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I CHESTNUT HILL PUVPI NG STATI ON

The first public water supply for the Cty of Boston
i ntroduced water by gravity from Lake Cochituate in 1848. Thirty

years later, in 1878, an additional source of water supply was
achieved by diversions from the Sudbury River.

Annexation of towns adjacent to old Boston added to the city
a consi derabl e nunmber of elevated areas to which water had to be
rai sed by punping above Cochituate and Sudbury el evations.

H gh service punping of water was established at Chestnut
HIll wth the construction and equi pping of the H gh Service
Punping Station in 1887, which was devel oped into one of the
principal punping facilities of the Metropolitan District
Commi ssi on

This station is |ocated on the south side of the Chestnut
H 1l Reservoir in Brighton. Architecturally, the buildings of
the high service station are an inposing group, built of MIford
granite with heavy trimmngs of Longneadow freestone (sandstone).

The punps are entirely driven by steam engines, with the
boiler roomin the east wing of the building and the punps in the
main portion. For many years the boilers were fired by coal,
delivered by rail on the adjacent fornmer Boston & Miine Railroad.
Coal -firing was replaced by oil-firing in 1954.

Qur special interest on this occasion is the Leavitt Punping
Engine, installed in 1894 as Engine No. 3 of the Chestnut Hi Il
Station, to provide added capacity to the existing punping units
in order to neet the increased demand in the high service areas
of Boston. This engi ne was of unusual design and its perfornmance
attracted nuch attention in the field of steam engineering and
muni ci pal water systens.

The engine is still in its original location, retired in 1928
t hough kept in operating condition for sone years thereafter.
The Sm thsonian Institution, of Washington, D. C. considers this

an out standi ng exanpl e of steanyengineerinﬁ. Besi de draw ngs and
pictures of this engine the Smthsonian has in its possession

scale nodels of this and the Louisville, Kentucky, Leavitt-Riedler
punpi ng engi ne.



Il THE LEAVITT - PUMPI NG ENG NE

The nane plate of the engine bears these words, “Boston Water
wor ks, Riedler Punping Engine, Designed by E.D. Leavitt, Built by
N.F. Palner Jr. & Co., Quintard Iron Wrks, New York.”

It is a triple expansion, three-crank rocker engine, with
pi stons 13.7, 24,375, and 39 inches in dianeter and 6 foot
stroke. The cylinders are vertical and inverted, and are
carried, together with the valve gear, on an entablature
supported by six vertical and six diagonal colums rising from
the bed plate.

The engine connecting rods act upon rockers sonewhat |ike
bel |l -cranks, carried in pedestals on the bed plate. From each
rocker, two additional connecting rods run, one to the shaft of
the fly wheel, this rod bein%]nearly hori zontal when the crank is
at its highest point. The other connecting rod runs in the other
direction at an angle of about 30 degrees, from the horizontal to
the plunger rod of the punp proper. The |everage of the various
pins in the beans is such that the stroke, of six feet in the
case of the steam pistons is reduced to four feet for the punp
plungers, which is also the anount of the double throw of the
cranks. The crankshaft has three cranks set at angles of 120
degrees, the low pressure crank leading, followed by the
internediate and high pressure cranks. The shaft is carried on
four adjustable four-box pedestals with overhung end cranks.
Between two of these pedestals is the flywheel, and between the
other two, the gear for driving the canshaft.

The steam and exhaust valves of the engine are gridiron
slides worked by canms on a horizontal shaft, which is driven by
gearing fromthe crankshaft. The cut-off of the high pressure
cylinder is regulated by the governor through the agency of a
hydraul i c cylinder, which advances or retards the cut-off cam by
Peana of a spiral sleeve;, the cut-offs of the other cylinders are

i xed.

Steam enters the high pressure cylinder through a separator
formng a part of the inlet pipe. After expanding in this
cylinder it passes through a tubular reheater to the internediate
cylinder, and thence through another simlar reheater to the | ow
pressure cylinder. The reheaters have steam of boiler pressure,
or about 185 psi, on the inside of the tubes and the working
steamon the outside. Al the cylinders are steamjacketed on
head and barrels, the |ow pressure cylinder at 100 psi and the
other two at 185 psi. Drains from high pressure jackets and
reheaters are returned to the boiler and | ow pressure jacket
drai ns and water renoved fromthe steam by the separators are
di scharged to the hotwell.

There are three double-acting inclined pump plungers, each of
four-foot stroke and 17.5 inches in dianeter. The punp
foundation is below the floor of the engine room the punp
chanbers being tied to the engine bedplates by horizontal
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girders, as well as by the punp crosshead guides, which are
Inclined 30 degrees to the horizontal. This peculiar arrangenment
of inclined punmps was found necessary to suit existing conditions
of the engine house, punpwell, etc. By reduction of stroke from
that of the engine, as well as by the relation of dianeters, an
I ncreased capacity for pressure is obtained

The punp bases or suction chanbers, six in nunber, one for
each end of each punp, are connected together and the bases of
each punp are connected by a separate suction pipe. The |ower or
wor ki ng punp chanbers are surrounded by annul ar spaces throughout
their height, formng vacuum chanbers. The Upper punp chanbers
contain the delivery nozzles, and above these are the air
chanbers, all six of the latter being connected by pipes.

The Punp val ve mechani sm sonewhat simlar to the valve rod
system of a Corliss engine, is one of the characteristic features
of the engine, based on the invention of Prof. R edler of the
Royal Pol ytechnic school, Berlin, Germany. This engine was
designed to run easily at 60 revolutions per mnute, punping
against a head of 128 feet, a speed nmade possible only by the use
of the Riedler valve gear, introduced to the U S.A in the design
of this machine (actually, another Leavitt-Riedler engine began
operation a year earlier). At the normal speed of 50 revol utions
perhlﬂ nute, the punping capacity is 20,000,000 gallons in
24 hours.

The punp val ves consist of a nunber of rigidly connected
rings, each ring closing an annular opening in the valve seat as
shown in the sectional view The Upper valves are delivery
valves and the |ower are suction valves. The diagonal rods
running from the center cam Corliss engine fashion, and noved by
the connecting rods |eading fromthe main rockers, operate to
cl ose each valve positively at the exact nonment of the reversa
of the stroke. As soon as the valves are closed the mechani sm
nmoves out of the way, leaving the valves free to open
automatically. This feature nakes possi ble the high velocity.

Water is taken fromthe air chanbers to the force nmain by a
horizontal pipe branching into them also to the 1410 square foot
surface condenser, where the punped water passes through the
tubes and condenses the engine exhaust steam After passing
t hrough the condenser the water is delivered to the force main

Directly below the condenser is the air punp with a 24 inch

cylinder diamater and 12 inch stroke, worked by an arm from one
of the rocker shafts operating the punp valve gear.

Steam for the engine was furnished by a Belpaire fire-box
boil er having two separate furnaces and a common conbustion
chanber. This bciler, no longer in existence, was 34 feet 4
inches long, with a least internal shell dianmeter of 90 inches.
The boiler tubes were 201 in nunber, 3 inches in dianmeter and
16 feet long. A Green econom zer heated the feed water by flue
gases before the water entered the boiler.
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In 1895 a large group of engineering students, under the
direction of Professor Edward F. Ml ler of the Massachusetts
Institute of Technol ogy, conducted a very detailed perfornmance
E)elst on the engine, principal results of which are tabul ated
el ow.

TRI PLE- EXPANSI ON LEAVI TT PUMPI NG ENG NE AT THE
CHESTNUT HI LL STATION, BOSTON, MASSACHUSETTS

Duration, hours 24
Total expansion 21
Revol utions per mnute 50.6
St eam pressure above atnosphere, pounds per

square inch 175.7
Baroneter, pounds per square inch 14.9
Vacuum in condenser, inches of rrercur&/ 27. 25
Pressure in high and internediate jacket and

reheaters, pounds per square inch 175.7
Pressure in |owpressure jacket, pounds

per square inch 99.6
Hor se- power 575.7
St eam per horse-power per hour, pounds 11.2
Thermal units per horse-power per mnute 204. 3
Thermal efficiency of engine, per cent 20. 8
Efficiency for non-conducting engine, per cent 28.0
Ratio of efficiencies, per cent 74
Coal per horse-power per hour, pounds 1.146
Duty (foot-pounds per 1,000,000 B.T.U 141, 855, 000
Efficiency of nechanism per cent 89.5

Al though nost of the engine, including the principal

castings, was produced in the US A, M. Leavitt believed that
forgi ngs produced by the Krupp works in Gernmany were the best
obtainable. In keeping with his high standards, he specified
Krupp forgings in the Chestnut H Il punping engine, and that name
aﬁpears on several critical parts. The workmanship shown in
t hese conponents was a point of interest to visiting engineers
and students.
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Erasnmus Darwin Leavitt, Jr.

1836 - 1916

Erasmus Darwin Leavitt, Jr., was born in Lowell Mass., on
Cctober 27, 1836. After early education in the Lowell public
school s, he served a three-year apprenticeship in the machine
shop of the Lowell Manufacturing Conpany. Following a year’s
enploynent with the firm of Corliss and N ghtingale, Providence,
Rhode |sland., he becane assistant foreman at the City Point
Wrks (south Boston) of Harrison Loring, where he had charge of
construction of the engine of the U S S Hartford.

From 1859 to 1861 M. Leavitt was Chief Draftsman for
Thurston, Gardner & Co., steam engine buil ders of Providence,
Rhode Island, leaving to enter the U S Navy at the start of the
Cvil War. In 1865 he was made instructor in Steam Engi neering
at the US. Naval Acadeny, Annapolis, Mryland.

In 1867 M. Leavitt resigned to resume private practice as a
Mechani cal Engineer, specializing in punping and mning
machi nery. Sixteen patents were issued to him between 1855 and
1889 in this field. A punping engine of his design, installed at
Lynn, Massachusetts, and tested in 1874, brought him into
prom nence in the engineering world. He becane Well acquainted
with | eading engineers of several European countries, anpng
these, Professor Riedler of the Royal Polytechnic School, Berlin,
Germany, from whom he acquired the right to use the Riedler punp
and valve gear in the U S A

One of his best known and nobst successful designs including
the Riedler features was that of the twenty mllion gallon per
day punping engine, installed at Chestnut H Il in 1894 and
operated for over thirty years by the Boston Water Wrks and the
Metropolitan District mm ssi on.

In addition to serving as a consultant for cities and punp
and engine builders, M. Leavitt was nechanical engineering
consultant for Calunmet and Hecla M ning Conpany from 1874 to
1904, during which time his reputation and fame in the field of
mechani cal engi neering were further recognized as havi ng done
nore than any other Anerican engineer to establish sound
principles and propriety of design.

M. Leavitt was granted an honorary degree of Doctor of
Engi neering from Stevens Institute of Technology in 1884, the
first recipient of this degree fromthe Institute. Promnent in
many engi neering societies in this country and England, M.
Leavitt was an original nenber of the Anmerican Society of
Mechani cal Engineers and its President in 1883. He was al so a
Fellow in the American Acadeny of Arts and Sciences.






_He served on the Boston and Canbridge Bridge Conm ssion, the
Visiting Commttee of the Engineering Departnment of Harvard
Uni versity and of the Cbservatory, and was greatly interested in
the Canbridge Young Men’s Christion Association.

M. Leavitt was a striking exanple, — perhaps anong the
| ast, — of engineers, who, without what is called technical
training, have achieved the highest distinction in the ranks of
Mechani cal Engi neering and have left a menory which marks al nost
an epoch in the practice of steam engineering.

M. Leavitt died on Mirch 11, 1916 at Canbridge,
Massachusetts, where he had lived for many years. At the tine of
QI sddeath he was survived by his three daughters, his wfe having
ied in 1889.
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