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PREFACE

In the development of a water power project the engineer is fre-
qently called upon to do more than design and construct the power
plant. He may be required to report on the adequacy of the supply,
the head and power available and the probable wvariations in the
same, the plan for development, the cost of construction and opera-
tion, and the advisability of the investment. A study of the entire
project, therefore, becomes essential, and each factor must be care-
fully considered in detail to assure ultimate success. Each of the
features of the development is of equal importance to the commer-
cial success of the project. The majority of the failures in water
power development have occurred from causes other than structural
defects, and a knowledge of these other important and controlling
factors is therefore quite as essential as a knowledge of design and
construction, It must be said, however, that in respect to some of
these controlling factors current practice has not been what it should
be. This has resulted in many over-developments and illy advised

installations, from which the power generated has not been equal
to that articipated, and in many poor financial investments amount-

ing frequently to practical failures. The engineer has given much
attention to design and construction but too little attention to the
other fundamental considerations mentioned above on which the
success of the project depends to an equal extent.

In the preparation of this book the author hias endeavored to con-
sider, briefly at least, all fundamental principles and to point out the
basis on which successful water power covelopment depends. The
method of study and inyestigatipn outlined herein was developed by
the author during tweunty-five vears of professional practice and in
his efforts to illustrate the,pringiples underlying the subject in his
lectures to the seniorwlass-in water power engineering at the Uni-
versity of Wisconsin. A somewhat extended acquaintance with the
literature relating to water power engineering leads the author to
believe that in a number of features the principles and methods de-
scribed in this book are somewhat in advance of present practice.
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In current practice, the hydraulic engineer, to determine the ex-

‘tent of a proposed hydraulic development, commonly depends on a
“study of the monthly averages of stream flow and of observed maxi-
‘mum and minimum flows, He usually assumes from his previous
‘knowledge and study that the development should be based on a
~ certain minimum or average stream discharge per square mile of
~drainage area. The value of this method depends on the breadth of

the engineer's local knowledge of rainfall and run-off relations.
With a sufficient knowledge of these conditions, this method may
form a safe basis for water power development but it fails to give

‘the complete information which is essential for a full comprehension

of the subject. In other cases the development is predicted on a
single, or on a very few, measurements of what is believed, or as-
sumed to be, the low water flow of the stream. This method, even
when accompanied by careful study of rainfall records, is a danger-
ous one to employ as many over-developed water power projects
demonstrate. Neither of these methods compares favorably with

the more exact method of studying flow by actual or comparative

hydrographs as is described in Chaps. 1V, V, VIII and IX.

In current practice the head available is usually determined for
average conditions, or, perhaps, occasionally for low, average and
high water conditions, and no detailed study of the daily effect on
power is attempted. In Chaps. IV and V this subject is presented
in detail and a method of the investigation of this important subject,
under all conditions of flow and all conditions of use, is outlined.

On the basis of the knowledge gained from the study of flow and
head, the study of the power that can be developed for each day in
the year and during each year for which actual or comparative hy-
drographs are available, is outlined. An outline of a method for
the consideration of possible variations in flow during periods for
which no measurements are available based on the available rain-
fall records, is also givem.in, €hagsVI,: VFEand VIIL. A study of
the effect of pondage on’power; & mast: important matter, though
not always carefully consideret, or wiprenizted, is also discussed in
considerable detail in Chaps. I‘V Vand XX VI

In the selection of turbines I8 a'witer. iower project, the current
practice has been for the erfgineer While' dfawing certain conclu-
sions from the tables of manufacturers’ catalogues, to present to the
manufacturer the conditions under which the power is to be devel-

__oped and to rely largely or entirely on the manufacturer for advice
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as to machinery to be used. In such cases he is dependent for re-
sults on guarantees which are usually quite indefinite in character
and seldom verified by actual tests, under working conditions, be-
fore the wheels are accepted and paid for. This has resulted in
many cases in the installation of wheels which are entirely unsuited
to the particular conditions under which they are installed.
Practical turbine analysis has not been treated except in the most
general way in any publications except the various German treatises
on the turbine 1in which the subject is discussed from the basis oi
turbine design. The author has developed the method of turbine

analysis and selection, outlined in Chapters XIV and XVI,
which applies to all wheels when tests of wheels of the series or

class considered are available. These methods are based on the
practical operating conditions of actual tests and are both theoreti-
cally and practically correct. The engineer should be able to intel-
ligently select the turbines needed for the particular conditions of his
installation and to determine, with a considerable degree of accuracy,
the results on which he can depend during all conditions of head
and How.

It is belicved that this treatment of the subject is sufficiently
complete to place the selection of turbines on a better footing and

that, when adopted, it will lead to the selection of better and more
improved designs and assure more satisfactory results.

The subject of turbine governing has, for clectrical reasons, be-
come an important gne. While a number of important papers have
appeared on this subject. there is, so far as the author knows, no
discussion in English which offers the enginesr a basis for a com-
plete consideration of this subject. Chap. XVIII, on the principles
of turbine governing together with appendixes A, B and C, offer,
it is believed, suggestions for the consideration of this subject which
may prove of value to water power engineers,

The report on a water power project should involve a careful
and complete investigation of the entire subject, and should he
hased on the broadest considerations of the project in all its rela-
tions. Many reports which have come to the aunthor’s attention
have heen too limited in scope and have included only peneral opin-
ions which have not, to his mind, heen sufficiently specific or based
on sufficient information to warrant approval without extended in-

vestipations. Im Chap. XXVIII the author has outlined his idea
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of the extent and scope of such investigation and report, which b
believes is essential for an intelligent investigation and a reliabl
opinion on this subject.
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WATER POWER ENGINEERING.

CHAFTER L

INTRODUCTION.
THE HISTORY OF WATER POWER DEVELOPMENT.

1. Early Development of Water Power.—Most methods of
power gencration can be traced to an origin at no very remote
period. Their development has been within historic times. The
fArst development of water power, however, antedates history.
Its origin is lost in remote antiquity. .

Air and water, both physical agents most essentiz! to life, have
ever been the most obvious sources of potential energy and have
cach been utilized for power purposes since the earlisst times.
Beside the Nile, the Euphrates, and the Yellow Rivers, thou-
sands of years ago the primitive hydraulic engineer planned and
constructed his simple forms of current wheels and utilized the
energy of the river current to raise its waters and irrigate the
otherwise and wastes into fertiity. Such primitive wheels were
also utilized for the grinding of corn and other simple power
purposes. From these simple forms and primitive applications
have gradually been developed the modern water power instalia-
tions of to-day.

2. The Earliest Type of Water Wheel—=The crude float wheal
driven directly by the river current developed but a small por-
tion of the energy of the passing stream. The Chinese Nors,
built of bamboo with woven paddles, is still in use in the east
(see Fig. 1), and was probably the early form of development of
this type of wheel. The type is by no means absolete.for it is
¥el used for minor irrigation purposes in all countries. These
wheels, while inefficient, served their purpose and were exten-
sively developed and widely utilized. One of the greatest de-
velopments of which there is record was the foat wheel installa-
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Barker's Mill. 7

the hoops, but this proportion may be varied, or even reversed,
according to the situation of place, proportion of the wheel, and
quantity of water. The buckets are made of winding timber, and
placed inside of the wheel, made fast by strong wooden pins
drove in an oblique direction ; they are fitted to the inside of the
tub or wheel, in such a manner as to form an acute angle from
the wheel, the inner edge of the bucket inclining towards the
water, which is poured upon the top, or upper end of it about
twelve and a half d ; instead of their standing perpendicular
with the shaft of the wheel they are placed in the form of a
screw, the lower ends inclining‘ towards the water, and against
the course of the stream, after the rate of forty-five degrees; this,
however, may be likewise varied, according to the circumstances
of the place, quantity of water, and size of the wheel.”

Fig. 8.—Early Vertical Wheel. Containing Fundamental Buggestion of tbe
Turbine, (After Glyon.)
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Thg Modern Turbine,

Fiz. 10.—~Roue Volant (After Glynn).

adopted and considerably improved by American and German
engineers, but were scarcely known in England. (See “Power
of Water,” by Jos. Glynn, 1852.) The turbine was introduced
into the United States about 1843 by Elwood Morris, of Penn-
sylvania, but was developed and brought to public attention more
largely through the inventions of Uriah A. Boyden, who in 1844
designed a seventy-five horse-power turbine for use at Lowell,

Mass. (See Fig. 132, page 251.) The great advantage of the
turbine over the old style water wheel may be summarized as fol-
lows: (See Figs. 11 and 12).

First: Turbines occupy a much smaller space.

Second: On account of their comparatively high speed they
< frequently be used for power purposes without gearing and
with 2 consequent saving in power.

Third: They will work submerged.

Fourth: They may be utilized under any head or fall of water.
(Turbines are in use under heads as low as sixteen inches and
s high as several hundred feet.)

Fifth: Their efficiency, when the wheel is properly constructed,
is comparatively high.

Sixth: They permit a greater variation in velocity without ma-
tenal change in efficiency.







The Fraccis Turbine. Iz

Seventh: They are more readily protected from ice interfer-
ence.

8. The American or Francis Turbine.—~Through the efforts of
Uriah A. Boyden and James B. Francis (1849), the Fourneyron
turbine became the leiding wheel in New England for many
years.

In 1838 Samuel B. Howd of Geneva, New York, patented the
“inward flow"” wheel, in which the action of the Fourneyron tur-
bine was reversed. This secems to have been the origin of the
American type of turbine, and the Howd wheel was followed by
a large number of variations of the same general design on

which American practice has been based for many years. About
1840, James B. Francis designed an inward flow turbine of the
suame general type as the Howd wheel. Two of these wheels

Fig. 13.—Inward Flow Wheel by 8. B. Howd (After Francls),

were constructed by the Lowell Machine Shop for the Boott
Cotton Mills. In the Lowell hydraulic experiments (page 61)
Nr. Francis refers to the previous patent of Howd and says:
“Under this patent a large number of wheels have been con-
Structed and a great many of them are now running in different
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many as the origin of the American turbine. The credit of this
design is freely awarded to Francis by German engineers, this
iype of wheel being known in Germany as the Francis Turbine.
The Francis wheel was followed by other inward flow wheels of
L more or less similar type. The Swain wheel was designed by
A. M. Swain in 1855. The American turbine of Stout, Mills and
Temple (18g50), the Leffel wheel, designed by James Leffel in
1860, and the Hercules wheel, designed by John B, McCormick
in 1876, are among the best known and earliest of the wheels of
this class.

5 Modern Changes in Turbine Practice.—A radical change has
taken place in later years in the design of turbines by the adop-
ton of deeper, wider and fewer buckets which has resulted in a
great increase of power as shown by the {ollowing table from a

pper by Samuel Webber (Transactions of Am. Soc. M. E.
Vol XVII):

Tiag L—Showing Size, Capacity and Pmoeer of Varioue Twurbines Under

a f8-fool Head
= e —— — —- - ppp—
Cubic Feat

Inches Horee

: YWater

Diameier. Reton Power.
Rorden- Fournayron. ... .. —— 88 2,95 55
lM"‘Wllww - s - [ LN k- - L] H‘ H'*‘ m
Eisdon *L. C." I . by ] 48.27 121
Eisdon . " . " 36 BG, 1599
Hﬂ.gunﬂunl S ;.E:: J.g.-m o4
L*]-p m]'l;. ] EE N ] H u 1*5
Tﬁ--n-. - rn otk o= [T NS LR [} M m-? ﬂ&u-ﬂ
s y T 34 5&.2 140
Hunt, “Bwaln bucket' . 26 45 .8 121
Hi Ilust}rlnr g " ﬁ IHFI ﬁi-ﬂ

“Eameon’ . . .

“Heronlew'” ... ...... 2 36 107 .8 P
Wl e e 25 108.% 358
NewBwain ....... . 26 RO.5 216

e - — =

By 1870 the turbine had largely superseded the water wheel
lor menafacturing purposes at the principal water power plants
n this country. The old time water wheel has since become of
tomparatively small importance, but it is still used in many iso-

places where it is constructed by local talent, and adapted
W0 local conditions and necessities.
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The current wheel is still widely used for irrigation purposes
and in many instances is a useful and valuable machine.

ro. Histerical Notes on Water Power Development—Water
mills were introduced at Rome about seventy years B. C. (see
Strabo Lib. XII), and were first erected on the Tiber. Vitruvins
describes their construction as similar in principle to the Egyp-
tian Tympanum. To their circumference were fixed floats or
paddles which when acted upon by the current of the stream
drove the wheel around, Attached to this axis was another ver-
tical wheel provided with cogs or teeth. A large horizontal wheel
toothed to correspond with it worked on an axis, the upper head
of which was attached to the mill stone. The use of such water
wheels became very common in Italy and in other countries sub-
ject to Roman rule,

Some of the early applications of water power are of interest.
In 1581 a pump operated by a fAcat wheel was establizhed at
Londoen Bridge to supply the city of London with water. In
1675 an elaborate pumping plant driven by water wheels was
established on the Seine river near 5aint Germain. For this
plant a dam was constructed across the river and chutes were
arranged to conduct the water to the undershot water wheels.
These were twelve pr mote in number, each operating a pump
that raised the waters of the Seine into certain reservoirs and
aqueducts for distribution.

The pumping of water for agricultural irfigation and drainage,
domestic suppliet and mine drainage, was undoubtedly the first
application of water power, and still constitutes an important
application of water, Iig, 15, from an article by W. F. Dupfee,
published in Cassier’s Alagazine of March, 1899, illustrates a
primitive application of the water wheel to the pumping of water
from mines. The frontispiece also shows the great Laxy over-
shot water wheel in the Isle of Man which 15 still used for mine
drainage. The wheel 18 about seventy feet in diameter and the
water is brought from the hills a considerable distance for power
purposes. '

11. Development of Water Power in the United States.~—In
Lhis country one of the first applications of water power was the
old tidal mill on Mill Creek near Doston, constructed in 1631,
which was followed by the extensive developmentz of small
powers wherever settlemients were made and water power was
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available. Often availability of water power determined the

location of the early settlement.

About 1725 the hArst power plant was established along the

Niagara River. This was a water-driven saw-mill constructed
Chrmotogienl Development of Water Power of the United Stafes fo 1558
=
Minimom| Dirain
Year. E_.':“r!] Horaa .ﬁ.ret;r
Fower. Miles.
1'“-'- “m-l-l-luliilllll--il [ [(ER KR lm H .'ll,ﬂ-ﬁ 'i m
ashan, N, Hoooerornernnsonnssonnss 1813 | 88 1,200 "E18
Oohott, B, ¥ .oveuconsanesansnannnnes 1428 14 0, 430 5,490
Norwich, COOB . vveenerrnrsnrnenanees]| 1528 16 700 1, 240
bygoeia, Me........ i i et 1534 17 8,500 6, BT
Minchester, N. H......oo0vvvneesa..| 1535 52 12, (00 2, 830
Boeksett, M. H.......0..00000r coees 1841 | 14 1,810 2, 791
La - 1845 | 30 11,000 4, 628
ARets, (8. v vesnesnncmmnnnnnnnnss THET (1] B, 5K B, 530
Blolyulo, PIMAR. o oounvenvrnn nnsnnns 1848 50 14, 000 8,000
Lawishon, M. .oonoeeniennn e, 1549 50 11, 000 §, 200
Colombos, Gl .oweovenneiicaienns 1 3450 25 10, 000 14, 800
Bochestar, N, ¥....c0oon0vevnen. - 1 15 pls i B, o 2,474
H;hlhunj Falle, Minn. el 1847 B 15, 500 1%, 738
Sigpra, N. Y. (Hy. canald......... .. T ) 16,000 271, 000
Turner's Fally, Conm...ceoveeinnens.. 1884 | 35 | 10,000 8,000
Pox River, Wi, ......ccovininmunnes. 1868 | 185 |.......... 6,448
Bimingham, Conn P, 1570 22 1,000 £, 000
Bangor, Me. . .. . 1478 9 1,767 7,200
m&- ......... B e —— 1876 50 8, 700 &, 530
e Falle, N Yoo i, 1882 a0 1,195 2, 850
Mechanicaville, N. T 1842 0 8, h3s 4,478
& Cood, Minn . Y I [ 14 4,500 18, 250
Litthe Pulls, Ming .. ..oooveennsnnn .| 1887 14 4,000 11,084
m&ﬁr 48 | 70 18, 000 1, 180
................... ool 1H8E P LT R PR
h.l-. Hmt T S —— 1H1H) 42 143, D00 22,000
IO, & v s i emmin » 1401 i) 10, 000 40, D00
Baalt Bta, Marie, OB .oviveen.ran.. 101 18 10, LD &1,800
Felsom, ﬁu ......................... 1801 55 6,20 (aee-.
Caord, N, R T ¥ 13 5,000 2, 550
N. ‘i' uunneljm 18 170 &0, D00 71,000
hh LERE RN E N NI mrrfer ]-HH "'."I.'E E‘H"‘"“ m
Hn:l'.... ssanssniansaseansal 1AET 32 10, 000 14, 700
EI[& Hinn ................... 1.1 18 (T 19,737
ville, N P B i 3,290 4,478

_— —]

b¥ the French to furnish lumber for Fort Niagara. Mr. J. T.
Plﬂning gives the following list of the dates of establishing some
of the principal water powers of the United States:

The last few years have witnessed a still more rapid develop-
Tetot. The increase in manufacturing industries and other de-




3 —
\

m&mmm tbelmdmﬂmd:u

‘in electrical methods of generation and tran
mmmm»m the development of water p
plants. Water powers once valueless on account of their
tance from centers of manufacturing and popuhﬁon are

Fig. 15.—EBarly Application of Undershot Water Wheel to Mine Dni
Date Unknown (from Cassiers Mag. March, 15898),
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CHAPTER 1L
POWER

r2. The Development of Potential Energy.—The development
of natural sources of potential energy, the transformation of such
energy into forms which can be utilized for power, and its trans-
mission to points where it can be utilized for commercial pur-
poses, constitutes a large portion of the work of the engineer,
The water power engineer primarily deals with energy in the
form of flowing or falling water, but his knowledge must extend
much further for he encounters other forms of cnergy at every
turn. Much of the energy available from the potential source
will be lost by friction in bringing the water to and taking it
from the wheel. Much is lost in hydraulic and mechanical fric-
tion in the wheel; additional losses are sustained in every trans-
formation, and, if electric or other forms of transmission are
used or auxiliary power is necessary for maintaining continuous
operation, the engineer will be brought in contact with energy
n many other forms,

13. Dehnition of Energy.—Energv iz the active principle of
nature. It is the basis of all life, all action, and all physical
Phenomena. It is the ability to exert force, to overcome resist-
ace, to do work. All physical and chemical phenomena are but
Minifestations of energy transformations, and zall nature would
be rendered inactive and inanimate without these changes.

4. Solar Enerpy the Ultimate Source.—A brief consideration
of the various sources of potential energy makes the fact mani-
fest that solar energy is the ultimate source from which all other
forms are directly or indirectly derived. The variations in solar
htat on the earth’s surface produces atmospheric currents often
_':'f remendous power., This form of energy may be utilized, in
s more moderate form, to drive the sailing vessel and the wind-
mill, and in other ways to be of service to man. The energy of
fuel is directly traceable to solar action. Through present and
Fast ages it has been the active canse of chemical and organic
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change and growth. From this has resulted fuel supplies avail-
able in the original form of wood, or in the altered forms, from
ancient vegetation to the forms of coal, oil and gas, and from
which a large portion of the energy utilized commercially is
derived.

A brief study of meteorclogical conditions shows that through
the apency of solar heat, and the resulting atmospheric move-
ment, 4 constant circulation of water 18 produced on and near
the earth's surface. Hundreds of tons of water are daily evapor-
ated from the seas, lakes, rivers and moist land surface, rise as
vapor into the atmosphere, circulate with the winds, and, under
favorable conditions, are dropped again upon the earth’s surface
in the rainfall. Those portions of the rain that fall upon the
land tend to flow toward the lower places in the earth’s crust,
where lie the seas and oeceans, and such portions of these waters
as are not absorbed by the strata, evaporated from the surface
or utilized in plant growth, ultimately find their way to thete
bodies of water to again pass through this cycle of changes which
is constantly in progress. Thus we find water always in motion.
and always an active agent in mature's processes. Due to its
peculiar phvsical properties and chemical relations, it is one of
the essential requisites of life, and is also of great importance in
nature’s processes through the energy of which it is the vehicle,

15. No Waste of Energy in Nature.—Active continuous en-
ergy transformation is a most important natural phenomenon.
Changes from one form to another are constantly in progress
In nature's transformations energy is always fully utilized. As
the running stream plunges over the fall, the potential energy.
due to its superior elevation, is transformed into the kinetic en-
ergy of matter in motion, and through the shock or impact the
kinetic energv is transformed into thermal energy due to a higher
temperature, which again may be partially changed in form by
radiation or vaporization. Thus the quantity of energy is con-
tinually maintained, while its quality or conditions constantly
vary, There i3, and can be, no waste or loss of energy as far as
nature itself is concerned. Wasted or lost encrgy are terms that
apply only to energy as utilized in the service of man. Nature
itself never seems to utilize the entire quantity of energy from
one source for the development of energy of a single form, but
always differentiates from one form inte a number of other forms,
When the enrineer therefore attempts to utilize anv source of
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potential energy for a single purpose, he at once encounters this
natural law of differentiation and finds it impossible to utilize
more than a portion of the energy vsed in the manner in which
he desires to utilize it. Much of this loss may be due to the form
of energy available; much to the medium of transformation and
transmission, and much to physical difficulties which it is im-
possible to overcome,

16. Laws of Energy Conservation—Primarily it should IH:
folly understood and clearly appreciated that matter and energy
can neither be created nor destroyed. Both may be changed in
form or they may be dissipated or lost so far as their utilization
for commercial needs is concerned. But in one form or another
they exist, and their total amount in universal existence is al-
ways the same. In any development for the utilization, trans-
formation or transmission of energy, the following fundamental
axioms must be thorotighly understood and appreciated:

First: That the amount of energy which can be actnally utilized
in any machine or system can never be greater than the amount
available irom the potential source.

Second: That the amount of energy which can be utilized in
any such system can never be greater than the difference be-
tween the amount entering the system and the amount passing
from the system as waste in the working medium.

17. Efficiency.—Efficiency is the ratio or percentage of energy
utilized to energy applied in any system, part of a system, ma-.
chine or in any combination of machines.

The efficiency of a given machine or mechanism, or the per-
centage of available energy which can be obtained from a given
system of genmeration and transmission therefore can never be
greater than represented by the equation:

— E*
E la which

E equals the energy in the working medinm entering the maching
E’ eyuals the enargy in the working medivm passing from the machina,
18. Natural limit to efficiency.—The total energy in a working
medium such as water, steam, air. etc., i5 the energy measured
from the basis of the ahsolute zero for the mediom which is
beng considered. For example, the average surface of Lake
Michigan is 580 feet above sea level ; each pound of water, there-
fore, at lake level contains 580 foot pounds of potential energy.
This amount of energy must therefore be expended 1n some man-

Efficiency or amount »f available ensrgy = B
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ner by each pound of water passing from the lake level to the
ocean level, which may be regarded as the absolute zero refer-
ence plane for water power. This energy cannot be utilized at
Chicago for there no fall is available. A small portion of this
energy is now utilized in the power plants at the falls of Niagara.
Some energy will be ultimately utilized on the Chicago Drainage
Canal, where a fall of some thirty-four feet is available from the
controlling works to Joliet. Perhaps ultimately in its entire
course one hundred and seventy feet of fall may be utilized by
the waters of the drainage canal, in which case the absolute avail-
able energy of each pound of water cannot be greater than shown
by the following equation:
680 — 410 _ 170
T T

With any other jorm of energy the same conditions also pre-
vail. Consider a pound of air at 760 degrees absolute tempera-
ture Fahr., and at 75 pounds absolute pressure. The number of
heat units contained will be given by the equation:

Heet units = temperature X weight 3 specific heat.
B. T. U. = 700 degrees > 1 X . W6 = 128,

To utilize all of the energy in this air, it would be necessary
to expand it down to a temperature of absolute zero and exhaust
it against zero pressure. In any machine for utilizing com-
pressed air, it will be necessary to exhaust it against atmospheric
pressure. This will expand the air 3.10 times, and if expanded
adiabatically it will have a final temperature of 474 degrees. The
heat units in the exhaust will therefore be as follows:

Avgilable energy = = 2031, or 20.31 per cent.

B. T. U. = 474 degrees 3 1 % .180 = 80,
and the available energy will he as follows:

Available energy = ia];_m = i% = 375, or 37.5 per cent.

In this case also the temperatures vary directly as the heat
units, and are therefore a measure of available energy:

Availeble encrgy = al'.i.‘]'_-m-]-li"l = .370 or 37.5 per cent,

In the ideally perfect furnace the efficiency is somewhat higher.
The foel may be consumed at a temperature of about 4,000 Fahr.
absolute, and the gas may be cooled before escaping to about 600
Fahr. In this case the possible efficiency or available energy is:
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Available anorgy = —TT-W = 53¢ or 83.2 per cent.

The above examples show, therefore, the limits which nature
itself places on the proportion of energy which it is theoretically
possible to utilize. For such losses the engineer is not account-
able except for the sciection of the best methods for utilizing
such energy. The problem for his solution is, what amount of
this available energy can be utilized by efficient machines and
scientific methods,

1g9. Practical Limits to Efficiency.—The preceding equations
are the equations of ideally perfect machines. Of this available
energy only a portion can be made actually available. In practice
we are met with losses at every turn. Some energy will be lost
in friction, as radiated heat, some in the slip by pistons, or as
leakage from defective joints. In many other ways the energy
applied may be dissipated and lost. From this it follows:

The amount of energy which ¢an be utilized can never be

greater than the difference between the amount supplied to any
given machine or mechanism, and the amount lost or consumed
in such machines by friction, radiation or in other ways. Hence
it followe that the efficiency of a given machine, or the percent-
ige of energy available, or which can be obtained from the ma-
chine, can never be greater than the following:

Efficiency = e+ ¥ .|E- B+ ET7e®} iy which

E = total energy available

E'E" E"' ete. = the energy loet in friction and in varions other ways, in
ihé machine or avatem, and rejected in the exhanst from the same.

Every transmission or transformation of energy entails a loss,
bence, starting with a given quantity of cnergy, it gradually dis-
Aopears by the various losses involved in the mechanism or ma-
thites msed. Other things being equal, the simpler the trans-
mission or transformation, the greater the quantity of the orig-
izl amount of energy that can be utilized.

The term efficiency as here applied represents always the ratio
between the emergy obtainable from the mechanism or machine
nd the actual energy applied to it.

Therefore the efficiency of a pumping engine is the ratio be-

tween the energy of the water leaving the pump and the energy
| of the atearn annlied tn the sneine




