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NOTES ON A PROBLEM IN WATER POWER.*

‘THE present paper is a non.scientific one, and in other
respects is not to be classified among the contributions such as
arecommonly presented before this society. Neither are its
objectsthe same. “The putpose is 10 present some thoughts
upon a very imponiant subject, with a view to calling out further
and more able discussion. There being nothing exact or deter-
minate to deal with, there will be neither figures nor quantities
included, so that no severe mental strain nced be apprehended
in following the remarks,

‘The subject is water motors, or, as we commonly say, witer
wheels, for utilizing the action of gravity ot water, and inquiry
into the probable condition, inferences or deductions which have
led up toand established modern practice as it now exists in this
country.

Water wheels, as we have to deal with them, may be classed
as gravity wheels, including (1} overshot breast wheels, and per-
haps the Poncelct type ; (2) pressure wheels, including what we
call inclosed turbines ind reaction wheels ; (3) impulse wheels,
Qriven by spouting water, ‘

“ne classification thus assumed is, for short, gravity, pressure
and impulse wheels. ‘These may be said to cover the various
types in common usc.

In modern ptactice the class called pressure turbine wheels
constitute perhaps four-fifths of the whole. These can be di-
vided into three general types, namely . The Fourneyron, ot
outward radial discharge, the Jonval, or downward discharge
paralicl to the axiz of rotation; and the American or inward
flow wheels. These have come into general use all over the
world, and have a literature of surprising completeness. They
are by common consent regarded as the most efficient, and,
indecd, until recently, have been the only wheels which were
considered in connection with an efliciency beyond 6o per cent.

The question to be presented, and the mdin point in this com-
munication is, what has produced this particular form in water-
wheel practice, and why has pressure instead of impulse been ‘the
principle or mode of operation followed in all countries.

Before attempting any answer to this inquiry, it will be well
to further examine or explain, in as simple a manner as possible,
the nature of the class called turbine wheels,

A column of water resting upon the vanes of a turbine wheel,
which are free upon their reverse side, and meet no resistance
there, represents complete effiiency less machine friction , and
the science of turbines, to so call it, is directed to removing the
impeding water and its resistance on the reverse side of the
vanes— that is, on the discharge side, after the function of pres.
sure has ceased or has been utilized. Itis common to divide
the effect of the water, or its functions, in this class of wheels,
into gravity, impulse and reaction, but there is no nced of such
assusnption or of introducing the complea natuic of these forces
thus combined, because the whole is eaplained as simple pres-
sure, and all observed phenomena point to this as the “ mode of
action ™ in pressure turbines.

I am in this assumption, no doubt, transgressing upon what
are called established data, but the issuc is not important to the
subject, and it will be sufficient to call the active force onc of
pressuie alone, and the resistance or loss a resuilt of the imper-
fect riddance of the water on the reverse or dischaige side of the
vancs, after it has performied its work by pressure, impulse or
otherwise.

Following this method of aperating to its constructive features,
it involves closed vessels, or conduits, not only to the water
whecls, as in other cases, but around them. The wheels must
be enveloped in the fluid that drives them, and contained in
cases strong cnough to sustiain not only the static head, but also
the effect of water concussion, and in most cases afford support
for the wheels themselves and their shafts.

The bearings of the wheels have to sustain the weight of the
running parts, also, in many cases, a pressure of the head equal
to arex of isstes multiplied into the head.  The wheels are sub-
mergedy placed at the bottom of the head or near ity inaccessible
to observation, and also for repairs, calling for unusual and ex-
pensive provision i the way of bearings and other constructive
features, including extra strength of all parts. The hydro-
dynamic conditions both of entranceanddischarge call forcompli-
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cated forms which cannot with sufety be built up, and pressure
turbine wheels in this way become large and expensive castings,
the value of which depends upon the integiity of every part.  If
a vane be broken or imperfect, the whole wheel is lost. The
diameter being limited because of first cost, a lanit of rotative
is reached at a head of 5o feet or so, and even at that head the
bearings have to run under undesirable conditions ; in other
words this type of wheels does not permit control of 10tative

speed, that being limited by both first cost and operating con-
ditwons.

Turning now to the other type of wheels, but littie known in
this country, except on the Pacific coast, the impulse class, and
assuming that (he force of spouting water is equal to its gravity
less an inconsiderable friction in orifices, the question arises, why
has not the cvolution of water wheels followed on this line in-
stead of pressure for all except low heads ?

This is a very important question, one that may well engage
the attention of this society, and one that calls for explanation
such as will be by no means easy or apparent. It is true that
with the class of impulse wheels called * undershot,” and some
other cruder forms operating by the impulse of spouting water,
the cfficiency attained has been so low as to lead to the conclus-
ion that the losses were inherent in the method or mode of oper-
ation, and this opinion has, it secems, become general without any
one very closely inquiring into the matter.

That the efficiency of tangential wheels driven by impulseis as
high as can be attained by pressure tarbines, has been proven by
numerous experiments here, also b} some recent experiments at
Holyoke. Mass., and is beyond controversy. It has long been
settled on this coast, and as a problem no longerexists. No one
here would expect under a head of 50 feet or more to attain with
any known type of pressure water wheels a higher efficiency
than is given out by tangential impulse wheels ; but this state of
opinion and practice 1s confined to narrow limits now, and is the
more to be wondered at when we consider the rapidity and com-
pleteness of im estigation in other branches of dynamic engi-
neering at the present day, especially when the econonuc and
constructive conditions in favor of the impulse type of water
wheels are taken into account. These we will now consider in a
brief way.

There is a wide difference between a water wheel driven by
impulse and one operating on the pressure system. The first
cost of the former, for a given power, is one half as much, and s
maintenance 1s still less, iu proportion.

Figuratively speaking, when a wheel is turned from a pressure
to the impulse system, it is taken out of its case, mounted in the
open air, in plain sight.  All the various inlet fittings are dis-
pensed with and are replaced by a plain nozzle and: stop-valve.
Its diameter is made to produce the required rotative speed,
whatever that may be. The shaft and ifs bearings are divested
of all strains except those of gravity and the stiess of propulsion
when the water is applied at one side only. Most important of
all, there are no runming metallic joints to maintain against the
escape of water, no friction and no leaks ; there are, indeed no
running joints or bearings whatever, except the journals of the
wheel shaft.

The effect of grit and sand is climinated, both asto vanes and
bearings and there are no working conditions that invelve risk
or call forskill. Ifa vane is broken, another one is applied in a
few minutes’ time. If a large or small wheel is wanted, the
change is inexpensive and does not disturb the foundations or
connecticns. Capacity is at complete control ; the wheel can be
of 10,000 or 1,000 horse power, without involving expensive
special patterns.  The speed of totation is not confined to com-
mercial dimensions because of patterns and other causes. Itis
merely a matter of choice with the purchaser or maker.

Now, granting the efficiency of impluse wheels, which, as be-
fore remarked, can hardly be called in question for ail heads cx-
ceeding 50 or cven 30 feet, and conceding the constructive
and operating advantages just pointed out, the question at first
named nses, why has the evolution of water wheels dunng 5o
years past been confined to the pressure class?  Also, why has
it been proposed at Niagara Fails to employ pressure turbine
wheels under a head of 100 feet or more, when the conditions
point to the better adaptation of open or impluse wheels?

It is not necessary in such an inquiry to discuss the problem
of horizontal and vertical axis, or other local conditions, in the



