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PRINCIPLES OF SHOf MANIPULATION FOR EN-
GINEERING APPRENTICES.*

By Joun Riouarps, M.E.
{Continued from page 14, vol 2.)
MOTIVE MACHINERY.

Water wheels, noxt to steam engines, aro the most common
motive agents. For centuries water whools remained without
much improvement or change, down to tho period of turbine
water whoels, when it was discovered that instead of being a
very simplo matter, the application of water power really in.
volved somo very intricate couditions, and this gave riss to
mauny problems of sricntific intercst, that in the end produced
the modern turbine wheels,

A modern turbine water wheel, of the best comstruction,
operat:ng under favorable conditions, gives a percentage ofthe
power of the water that (taking intoacconut the friction of the
wheel itself) almost reaches the theoretical co-efficient due to
gravity, and it may be assumed that there will in the future be
but little improvement made in such water wheels except ia tho
way of simplifying and cheapening their construction. In fact,
there is no other class of machines that secms to have reached
the same state of perfection as water wheels, nor aay other
class of machinery that is constructed with the samc¢ uniform-
ity of design and arrangement in different countries and by dif.
ferent makers,

Every one remembers tho classification of water wheels met
with in the older school-books on natural philosophy, wh-.re
we are informed that there are threo kinds of wheols—as there
wero “three kinds of levers "—.namely, overshot, uadershot,
and breast wheels, with a brief notice of Barker’s mill, that ran
apparently without any good reason for so doing,

Without fiading fault with this plan of describiug water
power, further than to say that a littls explanation of the prin-
ciples by which power is derived from the water would have
beon more useful, I will vonture upon a diffsront classification
of water-wheels, that is moro in accord with modern practice,
and withoutreforence to the special mechanism of the different
wheels, except when uaavoidable,

Water-wheels can be divided into four general types :

1. Gravity wheels, acting dircctly from the weight of the
water which is loaded upoun one side of a wheel revolving in a
vertical plane, the weight resting upon the wheel uatil the
water has reached the lowest point where it is discharged.

2 Impact wheels, driven by the force of spouting water that
expends its percussive force against the float tangentally to the
course of rotation and at a right anglo to the face of the floats
or vanesa

3. Reaction wheels, that are *enclosed,” asitis termed, and
filled with water under pressure, this water being allowed to
e-cape through tangental orifices, and the force being derived
from the unbalanced pressure within the wheel or from there-
action due to the weight of the water that is thrown off from
the periphery.

4. Pressurs wheels, acting in every regpect upon the princi-
ple ot a rotary steam engine, except so far as differences arise
from operating with a non-elastic instead of an elasting fluid, the
pressuro of the water resting continually against the floats or
abutment, without chance to escape except by the rotation of
the wheel

To this classification might be added combination wheels,
acting partly by the gravity and partly by the percussive force
of tho water; or acting partly by impact and partly by reac-
tion, or by impact and pressure, which are common conditions
of operation in water wheels,

The water wheel or water power, a8 a mechanical subject, is
apparently quite disconnected with shop manipulation, but
serves ag a good oxample for conveying geuneral ideas of force
and motion, and, on these grounds, will warraat a more ox-
tended notice than tho sceming coanection with the general
subject would othuerwise call for. -

In tho remarks upon steam cngines it wag explained that
power is derived from heat,and that the water aud the engine
wero both to be regarded as agents through which power was

® This, and tho sucseeding articles undor the same title, were pub-
lishod simultaneously in tha Journal of the Frankiin Institute, Phila-
delphia and in Engimeering.
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applied, and, further, that all power isa product of hoat. There
id, porhaps, no problem in tho whole range of mechanics more
intercsting than to trace the application of this principle o
water wheols : one that {8 not only Interesting, brii instructive,
and may suggest to the mind of tho apprentice a « Jurse of in.
vestigation that will apply to many othor mattors connected
with power and mechanics,

The power derived from water by means of wheols is dueto
tho gravity of tho water in duscending from a highor to &
lower lovel ; but the question arlses, what has heat to do wita
this ? if heat i3 the soucce of power, and power a product of
heat, thero must be & connection somewhere between heat and
thodescent of the water,

Water 1n dosceading from one lovel to another can give out
no more power than was consumed in raising it to tho higher
level,and this power we will fiad to bo heat,

Water is evaporated by the heat of the sun, oxpanded until
it is lighter than the atmosphere, rises through tho air, and by
coudoasation falis in the form of rain over the earth's surface,
theo driins into the ocean through streams and rivers, to agaia
resu ne its vound by evaporation, giviag out power in its des.
cent that we tura to useful a couats by means of water whecls.
Evaporation is countinuslly goiag on; the rainfall is likowise
quite coustant, 8o that strcams ave maintained withia a sufi-
cient vegularity to be available for operatinug machinery.

‘The analogy between st:am powur and water power ig, thace. |

fore, quite complety. Water is, ia both cases, the medium

through which power is obtained ; evaporation is also the |
lesling principle in both cages, the maia difference bsing that |

i 1 the case otsteam power thure i3 used a force arising directly
from tho oxpausion of water by .cat, and in water power a
force which is an indireot result of expansion by heat.

Returuing to the olassification of watoer wheels, gravity or
# overshot® whoels, as t1oy are calle |, scom to be the most ef-
fective and capsble of utiliziug the whole effect due to the
gravity of the water; but ia practice this is not the case, and
it is ouly under psculiar conditions that wheels of this class
are preforable to turbine wheels, and in no case will they give
out a greater per ceat of power than turoine wheels of the
best clc <« The roi1sons for this will be apparent by examia.
ing the conditions of their opoiation.

A gravity wheel muast have a diametor equal to the fall of
water, or, to use the techaical name, the height of the head
The speed at the periphery caanot well exceed 16 ft. per second
without losing effect duc to the descending weight of th
watoer, This produces a very slow axial speed, aad a train of
multiplying gearing becomes neccssary in order to reach the
speed required in most operations where poweris applied. This
traia of geariug, besides being liable to wear and accideat, and
costing usually a large amouant as an investment, consumes a
eon~iderablo shara of the power by frictional recistance, espe.
cially when the gearing cinsists of tooth wheels.

Gravity wheols, from their large size and their necessarily |

exposed situaticn, are subject to be frozen up in cold climates,
and, as the partsare liable to be first wet and thondry, ov warm

an d cold by exposure to the air and the water alternately, the |,
te ndency to corrosion of iron, or decay if of wood, is mauch }
Gravity wheels, to realise |.
the fullest effect from the water, require & diameter so great |

gt eater than in submerged wheels,

that they must drag in the water at the lower or deliveriug
side, and are especially affected by back water, to which alt
wheels aro more or less liable, from the reflux of tides or by
freshets. These are among the most notable of the disadvaut.
ages pertainiog to gravity wheels—disadvantages which have
with other reasons, auch as the inconvenicnce of maunufactur-
ing tuem, first cost, aud 80 on, driven such wheels out of use
by the force of circumstances rather than by cctual tests or
theoretical deductious.

Impact wheels, or those driven by the percuss ve forco of
water, including the class termed turbines, aro no - generally
used for heads of all heights,

The theory of their action may be explained in the r.'lowing
propositions :

The spoutingforce of water is theoretically equal to its gra:

ity.

The percussive force of water can only be utilised to its
full exl:onlt. if its motion i3 altogsther arrested iy the floats of
the wheel,

The force of the water is groatest by its striklng against |

planes at rightangles to its course.

Any force ropresented by the water rebounding from tho !
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