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Atlantic Department of the

Pelton Water Wheel Company
90 West Street, New York, U. S. A.

HE PELTON WATER WHEEL COMPANY calls special

attention to the fact that the Atlantic Department of this Company

—located at the above address—is thoroughly equipped for
furnishing full and reliable information in regard to any proposition for
the utilization of water powers by the wost MODERN, ECONOMIC AND
APPROVED METHODS; also to its exceptional facilities for the manufacture
and prompt delivery at this point, of water wheels and all appliances
connected with works of this character.

Announcement is also made that this Company furnishes, of the best
material and construction and at the lowest ruling prices, WATER PIPE
(BOTH RIVETED SHEET STEEL AND LAP-WELD), GATE VALVES AND FITTINGS,
SHAFTING, GEARING, PULLEYS, SHEAVES, JOURNAL BEARINGS, as well as all
MACHINERY AND ACCESSORIES appertaining to water power installations,

‘The advantages this location affords for FAVORABLE FREIGHT RATES, as
well as RAPID AND FREQUENT COMMUNICATIONS with all the markets of the
world, are too apparent to enlarge upon. Such information as may be desired
in reference to any proposition, from localities where this office is most
accessible, will be furnished either by personal interview or inquiry by letter
to address above given, .

For the first time is illustrated and described the PELTON-FrRANCIS
TuRrBINE, designed to meet conditions which do not favor the usual PELTON
construction.

This wheel is offered after exhaustive experiment and known results
obtained in commercial operation, with the assurance that the specific
guarantees as to high performance will be realized in the same full measure
as in the more widely known PeLToN WaTER WHEEL manufactured by this
Company.

As purchasing agent for foreign customers, this Company is prepared
to act at a reasonable compensation. Any commissions with which it may
be entrusted will be executed in an economical and intelligent manner.

Parties writing for information will please confine their application to
ONE OF THE OFFICES of this Company, whichever may be most convenient
in point of distance or facility of communication.

The Pelton Water Wheel Company
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Foreword

YDRAULICS,
in its application
to water wheels,

s now considered as an
exact science,

The impulse
wheel, of which the
Prrrox is regarded as
the 7ppe, was primarily
the result of the
accidental observance
of water action on
moving vanes. Since
then its development
and improvement have
been based on scientific
and mathematical deductions—the result being the PELTON
System of Power, with which this catalog deals,

An endeavor is herein made to explain the primary
principles and functions of the Pertony WHEEL, as well as
to show the facility with which it may be adapted to a
great variety ol conditions. To this end illustrations have
been frecly employed, all of which are from photographs
of machinery actually constructed.

No claims are made that cannot be fully substantiated
in actual practise. An experience of twenty years in the
design and construction of water wheel apparatus, together
with the actual manufacture of fwelve thousand six hundred
wheels during that period, is the assurance offered by this
Company of its ability to successfully cope with any
proposition within its sphere.

"
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T HE PELTON WATER W HETEL COMPANY

General Information

The PeLroN Warer WHEEL is the pioneer
of what is known as the “impulse and reaction "
type, as distinct from the turbine wheel, 1t is
essentially a *“high head " wheel —that is to say,
is better adapted for operating under high pressure
(twenty-five feet and over), and utilizing a small
quantity of water—relying on the impulsive force
of the water on moving vanes, rather than the
constant and uniform pressure of a large, slow-
moving mass of water

In simplest form it consists of a cast-iron or
steel center, to the periphery of which are attached
cups, or “buckets,” as they are technically called.
The high efiiciency of the Prirrox WHEEL is
largely due to the design and construction of the

buckets, which are fully covered by patents, These
receive the stream at a tangent to the periphery of the wheel, absorh the force or
power, and discharge the water at practically no velocity, and at a slight angle, =0 as
to avoid interference with the succeeding bucket,

The wheel is carried usually on a horizontal shaft, supported by journal boxes, but
in special cases the shaft may be vertical with step-and-thrust bearing,  The water,
being led to the wheel by means of a pipe, impinges on the buckets through a nozzle,
the end of which is fitted with a cylindrical tip of diameter proportioned to the head of
water and amount of power to he developed. Different diameters of tips can be screwed
into the nozzle, thereby varying the power of the wheel from the maximum, which is
limited by the size of the bucket, down to a small proportion of the rated capacity ; in
this way no more water is used than is actually required for the power, and a unifermly
high efficiency is maintained at all stages of load.

The power is transmitted from the wheel shaft, either by pulley and belt, or by
direct-connecting the wheel shaft and that of the machinery to be driven by means of
a coupling.

Power and Adaptation

The power of the PELTron WHEEL does not depend on its diameter, but upon the
head and amount of water applied to it—in other words, the size of nozzle used—
which establishes the size of bucket on the wheel. The diameter of the wheel determines
its speed, and, under a given head, the number of revolutions at which a certain size of
wheel runs should be constant, irrespective of the power developed.

Where a very considerable amount of power is required under a comparatively low
head, a wheel of large diameter is ‘sometimes necessary, to admit of buckets of the
proper size, as also the application of two or more nozzles for the purpose of multiplying
the power.

Where wheels of standard sizes do not meet the requirements of any particular
case, special wheels are often made, of such diameter as will give the proper speed, with
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buckets to suit the power conditions. In some instances they are required to be as
large as 20 to 35 feet in diameter, to conform to the machinery to be operated —
admitting in this way of direct-connection to crank-shafts of pumps, compressors or
other slow-speed machinery. The facility with which such adaptation can be made to all
varying conditions, is one of the marked and distinguishing features of the PELTON
WHEEL, and admits of application to every possible service in the most economic and
etficient way.

[t will thus be seen that the PeELToN WHEEL s a very simple piece of apparatus,
involving the use of but little mechanical construction, and whether the power be one
horse-power or ten thousand horse-power, the same elements are involved., As a
consequence, the PELTON System of Power possesses primarily the great advantages of
simplicity of construction and absence of wearing parts, insuring a prime mover of
absolute reliability. -

Use of Double Nozzles

Where the speed requirements call for a wheel of small diameter, on which it is
not possible to obtain sufficient power from one nozzle, a double nozzle is used, which
allows two streams of water to impinge on the same wheel; the power of the wheel is
thus doubled, necessarily using water in like proportion.

This arrangement iz particularly adapted for running electric machinery by means
of direct-connection of water wheel and generator shafts, and is applicable to any high-
speed machinery. The advantage gained by the absence of all belting or gearing, with
its attendant loss of power and cost of maintenance, will be readily appreciated.
Numerous illustrations of these applications are given on succeeding pages.

Conditions as to Head

Experiments have shown that the PELToN WHEEL will give as high an efficiéncy-as—
any form of turbine under heads as low as from 10 to 12 feet, but its construction does
not admit of handling sufficient water to develop any considerable amount of power
under so low a head within a reasonable limit of cost. It is not, therefore, recommended
for heads of less than about 20 feet, except where but a comparatively small amount of
power is required.

The PELroN-Fraxcts turbine, described on page 102, is designed to meet such low
head conditions as do not favor the PELTON type of wheel.

Under low or medium heads, where the capacity of a wheel is not sufficient
even with a double nozzle, two or more wheels may be mounted on the same shaft,
their nozzles being connected to the main pipe by means of a #Y ™ or receiver—the
power obtained in the unit thus being in direct proportion to the number of wheels
used.

As regards extreme head, there is practically no limit under which the PELTON
WHEEL may be safely and efficiently operated. Ileads of from 1200 to 1600 feet are
of common occurrence, and PELTONx WHEELS are now running under heads as high
as 2150 feet,

Conservation of Head

As water, in most cases where available for power, has a positive commercial value,
the most advantageous and profitable use of it should be considered. TIn this relation
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not only the wheel, but the pipe which supplies the motive power, has an important
bearing upon the result.  The loss of head by the friction of water in its passage
through a line of pipe is more serious than is generally supposed, and must be
carefully estimated in all cases where water is conveyed in this way any considerable
distance.

Head, in this connection, is simply a convertible term for power, and has a direct
relation to wvalue. It should, therefore, be conserved to as great an extent as the
circumstances of the case will justify. Where both the water supply and head are
limited, the pipe should be of sufficient capacity to avoid loss of head as far as possible.
Where water is abundant and a very considerable head can be obtained, a greater loss
in pipe friction may be justified to save cost in pipe.

In order to obtain the most economic results, each individual case should be
considered in view of the existing conditions, having particular reference to the
advantage of additional power, cost of pipe, and the fact that provision in pipe line for an
ultimate power beyond present needs is often advisable,

Advantages of a High Head

The principle upon which the Prrron WHEEL operates being that of direct
pressure, makes a high head desirable when it can be obtained at a reasonabile cost,
The amount of water required to develop a given power decreases in direct ratio as the
head or pressure increases—consequently the additional length of pipe necessary in such
cage is often compensated for by its reduced size and thickness; also the same result
may be obtained with less water and a smaller wheel.  The lessened expense in this way
frequently justifies a largely increased expenditure in pipe line for the purpose of
securing a higher head—especially as a small amount of water can, by such means, be
made serviceable for many purposes. The conditions presented in each particular case
must, however, determine in regard to this.

Durability and Reliabiiity

These features, next to i‘.“l'ﬁcietu‘.}', are conceded to be of the first importance in
machinery of this character when used for any purpose. and more -especially when
operating electric plants in which water power is now so important a factor. It should
be noticed that in the PeErroN WHEEL the wearing parts are reduced to a minimum,
and that, in comparison with other forms of wheels, the mechanism is of the simplest
kind—thus insuring freedom from accident and absolute reliability of service. These
points will especially appeal to those running power plants, in which continuous service
is an absolute essential, and also to those who are located in foreign countries, to whom,
in most cases, a breakdown would involve serious delay and loss.

Many wheels can be referred to that have been running continuously for about
twenty years withoul any appreciable expense and without impairment of efficiency.
Water carrying sand and grit, so destructive to other forms of wheels, has no effect
upon the PELTON WHEEL except under extreme conditions, where a set of buckets
may occasionally be required, involving but a small expense.

fi
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For Mill and Mine Work

The modern and most approved method of operating machinery of this character
is that of having separate wheels for the various departments of work, such as batteries,
crushers, concentrators, hoists,
ete. By this means the different
classes of machinery are under
Separate control, rendering the
use of a governor unnecessary,
and eliminating in large part all
intermediate gearing.

The cost of additional wheels
for such a distribution of power is
generally more than compensated
for by the saving in governor and
connections referred to, as also
by the convenience and fexibility
of the plant when so arranged,

Where the water supply is limited, the wheel running the crusher may be set high
enough to use the discharge for the hatteries,

It often happens that although there is no water supply available for general
POWET purposes, the drain water from the tunnel, if it is so situated as to obtain a fall,
may be utilized on a small PELTON WHEEL for operating an electric generator for
lighting the mine and driving blowers,

For Electric Generators

The PELTON WHEEL is most readily adapted for driving electric generators — its
diameter being varied to suit the speed of the electric machinery, and the size and
number of streams arranged for the output of power required. In all ordinary cases
direct connection of wheel and generator shafts can be accomplished, thus eliminating
the losses occasioned by belting and gearing, so frequently found in steam and turbine
installations, The expense of floor and power house space required for these methods
of transmission is also saved. thus effecting a double economy,

In choosing apparatus for electric transmission it is usually advisable to determine,
within certain limits, the speeds and capacities to which the water wheels will be
adapted without excessive €xpense, at the same time obtaining the highest efliciency,
The generators may then be chosen between these limits, and the wheels closely
designed to adapt them to the senerators.  This Company is always glad to co-operate
with the electrical manufacturers with a view to obtaining the best combination of waler
wheels and generators for any proposed installation,

There are various ways in which water wheel units may be constructed for electric
plants—the principal ones being as follows:

IRON-MOUNTED TYPE: In this case the wheel is completely enclosed in sheet
steel or cast-iron upper and lower housings, supported on a suitable cast-iron bed-plate,
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which also supports the pedestal bearings, nozzle and gate valve. All the parts are
assembled in one complete construction and erected in the shops before shipment.
The design is made to harmonize with
that of the SEnerator —maintaining the
same proportion of bed-plate, pedestal
bearings,and general appearance through-
out. The use of this Lype of construction
greatly simplifies the foundations and
work of erecting, it merely being necessary
to set the water wheel on {he masonry
floor and anchor it securely.

L

SEMI-MASONRY MouNTED: In this
style of construction the lower wheel
housing and bed-plate are eliminated 1o
a large extent, thus greatly reducing the
weight; the bed-plate is replaced by a
' 1t cast-iron frame securely anchored in the

_:,.-s-l';-.. s e : % o masonry foundation, which is carried up,
P ; N a = i
- sometimes above the power house floor
_ level, to support it. The bed frame is

=

fitted with the “housing and pedestal

bearings, also with the nozzle, gate valve,
ete.  The nozzle and all Water-pressure connections come within the nozzle pit, which
Is an extension of the tail-race. A cast-iron grilled floor plate set in a cast-iron frame
Permits access 1o the nozzle pit—thus bringing the nozzle and connections all within
reach of the crane.

Still a third method might be mentioned, which is only applicable in certain
instances : this is to mount the water wheel on the shaft and in the pulley compartment
of a dynamo arranged for belt driving. In this case the dynamo bed-plate must be
provided with the flecessary connecting flanges and be of suitable dimensions for
receiving the water wheel parts,

Means of Utilizing Water Power

The idea of a water power is generally associated with A river or large stream, an
expensive dam, huge flume, heavy grading and stone work. massive turbine wheels,
pits, curbing and penstock
produced of doubtfu] advantage, especially when so much is sacrificed in location of
works as is generally necessary in such cases,

all involving so large an outlay as to make a power so

By means of the I'errox system only a small diverting dam is required, then a
pipe running along the surface of the ground 1o the Power station, which may be located
at any convenient point and high Bnn.ugh to be out of the reach of floods. It is no
exaggeration to sav that, in this way. a small trout brook with a high head will often
furnish as much Power as a large stream under a low head, in a much more convertible
form and at probably not more than one-fourth the outlay, :

*

S
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Notes in Regard to Wheel Mounting

For mining purposes, wheels are generally mounted on timber frame-work, as
illustrated on page 24, In most cases it is advisable to build this on the ground,
rather than pay [reight for a
considerable  distance.  Any
millwright, or one reasonably
familiar with such work, how-
ever, will have no difficulty in
constructing the frame from
such detailed drawings as are
furnished.

If suitable timber is not
available at the site, the frame
is furnished when desired —
in which case the wheel is

mounted on frame, all pieces

marked, then taken down and

packed for shipment: in this

way the parts can be readily assembled on the ground. In special cases, where
large amounts of power are involved, it is often desirable 1o support the journal
boxes by concrete piers and enclose the upper part of the wheel in a sheet iron
housing,

On page 2 is shown the standard type of the iron-mounted Prrron WHEEL,
which is more often used in connection with electrical apparatus, or such other
machinery as requires a compact and self-contained driving power. The illustration
shown represents a wheel with extended shaft and outboard bearing for driving by
means of belt connection, but the same general mounting obtains in the event of its
being intended to direct-connect water wheel and generator shafts.  The iron-mounted
type usually embraces automatic ring-oiling journal stands of design similar to those
On generator, so as to present a harmonious appearance.

A special feature embraced in PErron design is the CENTRIFUGAL bisc, which
prevents leakage of water along the shaft and into the journals, This device, covered
by PELTON patents, consists of a cast-iron disc attached to the wheel shaft and rotating
within wall chambers, secured to the inside of the wheel housing.  Any water collecting
on the shaft is caught by the disc and thrown by centrifugal force into the chamber,
whence it is drained through a tube into the tail-race. This frictionless device
supersedes the old form of stufling gland which required constant packing, and which,
on account of grit, was often the cause of cutting or wearing the shaft,

[t is impossible to designate all of the various mountings to which the PeLTON
WHEEL is adapted, as each wheel is designed to meet a particular case to the best
advantage, but the illustrations on succeeding pages will indicate the possibilities in
this regard.

Construction plans are furnished with all wheels, so that any competent mechanic
can install them without difficulty.

- e —— =
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Wide Range of Variation

One of the most notable advantages of the T'ELTON system is its adaptability to
widely different conditions of water supply and power. By changing the nozzle-tip,
thereby varying the size of the stream
thrown on the wheel, the power produced
may be reduced from the maximum down
to about twentyfive per cenl of same,
using water practically in direct propor-
tion to the amount of power that is bheing
developed, thus operating the wheel up
to its full capacity with an ample water
supply, or to the same relative advantage
with a reduced quantily, when, for any
reason, the supply fails in part.

Also, with a double nozzle wheel,
one nozzle may be closed entirely and a
' small tip used on the other, admitting of

a sLill greater reduction in capacity, while maintaining the same high efhiciency.

The advantage of such means of adjustment to varying conditions will be apparent,
as there are few cases where the water supply is not reduced at certain seasons of the
vear, making its ecconomical and efficient use al siuch times most desirable,  This
arrangement also admits of using, without disadvantage, a wheel of larger capacity
than [.irua-ai-ni. requirements demand, with reference to an increase of power when
wanted,

I'he variations of construction as to dipmeter of wheel, size of buckets and number
of streams applied, as before mentioned, also admits of adaptation to all conditions and
requirements of service, either as to speed or power, in the most eflicient way and at the
smallest cost,

Transmission

Of the various methods of transmilting power from the water wheel to the
generator, that of using belting is to be avoided whenever possible, on account of the
added floor space, loss in transmission and cost of maintenance. The methods most
commonly employed in modern hydro-electric plants, all of which practically embrace
direct-conmection of wheel and generator shafl, are described below :

Frexinng Cournina: This form of coupling is furnished in halves, one pressed
on the water wheel shaft, and the other half bored and key-seated to gages of shafi
and key, provided by the electrical manufacturer,  The leather links connecting the two
halves of coupling permit a slight displacement in the alignment of the shafts, such as
that occasioned by the seuding of the foundation, or a slight error in the original
selting of the machine,

OveErHUNG CoxsTrRUCTIoN:  In this instance the water wheel is mounted direct
on the rotor shaft, which is extended for that purpose, and overhangs the bearing.
This construction is very desirable where the type of penerator admits, as the water

10
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wheel and generator are thus one integral machine, without possibility of its getting out
of alignment.  In particular, the engine-type generator is well adapted to this construction,

DounrLE OvERHUNG ConstrucTion:  This is usually employed with the engine-
type generator of large capacity, in which case the armalure is mounted on a bed-plate
with a bearing on either side, and the shaft carries a wheel at each end, overhanging the
bearing, with the rotor in the center. TIn such cases the water wheel builder
furnishes a bed-plate, shaft and bearings common to both apparatus, and of dimensions
to .‘-auimhi}-' CATTY the {:ugine-iype generator,

FrLavGen Sonin Courrinas should be used only on small, self-contained units
where mounted on a common bed-plate and assembled by the manufacturer, as they are
not susceptible of adjustment for alignment. 1t is always advisable to drive exciters by
independent wheels, and direct-connection can usually be obtained, the overhung
construction being generally adopted,

[Hustrations will be found on succecding pages, showing the various mountings ancl
transmission melhods above described.

Construction

[n every instance the highest grade material and best workmanship are expended
on all constructions with a view of obiaining the most reliable and efficient apparatus,
All shafting, screw-threads, bolts and other parts are made true to Brown & Sharpe-
L. S Standard gapes. Al materials—such as cast-iron, bronze, gun metal, cast-steel,
forgings and steel plates—are rejected unless up to the most rigid specilications, to
insure those qualities that contribute to perfect resulls,  Wheels are assembled as far as
possible in the shops, and all joints stamped where they match, to facilitate ercction at

power house,

Upon the water wheel as a prime mover depends the entire transmission plant,
representing usually a Jarge investment. [ s, therefore, essential that all material be of
the highest grade attainable, ‘The requirements of i transmission plant are 24-hour
service, three hundred and sixty-five days in the year,—and PrproN WHEERLS are

constructed with this object in view!

Comparison With Turbines

As has been before stated, the PriTtox WHEEL is not adapted for extremely low
heads, the construction of the turbine wheel enabling it to handle large quantities ol
waler to better advantage under such conditions.

With clear waler under medium falls it is conceded that the turbine is ordinarily
reliable and some of the best types highly eflicient. The construction of the average
turbine, however, is neCessarily such that the vanes and operating gates are subject to
wear, which causes a rapid impairment of efficiency. This is especially true where the
water carries sand and grit, as is so often the case,  All mountainous regions, [mrl.ic:ulurly
those in tropical countries, such as Mexico, Central and South America, present
conditions which offer the most serious objections to the turbine wheel. The streams
furnishing power in such localities are subject to sudden freshets from excess of

11
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rainfall, and carry, at such times, grit and sand sufficient to destroy any turbine in a very
short time. They also carry roots, leaves and other trash that fill the vanes and choke
the wheels to such an extent as
to often prevent their running
until the obstructions are re-
moved, involving a degree of
unreliability that discredits the
many advantages such a power
ought alwavs to afford.

The PreELTON WHELL, on
the contrary, is constructed with
a perfectly free discharge, and
the buckets will not choke up
by anything that may be thrown
upon them, thus making it
absolutely reliable.

The Quintex-nozzle wheel, described and illustrated on page 32, is of special form
and construction, intended particulariy to meet such conditions as are here mentioned.

To cover conditions under which the PeELTON WHEEL is not applicable, this
Company has designed the Prerrox-Fraxcis turbine—a full description of which,
together with its advantages and limitations, will be found on page 102 of catalog, It
will thus be noted that this Company is prepared to cover the entire hydraulic field
regardless of head, speed or power, and to fumish such apparatus as will be best suited
to the existing conditions.

Speed Control

Under average conditions of operation, a governor is not necessary, as, with a
constant load, the speed of the wheel is absolutely uniform.  When slight and infrequent
changes occur—such as are caused by hanging up stamps of a battery, for example—
the wheel can be regulated by hand, 'E)'. means of the main stop gate.

When the changes of load are sudden and severe, as is particularly the case when
operating electric power plants, an automatic governor is essential. Under these
conditions the speed of the wheel is controlled by means of various devices operated by
the governor, among which may be described the following :

The DEFLECTING NoZZLE is a cast-iron or steel nozzle provided with a ball and
socket joint, permitting of its being raised or lowered, thus throwing the stream on or
off the buckets ; the power of the wheel is consequently increased or diminished to adapt
to the change of load, and a constant speed is maintained. A steel deflecting plate,
which deflects the stream itself — the nozzle remaining stationary —is sometimes
used to accomplish the same results, when the design will not admit of a deflecting
nozzle.

The STrEAM CUT-OFF is a spherical plate fitting tightly over the end of the nozzle-
tip, which, by varying its position, changes the discharge area of the nozzle, and thus
influences the power of the wheel.
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The NEEDLE NozzLe consists of a nozzle body in which is inserted a concentric
tapered needle. A change of position of this needle produces a corresponding change of
discharge area of the nozzle: the amount of
water used is thus varied and the power of the
wheel influenced proportionately.

The NEEDLE AND DEFLECTING NOZZLE
is a most valuable combination, consisting of a
deflecting nozzle, with which is incorporated a
needle nozzle with means for operating either
the needle or deflecting nozzle simultaneous|y
or separately, This accomplishes a two.
fold object —accurate regulation and water
economy without water ram. The deflecting
nozzle, in itself, is a most sensitive means of
regulation when actuated by an automatic gov-
ernor but does not save water. On the other
hand, the needle nozzle, while it is extremely
economical in the use of water, is difficult to
control quickly by means of the governor.
The operation of the combination is as follows :

Assuming the full load to be on the water
wheel and the nozzle in position of greatest
efficiency, a decrease in load will cause the

nozzle to be suddenly deflected by the automatic

povernor.  Simultaneously, the needle portion

of the nozzle will be actuated by hand, or by

another automatic device, tending to gradually

close the needle and decrease the flow. The governor then raises the nozzle to
accommodate the decreased flow of water (and consequent decrease of power), and the
nozzle is then brought back to the position of greatest efficiency, having, at the same
time, controlled the speed within the required limits, Such a device is essential where
water is valuable, and where economy is necessary to cany over the peak load. The
needle portion need not necessarily be operated by an antomatic device, but may he
controlled by hand, and the same results obtained, although necessarily in a longer
period of time. See illustration of this nozzle on page 92,

The conditions as to head, power and character of load determine which device is
best adapted. These various mechanisms are actuated, through a proper system of
rock-shafts and levers, by an automatic governor, description of which will be found
on page 101.

Miscellaneous Notes

The power of wheels listed is in all cases based upon effective heads — no allow-
ance being made for friction loss. In ordering wheels the maximum power desired
should always be given; also full data regarding water supply.  In this connection
note carefully the information called for on page 27.

Different heads cannot be utilized in one pipe line or on the same wheel. Two
or more wheels may be run on the same shaft under different heads, by proportioning
their diameters to the respective heads involved.

13
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Under high heads, where regulation is required, it is advisable to use the deflecting
nozzle or the needle deflecting nozzle in combination, if water is scarce, which admits of
power variation without variation
in pressure, thereby relieving the
pipe line of shock due to water
hammer.

The most economical results
are obtained when running with
the gate wide open and with a
nozzle-tip of such size as to give
the necessary power. When the
water supply is diminished, the
size of nozzle-tip should be
reduced, or' the needle partially
closed, so as to maintain full head
in the pipe line.

Where the wheel does not run in the right direction for the connecting machinery,
it may be reversed on the shaft and the water brought around to the other side by a
long radius elbow; or, with the wheel reversed, the water may be delivered to the top
of the wheel from the same side, this latter expedient involving a loss of head equal to
the diameter of the wheel,

By means of rope or sprocket chain attached to hand wheel of gate, it may be
operated at any convenient point, even a considerable distance from the wheel,

14
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Experimental Laboratory

Not content with the experience gained and possible improvement to be noted from
the observation of each wheel installed, this Company is continually engaged in scientific
experiment for the determination of the correct design and proportion of the various
elements entering into the construction of the PELTON WHERL Perhaps the most
interesting apparatus for this purpose is the * Scobiscopic” device patented by this
Company,

As has been said, the efficiency of the Prnroy WierL is due to the shape of the
hucket, and, as efficiency is a most important factor in the development of every power
proposition, it is the bucket and the action of the water upon it which engage the most
attention, :

Bucket Design

In designing a water wheel bucket and attempting Lo carry ont a particular theory,
it is of course necessary to lay out the bucket shape mathematically, and then, following
out well-known hydraulic lnws in regard to the flow of waler on su rfaces, plot the curves
and paths which the stream should follow,

N
Tangential Wheel with Pelton Buckets

o hestantaneons Photograph of tangential wheel fitted with Prrron buckets wlien running at high

elficiency, showing the discharge Irom the sides of the buckets parallel with the entering jet s the phetograph

also shows clearly that the frone of the bucket enters the stream without shock or disturbanee of any leingd
and that all of the energy is removed from the water by this shape of buelkel,

This plan, the only one heretofore known, has heen productive of some excellent
results, but the fallacy lies in the fact that most of the hydraulic laws above referred to
are deduced from observations of water action against séationary surface, or, if moving,
the action of the water has been so obscured by sprav and the moving element that the
observations have in some cases led 1o mistaken theories,

The problem is, then, to observe the action of the water on moviing surfaces as
though they are standing stiif,

Description of Apparatus
This is accomplished by applying the * Scobiscopic ” device above mentioned to
the observation of a water wheel in actual operation, The general principle involved

15
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is, that if a2 moving object be illuminated at fixed intervals by rays of light admitted at
the moment the object passes the desired position, each portion of the object will be
observed as though it were stationary. Thus is secured a clear view of what occurs in
the buckets of a water wheel while it is operating under normal working conditions.

The ¢ Scobiscopic™ apparatus may be illustrated by the device shown below, which,
while intended for exhibition purposes, embraces, on a small scale, the same mechanism
as that employed in actual experimental work. 1

WHS

This consists of a PELroN WHERL direct connected to an electric generator—the
water being supplied to the wheel through a centrifugal pump. The luminant is an
electric search-light, which normally throws its direct rays on to the wheel, under which
condition the wheel may be seen revolving and the water discharging from the buckets
in apparent confusion. Interposed between the search-light and the wheel is a sheet
iron dise with radial slots. The disc is revolved by means of gearing at a speed
proportional to that of the wheel; when the searchight is brought into the upper
position, the light is thrown on to the wheel frough these revolving slots, and thus the
wheel is illuminated at fixed intervals, as explained above, and one sees the wheel
apparently standing still, and can observe the action of the water and trace the path
of the jet from its entering the bucketl to its reversal and clearance of the succeeding
bucket, without interference.

16
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Deductions

From a careful observation of this exhibit in operation, will be observed the following
conditions, which are the malin essentials to the attainment of a high bucket efficiency in
an impulse water wheel :

First, that the front lip of the bucket in entering the stream of water produces
absolutely no disturbance ; second, that the water velocity is taken up on the surface of
the bucket in a line vertically under the shaft center, and when the bucket surface is in
the most advantageous position ; third, that the water discharges from the sides of the
buckets without interference with the succeeding buckets or the wheel center and with
a minimum \'E]U:;Ik}' of discharge ; fourth, that water is #zef carried around with the
wheel, the discharge occurring as soon as the water has transferred its energy to the
rotating wheel ; fifth, that no twist or disturbance occurs in the water jet; hence the
development of the greatest possible power from the moving water.

The bucket curvatures for obtaining these results as here mentioned have resulted in
securing from operating wheels, bucket efficiencies in excess of ninety per cent, exclusive
of journal friction and windage losses. In the actual construction of Prrron WATER
WHEELS for high duty —such as power transmission plants —the buckets are always
specially designed 1o secure best efliciency under the actual conditions of operation.:

Engineering Practise

This Company is constantly experimenting with a view to improving on both the
efficiency and mechanical workmanship of the Perrox WHEEL and its accessory
apparatus.  While the fundamental patents under which the PrrToN WHEREL was
first constructed made a vast step in the progress of hydraulic development, these
original designs have been very materially improved upon, At the present time the
standard type of Perron bucket differs radically from the earlier forms, and in fact,
is the result of a series of evolutions deduced from exhaustive experiment and calcula-
tion. A particular feature of PErroN engineering is the fact that practically every
wheel is designed especially to meet the requirements of the work to be performed.
For example, a type of PELroN bucket designed for a high head and small amount
of power will differ, not only in size, but in general design, from that type which is
recommended for use under a moderate head for a large amount of power. Experience
has shown that, in order to obtain the highest useful eflect from the water, the con-
ditions surrounding each individual case must be carefully considered, and the apparatus
constriucted accordingly. Careful observation of these principles has resulted in the
uniformly high efficiency and successful operation of the PrLroN WHEEL wherever
installed.

The succeeding pages are devoted to the description and illustration of the various
standard and special wheels manufactured by this Company., Again is emphasized the
fact that the greater part of PrLron apparatus is of special design, built for the par-
ticular work to be performed ; consequently it is essential that the fullest particulars of
any proposed development be sulnnitted, in order that proper adaptation of wheels may

be made.

f



THE PELTON WATER WHEEL COMPANY

The Pelton Water Motor

The term % MOTOR,” as used by this Company, is intended to mark a distinetion W\
between the smaller sizes of wheels, up to and including 24 inches diameter, and the
SEANDARD WHEELS, 3 feet and over, described on page 20, e

Constructed entirely of cast-iron, the Preroy MoTor is heavy and substantial,
of compact form, and entirely self-contained.  As sent out, it is ready for operation,
needing no grection other than bolting to a solid foundation and making pipe connec- -
tions, AN PELTON MoTors are provided with automatie, ring-oiling journal hoxes,
requiring a mipimum of attention and insuring cleanliness. In addition are the centrifu-
gal discs whieleffectually prevent water leaking along the shalt —a common [ault gth
most water motors, e

One particular feature of the PELTON MOToRr is s adaptabilily to varying 5:1;111.-
cities.  With each motor are furnished two nozzletips of different diameters, By
changing the size of stream on the wheel, a greal variation in power may be obtained,
and Lhus it is possible to have surplus power available for an emergency, while running
normally with the least amount of water,

The Prerrox Motor is identical in principle and operation with the standard
PriroN WHERL, and possesses all the advantages of the former as to efficiency and
reliability. The Company claims that in detail of mechanical construction, design and
finish. it has no equal in the market,

There are five sizes of standard PrrroN Morors — varying from 6 inches to
94 inches in dinmeter— illustrations of which will be found on the opposite page. . The
standard sizes are designed as Type C motors, and their capacities under different pres-
qures will be noted from tables on pages 28 to #1 inclusive. Motors of special sizes and
capacities are made, to adapt them to any conditions of speed and power. Some
applications of these motors to special purposes are illustrated on pages 22 and 23,

CPerron Morors are largely used for running dynamos in isolated electric plants;
for this purpose, where the pressure admits, both water motor and dynamo are mounted
on i cast-iron base-plate, and the shafts direct-connected by means of a coupling, thus
occupying little floor space and eliminating belting.  If the power is required for other
use during the day, a pulley can be added and temporary belt connection made.

This motor is especially adapted for running from city mains, and, where waler
rates are at all reasonable, it will be found cheaper and much more convenient than any
other means of producing power.

When water is limited, or paid for at meter rates, it is essential that the greatest
amount of power be obtained from the least amount of water; in other words, that the
motor be HiGHLY Brriciest. The Prrrox Moror is guaranteed to fully realize in
practical working all claims made, provided it is properly installed in accordance with
instructions.

1 18 NEEDLESS TO SPECIFY THE GREAT VARIETY OF USES to which these motors
are adapted, but the following list embraces some of the machinery to which they are
applicable as power :

Dynamos for Electric Lights, Concentrators, Rock-breakers, Passenger and Freight
Elevators, Printing Presses, Wine I'resses, Power Pumps, Woodworking Machinery,
General Machine Tools, Exhaust Fans or Blowers for ventilating mines, lee Cream
Freezers, Churns and various Dairy Machines, Dental Lathes, etc.
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Design of 6, 12 and 15-inch Type C Motor

Design of 18 and 24-inch Type C Motor
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TH E FPELTON W ATER WHEEL COMPANY

The Pelton Water Motor
Price List and Weights—Type C Motors

| Pulley
Size, Inches Weight, Pounds | - Price
| Diameter, Inches Face, Inches

0 40 3 2 S30

12 160 6 £ 60

15 205 1% 5 125

18 300 0 0 175

24 650 12 | 8 275

The above table covers standard motors for ordinary service up to a head of 230
feet—equivalent to a pressure of 100 pounds; all are provided with overhung pulleys.

For heads in excess of this a heavier motor is furnished, usually with a sole plate
and outboard bearing, where the full power is required. Special guotations should be
obtained to cover these conditions.

Prices include gate valve and nipple, driving pulley and two interchangeable nozzle-
tips, to give variations in power. Unless otherwise specified, the standard size of driving
pulley, as indicated above, will be furnished.

CompPaRrISON IN PRICE can only be made with reference to the work accomplished ;
hence, taking into consideration the capacity and efficiency of the PELTON MoOTOR, it is
proper to say that the prices above named are much lower than those of any other make.

EsseExTiaL Dara: The information called for on page 27, covering wheels, applies
largely to motors as well; but to summarize in this particular case, especially in regard
to motors operated from city mains, parties should give the following information: Head
or pressure available in water main; size of main; length of pipe necessary from main
to motor; number of bends or elbows (if anv); amount of power required, and kind of
machinery to be operated.  Where possible, correspondents should state the dimensions
and speed of pulley to which it is intended to belt from pulley on motor shaft.

SrEED 0F Motor: The motor in all cases should be so geared as to allow it to
run at speed indicated in tables under the pressure involved. This is accomplished by
properly proportioning the diameters of driving and driven pulleys. The net pressure
should be taken after deducting the loss of pressure due to friction in the connecting
pipe from main to motor. This is best ascertained by placing a pressure gage directly
back of the gate valve and noting the pressure registered when the wheel is running.

With a high pressure, when a small amount of power is required for running slow-
moving machinery, it is often advisable to use a larger motor than is actually required
for the power, on account of reducing the initial speed, thus rendering it easier to belt
down to the speed of the driven machinery, and frequently saving the cost of counter-
shafting and pulleys with their attendant loss of power,

By properly proportioning the nozzle-tip to the power, water will be used in direct
ratio to the amount of power developed, regardless of the maximum capacity of the motor,

CHANGE 0F Ti1pPs: Two nozzle-tips are sent with each motor, the Targer giving the
maximum capacity. It is advisable to experiment with these, using the smaller first, and
then the larger, if necessary to give the required power. To obtain the highest efficiency
the motor should be run with the valve wide open. If this gives too much power, a
smaller tip should be used. The change of tips is made by taking off the hand hole
cover forming the name plate on side of case, and unscrewing the tip by means of a
wrench., The pipe connections with gate should be made with a union.

20}
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S1ZE OoF PIPES: The diameter of SUPPLY PIPE to motor depends largely on the
pressure available, length of pipe, and the amount of power required. Wherever
possible, this information should be submitted, to admit of special calculation in this
regard.  As a guide, however, assuming an average pressure of, say, 60 pounds to the
square inch, and a pipe about 100 feet in lenglh, it may be stated that the supply pipes
for various motors should not be less than the following: 6-inch motor, 2-inch pipe;
12-inch motor, 3-inch pipe; 13-nch motor, 3%-inch pipe; 18-inch motor, 4-inch pipe;
24-inch motor, 5-inch pipe.

There are sometimes restrictions as to size of taps which the water company will
permit in its mains—in which case, if a single tap is not of sufficient size, it is advisable
to use two or more small taps, and join them to a larger pipe a short distance from the
main. Right-angle elbows should be avoided, as they materially reduce the pressure,

The DiscitarcE P1Pw should be of ample diameter to carry the water away from
the motor without backing up. It is generally advisable to set the motor on a small box
ur:tlunk, allowing the water to discharge therein, then carrying it off, by means of piping,

to a drain or other receptacle.

Special 24-inch Motor with Qutboard Bearing—for High Duty
{Price on application)

A special circular, dealing exclusively with PrErron MoTors, sent on request

21




THE PELTON WATER WHETEL COMPANY

Pelton Motor Direct-connected to Dynamo — Overhung Construction

Type of 18 and 24-inch Motor with Overhung Pulley

22
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LM% |

Motor and Centrifugal Pump — Direct-connected

ILLIA]

Triplex Plunger Pump—Direct-geared to Pelton Water Motor

(Prices on application)
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Standard Pelton Wheels

This Company manufactures a line of standard wheels from & feet to 0 feet in
diameter, the capacities and speeds of which will be found on pages 28 to 31,

The standard Prurony WuaeekL is vsually mounted on a wood frame, as shown in
cut on opposite page.  Where heavy powers are involved, it is sometimes advisable to set
the journals on masonry foundations and to enclose the wheel with a sheet steel cover
housing.

These standard wheelz are usually recommended for mining plants, sawmills, ete,,
where cconomy of floor space is no particular object, and where the self-contained, iron-
mounted type of wheel, deseribed on page 9, would be unnecessarily expensive,

As furnished, the standard wheel equipment includes the wheel with Dbuckets,
shaft, three journal boxes, two set collars, gate valve, cast-iron rigid nozzle and two
interchangeable nozzle-tips to give the required power variation. Deflecting nozzles,
stream cul-offs, needle nozzles, and governor connections are not a part of the standard
wheel equipment, bul may be readily supplied should the requirements demand,

Lt is usually advisable to build the wood frame and make the frame rods and bolts
on the ground, thereby effecting a saving in freight to destination. If desired, the
frame will be made at the works, the wheel erected thereon, then marked to mateh, taken
down and packed for shipment, thereby enabling the work to be readily assembled on
arrival. It will be found, however, that any millwright, or one reasonably familiar with
such work, will have no trouble in constructing the frame from such detailed drawings
as are furnished.

Connection between the Prrron gate and main pipe should be made by a flange
joined to a taper or screwed pipe connection, matching the joint on main pipe.  The
flange and taper connection are not furnished, but can be supplied on receipt of data
regarding character and size of main pipe.

The weights of the 8-foot and 4-foot wheels come within the limit for mule packing.
The larger sizes of wheels for these requirements can be made in'sections not exceeding
200 to 300 pounds,

Atlention is again called lo the fact that PerroNn Woiens arve largely designed
for the work to be performed; the Company would |JI‘L:fL"]'. in each individual case lo
decide as to whether the standard or special type of wheel is best adapted in order that
satisfactory results may be obtained. T'o determine this, full data regarding conditions
of operation are essential, DPrices on all water wheel apparatus will be given on
application.

See data reguived for estimates, page 27.
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Special Pelton Wheels

On the succeeding pages will be found illustrations and descriptions of the various
wheel equipments comprising the PELTON System of Power. Each illustration is from
a unit actually constructed, and from the diversity of arrangements will be noted the
extreme flexibility of the system and its ready ndnﬁtaliun to all hydraulic conditions.
No attempt has been made to establish list prices on any of this apparatus, which is
built on order only, but detailed specifications and estimates will be furnished on receipt
of necessary data,

See data reguived for estimates, Page 27.

Terms and Other Information

Unless otherwise specified and previously arranged, terms to customers who have
not established credit relations are always cash in current funds. Foreign customers
should establish a credit with some bank in San Francisco or New York — depending
on the office at which order is placed — with instructions to pay full amount of invoice
on presentation of shipping documents,

While not responsible for either safe or prompt delivery after shipment in good
condition, this Company will at all times cooperate with its patrons in having their
claims equitably adjusted.

Preliminary plans on any proposed work submitted on receipt of suflicient data.
Complete construction plans, embracing full details, are furnished with all orders.

This Company is especially well equipped for furnishing complete pipe lines with
all connections, and requests the opportunity of figuring on same.  ‘There is a decided
advantage in having one company responsible for both wheel and pipe line, as this
insures accurate matching of the various connections.

An experience of many years in planning and execuling enterprises of this

character, with unvarying success, affords assurance that such information as may be
given by this Company, regarding the best means of utilizing water powers, is entitled
to the fullest confidence; also that all apparatus and material furnished will be
adapted to the situation and requirements of the case, while involving such elements

of security, economy and reliability as should attach to work of so important a
character,

Where there is a substantial compliance with conditions given, as regards water
supply and head, there can be no disappointment in results, as these can be caleulated
upon with all the certainty that applies to any problem in mathematics.

Attention is called to this Company’s unusual facilities for supplying at the lowest
ruling rates, riveted SHEET STEEL or LAP-WELD PIPE, together with RELIEF VALVES,
WATER  GATES, RECEIVERS and other connections: also SHAFTINGS, PULLEYS,
COUPLINGS, JOURNAL BEARINGS, ROPE DRIVES, and other POWER—TRANSMITTING
MACHINERY,  [Propositions submitted for entire power plants of any capacity and
under any conditions of service.
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Data Required for Estimates

PARTICULAR ATTENTION is directed to the following data, as its receipt is necessary
for a proper understanding of any hydraulic proposition ; a careful compliance therewith
will save much time in correspondence :

Firsr: Amount of water available, either in miners’ inches or the quantity in
cubic feet or gallons per suinuete.  1f in miners' inches, state the head over the center
of opening in measuring box, as the practise in regard to this varies in different
localities. Tor data regarding measurement of water, see pages 40 to 44, Tf the
quantity of water is not constant at all seasons, give the maximum and minimum fAow.
State also if it is desired to have the wheel utilize the maximum water supply.

SEcoNn: Head or wertical fall from ditch, lume or other source of supply to the
point where wheel is to be located.

Trirp:  Length of pipe necessary to obtain the given head, If already laid, give
diameter; or, if of several sizes, give the length of each size. It is always advisable to
furnish, if possible, a profile of the pipe line showing the pressure at different points, 20 as
to enable an economic distribution of pipe gages proportionate to the pressures involved.
1f the line is of extreme length and under a heavy pressure, this data is very essential.

Fourtim: Horse-power required, maximum and minimum, and the character of
machinery to be driven. Always give, if possible, dimensions and speed of pulley which
is to be driven by pulley on water wheel shaft, together with size of keyway. If for
driving an electric generator, state of what manufacture, its speed, kilo-walt ::ap_achy and
size of shaft; and, if possible, furnish an outline drawing of the generator. Slate also
whether the current is to be used for power transmission or lighting purposes, or both.
If automatic regulation is desired, give the probable load variation and frequency
of changes.

Frera: A sketch of the power house floor plan will facilitate an adaptation
of the water wheel apparatus to local conditions. This should show the relative
positions of the pipe line and the point where the water discharges from the wheel,
together with an idea as to the surrounding country, in order that the tail-race may be
properly designed.

Stxri: - When the size of flume is given, state the velocity of flow or the grade
on which the flume is laid; also the depth of running water. If the actual carrving
capacity is known, state this as well.

SEVENTH: Do wnet give as the water supply an amount that will fill a certain size
of pipe, calculations based on such information being unreliable,

lLiGaTi:  Where reference is made to information contained in catalog, state the
tables from which such information is obtained, the number of the illustration and
the edition of the catalog,

HoMme CorrESPONDENTS will please wrile the address plainly, giving post office
with county, and state or territory.

ForeicN CorresPONDENTS should state full address, with name of post office,
country, colony or province, and such other information as may be necessary Lo insure
safe and prompt transmission,
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Pelton Water Wheel Tables

Standard Sizes

The calculations for power in these tables are hased upon the application of one stream 1o e wheel and
on gfectioe heads.  In using these tables liberal allowance should be made to cover the friction Joss in pipe,
elbows, gates, ctc The lightface fipures nnder those denoting the various heads give the equivalent Prossure
in pounds per sgeare inch. and spouling velocity of water in feot per minute.  The cubie measurement of
water is also based on the flow per minute, :

; Sive of Wheels
I-l_-:ma s i w8, Bl
ey G e e T T R T 1 :
Inch Tneh Tnch Inch Inch Foot T Feam I rhen

s I — | C—_— — p— R [ I Ee T ) =
20 | Horse-power . | .08 12 20 37 66 | 180 20| 218| 5.0
8 Lbs.  Cubic Feet |, . 1.47 3m 6,62 11.72 S8 46.93 | B3.52 | 120.36 | 187,79
215197 | Revolutions 625} 415 258 410 157 105 i i 52
30 Huorse-power A0 3 a8 A T2 2.76 d, 8y 7.0 10,0
13 Lhs,  Cubic Feet . 205 4570 3.1 14,56 an.51 -"':;'.r'.'lf]- | ez | I I L S
635,62 | Revolutions - | il SEN alls Yo7 1z 128 H 1K 7 GE
40 Haorse-power 5] a5 S0 1.006 1.89 4,24 T:08 | 11837 16,9
17 Ths, Cubic Feet . , 2.37 h.0 007 16,50 an, 4 GG 107,84 | 120,006 | 265,44
B350 | Reveluntions 801 0 B 207 fos 1458 111 &4 T4

|
i Harse-power | .21 < B4 1.49 LA S8 100600 1868 95w
21 Lba, . Cub¥ic Feer . 268 G 18 1047 15,54 a0 i 0 A 1 | 20015 | 295,70
240261 | Revolutions | DG 498 Bt 332 249 166 | 125 100 =3
(1]} Horse-power L | Ao 110 1.0w3 R ] 7.8 1514 21.97 | 315G
26 Lbs, | Cubie Feer , 2. G.7Y 11.47 R 008 81,25 | 144 .32 225,80 | 395,00
3727.37 | Revolutions” | 10800 | 545 436 uos | o 182 | iag ‘ 00 01
|

i} Horse-power 15 A0 1.50 247 .30 0.88  17.58 97.51 o, h
0 Libs, | Culvic Feer , o.13 7. 1254 Sl ST HY.TH 155,88 243 80 Anl.04
40200 | Revolutions . 1173 D81 471 11k M5 166G 147 | 118 HE
& Horse-power .43 1.00 1.70 3. 5.306 12,04 by | 33.5 4216
T-22 135.25 s B 1 41.G6G 9350 166.64 200, T: ATe, a0

34 Lils. | Culpie Peer . 3.35

.00 | Revelutions 1258 | 629 Al 414 315 20 157 i 143 10

o0 Horse-power il | 1.0 | L) S50 .50 14 .40 #5.50 441, 4 | 57,00
30 Lbe. | Cubic Feet . | 3.55 520 14086 | 2488 44,19 MLS2 ATGLTR 97G.55 208 08
AHG5.04 | Revolutions 5 L L o4 Aibfs 3 byl il | 167 154 111

T I Inl't:u-[gcm'u]' : L0 | 1.40 2.32 421 i 2 145,84 Lt I 445,85 GT .26
4% Lhs. | Cubic Peer ., 3.5 574 | 14.51 6.22 $6.55 | TMLBS 186,52 901,581 419,60
4812.00 | Revolutions . | 1408 704 563 430 352 255 176 | 141 117

110 | Horse-power N 162 | 274 4,56 B.64 19.44 Hed 58 .11 TT.Th
48 Lbs, | Cubie Feet | G002 916 | 156.58 a7.60 48,55 TIO.00 105 41 305,72 440,00
SHG.ET  Revolutions 1477 T8 &M 42 369 pLa 135 ‘ 148 123

120 | Horse-power . .79 1.84 312 554 9.85 | 22,18 | an.41l | oci.eg | =87
52 Lbs, ! Cubie Feet w5 i, 10 .67 10,41 | 28T Gl4e IR0 204 10 b KL A S R R
827150 Revolutions . . | 1543 ri GI7 314 386 95T 193 154 120

130 | Horse-power . 89 208 | 3.63 (.20

11.11 26.02 | 4440 GOLES | 100,08
S0 Lbs, ' Cubie Feer , ST REIE1T I I T 01 ‘ Y] &,

] 119.60 | 212,43 | 33087 | 478 41

548654 Revolutions . | 1606 503 (42 B35 | 402 268 201 161 134
140 | Horse-power B 233 | 3o 6. 12,41 276 | d8.6d | 77.71 | 111.85
0 Lba, ! Cobic Feet . . P = {1 | 17.54 3105 0a11 124,12 | =2ap 44 ' 34402 BT
S6U5.G6 Revolutions 1067 Ris GGT | La6 417 278 i) iy 1
I
150 | Horse-power 1.10 2.58 | 437 7.7h 13,577 3101 | 55.08 | B 22 1240
G5 Lbs. | Cuobie Feet . ] 10.7% 1814 G211 ATaM 128,47 | 228,10 ' 5357.02  513.90
581344  Revolutions . | 1725 82 (&1l | 576 431 oay 211 Ty Lekg
160 | Haorsc-power 1,22 288 | 4.8 S5 15.17 5416 | G0.es ‘ G4 04 | 136,65
69 Lhs, | Cubic Feet | 4.75 11.05 | 1874 a3 1T 5.0 132,628 | 23568 ' 368.78 s L F)
GOBG.7d  Revolutions 1783 | Bl 713 o EETH | 27 Lk 174 145
| | | |
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Pelton Water Wheel Tables

Standard Sizes

The ealeulations [or power in tables below are based upon the application of one stream to the wheel and

on gffective heads.

elbows, putes, ete.

Head
in
Feet

170
74 L.

G27L.07

180
78 Lbs,
LR SR

190
82 Lbs.

6632.56 |

200
87 Libs,
GE0S. 1T

210
01 Lbs

ﬂ.‘}?ﬁ.ﬁ;

220
05 Lbs.
TI87.35

230

100 Lbs.

TRT.T8

240

105 Libs.

T451.70

108 Lhs.

TS 44

260

115 Libs.

TYHL10

270

118 Lbs.

TG, 05

280
191 Lhs.

Bial.in

290

125 Lbs.

b b WS

3
1530 Lbs.

HRELG2

310

154 Lbs,

B4 80

Horse-power
Cubic Feet

Kevolutions

Horse-power
Cubic Feet
Revolutions

Horse-power
Cubic Feet
Eevolutions

Haorse-power
Cubic Feer .
Revolutions

Horse-power
Cubic Feer .
Fevolutions

HHTEI.:—HJH“’L‘]’
Cubic Feet .

Revolutions

ll{]l’ﬁi‘:-E&[]“‘ur
Cubic Feet .
Revolutions

l'i il r!—'n.:-]:]t‘]'."-'l.; r
Cubic Ieet .
Rl.'. i E MELOIS

Horse-power
Cubic Feet
Revolutions

Horse-power
Cubic Feet .
Revolutions

Horse-power
Cubic Meet .
Eevolutions

Horze-power
Cubic Fesr .
Revolutions

Haorse-power
Cubic Feet .
Kevolutions

]_'Iut’:-it.'-lh WeT
Cubic Feet .
Revolutions

Horse-power
Cubic Feet .
EKevalutions

-

[n wsing these tables liberal allowance should be made to cover the fricdon loss in pipe,
_ The light-face figures under those denoting the various heads give the eguivalent
pressure 1n pounds per square inch. and spouting velocity of water in feet per minute.
ment of water is also based on the flow per minute,

The cubic meazure-

Size of Wheels

3

[]

[ | 15 13 2 4
Inch Inch i Tnch Inch | Tnch oot Foot
1.33 3.11 f 5.98 9.25 1661 3742 6546
4.5% 1139 ‘ 1651 J4.19 G073 136.77 242,93
1255 917 | T4 Gl 459 BH pooted
1.45 3.9 l 5.75 1 1% 18.10 B A 2§ |
502 | 11.v2 | 19.87 18 G245 140,74 249,97
1555 HE | Tt e 471 514 a6
1.57 | 368 | 623 11.05 19.63 4.1 R85
5.16 | 1204 41 36.14 GL20 144.00 958,82
18057 65 Tio G4 454 323 242
1.7 397 | 674 193 | 2120 47.75 | S4.81
5.29 12,36 H).54 3708 G5.87  148.35 | 263,49
1957 s ) iz 497 By =B

1
1.835 | 4.28 2720 12.584 2281 51.38 .26
542 | 1248 21,46 38,00 G750 152,00 270.00
2057 | 18 215 Gy G059 2440 255
1.96 4.50 T.77 13.77 24 46 55.00  97.85
5.95 125946 196G A8.80 AR 155.50  276.35
Vel H 1043 M (B Lt 348 il
2.10 490 | 831 14.72 2015 55.80  104.G0
5.68 1325 | 2245 HLVT To.64 159,08 282,54
by 1005 253 Ti1 553 350 HGT
9.9 5.93 8.8 | 15.60 | 27.87 62.77 111.50
.50 13.54 2203 S ol 7216 162,05 288,064
SR 1030 S T2 >0 360 i)
235 a.0G | 942 L. G2 20,63 (.74 118.564
5.92 13.32 pa 1 ) 41.446 T4 165.86 204,09
bl 1112 ) 741 anh arl 278
2.52 5.29 1005 1767 31.43 T0.78  125.72
G0k 14,0080 LA 42,93 THI0 16914 300.43
pol i) 1154 H 1] Tk T 3id 254
267 .24 10.67 | 1852 F3.20 O 133,056
.15 14,56 2404 | 2509 THAS 172,36 3046.15
2313 11545 025 | §il ais 385 il
|
o 82 1.5} 11.16 . 10.77 35.12 .11 140.51
4.2 14 62 L 45,88 77 175653 311.77
9357 1178 L b 786 ] 303 5
2,097 G 11.57 .81 37.02 £3.38 143.10
LI ] 1485 25.23 44 66 a2 173.64  317.29
2308 11060 5t | 5| 00 300
|
3.13 7.31 12.38 21935 | 38.95 87.75 | 155.83
G458 15.13 25.66 45.42 20.67  181.60 | 371
L) 124 H -B13 (10 407 S
3.2 7.68 13.01 s 40.92 92.16 | 163.69
G.59 1550 2605 406,17 g0l 158G | 323,04
o441 1940 Ot bl (=) 414 A0
29

412,80

1490

142.78
4ot 44
204

153,10
45088
A

1035, GG
200
213

174.45
431 .60
palE

185.47
463,01

oo |

106,71
T 04
ip=

e |

o817
TR LY

231

21054
487. 7Y

36

x31.53
496,42
e ]

243,82
504.91
244

b

Foot

140,658
703
1353

1308

205.52
L0806
170

220,56
[ v s
174

283.15
GTG. G
120

2063
it B
19

G005
TU6.T6H

i

R4
TaB.Ts
HT




THE PELTON WATER WHEEL COMPANY

Pelton Water Wheel Tables

Standard Sizes

The caleulations for power in talles below are hased upon the application of one stream to the wheel and
on efectioe heads.  In using these tables liberal allowance should be made to cover the Erletion loss in pipe,
elbows feates, ete. The light-face figures under those denoting the various heads give the equivalent pressure
i pounds per square inch, and spouting velocity of water in fect per minute, ‘The cubic measurement of
water iz alzo based om the low per minute.

Size of Wheels

i[_r.':ui L. : =i
in 6 12 15 18 : 2 oy 5
Feet Luch Inch Inch Lnch Inch Foort Foot Foot oot
320 Horse-power I 345 8.5 LB | 2416 | 4201 6,05 | 1T1LG8 MRG0 38662
130 Lbs,| Cuble Feet .| 670 15,65 2650 | 4691 | 8332 | 187.65 | 333.20 52146 760.60
ao0rod | Revolutions . 2520 1260 1003 - B0 G 420 3 ] bL 210
330 Horse-power 3451 A3 14.20 AT 4.1 101,22 19052 | 281,99 ‘ 40485
143 Lbs, Cubie Feet . . G0 15.88 203401 A7 .54 B4.01 LHhGG o 33846 0 52055 | Toood
87143 | Revolutions 4553 1270 1023 52 (&) | 427 S0 053 215
30 Haorse-power 378 5.82 1454 G AG 47.00 10386 | 18802 | 20418 | 42044
147 Lbs, Cubic Feet . . .10} 16.12 2731 4835 HOHE 193,42  343.55 | 337.51 | 773.71
garo &0 Revolutions . o5nT 1208 1o 860 G451 453 3 200 2106
| |
350 Florse-power ‘ BRI R | 15,61 2764 00 | 110,66 | 196.98 | 307.95 44997
152 Lbs.| Cubic Feet . . .00 16.35 2771 440006 &7.14 195,25 ' 348567 | 5686 | T85.00
Woeds Revolutions . 2inbt 115 10054 By 5K} et ) 264 N}
360 Florse-power | 4.10 HEH 16,28 a8 | I 115,84 | 204,86 | 320,52 | 46136
156 Lhs,| Cubic Feet . . .10 1G6.58 25,10 40,75 BR.AT | 1303 | 353.61 | 55310 | 706.14
11 | Revolutions . T4 1357 170 et h | = Aebii D M7 ol
370 Florse-power | 4.20 10,01 16.97 0.0k H3.30 12018 21545 33397 480,72
160 Lbs.| Cubic Feat . , | 7.0 16.51 98,40 Hihd4 #0650 20,78 | 35839 50730 ADT.19
ennae | Revolutions . 2T | 1355 1054 a0z | 678 £52 S o7l 226
280 Horse-power . | 444 10,42 7.56 a1.27 it} 1208 22216 | 37.60 | 500.33
165 Lbs.| Cubic Feet . | il 174014 28,85 01.12 080 2448 36320 | 56825 | 817.95
Q3832 | Revolutions ETH 1373 104 915 G687 458 H5 275 229
290 Horse-power . 4.64 10.85 18.36 32,51 5705 180G | 23100 | 26141 | 590,20
160 Lhs| Culbie Feer ., 7.0 17,20 ),25 al.70 H L 207106 1 BGT.O5 | 5TO.GR | S2R.G1
o502.093 | REevolutions | o782 1391 1112 T G5 duid 348 273 pra o1
<4 Horse-power . 4.52 11.25 15.07 | 38.77 5198 | 13508 | 23 ATEAD 54035
173 Lbs.| Cubie Feet . . T4 17.48 HLGH 2240 3106 SO0L80F | BT204 | GES02 | 25590
o400 | Revolutions . | 2318 1400 1126 139 Ll 47} S 259 235
410 Horse-power 500 11.68 19.70 | 38.04 2,2 140,18 | 24500 | 38057 | »mo0.5s
178 Lbs. Cubic Feet . . 7.58 17.70  30.00 ' 33.10 | 9431 | 21240 | 377.26 | 50026 | 84903
H743.57 | Revolutions . 2354 1427 1141 il 713 | 4700 a67 HHG 238
420 Horse-power 510 1211 20,52 BRSNS G 14554 26816 | 403,91 | 581,39
152 Lhs, Cubic Ieet . | T.6T 17 .56 53,74 0546 21408 38154 | BOTA1 | 830003
025166 | Revolutions . 2800 14450 1164 DG T3 ‘ 4582 RN 250 41
330 | Horse-power .| 537 | 1254 | 2126 | 87.64  GG.86 | 150.567 | 20744 | 41848 0098
186 .hs. Cubic Feet . . | 7.78 18.1%2 a0 5138 LGB 217.52 | a86.306 ‘ A8 8T
097855 Kevolutions 2023 1461 1140 e 731 487 B1HH b pLe
44 Horse-power 550 1208 LR | KL BH 5,20 ‘ 156850 27682 433511 62340
191 Lbs.| Cubic Feet . . V.85 18,33 =i BRI 55.01 97,70 U004 | 3W.E2 GIL4AT 0 BR0.16

1009574 Revolutions . i 1478 1152 H i ] iyt 370 ‘ LR TH P TH

450 Horse-power 5.75 1348 DTG 40,249 71567 LG1.18  2EG.H1 | 4705 | 54473

195 Lbs.| Cubic Feet . ";’_:'.r;i.. 18454 | 31442 TR N 08,81 22262 305 | G18.35% 0 200,11
10207.79 | Revolutions . 2989 1404 1106 oG 747 ‘ 198 373 a6 549
460 Haorse-power | l 5.5 13.48 23.08 4165 T73.97 1G6.60 | 29501 | 46297 CEE.40

A0 T he, Cubic Feet |, H.03 15.74 al.77 5624 HH BT SULDE 300 [0, e =HLOG
HMMJLG&i Hevolutions | anzas 1511 R4 T 1007 ‘ 75 1 8 378 S 252

a0
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Pelton Water Wheel Tables
Standard Sizes
: The calculations for power in tables below are based upon the application of one stream o the wheel and
i an effeediee ends,  Io wsing these Lables lberal allowance showsld be made to cover the Iriction loss in T
: elhows, gates, ete. The light-face Dgures under those denoting the various heads give the equivalent pressuee
| i ponndds per square ineh, and spouting velocity of waler in feet per mimde.  'he cubic measurement of
h ! witter is alao based on Lhe flow per minute.
B Size of Wheels
[I:.:,ul
Tt 0 12 15 18 71 3 1 5 6
Inch Inch [nch Inch lnch 1ot oot Foot | - Foot
470 Haorse-power .14 1< 00 w20 i il TG | 172,06 | 305,61 7816 GBS.95
a0 Lhs, Cubie Foe L L8495 il B DiLED 100,08 | 207 42 | Jud 05 631,93 009,88
WHEE2 17 Revolutions H V) 16T 1222 1018 764 fir a8 HH i
AR0 Mowne-pomwer .0 14,70 o007 U e T8.85 | 177.68 31612 493,40  T10.8%
M8 L, Cubie Peer 8,20 116 G240 0 BTAG | 102,005 | 22082 405,90 G866 919,29
hgs, o6 Revolwtions HITE] 1504 | LS| 10620 Fii il O8G B T
49 Horse-power G50 1626 | 2580 | 4570 | BL.UB | 185,16 895.32 500,00 742.05
- 212 Lhs, Cubie Fae 8.0 10.35 342,938 GROG | M. 10| 282,90 412,458 (45,28 928,83
LOGSLL 700 Bevolutions IRk 160 1247 10400 -1 (14 Bl 312 i)
00 Iars vepower .74 15,75 215015 d7.200 | B3.83 | 188 80 23084 524.00 | 7H6.20
217 Lbs| Cuble e S.A47 LIk iFl dab 12 HhLA O 15 | 200 10,62 G183 e 25
TS0 G Revolutions B En |y 1261 151 | THE Ln Ok a5 i
520 lorae-powwer ’ Wi ; D00,22 | ARG AGG.O0 0 20088
2 L Cuble et ‘ Yy : WAL 2L | ML RT O LT uhGL B
10073 M Revolutions ; ; ; nun 401 321 a7
540 Horae-power P 210,88 | 4TG.B3  GRB.SD AT.62
b Ll Cubile Feet i g L0576 8806 67T L 97607
L1182 07 Mevolutions i VL SR A0 327 272
L111) Ilorse-power it R i i RLTGO 30T 43 621,82 1 2060
213 Lhs, Cuobic Feet | : i gt 0 PO LY 1 S T I T 1 AN LY VR T
TIAETEG Revolations G i F : : Ot a7 334 074
580 Horac-pomw er ; 3 L T4 bLH ST 8= L o T TN T
¥ 202 Lhs, Cubic Feet . : S ceo | 20263 | 448,71 | T02.04 1010.54
\ LLOER B Revolutinns ; " . ik i R o]
GH) Horse-power i i : . SUSAG | A40LTT 0 GHDLGE | D66
200 Lba. | Cubie Dae ok . . ] S 05 | ASG B8 TLLOG | 107,80
LITEG M| Revolations i ; ; i 4l 45 =T
G5l Hlorse-power ; . . < 2EDLBZ | ANT.00 [ TTTL6R (111020
982 Libw.| Cubic Feet ! i A o BGT | ATG.02 | TSN | 106D T
12968, 2] Revolutions . 0 I — ’ M g S50 MR
700 l-[nr;-.u-pm'.'ur ; 3 ¢ ‘ D e il 1273 | 555G | BODLOG (1250, 00
A Lbe, Cubie Fee ’ 1€ . il Ty STT.5E | 490G | TTL.2G |10L0. 10
1275154 Revolutions ; e : : G621 BTHH ama a1
750 Haorse-power . . i L SRGORE O GIG.00 | GE.82 188705
G35 Lbs., Cubic Feet | e : ; UAT.OE O BLOL25 | TO8.33 (114913
13175810 Revolutinns . i (i3 | K a6 b |
son Horsc-power : ; SE2. M GTRLGE TOGLLBL 1598 06
HE Lbe. Cuble Feet : . 206,70 526,480 0 82451 1186.51
1610400 Fevolwtinns ; (04 448 i) 332
Y Horge-power | 465,04 | BOD.BZ 1207.02 1823.76
39 Lbs, Cubic Feet : 314,70 586 874,53 1958.81
LRSG. 00 Revolutions . Th | ) E W] 308
LM IHuorse-power ; p i P GL01 | ME48 148397 218604
#3d Lhs. Cubic Feet | ' ; . ; A31.72 | 58019 | 921,83 |1320.91
15216.89  Revolutions : . i i = Ot | 4415 a7l



T H E PELTON WATEER WHEEL COMPANY

1011

Quintex-nozzle Pelton Wheel with Wood Frame

Quintex-nozzle Pelton Wheels

The QuINTEX-NOzZLE PELTON WHEEL shown above was designed some years
ago to meet the demand for a wheel to handle large quantities of water under moderately
low heads. The wheel itself is of the characteristic I'rrLToN type, but, as will be
noted, the nozzle is curved to the periphery of the wheel and has five rectangular
openings. These openings are controlled by a slide gate which closes them succes.
sively—thus affording a wide range of capacity and adaptation to varying water supply
without loss of efficiency.

It will be observed from tables on page 54 that these wheels can be operated under any
head to which a turbine is applicable; while possessing a free discharge, they afford
the same advantages of efficiency and reliability as the standard Prrron WHEEL.

The illustration is that of the woon FRAME CONSTRUCTION, the frame work being

generally built on the ground from detailed drawings furnished, a saving in freight being
thereby effected.

In localities where woodwork is difficult to obtain, or climatic conditions do not

favor its use, is recommended the SEMI-MASONRY CONSTRUCTION, as shown Dby plate on

opposite page. In this construction the wheel is mounted on a cast-iron sole plate,
carrying the journals and cast-iron housings.

B N S ————— = = T
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Quintex-nozzle Wheel—Semi-masonry Mounted

This sole plate, together with the nozzle support, is imbedded in concrete, making
a solid and substantial construction which is especially desirable where large amounts
of power are involved.

THe QuiNTeEX-NOZZLE WHEEL is also furnished in the I1RON-MOUNTED tvpe,
which consists of wheel completely enclosed in cast-iron upper and lower housings,
carrving the norzle and journals, The wheel is thus entirely self-contained, and
provides the addeld advantagze of being more compact, occupying less floor space.  This
is necessarily the more expensive construction and is used only in special cases,

It should be home in mind that the various mountings of these wheels do not
atfect the capacity or efficiency of a given size, the circumstances surrounding each case
determining which type is best suited.  The tables on page 34 indicate the capacity and
speed of the various sizes of these wheels under given heads,

This tvpe of wheellwill be found particularly adapted as a substitate for the average
low-head turbine, as the absence of vanes and delicate gate mechanism enables it to
handle water carrying grit or debris without clogging or undue wear which causes
such a rapid deterioration in efficiency. Parties should in all cases give full particulars
as to the operating conditions.  Drices to cover the various mountings of these wheels
on application. '



THE PELTON W ATER WHEEL COMDPANY

Quintex-nozzle Pelton Wheel

Capacity and Speed

Siee of Wheels
Hend in

Tt I8 U | 3 2 48
Inch Inech [ Inch [nch [1ly
| W ok o i
1) |1U]'.‘-'n:-[:-u1..\'t.'l‘ i SN 1.1% 2o ST Toebth
Revolutions ., 141 | 116 7l (i il
|
15 Horse-power ., 1.1 | 218 4,89 8Tl 1335
Revolutions 152 | | 24 Rb T (i
20) Horse-power . | b 1.45 T.50 1.4 2L
- Revolutions . i) 144 (HALH] ) !
a5 ||1.:l‘.~al_‘-|Ju1.'l.'u1' 3 .24 408 (U] 157 20,1,
= Kevolulions . Uun 1057 i1 05 =4
W0 Horse-power .25 | 1D L= A 8.2
(N " L3 ) B
Revolutions ., L 1= [ 103 02
e Horse-power . aah I 7.1 7.4 HIIRY 481
LR - i - wha (]
evolulions . . 2 | 147 [ 11: il
i Horse-power . . (.08 Db 212 S0 o2
Revolulions ., L b LB 141 | 121 105
- Horse-power ., T.81 1. had | 402 T0.2
Bevolutions ABH | 224 i) 12 112
Tl Horse-power . . 018 1.2 2.0 B8 s2.1
Kevolutions ., SlH e [t 155 118
o Horse-power ., 11,5 1652 b | IRY 0450
tevolultions ., 34 A s i oL &
Ievolutions Wil 24 L 1422 124
40 | HMorse-power 11.0 17.4 HIERY (G [0,
FRevolulions . . b It il ey 14+ )
05 Horse-power ., 13,05 4.7 2 T4 122,
Revolutions ., 350 20 180 | 154 135
=0 [lorse-power . 15.2 210 40.53 176 137.
sevolulions ., T Fr ] pici | =i i
14 lul T3 L] | =i 143t I
| | p " o -
iy Orse-power . . [ 200 arek A 0.2 ol
- 11 | ih= SH I 7.2 [
' Kevolulions . . B H @R 116 163 145
. Orse-power o . 25,7 W, T. i,
S0 Horse-power 184 2 Bl 1o | 10
Fevolutions . . S Aty R 171 | 1440
<5 Horse-power . . 205 20,2 1.4 L17. 182
) Kevolutions , 410 s S5 7 3
HIE [lorse-power , 22, B1.4 T2.0 128, 198,
¥ Revolutions ., j25 317 211 1=1 o
(O [Torse-power . 25.0 a37.4 =401 144, 232,
Kevolulions ., At 55 L 161 16T

a4
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1%

Double Unit—Direct-connected

Exciter Units

The alove illustrates a generator direct-connected to a double Pryron WiHeen
unit.  In this instance there were two wheels on one shaft, for the renson that the head
wis loo low to admit of abtaining suflicient power on a single wheel, considering the
high speed involved. In the case ol exciters, it is always advisable to drive by an
independent water wheel, rather than by belting from the generator shaft. By the
latter arrangement any varialion in speed of generator produces a corresponding change
in exciler speed, consequently the excitation of the generator fields is varied, thus
affecting the entire system,  An independent driven exciter at all times delivers a con-
stant current to the Aelds and 1|'|L-t'!:'.']i:,.l' insures a Htu:l{]}' oulpt,

An ingenious method of driving exciters is that of placing the exciter hetween the
water wheel and an induction motor, the shafts all being direct-connected. The advan-
tage of this arrangement is that if the water wheel should fall off in power output, due
to nozzle becoming plugged, or any other unforeseen cause, the induction motor, being
in synchronism with the main generator, would take up the load and retain the speed at
Lhe normal.  On the ather hand, if there was a tendency for the waler wheel to run
away, the induction motor would act as a generator, passing its current into the main
system, thus forcing the exciter to maintain its normal speed. Tt will be seen that
mere constanl voltage i= assured by this arrangement.

Hvydraulic Tables

The tables on the pages following will be found to contain data regarding the
power and measurement of waler, which will be of interest to the practical man as well
as the engineer.  This Company, being the pioneer in the field of high-pressure power
development, has had a wide experience which has enabled it to deduce many original
and useful formulae which may be relied upon in actual practise. These tables have
been carefully revised, and are believed to be remarkably free from error.

=

il



THE PELTON W ATER W HEEL COMPANY

Table for Calculating the Horse-power of Water
on Pelton Wheels

~ The following table gives the horse-power of 1 oubie fool of water per minote nnder hepds Trom 1 up w
2100 feer

Fleads in Ifee Haorse-power I Hleads in Peet Huorse-power

1 0016098 ‘ 430 ! 402214

) N EMARETH bt STOES T2
Hu A48 400 RriEE A Ll
A0 LG 0 ST405E05
ol RERGERTY 470 BT R
(HY} O0BHRS AR STTETOL
U 12085 S50 REata el L
=i JdueTsd [ TR A0
(i) s N ST
100 GOS0 Sl el TR PELERE
110 ATT078 Hi A01458
12200 JTe Nl RIS
130 2T (00 Rttt
140 s Ra {int) 1O
150 A21470 o0 L2 Gs60
(YHI OTHGS 7o | 20T00
Lt SATHEGG = 1 2RTR40
| =i LUROTH =0 1368050
160t} SNRGY G | ldss2in
S 21060 ) 1 52000
210 SasUhs [{H 1L GO0=R00
) o LRG LAkl k (AR ELEY
230 AT0E5 L1 1770Ts0
240 ' JI8GSHY . 150 1851270
2010 A ho [ 22000 LARTLTG0
2t A IR5Hds [ 2ol 2012250
Al A4 L3300 R N s T
L) AS0T44 | [l 2 173250
200 A4 L4000 2 54720
S AR Lhiath 2984210
G310 AEN0Ns 10 < TET00
S20 1514806 L Hial) 2 405190
Ha S T 1 G 2. 0000s0
340 AT L350 2 GhG1T0
350 BT R | , 1700 2. Ta06GH
B0 ST0524 1750 2 81TIH0
AT0 b . L=t 2 =T G
R0 11T 15510 el irtal B 1
B JIETR2E (REIRLN] S055020
A00 43020 1050 3150110
4110 BGO0TS A0 2210600
42400 ATl L A1) SHBULS

When the Exact Head is Found in Above Table

Examrvie: Flave L0-foot head and 80 cabic feet of water por minute,  How many horse-power

By reference to the above talile the |1*'I'HI.‘-11U‘-\':‘T of each cubic fool nnder 100-Toot head will e found o
be JGHE.  This amownt multiplied by the number of cuble feet per minate, $0, will give 844 horse-power.

When Exact Head is Not Found in Table

Take the horse-power of 1 cubic fool per minute under 1 foot head, and multiply by the number of cubic
feet available, and then by the namber of feet head,  The product will be the requited horse-power,

Nore,—The above tables are based upon an efficiency of 85 per cent,
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Table of Pelton Nozzles

Table giving the approximate discharge in crdic Feed per srdvnte, and horvse-power  developed b
different stream dinmeters under various heads, when used on PELron Wigss s,

Comnstants
Discharge and Horse-power for Different
Dinmeters
. Discharge | Horse-power s Disclarge | Hovse-power
Head in | from t-inch | from l-inch Headin  gom finch  from 1-mch | Diameter Constant
Feet Stream Stream Feet | Stream Stream |
= -, T —I¥ = = =t T e | == pard
| 1
20 11.72 AT 420 FhTL 26.33 I 1 A1
S 14,36 R3] 430 ‘ BG5S 3T 2 MM
40 13,54 1.0 4l Ao.0L SEG -] A
] 18 1,49 450 ' N 4120 X! A6
Al i 1.4 dlh | EF. 2 | 41.65 b 5
il 21.04 247 | 470 | B85 45,01 0 36
80 A 501 4510 - G .45 44,50 7 A5
™ 24, 8% 5.60 450 5 G805 45,70 ] Jid
J{T1] | ot 421 S0 G864 47,50 L] il
110 2750 4.86 520 50,810 (15 1.0 1.
120 28,72 6.5 540 30,94 52,07 A 1
130 20,590 6.25 5l G206 6,04 2 1.44
140 1.0 [ 580 A H 58,06 4 1.60
150 32n 7.5 Hily id. 24 - G204 A 196G
160 | 33.17 8.5 650 | G080 69,95 5 2,95
170 3119 .35 il G 7318 i 2.56
180 G018 1014 750 ‘ 7182 56,70 i 2,80
190 3514 11.05 s00 , T4.17 H T B 3.4
200 GT.08 1144 900 TEGT 11308 A S.061
210 3E.00 12.84 1001 A 1335.50 2.0 i,
220 ! JH 80 | B 1050 B2 143.90 1 +.41
230 39.77 14.72 1100 7.2 154,34 2 4.584
210 Ak 155,635} 1150 s { 1455 i | 5,20
251 41.46 16.68 1200 M.l 75.91 4 | 576
260 42,28 17.65 1250 H A TRT.02 5 | (.25
270 AR R 18.72 1300 04.8 188.52 B 65.76
. 280 43,85 | 110,77 1350 .6 04,81 e Ry
244} Ak (66 20,51 1400 98.4 221.69 B T.E4
300 An.d2 41.93 1450 1001 AR A 8,41
310 4417 25,04 1500 101.8 245.74 | 3.0 9.
320 46501 G 1550 103.5 Lo { . i |
33 7.4 s 16010 . 105.2 270.59 | i 10.24
340 43,05 26,40 1650 10,8 LELAS ] 10,59
33 L RH ST 1700 108.4 296,08 ( 4 11.56
360 40,75 .83 1750 11, RILARA | B 12,256
370 Hhdd S0.04 1500 111.5 a0l | .G R
350 51.12 | 3 B 18510 115.1 HE R . 13,09
390 SL.74 S | 1900 1144 46044 B 14.44
400 S da5T 19540 1151 B W 15.21
410 a0 S04 2000 [ 117.6 STE.050 4.1 16.
| | | .l 16,81
= - = ol 17.654
i 18,49
. : 3 <+ 19.236
Directions for Using the above Table 5 .25
Wi 21.16
To find the discharge in cubic feet per minute of a Eiven stream, ascertain f :Jj—:'{}”
fraom table the discharge of a l-inch stream under the head involved, then 8 *JJ-U‘i
multiply it by the conslant opposite the given diameters the result will be the A =101
quantity discharged in cubic fect per minute by a stream of given diameter, . 5.0 (S

Exasrie: To find the quantity of water discharged by a stream 2.7 inches  —— =t
diameter under an effective head of 490 feet:  Opposite #0 feet head find 5205
cubie lect—amount dischavged by o 1-ineh stream under this hed. Upposite 2.7 inches diameter, find the
constant 7.8 multiply 5800 by 7.2, and obtain 423,18 —the quantity in cubic feet prer minte discharged
by the given stream under head named, The power dieveloped by this diameter stream would be 45,79 by
7.2 = 553,80 horse-power,

Given the head and quantity of water, to find size of stream: Divide the gquantity of water in cubic feet
per minute by the discharge of 3 1<inch stream under heacl mameds the result will be the constant of the
required dinmeter, The diameter opposite the nearest constant (if it does not correspond  cxactly) will
indicate the approximate stream diameter to discharge the given quantity,

In the same way substitute horse-power [or water guantity and find corresponding results,

Nore—The above tables of horse-power are based upon an efficiency of 85 per cent.
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Loss of Head in Pipe by Friction

~ The fellowing table shows the loss of head by friction in each 100 feet in length of different diameters of
pipe, when discharging the following quantities of water per minute:

Inside Diameter of Pipe in Inches

Vel. | iy i I = H 10 11
in Feet | -
per 2 L0 | ' 1 2
Secand Loss Culaic Lass Cubic Loss Cublc | Laoss Caolic Loss Cubiic Looss Cubic
af Flead Feet af Fleal Feet of Hesul Feet | of Head Fert of Head Feist of Head et
in | per in per | in per in P in er in 1T
Feet | Minute Feet Minute ! Fest Minute Feet Minute Fect Minute Feel Sinuee
A e o e i 41.4 B S50 A a4 ot R A 8
2.2 A6 | 259 A0 35 | 461 B1 | 583 |. .28 72 35 | BE
2.4 Lok 282 Hi Al 02 36 R AH 32 TR0 29 115,
3.0 Hi=] R vl 4 oA B b G20 P 7 231 e 1063,
2.8 S 320 Al Lok A A8 e A Q1. ] 111,
S .8l G043 ] il 2.5 v 5 A8 a8.2 S 11
3.2 A1 97.7 .78 53 G0 Rl 345 vk 105, L] 127,
3.4 1.0 dirdd 37 | i 1 7l1.2 GB L1 N 1 | 111. Ry 1.
BAH 1.15 4104 L . Tt i H AT 115. 1 14,
.8 1.25 4.7 107 i TG S 101. L4 1244, i 1510,
4L 1.597 47.1 1.1% | 1.2 25 A1k j LI 52 151, L 158,
4.2 1449 Hh 1.28 1.12 57.0 AED 111. 3 157, =1 1435,
4.4 1.2 al.8 1359 1.0 9221 1.05 116, S 144, B2 174
N 1.7 R 1.51 T3 1.52 M3 117 122, 1.05 15, G 152,
4.4 1.EH) i 1.3 Tt 143 RLLTR 27 127. 1.14 i 1.04 140,
a,lt 2,00 4.0 1.76 0.1 1.54 1065, 1.3V 132, 1.55 THis. 1.12 148,
a2 221 H R 189 buia 1.65  1uk 147 132, 1.2 175, 1.20 MG,
ok 287 3.0 2405 B H 1.77 7| 113 157 145, 1.41 177. 1.28 214.
S LT (i3, 4 217 o 1.89 | 11%. 1.8 145, 1.51 1B, 1.37 202,
5.8 2.9 68.3 | 2.31 23.0 | 2.01 | 121 1.5 | 154, 161 | 190 | 146 | 290
i1} 287 LN 24 iH5.2 2.1 195, 1.0% 1340, 1.7 14405, 1.56 Udi.
7.0 3.81 224 3.268 112.0 2.35 144. 202 155, 2.98 bl B .07 LT
| | 1 I |
Inside Diamoter of P‘ii‘rr_‘ in Inches
p 12 I3 ‘ 14 15 16 18
Vel
in IFeet = = =
per [Fhcten e i : Wi,
Second | Loss Cubic I.oss Cubic L oss Culic Loss Culsics Lass Culslz Lass Cuhblc
of Head | Feet |of Head| Feet | of Head Feet of Head Feet . of Llead Feet  of Ilead [Fest
in e in per in (LSS in er in e in per
Fret Minute Feet Minute Feet Minute Feet Minute Feet Manute Feet Minezte
€0 08 LES 83 11tk N Lha) 128, -158 147. B E 167 .32 212
24 i £ 15, 216 121. 200 1. AEV 162, A5 154, J156 235,
2.1 TS 115 2 1355, SEH 154, 218 17515, LG . i o S
R Sl 122, 00 1dd. 250 167. | 252 191 | LG 218, L2100 270,
i LSl 132, b Hvld 1545, i 179, | .288 NME. | 27D 254, L2400 aa7.
B} AT 141. ST 165, L 19 | 3% . L 2al. e | S18,
3.2 AANT 151. ALt T0- L AL, - 0. S 205, M S
34 A LR 471 158, ASS 213. Aus 250, O 28, iy & S,
a8 S 1k 522 100, ARG pn] 18 AL L He ARG St i i Sa2,
3.8 KERe 17 i 2. 50 i AT 280, AGE 318, 416 403,
41 iz ) 158, 4L onl. i) o545, s 20 s BHEAS T 424,
4.2 i) HER (ni) 252, - 2G4 ) o 209, il S92, 1L 144,
4.4 515 M. Tol 2453, IS aza | G651 e A1 SGE, R ETHI
4.H SEG 217. 315 F AT ST 30, AG2 HETR R 488,
E N, Sk NG, A8l M35, BIB Iy b Hire 3 i B e, A oK,
adr 1.025 2350, S 276, 851 7l AGE. il 419, AED T,
5. L1 45, 1.0 o1y AT 883 JES, B8 435, ST a5l
b 1.183 25 10492 3. | Lol ST 305, 385 453, JTas .
R 1.4 ik, 1167 SN, 1= 1.011 412, Aig A, T MM,
5.5 154 273, | L5 J21. 1.155 1 1.078 427, | 1011 456, L5800 615,
[ 143 o83, 1.325 S12. 1.9 | 1,148 442, 1076 L2, BTy [
0 1.91 . | L9 b I i =] 1.520 als. | 1430 oG, | 120 T
|

Exasmpre—Have 200 feet head and 600 fcet of 11-inch pipe, carrying 119 cubic feel of water per minute,

To find effective head © In upper right-hand column under 11-inch pipe, find 119 cubic feet : opposite this will

be found the coefficient of friction for this amount of water, which 15 44,

Multiply this by the number

of Ewndved feet of pipe, which is 6, and vou will have 264 feet, which iz the loss of head. Therefore, the

effective head is 200 — 2,064

197,506,

38



A

N

FR AN

C

H |
4

5 GO

A

N D

N

W Y

O R K

pipe, when discharging the following quantities of water per minute:
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The following formula, deduced by Wm, Cox, gives practically the same results as the above table and

will be Tound uselul in mamy instances,

of pipe in fect; T

I

laodgal

diameter of pipe in inches; V

(4V?-5V—2).

Where I

velocity in Teel per second,

a4

friction head, L

lengih



THE PELTON W ATER WHEEHL COMPANY

Measurement of Water

The information heretofore published on this subject, so essential to the develop-
ment of any hydraulic proposition, has been of such a technical character as to be of
little use to anyone but an engineer; hence, the attempt in this catalog to explain in a
practical way the various methods of water measurement.

The most accurate is the WEIR Day method described at length on pages 41 and
42. Any proposition of importance should be measured by this means, which is
recognized as the most accurate. THE MINERS' INCH, as applied to water power calcu-
lations, has been eliminated from the tables in this catalog as being obsolete and
inaccurate, from an engineering standpoint; but, for the information of those
who desire to employ this means of measurement, it will be found illustrated and
described on page 44. A rough approximation of a water quantity is sometimes desired,
in which case the method known as MEASUREMENT BY CROSSSECTION AND VELOCITY
is used. This may be described as follows :

Select a stretch on a stream or ditch which will afford as straight and uniform a
course as possible, avoiding pools or obstructions to the normal flow. If the water is
at any point carried in a flume, it is better to measure at this point. Lay off a distance
of, say 100 feet ; measure the width of flowing water at about six different places in
this distance, and obtain the average width; likewize at these same points measure the
depth of water at three or four places across the stream, and obtain the average depth.
| Next, drop a float in the water, noting the number of seconds it takes to travel the
given distance. From this can be calculated the velocity of the water in feet per
second. The cubic quantity is the product obtained by multiplying the average width
in feet by the average depth in feet by the velocity, which (if in feet per second) will
give the flow of the stream in cubic feet per second. - From the figures so obtained it is
| advisable to deduct abouf twé\’ﬁf}'-ﬁve per cent, as the surface velocity of water is
| in excess-of the actual average velocity.
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1Ll

Ilustration of Weir Dam

Explanation of Weir Dam Measurement

Place a board across the stream at some point which will allow a pond to form
above. The board should have a notch cut in it with both side edges and the bottom
sharply beveled toward the intake, as shown in the above cut.  The bottom of the notch,
which is called the *crest” of the weir, should be perfectly level and the sides vertical,

In the pond back of the weir, at a distance not less than the length of the notch,
drive a stake near the bank, with its top precisely level with the crest.

By means of a rule, or a graduated stake as shown, measure the depth of water
over the top of stake, making allowance for capillary attraction of the water against
the sides of the weir. For extreme accuracy this depth may be measured to thousandths
of a foot by means of a “hook gage,” familiar to all engineers. Having ascertained
the depth of water over the stake, refer to table on page 43, from which may be
calculated the amount of water flowing over the weir.

There are certain proportions which must be observed in the dimensions of this
notch, Its length, or width, should be between four and eight times the depth of water
flowing over the crest of the weir. The pond back of the weir should be at least
fifty per cent wider than the notch and of sufficient width and depth that the velocity
of Alow or approach be not over 1 foot per second. In order to obtain these results
it is advisable to experiment to some extent. A suppositious case may better serve
to explain this procedure:
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Permanent Weir Dam in Tail-race—Showing Hook Gage in Center

ExaypLE: First, roughly gage the stream to be measured by the cross-section
and velocity method described on page 40. Suppose the width is found to be
414 feer, the depth 1'4 feet, and the average velocity 3 feet per second. The stream
is then carrying approximately 1215 cubic feet per minute.

Next it is necessary to ascertain the size of weir which will low approximately this
amount of water, having in mind that the length of notch must be from four to eight
times its depth. This is best determined by the tables on page 4.  Try first a depth of,
say, & inches, from which it will be found that every inch of length will deliver 9.05 cubic
feet per minute. Dividing 1215 (the required cubic quantity} by 9.05 it is found that it
will require a weir 134 inches in width, which is 16.7 times the depth and therefore much
too great a proportion. It is therefore obvious that the weir must be deeper.  Tryving
again a depth of 15 inches in the same manner, note that it will require a width of
about 52 inches, which is 3.4 times the depth and therefore too small a proportion. By
another trial it is found that a depth of 12 inches and a width of 73 inches, a proportion
of practically 1 to 6, and within the limits mentioned above, will discharge the desired
amount and is therefore the approximate size of weir required.

Take a board of sufficient length to reach well across the stream and cut the notch
73 inches long and about 16 inches deep, so that the depth may be increased over the
calculated amount, if necessary. The board should be made wide enough to admit
of the vertical distance from the bottom of the notch to the level of water on the
downstream side being at least twice the depth of water flowing over the weir.

If having proceeded this far, the width of the pond should not be 50 per cent wider
than the length of the notch, or if the velocity of flow should be in excess of 1 foot per
second, the pond should be enlarged or deepened to obtain the required result.  Itis of
course essential that there be no leaks around or under the weir, in order that all the
water may pass through the notch. Canvas or sacking laid under the water against
the dam will be found effective in this connection.

With the weir so constructed, measure the depth of water over the stake, and by
use of the tables as indicated, ascertain the actual quantity flowing over the weir.
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Table for Weir Measurement

Giving cubic feet of water per minute, that will flow over a weir 1 inch Jong and from 15 to
ME inches deep.

et i W 4 ¥ el %
; e
0 00 .01 A5 00 J4 A9 Rl 2
1 L) AT H Lk T8 S 2 | [0
2 1.13 1.23 1.55 1,445 1.53 L.50 [.82 1.95
3 | 2,07 2.21 2,34 2.48 4.061 2,70 2,00 .05
4 3,20 3.4 3.50 3.66 3.81 397 ‘ 414 | 4,80
5 ddT 4.4 4.51 4.0 5.15 ‘ D a0l 2.4
6 .87 15,006 6,25 .4l {5,052 .82 T.01 T.21
7 T.40 T.060 T80 =00 8,21 242 25065 ‘ =8
8 9.05 0,26 047 0.6t .91 ‘ L 13 | 10,55 10.57
9 . 10020 11.02 11.25 11.48 11.71 11.94 1217 12.41
10 i 12.64 | 12,88 1312 | 13356 1360 13,85 14,05 L3k
11 14,549 JER 15,08 1534 | 1550 15,85 ‘ .11 L4530
12 16062 1688 | 1715 17.41 19.67 17.094 18.21 15.47
13 18.74 i IRIRLY 19.20 | 1950 10,54 20,11 20,540 20067
14 2005 | 21.23 21.51 | 21.80 22,03 99,37 29,65 29,04
15 23.23 24.52 2482 2:4.11 | 24410 2470 ‘ 25.00 ‘ 20490
16 25,60 25.90 21520 20,50 26,30 2911 2742 27.52
17 23.053 2854 ‘ 28,62 28 97 26,28 20,00 20,01 3022

18 54 ‘ 30,806 31.18 al.50 31.82 3215 a2 AT 32,80

19 33.12 5345 JR.TR 34.11 | Akl ‘ 3477 ‘ 30,10 BHIEE !

20 3597 BN E | |_:5{5.-i:. G675 aT12 | BTde 3780 38.15

Example Showing the Application of the Above Table
Suppose the weir to be 72 inches long, and the depth of water over the siake to be 1134 inches.  Follow
dewn the left-hand column of the figures in the table until you come to 11 inches, Then run across the
pabsle on a line with the 11, until under 5% on top line, you will find 15.83.  This multiplied by 72, the lengih
of weir, gives 11412, the number of cubic feet of water passing per nunute.

Note.—The above table will give recilts sufficiently close for all practical purposes, but if extreme
accuracy is essential, the following formula should be used, in connection with measuorements obtained from
the methnod deserilicd on previous pages: :

=333 (L—2H)H}

In the above, L= length of weir in #err; H — head or depth of flow in FErT over weir, as measurad on

the stnke: (0 cubie feet of water per sECOND,
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FE R RDOT AL T e

1015
Miners' Inch Measuring Box

Explanation of Miners’ Inch Measurement

The term “miners’ inch ™ is of California origin and not known or used elsewhere,
it being a method of measurement adopted by the various ditch companies in disposing
of water to their customers. This measurement is gradually becoming obsolete, and its
use should be discouraged as, for the purpose of accurate calculation, it must always he
reduced to a cubic quantity, Further, the term is somewhat indefinite, for the reason
that the water companies do not always use the same head over the center of the
opening ; as a result, the inch varies from 1.36 to 1.73 cubic feet per minute in diferent
localities.

The measuring box is easily constructed, however, and this method may be some-
times employed to good advantage in approximating a water quantity. The most
common measurement is an aperture 2 inches high and whatever length is required to
pass the water through a plank 1% inches thick, as shown in plate above, The lower
edge of the aperture should be 2 inches above the bottom of the measuring hox, and (he
plank 5 inches high above the aperture, thus making a 6-inch head above the center of
the stream. Each sguare inch in this opening represents a miners’ inch ; thus, the slide
pulled out one-half inch will represent one square inch of opening, which will discharge
one miners’ inch of water. It is generally customary to mark off one inch divisions,
ascribing to each the value of fzwe miners' inches.

The miners’ inch above described is equal to 134 cubic feet of water per minute,
which is the legal inch as established by the California legislature. The element of
time is not considered in the calculation of the miners’ inch ; that is to say, one miners’
inch means a continuous Aow of that quantity of water.
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Data Regarding Flumes and Ditches

The carrying capacity of a flume or ditch depends on its size, slope, and the nature
of the surface over which the water flows. It is impossible to accurately calculate the
flow without knowing all the conditions, but the tables on page 46 will give approxi-
mate results for known dimensions, assuming average conditions,

The best results are obtained when the depth of water is one-half of its width, and
the tables are based on this proportion.  Ditches are constructed with sloping sides,
usually at an angle of about G0 degrees from the vertical. For measuring ditches, take
the width at one-half the depth of water.

Table I iz for earth ditches of uniform size, free from weeds, etc.

Table II is for flumes of unplaned timber, very smooth brick-work, or smooth
cemented ditches.

Table 111 is for Humes of planed timber, carefully fitted so that there are no rough
joints or butts,

In general, the velocity of water should not be greater than 7 to 8 feet per second
in wooden flumes, nor more than 3 feet in earth ditches, and these velocities should be
exceeded only by an experienced engineer. It is usually advisable to keep the velocities
down to about two-thirds of the above values.
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T H E PELTON W A TER WHETLL COMPANY

Table of Riveted Hydraulic Pipe

Showing price and weight with sale head for various sizes of double riveted,
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Sheet Steel Riveted Pipe

In no other part of the world have the various systems of fluming, ditching and
piping of water been developed to such an extent as on the Pacific Coast, and nowhere
else are the advantages of these methods of conveying water so well understood. It is
probably quite within bounds to say that there are anywhere from six to seven thousand
miles of canals and flumes on the Pacific Coast, and perhaps quite as large an amount of
piping, the latter of sizes running from 4 to 60 inches in diameter, and carrying water
in some instances under pressure equivalent to 1700 feet head.

The question of water conduit is everywhere one of so much importance and is so
intimately connected with the utilization of power by the PELTON WHEEL, that
special consideration is given to it in this connection. The use of sheet steel pipe for
power and other hydraulic purposes is strictly of California origin, and though so
extensively adopted in the Pacific Coast States, it is only within recent years that
its advantages have come to be understood and appreciated in other parts of the
country,

The general impression among engineers who have not made this subject a special
study has been that heavy cast-iron pipe or lap-weld tubing was necessary to withstand
any considerable pressure, or for any degree of permanency. This prejudice has been
largely overcome by the results obtained in actual practise extending over a period
of many years, and it has been clearly demonstrated that riveted pipe, if properly made
and designed for the purpose intended, is fully equal to any other form of construction,

hesides being very much cheaper and lighter.

Next to the proper adaptation of wheel to conditions of service, the most important
matter in a water power plant is the pipe line and its various connections, If not well
proportioned with reference to diameter, thickness, bends and connections, the efficiency
will be greatly impaired and much trouble is likely to result from its insecurity.

Riveted pipe, as ordinarily constructed, is made from sheet steel or iron plates of the
requisite thickness to withstand the pressure, which are rolled up into the required
diameter. The sheets are secured by a double row of rivets on the longitudinal or
straight seams, and a single row of rivets on the circular seams. 1t can be made up
into independent sections of any length required, the average for steamer or rail
shipment being about 25 feet; when for transportation by mule-back, the sections are
generally about 7 feet long.

Each section of pipe, when constructed, is completely immersed in a bath of hot
asphaltum composition which permeates the pores of the metal, coating the pipe inside
and out with a hard, smooth surface of asphaltum, which effectually protects it from
corrosion and increases the carrying capacity of the pipe, on account of the smooth and
even surface presented to the water flow. The sections of pipe may be joined in
different ways, depending on the local conditions and pressure involved. These various
connections are illustrated and described on pages 50 and 51.

Referring to illustrations on page 50, Figure 1 shows the siLI¢ JoinT, which has
one end of a section of pipe slightly tapered; this is securely driven into the larger end
of the corresponding section, and forms a perfectly water-tight joint. This style of
joint, if properlv made, is safe for heads up to about 300 feet.

49



THLE PELTON W ATER WHEEL COMPANY

SLIP JOINT
SLIP JOINT PIPE

LEADm |, e

LEAD JOINT

ROUND 5, €11 ‘

1

4

SHEETS V| &
CUT AND 1

PUNCHED N >

ANDFORMED

NESTED FOR
SHIPMENT
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Sheet Steel Riveted Pipe—Continued

The COLLAR AND SLEEVE LEAD JOINT i8 shown in Figure 2. In this joint the
ends of the pipe are of the same size, and butl together., A sheet iron sleeve is riveted
inside of one section of the pipe, one-half projecting beyond the joint, and a collar is
1_11;1.,33;_1 in a corresponding position on the outside, leaving a space of aboul lln'l;u-uigh[h:ﬁ
of an inch between the collar and the pipe.  This space is filled in with hot leacd, which
is securely caulked. The joint will stand a head of 700 feet, and has the advantage
of allowing a slight adjustment of the angle —thus accommodating to any slight
unevenness of Lthe ground.

The illustration of the FLANGED JOINT {Figure 3) will be self-explanatory. A rubber
gasket is placed between the faces of the flanges, which are drawn up by means of bolts.
The gaskets may be round or flat, depending on certain conditions, The llanges may be
made of cast-ivon, rolled angle ron welded, or of pressed steel.  These latter, which
are pressed out of a flat steel plate by means of a die, are light and strong and cannot
be broken. They are highly recommended for use under extreme pressure. There is
practically no limit to the head under which flanged joinis can be used, provided that
they are properly proportioned.

Iigures 4, 5 and 7 show the possibilities of sheet steel riveted pipe in making
various connections.  While flanged  joints are illustrated, any style of joint is
applicable.

Figure ¢ illustrates one methoed of comnecting the upper end of pipe line with
the reservoir or flume.  If the reservoir is of masonry, the flanges may be dispensed

with,

Figure 8 shows a bundle of pipe cat, punched and formed, and nested for shipment.
A pipe line is sometimes required in a locality where it is difficull to transport even
short ections; in this case the sheets are cut to the required dimensions, punched for
rivets, and formed 1o the proper diameter; several sheets are then nested together and
clamped, thus occupying less space and making a bundle easily handled—a method of
packing especially adapted for mule transportation.  The sheets can then be riveted
upon the ground to form the completed pipe, by means of tools furnished lor that
purpose,

In shipping pipe h}-‘ steamer it is Llr-'uuFi.ll}' taken h}' culdc measurement {ft_u't}-' culie
feet to the ton) rather than by actual weight, and it is sometimes desirable to make a
pipe line of several sizes, so that the smaller can be telescoped into the larger. In this
way a very considerable saving in freight is effected.

When dealing with large, heavy pipe, it is often advisable to join the different
sections by means of riveting them together in the field—thus forming a continuous
riveted line.  All sizes from 158-inch up admit of such connection.

Thiz Company has large pipe works thoroughly equipped with the most modern
machinery, affording every facility for turning out high-grade work. Estimales and
specifications will e submitted covering pipe lines of any lenglh, diameter or thickness.
To this end there should be furnished a profile, showing the grade of the line and the
angles involved, as also full data regarding water available and power required.  Concise
information on these points will insure the greatest economy in material and proper
adaplation to conditions.  Dala and estimates also furnished regarding pipe lines,
hydraulic giants and accessories for Placer mining,.

nl



THE PELTON WATER *WHEETL COMPANY

All pipe orders are executed under the immediate supervision of the Company’s
engineers; workmanship is carefully inspected, and all angles checked up to templet;
thus every pipe system designed and manufactured by the PELTON WATER WHEEL
CovPaNy carries a guarantee as to strength and durability, and complete fitness for
the purpose intended.

Pelton Power Plant in Java

Note complete pipe line in background
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50000 Horse-power Pelton Wheel

The above wheel, 9 feet 10 inches in diameler, is capable of developing H000 horse-power
at 220 r. poomy, when npcrnliug under 265 feet effective head




THE PELTON WATER WHEEL COMPANY

Single Iron-mounted Unit—with Geared Gate Valve

One of four PELTON WHEEL units for direct.connection to electric generator, Head,

025 feet; wheel, ®4 inches diameter; 1500 horse-power capacity, at 333 r. p. m.
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mrmy =

Telluride Power Company—Double Unit with Hydraulic-operated Gate
Valves and By-passes

Head, 1800 feet; capacity, 4000 horse power
Direct-connected to 2400 k.-w. 300 r. p. m. generator
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The Telluride Power Company

The double unit illustrated on the opposite page is of 2000 horse-power capacity,
running at 200 r. p. m., under a head of 500 feet, and is one of three units supplying
power and light, by means of electric transmission, to a large group of mines in
Colorado, which carry on a great variety of operations,

The wheels are each of cast-steel, and are fitted with steel buckets secured to the
center by means of turned steel bolts.  The wheels are pressed on a 10-inch diameter
<haft, which is carried in  generator type” ring-oiling bearings. Only one-half of the
coupling is shown, the other half being pressed on the shaft of the generator, whiclL is
of 1200 horse-power normal capacity. The coupling is of the flexible leather link type,
cach half Leing fitted with pins, as shown m the illustration, which are connecled by
means of leather links,  This construction insures easy running, even though the
alignment may not be true,

It will be seen that the wheels extend into the concrete foundation, and that the
pipe, gate valves and nozzles are all carried in suitable channels in the concrete. The
greatest possible rigidity results from this construction, as also, a freedom from vibration
and noise, even in the largest sizes of wheels, thus making it an ideal arrangement,
especially where the wheels are located within the power house, as is considered the
best practise in modern transmission plants,

The shaft in this wheel, where it extends through the iron housing, is fitted with
PerTon patented centrifugal discs and pockets—a device which succes=fully prevents
leakage of water at the bearings and along the shaft, and at the same time eliminates

the friction involved by the use of a stulling-box,

The lower housing is constructed of cast-iron and carried well within the concrete
foundation, and in front of this is a cast-iron floor plate, by the removal of which the

nozzle, governor mechanism, and wheel pit may be reached for inspection,

The nozzles are of the ball and socket deflecting type, controlled by a governor, and
one of the nozzles in addition is supplied with a stream cut-off which is operated from
the floor-stand shown in front of the wheels, By means of this the station operator can
regulate the Aow of water to correspond with the maximum Joad at any hour of the day,
and the governor will then, through deflecting nozies, maintain the speed constant
between this maximum and zero load.

The Telluride Power Company controls and operates a chain of hydro-electric
plants in Colorade and Utah, having installed some 15,000 herse-power in PELTON
WuEELS. These operate under varying conditions, ranging from 300 to 1725 feet in
head and 400 to 5000 horse-power in unit capacity.

[lustrations on pages 56 and 57 describe two of the latest PELTON mstallations
of thiz company.
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T HE PELTON WATER W HEEL COMPANY

Double Unit—Semi-masonry Construction

For direct-connection to generator. Head, 1150 feet ; 3000 horse-power

Triple Unit—Semi-masonry Construction

Head, 142 feet; 1500 horse-power, at 150 r. p. m.

(2

, at 300 . poom.
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Tiks

Air Compressors and Pelton Wheels

The above illustration is that of a PrrLTox WHEEL, mounted direct on the shaft
of an Ingersoll-Rand {formerly the Ingersoll-Sergeant Drill Co.) compressor, and is one
of three units fumished the Niagara Falls Power Company.

The wheel is approximately 7 feet in diameter, to admit of driving the compressor
at its proper speed, under an effective head of 127 feet, and has a maximum capacity of
100 horse-power.

In order to provide fly-wheel effect, the cast-iron wheel center is of extra heavy
construction, weighing in excess of 5000 pounds, and is made in halves to facilitate
mounting on compressor shaft.  Where transportation is dificult, the center may be
constructed in several sections, so as to bring the weight of each piece within reasonable
limits for handling.

The advantages of such direct connections are: Economy of power, as friction of
helt or repe drive is eliminated, a minimum expense for maintenance, and saving of first
cost of apparatus. '

This application of the PErTOoN WHEEL is made with equal facility to all forms of
compressors, as well as to blowers and many other classes of machinery. In such cases
the wheels may be constructed of any diameter, ranging from 6 to 40 feet, as may be
necessary to give proper speed to the machinery they are designed to run—the buckets
and nozzles being adapted to meet the conditions of head and power requirement.
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A Novel Hydraulic Compressor Plant

The great flexibility of the Pervox system is exemplified by the plant installed
at the Morning Mine, Mullan, Idaho. The problem here presented was unique in many
ways, requiring that all the available waler power be developed to best advantage in

order to obtain the requisite output,

The plant consists of a 1000 horse-power duplex air compressor with three Prrrox
WaEELS mounted direct on the 15-inch shaft connecting the two sides of the com-
pressor, This shaft is about 35 feet long, and is carried in four heavy babbitted
pedestal bearings,

The water available is limited, and in order to obtain the required power il was
necessary to utilize three different streams, affording heads of 1430 feet, 1150 feet and
140 feet respectively.

The water from both the 1430 and 1150-foot heads is applied to a single wheel 53
feet in diameter, which diameter is a compromise between the two high heads—taking
80 revolutions of the wheel as the average speed.  This 33-foot wheel is the largest
tangential water wheel ever made, and in order to withstand the severe strains to which
it is subjected it required special construction, The wheel, which is mounted in the
center of the compressor shaft, is of stractural steel, built up, riveted and bolted, being
entirely without cast parts, except the hub, which weighs about 12,000 pounds, The
spokes are all in tension, and each is susceptible of adjustment in order to true up the
rim, to which are bolted the buckets, which are only five inches by seven inches in
dimensions—Dbeing extremely small in comparison to the wheel diameter, The total
weight of the wheel is about 32,000 pounds, and it serves as a fly-wheel for the com-
pressar, The waler impinges on the wheel through two separate nozzles, which are
mounted one over the other, each being supplied by a separate pipe line,

On either side of the larpe wheel is situated a 12-foot PELTON WHERL, each of
which has three nozzles and operates under a head of 140 feet. Each jet of the nozzles
is controlled by a stream cut-ofl, all of which are connected together by suitable levers
and links so that they operate in succession, thus maintaining the highest possible
degree of efficiency. '

Automatic governing iz accomplished with these wheels only, the high-pressure
nozzles maintaining a constant load on the large wheel. The fluctuations in pressure
due to changes in load are extremely small and gradual, and a mercury column was
adopted as the most sensitive device for operating the governor. The mercury column
is arranged to balance the air pressure of 100 pounds, and closes or opens an electric
circuit, which, operating on magnetic clutches, actuates the cut-olls on the triple nozzles,
thus varying the capacity of the plant to meet the demands for air at the mine,

Particular attention is called to the wide variations in the different heads emploved
and to the manner of adapting them all to one speed by the simple methods of changing
the wheel diameter. All belting and gearing losses are thus avoided, and the maximum
efficiency is obtained.
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Pelton Wheels and Pumps

An interesting application of the Prrrtox WHEEL to pumping engines is thal
illustrated in the Niagara Falls pumping plant. The plani consists of two complete
Ricdler duplex pumps and PeErroxy Warer WHERELS,

The wheels and pumps are located in a subterranean chamber excavated in the
solid rock 130 feet below the Niagara River, the il water discharging through a tun
nel below the Falls,

The pumps supply waler to the city at 70 pounds pressure, and therefore operate at
124 pounds normally, the back-pressure being 34 pounds,  They are also arranged
supply 110 pounds pressure in the city mains for fire service when required, at short

nevice,

The Pruron WHekLs operate under an effective head of 125 feet, and run at a
normal =peed of 76 revolutions per minute,  They are 12 feel in diameler, and are made
with a fly-wheel rim weighing 12,000 pounds,  To this are bo'ted the requisite size and
number of buckets, The wheels are mounted directly on the pump shaft, all helting
and gearing thus being avoided,  The water is supplied through a specially constructed
double nozale, one of the water jets being used for normal, and both For five pressure,

Fach wheel is supplied with an avtomatic controller to prevent the pumps runnimg
overspeed, and, although all of the machinery is located in the pump chamber, the whole
is under the control of the station operator in the power house 130 feet above,

The water Tor the wheels is controlled by a hydraulic gaute operated by a three-way
valve at the ground swrface, the system being regulated and pressare in the mains kept
constant by a Bourdon gauge, which actuates electro-magnets {o cither turn the water
on or off the wheels, The switchboard is provided with two of these ganges, one
regulating for the normal, or T pounds, and the other for the fire, or 140 pounds
pressure, By operating a switch one or the other of the Bourdon gauges is thrown into
action, which causes the wheel o bring the pump up to and hold it at the required

pressure.  The whole arrangement is exceedingly simple and easy to operate, and may
be considered an ideal arrangement where water power iz available Tor operating city

witer works pumps,

The Riedler pumps are duplex double-acting, cach with a capacity of GO00,010
gallons in 24 hours, against 70 pounds pressure, The pumps take water from the hlters,
into which it has been discharged by electrically-driven pumps—there being nine filter
tanks,  These are cleansed by flushing with a 5-inch stream from the pump mains, which
occasions a great demand on the ld-inch main; yet so close is the regulation th.!.t the
reduction in pressure ig extremely small and lasts but a few seconds,

|
|
|
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THE PELTON W ATER W HEELEL COMPANY

Electric Power Transmission

It is conceded that the electric transmission of energy is now one of the most im-
portant factors in the industrial world, The development on these lines has been of
phenomenal growth, and the achievements of today can scarcely be credited from the
standpoint of a few years ago. The world’s first successful experiment in long-distance
electric transmission was made in Germany in 1801, where a small amount of power was
dransmitted from Lauffin to Frankfort, and used in ¢onnection with an industrial exhibit
held there at that time. In less than a year thereafter a PELTON WHEEL was driving
a generator at the plant of the San Antonie Light and Power Company of Pomona,
California, and transmilting electricity for power and light a distance of forty-five miles,
California and the PeELTON WHEEL thus claim the first power transmission plant in
the United States, and the second in the world. In fact, the German installation was
of an experimental nature, and the Pomona plant may be said to have been the first
commercially operative system of electric transmission that was ever installed.

The development was rapid from that time on, until today a transmisgion of one
hundred miles is of common occurrence, and thousands of horse-power are being trans-
- mitted for a distance of nearly three hundred miles, It has Deen demonstrated that the
limit of distance to which power can be economically transmitted depends solely on the
cost of the line conductors ; hence it is difficult to forecast the development which is still
to come. It is, after all, the utilization of water power which has made possible this
great revolution, as there is no other power agency that will afford sufficient economy of
production to make transmission of power commercially practicable,  With water as the
motive force, under all ordinary conditions electricity is conceded to be the most econo-
mical and reliable power known.

Prrron WHreeLs meet so fully the existing requirements of this service as
regards high efficiency, close regulation and small cost of maintenance, that they have
come to be regarded as factors of prime importance in modern water power installations,
The system is so flexible that it admits of adaptation to all conditions and every variety
of service, and in so simple a way as to provide against liability of accident or interrup-
tion to continuous service,

The adaptation of electric power transmission must always be determined by the
conditions of each particular case.  Lvery proposition of this character is an engineering
problem in itself to be carcfully considered and worked out after a full investigation of
all the facts and circumstances connected with it

On the following pages will be found a list embracing 431 electric power installations
operated by PELTON WHERLS, agoregating some 454800 horse-power, which will in itself
evidence the fact that this Company has specialized in the electrical field, and has had a
wide experience. As will be observed, these plants are running under a great variety of
conditions as to head, speed and power, yet in every instance, so far as known, they have
proven to be eflicient and reliable, alfording an economic and satisfactory power.
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For Whom Installed

Electric Power Installations

Hl‘rrr_'-ﬂ—puwcr

.Opez'm‘ing Head

649

Feet
Partezuela Electrie Power Company, Mexico : 4000 41
>ed, Ind. Mijnboww My., Celebes, East Indies h (1] 550
Petropoliz Electric Light Company, Brazil, 5. A. i s BLELH 200
Cie de Boa ¥ista, Diamantina, Brazil, 5. A, 5 n S 1L S50
Cripple Creek District Railwas. Cﬁppl& Creek, Colo.’ . . T 400 550
Formah Ruby Mines, Mﬂuhlm, India (third station). 5 . 1 1] G
Ailler Manual Labor School, Albhemarle, Va. . § . 70 aan
Diamond Hill Gold Mining Company, Townsend, Mum H . 700 17
Iluplantle:r Flectric Light Company, Costa Riea, C. A, . . . 150 52
San lldefonzo Paper M:[i. San lldefonso, Mexico : . . 10 185
"&. uba Electric Power Company, Marysy l'ihe‘ Cal. q L . 4 L] 11
Crested Butte Light and Water Company, Colorado = i) S0HD
Dlevelopment Syndicate, Butte Counte, Ual. 7 . e - 1=3 120
kyoto City—Electrical Department—Rvoto, Japan o 15 TiMd
Alumbrado El de Quemltenango, Guatemala, C. Al = = 1440 =3
south Yuba Water Company, Newcastle, Cal, i . i 3 13 EET)
Concheno Mining Company, Concheno, Mexico 3 : i 20 100
Santa Ysabel Mining Company, Jamestown, Cal. . . = 130
Wevads f_,.q'ul.nl';. Electric Power Company, Cal. ] ¥ JLELY 20y
Juneau Electric Light Company, Juneau, Alaska . . 2N 2
H]iU Electric L. 15.,111; and Power [,.ornpa.n_\- Haw :Jul 13 O o rt 50 250
Tuolumne Electric Light and Power Company, Cal. . v 4 S0 065
Oroville (Gas and Electric Company, Oroville, Cal. . . 5 100
Cooperative Mining and Milling Company, Arizona . ; 5 1540
Empress Electricio de la Antigua, Guatemala, C. A . i i
‘N]n ing Ureek Electric Power Company, Shasta, Cal. BT B[]
Telluride Power Transmission Cﬂm]mn}- Telluride, Cﬂh‘r ¥ W0 a01
Canon Creek Electric Power Company, Gem, ldaho 15100 iy
Columbia & Western Railway Company, British Columbia 550 2GT
Sancdon Water Worles and Ltght Company, British Columbia . LT BT
Fort Wayne Electic Power Company, Arizona -l 260 2001
Waianae Electric Company, Hawaiian ITslands . 270 (35D
Boca Tee Company, Prosser, Placer County, Cal. . 140 )
Payson Electric Light and Power Company, Utah . . 150 15
Gfﬁd Hill Water Company, Virgminia Uity, Nevada . ’ 130 230}
Lig Dipper Mining Company, Iowa Hill, Cal. : X 1 i
Gold Bluff Mining Company, Downieville., Cal. 125 ol
Pioneer Mmmg Company, Plyvmouth, Cal, : : . 125 Ikl
Gold Dire ring Company. Bannock, Mont., h o 1500 a50
Caroline Mining (_m:up;mj.r Colorado (second -..tntlnnr 3 50 B350
Oneay Rlectric Light and Power Company, Colorado - 50 350
Hidden Treasure Gold Mining Company, Cal, 3 S0 “10
Jumper Mining Company, Stent, Cal. - C 40 330
Mountain C:rppur :‘ﬂ'ining Company, California . 400D BEETTY
Ontario Silver Mining Company, Park City, Utah " 161 1240
.-"!Llltl[..'l.l"l Electric Light Company, Guatemala, C. A, E 280 05
Silver Lake Mining and Milling Company, Colorado . » 300 120
Santa Fe Water and Investment Company, IWew Mexico 120 14
santa Gertrudis Mining Company, Orizaba, Mexico 250 1K}
Arawaka Mining and Milling Company, Japan 250 10H)
Empresa Electrica Antigua. Guatemala, C. A. . . 20 5
Los Compania Electrica, Medillin, U, 5. Colombia ELA) 450
Cia Electrica San Cristobal, Venezuela, 5. A, . 104 150
Cin de Luz Flec, de Heredia, Costa Rica, C. A. ; 400 S0
San José Electric Light Company, Cosma Rica, C. A < A0} )
Buttermilk Falls Electric Company, New York . O 85
Ophir Mining Company, Ophir Hill, Utah 4 106 108
Alwmbeadoe Electric Company, C, A, . = = T 1040
Meihart Water Company, Neihart, Mont. . i . 175 310
Tijimpaka Tea Estate, Island of Java, D. E. 1. 170 G
Diutch East Indian Electric Light Company - S 56l
Bear Valley Electric Light Company, Nova Scotia : 110 0
Santa Ana Electric Company, San Salvador, C. A. . . 2y Fi]
Talemanco FElectric Light Company, Venczuela, 5. AL ; 160 DK
Mendoza Electric Light Company, U, 5. Colombia | . 5 110 7
Bridgetown Electric Light Company, N. 5. W., Australia . 140 144
Eossland Electrie Light Company, Rossland, B, C. 2 2 250 240
British Columbia Electric Railway, Victoria, B, C. . i X 125K BT0
Blue Lakes Water Company, Blue Lakes, Cal, p . ; HHN) 1050
(rdawara Electric Railway Company, Odawara, Japan 3 TR 45
Redlands Electric Power Cnm}mn}' fl.-;&{:our.{ station} . - . Ay GO
Ventura Land and Power Company, California . - 125 05
Salt Lake & Ogden Railway Lumpan}, Utah i 175 230
Cniffith Con, Mining anp'm!, Eldorado County, C;ll 5 1100
Central California Electric Company, Auburmn, Cal. . . T (K]
iell Electric Company, Auburn, Cal. 10M1 154
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Flectric Power Installations—Confinued

For Whom Tnstalled

Pike's Peak Power Company, Colorado .

Gaolconda Mining Company, Limited, Oregon

Buffalo Mill Company, BulTale, Wyoming

South Hend Eleetrie Company, Washington :

Redlands Electric Power Company, Cal, {fourth station)

Gold MNote Mining Company, Avizona i : :

Clipper Mining Company, Pony, Montana

Hawhide Mining Company, Liﬂi'il'umia

Nygrihport Electric Company., Washington

I'errocarria Elecirica de Jalapa, Mexico

La Mormign Transmission, Contreras, Mexicn i " .
Cia Electrica ¢ Yerigadora Tetapango, Mexico . ; . # %
Oregon Lumber Company, Oregon Clty, Oregon

Keno Water, Land and Light Company, Nevada

San Poil Mining and Water Power Company, Wash,

Nelzon Electrie Company, Britizh Coluimlsia : 5

San Miguel Power Transmizsion Company, Ames. Colo,

Colorade Eleetrie Light and Power Company, Colorado ;
Redlands Electric Light and Power Company, Cal. {third station)
Kanagawa Electric Light Company, Japan : : ; ;
Four Hills Mining Company, Plumas County, Cal,

City of Healdsburg Electric Light Company, Cal,

. Basadre Forero, Ta Paz, Bolivia, 3. A, : -

Libue Mantation Company, Kauai, Hawaiian Tslands

Elling & Morria Aining Company. Pony, Mentana

Fern Gold Mining Company, British Columbia

Cranite Bimetallic Con, Mining Company, Meontana

Morning Mining and ¥illing Company, Mullan, Idahn

1Trica Mining Company, Angels, Cal, . F :

Weaver Minng Company, Ballarat, Cal. . ; '

Butte County llectric Power and Light Company, Cal.

Sunnvside Mining Company, Eureka, Colo, h -

Yellowstone Minineg Company, British Columbia

Moendjoul Istate, ’l'iibalc!:tlc, Java, Kast [adies

Cia Minera v Beneficiadora de Texiutlan, Mexico

Canas Mniog Company, Guernavaca, Mexico

Falrica La Fxperiencia, Guadalajara, Mexico

Cia de Boa Vista, Diamantina, PBrazil, 5. A, ; . :
Cia Tz Flectrica de Orizaba, Mexico . ; r o i . ‘

Fabrica Santa eresa, Contreras, Mexicoe | =
The Rasic Mining and ¥illing Company, Idaho
Norlega, Sancher v Ula, Los Muolinos, Mexico
Burmah Ruby Mines, Limited, Bormab, Tndia
Flale Lilectrie Light Plant, Dixville Noleh, M. H,
Cia Gas Acetvlino, Peru, 5. A, . : ; ; ; - : 7
Telluride Power Transmizssion Company, Colorado Gecond station)
Central California Electric Company, Cal. (second station)

Truckee River General Klectric Company, Cal.

Sierra Power Company, Southern Califormia

Crystal Lake Gold Mining Company, California

Stanislaus Power Company, Calaveras County, Cal

Mentank Consolidated Gold Mining Company, Cal,

Seattle Light and Power Company, Washingion

Glenwaond Light and Power Company, Colovada

United Electric, Cias and Power Company, California

Colorado Electric Light and Power Company, Colorada

Kanagawa Electric Light Company, Japan . i

Cape Colony Blecorde Power Company, Soulh Alrica

Trinidad Blectric Tight and Power Company, W, 1.

Cia Industrial de Santa Cataling, Mexico 4 y

Fagles Mere Blectric Light Company. Pennsylvania

Clornucopia Mining ancd Milling Company, Uregon

Annie Laurie Mining and 3illing Company, Utah

Maurities 1lectric Company, Taland of Mauritins

Fronting & Bolivia Gold Mining Company, 8. AL ' :

La Hormiga ‘Uransmission Company, Mexico (second stalion)
Teziutlan %'.ﬂpnﬁr Mining Company, Mexico i

Santa Yeabel Mining Company, Tuoluwmnoe County, Cal,

Keswick Flectric Power Company, Shasta County, Cal.

Samoa Estates, Limited, Samoa [slands

Fofu Electric Power Company, Japan

Bagnall & Hilles, Gomei Kaisha, Japan . : : :
Wanaoosnock Klectric Power Company, Massachuserts ; i
British Columbia Electric Railway Company, 1 C. (zecond station)
Big Creek Power Company, Cal, (second station)

Hegla Electric Power Transmission Company., Mexico

70

Huorse-power

S0
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165
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S
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i
4]
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eI
HIL)
]
45UH)
140
2{H)
Rl
N
T
1500k
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11=0
Bl
Ak
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i (k]
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10y
173
X
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SR |
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1=
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BIE R
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1k
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| 470
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|
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Electric Power Installations— Continued

For Whom Ins=talled

Waipori Falls Electric Power Company, New Zealand

Britannia Copper Syndicate, Limited, British Columbia
Silver Lake Mines, Colorado . . i b

I'reasury Tunnel Mines, Colorado : '

Homolulu ]\Iunir':paﬁt{. Hawaiian Territory

Nanaimo Electric Light and Power Company, B. C, . .
Los Gatos Iee and Power Company, Cal. (zecond station) .

Mitsul & Company, Japan :
Casapalea Mining Company, Peru
Peziutlan Copper Company, Mexico
Alangares ﬁ:rLI Fields, Limited, C. A,

A, ZBaenz ii;:rrnnqui].l;l, South America

Carbin Electric Light Company, N. F. . . .
Animas Canal Reservoir Power Company, Colorado
Cin de Luz Electrica, Mexico {zecond station)

Topar Mining Company, Nicaragua

J. W. Beckwith, Nova Scotia

-

Petropolis Electrie Light Company, Brazil (second station)

Cuaratingueln Electric Light Company, Brazil . &
Sao Paulo BElectric Company, Brazil . g :
Bagnall & Flilles, Japan . : : . :
British Columbia Blectric Railway Co. (second station)
N evada Power, Mining and Milling Company, Cal.

La Grande Water Storage Company, Washington
Corande Ionde Blectric Company, Cregon

Makee Sugar Company, Honolulu ; :

Bandoeng Electricitat, Mattschappy, Java . . .
Yonarch Construction Gold Mining Company, Colo, .
Kauai Blectric Company, Hawaii . -
Mount Whitney Power Company, California .
Siskiyou Electric Power Company, California

I3, (5. Aguirre, Mexico .

Camberiand Electrie Light Company, B, C. ’ . :
Nevada Power, Mining and Milling Company, Cal,
Homestake Mining Company, South Dakoa . ; :
Shibaura Engineering Works, Japan . £ ; i .
Butler & Company, Alaska .

Ephraim City Municipal Plant, Utah
Pagilaran Fsate, Java | ; ; .
Mines of Huayna Potosi, South America
Ciasnton Gold Mining Company, Calilornia

Takata & Company, Japan . .

v Water, Light and Power Company, California

Lewiston-Clarkson Company, Washington . E 4
Vancouver Power Company, 13, C. (fourth station) .
United Light and Power Company, Colorado . .

Columbug Consolidated Mining Company, Utah

California Gas and Electric Corporation, Calilornia
NMotrthwest Light and Water Company, Washington
Yukon Consolidated Goldfields, ritish L'fliumti;\ ;
United Light and Power Company, Colo, (sccond station) .
Vukaichi Electric Light Company, Japan

Aluska Ileetrie Light and Power Company, Alaska . i

Fremont Power Company, Oregon . . .
Shibaura Engine Warks, Japan (second station)
Wellington Colliery Company, British Columbia
Trinity Honanza King Mining Company, California
Telluride Power Company, Colorado {fourth station)
Telluride Power Company, Colorado (fifth station)
Cumberland Electric Light Company, B. €.

Haines Electrie Power Company, Oregon "
Utah County Light and Power Company, Utah .
Spring City Electric Light Company, Uah : 7
k. J. Baldwin, California . . : .
Fairbanks, Morse & Company, Washington

New York Grass Valley Gold Mining (:umpan}',‘l._'ai..

Cia de Luz Electrica, South America : )
Ventanas Consolidated Mining Company, Mexico
Makaweli Sugar Company, Hawaii ' . .
Oroville Light and Power Company., California .
Amori Electric Company, Japan . ; : .
Amsinck & Company, South America .

Takata & Company, Japan . ; . . *
Stanislaus Electric Power Company, California . :
Northern California Power Company, Cal. ithird station
Vaneouver Power Company, B, C. {hfth station) . .

a3

-
i3

@

Horze-power

L]
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(L]
270
450
N
a0
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16700
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Feeat
A0
1EHHY
B
150
SiHY
1549
165
anh
T}
10803
BT
410
210
LY
460
1540
o410
102
1500
Th
1543
w21
Tibid
HEl
857
O
U5E
0
oih
1x00)
716
1790
HL
R
4510
it |}
450
4K
212
430
T
S
465
2
Bkl
2
414
T
142
(a5
Bl
s
225
 (NH A
st
AGT
A
1RIM)
AL
7hH
i

INE L]
S
126
240
S
{ils
400
i
240
Sy
176G
470
| EHIL
S
S0



T H E PELTON W ATER

W H

EEL

COMPANY

Electric Power Installations—Continued

For Whom Installed

Mitsui & Con., Japan . ; E :
Dalores Mine= Lumpuw Mexico . - -
Skagit Improvement Company, Washi ngc-:-n : ; 5

Parowan City Corporation. Utali | L

Cedar City Light and Power Company, U 'tah

Superior Portland Cement Company, Washingion
Pacific Power Company, California . E ; g
Wallace Light and \‘F':ll.l:t.'r Company, [daho i -
Cia de Luz de Comitan, South America _ L &
Uniney Elecirie Light and Power Company, California
Ure Water, Light and Power Company, L,a."llumn 2
Lty of |...u-| .n"LnELTU... California x . ,
Bungo Traction Company. Japan . -
Steptoe Valley Smelting and Mining O uml:-ttn "{a vacla
Kekaha Sugar Company, Territory of Hawaii

Summit County Electric Power Company, Coloradao
Nevada-California Power Company, California
Northern Laght and Power Company, California
Societe Anonyme, South America 3 g : 7 i
Northern California Power Company, Cal. (fourth station)
Steptoe Valley Smelung Co., Nevada {zecond station)
Eccles & Browning, Utah £ '
Euby Guleh Gold Mining Cnm[mm , Montana
Mexiean Light and Power Company, Mexico .
Daltom Power Company, Maszachusetts £ G &
Ouite Electric Light Company, Ecuador

New York & Hrmdum:r Eosario Mining Comp am
Tramway I.-1E;|1t and Power Company, Brazil L
D, F. Payne, New York 3 2 5
Fraser & Chalmoers, T..imitnl:. lfn_::].m:{ . . .
Prefecturs de Pocos de Caldos, Brazil . i i
Enmpresa Electrica cde Santa Kosa, S, A,

Cin de Papal, Mexico . : : : 5

Tanaka Gold Mines, apan . .

La Hormiga Mills, Mexico

Lale Dunmore Power and Il‘llt‘-Tlll*-'H-HHl [ H1I1'|'III1'¥.. "l. CTimnt

Donnadien, Veyan & Company, Mexico .

Empresn Electrica de Santa Kosa, Peru , .
Portezuelo Electric Lizht and Power Company, Mexico
Quito Flectric Light Company, Ecuador {second station)
L nited Towns Electric Company, Northfield (second unit)
Elue Mountain Electric Company, Pennsylvania . .
Peruvian Mining, Smelting and E&u‘:ﬂuing Company, Perun
Anglo-Mexican Electric Company, Limited, Mexico .
Teziutlan Copper Company, Mexico

Takata & Company, Japan

Gabriel Mancera, Mexico

1-‘:'mn-r,.:: T*{;ﬂnr’mr-n l’._um]:-nn'-' ':':m:th \merlr’l

Horse-power

Sy
a0
250
TiKy
150
LN
20
=Ly
MY ]
195
15000
150H)
(H}]
I
UL
Tedid
FEatl]
SHMO)
150
40000
00
THu
165
140
=510
325
S
Jind
T

iy
2D

S0
12400
50
0
BT
10
ol
MY
lT a0
ak i_
325
iTH
1240
120
45
R
23
==

wdal

Operating Head
Feet

345
B4
L
110
163
iz
11n
B L1
A0
B
2440
LELL
305
A5
P
A
025
i |
A5
11iH)
4
10140
125
i
15
1
bt i |
W
patll]
L1
_’T':

16
12200
HE T
il
iin
Tihe
ik
Hib
9
a1
S350
124
iy
141540
a370
45
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Summary of Pelton Wheels Now in Use

Some idea of the extent Lo which Prrros Wieers have come into use may be obtained from the following
list. There are now running considerably more than 12,000 PeLTox WhaEELS in various parts of the world in
counection with mining, manufacturing and other industries, aggregating in excess of 1,300,000 horse-power.

Mumber « reTeeatin
In the United States and Foreign Countries “"—l'l.]-;‘:-lﬁﬂ ﬁtﬂ;“p:;x: E}

California, Oregon and MNevada . g 5 : . ; : - Eand HG,055
Washington, Ldaho and Alaska . . F * X . : . N2 T GOT
Utah. Colorado and Montana ; g g . 5 5 . % 1 20,1610
Tawail, New Mexico and Arizcona : i : s x : : 244 12,114
Middle, Wes=t and Artlantic States x . = . E Z 3 1=5 | H % = S
Mexico and Central America : i : . . ; 3 i 172,25¢
Various South American States . . 2 . 3 : : 421 { 27
Australia, New Zealand, Japan and Iml.l.’t . ; 2 . . : Rt |
Fast and West [ndies [2lands s i ahEsh 5 : . el b ] S ?"‘57
Fritizsh Columbia and Nova Scotia 7 3 Z 2 - - : 125 a0
England and South Afeica | = = b 3 2 3 . 1ur2 15,355
Gen many, France, ltalv and l"4|1n'|.111 . s : ; 3 ; ELH RV
Norway, Sweden and Denmark . - = : . 5 ¥ - 41 2 083

Total . = > : 3 * F = . i - x BB 1.3 4 ll-:

Nore,—California is credited with by far the largest number becavse the Perrony WhErL was invented
and first introduced in that State, and for the furiher reason that water is abundant there for power purposes
and under favorable conditions as to head.

IE:



THE PELTON W ATER WHEEL COMPANY

Electric Power Insiallations— Continued

For Whom Installed Horse-power U|Jl.‘rdting Head

Feet
Hig Creek Power Company, California : > 5 2 5 : L] | 023
Chainman Mining and Electric Company, Nevada . . ; ‘ 150 177
Montana Electric Light and Power Company, Montana . 2 . 170 R0
Utica Gold Mining Company, California . . ; ; . : HLE 530
Lucky Girl Mining Company, Mevada ; . . : ik ; 104 GG
Winnemucca Water and Light Company, Nevada . . . : 150 1100
Mariposa Commercial and Mining Company, Cal. . : i i Ty )
Oroville Electric Light and Power Company, Cal. . ) . : F00 243
Roseburg Water Company, Oregon : i 5 : . . 150 240
Wenatchee Electric Light and Power Company, Wash. . ; ; 150 160
Laos Gatoz lee and Power Company, California | 4 2 g z 150 2146
Cia de Trnsmission Eleo. de Potencia, 5. A, . . . . . 1304 ]
Ardjasarie Electric Power Transmission Company, Java . : : 104) L
Goldpan Engineering and Mine Supply Company, Colorade . ) +0 460
Vosemite Yallev Lighting Plant, C;J'qumin : = ; : ‘ 2500 144
Eagle-Shawmut Mining Co., California . . o - . & 100 SH
Bay Counties Power Company, California . a : ; g : 2100 202
Standard Electric Company, California ; . - - . 1200 1003
Hilo Electric Light Company. Hawaiian lslands ) 2 : : 240 :
Bishop Light and Power Company, California . . . . . 104 50
Clark Electric Light and Power Company, Utah : . . : LT 00
Ouray Electric Light and Power Company, Colorado . ; . FLLY 4000
United Light and Power Company, Colorado . : : : . S0 ( a0
T.ahaina Plantation, Hawaiian Territory . . . ; . e | 400 [ {1
Bay Counties Power Company, California (zecond station) : o 14 el
Frazer & Chalmers, London. England 3 ; - - . Ll 200 400
Toccoa Falls Light and Power Company, Georgia . : ; = 150 245
Pike's Peak Power Company, Colorado (second station} . . . 1150 GO0
Mexican General Flectric Company, Mexico . 5 : ] ; 1Ok 44
San Simonito Power Developing Company, Mexico . ; . . o 1650
Angel Sanchez & Brothers, Mexico s i 5 2 4 : 25 50
Standard FElectric Company, California {second station) . . . 2000 1500
Utica Electric Light and Power Company, New York ; . : 125 i
Jalapa Light and Power Company, Mexico . x " . ; 00 | 250
Bav Counties Power Company, California (third station) . A ; 1400 [ bl
Orizaba City Lighting Plant, Mexico . : , 7 ; - ; 320 G
Yellowstone Mational Park, Wyoming : 2 = : ; ; GO0 30
Caucasus Copper Company, Limited, Russia . ; ’ : : S0 180
Edison Electric Company. California . 5 7 : ; : 10K 1900
Ophir Hill Con. Mining Company, Utah . : - 2 : . GO 236
Hazel Gold Mining Company, California . 2 A ; ! : SO0 £
Lewiston Flectric Power Company, Idaho ; : a . . ) 215
Vancouver Power Company, British Columbia . . ; : TiWHD Gl
Pike’s Peak Hydro-electric Company, Colorade R 3 S0 2150
Nephi City Electric Power Plant, Utah : : : . 3 150 100
Northern California Power Company {second station) . ; ) GO0 1150
Rack Creele Power and Transmission Company, Oregon : ; 1760 042
American River Eleciric Company, California . : ; s . EELL 672
Archibishop Gillow, Sinaloa, Mexico . 4 2 : : ;i : 480 115
Societe Industrial de Sta. Catalina, Peru . 2 ¥ ; : ) 15400 155
Guanajuato Power and Electric Company, Mexico . : ; ; GEOD a20
Alliz-Chalmers Company, South Africa : . ’ - . ; 20 G0
Mexican Light and Power Company, California : g : z 100 S10
Cloverdale Light and Power Company, California . . . . S50 215
Big Springs Electric Company, Utah . . - ; - : : = 27
Siskivou Electric Power Company, California . . . . . 1100 GE)
Brigham City Power Plant, Utah ; 7 . . 3 . ; S0 280
Republic Light and Power Company . : . . : ; X 225 172
Aomeori Electric Light Company, Japan . : i 3 ; J 450 S0
Fukushima Electric Company, Japan . 2 z : i : ; B 20
Springville Power Plant, Utah . = : : : : ; : 2040 1400
(raston Gold Mining Company, California . & owis o = : 260 500
Silver Cup Mining Company, British Columbia . : ; : : 520 | 1300
Columbus Consolidated Mining Company, Utah S =W 3 G40 44
Utah County Light and Power Company, Utah . : . ; : i 2E5
Seattle Municipal Plant, Seattle, Wash., . : : : Z 5 5600 5
Cia Aviadora de la Mina Natividad, Mexico ; F : ; . FLL 25
Empresa Electrica de Santa Rosa, Peru (second station) . : : 1500 155
Varconi Transmission Plant, Mexico . . : 5 S . i 425 H9I2
Edison Electric Company, California (seventh station) : : 4 1700 5215
Wenatchee Electric Company, Washington : : x 5 & S60 60
Ttah County Light and Power Company (second station) . : . S 285
Puget Sound Power Company, Washington i : : ; . S1006 265
Washington & Oregon Power Company, Wash. . - : : ; L E5TH
North Mountain Power Company, California . " : : ; 101} G0
Beaver City Municipality, Utah . S BooE : : 2K} 125
=2
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The Pike’s Peak Power Company

On the opposite page is shown a partial interior view of the transmission plant of
this company, located near Victor, Colorado. This installation is particularly interesting
from a hydraulic standpoint—embracing what is said to be the first steel-faced, granite
back-filled dam in the United States. This structure has a length of 375 feet across the
cap, with a cross-section of 16 feet, and 210 feet along the base, the extreme thickness
of which is 138 feet,

The pipe line has a total length of approximately 22,000 feet, and consists of part
wood and part sheet steel pipe. For a distance of 19,000 feet, to a pomt involving a
static head of 170 feet, the water is carriecd by a wood stave pipe 30 inches in diameter,
made of California redwood, banded with one-half inch steel bands, spaced at such
intervals as are necessary for resisting the internal pressure.  The wood stave pipe joins
a sheet steel riveted pipe 28 inches in diameter, of thickness varying from three-sixteenths
to three-quarters of an inch, as required to stand the pressure involved, with a safety
factor of four. The total length of the steel pipe is 3000 feet, laid on an incling
averaging 38 per cent.

The station consists of four 400 k.-w. electric generators with their exciters, all
direct-connected to PRrrox WATER WHEELS, operating under an effective head of
1160 feet. Hach wheel unit consists of two cast-steel disc PELTON WHEELS 66 inches
in diameter, keyed on the same shaft and working in the same wheel housing.  While
the full power from each unit could have been readily obtained from a single wheel, two
wheels are used for the purpose of obtaining greater flexibility in the plant and highest
efficiency at partial load. As will be noted from the illustration, the base frames are of
the same type and geveral design as the generators to which they are connected. The
frames of the water wheels and generators are accurately faced and are rigidly connected
to each other by bolts and dowels.

The connection of the water wheel and generator shaft is effected by a G500-pound
cast-iron fly-wheel, banded with a rolled steel tire four inches in thickness. This wheel
is seven feet in diameter, and is keyed to the wheel shaft. On the generator shaft is
keyed a hub carrying a face coupling which is bolted to the fly-wheel, thus forming an
accurate and rigid connection of the shafts of the two machines.

The nozzles are of the ball and socket deflecting type, operated by rock-shafts and
levers. The nozzle-tips used on the eight wheels are of varied diameters, so proportioned
that by making combinations on the various units, the required power at almost any stage
of load can be obtained with the deflecting nozzles in their normal position ; thus the
maximum efliciency is obtained at all times, The gate valves are of special design, being
of the PRLTON single disc type, and provided with roller bearings, which render them
easily operated by hand under full pressure without the intervention of gearing,

The advantages of hydraulic power in connection with electric transmission will be
appreciated when it is considered that this plant is very successful commercially, in the
face of the enormous expenditure necessary in the construction of the huge dam and
laying of the long pipe line under the severe conditions presenied by the topography of
the country,
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5 AN FRANCIS C O A ND N E W Y O R K

The Stanislaus Electric Power Company

The hydro-electric installation of the above company is of interest on account of
the magnitude of its operations and the extreme conditions involved,

The power house is situated on the Stanislaus River, about fourteen miles from the
town of Angels, Calaveras County, California. A diverting dam was built on the
Stanislaus River. and the water carried by a flume and ditch line 7900 feet long, of which
about 1500 feet of the lower end is ditch. The flume is 6 feet § inches high and Y feet
wide, nside measurement, and is designed to carry 500 second feet, The fume
construction differs slightly from the common practise in that it is built on 153-foot bents
mstead of the standard 8-foot bents, It is very heavily timbered to carry the additional
weight falling on the stringers.  Further improvement over standard practise lies in the
interlocking and bolting together of the hox posts with the sills which supportt the hox.

The water i= thus carried to a forebay reservoir located on a hill above the power
house.  This forebay has a depth of approximately 50 feet, and an available capacity
between high and low water levels of approximately 13,000,000 cubic feet.,  When
drained to the lower level, there will still be sufficient head over the entrance to the
pipe lines to provide for velocity and entrance with approximately 4 feet additional to
spare. ‘The forebay i= constructed on two sides of a saddle, thus actually forming two
reservoirs, the upper one of which serves as a settling basin for the water before it
passes from the saddle into the lower basin, from which the pressure pipes are supplied.

From the forebay to the power house the water is carried by a pipe svstem
consisting of two lines. cross-.connected 1300 feet from the forebav and again at the
power house, where they merge into a header from which separate distributing pipes are
led to each unit. Each of these pipe lines, beginning at the reservoir, consists of a
tii-inch riveted flanged steel pipe line, 300 feet long. under the reservoir: 1300 feet
of Gfi-inch wood stave pipe; 1300 feet of 43-inch and 1700 feet of 3%-inch inside diameter
riveted steel pipe, 1o the power house header. The sheet steel pipe is of various
thicknesses, from X-inch at the junction of the wood stave pipe to 1 inch thick at
the extreme lower end,

The material for both the wood staves and the flume was all cut and milled on
the ground, the wood staves being made of carefully selected sugar pine, and the flume
of both sugar and vellow pine, the former predominating. The wood stave pipe is
subjected to a maximum pressure due to 100-foot head. The static head from forebay
to power house is 1495 feet, which, at normal load, will give an effective working head
on the wheels of 1400 feet.

The initial equipment consists of three PELTox WATER WuEELs, each direct-
connected to a 6700 k-w., 400 1. p. m.. alternating current, three-phase, 6th-cvcle, engine-
type generator: also two PELTON WHEELS for driving 600 horse-power exciter units
direct-connected. Each main PeELTON unit has 2 maximum overload capacity of 12,000
horse-power,  Thus, the total present capacity of the station is 37.200 horse-power with
provision in all branches for an ultimate maximum development of R0,000 horse-power.
The water wheel units are of the PELTON “double overhung ™ type. the chief advantages
of which are the handling of large units of power without undue proportion of bucket
and nozele dimensions, and a minimum of floor space required. This construction,
brieflv, consists of one Prrroxy WHEERL overhanging each end of the shaft bevond the
bearings, of which there are two for each unit: these are located one on either side of
the engine-tvpe generator, which is in the center, its rotor being mounted on the water
wheel shaft.  This construction enables the bearings to be more equally loaded than




THE PELTOMN WATER WHEEL COMPANY

if the entire output was obtained from one wheel. Also the fractional load efficiency
is higher and the regulation closer with this design.

EFach wheel unit and each exciter unit is controlled by a PELroN self-contained
oil pressure governor actuating the needle-deflecting nozzle —all subiject to pilot control
at the switchboard,

The initial voltage of the main units is 4000, from which il is stepped up on the
line to 114,000 volts, current being delivered at the sub-stations at approximately
100,000 volts,

The ultimate length of the transmission line will be approximately 140 miles, with
San Francisco as the destination. The line is supported by suspension insulators on
steel towers with an average span of about 850 feet. Each insulator consists of five
separate elements, and each element was tested electrically to S0,000  volts, and
mechanically to 5000 pounds strain, before it left the factory. The five combined
elements have a tested strength in excess of 300,000 volts,

The contract with this Company for the hydraulic equipment commenced at the
header pipe, and included the furnishing of the heavy cast-steel “Y's™ and all conneeting
pipes to the wheels,

As of interest to engineers are given below pro forma specifications covering one
complete unit, representing, it is claimed, the latest design and refinement of impulse
wheel construction :

Specifications
General
Head . . . . . . 1475 feet effective,
Horse-power . . 37,200 maximum overload,
Units . . . . . . Three main and two exciter units,
Type : « & w o 3 Double overhung —one pair of wheels 1o each main unit.
Rotor mounted in center of shaft, Ixciter units single

overhung direct-connected.

Speed . . . . . Main units, 400 r. p. m.  Exciter units, 720 r. p. m.
Specific
Wheels . . . . . Two for each main unit.
Diameter . . . . | Suitable for a normal speed of 400 r. p. m.
Material . . . . Forged and cast-steel and nickel oil tempered steel,
Details . . . . Steel discs to be of open-hearth steel containing not to

exceed .4 per cent carbon and 08 per cent phosphorus,  Test
bars to show a tensile strength of not less than 60,000 pounds
per square inch. Discs to be turned perfectly true on all
surfaces and balanced up to a runaway speed of 600 r. p. m.
Buckets to be of cast-steel, straddling and bolted to the disc
by means of fluid-compressed nickel steel bolts with hexagon
semi-finished nuts, the bolts being ground and hydraulically

L5




5 AN FR ANUGIS CO A N D N E W Y O R K

Main Shaft

Dimensions

Material

Details T

Main Journal Bear-
ings
Dimensions . - -
Type

Dretails

Specifications — Continued

pressed  into place.  Bucket castings to  be - thoroughly
annealed. with inner surfaces machined and fine ground to
frue curves, .

Lugs of buckets to be milled with standard cutters to a
forced fit on disc 1im.  Each bucket to be accurately centered
so that the cutting edges shall be exactly in the same central
plane, Buckets all lo be balanced and broughtito uniform
weight so that each wheel will be in dynamic and static
balance. Al drilling, reaming and other machine work to
be to standard templet to secure absolute interchangeability
of parts. ’

To cany rotor of generator and both PrELTON Wierns
overhanging the bearings,

25 feet over all; 20 inches at center where rotor is carried

1614 inches at journals and 14 inches at the overhang.

To be made from a single ingot of fluid-compressed 312
per cent nickel steel. hollow forged throughout and oil
tempered.

A test piece cut from shaft forgings must show a tensile
strength of not less than 105,000 pounds per square inchsy an
elastic limit of THO000 pounds: an clongation of not less than
:'E-Iq[n-r cent, and a contraction of area of not less than 5467
per cent.  Shaft to be turned to rough gage, then keyseated
and returned to lathe for final finish and pelish, thus
eliminating any spring due to keyseating,

I'wo for each unit.

6% inches diameter by 6l inches long.

PELTON ring oiling generator Lype with ball and sockel.

The main body of bearing to be of heavy cast-iron, carefully
machined and bored out for a cast-iron shell; the shell to
e of heavy construction, lined with highest grade babbit
peined in, then bored out and finally scraped to a uniform
and exact bearing surface for the journal at running tempera-
ture and grooved for the passage of oil; final thickness of
babbitt to be not less than 34 of an inch at any point.  Ifour
oil rings provided for throwing oil.  Bottom half of shell to
be removable when relieved of shafl weight without shifting
the generator; the shell to be held in place by a cap bolted
to bearing, Fach end of bearing provided with sight gages
to show the level of oil in reservoir, Lower half of bearing
to be water-jacketed throughout by means of grilled water
compartments next to the babbitted surfaces,  Bearing also
to be provided with oil-cooling ducts connecting to an  oil

pumping system by which forced Tubrication under pressure

o
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Gate Valves
Material
Diameter

Type

Details N

Test Regquirements

Nozzles .
Diameter .
Type

IDetails

Specifications — Continued

may be made: also provision for oil emergency flushing.
Bearing shells to be provided with oil catching grooves, and
drip outlets cut in each end to catch oil Howing out along the
shaft. Bearing housing to project over shaft shoulders so as
lo catch oil thrown therefrom.  Bearings to he provided with
finished glass oil gages and finished brass turn-cocks, :
Two for each unit.

Cast-steel annealed.

20 inches,

PELTON single steel dizc with removable bronze seat, out-
side screw and voke, rising spindle.

Valve stem of nickel steel; nut of gun metal : provided with
oil packed, steel voller bearings to take thrust in each
direction.  Valve provided with gear and worm wheel for
quick and slow motion by hand, and equipped with reversible
PerroN Motor for quick operation.  d4-inch by-pass pro-
vided with extra heavy connection.  All joints flanged and
pressure connections made with forged steel bolts; nuts and
heads faced. Round rubber gaskets to be used, and all
joints machined to gage to facilitate matching, Valve
arranged for packing under pressure.

Maintain a cold water pressure of 1300 pounds per square
inch for a period of five hours,

Two in number {(one for each wheel),

20) inches; flanged to match PELTON gates,

Combined needle and deflecting with ball and socket joints,
Main castings to be perfectly sound and free from blow
holes,  Trunnion pins of highest grade nickel steel forgings
working in renewable gun metal, oil packed bearings,
Tronnion  bolts  provided with forged outside reinforcing
straps.  All bolts on nozzle of special steel forgings turned
and faced under head and nut.  Swinging portion of nozzle,
weighing G700 pounds, to be counterbalanced by a hydraulic
cylinder taking pressure from main pipe.  Nozzle to have
proper connections for operating by governor,  Needle to be
of nickel steel with means for the adjustment of the position
of needle and size of stream by hand ; alzo by a direct-current
reversible molor operated by a double-throw swilch while unit
is in operation; necdle to be securely held and positively locked
in any position of adjustment; needle portion to be turned
perfectly true to curves of least resistance, and to be free
from flaws and highly pelished.  Control of the needle to be
rradual and easy of operation: and an indicator provided
showing the nozzle opening for all positions.

R
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Test Requirements

Wheel Housing

Bed-plate

Exciter Units

Accessories

Material Test

Guarantees

Sufficiency

"

Specifications — Continued

Maintain a cold water pressure of 1300 pounds per square
inch for a period of five hours,

Each wheel to be enclosed in a 4-inch steel plate upper
housing, supported on cast-iron foundation base frame:
upper portion to be easily removable and provided with
eye-bolts for handling. Housings to be caulked and made
perfectly water-tight ;  also internally braced to prevent
vibration.  Housings to be provided with PrrroN patented
centrifugal discs and pockets where shaft passes through, to
prevent leakage, Covered openings to be provided for in-
spection of wheels, Housings to be equipped with spatter
boxes with which to catch spent water; this water to be
conveyed by piping to and through the bearing shell and oil
cellars of the bearings; a part of the spatter water to be
delivered into the generator end of the hollow shaft, All
exposed piping and fittings for carrving water to be of
polished brass with finished brass valves and fittings,

To be of cast-iron and incorporated with the bearing sole-
plates, and the extension of the generator sole plate.

To be supplied two sets of exciter wheels operating under
generally similar hydranlic conditions to the main wheels;
each set to consist of one PELroNy WHEEL mounted on
exciter generator overhung shaft; gate valve and cross-
connecting pipes; one housing and one deflecting nozzle
with hand regulating needle and governor.

One Prrrox oil pressure governor with necessary operating
connections for each unit, stationary tachometers, pressure
gages, brass railings for each unit, floor plates and pipe
connections to make a finished installation,

Where not otherwise provided, materials are to be tested in
accordance with the rules of the International Association for
testing maternals, all test pieces being taken from coupons
attached to each particular part; test pieces for buckets
to be taken from each heat,

The material and workmanship used in this construction are

guaranteed to be of the highest grade, free from flaws or

defects of any kind: anv parts proving defective within
two yvears from date of starting to be replaced free of charge
by the manufacturer.

It is the intention of the above specifications to describe a
complete water wheel unit ready for operation, A ny parts
which may not have been :i]:u::'.i.ﬁc;i.]]:,' mentioned and which
are necessary for the operation and complete assembly of the
plant, to be supplied.
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The Vancouver Power Company

The above company, operating also the British Columbia ISlectric Railway Company
controls one of the largest hydro-electric systems in the Northwest,  The principal
power station is located on Burrard Inlet, an arm of the Puget Sound, about 16 miles
from Vancouver, British Columbia,  The water supply is obtained by damming a caion,
which drains an immense watershed area; in addition a tunnel 12,760 feet in length
connects with a large lake located on a different watershed, which acts as a balancing
reservoir, the flow being controlled by sluice gates,

The water is conveyed from the dam, a distance of 1800 feet, to the power house,
there being a separate pipe line for each unit, consisling of part wood stave and part
sheet steel riveted pipe, affording an effective head on the wheels of 300 feet.

As will be noted from the illustration above, the power house is located on the bay
shore, so that the water, after passing through the wheels, discharges directly into tide-
water,

The installation at present consists of four 1500 k.-w. and one H000 k.-w, engine-
type generators, all running at 200 r. p. m., and each driven by PrrroN WATEHER
WHrELS, direct-connected ; in addition are two exciter units, al=o direct-connected.
The combined capacity of this station at present is 25,500 horse-power, and provision
is made for a substantial increase at a Jater date, The PELTON WIHERL units are of the
double overhung, iron-mounted type, provided with automatic governors,

The electric power is transmitted 17 miles to the sub-station at Vancouver, and at
one point crosses an arm of the inlet by a cable span 2800 feet in length, supported
by a steel tower on either side,

The British Columbia Electric Railway Company's station is located a few miles
from Victoria, British Columbia, where are installed four PrrTon WHEEL unils,
operating under a head of 625 feet, the capacity of the station being 4000 horse-power.
Thus the entire system controls at the present time in excess of 27,000 horse-power. A
ready market is found for this power at Vancouver, Victoria, and the surrounding
towns, particularly in connection with the suburban electric roads.
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T HE PELTON W ATER WHEEL COMPANY

The Puget Sound Power Company

Located on the Puvallup River. 32 miles from Tacoma, Washington, the installation
of this company is one of the most important in the Northwest.

The Puyallup River has its origin in the glaciers and snow peaks of Mount Rainier,
the highest mountain in the United States. As a consequence, an unfailing source
of water is assured from the melting snow and ice.

The water scheme consists of diverting the Tuyallup River and carrying its flow
by means of a tlume 10 miles long to a reservoir located on a high plateau, and
thence by steel pipes to the PELTON WHEELS, affording a head of 5065 feet. The
flume and reservoir are constructed with a view to the ultimate development of
60,000 horse-power, and the present equipment consists of four direct-connected PELTON
WHEELS, each driving a 3300 k.-w. generator at 225 r. p. m. Also two PELTON WHEELS,
each direct-connected to 150 k.-w. exciters. Each wheel unit has an overload capacity
of 7500 horse-power, making the output of the station 30,000} horse-power.

As will be noted from the interior view of this station on page 85, the wheel units
are of the PELTON double overhung tvpe with the rotor of the generator in the center,
Combination needle and deflecting nozzles are used, the goveming mechanism and gate
valves being controlled from the switchboard, On the opposite page is illustrated an
exterior view of this station, showing the discharge water from the wheels in operation.

This power is transmitted to Tacoma and to Seattle, 48 miles distant, being used
for the various industrial enterprises in that section, and particularly for operating the
extensive system of suburban electric roads in the vicinity of Seattle.

The contract with this company for the hydraulic equipment commenced at the
terminals of the four main pipe lines, at which peoint are installed heavy cast-steel
“.Y " pipes with extra large ribs and special flanges.

10530

Siream of water from PrrTox meedle nozzle operating under 3foot head and developing 1500
horse-power. MNote the shadow of needle showing through stream, and the perfect form ol jet, which is as
choven in original photograph,
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03

Instantaneous Photograph of Stream of Water from a Pelton Needle Nozzle
Operating under an extremely high head '

A Notable High Head Installation

The Pike's Peak Hydro-electric Company of Colorado Springs, has the distinction
ol operating a water wheel plant under the highest head available in the United States.
In fuact, there is but one other installation in the world utilizing a higher head, and that
for a small amount of power,

The plant in question is located on the outskirts of the town-of Manitou, Colorado,
and consistzs of three PELTON units, each direct-connected to a 750 k. - w. electric
generator running at 450 . pom, The net head on the Prirroy WHERLS iz 2150 feet,
couivalent to the enormous pressure of 935 pountls per square inch.

The wheels are mounted in the 1:1|]h::,; compartment of the generator, and are
provided with combination needle and deflecting nozzles operated by hydraulic governors,
The gates, nozzles and other pressure parts are of cast-steel, designed with a large safety
factor, and were subjected to a cold water test of 20000 pounds per square inch before
installing,  The wheels proper consist of cast-steel dises with gun metal buckets, fine
ground and machined inside, Fach wheel has an overload capacity of 1500 horse-power.

Some idea as 1o the severe strain Lo which the apparatus i= subjected may he gained
by noting that the water issuing from the nozzle-tip under the head of 2150 feet has a
spouting velocily of 225000 feet per minute—in excess of 250 miles per hour. This means
that the wheel buckets, which travel at practically one-half of the spouting velocity of
the water, must stand a centrifugal strain equal o a speed of 125 miles per hour.

Current is transmitted to Colorado Springs for power and lighting purposes and is
al=o largely consumed by the mines and mills in that vicinity.
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L0

16'2-inch Journal Bearing

For speciications, sce pace 51
1 pag

Mechanical Construction of Pelton Wheels

Water wheel apparatus as the prime mover must be 7e/iaéie—that is to say, it must
be capable of affording absolutely continuous service. Reliability is dependent largely
on three factors: proper adaptation of material, correct design and proportion, and high

grade of mechanical workmanship.

The material entering into the construction of PELTON apparatus is carefully tested
for inherent defects ; wheels and accessory parts are designed with a large safety factor
to provide against undue strain,  PELTON apparatus is the result of the best mechanical
workmanship it is possible to obtain.  As an illustration may be given a brief description
of some of the details entering into the mechanical construction of PELTON WHEELS,

BrarINGs: This Company manufactures various kinds of bearings and pillow blocks
—ring-oiling, ball and socket, and rigid—for use in connection with water wheel line-
shafting, engine-type generators, direct-connected compressors, etc.  Particular attention
i called to the I'ELToN ring-oiling bearing shown on page 90, and to the special bearing
illustrated above. This design of bearing corresponds throughout with that on the
highest grade of electrical apparatus; barrels are Jined with the best of special
babibitt, peined in, bored, scraped to a true fit at running temperature, and oil grooves
properly cut.  The journal is flooded with oil by means of heavy bronze rings rolling on
the shaft, and running in oil contained in a large oil reservoir.  Suitable drain cocks and
sight glasses are fitted in the pedestals. The babbitted barrel is turned to a true

S0
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1055

Pelton Automartic Ring-oiling, Ball and Socket Journal

Showing details and assembled buuting
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spherical swiface fitting in the concave surface of the main pedestal stand. These
surfaces are not babbitted together, as on the cheaper constructions, but form a close
fitting joint, turned and scraped to an accurate fit, v relieving the barrel of the weight
of the shaft, the lower half may be easily removed. The bronze rings are made parting
0 that they may also be removed while the shaft is in place.

These journals are also incorporated in pedestal stands, forming GENERATOR-
TYPE BEARINGS, harmonizing in shape with those on generator. They are made of any
height, and to take any diameter of shaft. (See description on page 81 of special
journals for high duty.)

WHEEL CENTERS ave of steel or cast-ivon, depending on existing conditions, anc
for heavier powers are of the disc tyvpe, turned all over, for balance,

The Buckers for this type are milled to an exact radius and straddle the periphery
of the center, being secured (o same by means of turied steel bolts in reamed holes,
Accurate jigs and templets are preserved, to admit of exact duplication in the event of
possible accident, to which all machinery is liable. Buckets are constructed of steel,
phosphor-bronze or cast-iron, as may be best suiled to the requirements.  Wheels are
forced on the shaft by hydraulic pressure and securely keved, making slippage impossible,
All wheels are accurately adjusted to a running balance.

All Snarrine is first turned to approximate gape, then kevseated and afterward
returned to the lathe for final cut and polish, thus eliminating any possible spring due to
keyseating, and insuring true running ; shafting is provided with oil and thrust collars.

TG

Flexible Leather Link Coupling

For direct-connection of generator and water wheel shafts
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T H E PELTON WATER WHEEL COMPANY

LKLY

Pelton Needle and Deflecting Nozzle for Economic Regulation
(See {lth‘t‘riplinn of operation on page 13)

NozziLes are of steel or cast-iron, depending on the head involved. They are
divided into three classes: ngid, plain deflecting, and the combination needle and
deflecting nozzle.  The rigid nozzle, as its name implies, is secured and stationary,
and is used where no regulation is required, or where stream cut-offs are employed
(see page 12). The plain deflecting nozzle is used where regulation is essential without
water economy., The combination needle and deflecting nozzle is for close regulation
and extreme water economy (see page 13).

In addition to the above a further refinement has been devised in the PELTON
automatic needle nogzzle, This involves the principles of the combination needle
deflecting nozzle with added mechanism, by which the position of the needle is
arefomatical{y and gradually changed to correspond with the fluctuation in the power load
and the positions of the deflecting nozzle,

With this device the services of the operator for adjusting the needle position may
be entirely dispensed with, this function being performed through the medium of a small
governor, the result being that the water quantity used is in almost direct proportion to
the power output at all times, regardless of the fluctuation of the power load., Additional
information regarding the automatic needle nozzle will be furnished on request.

BED-PLATES, where used, are of most substantial construction, heavily ribbed to
secure rigidity and accurately planed on all matching surfaces.

HousixGs enclosing wheel compartment are of cast-iron or sheet steel—caulked
and made water-tight, and with cast-iron planed flanges for joints.  All are provided with
Prerrox patented centrifugal dises and pockets to prevent leakage of water along the
shaft.

GATE VAaLvEs: Special descriptions and illustrations of the gate valves manufac-
tured by this Company will be found on pages 95 to 99.

The wvarious illustrations in this catalog, all of which are from photographs of
machinery actually constructed, indicate the design and finish of this Company’s product,
which, it is claimed, are in accordance with the best engineering practise,
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1034

Entrance Taper and Head Gate in Flume

Water Wheel Accessories

This Company makes a specialty of manufacturing all the various accessories
necessary in a water wheel and pipe installation. Above is shown a HEAD GATE for use
in a flume. This is advisable in a long pipe line so that the pipe may be emptied to
admit of repair Lo the wheels or pipe without draining the ditch or flume.  With the
head gate are often furnished “grizzly ” and screen for preventing leaves and trash from
entering the pipe.  The head gate can also be adapted for masonry or earth dams,

ATk VAarves should be placed at the high places in a pipe line, so that they may
open and admit air when the pipe is drained—otherwise the atmospheric pressure jis
liable to cause the pipe to collapse.

STRAINERS are generally recommended when hydraulic governors are nsed in power
plants, and are absolutely essential if the water carries sand or grit which cannot be
readily settled. The mechanism of the hydraulic governor is necessarily sojdelicate that
gritty water will 2oon cut the valves and seats, and render it inoperative, for which reason
the oil pressure governor is usually recommended.

Pressurr GAGES to indicate the static and running pressure are advisable in any
pipe line. Gages reading in pounds or feet head, or Doth, are manufactured expressly
for this Company, and guaranteed accurate.
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LD

Battery of Safety Reliel Valves

Above is illustrated a battery of SAFETY RELIEF VALVES, These are necessary,
particularly in pipe systems operating under extreme pressures, and are usually placed
at the lower end of the pipe line near the nozzle. The valves are set to operate at a
pressure slightly greater than the normal, and in the event of the water flow being
suddenly checked by the closing of the gate or operation of the govemor, the safety
valves momentarily open and relieve the pressure, thus guarding the pipe against the
possibility of water hammer. These valves may be placed singly, or in a battery, as
shown, depending largely on the size of pipe involved and the working head,

The Perrox mechanically-operated relief valve is an added protection to a pipe
system, and is considered more reliable in extreme cases than any other form of device
for accomplishing the same purpose. This is essentially a by-pass valve operating in
connection with the governor, and is automatically opened as the governor responds to
a decrease in power, and a consequent throttling of water on the wheel. The mechanism
is such that the by-pass opens quickly and closes slowly, thus affording positive relief
from excess pressure, at the same time eliminating the danger of water hammer, and
secring the maximum of waler economy.

This Company also manufactures a double strainer, consisting of two chambers (one
in reserve), containing a series of screens.  When one set becomes clogged the water may
be diverted to the other cylinder, and at the same time a portion of the water will pass
through the clogged screens in a reverse direction, thus removing all obstructions, .
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Standard Type
Pelton Gate Valves

This Company makes a particular specialty of the design and manufacture of high-
grade gate valves for all conditions of service, its product being the result of many
years’ experience.  In general, PELTON gate valves are of the single dise, straight-way
type with outside screw and yoke and rising spindle, illustration of the standard type
being shown above, The disc rises clear of the opening, thus giving a perfectly free
way for the water.  The seals are of bronze and can be replaced when worn.  The valve
is provided with an outside screw spindle with threads of fine pitch, and a heavy yoke.
Thus all operating parts are outside and readily accessible.  They are furnished with
flange, screw or hub ends for lead joints, and for use under any required pressure,  For
extreme pressures gearing or roller bearings are usually employed, These valves are
made heavy and light for different ranges of pressure, and are manufactured in sizes
from 4 inch upward. All valves are tested to twice the pressure for which they are
intended.  On pages 96 Lo 99 will be found illustrations of various types ol valves
manufactured hy this Company to meet special conditions,  Prices and specifications
on valves for any service furnished on application.

5]




L COMPANY

Ik

H E

W

W ATER

0O N

FEL'T

H F

.-I-

yout aaenbs 1ad spunod et 01 paIss), “SIOOW IZEM NOLTH ] 3|qisisass £q paierado :sSuureaq iajjor yiwn paddinby
SIA[EA 91BN Paleds) uolfad [22s-[IV Youl-g7 10 dnoig

96



5 AN FRANCISCO A N D N E W Y O R K

0y f ‘
Pelton 24-inch Steel Gate Valve ; ~a i

Single disc type—with outside screw and yoke and rising spindle. Arranged for
operating by electric motor, and provided with roller bearings to take thrust from stein.
Tested to L000 pounds pressure.
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THE FPELTON WATER WHEEL COMPANY

24-inch Cast Steel Bronze Lined Pelton Gate Valve
Hydraulic actuated and provided with by-pass. - For 800 feet head
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Likd1

Special High Pressure Steel Pelton Gate Valve

With by-pass and roller bearings on stem.

99
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Pelton Qil Pressure Governor

Self-contained type. (For description, see page 101)
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Regulation of Pelton Wheels

As explained on page 12 of this catalog, the speed control of the PFLTON WHEEL
is accomplished by the use of various devices. These are usually intended to be
actuated by an independent governor, the operation of which is entirely automatic.

This Company manufactures an oil pressure governor for use in connection with
PELTON WHEELS, a description of which follows :

The governor is made, broadly speaking, in two types - the SELF-CONTAINED, which
has its own pump. forming part of the apparatus; and the SPECIAL TYPE, which is
supplied with oil pressure from an independent pumping system.

The SELF-CONTAINED GOVERNOR, as shown in the cut on opposite page, has a heavy
cast-iron base containing a gear pump and oil reservoir, with operating cylinder and
controlling mechanism. The latter consists of a pair of heavy weights, set upright on
knife edges and working against a spring resistance. The weights are driven by a
vertical shaft to which they are connected by levers, and operate a collar sliding upon

the shaft, this collar being connecied to the regulating valve controlling the admission

of oil to the cvlinder. The governor is provided with a relay mechanism' to prevent

“hunting " or racing, and with suitable adjustments to permit of running under or over

speed and synchronizing.

The special type is of much greater capacity than the self-contained, the general
principles, however, being the same.  This type is intended for use in large hydro-electric
generating stations, where there are a number of units, all of the governors heing
supplied with the same pumping system.

In a hydro-electric station, regular and efficient service is, to a large exlent,
dependent on the governor. As a consequence, much care has been exercised in the
design and mechanical workmanship of the PELTON governor. Ports, valves and other
pressure parts are carefully ground to an exact fit, and the operating mechanisms are
designed with an ample safety factor to provide against breakage.

Specific statements as to the degree of regulation possible, can only be made on
receipt of complete data as to operating conditions, but it may be stated that this
Company is prepared to install these governors with rigid guarantees for high
performance under the most exacting conditions of load variation.

Parties desiring information as to the governing apparatus should state the character
of machinery to be governed, its speed and the amount of fluctuation involved. If for
electrical machinery, it should be stated whether it is for lighting or power load, or hoth.
Tn all cases the head available and length and diameter of pipe should be given. If the
inquiry relates to governor for use on an existing wheel, informartion should be given as
to the character of controlling mechanism ; that is to say, whether the wheel is equipped
with a plain deflecting nozzle, combination needle and deflecting nozzle, or stream
cut-offs, PrLroN governors will be sold only for use in connection with PELTON
WieeLs and PeLToN-Fraxcis turbines.
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Self-contained Unit with Governor

The Pelton-Francis Turbine

This Company realized fully ten years ago that the great increase in the capacity
of electric generators and, coincidently, the introduction of the steam turbine, with its
extremely high speed and the consequent development of high-speed electrical apparatus,
would call for an adaptation in water wheel construction to meet these changing
conditions,  With this idea in mind, an exhaustive investigation was made with a view
to the development of a water turbine which would fulfil the following requirements :

. A wide range in the head under which it could be operated, vz, from
10 to GO feet,
A large capacity under practically any head within the limits above specified.

| K]

A wide range of speed under all heads, as compared with capacity.
4. Adaptability to close regulation under all conditions, irrespective of head and

[PHWET.

9. High efficiency under varving loads.

These conditions were best met by the Francis type of turbine, long favorably
known in Europe, and this tvpe, therefore, was decided upon: in order to distinguish

it from the ordinary type of turbine, the name Pevron-Fraxcis turbine was adopted.

These turbines are built to run upon either a vertical or horizontal shaft, as may

best suit the conditions in any particular case. Where a vertical shaft is used, a single
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turbine is generally recommended, provided the required power and speed can be
obtained, as a double turbine with a vertical shaft greatly complicates the design. In a
horizontal shaft installation the turbine may be either single or double, as may best meet
the requirements in any particular case.

The Runner

The PELTON-FRANCIS turbine is what may be best described as an inward flow
reaction turbine ; that is, the water flows from the rim, or outside, towards the center in
practically radial lincs, leaving the runner at an angle of 90 degrees from the direction
of its flow. The runners are generally made of gun metal, and are cast in one picce ;
under low heads, cast-iron may be used.

The runners may be either single or double, and the shape varies greatly according
to the conditions under which they are to be used. Each runner is specially designed Lo
meet the conditions under which it is to operate.

The Case

The turbine is generally enclosed in a spiral case, of either cast-iron or cast-steel,
but under low heads, a steel plate case is used or the turbine may be set in an open
flume. The spiral case permits of a much higher water velocity than would be possible
with an ordinary cylindrical case, and at the same time, guides the flow of water in the
proper direction, and eliminates “ eddy currents,” Tt also permits of the use of much
smaller gate valves than would be possible with a cylindrical case.

The Gates

The gates control the admission of the water from the case to the runner. These
are fixed about the periphery of the runner on pivots or shafts which project through
ring covers or flanges bolted to both sides of the case, the draft tube or tubes being in
turn bolted to the ring covers. The gates are made of either forged or cast steel, or
gun metal.  Their shafis in the small turbines have a bearing on one side only; on
larger turbines the shafts of the gates project on each side, thus securing proper support,
These shafts work in bronze bushings. with stuffing-boxes to prevent leakage, A lever
is fitted to the end of each shaft and connected by means of bronze links and pins 1o a
guide ring, by means of which all the gates are operated simultaneously (see illustration
on page 107).

The above briefly describes the three most important parts, @7z, the runner, case
and gates, as the proper design of these parts determines the efficiency and character of
regulation of the turbine. A good gate mechanism, free from lost motion and casy to
operate, is equally as necessary as is a good governor, where close regulation is desired.

PELTON-FRANCTS turbines are built on order only, each turbine being designed to
meet a given set of conditions. Estimates furnished on these turbines in units of any
size desired up to 25,000 horse-power.

The efficiency of the turbine depends largely upon the conditions under which it is
designed to operate.  Under favorable conditions efficiencies of 78 per cent at half load,
85 per cent at three-quarters load, and 82 per cent at full load may be obtained.
Specific guarantees will be made in each case where there is a full understanding of the
operating conditions.
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The Black Hills Traction Company

The above company has installed at Spearfish, South Dakota, a hydro-electric
station completely equipped with Prirox-Fraxcis turbines, some details of which
will be of interest,

I
The water power development embraces o canal some ten miles in length, with a
capacity of aboul 200 second feet of water, Lerminating in a forebay to which is connected
a Td-inch wood stave pipe, about 4600 feet in length, The lower end of this pipe
connects with a steel “ Y " branch, 78 x 54 x 54 inches, fLach H4-inch outlet is provided
with a gate valve, and from each gate valve is led a 54-inch wood stave pipe about 840
feel long, cach pipe supplying one main turbine unit,

A cross-connection, inside the power house, is made hetween the two pipe lines for
supplying the exciter turbines; this is so arranged that the exciters may be operated from
either or hoth pipe lines,  About 100 feet above the “¥ " branch, above referred to,
there is a riser or standpipe, 44 inches diameter by 0 feet high,

The plant consists of two special B2-inch double PELTON Prancs turbines, enclosed
i spiral cast-iron cases.  Hach turbine has a maximum capacity of 1050 horse-power
at 400 . p, m,, under 110 feet effective head, the static head from forehay being 117 feet.
Fach turbine is direct-connected to a 500 k.-w. generator, and is provided with a 16-inch
velief valve, mechanically operated by the governor, aranged for quick opening and
slow closing, thereby obviating the possibility of water hammer,  1n addition, there is a
10,000-pound steel banded fly-wheel 7 feet in diameter on the end of each turbine shaft,
lo- which the coupling connecting the shaft of turbine and generator is bolted,  The
turbine runners and gates are of gun metal, and the regulating mechanism is oulsicde the
turbine case,  Iach main turbine is provided with a sell-contained PrLToN oil pressure
governor actuating a rock-shafl, to which the gate ring is connected by double connecting
rods,

The exciters are of 30 k.-w. capacity each, and run at u speed of 1000 r, p. m., each
exciter being direct-connected to o 60 horse-power PELTON-FRANCIS, single, spiral case
turbine, hand regulaced,

The main turbines developed an efficiency of over 85 per cent under test, and the
regulation is exceedingly close, the variation in speed with full load thrown off instanta.
neously nol exceeding 3 per cent: the increase in pressure on pipe line was within
D per cent.

Part of the power is transmitted to the Homestake Mine at Deadwood, South

Pakota, and the balance is used in the vicinity of Spearfish,

The company has under consideration the construction of a second station some
twenty miles distant from the present plant, in order to meet the growing demand for
pOWer.

The illustration on opposite page shows the general arrangement of station.
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Dismantled View of Pelton-Francis Turbine -Showing Runner and Gates
{For ciu:-tr'r'i]}tiul'l. see page 1003

The Sultepec Electric Light and Power Company

The plant of this company, located near Temascaltepec, Mexico, operates under an
effective head of 340 feet, the water being supplied to the turbines through a steel pipe
42 inches in diameter by 950 feet in length,

The lower end of the pipe line terminates in a receiver Hd inches in diameter, 1o
which are connected three special 24-inch PELrox-Francis turbines, each having a
maximum capacity of 800 horse-power at 900 r, p. m.  Each turbine is direct-connectec
Lo o 450 k.-w, generator,

The turbines are single discharge, the draft tubes being about 20 feet in length,
The runners and gates are of gun metal, and the water passages admitting water to the
runners are bronze lined.

Fach turbine is mounted on a castiiron bed plate. and is provided with a steel
banded fly-wheel, and a relief or by-pass valve mechanism operated from the gate ring
by means of the governor. This is arranged for quick opening and slow closing, thus
affording a safety device to protect the pipe from water hammer due to the sudden
closing of the gates on account of short circuit or other extraordinary demand upon the
governing mechanism.  The turbines are controlled by self-contained oil pressure PELTON
governors.  Exciter current is provided by a 50 k.-w. direct-current generator driven by
a PELroN WATER WHEEL.

Under actual test these turbines showed the remarkable efficiency of 84.4 per cent
at three-quarters load, and 8407 per cent at maximum full load.  With the entire load
thrown off mstantaneously the variation in speed did not exceed 6 per cent, and the
maximum increase in pressure at the lower end of pipe line was only 10 pounds, indi-
cating the very efficient action of the by-pass valve mentioned above.  Further infor-
mation regarding the efficiency test is given on page 108, The cut on the opposite page
shows the general arrangement of this station,
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Tywpical Ilustration of Double Pelton-Francis Spiral-case Turbine

The Claremont Power Company

The original plant of this company is located at Claremont. New Hampshire, and
consists of two 400 horse- power 'tllrl.rll'li‘_*‘-, and a steam |1Lillt of like cap: I.L]'l‘l. a5 i reserve,
The growing business of the company called for a large increase in power, and to supply
this a water right, located near Cavendish, Vermont, was secured.

The water power development consists of a concrete dam 56 feet high and about
250 feet in length, from which the water is led by means of a tunnel 8 feet in diameter
and 300 feet long. To the lower end of the tunnel is connected a riveted steel pipe 634
feet in diameter and 1150 feet in length, this terminating in a 7-foot diameter receiver at
the power house. 80 feet distant from the power house is located a standpipe 100 feet
high and 6 feet in diameter.

- The plant consists of three 750 horse-power double 24-inch PELTON-FRANCIS turbines
enclosed in spiral cast-iron cases, each turbine being direct-connected to a 450 k.-w.
renerator running at 600 r. p. m., the head being 120 feet. EFach turbine is provided
with a self-contained PELTON oil pressure governor and fly-wheel cnuplmg of about 4000
pounds weight. There is one exciter unit of 50 k.-w. capacity running at 1000 r. p. m.

The total capacity of the plant is 2300 horse-power, and this is transmitted Lo
Claremont, the two plants being run in synchronism. The power is used for operating an
electric railroad and electric lighting system, in addition to which some 1500 horse-power
iz supplied to various manufacturing industries in that vicinity. The complete pipe line,
as well as the turbines and governors, was furnished and installed by this Company.
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The Schenectady Power Company

The plant of this company is situated on the Hoosic River near Schaghticoke, New
Vaork, about 15 miles from the City of Trov. The water power is obtained by throwing
a low dam across the Hoosic River, thus diverting its flow into an open canal 2300 feet
long. The canal has a carrying capacity of 1500 cubic feet per second, and terminates in
a forebay, from which a 12i-foot steel pipe about 1000 feet long leads to a standpipe
40 feet in diameter and 50 feet in height, located on the hillside above the power house,

The installation consists of four special 52-inch wertical shaft PELTON-FRANCIS
turbines, each direct-connected to a 3000 k.-w., 300 r. p. m., 40-cycle, three-phase General
Electric generator, and two 250 horse-power horizontal shaft PeLToN-Fraxcis turbines,
direct-connected to 150 Lk.-w., 250-volt, GO0 r. p, m., generators, for excitation of the main
units,

Each main turbine unit is supplied with a 6-foot steel pipe 300 feet in length, leading
from the standpipe to the turbine. The two exciter units are supplied by one 24-inch
pipe line terminating in a “Y " branch,

The average effective head on the main turbines is 147 feet.  The gate valves for
the large units are located at the standpipe, and the valves for the exciter units in the
power house, A sectional elevation of one turbine and generator is shown on page 112,
Also on page 111 is shown a plan view of the turbine,

The design, it will be noted, bears a marked resemblance to a steam turbine unit,
the generator being mounted on a distance ring, which, in turn, is carried on the spiral
casing of the turbine. The governors are of the PELTON oil pressure tvpe, supplied by
an independent oil pumping system, and each is mounted on the distance ring between
the turbine gates and generator. Kach governor is capable of exerting 30,000 foot
pounds of energy, but 7500 foot pounds is ample to handle the gates,

The spiral casings of the turbines are of cast-iron, made in four sections with
flanged joints,  The runners are of gun metal, cast in one piece.  The gates are made of
forged steel, the shaft projecting on either side of the gates and working in bronze
bushed bearings,  “The water passage from the spiral casing into the runner has
removable gun metal liner rings, The turbine runner is bolted to a coupling forged on
the end of the generator shaft: this shaft is supported by a roller thrust bearing located
on the top of the generator and running in oil, there being two “steady-bearings "— one
directly under the thrust bearing end of the generator, and the other above the ring
cover on the upper side of the turbine,

Immediately above the lower steady-bearing there is a small gear pump driven from
the generator shaft, which supplies oil to the generator thrust and steady-bearings as
well as to the steady-bearing of the turbine. The oil is collected in a reservoir below
the steady-bearing. from whence it is pumped by the small gear pump ahove referred to
and used over again. Special arrangements are provided to take care of any leakage
from the turbine cases where the shafts project l]1r:Jll_L_[|1, by means of drain pipes and
cjectors,

The total weight of the revolving parts of each turbine and generator is approximately
42,000 pounds, and the design of the runner is such that when operating at full normal
load about 90 per cent of this weight is taken care of by the upward water pressure exerted
under the lower rim of the turbine, and by the reaction due to discharge into draft tube,
Each main unit is provided with a mechanical hand-operated brake, enabling it to be
brought to a full stop within about three minutes,
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The oil pressure for operating the main turbine is taken from a central pumping
system supplying oil to the four main turbine governors. This consists of a special
Perron duplex oil pump mounted on the side of the pressure tank and driven by a
silent chain from a variable-speed electric motor,

The governors of the exciter units are of the PeLToN self-contained oil pressure
type, and are independent of the central pumping system.

The power from this plant, aggregating in excess of 20,000 horse-power, is trans-
mitted twenty miles to Schenectady, New York, where it is used for running the immense
works of the General Electric Company.

S0 Horse-power Vertical Shaft Pelton-Francis Turbine—Plan View

(See description above)
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Pelton Telegraphic Code

Standard Wheels — Standard Motors

defoot wheel, complete . : ; . Abbais fi-inch motor . . & : . Acment
4-foot wheel, complete z . . Abeant 12.inch molor . . A ; . . Acolite
a-foot wheel, complete . 5 ; . Abvert 153-inch motor . : : ] ; . Adelon
Gifonot wheel, complete F ; . Actran 18-inch motor . ‘ < : . Addlent
“4-inch mowor . . : . ; « Admont

Multiple Nozzle Wheels

Zapozele 3-loot wheel, complets - . Baclen 15-inch guintex wheel, complete p . Bajan
Ponzele 4-foot wheel, complete : . Baden H-inch quintex wheel, complete K . Bams
Zanozele S-loot wheel, complete . Badger d6-inch guintex wheel, complete . . Bague
Eopnzele G-foot wheel, complete ! . Baird J2inch guintex wheel, complete : . Bardin
48-inch guintex wheel, complete ; . Baston

General Information

Wit sized wheel is advised for horse-power, under ——— head? « o Uaapan
Example : 60 horse-power is wanted under 150 feet head ; the i inquiry wonld read thus :

Caapon Ladrillo Maltine, [Codes of horse-power and heads are given on page 115),
The reply would be, Abeant, meaning that a 4-foot wheel is advised 1o 6l above,

The -u.q,-;l wheel vou order will not give the power wanted under conditions named . . Cabazon
You require more water or a higher head to get power wanted ¥ : ; : : ; . Cadamns
There is not the power called for in the water under hemd glven | . . o . . Cadstrom

Sk Ilul.u':l wheel not suited to vour requirements 3 advise special whe l.l Cadogan

Data given not sufficient to make an intelligent estimate.  Give ]Mrhulh!'- as to |1L.|d. |m1.w.r'

veguired, amount of water, length and diameter of pipe line . . . ; : . . Calabom
We advise o detlecting noeele with governor . ' . ‘ . . - . Uhomartic
We advise a deflecting nozzle with lever for hand ruguLlltuu g e , ; . . Cambosh
Crive as accurately as possible the horse-power we inted . . . . . . : - . Uamijore
Awail further insteaetions by letter ; : : ' . ‘ ; . . Uanmeron
I eeommnend foot wheel for wood frame IIHHIIIHII}. . - : ; ; . - . Uametn
Speeid ——— revolutions per minute . : : . : : i i . Camguin
Whiat is the eharacter and speed of driven machinery # ; - ; ; ‘ ; : . Camloch
W understand the pressure stated is effective at 'Mltti - . i ; ‘ ; : . Uammack
lorse-prower 1l,.r||h]]'|.1. alter deducting losses in pipe line . . : P ' " . .
Wheel runner weighis pastiniely . ; . ; 4 L . : . Camnlin
Comsider wheel should be — horse-power 1:...;1.11 -y for —— prer cent gum:r.'-lnr overload . Campalt
Whieel is cayy able of carrving ——— per cent ov thl} . Canan
Wheel unit designed for maximom efficiency when dey 1,11:“:“" sufficie I'|1 oW er I::l tlurllm] lrLI‘l]'llI.i

fram penerator, but capable u[ developing per cent overload : 4 : : . Canavan
Advise —— with outbhoard beariug and sole plate " : 4 . . . . Uamean
Trom-mounted wheel unit complete similar to illustration on |1-1J.‘: of cataiog . i . Uamehian
What is k.-w. capn ity sl specd of j..Lln.h'l.Inr. 3 ‘ . ' s . ; . . . Canday
Cromerator apecd is revolutions per minute 1 . : ; : ; : 5 . Candler
Speed is too high for diveet connection . = . . " . . " . 1 . . Clanehill
Crenerintor i to be of engine tvpe : ¢ . . F i ‘ . : i . Uhmerige
Generntor 1s t be of two-bearing witer w heel l.'l. e : " . ‘ ' 2 " : . Canfrane
Capagity — k. -w. . i : : : : p g . Cangal
Witer wheel diameter .|p|:1':111r|| ately — inches . . ! . . ‘ : . Canglas
Recommend wheel for mounsing direct on compressor shaft . . . . . . . Canmignn
What iz the specd of compressor? | 1 ‘ " ] : . Canister
What is the weight and diameter of n:-|1|i:-ru,,--nr band wheel ? A 3 . : . Canjilon
Water wheel is designed of suflicient we ...:Il.'l o serve as fly '|.\T1u.| . . , . . Uanmore
Wheel for direct connection to compressor similar to engraving on page —— of eatalog . . Cannock
What should be the weight of water wheel for ly-wheel effect? i . : . ’ . Uanday
Pelton-Franeis trhine : ’ ‘ ' : ] : . Canopic
Complete Pelton-rancis tur hlnq_ with 1tr.|ll: tube and ull.lpilln.. . ' 4 ¥ . , . Uanosp
Fly-wheel ineluded . ! . : z : : i : ; : . Cantana
Mechanically-operated reliel valve included . ; : ; ; : . . . ' o Cantey
Telegraph promptly . ; ; . - i f : : . 5 ] : i ; . Capac
Muil prompaly . ? . . ' ; : " . : . ; : . Capez
Would adyise 1 using —— wheels . 3 ; : : ; . ; . : : . Capistran
Letter with full data and |:ul.m- will be sent A . i . ; : ® . Uarmentos
We are preparing plans and will forward as soon as c'nmp]-_.l_d . ' . ; . . Cayugon
Advise to N1 conditions named : : : - . L||.l.|h]1! al
How snon and on what terms can vou send a r:nm}'h:-tent cn;’nnet_r tu m'liu: s:\amuntmﬂ f water

power and estimate cost of pi.ml * Wire answer ; ; . Chidalgo
We will send you a competent o ngineer to make a survey .'mtI repn'rt nn your water PTH]L"LtH to

place designated, for —— dollars per day and eXpPenses ; . Cholone

Semd at once one of wour M=t e ERpHET rienced o :1|,L:|Lt ers o ]‘.ll"it'.‘f dewlgnaret. II'I ﬁll'l' ]1.'=t m ‘tL!‘ITIL-
|m:|uul requesting him to report, on arrival, to Chromite
Ohar engineers are all engaged ; will endeavor to send dnein about —— dm‘ Will that answer * Champos
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Relating to Prices

What will be the price of : ; : . : i : : ; ; i ;
Wire price {, 0. b, San Francisen, O v . ; = i : ; ; : : :
Wire price . o, b, New York, of —— : h ] ;
Price satisfictory 3 mo abead with order Hhtm'-mp: mHl.mt 11r=||'-| 1.wl] e nmllul ; Z . g
Price satisfactory 3 bat do nothing until }'uu receive plans and orders by mail : ; 2

The price named i is net cash ; :
Price complete including foundation :md 1mmL bﬂ]H but '-.ntlmut ]JII“.L‘.’ or “Oﬂd trame 2
Price £, o, ., Mew York | ; 2 . . ; v i . . ‘ . ‘ '
Price [, o, b., San Francisco P om HT A : 5 E A A
Price £, o, h., : 1 . , | . : A : v . ; f ‘ v .
Price ¢, i I, —— : ; . : i ; : ; i ; ;
Hand-comtralled ne 1..1"! |L},L|h1|.r|;.\ huul: ' :- — aclditinmal P : . : 0 . i
Combination needle and stream detlecting nowele, $——— additional - . z : , ‘
Automntic necdle nogele, & aclditional | Z ) ;
Price includes Pelton mechanieal governaor with all ch Hrl“].:' mtd ‘JE?'Lr-'lUHh -.*mmu.cmma E
Price includes Pelton sell-containe 1 il RS BOVETTIO” W ih all deivi I:|||<.,_ el npu.l.tm;__

connections : i i i i : .

[ron-mounted wheel unit for direct connertion to pencratoy : ' .

Price includes shaft and bearings for engine- I%I}L. altermator
-'"Ltld cents per pound For any pdditional weight requived in water “1|-L|| ;
Prices gquoted arc a close approximation ; final 111.,L1|Lh whien vou are ready 1o close contrac !

Relating to Orders

Fanter our arder for whee] to develop - horse-power under freet el ;
Pxample: Knter our ovder Tor wheel ln :lL svelops L herse=power under 180 Teet lead 5 ow I1.11 h
would read 1 Fadrlax Tancade Maneos,

[Bnber order [or '.'f']n.LI iingder ——— leet licad witl water .I|:|r|:|~.-' i e ol Tecl por minote,

maximum & . ) 2 " M .
Milte in seetions (or ||1LI|| !1.|.u~.]rrul,|!|u||, 140 111-: I ln ORI | "!"all 14| S ponnds . , R
Excente this order with all possilile dispateh . A i ; ‘ ; ; : g 7 .
Wire ug when rendy For shipment . : : , : . . : : : . c
=endl extra buckels . : . ; i ; : : ; . i 5
Send an ald e I.'.._[ [renm wheel as a l|..|n|.|:a|| . . . . . . . . . ] .
Make shaft ——— inches in diameter exact ; : ; . ; i . : ] i
Koeywiny —— wide by ——— doep . . . . . . . . . ; ; :
send gage for dipmeler of shal : i : : . : ; ; : : : . .
sSend s Foor bre ol whoeel q ' ' . . s f '

Shall we furmish driving pulley? IF 0, j.,ruu Hmrm ter and face : : i ;
sendd t[l'hltu..‘ |u|||l"-' For wheel shaft of proper size w orun counter ".ut'lh p:l”r\'- = liameter x

— fice it —— revolutions : ; : q : :
WALl Belt elivect from wheel shaft s deiving |I|.:|]1':r i w]:u'.rl shift |:|'|1-|. e —— dliumeter x
e 111 : 2 . ; . . f - ’ ; ; i ; : .
send driving pulley X - . C : . . - ; : '
Cive speed of counter aned [I.-I1I|I-.1I.‘I n1 |llI]|L}- on L..'mn.- : g ; ; : 3 ; i 7
Gitve maximum power wheel i o deve IIIJJ ; - - . . ; . ' : ; :
Send gigge for wheel shaft ; E i - : : ; ; i ; ;

sl ul: plates and foundation bolti al onee
TFrurnish deflecting noeele with rocleshaft, levers and l’|l.11l:|_| ant without j._|11'|.-'|; rmor
Wheel shaft should be extended Lo e 4|111. ing pulley on cach sicde of wheel

Place pulley on rightland side when facing wheel from noesle gide | ; : ; ; ;
Place pulley on Left-hand side when Tacing wheel Trom nozele side . : ’ : . .
ITurnish one '1:l:hlmn.|.| bearing ; i g A : : : i - % 3 :
Provide wheel with ving-oiling 1n|ur1.||- " . : . . . . : i ; ’ .

Kingr-oiling journals will cost Extra ; . ; ; ; : ; ; : : A

Relating to Payment

Fater ovder 3 remittamee made throngh ——- § 3 i . . 4 ; i '
Drraw on us, with bill of lading attached, rough bank . . . . . - . ‘ :
Dreaw onus, with Bill of Tading attached, throngh honse of —, : v A 5

Must establish credic heve for amount of order theoaeh b |1I.k I}..-IIIH-I; i_l,()(l[l!l-l_llt‘-g

Temit for ——— per cent of order s will deaw for Talimee against documents ;

YVou must put us i funds for prer ceng ol .umluni of order belore we can ;_-;u il 1.+.|.Lh |.L;
will draw against docoments Tor balanee | i : ; i f e : i : :

Relating to Regulation

Aend style of governor you consider best adapted o our purpose

Send ROVErnor with deflecting nogele . i ; b i . . i . i i
Governor is necessary for your purpose . . : : i : ; . 5 .

Governor is not required for your purpose ‘ , ;

In connection with governor, vou will reguire a Ily- wheel .|11|ucn|||1 |I|.'1'.I pouends in weight
State character of load and pmb ilile variation : : . ; : ; : ; i ;
Send EOVOTROY 5 ; : . ; : : i . : : :
Pelton self-contained oil pressure governor ; : ; : z ' ; .
Peltom special type governor with independent oil [mm]J ; ; ; > p : : :
Combined needle deflecting nozzle . : ; ; i ¢ ; : : i " .
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Relating to Water Supply
Cubic feel per minute . ; ; 2 7 : . 5 . ; : : . ] . lacua
We have o maximum supply of ——— cubie fest per minute ; . , : - ; . Ihex
‘. We have a minimum supply of cubic feet per minute . ; : . : " ; . Idria
¢ Supply variable, but can count on an average of eubic feet per minule : : : . lyerna
! What is your maximum supply of water in cubic feet [rer minute ! ! . : . : . Ignasco
We cinnot ohtain more water than the amount slated , ’ ; . i . ; . Indeelk
I you cannot obtain more water, can the head be increased?  If g0, how much * . y . Iponia
The head can be incrensed to . . : : [ pewich
4
‘5 Relating to Shipment
Await shipping instroctions : . : : : ; ; ; ; i : : i o Jhegers
Must be ready for shipment on e Japuas
Ship on steamer of the . : . alamn
Ship on next steamer : . Jamsan
| Forward by iast freight y . . . . i : ; ] i : = ; . Jamul
l Shipping weight will approximate —— pounds : s ; : : . ; ; . Jandar
Shipment will approximare — tons ; : i ; i i ; P : . . Jandice
Frrward by express | . : : : ; : ; . : : : : : ; . Janes
What iz th: earliest date on which you can ship? ’ : ; 5 : ; : : . Jagua
O whint date was your shipment made? : : . i . . . : ; ; . Jasmin
r Shall we insure vour shipment ? ; . ’ . . : ; ; i : : : < Jelleys
| Inswre our shipment for % Z 4 z 3 - : . ) . v . 2 . Jempic
It will require abaout days {o A1 vour order | : : : i : s . i < Jepsum
, Quote best freipht rte Lo Jewerta
Car-load rate to is ; . ; ; ; . ; ; ; : o ITnlont
1[ Less carlopd rate to ——— jg ——— ; ; 2 : ; , . . . g d . Juapon
i Eate to i & — per ton, weight or measure ; ; ; : : ‘ ' - Juston
|
Horse-power 10 to 2000
10 ; ; . Labyen 15 \ : o Leavits HN) ; : . Liherty
i 2 ; . . Lacana 160 ; : o Lecuya 0 ; \ . Lidells
1 S0 : ; . Lacosta 1 . : . Leirancs 320 ] £ . Liegamn
41) ’ : . Laddson 180 £ i . Leighton g N) . - . Lillis
it ; : o Ladrilloe 11 . : . Leland S0 : b . Limas
G 5 . . Lazona SN : : . Laemplon BN . . . Lincos
il ; ; . Lagracia I . . . Lenstrom 280 E : . Lindale
[ 20 ; . . Lahonda st ; . Lieonns 420 ’ : . Lindross
| o ; ; . Lairds 0 . . . Lerichs 4 : i . Lisbon
100 , . . Lajolla 240 : ; . Lethent B LK) ’ . . Lithane
110 : : . Lachorbo bl - ; . Livpom 480 { : . Lirton
130 . ; . Laporio 2455 : ; . Laewiglon 5N . : . Livement
f 1250 : ; . Lamande i) . . . Lexmont 1000 : ; . Livasome
{ 141 i i .+ Lancade 280 . : < Leyvsang 20 : ; . Lizcont
|
;
. Head of Water in Feet
! 20foot head - Mabels 23-Toot head . . Meacham H80-font hend . Midson
' A-foot head | o Machos H0-foot head o Meadins GiN-Forat liead . Milpate
f 40-foot head | - Maclaws ii-Toot head . . Moediag G2N-foot head . - Milford
| al-foot head . Muacus 2i-foot head | o Muechan Gdi-Tonr huead . . Milbrae
tl-foot head . . Madler S30-foot head . . Meekers fiti)-foot head . . Milner
|: Wkfoot head | . Madera 2R0-font head . Mueineclk G50-Toot el . Milsaps
y S-foot head . . Madison H-foot head | . Melitta TiH-foot head . . Mindem
| MWfoot head | . Mafos A0-foot head | o Melrose TH-Font head . . Mineota
| 10-foot head | . Blahews #20-foot head . . Mentone THi-foot head . . Minturn
| Ti)-foot head | o Malagn H0-Foot head o Mueraza Ti0-loot head . . Miramar
I 120-foot head . - Malalodf Bil-foot head . - Mercury vai-foot head | . Maockton
130-Foot ead . Malkonus #80-faot head o Merdout Si-lToot liead | . Maojeska
' 140-loot head | - Malstowen dib-font head . . Merigan #20-foot head . . Mojave
| Ta-foot head . . Maltine dd-foant lead . . Merles SH-toor lead | . Moneta
li-foot head . . Alampos 4d0-foot head . . Merton Bih-foot head . . Meontalvo
170-foot head .~ | Manstrap di-loot head . Maosant He-Toot head | . Maoraga
180{oot head . . Maneos +80-frot head . Mesick So-foot head . . Morena
TiHfoot head | . Manwil f-foot head . . Moesila Mh-foot lead . - Maorley
2M-foot head . . Marcel S20-foot head « Mesmer 0-foot head . . Moulton
20-foot head . Marcuse bt head . - Mesquil SH=lot bead . . Mowrys
22-foot head . . Maska oil-foot liead . . Metsom 1-forot head . . Munehton
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