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7. If a body free to mov. acted on by an | ;
incessant force by article 3 will ensue |/
which will be accelerated so long"long as the |
force acts, or the body has space to move iﬂ, 1
unless arrested by some other force. During | ¢
the first instant of time the body will pass over '

a certain space, and will haye quired a cer-
tain velocity, which would over double
the space in the next: instant of tine, but ‘the
force being incessant, will cauge the body to
move the same distance in the next instant of
time, independent: of ‘the" previously acquired
velocity, which Jointly will carry it over three
times the distance the second instant of time
that it moved in the first, and its velocity will be
doubled. Hence the Spaces passed over in
equal successive portions of time, will be as the
odd numbers, 1, 3, 5, 7, &ec., and the velocity
acquired at the end of each portion of time,
simply as the times 1,2 3, 4, &. The veloci-
ty will be as the time the force is acting, and
the space passed over ag the square of time.

Heavy bodies subjected to the action of gra-
vity near the surface of the earth will describe,
in the first second of time, a distance equal to
16:0799 feet. But for all practical purposes 16
feet is near enough the truth. A heavy body
will fall from rest one foot in the first fourth of
a second, and acquire a velocity of one foot per
eighth of a second, therefore the square root of
the distance fallen in feet, will-equal the veloci-
ty in feet per eighth of a second, which if mul-
tiplied by eight will give the velocity in feet
per second.

8. The want of uniformity in terms as uged
by writers, has caused considerable confusion,
and many misunderstandings. The terms be-
low will be used as indicated,

Power is the term used to express the power
of a certain force, or a force of certain intensity
operating through a certain space, whose unit
is one pound descending by, or raised against,
gravity one foot. When the force is constant [
it is usual to estimate the power at so much per |
second or minute, as for instance 38,000 pounds |
raised one foot per minute, or 550 pounds rais. |
ed one foot per second, is termed a horse power.
The effect produced by a power is estimated
similarly. ;

Momentum is a term used to denote the pro-
duct of a certain force, acting during a certain
time. Its unitis a force equalgto one pound, |
‘acting during the time of one fourth of a second.
The velocity in feet per eighth of a second,
multiplied by the mass will equal the momen-
tum of a body in metion.

The momentum of a body in motion is'by
article 2 and 6, the intensity with which it will,
act, of*the pressure it will exert against an ob-
stacle which arrests its motion in one fourth of
a second of time, oris equal to a force that
would give the body its motion by acting on it
one fourth of a second. o

Intensity of a force is its capacity to generate
motion. Its unit i3 equal to the force of gravi-
ty on one pound of matter near the surface of [
the earth, i

Impetus is the force of motion, or the power |
of a body in motion, to produce effect, and is
equal to the square of the velocity multiplied
by the mass. ' :

The units of space and time being arbitrary,
that of velocity is arranged to correspond with
that of power. 'The square of the vélogity in
feet per eighth of a second multiplied by the
mass, will equal the power necessary fo gene-
rate the velocity. ikl ]

- 10. The particles of a fluid, situated &% the]

" Mgcuanics g Uykrastic FLums—9, Fluids]
are bodies sa't;‘jmagmed, that their parts are ail
ready to yield to the action of the smallest force
or pressure, in whatever direction it may be ex-
erted. Every particle of fluid presses, and is
pressed equally in all directions, whether it be
upwards or downwards, Jaterally or obliquely ;
and when in a state of rest, the pressure exert-
ed against the surface of the vessel which con-

tains it, is perpendicular to that surface.

same perpendicular depth below the ‘suﬂioe,,
are equally pressed; and. the pressure upon
any of its ;cop;s'titizent elements, wheresoever sit-
uated, is equal to the weight of a column of
fluid partieles, whose length is equal to the per- ‘
pendicular depth of. the particle or element
pressed. Ry B .
Fruis 1x MomioN.—11, Fluids acquire the
same velocity by issuing. out at an aperture,
that heavy bodies do by falling a distance equal
to their height of head from under which they
issue; consequently, by art. 4, the velocity
from under any height of ;head, will be as the
square root of that highth. 3
12. When fluids in metion impinge perpen.-
dicularly on a plain fixed surface, the constant
pressure against the obstacle, will equal the
weight of water that impinges in the fourth of
a second, multiplied by the velocity per eighth
of asecond. For, by art, 8, the force necessa-
ry to give the water velocity, is equal to. the
momentum ; and as the water that strikes in the
fourth of a second, must necessarily be the
fourth of a second in having its motion arrest-
ed, the constant pressure will equal this quanti-
ty wmultiplied by the velocity in feet per eighth
of a second
The pressure, will equal the weight of water
that impinges during the time necessary for a
heavy body to acquire an equal velocity by fal-
ling from rest. For the quantity that impinges
in that time, must necessarily have its motion
arrested, during the same time, and, by art, 3,
and 7, the consta® foice necessary to arrest the
Inotion of a body inthe time that it would acquire
its motion by falling, is equal to the weight of
that bedy. °
Or, the velocity with which the water impin-
ges in feet per second, divided by the velocity
acquired . by falling one second muliiplied in-
to the weight of the quantity that impinges in
one second, will equal the constant pres-
sure. 4
Exampre.—Let a sluice of water one foot
sectional area impinge perpendicularly on a
plain fixed surface, at the rate of sixteen feet
per second ;. required the constaut pressure _in
pounds. i ;
By 1st. Here, the velocity per eighth of gec-
ond is 2, and the quantity dsscharged in the
fourth of a second is 4 cubic feet, and 2 x 4 x 62
:5=>500 lbs. the constant pressure.
By 2nd. The time necessary to acquire a ve-
locity of 16 feet per second is 0'5 secOnds ; and
6 x 16 x 62:56=500 lbs. as above.
By 8rd. 1-+-682x16 x62:5=500 Ibs, the
constant pressure.
18. When water is compelled to move in“a
curve it will resist having its direction changed,
and if it be whirled round in a cylindrical ves-
sel of any size, it will rise as high in the vessel
as the heighth of head necessary to give it an
equal velocity.
14. The tendency of fluid particles towards
the orifice occasioned by their sustaining  less
pressure in that direction gives rise to a con-
traction in the jet of fluid, which, in issning
from the orifice, assumes the form of a trunca-
ted cone, whose greater base corresponds to
the orifice. This diminution in the size of the
jet is called the contraction of the vein.—
When the orifice is pierced through a thin
plate, the diameter of the vein is such that ou-
ly 62 of the theoretical quantity will be dischar-
ged.. Ifa tube equal in length to twice the
diameter of the. orifice be inserted, the quanti-
ty discharged will equal :80; but if the tube be
cone shaped, inform,similar“;t._o the contraction
cf thevein, then the theoretical quantity will be
discharged very nearly.

15. By art, 5, the re-action against a vessel

aving an outlet of water, will equal a force ',
LS

‘necessary to give: the issuing water its motion,
Sir Isaac Newton supposed it was equal to the '
weight of a column of water the size of the or-
ifice and twice tHel h of the head; which
conclusion would have been. correct, . had ‘the
water issued with a velo'city equal to that assign-
ed by theory, and in a vein equal to the size of
the orifice. But the contraction of the vein
(art, 14) causes a  diminution in the quantity
discharged ; unless, however, the smallest part
of the vein be taken for the orifice; when Sir
Iseac’s conclusions will be found very. nearly

rcorrect 4 ; :

By art, 2, and 12, the re-action will equal thé
weight of water that issues during the time re-
quired for a heavy body to acquire a velocity
equal to that of the effluent water by falling
from rest. ;

AAs fluids press equally in all directions, when

a part of the pressure in one direction is taken

off by the opening of an orifice, the containing

vessel will tend to move, in a bontrary direction

Wwith a preponderant force equal to that requir-

. &d to give the water motion ;—not that the is-

suing water reacts,—but by art, 2, when a body
is found = moving in any one_' direction, it is
known that a_force equal to that which gave
it motion has acted in a contrary direction,

TuE RE-acr10N WATER WHEEL—16, There
are but three modes by which water actuates
machines ; or, more correctly speaking, there
are three ways by which the force of gravity,
through the medium of water, willepropel ma-
chinery, viz., 1st. by. inertia, generally termed
percusgion; 2. By grayity, directly ; and 8.
By pressure, generally termed re-action, -

All water motors, whatever may be their con-

,Bruction, are propelled by the force of gravity, |

through the medium of water, in one or the
other of these modes ; or by two or more of them
combined. 4 ; '
. The class of motors actuated by percussion,
termed undershot wheels, have, very properly,
gone out of use, and will be passed over with-
out notice, ‘ .

The class actuated by gravity direct are used
to some extent, yet it is deemed unnecessary to
treat of them here.

17. The most interesting motor, ig that class
of water wheels propelled by pressure, usually
termed re-action water wheels, It is compara~
tively speaking, of modern origin, and was not
until quite recently very highly esteemed, but
will, no doubt, when itg principles of action are
properly understood, and its advantages duly
appreciated, supersede all other motors,

The common re-action wheel, as formerly
constructed, can only give an effect, approxim-
ately, equal to one half the power. For by art,
15, the pressure, or re-action, can only equal
the weight of water that issues at the jets du-
ring the time that a heavy body would acquire
an equal velocity by Aalling from rest. And, as
the water comes into the wheel without veloci-
ty in the direction of the motion of the wheel,
when the wheel is moving, the water as it enters
the wheel is given a motion similar to that of
the wheel by the wheel; which requires such
a portion of the force, or pressure, as the veloci-
ty of the wheel bearsto that of the effluent wa-

ter. * If the wheel move as fast as the water is-
sues, the retarding force will equal the impel-
lant force,—or, the force necessary to give the
water a motion as it ehters the wheel, equal
to that of the wheel, Will equal the force of
pressurc or re-action! (see art. 3 and 15). In
which-case the machine will produce no effect,

But if the wheel move half as fast as the water

Issues, then the retarding force will equal only

half the’ pressure, and the effect will equal half

the power. '




f
1

71v8"1“o establish a rule for estimating ;t‘.he ef-

fect produced by re-action wheels :°put V=the.
velocity of the effluent water : v=the velocity
of the influent water, and w=the velocity ‘of
the wheel,—all in feet per second. Putm=
the weight of water that issues per second, and
g=the velocity acquired by falling one second.
Then, by arts. 12 and 15 (V+-g)m=re-action
or impellant force ; and(w—v-+g)m—retarding
force, or force necessary to give the water a
velocity equal to that of the wheel ; which, ta-
ken from the impellant force, leaves (V—wx

v--g)m=the preponderant force, which being
multiplied by the velocity of the water, is re-
duced to m--g(V—w x v)w=E, t@: _iﬂ'gc’-t..

But in the purely re-action wheel the water
enters the wheel without velocity, ‘and ‘v=o,
whence w—v=w. = Therefore the expression
|| takes the form E—m=g(V—w)uTY) =3
| This formula indicates that when w=4V the
effect is a maximum; and E=4P; but when
w=v, or w=o; the whole expression vanishes,
and E=o,

The practical rule deduced from this equa-
tion may be expressed in words as follows, viz.,

Rure—To the velocity with which the water
enters the wheel, add that of the effiuent water,;
less that of the wheel; multiply this sum by the
velocity of the wheel, and by the weight of wa-
|f ter that issues in one second; and divide the
product by the velocity acquired in falling one
second (32) and the quotient will be the effect

H
L8

per second.

expression E—m—+g(V—w x v)w, must be af '
fected with the experimental co-efficient n,
which varies according to circumstances that
will be discussed hereafter.

EArLY HistorY or TurBINE WATER WHEELS.
—19. By the term *“turbine,” is understood,
that class of re-action wheels which receive the
water with a whirling motion. 2=/.=

Some short time previous to 1830, it was
discovered that, by giving the wafer a motion
with that of the wheel previous to its acting on
a re-action wheel, the effect would be greater
than when the water came into it without mo-
tion in that direction.

Z, and A, Parker obtained a patent, October

| the 19th, 1829, embracing this principle in the

specification. Mr. Parker says he discovered
the principle, accidentally, in 1827.

In 1823, M. Fourneron of France, commen-
ced an investigation of the action of water on
wheels, which terminated in the discovery of
the cdlebrated wheel which bears his name.—
He wrote an essay, which was published in'a
Journal in France, in 1834, giving a'full des-
cription of the invention, and several machines
which he had erected ; and was awarded a
prize of six thousand francs for the successful
introduction of his wheels into use.

It is somewhat singular, that the discovery
should have been made on both continents at
the same time. Fourneron says he established |
his first turbine at Pont sur ’Ognon, in France,
in the year 1827 : ‘the"same date of Mr. Par-/
kers discovery in the Ugited States.

The original discoverers, not understanding
the principles of action, did not make their
claims, when applying for a patent, broad
enough to cover the whole grounds; and in
consequence, since 1830, a pumber of patents
have been issued to persons of the United |
States, embracing their principle to a greater or
less extent. While all who observe the oper-
ation of these wheels see their superior action,
few, or none appear to understand their princi-
ples of action. And most writers on the sub-
Jject, appear to mistify, rather than elucidate
the action of water on this class of wheels.—
Some seem to think the water acts by impulse,
some by re-action and re action and percussion
combined ; while many bringin centrifugal and
other unknown forces as auxiliary. Experi-
menters differ so widelfin their reports,—some’
who areinterested giving such extravagant re-
sults—that the studying of the elements of me-

It my pgégé,unpyi;er to state here that the |-

chavics, and becoming familiar with the few)
principles of nature which originate, carry on

. and terminate all mechanical movements, are

the only means by which millwrights can gain a
correct knowledge of the action of the machine.
They will then perceive that there is no great
mystery about the action of water. 3, ' -

PrincieLe or ActioN.—20. The principle by
which the turbine water wheel is made to be
more efficient than the common re:action wheel,
is very simple, and well known to all mechani-
cians, It is that principle (see art, 5) which
causes a jbullet dropped from the ceiling of a
steam boat to strike the same point on the floor, |
as if the vessel were still ; that which enables
passengers or a car moving 40 miles per hour,
to walk forward with as much ease as aft; and 1
the satelites to respect their secondaries as their
center of motion, as they would do if the prim-
ary wag removed and they at rest.

That principle which causes two bodies mov-
ing in the same direction, with equal velocity,
to act on each other as if at rest. .,

21. Notwithstanding the earth and moon act
on each other while moving around the sun’
precisely as they would do if the sun were re-
moved and they moving in a right line or were |
not progressing at all; yet, as some suppose |
that centrifugal force varies the action of bod-
ies on each other on the earth, it may bz neces-
sary, before proceeding to discuss the above
principle, to illustrate that principle of* inertia
by which a body in motion opposes being com-
pelled to describe a curve, called centrifugal
force. On investigation it will appear, that,
notwithstanding the high authoritiy to the con-
trary, that there is no such force as centrifugal,
and that the very term (centreflying) is erro-
neous. For bodies moving in a circle have no!
tendancy, whatever, to fly from their circle of
motion ; but merely oppose being ecompelled
to move in a curve; (art 3) and are continual-

l\]y making an effort to move in a direct line,
=

not from the eentre, but perpendicularly to a
line drawn from the centre through the body.
If “centrifugal force,” be a correct term, then
is “vis inertia,” equally 80; for they are both
the same; viz: That principle impressed on
on all ponderable matter by which it tends to
remain in that state in which it is placed.

Fie. 1.

)y

Figure 1.—if, while the body B, fig. 1, is
moving around C, gs its center, on arriving _at
the point B, in the circle, it should have its
connection with C, destroyed, it would not ap- |’

to a line drawn from O, through B to A; and

A, as from C. And moreover, its velocity will
be no greater after its connection with C, is
broken, than when moving in the circle ; which
would be the case ifit. tended to fly from C.—
See ‘‘Scientific American,” vol. 7, page 363,
for a further illustration of  this principle.

- 22.-It was demonstrated, art, -18,that the
simple re-action wheel could only approx-
imate to an effect. equal tohalf the power.—
On an inspection of its. principle‘of action, it

will readily be perceived that the machine is

| movement of A,
| tubes a, and b, on a larger scale, and in another

|8t e, and b, in the figure. The scale at the |
| right of the figure shows the highth in feet, |

proach A, on the opposite side from the centre |
C, but would move towards D, perpendicular | -

would have just as great a tendancy to fly from |

| defective; for the water has an actual velocity
after leaving the wheel equal to one half that
with which it .issues; Therefore, one half the
power is, necessarily lost. Now if the actual
velocity which the water has after acting on the
machine, can be consumed in, or prevented by
giving the water a motion previous to acting
fon the wheel ; if a machine can be so construct-
ed that it will move as fast as the water igsues,
and the pressure, or re-action independent of a
retarding force will equal that due half the head,
we should haye a machine realizing the power-
If one half the head can be tised to give to the
water a motion in unison with that of the wheel
before acting, and the other half used to impell
the wheel by pressure, by art, 20, this may be

effected.
>l -6

Fia. 2.

Fie. 2.—Let A, represent a cylindrical ves-
el on a shaft, or spindle stopped at t; whose
depth is four feet. Let B,be a cistern placed
over the brim of A, and filled with water to
the highth of four feet above the surface of the
water in A. a isa bent tube, (see it enldrged
at C) inserted at the bottom-of B, conducting
the water into A, at a tangent to its inner sur-
face; b is a similar tube to a, at which the wa-
ter issues from A, horizontally, at a tangent to
its inner surface, in a direction contrary to the
¢ represents a section of the

position ; e, being the orifice at which the wa-
ter escapes, and is directed towards the front |

When g, and 5, are both open, and B, kept
full of water; the vessel A, will revolve in a
| direction contrary to that with which the water
issues at b, and in the direction of that at a;

and the water in A, will revolve with the ves-
sel. If by any means the velocity of the periphe-
ry of the vessel A, should be so retarded that
it revolves just as fast as the water issues at the
Jets; by art 20, the water will re-act at b, and
tend to impell the vessel A, asit would do if
A was at rest and the water came in at a, per-
pendicularly. Here 'we have v=w=Y, hence,
E—=m-+g(V—w x v)w=P, the power. L~

If a friction brake be applied to the shaf s,
so,adjusted that the periphery of the vessel re-
volves with a velocity of 16 feet per second, and
twenty pounds of water escape per second at
b, then the pressure at b, (and consequently its
equivalent on the breke) will equal the weight
of water that escapes during the time that a
body would acquire an equal velocity by falling
from rest, and by art 7, as heavy bodies will by
falling from rest acquire a velocity of 16 feet
per second in half a second of time, the con-
stant pressure at b, and on the brake, wil
equal one half the weight of the water that is-
sues at b, persecond ; or, 10lbs. Which being
multiplied by the velocity of the wheel per sec-
ond, 16 feet, will give the effect; equal to160
And the weight of water issuing, per second’
20lbs. multiplied by the whole highth, 8 fect,
will equal the power, 160, Hence the effect is
squal to the power. E=20--82(16—16 -+ 16)
16=160. And, P=20 x 8=160.

To demonstrate that the effect is doubled by
apylying one half the head to giving the water
& motion before acting, and using the other
half to propell the vessel A. Suppose the wa-




