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UNITED STATES PATENT OFFICE.

URIAH A. BOYDEN, OF BOSTON, MASSACHUSETTS.

HYDRAULIC MOTOR.

Specification of Letters Patent No. 10,027, dated September 20, 1853.

To all whom it may concern :

Be i1t known that I, Uriam ATHERTON
Boyprx, of Boston, in the county of Suf-
tolk and State of Massachusetts, have in-
vented new and useful improvements in a
kind of hydraulic motors which are some-
times called “Poncelet turbines,” whereby
the efficiency of water in actuating them and
their convenience are increased; and I do
hereby declare that the following is a true
description thereof.

My invention consists, firstly, in placing

the gate about the water wheel, between the

wheel and the guides or other things which

direct the water into the wheel, so as to
economize water when the wheel 1s work-
ing at less than its full power; secondly, in

~ causing the water to press the wheel up-
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ward with a force nearly or quite constant,
though the height of the water or fall, va-
ries; thirdly, in combining a gate around
and near the wheel, with floats which have

their outer pertions curved so that the wa-

ter will strike them on their concave sides,

'so as to diminish the spreading of the

streams of water in the wheel, when the
gate 1s partially open; fourthly, in making
the distances between the rims of the wheels

at the ends of the floats next the axes of the

wheels, greater than at their cuter ends.

1o enable others, skilled in the art, to

make and use my invention, I will proceed
to describe its construction and operation,
py explaining the annexed drawings, which
make a part of this specification.

Figure 1 is an elevation of the hydraulic
motor, the flume and frame which supports
them; though in this view, the frame and
flume conceal nearly all the other parts:
Ifg. 2 15 a plan of the same things; in this
view also the frame and flume conceal the
interior parts; Fig. 3 is a vertical section

of the hydraulic motor, the flume and the

irame which sustains them, through and
parallel with the axis of the water wheel;
if1g. 4 18 a horizontal section of the same:

& - ?

Fig. 5 is a plan of the covering of the

wheel, gate and parts next them; and TFig.
6 1s an elevation of the water wheel.
The same small letters in all the figures,
refer to the same parts. ,
h h, etc., 1s the frame which sustains the

flume and hydraulic motor; f 7 £ 7, is the

- flume.

This hydraulic motor or Poncelet turbine
consists ot the water wheel w w, including
1ts upper rim ¢ ¢, its lower ring » », its floats

335

or buckets b, b, etc., and several appendages,
as the shait ¢; the guides 7, 7, etc.; the gar-

niture o o, ¢, g, etc.; the annular gate ¢ «;

‘the 3 rods m, m, m, for moving the gate;

the 3 pinion nuts 7n, n, n, on the rods

60

m, M, M, tor moving these rods and the

resented by these drawings, the pipe » 7,
Fig. 3; the 4 rods ¢, ¢, ¢, £, for holding the
pipe; the covering ¢, ¢, ¢, which is fastened
by screws to the pipe » p, and to the curb

gate; the curb %4 & % %; and in the one rep-

65

ke ko k k&, and sustains this curb; the dia-

‘phragms or partitions d, d, etc., in the wa-
ter wheel, for diminishing the spreading

oi the streams in the wheel when the gate

18 partially open; and the ring ¢ ¢, Fig. 3,
‘under and next the lower rim of the wheel;
and some other parts not necessary to men-

tion here.

In this kind of hydraulic motors, the ﬁra—,_

ter acts on the floats chiefly by percussion,

‘the water having a velocity equal to about
five eighths of that due to the whole fall,

when it first strikes the floats, and its ve-

| locity gradually diminishes till it leaves the
floats, or till it arrives at near the place of

&L

erence be-

leaving; which is an essential di

tween this, and simple reacting wheels, in
‘which the water acts on the wheels rather
by pressure, and has its velocity gradually
1ncreased as 1t passes through the wheels.

The outer part of the garniture o o, Figs.
1 and 3, 1s detached from the annular gate
¢ a, and so united with the covering ¢, ¢, c,
over this gate, as to prevent the water from
running to the top of the gate by any other
way than by the bottom of this stationary
garniture, and upward; so that dirt or
small substances cannot be carried by the
water to the upper part of this gate, or to

the packing 7 7 on this gate, or to the upper:

parts of the garniture ¢, ¢, etc., which is
attached to the gate, except by passing un-
der the lower edge of the immovable por-
ticn of the garniture o o, and afterward,

ascending; which it is not liable to do.

This method of preventing the motion of

the gate being obstructed by dirt or other
substances, is claimed by me as a subject of
another patent. | | o
The floats or buckets b, b, etc., Fig. 6,
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lean or incline to the rims of the wheel, so
that when the wheel is working, the parts
of the floats next the wheel which the wa-
ter strikes when the gate is only partially
open, will be 1n advance of the other parts
of the floats which are above the streams,
so that this leaning of the floats will c11m111-
1sh the spreadmﬂ' of the streams 1n the
wheel. This means of diminishing the
spreading of the streams in wheels
claimed by me as a subject of another patent
The first branch of my invention, consist-
ing in placing a gate, as @ @, Iigs. 3 and 4,
around the water wheel between the wheel
and the gudes /, [, ete or between the
wheel and volute or splml flume f f 1 7,
or other things which give the water the
proper dir ectlon before it enters the wheel,
1s for economizing water when 1t 1s wished
to use the wheel at less than 1ts full power.

The gate is opened and used at varicus

hewhts that is, it is opened to various
widths $o as to admit just sufficient water to
give the power required; and the principal
advantage of this arrangement consists 1n
nearly confining the action of the water to
a part of the Wheel and causing 1t to act

with nearly the full force due to the fall

on such part of the wheel, when 1t 1s not

necessary to have the full force of the water
acting on all parts of the floats. With the

Poncelet turbine formerly made, the power

35

which it was wished to have the wheel give,
was regulated by-a gate which circum-
seribed the ouldes /, Z ete., which are in-
tended to give the water the proper direc-
tions, or by a gate of a different form, far-
ther from the wheel or by such other means

- that the water S(}metlmes entered the wheel
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at all heights between the upper and lower
rims, but “with-a less force and less velocity
than that which is due to the whole fall;
whereby a very considerable part of the

power of the water was frequently lost m

the Poncelet turbines. And sometimes in
such as had the gate circumscribe the guides,
when the gate was raised or opened only 3]
small portmn of the height of the wheel,
the water passed into the wheel at the bot-
tom of its circumferential parts, and by cen-
trifugal force, was thrown out of the wheel
at the top of its circumferential parts, into
the upper parts of the spaces between the
cuides and gate, where 1ts momentum was
Tost by 1its stllkmﬂ* the guides; and 1t de-
scend to near the bottom of the oate, and
again entered the wheel, but with a velocity

much less than that of the floats, and the

floats struck it, and the motion of the wheel
Was obstlucted thereby, which caused a
very considerable loss of the power of the
water. In turbines In which the water

escapes from the wheels at their peripheries,

as in the one described in my patent 1ssued
the fifth day of June A. D. 1847, and ante-

10,027

dated Dec. 5, 1846, the gate 1s between the
wheel and some parts which give the water
the desired direction before 1t enters the
wheel. But with this arrangement, when

the gate 1s only partly -open, the water en-

ters the wheel with nearly the full force due
to the fall, but the centrifugal force ot
the water 1n the other parts of the wheel,
which are not opposite the aperture or ap-
ertures which admit the water into the
wheel, causes the water to flow out of these

cther parts of the wheel foreibly and tends

strongly to produce vacuums in these parts
of the wheel, so that the streams spread into
these parts of the wheel and the force is
diffused over the parts which are above the
lower edge of the gate; and because the
water flows into the wheel through only a
part of the space between the inner edges
of the rims, and flows oul of the wheel
through the whole space between their pe-
rlpherles 1t passes out through too large

a space comparative to that thr ough which
it enters the wheel, to utilize much of its
force; and this spreadmg and so passing
out through too large a space, causes a very
large portion of the force of the water to
be lost in this kind of turbines when the

oates are not opened nearly the full heights

of the wheels; often more force 1s lost in
this way than 1s utilized. But in the ar-
rangement which I now claim, the centrifu-
oal force of the water above the lower edge
of the gate, that 1s, above the streams vhele
they enter the Wheel when the gate 1s not
opened the full helo‘ht of the w heel lkeeps
the water so pressed into these pa.rts of the
wheel next the gate, as to diminish or pre-
vent the spreading of these streams, into
these parts: the centrifugal force dummc;h—
ing the loss of power, instead of i Inereasing
the loss, as in the Fourneyron turbines,
And the gate being next to the periphery
of the wheel, and closing so much of the
apertures as it is not necessary te use, pre-
vents the water either passing into the
wheel through these parts of the apertures,
or out of the wheel through them.

The weights of water wheels have often
been sustained by the upward pressure of
the water under some parts of them; but in
such a way that as the height of the fall
varies, the degree of upwar rd pressure of
the wa,ter on the wheel, varies; hence where
the fall 1s variable, the water will at some
times press up too forcibly, or at some times
not press up sufliciently to sustain the wheel.
The second branch of my invention consists

in making the upward pressure of the water

on a water wheel nearly or quite censtant
at all times when 1t 1s working, as by con-
structing the wheel and parts about 1t as
shown at 7 » and ¢ ¢ in Fig. 8; so that when
the wheel is working, a little water is con-
tinually passing down by the periphery of
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the lower rim of the wheel # 7, and pressing

1t up. DBut when the height of the water
above the wheel, or the height of the fall
increases, so as to foree more water under
the rim of the wheel, this rim will be sepa-
rated a very little farther from the ring
¢ ¢ below it, which will increase the dis-

charge of water from the space under the

lower rim of the wheel, and thereby pre-
vent the upward pressure of the water on
the wheel, being increased much; so that
the upward pressure of the water on the
lower rim of the wheel, will remain very
nearly constant, though the fall of the

water varies greatly. The same effect may

be preduced by making the ring ¢ e below
the wheel, vary in height by variations in
the pressure of the water; instead of having
the water wheel vary in height. As some
earth may pass down by the periphery of
the lower mim of the wheel, into the cavity
under the rim, the hele shown at » in Fig.

3, 1s made to let such earth pass out of the

way. _
This second branch of my invention, is
very applicable to such reacting wheels as

have the water ascend in entering them.
Such water wheels as have the water enter

them at theilr peripheries, moving the way
the wheels turn, and discharge from between
their ficats toward the axes of the wheels,
commonly have the floats straight; and so
placed that when the wheels are working,
the outer ends of the floats are forward of
their inner ends next the axes of the wheels;
the directions of the parts of the floats near-
est the axes of the wheels, being nearly as
these parts are shown in section in Fig. 4:
and 1n such wheels it is generally necessary
that the parts of the floats nearest the axes
of the wheels, should be so directed back,
to utilize the most power from the water.
If when the Inner parts of the floats be so
placed, the floats be straight through their
whole length, their cuter ends will be so
directed that the water will strike them
quite obliquely; which obliquity of percus-
ston will cause considerable loss of the
force of the water, if there be gates next
the wheels partially open; because the
streams of water which pass through the
spaces between the guides 7, 7, ete., Fig. 4,
tend toward one another, so that each stream
strikes the next one obliquely, at or near the
peripheries of the wheels; that is, the
streams are converging where they first
strike the floats, instead of diverging, as in
the common turbines in which the water is
discharged at the peripheries of the wheels:
and when the outer ends of the floats meet
the peripheries of the wheels obliquely, as
above mentioned, the outer ends of the floats
also tend to turn each stream against the

- next; so as to make the pressure of the water

65

rather greater at the peripheries of the | If the floats be longer than I have Sup- i3¢

wheels, which will cause a part of the water

to glance up or ascend in the spaces between
the floats above the lower edges of the gates,
so as 1o cause a considerable part of the force

o1 the water to be lost. When these oates

- bﬂp
are oren the full heights of the space be-

tween the peripheries of the rims, and also

when there are no gates at the wheels, the
streams not being too much contracted im-
mediately before entering the wheels, the
vetlocity of the water into the wheels is
much less, and no such loss of force as
above described occurs. To avoid said loss
of power, I make the outer portions of the
ficats curved, as represented by the section
Fig. 4, so that their outer ends are directed
nearly or directly from the axis of the
wheel, that is, so that the end of each float
farthest from the axis of the wheel, 1s nor-
mal or nearly normal to the part of the
periphery of the wheel which it meets or is
nearest to; so as to facilitate turning the
water toward the axis of the wheel, and
thereby diminish the pressure of the water
at the outer ends of the floats, which accord-
ingly diminishes the spreading of the
streams 1nto the spaces between the floats
above the lower edge of the gate. And the
third branch of my invention consists in
combining the gate around and near the
wheel with floats which have their cuter
portions curved, so that the water will
strike them on their concave sides and there-
by be more easily deflected toward the axis
of the wheel, so as to diminish the pressure
and consequent spreading of the streams in
the wheel near the gate when the gate is
partially open. Because the water, when it
enters the wheel, must be approaching the
axis of the wheel, if the outer extremities
of the floats be radial, that is, parallel with
the radii of the wheel which pass throueh
them, respectively, the water will strike
them so obliquely as to cause the water to
clance toward the axis of the wheel. This
curvature of the float is of some use in di-
minishing losses of power caused by shocks
and eddies. The amount of curvature or
bend of each float may be about fifty de-
grees; the part of each float nearest the axis
of the wheel, including about cne-fifth of
the length of the float, may be nearly or
quite straight. The radius of the curva-
ture of the outer ends of the floats at the
periphery of the wheel may be about one-
half of the length of a fleat, or cne-tenth of
the diameter of the wheel:; and the radii of
the curvature of the floats gradually in-
crease irom the outer ends of the floats to
their straight parts; that is, the parts of the
iloats to be nearer straight the farther they
are irom their outer ends, till they become
quite straight at about four-fifths of the
length of the float from their outer ends.
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posed, about ' one-fifth of the diameter of
-the wheel, this excess of length on their n-
ner: part% may be reversed a little—that 18,
bent a: hittle toward the axis of the: Wheel :
to prevent the: passages: between them belnﬂ‘
; too much contracted. =t
1 In o wheels of  this kmd Wlth Wlu(,h the
SEREREREERE Wﬂter‘m directed: thquely to: the wheels by

o the ouides 4, 4, ete.; Iig. 4,
Lhmgs the: veloclty of the water diminishes,
~+++ or should, from the time 1t strikes the fi mts
il it leaves them or till mear the time it

. leaves them: and the change of the direc- .

.;;;?thHS of 1ts motion which should be pro-

S to compensate the effects: of ‘the diminution

ot its velocity and the less space: the water .

11 has in consequence: of: its approaching the

. axes of the wheels, so that the passages be- .
tween the parts of the floats nem*est the axes

28
SERE RS Lo produce

1 of thei wheels, are choked some.

1 the greatest 130351131@ eﬂect of ﬂle water with
o thas ;L_mdi of 111?:01’%5 1418 necessary that the .
:mmfmg; of the water
through the wheels, should be less than 1t 1g
-made, so that the veloeity
Wheelq |

Ther

i resistance ton
" 25
oo themy as usualls
o of i the  water:
111 should be greater than 1t usually 1s.
11 isino such disadvantage of partial choking |
1n mere reacting wheels, in: which: the ve]_e:)c—:
ity of the water  increases as it passes |
0 through the wheels; and 1n which much con-
. traction of the. p‘msmo‘es: 18 needful.:
o this partial choking is also different from .
35

EERERREEREEREE:1i]

40

the

on e;ntermg_ ‘these

anything which hmppens in the common or
Fourneyron turbines, in which the water
diverges as it passes between the floats and
out of the wheels at their peripheries, in-
stead of converging as 1n the Poncelet tur-
bines. This dlsadvantwe cannot be obvi-
ated by placing the inner parts of the floats

farther apart, without their being directed

o0

535

60

6o

at the inmer ends of the floats,
upper rim, will be about twenty-five per

so nearly toward the axis of the Wheel, as to
cause a part of the force of the water to be
lost. The fourth hranch of my invention,
consists in making the distances between the
rims of the wheels at the ends of the floats
next the axes of the wheels, greater than at
their outer ends; as shown at ¢ ¢ and r 7,
Fig. 3. This difference i distances may be
made by making so much of the upper part
of the wheel as the upper edges of the floats
touch, plane or fi
ol the lower rim next its periphery, includ-
ing about one eighth of the width of this

rim, also plane; and from this place grad-

ually curving downward, as by an arc of a

circle; the curthure of this part being such
that 1t will join the plane part without any
sensible angle at the place of joining, and
the distance of that part of the lower rim
from the

cent. OI‘B‘Ltel than at their peripheries. It

is well to have the upper edges of the floats

| toms : of: ﬂle?ir‘
;shown in Big. 3

or: by other

strikes the
i?abov
duced during the same time, 1s not suflicient | =

8y artmliv con

CAnd

at; and the upper surface

mnel iendls

Vﬂmt I chlm, as m'y mventmn, 18,

. The arrangement of the gates ELI'OLlIl.di SEREEEEENE NS
%fmd next outside of the pemp]“ierle of water
wheels, between the wheels and the guides i1
or ofher things: which cause the water to .
‘move obliguely toward 'the wheels m the o
wayithe WheelS turn, when the water first 1
::'Lts or buck:ets, ecsenimlly AS it

de'scr*lb ad.:

the water  presses

above described ; though I do not limit my
claim exactly to any curvature of the floats,
but extend i1t to all curvatures which will
essentially answer the same purpose; nor
do I Iimit my claim to an annular gate be-
tween the wheel and the things which cause
the water to move the way the wheel turns
before 1t enters the wheel, but I extend it to
all things which will substantially answer
the purpose of a gate, in varying the height,
thickness, width or number of streams that
enter the wheel.

4. The shape of the spaces between the
rims of water wheels which the floats are
fastened to, in which they flare toward the
axes of the wheels; as above described;
though I do not Iimit my claim to exactly
the ﬂqrmﬂ above described, but extend 1t to
all ﬂarmfr which will essentlally answer the
same purpose.

The first, third and fourth branches of my
claim, apply only to such hydraulic motors
as have guides or other things which cause

the water to move obliquely toward the

wheels 1n the way in which the wheels turn
and pass into the wheels at their corcum-
ferentml parts, and after acting on the
oats, discharge from the floats imward., T
do not extend these divisions of my claim to
the class of tub wheels and undershot

- wheels, 1n which the water generally flows

; he device: t@ cause: the hewht of theé SEREE RS
swheel or ‘the posttion: of the: parts which 00
ine the water wwhich ipresses i1
| the wheel upward, to vary as the height of 1
the water or fall varies; so that the widthofi o000
‘the aperture which: lets  the water: escape: SERRRE
1irom  the place: where 1t presses: the wheel: v 100000000
upward,; varies proportionally to the quan- : 0
tities:of water pressed: into 1t so: that the 000
‘force: with:  whaich:
wheel upward, will' be nearly or: quite con-. SERE
stant; thﬂuﬂh the hewht 0f Lh{-} iall V’LI‘leS? SRR RRE S
émemﬂv SRR R RN RE RN RS
3. The combmatmn @f 3k fmte around and;
near the periphery of a water wheel, be- v
tween the wheel :and the guides or other EREEREEE
things which direct ‘the water the way the 1
wheel turns; into the wheel; with: the parts 10 1
of the floats near the: gate, curved, so that oo
‘the water will strike their concave: 51des a8

rather longer than their lower edges, so that . . .
the tops of their inner ends, will be rather
| nearer the axes of the wheels than the bot- 000
samewlmt A8
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into the wheels in streams with spaces be-
tween the streams, at which spaces the water
aoes not flow into the wheels.

Though I have described these water
wheels as being horizontal, and the gates as
being opened by raising, 1t is abvious that
all these four branches of my claim, are
quite applicable to wheels in other positions,
and to cases In which the gate is opened by

lowering; and I do not limit either branch 10
of my claim to cases in which the wheels are
horizontal or to cases in which the gates are
opened by raising. a

URIAH ATHERTON BOYDEN.

Witnesses:
Lureer Briges, Jr.,
JAMES CARR,
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