the main valve
to be thrown from side to side by a
vertical movement imparted to the
pilot valve (5) by a rod and lever
from the pump-rod crosshead in
the ordinary way. By the dis-
position and proportioning of the
cylinder steam and exhaust ports,
the speed of the piston is reduced
when approaching the end of each
stroke, this arrangement also pre-

)
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Fig, 91.—Caird & Rayner Feed Pump.

venting the piston from striking the ends of the cylinder should the water supply
to the pump for any reason fail, a feature that would result in being of some
importance in the event of a fractured pipe or other cause, The pump v?loves (18)
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are arranged in groups, and differ from usual practice in being guided in an
overhead frame (19), and by this means afford a very free waterway, and should
thus avoid any side wear in the seating (20); the plunger (15), as in the case
of other pumps of this class, is packed Wlth ebonite rings (16).

The steam cylinder is by far the most important consideration in pumps oi
this class, and in the next example, represented in a very forceful manner by
the photo-sectional engraving, Fig. 92, known as the ““Cameron,” it will be
seen that the method adopted for controlhng the distribution does not widely
differ from the preceding, and will perhaps be seen to resemble somewhat closely

the steam-distribution system identified with the Tangye simplex pump, there
being in this, as in that, a pressure-thrown slide valve constructed to be traversed
by a shuttle piston, which is in turn regulated in its movement by tappets in

y -

Fig. 92.—Photo-Section of Steam Cylinder of Cameron Direct-acting Pump,

the cylinder ends; the pump referred to and the present example are both
alike in being operated by direct contact of the tappet stems with the power
piston near the termination of the stroke each way, thus requiring no outside
gear. In both of these examples communication with the pressure supply is
continued for the full stroke, no attempt being made in either case to obtain
any advantage from expansion.

In the Cameron pump, spring-closed tappet valves are superseded by piston
pilots (I) arranged to be closed by steam pressure, but differ also in being fitted
to work in line with the power piston instead of at right angles to it. The
cylinder ports (p), as is usual with this type of pump, are located some distance
back from the cylinder ends, so as to cause a cushioning effect. In action the
power piston (C) soon after closing to the exhaust, contacts with one of the tappet
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stems (t), and thus forces one of the pilot pistons (I) outwards against steam
pressure supplied along the auxiliary port (z). This action uncovers one of the
shuttle ports (E) communicating with one or the other end of the hollow
shuttle piston (F), which, being steam-thrown in this manner, carries thé main
slide valve (G) with it, thus causing it to be traversed to its full extent in either
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Fig. 93 —Section of Steam Cylinders of “ Cameron ”” Compound Direct-acting Pump, showing
Method of actuating the Steam-throw Valves ;
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direction, & lever (H) being provided for correcting the movement of the shuttle
at starting,

In the illustration representing an adaptation of the Cameron pump having
compound cylinders, Fig. 93, the two power pistons are shown in a position
nearing the completion of the outstroke, the two shuttle pistons having been
shot over to the left at the termination of the preceding stroke, and towards
the completion of the present stroke will be thrown to the right owing to the
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effect of the power pistons (¢) in coming into contact with the tappet stems (¢) at
this end, thereby causing the pilot pistons () to uncover the shuttle ports (), when:
pressure from the out ends of both shuttle pistons (f) will be released along the
auxiliary exhaust passages (y), with the effect of causing both shuttles to be
quickly forced over to the right, and by this means to reverse the direction of
the pump plunger. Apertures (n) are provided to compensate for end balance |
to the hollow shuttle pistons, they, therefore, remain fixed until the completion
of the stroke. The piston ends of the pilots (7) are at all times subjected to steam
pressure, for which purpose auxiliary ports (x) are provided, which communicate
with the steam chests (7), the pilots normally resting against seats (s) except
for the short periods during which the tappets are held open by contact with
the ends of the power pistons. The advantage claimed for this method of
steam distribution is the quick reversals obtained by exhausting one end of
a balanced shuttle and the absence of outside gear, also by the removal of the
covers (k), the parts requiring the most attention are quite easily accessible.

The illustration (Fig. 94) represents the general construction of the Clarke-
Chapman latest model for boiler-feed and general service pumps of the simplex
class, the most notable feature of which is the “ Woodeson Corliss”’ steam
distribution, shown in detail by the sectional drawings (Fig. 95). Referring first
to the general design, it will be seen that the steam end differs from either of the
foregoing in having an oscillating valve, to which steam is supplied at A, the-
valve being steam-thrown by a double-shuttle piston G, which is in turn con-
trolled by an oscillating pilot valve working about a rocking spindle H that is.
connected by a lever and rod D, so arranged as to be actuated on the *lost
motion” method by an arm carried by the pump-rod crosshead. Steam is
admitted to and exhausted from the cylinder by one pair of portways T, the
exhaust outlet being at B. Now, referring to Fig. 95, which represents cross.
sections of the valve chamber, showing the valves in two positions—viz., the
position of the valves as moved by the actuating lever S, and the piston showing
the continued movement obtained from the shuttle pistons G. The main valve
C and pilot valves D and D! are oscillated on to a cylindrical face by the lever
S, shuttles G, and steam pressure, the two pilot valves being held in position
by a carrier E and valve C by an arm F; and all three, being loose segments,
are held up to the face of the valve chest by steam pressure at the back. The
double piston (&, which is partly actuated by the lever S through the spindle
H, and completed by steam pressure, oscillates the main valve C through the
arm F. The carrier E is formed with two lugs K and K, and is forged solid
with the spindle H, upon which the arm F is free to turn.

The modus operandi of this distribution is as follows:—When the main
piston is nearing the end of the stroke the tappet arm on the crosshead oscillates
the lever S through D, and brings one of the projections K or K of the carrier
E into contact with the arm F, and thereby actuates the whole gear, including
pistons G, valve C, and pilots D and D?, * mechanically,” until the ports L and
M are open to either steam or exhaust, when the movement of the pistons G is.
completed by steam pressure, this further movement carrying with it the arm
F and distributing valve C, the subsidiary cylinder exhausting through L or M
to recesses in the pilots and thence by portways N and N?! to the exhaust outlet
at B. "An important feature of this valve gear is that both main and pilot valves.
can be quire freely actuated by hand from the outside by the lever &, thereby
admitting steam to either end of the main cylinder, the movement of the valve
giving a sharp admission and lending itself to obtaining a certain degree of cut-
off by adding the necessary lap.
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The oscillating or Corliss type of distributing valve is found to be exceedingly
free in its movement, as well as being durable and perfectly steam-tight, and
well repays the slight additional cost involved in its manufacture. The dis-
tribution, moreover, lends itself, with the addition of two portways in the valve
chest, to' the construction of pumps working compound, the distributing
mechanism being in this case bracketed to the low-pressure cylinder. The
water ends are constructed either with a double-acting piston plunger or with
a centre-packed ram plunger, which latter is more sunitable for very high pressures
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Fig. 94.—Sectional Elevation of Clarke- Fig, 95.—Detail of Woodeson Distributing
Chapman Direct-acting Feed Pump. Valve,

or for colliery work, or for other purposes where the water is liable to be gritty.
It may be mentioned that a strong feature in connection with this class of pump
is their combination in pairs mounted on a float tank fitted with automatic
control gear, consisting of an open float kept poised by a balance weight. There
is in this construction no risk of derangement from leakage or collapse, as in the
case of an ordinary float ball. In action, water from the hot-well is pumped
directly into the open float which rises or falls according to the depth of water
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in the tank, and by a simple connection with a throttle antomatically regulates
the feed supply to deal with the requirements of the boilers. By the same means
the pump may be either stopped or started with the main engines, their rate
of working being entirely controlled by the supply of water from the hot-well
to the open float of the control gear.
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Fig. 86.—Valve Gear used in Davidson Simplex Pump,
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The most interesting part of the Davidson simplex pump is the valve gear,
illustrated in section by Fig. 96, the special feature being the valve used in the
high-pressure cylinder; this is steam-thrown, and closed by a mechanical con-
nection with the main piston-rod. Referring to the sectional cuts, M is a cylin-
drical steam chest bored out to make a face for the valve A and the pistons
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B and B!, which assist in operating the valve. These pistons are connected
together, sufficient space being allowed between them for the valve and steam
ports ; the pistons are also attached to the slide valve, all working together
in the same plane and being of the same diameter insure evenness of wear and
readiness of access for adjustment and repairs. The valve A is controlled and
operated by the cam C, acting on the steel pin D, which passes through the
valve to the exhaust port in which it will be seen the cam is located. In addition
to this mechanical movement, steam is alternately admitted to and exhausted
from the steam chest by the ports
(e) and (e'), thus assisting the move-
ment of the valve by steam
pressure actuating the pistons B
and Bl The operation of this
distributing mechanism is s
follows :—When the engine is at
rest with the valve A covering the
main steam ports (f) and ('), the
cam C holds the valve so that steam
will be admitted to one end of the
chest and exhausted from the
opposite side by the ports (e) and
(e!), thus throwing the valve and
thereby opening the main steam
ports (f) and (f'), by which means
steam 1s admitted to and exhausted
from the steam cylinder. - Now, if
the valve occupies any other posi-
tion, one of the main steam ports
will be open to steam and the other
to exhaust, thus insuring a direct
supply of steam to one end of the
cylinder, and a rapid release of the
exhaust steam from the ocher end,
there can consequently be no dead
points and the pumpmust start from
any position. The steam cylinder
piston is, moreover, prevented from
concussion with the cylinder head
by reason of the positive cushion-
ing effect given, and further as
the valve is positively actuated by -
a mechanical movement, there can
be 1 such QulugoEoy g sticking Fig. 97.—Sectional Elevation of Karoome
up,” and the pump is enabled to Feed Pump.

fully complete its stroke in both

directions with a regular action. Ordinary slide valves are used for the dis-
tribution in the low-pressure cylinder, the movement of the valves for both
cylinders being obtained from one lever connection.

There are one or two features of interest in the Karoome direct-acting boiler-
feed pump, which consist, as shown in the illustration (Fig. 97) in the use of a
removable liner L in the water end of the pump, and two pairs of steam and
exhaust portways S and E in the steam cylinder. The distribution is obtained by
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a slide valve, which receives a part traversing movement from the pump-rod in
the usual manner, which movement serves to uncover auxiliary portways com-
municating with a pair of auxiliary cylinders in the valve chest, by which means
the motion of the distributing slide valve is completed by steam pressure acting
on a double-shuttle piston G. The most important feature in the Karoome
pump, however, is to be found in the use of the removable liner, by which con-
struction the delay and expense of reboring after extended service with water
containing gritty material is avoided.

In Lamont’s simplex pump for boiler-feeding, bilge-clearing and other service
work, an auxiliary piston P, vide Fig. 98, is traversed to a point a little over
its central position by the main piston B through the rod C, clamp E, lever
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Fig. 98.—Sections of Steam End, shouingPDistﬁbution in Lamont’s Simplex Direct-acting
ump.
H, block K, stop nuts N, rod M, and link I; this action places one end
of the auxiliary cylinder R in communication with pressure steam, in traversing
the slide valve T upwards, so uncovering port Z, and simultaneously opening
the upper end to the exhaust outlet Y, whereby the piston valve P, and with
it the two slides 8 and T, are traversed to the extent to fully open the main
ports W, one to pressure steam and the other to exhaust. By this action
the piston P uncovers the supplementary port V, and closes V! to the ‘end
of the stroke; as the opening and closing of V and V! by the slide S syn-
chronises with the opening and closing of the ports Z and Z!, steam is admitted
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to that end of the cylinder R by the slide T, and conversely as soon as T
exhausts either end of R, the port in that end V or V! is covered by P.

In the illustrations the main piston B and slide valve T are shown in the
central position, but the main slide S is still open, and will cause the main
piston B to move downwards until it passes the bottom port W, which is
open to the exhaust, after which it will gradually be brought to rest by the
entrapped steam. The stop nuts N, N are fixed on the valve-rod M in such
a position that the block K moves the piston P slightly over the central
position before the main piston is at the end of its stroke; the slide valve T
will then admit steam through port Z to the under end of R, and simultane-
ously the upper end of R will be opened through-Z! to the exhaust; by this
action pressure steam will thus be caused to traverse the auxiliary piston P,
and with it the slides S and T, upwards, and so reverse the steam and exhaust
passages to the main cylinder, but as the piston B still covers the port W,
steam will, therefore, be only admitted by way of V until B has moved so
as to uncover W when the full flow of steam will be admitted.

In the Michael simplex direct-acting pump (horizontal) illustrated in section by
Tig. 984, there is no steam-thrown valve action at all, the distribution being obtained

Fig. 98a —Michael’s Simplex Direct-acting Pump, with Compensating Balance
Weights.

by an oscillating valve connected direct with the pump pistons, and to cut-off at
about half-stroke as shown. In order to equalise the movement and compensate
for the falling steam pressure during the latter half of the stroke, the crosshead is
cconnected to a pair of heavy oscillating balance weights (w), which act the part
of a flywheel, but must obviously be very heavy to equalise the movement
-of a pump slowed down below normal. However, by a test made with a pump
provided with balance weights, it has been proved that at a plunger speed of
270 feet per minute, a 5-inch diameter double-acting plunger is capable of
delivering 2,400 gallons per hour against a head of 300 feet, with a cut-off in the
steam cylinder (12 inches diameter by 10 inches stroke) at half-stroke. This
result, as good as it i¢ notwithstanding, it is doubtful whether any commen-
surate advantage can be obtained hy this means in a general service pump
required to be run at a greatly varying range of speeds, for obviously at speeds
much above normal a correspondingly increased cushioning effect would of
Tecessity have to be arranged for, while for slow running the weight (w) required
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2% the timited radius at disposal in order to equalise the thrust on the plunger
would be impracticable ; but with the use of compensators arranged to operate
on the pressure principle, the action is altogether independent of the running
speed of the pump, this method lending itself in an almost ideal manner for
balancing the power to the resistance throughout the stroke, and can be simply
and automatically regulated by adjusting the pressure acting on the plungers
to suit the varying requirements of the pump, and in point of construction
still leaves the direct-acting pump with a great advantage in reduced cost of
manufacture and fixing down, vide Figs. 21 to 26. It is questionable, however,
whether equalising plungers can be economically applied to a pump of the size
required for ordinary service work.

The Nichols direct-acting simplex feed pump, although in the main following
closely on the lines of other pumps of this class, differs in one or two important
details—viz., in providing means for working expansively and in using steam
which has already completed its work on the main piston to actuate the dis-
tributing valve. Another feature is the convenient manner in which the
distributing mechanism lends itself for use with compound working, in which
construction the high-pressure cylinder is arranged over the low-pressure
cylinder, and the intervening stuffing-box provided with a special form of
metallic packing, so enabling same to be removed without dismantling the pump
further than the removal of the high-pressure piston and cylinder cover. Re-
ferring to the sectional drawing, Fig. 99, there is seen to be two piston valves,
one being a mechariically-actuated pilot valve P, and the other a steam-thrown
shuttle action valve M, which is operated by steam obtained from the exhaust
side of the main pisvon, and is not, therefore, operated by live steam, although
its movement is controlled as usual by the pilot valve through a pair of auxiliary
ports (not shown). Steam is supplied to the pump through one of a pair of inclined
ports V in the pilot valve casing, and is admitted by one of two other ports
oppositely arranged, so as to communicate with the annular space at the lower
or upper end of the valve M, and thence to the upper or lower end of the main
cylinder by the ports T or T!, the valve being shown in position for admitting
steam to the under side of the piston S.

On the completion of the stroke—i.e., the up stroke—the valve P will be
moved down so as to close the lower inclined portway V and open the upper
portway, also communicating with the steam chest. N.B.—The point of cut-
off is capable of adjustment from without by a part rotation of P by means of
the handle N, thus bringing into action the wedge-shaped portion of the pilot
valve. This movement of P by the lost-motion gear L has the effect of first
admitting steam from the under side of the main piston to the under side of
M through an auxiliary port (not shown), and of also placing the upper end
of M in communication with the exhaust, when by another port (not shown)
M is moved up, thereby opening the under side of the main piston to exhaust
—i.e., causes T! to communicate with X, and at the same time places the upper
side of § into communication for the supply of live steam from V through M and
T, and in this way causes a reverse movement of the pump to take place.

In the construction of a compound direct-acting pump with the Nichols
distributing gear, the disposition and arrangement of valves, ports, and cylinders
is as shown bv the sectional drawing (Fig. 100), the removable stuffing-box with
metallic packm‘7 F being used in this case in order to keep down the height
of the pump, and for the same reason the bottom of the water end can be arranged
to project through the floor, Tn this pump P and M are essentially the same
as in the case of a single cylinder, the only difference being the addition of a
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[ third annular steam space in M, the three spaces being denoted by 2, 7, and 5,
and control the two pairs of cylinder portways T2, T% and C!, C2. The position
of the valves and pistons corresponds to that obtaining at the commencement
of a down stroke, and steam is shown to be admitted at the arrow 1 through
V, then through the port S! opposite as denoted by arrow 2 to the portway
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Fig. 100.—Nichols’ Distribution applied to a
Compound Direct-acting Pump.

Fig. 99.—Nichols’ Patent Simplex
Pump.

T, as shown by arrow 3. Simultaneously, steam will be caused to be transferred
from E in the direction of arrow 4 through T2 to the space 5 in M, and thence
by C! to the upper end of E!, as shown by arrow 5, and steam at the under side
of the pistor in E* will at the same time be exhausted through C? in the direction
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of arrow 6 to port X', which is now placed in communication with the exhaust
outlet, as shown by the arrow 7. By the movement of D and motion L, the
pilot P thus admits steam to S or 82 for a portion of the stroke, as determined
by the position of N, and the main valve M controls the admission of live steam
to E via the portway T' or T? and the exhaust from E to E' through ports
T or T2 to X! or X? in the valve casing, and thence through the space 2 or 5
to the portway C! or C? the low-pressure cylinder being exhausted above and
below by the same movement to the central space 7 in the valve M. :
In the Pearn simplex pump the steam distribution is effected by a slide
-valve, which receives a mechanical movement towards the end of the working

Fig, 101.—Pearn’s Simplex Valve Gear.

‘stroke in the usual way, a cut off valve at the back receiving a to-and-fro move-
-ment from two shuttle pistons, the movement of which is controlled by auxiliary
ports in the face of the mechanically-moved valve, the description of the several
parts being as follows :—In the steam eylinder (vide Fig. 101) are two ports A A
and one exhaust port B branching into two passages C. These ports are con-
trolled by a slide valve D, having two inlet ports E and an exhaust port F, and
receives a vertical movement from the rod G, which is connected to the pump-
rod H in such a manner as to move in the same direction as the piston I The
-auxiliary valve K is mounted at the back of D, and is caused to move across its
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face at right angles by the two pistons N, which work in the subsidiary cylinders
0, the valve K fitting in the recess L of the distance piece M, forming the shuttle
in combination with the two pistons N. Steam is supplied at P and to each of
the cylinders O through ports Q, these, together with the exhaust ports R, being
controlled by the valve D. The auxiliary valve K can be operated by hand
by the lever S mounted on the spindle T, on which is also mounted a lever U
working in a recess, the passage W being provided for supplying lubricant
from a feeder at X.

The Pearn distributing gear works in the following sequence : —Assuming
the valve D to be at the end of its upward travel, the port R will communicate
with. the exhaust port B, and the corresponding shuttle piston N will be relieved
from steam pressure, with the result that the shuttle M will be thrown over
and carry with it the auxiliary valve K, thus uncovering the port E in the slide
D, and causing steam to enter the upper part of the cylinder through the port
A. The slide D at this point will not have fully uncovered the port A, and in
consequence the full pressure of steam will not at first act on the piston I; but
as the valve D begins to travel downward it gradually increases the area of
steamway to the port A, the full opening continuing until the piston I has nearly
completed its down stroke, when the auxiliary port R communicating with the
subsidiary cylinder O of the second-mentioned piston N will be opened to the
exhaust port B. This auxiliary valve or shuttle piston then being under lower
pressure than its companion piston will cause the auxiliary valve K to move
across to the other side, thus uncovering the port E leading to the port A com-
municating with the bottom end of the main cylinder. An examination of the
drawings of this gear will disclose many features in common with preceding
examples of direet-acting single-cylinder boiler-feed pumps, the prejudicial
presence of a number of very small steam passages not adding to the good
qualities of a gear which gives evidence in other respects of being carefully
thought out.

The Richardson steam distribution (vide Fig. 102) is one of several examples
of direct-acting simplex pumps designed to obtain the necessary valve movement
independent of outside mechanical connection with the pump-rod—e.q., may
be cited the distribution adopted in the Weston-Parker pump, made by the
Coalbrookdale Iron Company; the Carriburn pump, and the Marsh pump
(already described and illustrated by Fig. 38). In the * gearless ” pump now
being considered, a steam cylinder A with ports B B! and exhaust C is used.
Subsidiary cylinders F and F* form a part of the steam chest F, E! being the
steam inlet. A valve-rod G communicates motion from the shuttle pistons
J and K to an ordinary distributing slide valve, the rod passing through dividing
walls R and packing blocks H fitted in halves and pressed together by spiral
springs. Of the two double pistons, only the inner parts J' and K? act as pistons,
the outer dises being perforated at L, their tunction being to cover auxiliary
ports M N and M! N! leading to the cylinders A, F, and F'. Now, as the main
piston S uncovers the port M, steam enters from A into the space Q! and acts
on the piston J!, thus pushing over the valve D to the left, and causes the piston
J to cover M and J! to cover N. During this movement the two pistons at the
opposite end are balanced. It will be seen that steam entering the space Q'
will be able to pass freely through the perforations L L to the outer side of
piston J In the same manner, when the main piston reaches the opposite end
of its stroke, steam will in like manner gain access by the passage M! to the space
between K and K1, and thereby traverse the valve D to the right, and so reverse
the direction of the main piston by opening port B to the steam chest B, The
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desired cushioning effect is obtained by the piston S admitting steam to the
shuttles through M or M! slightly before the completion of the stroke, so causing
the vaive to be thrown and steam to be admitted in front of the main piston
to form a cushion. The auxiliary ports N and N, being placed a little way back
from the ends of the subsidiary cylinders, serve in this manner to cushion the
shuttle pistons, in addition to their other purpose of placing the inner ends of
the subsidiary cylinders in communication with the main steals ports.

In the Storey direct-acting simplex pump the movemens of the distributing
or controller valve is obtained by two auxiliary pistons of differential areas—i.e.,
the main valve A (vide the sectional illustrations, Fig. 103) receives its motion
from the two controller pistons C, C!, which are always open at their inner
ends to steam pressure. Now, as the outer end of the smaller piston is always
open to the exhaust, the valve is traversed in one direction by allowing full
steam pressure to act on the outer face of the larger piston C, thus putting it
out of action, and in the reverse direction by placing the outer face of the larger
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Fig. 102.—Richardson’s Simpiex Valve Gear.

piston in communication with the exhaust. In the illustrations, the piston of
the main cylinder, and with it the auxiliary slide D, has reached its bottom
position, the outer face of C is open to exhaust through port E in the con-
troller B. Steam pressure acting on the differential areas of C and C' now
traverses the controller B upwards, and with it the main slide A, thus admitting
steam to the lower side of the main piston. The position of B at the end of
the up stroke is shown in the view to the right, in which the outer side of C
is cut-off from the exhaust by the movement of D, which has opened port E
to steam, thus causing the controller to move downwards. The cushioning
of the controller is effected on the up stroke by cutting off the exhaust, and on
the down stroke by an air dash pot F and adjustable snifting valve G. The
movement of the auxiliary slide D, as in other gears of this class, is effected
by direct connection with the pump-rod through the lever M, the valve-rod,
in addition to the nut S, being fitted with an eccentric pin J to facilitate
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the exact adjustment necessary to obtain a complete stroke of the main piston
in either direction. ;

The description of the Tangye general service pump (usually made hori-
zontal), with the aid of the very practical view of the steam end shown by the
section, Fig. 104, is very easily made. The main distributing valve D controls
the admission of steam to and exhaust from the cylinder A through portways
of ordinary form. The valve chest B is bored out to serve as subsidiary cylinders
L for the shuttle pistons C, which embrace a projection extending up from

|
Fig, 103.—Differential Valve Gear used m the Storey Direct-acting Simplex Pump,

the back of the valve D by means of a stirrup connecting piece. Steam under
pressure in the chest B is permitted access to the two ends of the shuttle C by
means of small passages communicating therewith, and capable of being ad-
justed by the screw plugs K, thus steam normally maintains the shuttle in
equilibrium, The outer ends of the subsidiary cylinders L are connected to
the ends of the main cylinder A by pipes J. From these pipes, communication
to the cylinder A is controlled by tappet valves F held down to seats E by
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springs, the action of the pump being as follows :—Assuming that the shuttle:
C is moved to the position shown by the starting lever H, thus placing the pump
end of the steam cylinder in communication with the central exhaust port, and
the out end with the steam chest B, the main piston will be forced from right
to left. When just on nearing the end of the in stroke, the bevelled edge of the
main piston will strike the stem of one of the tappets F, and lift this valve off
its seat, thus opening the subsidiary cylinder L at one end to the exhaust outlet
via the exhaust port in the main valve D. By this movement the shuttle pistons
C will be thrown over, say from right to left, thus placing the pump end of the
steam cylinder into communication with the steam chest and the outer end to
the exhaust, when the main piston will be caused to make an out stroke, at the

Fig. 104.—Section of Steam Cylinder ot Tangye Simplex Pump,

completion of which a like effect will take place on the tappet at the other end
of the cylinder, thus again reversing the movement of the main piston. It may
be remarked in connection with this gear that the cushioning effect on the action
of the pump will be influenced by the extent at which the tappet stems project
into the cylinder; thus, unless means be provided for correcting the mistiming
caused by wear, the action of the distributing valve will be tardy and the main
piston liable to strike against the cylinder ends. However, it is not a serious
matter by any means to substitute new tappets when such shall be necessary,
seeing that the only parts of the pump to be dismantled for making this slight
repair are the two auxiliary exhaust connections.
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Voit’s direct-acting simplex pump, illustrated at Figs. 105 and 106, differs
from all others yet described in being constructed with an internally gland-
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Fig. 106.—Valve Gear Details of Voit Pump.
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packed water plunger P, which is made so as to be capable of being adjusted
from the outside while working. As shown by the sectional arrangement, this
pump is better adapted for the horizontal form, as the necessary parts used in

this construction extend some dista

Fig. 107.—Sectional Elevation of
“ Weir ”’ Feed Pump.

nce out at the water end, owing to the use

of a long plunger. The packing gland G is
held in place by a stirrup U and threaded
spindle D, which is in turn held in place
by the gland-packed box B, at the rear end
cover R, this being hollowed out to allow
clearance for the plunger P and the two
arms U used for tightening up the plunger
packing at G, which method permits of an
even adjustment in a very practical manner,
and lends itself for high pressures, thus
combining the advantages of a piston
plunger with that of an outside-packed ram
plunger. In connection with the steam end
there are some points of interest, although
following in the main very closely to the
lines adopted in other pumps of this class,
the descriptions of which are shown by the
detailed sectional drawings at Fig. 106, as
follows:—The steam cylinder is provided
with steam and exhaust ports (¢), connecting
with the cylinder some distance in from the
ends to obtain a cushioning effect, other two
auxiliary ports (k) being provided to admit
steam at the commencement of each stroke
and at starting. These two pairs of port-
ways are controlled by a flat slide valve V
operated by a double shuttle (%), working in
the subsidiary cylinder R, forming part of
the steam chest, to which the steam and
exhatist passages are plainly shown. The
piston shuttle () is controlled by a pilot
valve (m) connected up to the pump-rod
crosshead (e) in the usual way This valve
admits steam from the chest to the sub- -
sidiary cylinder by the auxiliary portways
(9), which, as in the case of the main cylinder,
are situated slightly within so as to obtain
a cushioning effect on the shuttle, the piston
ends of this being provided with slippers S
to form a steam-tight fit over (¢). In action,
when the main piston approaches the end of
its stroke to the right or left, it causes the
tappet gear () to move the pilot (m), thus
admitting steam through (g) behind shuttle
plunger (%), and causing same to be traversed
to the opposite end, and with it the main

valve V, thereby reversiné the direction of the main piston,
The illustration (Fig. 107) represents the Weir boiler-feed and general service
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pump, by an examination of which it will be seen that this pump differs in no
very important degree from others already described, the most notable differ-
entiation being found in the valve gear. Referring to the cut showing a cross-
section of the distributing valve, (s) is the steam inlet and (2!) the exhaust outlet,
the distribution being by a double piston or cylindrical valve (v), the endways
movement of which is controlled by a pilot slide valve (¢), receiving motion from
the rod (), lever (¢*), pin (¢3), sleeve (¢*), and pump rod (d). The pilot valve, by a
vertical movement against a flattened face at the back of the main valve—which is
formed with auxiliary ports communicating with the outer ends of the subsidiary
cylinders—causes the main valve to be thrown back and forward across two
steam ports (p), communicating with the main steam cylinder, and a third port
(z), communicating with the exhaust outlet: ('), the central portion of the double
piston shuttle (v) thus serving as a circular slide distributing valve for the main
cylinder on one side, and as a valve face for che flat slide valve (¢) at the back acting
as a pilot. In this valve gear it is not evident in what manner compensation
for wear of the main valve against the eylinder face is to be effected, unless the
circular distributing valve is so far separate from the two pistons acting as a
traversing shuttle as to allow the circular valve a cross movement independent
of the end pistons. However, since there are a great number of these pumps
in successful use, including the British Navy, the drawback, if any, arising from
this cause cannot influence its working to a great extent, and in all probability
has been suitably provided for, as the makers have had a longer experience
with the working of this class of pump than any other, and in evidence of the
keen attention to detail, a Rochester mechanical feeder is used to supply just
the necessary amount of Iubrication to ensure the best results. In regard to the
water end of the pump, it will be seen that the valves are arranged in groups
of three (k, '), in detachable seatings (g, ¢’), the lift of which is determined by
stop frames (f); also that two sets of suction and delivery valves are pro-
vided, together with duplicate delivery flanges, arranged one at each side of the
pump. :

The action of the Wilson-Snyder simplex pump steam-thrown valve is auto-
matic, balanced, and (is claimed to be) adaptable for a greater range of plunger
speeds than can be obtained in any direct-acting simplex pump having a part
mechanically controlled distribution, and, as will be gathered from the three
sectional views (Fig. 108), there are three valves, the main valve consisting of
four pistons (A1, A2, A3, A4), and is shown in two positions, one to the righi
of the steam chest and the other to the left ; the modus operands is as follows :—
Just before the completion of the stroke of the main piston B to the right,
it uncovers a port C?, which leads to the space between the main valve piston
A* and the auxiliary piston valve AS, thus causing the main valve to move
to the left, thereby opening the main steam port D! to the exhaust, and the
main port D2 to steam pressure, and at the same moment uncovering in the
auxiliary valve stem A" a small port A8 to the exhaust, and a small port
A® to steam pressure, thus allowing live steam to pass through port A" in
the auxiliary stem, to between the piston A® and the steam chest cover E,
thereby causing the pistons A% and A® to move in unison with the main
valve to the left, and to cover port C? and uncover port C! at the left end
of the cylinder; the valve is then in position to be reversed, when the main
piston B has travelled to the left end of the cylinder and uncovered port C!
to steam pressure. In Fig. 108a this form of distributing valve is shown adapted
to a horizontal pump of the general service type, but specially constructed for
lifting tar, creosote, and other liquids of a viscous consistency.
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In addition to the foregoing examples of simplex pumps of this class there
are several others—viz., the Friedenthal, the Kingston, the Hall, Mather &
Platt, Mumford, and such others of American and Continental manufacture
as the Dean, Smith-Vaile, Mason, and Wheeler, etc. As, however, all these
are constructed on Jines more or less closely resembling pumps already described,
to set each of these out in extenso would serve no adequately useful purpose.

[ )

]
Fig. 108a.—Part Sectional Elevation of ““ Wilson-Snyder *’ Direct-Acting Creosote Pump.

Duplex Pumps.

This class of pump having already been described in connection with water
supply stations, it will not be necessary to again enter into the principle of its
general construction. As, however, pumps of the ordinary duplex type—t.e.,
those fitted with slide valves operated in the direct manner introduced by Henry
Worthington some 50 years ago, continue to be very extensively used, makers
in general seemingly being satisfied with the construction and working as obtained
in 1ts original form—a few remarks as to the particular form followed in their
application to general service work will not be out of place. Referring to Fig.
109, which represents a sectional view showing the more salient features, it will be
seen there are five ports to the steam cylinder—the pump comprising two steam
and two water ends—the outer pair serving as steam ports and the inner pair
as exhaust ports, while the centre port communicates with the exhaust outlet.
The five ports are controlled by one flat slide valve operated in a direct manner
from the crosshead of the duplicate pump alongside, the connection being through
a swinging arm as shown. In this class of pump there is a certain amount of
slack between the collars on the rod and the lug at the back of the valve, and
thus a certain amount of lost motion or pause in the valve at each stroke, which
applies, of course, to both sides equally ; and as they continue in such universal
use, a few notes on the setting of the steam valve may be useful, seeing that
duplex in common with all other pumps require an occasional overhaul.
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Hence, (1) when the slide is connected to a rod having a collar and one nut,
place one piston in the middle of its stroke and disconnect the link from head of
valve-rod on opposite side, then set the valve in its central position, place valve
nut evenly between jaws on back of valve, adjust rod until the eye on rod comes
into line with the eye on rod link, then reconnect.

And (2), when the slide valve rod has double lock-nuts, place one piston in
the middle of its stroke, as before, and the opposite slide valve in the central
position ; adjust lock-nuis so as to allow from % to % inch lost motion on each
side of jaw, according to the size of the pump, and the valve is set. Do not
disconnect the valve motion, but repeat same operation on opposite side. The
best way to divide the iost motion equally is to move the valve each way until
it strikes the nuts, and see if the port openings are equal. Do not use the
valve lever in prising the pistons to mid-stroke, but the crosshead.

The pause in the stroke allows the water valves to seat quietly and conduces

M

Fig. 109.—Deane General Service Pump, showing Worthington Duplex Valve
Traversing Action.

greatly to the smoothness of working, which bas led to this form of pump to
be so largely adopted. Duplex pumps are, however, not free from objections—
e.g., as the valves have little or no lap there is no appreciable expansion—and,
further, the double set of ports at each end of the cylinder makes the clearance
excessive—a defect which can be very materially emphasised by the pump valve
gear getting out of adjustment, so causing the pump to work with an uneven
and reduced stroke, although resulting in reduced travel and wear of valve.
The liability of duplex pumps to a variable stroke has induced many makers
to adopt a crank motion, but it is questionable if the economy to be gained by
this means if steam driven repays the extra expense of steam. However, crank-
driven duplex pumps have much to commend their use when belt, gear, or
directly driven from a gas or oil engine or electric motor, in which case the full
advantage of a uniform flow is obtained in the delivery.
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Many attempts have been made 1 the construction of direct-acting duplex
pumps capable of working without the 5-port valve gear, the most notable
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success being obtained in the pumping engines using the Corliss type of valve
gear. For general service work, however, the endeavour has been more towards
the simplification of the pump, and to this end valves have been entirely elimi-
nated in both steam and water ends—e.g., the Clarke-Dowson duplex pump,
which is more particularly adapted for ballast work and other applications
where pumps fitted with ordinary lift valves are liable to get choked up; the
special feature about this pump, known also as the Clarke-Chapman Valveless
Duplex, consists of a special formation of the pistons and plungers, so adapting
them to serve as a slide valve to the steam cylinder or pump barrel next it,
thus dispensing with all other steam or water valves entirely.

The peculiarity in duplex pumps of the * valveless” type is clearly illus-
trated by the following description, and representative illustrations, Figs. 110
and 110a, of the Anthony-Mumford duplex pump. In this example the steam
cylinders only are made * valveless,” the water end being of the ordinary con-
struction, and adapted as a boiler-feed pump, although obviously adaptable
to many other purposes. Referring now to the steam end, we.find that the
cylinders are made more than twice the length of the stroke, to enable pistons
to be used long enough so as not to pass the intercommunicating portways
in the centre of the cylinders. At one side of the bore of each cylinder, ard
situated in the middle of its length, is an ordinary 3-port valve face, the middle
ports being the exhaust as usual, and lead to an exhaust pipe in front of the
cylinders ; the two outer ports in each cylinder are for steam, and lead to the
two ends respectively of the adjacent cylinders, as shown by the dotted lincs
in the elevation, Fig. 110. Steam is admitted by the pipe shown in the plan
and in Fig. 110a, and enters as indicated by the arrows through openingsin the
middle of each cylinder, and passes directly into the hollow pistons.

As before explained, duplex pumps fitted with the ordinary construction
of cross-over valve gear do not admit of an appreciable degree of expansive
action, this fault, however, has been remedied to a certain extent in a form
of pump known as the Differential Duplex, in which, as can be gathered from
the illustration, Figs 111, the valves D, E, instead of being actuated each from
the pump-rod crosshead on the opposite side, as in Fig. 109, are in this pump
traversed by a floating beam B connected at two points G, H to rocker shafts
T, T!, which in turn are connected to the two pump-rod crossheads by the
rocker levers A, Al, which by this means impart to the valves a compound
or differential movement derived from the motion of both piston-rods, and to
impart to each valve an advance opening or lead, as well as a cut-oft between
% and § stroke, vhus enabling the pump to be run, not only at a higher speed,
but with a considerable economy. As in the ordinary duplex, a certain amount
of lost motion is allowed at the connections to the valve rods, and is obtained
in this pump by sliding blocks on the beam B working between adjustable
clamps F. A peculiar feature in the working of pumps controlled on this
gystem is their tendency vo run with an equable stroke even after hard and
continuous service, which may be attributed to the compound movement, as
each piston-rod in part governs its own valve as well as that of the other eylinder.

In the Fielding single-valve duplex pump illustrated by the three sectional
views, Fig. 112, an improvement has been made in another direction—viz.,
in the reduction of the number of parts subjected to motion, wear, and misad-
justment. In this pump (which, by the way, was first introduced some years
ago) this end has been attained by adopting a combined oscillating and recipro-
cating slide valve (v) working on a radial valve face having five ports only for the
two cylinders, of which the two ports () communicate with the cylinder R, and
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Fig. 111.—Duplex Pump, with Beaver Differential Steam Control.
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are placed into communication with steam pressure supplied at (s), and with the
exhaust outlet (z) by a reciprocating movement derived from the pump-rod
of the opposite cylinder L; the distribution to the left-hand cylinder is
effected by imparting to this valve an intermittent oscillatory movement from
the right-hand pump-rod, the valve in this manner being caused to open the two

ports (7) alternately to steam pressure and
exhaust. By this construction, it will be
seen that the total number of steam ways
is reduced from 12 to 7, and the number
of loose parts constituting the valve gear
from 20 to 12; on the other hand, the
cushioning effect obtained by the use of
separate steam and exhaust ports, as in
the ordinary duplex, cannot be adopted
by this method with advantage.

The latest improvement in this direc-
tion forms an important feature in the
Oddesse duplex pump, in which external
loose parts have been totally done away
with, and the pump in its simplest form
is so far reduced in complexity as to
only require eight steam ways and four
moving parts constituting the loose con-
nections used for the valve gear of both
cylinders. In the Oddesse pump the
distributing valves, instead of being
traversed in the direction of the pistons,
as in the ordinary duplex, are moved
across the cylinders, vide the sectional
views, Fig. 113, their motion being de-
rived from two reciprocating diagonally=
slotted blocks (b), which are positively
connected through the rods (d) with the
two piston-rods below, the slide valves
(v) being each actuated from the opposite
side by short rods (¢) connecting to the
bearing snugs (k). In action, as the two
slotted blocks (b) move to and fro in
their seatings, they impart a transverse
motion to the two crosshead bearing
snugs (k), this cross movement being
transmitted to the two slides (v) by
the short transverse rods shown, these
being arranged in duplex fashion, so
that the right-hand block works the
left-hand valve, and wice wversd. A
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Fig. 112.—Steam Cylinders of Fielding & Platt Duplex Pump, with Combined Oscillating and
Reciprocating Valve

great feature with this simple construction of steam distributing gear
is its adaptability for expansive working, either by slides working over
the main slides, and arranged to be adjusted by a screw, as in the
Mehr cut-off gear, or by rotatable piston valves, as shown, the former method

being used for single expansion, and the latter for double expansion.

In the

compound pump a variable cut-off is thus obtained by balanced piston expansion
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valves (z), arranged to work in auxiliary reciprocating cylinders (e) forming pars
of the main slides (v), within which each expansion piston (z) receives, through

showing Steam Cylinders
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ghor.t rods (n), a lateral motion from the bearing snug (k) immediately next each to
it; in this manner the expansion valves are moved independently, and as these
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are provided with vee-shaped ports, the degree of cut-off can be conveniently
varied while in motion by turning each on its axis by the adjustments (r)
arranged outside the cylinders.

When constructed to work compound, as shown in the section, the exhaust
steam from the high-pressure cylinders is discharged into the common receiver
(m), which forms the steam chest for the two low-pressure cylinders, whence these
draw their supply of steam in the ordinary manner. To permit of this being done
(the high-pressure steam having to be kept out of the low-pressure receiver)
the high-pressure steam is conducted from the supply pipe (s) into two small
high-pressure chests (), whence the steam flows through the plates (p) direct into
the two expansion valves (z) through the openings (s). By means of these
diaphragm plates leakage of high-pressure steam into the receiver below is
prevented, as the plates bear against the auxiliary expansion casings (e) by steam
pressure from the chests (¢), and are each capable of independent adjustment
for wear.

It may be pointed out that the expansion valves (z) receive no motion from
the outside except that of an oscillatory adjustment by means of the hand lever
(r), in consequence of which there are practically no glands exposed to the high-
pressure supply, the arrangement of the steam ports being as indicated by the
figures ; thus the two high-pressure ports (1) and (2) are controlled by the
underside of the valve casing (e), by which steam is distributed to the high-
pressure cylinder on each side of the pump for a portion of the stroke, determined
by the radial adiustment of the expansion pistons (z), and is exhausted direct
into the common receiver (m), whence the steam is distributed by the slides (v)
to the ports (3) and (4) into the low-pressure cylinders, and finally exhausted
through ports (5) to the outlet at (k).

In regard to the particular distribution used in the Oddesse pump, although
it cannot be gainsaid that the number of wearing parts in the ingeniously designed
valve gear is very materially reduced, there is obviously no reduction in valve
friction or surface wear, the weak feature of the gear being undoubtedly the
long travel of the diagonally-slotted traversing blocks (b) against the resistance
opposed by unbalanced distributing valves. Recognising that the bearings of
this gear are exposed to conditions of imperfect lubrication, in other respects
it would seem to be all that is claimed for it.

There is a slightly modified arrangement of valve gear used in the Prescott
duplex pump, as shown in section by Fig. 114, In this pump the steam is con-
tinued for practically the full stroke in both high and low-pressure cylinders,
the ratio of expansion working out at about 56 to 1 including clearances. The
usual lost motion between the valve-rods (d) and the driving connections (e) is
obtained by adjustable blocks (b), the rods being firmly secured to the valves
endways, which results in the adaptability for a more exact adjustment of
port opening and in reduced wear ; there is no reduction, however, in the number
of loose connections used for actuatmg the valves.

The 5-port construction is used for the low-pressure cylinder only, thls
affording the required cushioning effect for high speeds, and has the merit of
reducing clearance in the high-pressure cylinder. This illustration also shows
the usual construction followed in double ram pressure outside packed pumps °
with side-rods (p), which, together with the six piston-rods, are connected to the
four ram plungers by two pairs of crossheads (%), the pair at the pump end being
supported by a slipper bearing. In Fig. 115 is shown a standard design of inside -
packed ram-plunger pressure duplex pump, having a single pair of plunger
rams (m) removable from the end, and is a construction that has the advantage
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over outside-packed plungers in requiring less length of floor space; but, per
contra, the glands are less accessible and rendered still more so by the necessary
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Fig. 114.—Sectional Elevations of ““ Prescott *” Direct-acting Compound-pressure Pump.

stay bolts (¢), there is also the area of the pump-rod to be taken into consideration,
which, although of little significance for low pressures, is decidedly against this
form of pump for pressures used in hydraulic practice. However, when com-

Tig. 115.—Water End of Epping-Carpenter Duplex Pump, with Inside-packed Ram Plungers.

bined with the additional advantages rendered possible by the Heisler construc-
tion, illustrated in Fig. 116—viz., with the stay bolts (t) spanning the water space,
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and the plungers (m) surrounded by water-sealed glands (g), there is much to be
said for the inside packed plunger design, the more so that one gland takes
the place of two, and air excluded ; and further, owing to its length, the gland
can be more evenly held up to its work, and plunger friction reduced ; the cost
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Fig. 116.—Section of Heisler Duplex Pressure Pump, with Water-sealed Inside-packed
Plunger.
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for packing renewals, moreover, is naturally halved, and by the exclusion of air
from the pulsating chambers, water hammer largely prevente%.

Fig. 117.—Sectional Elevation of ¢ Wilson-Snyder ” Compound Duplex 25" x 42" x 93" x 34
Oil Pump to deliver one million gallons per 24 hours against an average pressure of

1000 1bs.

The duplex form of pump, owing to its equable action, was early recognisec
as being most suitable for pumping petroleum through long pipe lines, and in
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point of fact it was due to its success in this particular adaptation that first
brought the duplex pump into prominence in the States of America. A typical
pump for this purpose is illustrated in Fig. 117, known as the ““ Wilson-Snyder,”
which is of the usual 5-port type, but fitted with piston valves operated on the
lost motion principle from outside slotted blocks, as in Fig. 114, but differs in
having each pair of steam pistons connected to a single rod. The plungers are
outside packed and double-acting, as shown in Fig. 115, but are fitted with
suction and delivery valve<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>