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PREFACE.

Tun eminent position of M. Bresse in the scientific
world, and in the French Corps of Civil Engineers, is
my hest apology for attempling to supply a want, felt
by the students of civil engineering in our country, of
some standard work on Ilydraulic Motors, by furnish-
ing a translation of the chapter on this subject con-
tained in the second volume of M. DBresse’s lectures
on Applied Mechanies, delivered to the pupils of the
School of Civil Engineers (FEuole des Ponts et Chess-
gies) at Paris.

In making the translation, I have retained the French
units of weights and measures in the numerical exam-
ples given, as the majorify of our students are conver-
sant with them.

F. A, MAHAN,
Winrerr's Power, W, X, July, 1560,



viil CONTERTE.

ART.
Examples of the calealntions to be made in constructing a turbine, . 17
Of the means of rerulating the expenditure of water in furbines, . 18
Hydropnenmatic turbine of Girard and Callon, .. ..... .- ..oeoa.. 1%
Some praotical views on the subject of tarbines, .. ... ... caenoa.. . 20
AL T TR TR e e i, SO S W e et e L

PAGIL
b
a5

BEIH
105
107

§ IV.—0F A FEW MACHINES FOR RAISING WATER.

I pa e e Eh s s i e e Sl
BOTALI TR s e oo i e T B
Lifting turhines ; contrifogal pomp,, . ....eveeenrvonens cnseosena, B
Anthoritics on Wabter Wheele. . .. .. oo ot oot i et ens

APPENDIX,

Comparative table of French and United States measares, o, ... ...
b P PR et i B e e e e . E S s
e A e e e e o e 2 3 e e e e s e e
b et B a5 L e e e e
b L= d e T R e e e S e e S e
Note B, Boyden turbines, from Lowd] Iydreutic Erperduents, by

James B, Franeis, Baq. ..ooo, iy inninnns At

i1
123
127
134

155
154
156
15%
144

141



HYDRAULIC MOTORS,

ARD BOME

MACHINES FOR RAISING WATER.

& |.—Preunowary Ipeas oy Hypravric Morors,

1. Definitions ; theorem of the transmission af work T -
ehines,—The term machine is applied to any body or eollection
of bodies intended to receive at some of their points certain
forees, and to exert, at other points, forces which gemerally
differ from the first in their intensity, direetion, and the velocity
of their points of application.

The dynamic effect of a machine is the total work, generally

g, which it receives from external bodies

necative or resistin
subject to its action. It happens that the dynamie effect is
zometimes positive work: for example, when we let down a
load by & rope passed over a pulley, the weight of the load pro-
duees a motive work on the system of the rope and pulley.

Let us suppose, to make this elear, that the dynamie effect is
a resisting work, Independently of this, the machine is affected
by some others which are employed fo overcome friction, the
resistance of the air, &e. The resistances which give rize to

these negative works have received the name of  seooneduaiy
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vesialareds ¢ whilst the dynamie effeet is due to what are ealled
Frrencipal restatoios,

The genernl theorem of mechanies, in virtue of which a
relation is established between the inereaze of living fores of
a material system and the work of the forees, is applicalile
to & maching as to every assemblage of bodies. To express
it analytieally, lot v suppose the dynamic effect to be taken
negative, and let ua call

T, the sum of the work of the motive forces which have

acted on the machine duting o certain interval of time ;

T,, the dynamnie effect during the same time ;

T, the corresponding velue of the work of the secondary

rosistances ;

v and #, the velocities of a material point, whose mass is m,

making g part of the maching, at the beginning and end
of the time in gquestion ; .

IT and I1,, the corresponding distances of the centre of grav-

ity of the mechanism below a horizontal plane;

%, o sum extended to all the masses m,

From the theorem above mentioned there obtains

FEmot —dZmat=T, T, — T, +(H—-II)Emg.

In a machine moving regularly, cach of the velucities » in-
ereases from zero, the value corresponding to a state of rest, to
a certain maximum which it never exceeds ; the first member
of the equation has, then, necessarily, a superior limit, below
which it will be found, or which it will, at the farthest, reach,
whatever be the interval of time to which the initial and final
values 2, wnd » are veferred.  The same holds with the term
(IT — IL} 2w g, when the machine moves without changing
its plage, nsits centre poviedically ocenpies the same positions.
O the contrary, the terms T,,. T, T, inerease indefinitely with

the time, i the motion of the machine is prolonged, because
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new quantities of work are being continually added to those
already aceumulated.  These terms will at length greatly
gurpnss the others, so the equation, therefore, should, after an
aulimited interval of time, reduce to
i B Ll i

This is what would really take place, without supposing the
time unlimited, if the beginning and end of this interval eor-
pesponded to a state of rest of the machine, and if, at the same
time, Il = H,. We can then say that, as a general rule, the
motive work is equal to the resisting work; bnt as this last
includes, besides the dynamie effect for which the machine is
estublished, the work of the secondary resistances, wo see that
the aetion of the motive power is not all usefully employed,

since & portion goes to overcoming the work of Th

It iz evident that the ratio ,i;'r mensures the proportional
m

T
]

loga; the ratio T or 1 — 11_:,.’ rives, on the contrary, a clear
iden of the portion of the effective work, This last ratio is
what 1a called the delivery of the machine; it is evidently
always less than unity, since in the hest-arraneed machines T,
gtill preserves o gortain value, The skill of the constructor is
ghown in bringing this as near unity as possible.

9, Analogons idens applied lo a walepfoll—A waterfall
may be congidered as o cwrrent of water flowing through two
seetions B, & F (Fig. 1), at no great distance apart, but
with a noticeable difference of level, H, between the surfuce
glope at € and E, and which may be assumed to yield a
gonstant volume of water for each unit of time. The mate-
rial liguid systemn thus comprised between the sections C T,
I F, at each instant may be regarded as a machine that is con-

tinnally renewed, the molecules which flow ont through b I
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being replaced by those which enter through C B.  The motive
work in this case will be that of the weight combined with that
of the pressures on the external boundaries of the system; the
dynamie effect will be the work of the resistances againet the
tull of water canzed by any apparatus whatever, a water-wheel

for example, exposed to its action. In its turn the water-wheel,
considered a3 a machine, will receive from the fall a motive
work sensibly equal o the dynamic effect that we have just
spoken of,® and will change only & portion of it into nseful
work, which will be its dvnamie effect proper.  But in what is
to follow we =hall limit ourselves to studying the dynamie effeet
of the fall, and not that of the wheel,

Althongh the motion of the liquid cannot always be strietly
the same, beeanse the wheel does not salways maintain exaetly
the same position, still it can be so regarded withount material
crror; for after an interval of time 4, generally very short,
oecnpied by a float or paddle in taking the place of the one that
preceded it, everything returns to the same condition as at the
beginning of the interval. SBuppoesing the motion of the wheel
regular and the paddles to be uniformly distributed, there s
guch a frequent periodicity in the state of the system that it

*We say sanatbly, for the equality between the mutnal actions of the water
and wheel do not involve thet of corresponding work, This cquality is only

gtrict in supposing the friction of the liguid agninst the solid sides of the
wheel zero, which friction is in reality very slight.
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almost amennts to a permanency. We will now apply Ber
nouilli’s theoremn to any maoleculs whatever, having a mass .,
which, departing from the section G I with the velocity Vi,
reaches B F with a velosity V. The entire Aead is I1, if we
allow the parallelism of the threads in the extreme sections, for
the pressurce then varies according to the hydrostatie law in each
of the two surfaces 0 B and E F, 20 that the points C and B
ean he considered as plezometric lovels for the initial and final
positions of the mass m. Let —¢ and —i, be the respeetive
work referred to the nnit of mass, and eonsidered ag resistances
which g has epcountered in its course between C B and E I
in consequence of the action of the wheel and of viscosity.
Then from the general theorem of living forces we have the

equation—
1 ¥ Wy
H — 9,‘{"'.: i 03
whenee,

T ars
o

w by = Mo l(]_'[ -+ ﬁ — %)ma}
Consequently we see that the weight m g of each molecule
which passes from O B to B T gives rise to a dynamic elfect
it the valne of which is expressed in the second mether of
the equation. The sum of the weights of the moleenles wm in-
clnded in the entire weight I, which the enrrent expendz in a
second, will produce a dynamic effect equal to a sum = of analo-
02 expression: extended to all these masses; considering Y,
and ¥ a8 constant velocities in the respective sections C B and
E T, thiz snmmation will give—

e T
EMJ‘:P(.II 4- E:}' — ;—y)—i:mg,... el

Moreover, in each scecond o new weight P is snpplied by the
current ; there ia then produced a new dynamic effect = s £,
which thus represente the mean dynamic effect in each second.




14 GENERAL THEOMIEM,

'F | 1;“
. —) reduces to P H, in the
2y

The guantity P (:Ei B 7

case in which Vy and 'V are sensibly equal to zero, which hap-
pens in messoring the differenee of level between the basins
from whieh the water starts and that into which it flows, when
the water iz nearly at a stand-still ; we then eall the product
P H the qffective delivery of the fall. The xatio ' is the
productive foree; = an tpis the work lost. Dividing the last
equation by P or 2 m g, and supposing V = 0, V, = 0, there
obtains,
Pmi_y &
g 2 m T EP S e
IT in this expression may be regarded as the total head of water;

E m it

Ea it : : ; : ;
7 \f"-w: the productive fiead, that is, the height which, multi-

plied by the weight ' expended, wonld give the dynamic effeet

7

i =i

per second ; the head lost, to be subtracted from the

total head when the productive head is required.  We seo that

; ; ?:: iz the mean loss of head experienced by the molecules in
their passage from O B to E F; for this expression represents
exactly the mean work of viscosity on a molecule, referred to
the unit of mass and divided by g.

3. General remarks on the means of seeuring @ satisfactory
delivery from a head of water which moves on hydraudie
mgior.—In order to obtain a good satisfactory delivery, we
must geek to diminish as mueh as possible the term = w4, or

Em f‘_r

the mean loss of head — A few of the canses that pro-
g Em

duce this loss will now be pointed ont, and the manner in
which they may be diminished.
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Tirstly, if the water enters the wheel, and ean mn consequence
act on it, it is becanse it possesses a certain relative veloeity w ;
now, in the majority of cases this relative veloeity gives rize to
a vielent agitation of the liquid and to vilratory motions, from

3

which a loss of head iz experienced equal to %? like to what

haz been observed to obtain in the eollision of solid bodies;
]

hence % would be a portion of the head lest.* It is, then,

senerally a matter of importance to make the water enter with
az gmall a relative velocity as possible. However, that 18 not
necessary when 0 has its direction tangent to the sides that it
comes in contact with, and when the particular arrangement
of the apparatug allows the water to continue its relative mo-
tion in the wheel without there being any shock of the threads
on the solid sides or om the liguid already introduced, since
then we have no longer to fear the violent distnrbance that we
liave just spoken of.

When the water on leaving the wheel is received into a race
of invariable level, in which it loses its abeolute veloeity of

* Let na suppose thak the water that has once entered the wheel passea at
pree fo relative reat: the destroction of the velocity ¢ being then atiribnta-
Ble only to the resisting work of the moleenlar actions, this work for a (lnid
molecule having the mass m would be § 4 #0%, aquandity which, when referred .

a
to the nnit of mass and divided by g, wonld give the loss of head :TI‘

g

is the zame for all the molecules  But the supposition of the instant prodoe-

, which

tion of relatiwe rest is not, strietly spesking, troe; weight, for example, can
eombine semetimes with molecular actions to Tring about this result at the

-3
end of a sensible time,  Consequently the cxpression :;? mush be consideraed

legs i the exact valoe of the quantity whose value we here wish to fnd, than
a o superior limit which we approach more or less nenrdy, aceording to the

partionlar cose considered.
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departure o, we readily see that this velocity @' must be re-
duced as much as possible.  In fact, the water that leaves the

G |
a7
which might have been taken up by a resisting work of the
bydraulic motor, and have thus increazed by its amount the

wheel earries with it, in each second, a living force, -

dynamie effect T,; whereas this living force will only serve to
produce a disturbance and eddies in the interior race, and will
enter the term 2 7 £, There are cases, however, in which we
are obliged to give ¥ a value more or less considerable; we
ghall see presently, by a few examples, how it is sometimes
possible to diminizh this unfavorable eondition.

Ordinarily, the considerations above mentioned are under-
stood when we say that the water must enter without shocl,
and leave without velocity. We can also add, that it is well
not to deliver it too rapidly throngh channels of too little
breadth, as this would involve losses of head to be ineluded in

. Emi
the expression o
7= m

We shall now proceed to examine the most widely known
hydraulic motors, keeping prineipally in view the best means
of making use of the head in each ease, and showing the man-
ner of caleulating the dynamic effect that can be realized with
the meangz adopted.

Water-wheels are divided into two great classes—those hav-
ing & vertical and those having a horizontal axis. The varicties
included in these two elasses will form the subject of the fol-
lowing paragraphs.



UNDERSHOT WHERLS.

11 Warer-Woerre witn A Hormonran Axis,

4, hudershot wheel with plane buckels or floats wmoving tn a
confined race—These wheels are ordinarily construeted of wood,
Upon & polygonal arbor A (Fig. 2) a socket C, of cast iron,

Fiso 2,

is fastened by means of wooden wedges b Arms D are set
in grooves east in the socket, and are fastened to it by bolts;
these arms serve to support a ring 1 E, the seoments of which
are fastened to each other and to the arms by iron bands. In the

ring are set the projecting pieces ..., of wood, placed at
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equal distances apart, and intended to support the floats G G.. . . .,
which are boards varying from 0202 to 0m.03 in thickness,
sitnated in planes passing through the axis of the wheel and
occupying its enfire breadih. A single set of the forepoing
parts would not be sufficient to give a wood support to the
floats. In wheels of little breadth in the direction of the axis
two parallel sets will suffice ; if the wheels are broad, three or
more may be requisite.

The number of arms inereases with the diameter of the
wheel. In the more ordinary kinds, of 8 to 5 metres in dia-
meter, cach socket carries six arms.  The floats may by abont
0m.35 fo (40 apart, and have a little greater depth in the
direction of the radius, say 0=60 to 0270,

From this brief deseription of the wheel, let us now ses how
we can calenlate the work which it receives from the head of
water. The water flows in a very nearly horizontal enrrent
through & race 3 G H F (Tig. 8), of nearly the same breadth

as the wheel, a portion G H of the hottom being hollowed
out, in a direction perpendicular to the axis, to a eylindrieal
shape, and allowing but a glight play to the floats. The liquid
molecules have, when passing C B, a velocity @, but shortly
after they are conlined in the intervals limited by two conseen-
tive floats and the race. They entered these spaces with a
mean relative veloeity equal to the difference between the hori-
zontal veloeity @, and the velocity « of the middle of the im-
mersed portion of the floats, the direction of which last velocity

is also very nearly horizontal. There result from this relative
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velogity a shock and disturbance which gradnally subside,
while the floats are traversing over the cirenlar portion of the
ganal ; go that if this cirenlar portion i= sufliciently long, and
it there be not too mneh play between the floats and the canal,
the water that leaves the wheel will have a velocity sensibly
equal to o', The action bromght to bear by the wheel on the
water iz the cause of the change in this ﬁ:lﬂ::ity from o to v,
which gives us the means, as we shall presently see, of calenlat-
ing the total intensity of this action. ;

Tor this purpose let us apply to the lignid system included
between the eross sections C B, E I, in which the threads are
supposed parallel, the theorem of quantities of motion projected
on a horizontal axis.  Tepresent by

B the constant breadth of the wheel and eanal ;

k, B the deptls C B, B T, of the extreme zections which are

suppazed to be restangular;

F the total force exerted by the wheel on the water, or in-

versely, in a horizontal direction ;

F the expenditure of the current, expressed in pounds, per

pecond ;

11 the weight of a eubic metre of the water;

¢ @ the short interval of time during which C B E F passes

to C' B B I,

The lignid system G B T F, here under consideration, iz
analogons to the one treated in Note A (see Appendix), in
which a change in the surface level takes place; and the man-
ner of determining the pain in the guantity of motion dorving
w ghort time #, and ealenlating the corresponding impulses,
during the same time, produced by gravity and the pressures
on the exterior surlice of the liguid system, are alike in both
CRSEE.

Employing the feregoing notation, we obtain

S
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Ist. For the mean gain in the projected quantity of motion,

g =l

2d. For the impulses of the weight and presaures torothar,
also taken in horizontal projection, 4 11 5 4 (4* — A7) 5 to these
impulses is to be added that produced by ¥, or — T 4, to have
the sum of the projected impulses.

We will then have

P
-1:?1" —= nIEErn'(fn .Fﬁ"!
¥
whenece we obtain
= E v =) —3ILh 4 (A"—A"),
i

The forees of which F is the resultant in horizontal projec-
tion are exerted in a contrary direction by the water on the
wheel, at points whose vertical motion is nearly null, and
whose horizontal velocity is approximately @ The wheel will
then receive from these forces, in each unit of time, a work
F ', which represents the dynamie effect T, to within a glight
error.  Bo that

I_}
=T o' = T v (v —e) — F b o' (A% — &Y.
Moreover we have
P=Iilhv= l_f.lf:l.l‘re-r'ﬂ';

wheneo

P gy D
L —U{w—w}—gP(ﬂ» W _-:_;—w{u—w}—a}]??b

4T~ 1)

W

/
or finally, observing that ,%’ =

o nE : nooa
J,,:Ev {3}—-#)—%-1"‘?.1(_??——

o
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In order that this formula should be teleralily exact, the depths
foand A" must be quite small, without which the floats would
make an appreciable angle with the vertical at the moment
they leave the water; the velocity of the points at which are
applied the forees, whose resultant is F, conld no longer be con-
sidered horizontal, as heretofore, and a resistance due to the
emersion of the floats wonld be produced, on account of the
liguid uselessly raised by them. The water must also he con-
fined a sufficiently long time to assume the velocity o',

We can consider in formula (1), » and & as fixed data, and
seek the most suitable value of the velocity @ of the floats, to

e

: ; SE w
make T, a maximam. For this purpose, if we place 5

m .Lli
= AP W formula (1) becomes
ﬂ:ﬂm{l—w}—-"{ﬂ—f" (%—x)

and we must choose 2 g0 as to make A a maximum. This

valug will be obtained by taking the value which reduces the

o ) 3 oA : 2

first differential co-efficient —— to zero, which gives the equa-
e i 1

tion

1—2x+%%+ 1):1}.

The value of @ deduced depends on %—f; we find approxi-
mately
f
For£2 =000 =080 A=0500
0.05 0.553 0481
0,10 0.595 0.373

Grenerally we neglect the mmé;_f& - f.s:); then we hava
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@ = (L30, A = .50 ;5 and recollecting that the maximum value
e o

of A ie very much ehanged, even for small valnes of bR -

sides, experiment does not show that there is any use in taking
@ greater than (.50, as we have just found ; it would rather
show u ratio of o' to v of aboeut 0.4, which cltains probably
because of the motion of the wheel being too swift to allow the
liquid to pass completaly from the velocity o to o, during the
tine that it remaing between the floats : a portion of the water
pasges without producing itz entive dynawmic effect, and the
formula (1) ceages to conform to fact.

Bmeaton, an English engineer, made some experiments, in
1759, on a small wheel, 0,609 in diameter, having plane floats.
This wheel was enclosed in a race having a flat bottom, which
iz o defoet, beeanse the intervals included between the floats
and the race are never completely elosed.  The weight P varied
from 0588 to 2.84 kilogrammes, In each cxperiment the work
transmitted to the wheel was determined by the raising of 4
welght attached to 4 rope which was wound around the axle.

ar
The most suitable value of @ = .':._ was thus found to vary be-
tween (L34 and .32, the mean being 0.43, The number A
comprised between 0.2% and .85, had for a mean value about .

We cun then take definitively the ratio :.:_’: (.4, as found by
experiment. The expression for A beeomes then
il

A— (48— o1L
2

i
which, for ‘?; = (.05 and 5—';-1-; = 0,10, gives the numbera

A = 0575 and A = 0.27,

very nearly those found by Smeaton.
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A fow remarks remain to be made, to which it would be well
to pay attention in lll'uutiue.

Lst. It is well, as far as possible, to have the depth A say
from 0% 15 to (=20, Too small a thickness of the stratum of
water which impinges on the wheel would give a relatively ap-
preciable importance to the unavoidable play between the
wheel and the race, a play which resulis in pure loss of the
motive water, Too great a thickness has also its inconve-

; ; i LS 1.r
niences: for from the relation =it follows that for =
o

0.4 and & = (™20, we will then have

0.65
= 0.04
the floats will then be immersed 0™.50, adopting the thickness
of 0m.20, and were they more so, they would meet with consi-

An’

050 ;

derable resistance in leaving the water, as we have already said,
It is neeessary then that & be neither too large nor too small :
the limits of 0™15 to 020 are recommended by B. Belan-
er.

2. We should avoid as much as possible losses of head dur-
ing the passage of the water from the basin up-stream to its
arrival at the section C B near the wheel, losses which result
in a dimination of effective delivery (No. 2).  In order to give
it the shape of a thin layer, from 0™.15 to 0™.20 in thickness,
the water iz made to flow nnder a gluice through a rectangular
orifice : eare should be taken to avoid abrupt ehanges of dires-
tion between the sides of this orifice and the interior of the
dam, in order to avoid a contraction followed by a sndden
change of direetion of the threads, as in eylindrieal orifices.
The eluice should be inelined (as in Fig. 4), in order to leave
but a small distance between the orifice and the wheel, which
will diminish the loss of head produced by the frietion of the
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water on the portion of the race M C, through which the water
reaches the wheel.

Fri. 4,

did. The water leaves the wheel at E T with a velocity v =
0.4 %, in the shape of a horizontal band of parallel threads.
It in order to flow into the tail race throngh a section G K
where its velocity will be sensibly zero, it had to undergo no

1

logs of head, there would be between B F and ¢ K a negative

L g

head, the abzolute value of which wonld be ;L, or 0,16 :j; ;
2 . T

that

1
b

3
ig, the point G wonld be at a heicht 0.16 ;— above It sinee the
£ P :

piezometrie levels at E F and G H may be confounded with
those of the points E and G. It iz vt possible so to arrange
every part that all loss of head shall be suppressed hetween
EFand G K; but these losses are much diminished by means
of & plan first recommended by M. Belanger, The bottom of
the race, heyond the eivenlar porlion A Tj, presents a alight
slope, for a distance DI =1 or 2 metres; thence it connects
with the tail race by a line I K, having an inclination from 0=.07
of a metre to 0m.10 for each metre in length ; the side-walls are
prolonged for the samo distance, either keeping their planes
parallel, or very gradua'ly spreading outwards, but never ex-
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ceeding 3 or 4 degrees, The point D is placed at a height
_1’5_ £y o F E r :
55 (), or 2.5 & 4+ 011 2g below the level of the

water in the tail race. From thiz the following effects take

2
K4 s, 016

place: the water overcoines the difference of level between E
t3

and &, or the height 0,11 75 in virtne of its velocity 0.4 2,
=

either by a surface counterslope, or by a sudden change of

level with a counter-slope, so that the head lost reduces to

]

D
1,045 53_5.7

In many wheels this precantion has been neglected, and the
level of the tail race has been placed at the same height as the
point E, and sometimes even below it. We will now show
that a loss of effective delivery iz thus produced, For this par-
pose let ns zee what munst, with the above-deseribed arrange-
ment, be the position of the race relative to the pond, and the
expression for the effective delivery. In view of simplitying
this investigation, we will admit that the lines M A, D F,
slightly inclined, are a portion of the same horizontal. In the
hypothesiz of no loss of head ap to B €, the velocity » wornlid
be due to the height = of the level N in the pond, above the
hichest thread of the fluid vein thrown on the wheel; but, on

4

* The co-efficient 7 is simply mssumed: in replacing it by uwnity the
wrater would no longer be alle to attain the level of the point G, since this
wonld require a loss of head which would be noll in the interval between
BT and G K: consequently the water in the lower race would probably
dvown the floats and impede their motion. It s for the parpese of aveiding
such an inconvenience that the mmber in gquestion §s taken less than unity §

1.2 w

the valme nssnmed gives o disposable hend cxpressed by g .2& or D.M,,—y. ta
sonnlerbalance the less of hend of the lgnid moleenles after escaping from the
wheel, nnd to saeure for the wheel their free discharge,
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aceount of the losses of head, we give 2 a co-efficient of redue-
tion, which we will take (for want -Ji precize data) equal to
0,25 ; that is, we will write

whenoa

=055 T g
The distanee from the bottom M A te the level N will then be

e + o5 3 ; this can alzo be expressed in another way, thus :

':I

H4+ 254 - |-" (L16
2y

by calling IT the total head, or the difference in height between
G and N. IHenco

1. P2
"o T al 'Ii:’" ..'.'
A+ 0959 g =+ 254+, 016 & 7
and eonsaquently

a2
EH 5.
5, = 1057 (H + 3 &),
24 g
a relation which gives 4, for any given head, when the value of
A hae been determined.  From this we can deduce 2 and A + 2,
which is suilicient to determine the position of the race. The

dynamie effect T, from what we have just seen, will he
a 4

kh 5
n T o e
AT 5 g or, making 7 0.4,
g hy
T, = (0.48 — 2.1 %')l}?55 S )

e ; ]
substituting for 57 it value, this relation becomes T, = P

3 1
[ 048 x 1.057 (H +oh) —2r5h | =P (@507 H —
1,959 4)
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The effective delivery ;ﬁ will then be expressed in round

nn I'll}_]l_":l"ﬂ h",

F—i-i = 0.50 — 0.3 ;—l;
for i = 020 and H included between 1 metre and 2 metres,
it would vary from (.44 to 0.47.

Now lot us suppose that, without changing the head H, we
wizh to place the level of the tail race below 1, or, at most, on
the same level ; it is plain that we will have to raize the bottom
of the race. Then @ will diminish, and % will have to increase
in order that the expenditure P may remain the same; for
these two reasons T, will diminish, as the above formula (2)
shows. For example, supposing that the tail race is at the

i

2
height of K, the equation that determines 5— will become

1. ot
095 2 g
whence we derive successively, regard being had to equa-
tion (2},

A+ —H + 25 &

e

2

2yq

— 0.95 (I + ;hj

T, = P [0.48 x 095 (H + %ﬂ) — 105 %] = P (0456 H =

0,375 &),
and in round numbers

ooy = 045 — 0.375 o
The data A = ™20 and H = 1 metre would give a effective de-
livery of 0.88 instead of 0.44; with I = 2 mefres, we would
obtain an effective delivery of 0.41, whilst we had fonnd 0.47.
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There would be & much more marked falling off, if wa supposed
the bottom of the tail race on the same level as the bottom of
the portion preceding it, as was the manner of constructing the
race formerly,

The arrangement of the chanmel throngh which the water
fipws off, which we have mentioned as by M. Belanger, ean be
advantageously employed in all systems of hydraulie wheels
from which the water flows with a sensilie veloeity, in the
form of a horizontal enrrent, with parallel threads. The ris.
ing of the surface of this corrent taking place beyond the
wheel, this latter will experience the sawe action from the
water, ift everything is similavly arranged from the head race
to the ontlet of the wheel. With the canal in question, the
level rizes, instead of remaining the same or falling; we
then obtain the same action en the wheel with a less head,
and consequently we ean have s greater effect the hend remain-
ing the same,

However, wo seo by formula (8) that the effeetive delivery
of these whecls never reaches 0.50, in epite of all possible pre-
eautions ; this system iz, then, not comparatively as good as
those which wo are now going to take up.

B, Wheels arvanged according to Ponecelet’s method.—The
principal canze of loss of work in the undershot wheel with
plane floats is the sudden change from the velocity v to @,
twice and a half leas, which necessarily produces in the liguid
a violent disturbance.  From this disturbance proceed great
inner distortcons and a newative work prodneed by viscosity,
all of which diminishes the dynamie effect. The water also
Possesses & greab velocity of exit, which iz at best only partially
turned to acconnt. General Poneelet proposed to aveid these
ineonvenionece, continning, however, to preserve to the wheel

its special character, which iz vapid motion; that is, he las
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endeavored to fulfil for the undershot wheel the two general
eonditions of & geod hydranlic motor, viz.: the entrance of the
water without shoek, and its exit without velocity. To this
end he has contrived the following arrangements :

The bottom of the head race; which is gensibly horizontal, is
joined without break to the flume, the profile of which is com-
posed of a right line of 4, followed by a curve.

The right line forms a slope near the wheel, and its prolon-
gation would be tangent to the outer circumference of this lat-
ter ; it ends at the point at which the water beging to enter
the wheel. The corved portion is composed of & special curve,
to the shape of which we will return presently, and which
stops at the point at which it meets the exterior circumference.
Finally, the floats are set in a eylindrical portion of the raee,
having a development a little greater than the interval beween
two consecutive floats, and terminated by an abrapt depression ;
this depression has its summit at the mean level of the water
down-ztream ; its object is to facilitate the discharge of the
water from the wheel,

The water enters the race under a slnice inelined at an
angle of from B0 to 45 degrees with the vertieal ; the sides of
the orifice are rounded off, 20 as to aveid the loss of head analo-
gous to that in eylindrieal orifiees.

The floatz are set between two rings or shrouds, which pre-
vent the water from eseaping at the sides; the interior space
between the rings is sgomewhat greater than the breadth of the
orifice opened by the sluice. The floats are enrved : they in-
tersect the outer cirenmference of the erown at an angle of
about 30 derrces, and are normal to the inner cirenmference ;
bevond this, their enrvatnre iz a matter of indifference. Thers
are ordinarily 86 for wheels of from 8 to 4 metres in diameter,
and 48 for those from 6 to T metres.
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The exaet theory of this wheel it is almost impossible to
explain in the present state of seience. It iz simplified, first,
by eonsidering the mass of water that enters between two con-
secutive floats as a simple material point, which, during its
reiative motion in the wheel, wonld expericnce no friction.
We suppoese, moreover, that the absolute veloeity of this point
is in the direction of the horizontal that tonches the wheel at
itz lowest point, and that the floats are so put on as to be tan-
gent to the exterior cirenmference.  Now, let # be the absolute
veloeity of the water on striking the wheel, and w the velocity
on this circamference ; the water possesses relatively to the
wheel, at the moment of entering the floats, a horizontal velo-
city ¥ — w, in virtue of which it takes up a motion towards the
interior of the basin formed by two consecutive floats If we
liken, during this very short relative motion, the motion of the
floats to a uniform motion of translation along the horizontal,
the apparent forces will reduce to zere, so that the small liguid
mass that we have spoken of will ascend aleng the floats to a
height {MT_HEJ on aceonnt of its initial relative velocity, which
is graduoally destroyed by the action of gravity. Then this
mass dezeends, and again takes up the same relative velocity,
2 — 1, when on the point of leaving the float; but this relative
velogity will be in a direction contrary to the preceding, and,
consequently, also in a diveetion eontrary to the velocity 2 of
the floats. The absolute velocity of the water on leaving will
then be equal to the difference between « and » — 2, or 2w — v ;

we sea that it will be zero if we have u = %-v, that iz, provided

that the velocity at the onter cirenmference of the wheel is half
that of the water in the supply channel.
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We eonld thus realize the two prineipal conditions for a
good wheel.  But, as M. Poneelet has observed, sueh favorable
circumstances are found by no means in practice,

The water eannot enter the wheel tangent to its cirenmfer-
ence, as we have here supposed. In fact, let ms call s the
length of an element of this cireumference immersed in the
enrrent, & the breadth of the wheel, g the angle formed by s
and the relative veloeity, w, of the water veferred to the wheel ;
there will enter during & unit of time, through the snrface bds,
a prismatic volume of liguid having for a right section s, sin
g, and a length w0, in other words, a volume Idsqe sin g, a
guantity that reduces to zero, for p=0. IHence w must inter-
sect the eircumfersnce at a certain angle which cannot be zero ;
besides, we must make it as small as possible, in order that, at
the point of exit, the relative velocity of the liguid and the
velogity of the floats may be sensibly opposite, and give a resnl-
tant zero; on the other hand, it muost not be 2o small as to
make the entrance of the water diffienlt or impossible. Tt iz
in order to reconcile these two conteadictory conditionz that
the angle g has been fixed at 30 degrees, which is alzo that made
by the floats with the exterior circumference, since the threads
must enter in the direction tanwent to the floats. Dut then
the abzolute veloeity of the water is no longer zero on leaving
the wheel, for its two components are no longer following the
game right line, but make an angle of 180°—30% or 1507
Now, sapposing 2 — % = %, the resultant " would have for a
value % cos 757 or w cos T5%, or finally, 0.258¢ ; this resultant
lies tnrthermore in the direction of the bisecting line of the
angle between » and » — w; that is to say, it is almost vertical,
and consequently it is impossible to turn it to account by
means of a counter-zlope ; its effect iz destroyed in producing &

dizturbance in the lower portion of the canal, whence there
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}}

o

results & negative work equal to PP 5= T being the expenditure

of the head. It ia then a loss of head expressed by 9;1'.? y OF
'UI
2y

As nocanse of loss we may still mention the friction of the

water agninst the race and against the floats. Amnother very

00067

serious objection to the above-mentioned theory is that the
linuid molecnles do not move as though they were entirely
{1 — 2!
=
hetween the floats, is in ite descent, another has just entered,
and it i3 not elear that no sensible disturbance in the motion

isolated ; when one of them, having veached the height

of the molecules followes,

(e seeount of all these reasons, experiment indicates only
an effective mean work of 0.60 for these wheels, Nevertheless,
the improvement is very great on the old undershot wheels
with plane floats, whose effeetive work was seareely 0.25 or
080, and could never reach the limit 0,50, As to the most
favorable ratio between the velocities w and o, experiment
gives it 0,65 inatead of g

It hias heen observed that the straight portion of the race was
followed by a curve; the following condition determines its
form,  The relative velocity of the water © — % at its entrance,
equal to that which existz at its exit, iz also the same as the air-
eumference veloeity w; then the direetion of the abeolute velo-
eity, resulting from these two veloeitiez, is on the line hisecting
the angle formed by these two, and since the angle between
the tangzent to the exterior cirenmferenes and the relative
veloeity is 30 degrees, that between the same tangent and the
abeolute velocity will be 15 degrees.  All the threads, then,

P —
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muzt make an angle of 15 degresz with the circumference.
To deduee from this the shape of the bottom, let us assume
that every normal to the bottom is at the same time normal to
all the threads that it intersects. Let A then {Iiz. 5) he the
point of entrance of a thread, the absolute velocity A v of which
makes an angle of 15
degrees with the tan-
went A wy the perpen-
dienlar B A B to Aw
15 a normal {o the
bottom of the rvace.
At the same tine, if
we draw the radins
A0, theangle O AT

will be equal to wAw, as their sides are perpendicular; henee

O A B = 15 degrees.  The perpendicnlar O B let fall from the
gentre C to the prolongation of B A has then a constant value
equal to A O sin 157 Consequently, all the normals to the
hottom of the race are tangent to the samo cirele, having a
radins OB’ ; the curve C B D is then the involnte of which this
cirele iz the evolute. It is terminated ab one end by the cir-
comference (3A, at the point I, and at the other at a peing C,
guch that the normal CE, taken as far as the cirenmferencs
O A, may have a length equal to the thickness of the fluid
stratum.  Thiz thickness, moreaver, varies with the head ; it
must be, according to experiment, from 0™.20 to 0730 for
heads below 1™.50, and wmay be diminished to about 0710 for
Lheads of more than 2 metres,

; ; ; : [ — )
The water rises in the float fo a height “—n—’l

which differs little from l H, ealling H the height of the head.
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The distance between the two cireumferences that limit the
float shonld be at least i H; in order more certainly to avoid

the possibility of the water still possessing any relative velocity
om reaching the extremity of the oats, which would give rise
to a spirting of the water to the interior of the wheel, BL Pon-

; ; . i 1
celet has advised inereasing this advanee to 3 II.

i Paddle wheals tn an wunconfined ewrrent.—These wheels
wee placed in oa cnrrent whose section hag a breadth munch
greater than that of the wheel ; freguently they are sopportpd
by boats, and are ealled hanging wheels. It being impossible
to calenlate theovetically the dynamic effect of the current on
these wheels, we will be satisfied with the following cencral
icens,

The horizontal foree ' which the wheel exerts on the lgnid
being eonstant, its impuolze in the unit of time las numerieally
the same value as its intensity. If, then, owing to this impnlse,
a mass moof waler passes, in a sgecond, from the velooity » of
the current to the velocity # of the wheel, we shall havo

F = m (v — u),
and consequently the work produced on the wheel in the same
time, sensibly equal to the dynamic effect of the enrrent, will
be

F o = meow (0 — u)

Moreover, General Poneelet supposes that the mass m must
be proportional to @, and, furthermore, it iz quite natural to
admit that it is proportional to the area 8 of the immersed
portion of the floats,  Ile then places, calling I3 a constant
eo-eflicient and IT the weight of a cubie yard of water,

m-=1351rp:—
q
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whence we have
Fu=BIOE 'il:l_u-'l:i',h_u}
Thiz formula has been found quite true by experiment, in
taking BB = 0.5
When » is given, the maximum state of F « eorresponds to
1 = » — u, gince the snm of these two factors is constant: from

this we deduce » = ‘I}v, as we found for the two wheels pre-

viously discussed. Experiment indicates the ratio :-": 0.4 as

being the most suitable; this ratio only changes very glightly
the theoretical maximum, the value of which is

L

04T S e,
2g

1
4
the radins. Flanges placed on the edge, on the side which re-
coives the shoek of the water, will inerease the mutnal action.
The dinmeter is ordinavily from 4 to 5 meftres, and the floats
are 12 in number.

The depth of the floats must be from %_tn the length of

3
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7. Wheels set in @ eiveular race, called breast wheels,—Theso
wheels resernble very elogely, in their constrnetion, the under-
shot wheels noticed in No. 43 but one essential difference, which
eant produce a great change in their effective delivery, con-
gigts in the method of introducing the water; this no longer
enters the wheel at its lower portion, but af a slight depth only
below the axle—that is to say, on the side.  The questions now
to be suceessively exanmined will be, 1st, the most suitable ve-
loeity of the wheel; 2d, the method of introdueing the water;
3d, the situation of the race as regards the upper end and
tail race ; 4th, the manner of determining the dynamic effeet,
Finally, several practieal ideas will be put forth on the snbject
of this wheel.

(@) To determine the velocity of the wheel —Let Q he the
volume that the head expends in a second ;

f the hreadth of the wheel, which {2 the same as that of the
eluice ;

A the depth of the fmmersed portion of the floats direetly
beneath the axle;

¢ the thickness of the floats;

C their distance apart, measured between their axes along
the exterior cirenmference ;

I the radine of this eirenmference ;

w the velocity of any one of its points.
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The water comprized Letween any two conscentive floats,
directly beneath the axle, will have for its depth A, for its mean

breadth O [1 iR) — ¢, and & for its thickness parallel to the

b

axis of the wheel ; itz volume i then 46 O (1 - ;ﬁ - 5)1 and,

: ; ; (-
gupposing that it expends during one second a number — of

G
these volumes, we ghall have

Q=Abu(l —g‘%_%).

‘2 i ; s .
In practice ﬁt and a are always small fractions, the sum of

which rarely exeeeds 0.10; we would then have, except a
alight error,
Ch= 0.0 & Do,

G} beine siven, we ean satizty thizs relation by azzsuming 2 and
= 1 - - a;
# arbitrarily, and then determining & In this caze, we wonld

take & from 0715 to 07225, » = 17,30, and finally, b = ——;

the expenditore % per metre in breadih, expressed by 0.9 A,

wonld then vary from 175 litrez to ahout 270 litres.

The values just miven for & and @ may be satisfactorily ac-
connted tor as follows :

The ealenlation of the losses of head sustained by the water,
in its passage from the head race to the tail race, shows, as we
ghall soe further on, that all these losses incresase with the velo-
gity of the wheel. We shonld naturally be inclined to make
thiz veloeity very small, in order to inerease the effective deliv-
ery. DBut several conditions show that it is not well to allow
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the wheel to move too slowly. In fact, we zee that if « were

very small, the product 4 = l‘f% wonld be large, and one of
the two dimensions & or & would have to be quite larre. Now
i great breadih & would give us a heavy wheel, expensive to
put up, losing a ereat deal of work by the friction of the axle ;
# great value of 4 would produce ineonveniences already men-
tioned in speaking of the anderzhot wheel (No, 4). Finally, it is
well to have the wheel perfurm, up to a certain point, the fune-
tiong of a fly-wheel for the muchinery that it sets in mation,
which is another reason for allowing it to retain a certain
velocity,  The value u = 1™30 has been given by experiment.
As regards the depth A, it s well, on aeconnt of the unavoida-
ble play between the wheel and the raee, that it should not
descend mueh below 015, in order not to lose too great a pro-
portion of water.

But it sometimes happens that, in taking w = 130, and A
within the limits above mentioned, we arrive at o great value
for b, or a value that moes beyond a fixed limit, either on ac-
count of loval cirenmstances, or through economy in eonstruc-
tion.  We are then obliged to increase b or w. It is not well
to have A greater than 0745 or 0950, and when this limit is
reached, we must then begin to increase w.

For example : let Q = 0m50, Taking w = 1m.80, 4 = 0m.20,

10 Q

we would have § = i 2714, a value that in seneral is
[
quite admissible.  But if, by reason of partieular eirenm-
stanees, we could not exceed a breadth of 0".71, about the
third of 2714, we should firgt inerease &, brineine this up to
] gg I

™80 we wonld then find « — T-r??%- = 1m56. Or else, as the
wl LA

"r—
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velocity 1™.56 is not yet very great, we would be content to
take & = 0" 40, which would give u = 17.96.

(b.) Method of introdusing the water.—As has already been
said (No. 3), in order to diminigh as much as possible the loss
of work produced by the introduction of the water on the
wheel, we must go arrange matters as to have a small relative
velocity of the water at its point of entrance, or, when that
eannot be obtained, the relative veloeity must be tangent to
the first element of the floats, and the water must move to the
interior of the wheel without shock, merely gliding along the
aolid asides,

It the wheel be moving slowly—that is, if the velocity at the
circumference be about 130 per second, we should let the
water in by the means indieated in the following figure.

Fua. 6.

The flnme A B, constructed of masonry, is prolonged by a
piece of cast iron B C, called a swan’s neck, or guide bueket ;
A B (s the are of a eivele nearly coineident with the exterior
cirenmference of the wheel, leaving the slightest amount of
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play. A eloice I, furnished at itz upper extremity with a
emall, rounded metallic appendage E, can slide along the
riide bucket while resting on it; asystem of two racks con-
nected by cog-wheels allows this sloice to be raized to any con-
venient peint.  The metallie appendage E forms the sole of a
weir over which the water flows to get to the wheel ; this sole
minst be from 07220 to 0227 below the level of the pond.

The sluice being thus very near the wheel, the absolute
velocity of the water at its entrance, due only to the slight fall
which takes place in the surface of the pond, will consequently
be small; and as the wheel itzelf moves slowly, the relative
velogity will be moderate, and the disturbance produced hardly
perceptible.  Wesee that, in order to attain this end, we shonld
reduee the head over the sole of the weir, for in the contrary
case the velocity of flow wonld have a greater or less value; we
shonld not, moreover, carry the rednction too far, in order that
the loss of water hetween the wheel and flume may not he too
ereat.  The limits 0=.20 to 0™.27 fnlfil thiz double condition
guite well; they correspond very nearly to the limitz 0715 and
(™25 above mentioned for the depth A& of the cnrrent just
Leneath the axle: for a weir withount lateral contraction can
vield abont 180 litres per metre of breadth, with a head of
020 above the zole; and 280 litres with a head of (™27,

The rounded metallic appendage E has for its object to
dimninish the contraction of the sheet of water flowing over the
weir, and thnos for the same head to yvield more water: the head
and veloeity of flow are then less for a given yield, which
dirninishes the disturbance of the liqnid on entering.  The
piece E may also serve to direct the vein so as not fo intersect
the exterior circumference of the wheel at too great an angle;
this is as it should be, for, all other things heing equal, the
relative veloeity of the water ingreases with the angle in ques-




BREAST WHEELS. 41

tion, az the following considerations show, although they more
partienlarly apply to a different case.

Let ug now pass to the ease of rapidly moving wheels. The
valocity u of the wheel at its cireumference has been fived as
has heen shown ; but we still, in order to lessen the loss due fo
the intendnction of the water, dispose of the absolute velocity
¢ of this latter, in intenszity and direction. Let, at the point
of entrance, M (Fig. 7), MU be the veloeity
wof the wheel, M V the absolute veloeity o
of the water, 7 the angle formed by these two
right lines. The line M W, equal and paral-
lel to UV, will be the velocity w of the water
relatively to the wheel. The first point is to
make w as small as possible,. Now we ghould

have w = o, if 3 were zero and # eqnal to

Fra, T.

but it is not possible for the water to enter
without any relative veloeity, and at an angle zero.  One
thread for which ¢ may have the valoe 0, would be tangent to
the exterior eirenmference of the wheel ; but it iz evident that
the other threads, placed in juxtaposition parallel to this, could
not fulfil the same condition, unless the total thickness of these
threads taken together were itself zero, which eannot be admit-
ted in the ease of a finite expenditure.  We have seen that in
Poneelet’s wheel the angle p was taken equal to 15 degrees ; in
the breast wheel it is generally taken to be 30 degrees, in order
to somewhat facilitate the introduction of the water. Then,
since U is a point determined as well as the divection M, the
smallest possible value of UV = @ would be the perpendicular

let fall from [T on M W, or « sin 7, or tinally %H if ¥ be taken

cqual to 80%; » wonld have for a corresponding valne w cos 3,
o (L866 o, ¢ being 30°,
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Still these values are not those taken for»and e, Tt is well,
in fact, to have the firet element of the floats in the direction
of w0, in order to diminiah the disturbance of the water swithin
the wheel.  Now, if' this first element were perpendicnlar to
M ¥, it would make an angle of 1207 with M T—that is, with
the cireumference of the wheel, and conzequently an angle of
20 with the rading throngh M. When thiz radius, by the act
of revolving, reaches the vertieal, immediately below the axle,
the firat element of the float will etill be inclined at an angle
of 30% with the vertical, and it would be still greater at the
point of emersion, which would obstroet the motion of the
wheel.  On this aceount it is better that the relative velocity
M W ehould pass throngh the axis of votation and be perpen-
dieular to M T7; the parallelogram of velocities iz then repre-
MW’ = ), MV '=ws The angle ¢ still preserving its valne
of 30°, we have these relations:

¥ = bu;j'aub = 1.55 1,
= lang 307 = LETT w.

The intenzity of @ and its angle with w being henceforth de-
termined, it remains to be seen how in practice these two con-
ditions can be realized. To obtain them, we will first deter-

o e o o . '
mine the height —-; we will increase it a little, say by one-
: )

tenth, in order to compensate approximately for the losses of
liead snstained by the liguid betwebn the head race and the

point of entrance, and 1.1 57 will be the depth of the point of

entrance below the level of the hoad race. The divection of
the velocity ¢ will be obtained Ly drawing throngh the poiut

of entrance, which we have just found (since it iz on the ex-



DREAST WIINGLE, 45

terior cirenmference of the wheel, and on a known horizontal
line}, a ling making an angle of 307 with the said cirenmfer-
ence. The threads should then be obliged to take this diree-
tion by means of a canal of from ™00 to (™60 in length, the
last element of which eghould be tangent to #, and into which
the water would flow, either by passing under a sluice, or by
flowing out without any obstacle, the bottom of this canal
being then the sole of the weir.

() Dosition of the ume a8 vegards the head roce and dail
race.—W e have only to repeat here what has already been said
in diecussing the undershot wheel with plane floats. When
the water possesses, on leaving the wheel, a genzible veloeity,
it is well to place the level of the portion hetween the Hloats,

which iz directly under the axle, below the level of the lower

: : 2wl : : ;
gection, by a quantity equal to igﬁg’ w being the velocity of

the wheel at the circumference. The velocity 2, having a
value previouely determined, as well as the height 4 of the
water between the floata, the situation of the bottom of the
flune is then also fixed, at least that part below the axle, On
the up-stream side this bottom has a cireular profile, with a
rading sensibly equal to that of the wheel; it shonld be joined
with the fail race in aceordance with M. Belanger’s roles, of
which we have previously spoken (No. 4).

When the wheel is moving slowly, » being abont 17,30,
Alapis. :
:;9_5' oives a depth a little below 006, However great the
head may be, the loss or gain of (.06 is of but small import-
anee, and we wounld then be able, by economy, to do away with
the portion of the race beyond the wheel, or at least to do
without a masonry-lined canal with a recular section. The

level of the water hetween the floats would then coineide with
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ghat of the tail race.  But in the ease of large values of w, es-
pecially if, at the zame time, we have only a slight head, the

‘J' 2
height é ::rg may afford a sensible gain that we should not

neglect.

{(d) To ecalewlate the dynamic dffect of a head of water
which sets o breast wheel in motion.—Calling P the weight of the
water expended in a second, I the head measured between the
two portions of the canal supposed to be in a state of rest, we
know (No. 2) that the dynamic effect T, of the head, during
each gecond, has for its valune the product of the weight ' by
the height H, diminished by the mean loss of head that the
liguid molecules sustain by reason of friction in their passage
from one portion of the eanal to the other. Moreover, this loss
of head is compozed of several portions, which we ghall now
proceed to analyze, using the potation adopted (No. T, e,
b, ).

1at. Loss of head bedween the head race and the point ab
which the water enfers the wheel.—This iz vedneed by avoiding,
by means of rounded outlines, contractions followed by a snd-
den expanzion, and by placing the point of entrance as near
the head race as possible. Nevertheless there iz always a cor-
tain loss: this we may assume at first sight as comprised

i i
between 0.05 .—— and {J.I—J-L- . If there were a eanal between
g 24

the wheel and the head race, we should have to take the frie-
tion in this eanal into consideration, by a ealenlation analocons
to that which will be presently miven for the eirenlar flume.
2d. Loss of head due to the introduction of the water.— After
what has been said (in No. 8), this loss may be walued at

E__ or at __1_ fo* + 2 —2uwwvcosy). Inthe case of slowly
2 g 2q 5
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moving wheels it is of slicht importanee, like all the other
losses that we eonsider; in one moving quickly, if » =30°,

Y
v = ——. washall have
cos 7’

E = i fan’ y = ﬂ
29 By a2g

When the precantion is taken to introduce the water with o
relative veloeity tangent to the floatz, and a surfuce iz presented
along which it can ascend in virtne of this velative velocity, it
is probable that the action of gravity assists in overcoming this
velocity, and thug =0 muneh less effect will be consumed in a
violent disturbanee of the water. This consideration jnstifies
the use of polygonal floats, such as are shown in (Fig. 6, the
arrangement of which was contrived by M. Belanger in 1819
They are composed of three planes making angles of 45 desrees
with each other, of which the furthest from the centre is in the
direction of a rading, the neavest tonches the cirenmference of
the ring, and the third connects the two others. The planes
that are fixed to the erown have vacant spaces left hetween
them to facilitate the disengagement of the air. The point of
entrance of the water mnst, moreover, be lower than the centre
of the wheel, in order that the water introduced may be
received npon an ascending inelined plane. ]

Data are wanting to estimate the effect produced by the use
af thig kind of foat.

3d. Loss of head produced by the friction of the water
against the eircwlar fuwme—We know that the frietion of a
current on its bed, per square yard, is expressed by 0.4 T, U
being the mean velocity. Moreover, calling ¥V and W the
velocities at the surface and at the bottom, it has been found
that these quantities are connected by the approximate rela-
tions :



46 TETAST WITEELA.

I = ;(V + W), T =080%;
whenee
=tk
= ‘J-W'

The friction per sqnare yard of bed would then he
0.4 20 W or 071 W

Now, it L be the length of the eireular race, L ( + 2 &) will
be the surface wet, and the entire friction is expressed by 0.71
Lk + 2 &) #*, since the velocity at the bottom is the same as
the velosity at the cirenmference of the wheel. Al the points
of application of the fores that compose this frietion moving
with the veloeity s, their negative work in the unit of time
will he 0.71 L (£ 4+ 2 &) »°; we shall obtain the corresponding
logs of head by divitling by P, or by 1000 ke, which gives

% -
0.00071 “LM— ----- . or elae 0,014 & 'i'aﬂ '; i) ;“g
[

dih. Loss of head from the point just beneath the wele do the
fail pace—If the level of the water hotween the foats, beneath
the axle, execeds by a height # the level of the portion lewer
down, the velocity of the water will inerease on aceount of this
difference of level. This veloeity, sensibly equal to w on leav-
ing the wheel, will heeoms V' L2 g_u for the point at which
the water bagins to enter the lower portion.  As we have seen

2

(No. 8y a loss of head » EES_-' corresponds to this velocity.

When we adopt the arrangement of the tail race recom-
mended by M. Belanger (No. 4), # beeomes negative and equal

; éﬂ 5 the loss then redueces to é ;5?

(€) Some practical dete.—With regard to the number of
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arms, the same rule here applies as to undershot wheels
(No. 4),

The number of floats is a multiple of the number of arms ;
their distancs apart may be from once and a third to onee and
a half the head above the top of the weir, in the case of slowly
moving wheels.  In wheels of rapid motion, it will always he
necessary to take this distance apart a little greater at the por-
tion of the circumference intercepted by the stratom of water
that falls npon the wheel. It iz not well to place the floats too
far apart, becanse some of the threads might fall from gnite a
considerable height before reaching them: it is alse bad to
place them too close together, becanse the water counld with
diffieulty enter the wheel, and a portion would be thrown off.

The depth of the floats in the direetion of the radius is but
little greater than (.70, In its normal condition, the interior
capacity formed by any two consecutive floats should be very
nearly donble the volume of water that they eontain: we
might then take the depth in guestion equal to 2 &, whenever
f is mot greater than 07,35,

The diameter of the wheel shonld be at least 3250 5 it is =cl-
dom greater than 6 or 7 metres. The axiz of the arbor is
plaeed a little above the level of the up-stream portion of the
canal,

DBreast wheelz are suitable for falls of from 1 fo 2 metres, or
even 2750, Beyond these limits they can still be frequently
uged to :i.d\':tuta;:e,

When a breast wheel of slow motion iz well organized, the
dynamic effeet of the head may approximate quite near to what
iz due to the entire head., General Morin, in some experiments
on these wheels, found an effective delivery of 0.83. Buor,
gince the measure of the expenditure of water is always some-
what involved in uncertainty, and consequently the total effect
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due toa given head ean be but imperfectly aseertained, it will
bie prudent not to count beforehand on an effective delivery, in
practice, craater than 0,80,

8. Erample of ealoulations for a vapidly moving reast
whael,—The wheel in question was experimented on by Gene-
ral Morin ; it belonged to the foundry at Tonlonse.

The water left the head race under a sluice that was raised
(™ 147 above the sole, which was 1™.423 below the above-men-
tioned level. The orifice being prolonged by a very nearly
horizontal race, the velocity » with which the water reaches the
wheel will be due to the head at the upper portion of the ori-
fice, except a co-efficient of eorrection very nearly 1, which we
will value at 0.95 ; hence

v = 0.95 4 3 (1= 423 — 0=.147) = 4".75.
The velocity at the circumference of the wheel was w = 3™.06,
and the angle made by w and », at the point of introduetion,
was valued at 30°. It follows directly firom this, that the loss

of head sustained in bringing the water from the head race to
the wheel should be :—U of the head (1™.423 — 0™ 147) or 0™,13 ;

we can also ealenlate that produced by the introduetion of the
water, which was expressed by (No. 7, )
a4 1
5o g
The level of the water between the floats, just below the
axle, being at the level in the down-stream portion of the canal,

(1-* + W — 2 uw cos 3ﬂ°) = (=34

. g
we must again count upon & loss equal to 57 (No. 7, d), or

™. 45,

Finally, there is a loss in the circular finme. The depth of
the water beneath the axle and the breadth of the wheel being
valued respectively at 0720 and 1™55, and the length of the
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a

flume being 2™.50, we find for this loss 0.014 sald o i

0.20 % 1552 ¢
or 0911, 7

All these losses together make up a head of 0™.18 + 0™ 54
+ 0748 4 0™.11, or of 17.06. The head being 1"™.72, we zee
that the productive foree as calenlated would “he only

1.72 —
7 Tliﬁ that is, 0.58 ; M. Morin found experimentally 0.41,

a number which corresponds to an available head of
192 % 041 = 0= 705,

instead of 0™.66, which the preceding caleulation gives, This
difference, otherwise hardly noticeable, from ("=.045, belongs
probably to a somewhat greater value of the head lost by the
infroduetion of the water; in fact we have scen f.h{,,[] in certain
cases, a portion of the relative velocity conld be annulled by
the action of gravity, which would diminish by so much the
disturbanee within the floats, and wounld give rise to a smaller
lozs of head.

To increaze the effective delivery of this wheel without
changing its velocity, the following ﬂ!‘I‘ELT!tFEIIIUl]tE might have

R
22g
than its actual position, taking care to arrange the race as
deseribed by M. Belanger (No. 4)—that is, without any sndden
variation in seetion. and with a bottom having a moderate
glope, to itz junction with the tail race; then to raise the point
of entrance of the water so as to reduce the velocity v to

i am06G
0 30° 7 0566

been made: First, to place the flume Elt ., or 1732 lower

= 3m.52, The loss from the wheel to the

tail race wonld them have been reduced to % ;;& or to 0™16,
392 ¢

ingtead of 0™48; the loss for the entranee of the water would
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alzo be redneed to the same valne 0216 instead of 0™.34, which
wonld procure a total benefit of (°°.50. The other losses remain-
ing sensibly the same, the available head would be 0™.66 + 050
= 1216, and the effective delivery would be raised to about
1.16

——— — ﬂl- #
1.72 ET.
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0. Wheels with buckats, o over-shot wheels—These wheels
are nof, like the preceding, set in a eanal,  The water ig let in
at the npper portion ; it enters the buckets, which are, s it were,
Lasing formed by two eonseentive floats, terminated ab the sides
by the annular rings, and cloged at the bottom or sole by a con-
tinuous eylindrical surface coneentric with the wheel. The
guestions that the organization of this kind of motor present
are as follows:

; LAl s
e e e e
e T T T e

Fu, &,

(@) Introduction of water ints the whesl.—Two arrange-
ments are employed which are represented hereafter (Figs. 8,
9). In (Tig. 8) the top D of the wheel s placed a little below

1
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the level N N of the pond, at 0%.60 to 0%.75 lower than that
level ; the water is led to a point C, sitnated about 1%,50 up-
stream, and iz delivered directly above the axle, by means of a
canal A B, or pen trongh made of planks, terminated by a very
thin metallic plate B C, which, being prolonged, would be very
nearly tangent at D to the exterior civcumference. The lateral
houndaries of the canal A B O are prolonged 1 métre beyond
the point C, to prevent the water from falling outside of the
wheel. The water passes over the distance C D in virtue of its
acquired velocity, and enters the wheel nearly at the top. As
quite a narrew opening only is left between the soles of the
buckets, the water that flows in the canal A B O is given the
form of a thin stratum, by making it pass under a slnice placed
near A, and which is raised only abont 07,06 or 0™.10. This
sluice presents an orifice with rounded edges, 50 as to avoid the
eddies consequent to the exit of the liguid threads. As lhas
Leen shown, there is little difference in height between the
point at which the water enters and the level of the head race;
congequently the water enters the wheel with a slight absolute
veloeity, and it the wheel turn slowly, as it should de, to attain
n good effective delivery, the relative veloeity will itself’ be
slight, as well as the loss of work that it involves.

The areangement in (Fig. 9), which has been frequently em-
ploved, does nob appear to be so good ; but we are sometimes
obliged to make use of it if the pond level is very variablo.
This portion iz terminated near the wheel by a wooden shutter
A T, with openings C O, having vertical faces like those of o
window-hlind ; & movable sluice allows of covering as many
of these openings as may be rvequisite, 2o as to expend only
the disposable volume of water. The inconvenience of this
method is, that the water falls through suflicient height into
the buekets to give it a considerable increase of velocity; the
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disturbance of the water in the wheel thus beeomes muoch
greater, It tends, moreover, for the same head, to inerease the
diameter of the wheel, which makes it more heavy and expen-

sive. Desides, the point at which the buckets take a sufficient
inelination to begin to discharge the water in them is sitnated
at a greater height above the lowest point of the wheel, becanse
this height is proportional to the diameter ; there is thus, then,
a greater loss of head, seeing that the work of the weight of the
molecules that have left the huckets, whilst they are falling
into the race below, is evidently lost to the wheel,

(B) Shape of the surface of the waler €n the Iuckels ; velo-
city of the wheel.—It can be shown that a heavy homogeneouns
liguid eannot be in equilibrio relatively to a system that turns
uniformly about a horizontal axis. If, however, we admit that
the relative equilibrinm of the water can exist approximately in
the buckets, which may arize when the disturbance due to the
entrance of the liquid has nearly ceased, we can determine the
shape azsnmed by the free surface as follows :
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Lot M (Fig. 100 be o lguid molecnle, having a masa m, situ-
ated at the distance O M = # from the axiz of rotation O ; it is
in equilibrio relatively with o system which turns around this
axis with an angnlar veloeity =,  This equilibrium exists under
the action : 1st, of the weight m g, which acts vertically along
the line M G; 2d, of the centrifugal force m o’ », along the
prolongation M O of O M, an apparent force to be introdueced,
as regards solely a relative equilibrium; 2d, of the pressures
produced by the surronnding molecules. We know from the
principles of hydrostatics that the resnltant of the two first
forces is normal to the surface level (or of equal pressure) which
passes through M. TF then, M
P be found at the free surface, as
-' N the pressure there iz entively
the atmoepheric pressure, the
resultant in question will be
normal to this sorface.  Let us
take MG =mg, MC=mu'r,
the diagonal M B of the paral-
lelogram M G B C reprezent the
resultant of m g and of W o’

and eomsequently it is nermal Lo

Fr 10,

the free surface. Moreover, pro-
longing the vertical © A until it intersects this normal, we
obtain from the property of similar triangles,

Oa_OM

MG  GB°
whence

MG=<OM mgr_ g
itk T e T L
henece the distance O A i3 congtant, which shows that in a plans

section perpendicular to the axis all the normals to the freo
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enrface meet at the zame point. The profile of the free sur-
face, if there be relative equilibriuin, is then necessarily a circle
described from the point A as a centre.

This vesult proves that, in effect, the relative equilibrium i,
strictly speaking, impossible ; for, in proportion as the bucket
leaves its place, the point A not changing position, the free
aurface wonld have an inereasing radins, which is incompatible
with the hypothesiz of relative equilibrinm, since in this eaze
the form of the free surface ought not to change. The form
that has been determined is that which the water endeavors to
agsume withont being able to preserve it.

Tao finish determining the eirele which limits the water in o
given bucket, a cirele of which we as yet know only the centre
A, we must take into consideration the quantity of water that
the bucket is to hold. To this end, let N be the number of
buckets filled, & the breadth of the wheel parallel to the axis,
Q the volume expended by the pond per second.  Each bucker

pecupies on the cirenmference an angle N (expressed in terms

of an ave of a circle having a radins 1), and as the wheel turns

; : i T : ;
with an anenlar veloeity w, 5 will represent the number of
. Sy

buckets filled in a unit of time. Each bucket then contains a

a

volume

Q : -
==, 50 that the ares occupied by the water in the

crozs gection of the bucket haz for itz valne = The are

27 0Q
buN"
I M E will then be determined, since we know its centre and
the surface D M EF I which it must intercept in the given
profile of the bucket.

In a certain position I' E' T of the bucket, the free surface,
determined in the way just mentioned, just tonches the edee of
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the exterior side E'; this position may be found by trial. As
soon as the bucket passes it, the water beging to run ont; for
every position below this, it is clear that the free surface will
have for a profile a cirele having A for a centre and just toneh-
ing the outer edge of the bucket, and which will allew the
volume of water remaining in the bucket to be determined.
When the circle in question passes entirely below the profile of
the bucket, the discharge will be complete.

In practice, if' the question relates to wheels possessing only

a slow angnlar veloeity, L{ will be o great that the eireles de-
7 N}

geribed from A as a centre, to limif the surface of the water in

the buekels, may be assumed as horizontal lines. Example:

The wheel being four metres in diameter, and having a velocity
. ‘ : 1

of 1 metve at the eircumference, then o = g atd Eﬂ:‘ = 30594,

or the distance of the centre A above the axis,
When an overshiot wheel tnrns rapidly, the distanece iﬂ may
i &

become so gmall that the free surface may present a noticeable
coneavity below the horizontal ; thus the more the angunlar
vielovity increases the less water the bucket can hold in a given
position, which is easily seen, since the centrifugal foree hecomes
ereater and preater, and this foree tends to throw the water out
of the bucket. This is an inconvenience attendant upon wheels
that tarn rapidly ; they lose a groat deal of water by epilling,
and eonzeqnently vield a smaller effective delivery.

The losses of hiead produced by the introduetion of the water
into the buckets, and by the velocity of the water when it
leaves the wheel, alzo inerease with the anguolar veloeity. Wo
will then be led, in order fo economize the motive force as

mueh as possible, to make the wheel turn very slowly. Bt
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we have already seen, in speaking of breast wheels, that it i=
not well to make a water wheel move very slow, becaunse, in
order to use up an appreciable volume of the water, it would
be necessary to establish a machine of immense size. A velo
ity of from 1 metre to 150 at the ecircumference gives good
resnlis,

(e) DBreadih of the wheel ; depth of the buckets in the divec-
ton of the radivs—We have said above that, in a well-
arranged wheel, the water leaves the up-stream portion of the
tronghs by passing under a slnice raised from 0704 to (.10
above the zole; which is itself from 0020 to 0225 below the
level of this portion. If we call

(3 the expenditure per second ;

b the breadth of the wheel, and of the orifice mnder the
sluice

 the heizht to which the sluice gate is raised ;

& the depth of the sole below the level of the water in the
Up-strentn seetion g

# the veloeity with which the water leaves the sluice ;
the velocity o will be due very nearly to the head & —z ; and as
the adjustments are so arranged as to have but little contrac-
tion, we can place

Q=090 ¥ 2¢g(k—a),
the co-efficient 0.95 being intended to account, at a rough esti-
mate, tor the loss of head that water always undergoes in any
movement whatever, and for the contraction that would yet

partially exist, DBy making, in this expression, A = 0280, 2 =

0=.08, we deﬁllccﬂ = (=085 ; in like manner, for & = 0™ 35

b

g = 0™.10, we find A 0m163; that is, with the sluiee ar-

ranged as we have have said, we can expend from 95 to 163
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litres per metre of breadth of the wheel. It wounld be easy to
expend less than 95 litres, by diminishing 4 and @ a little ; we
can, when necessary, expend more than 163 litres by inverse
means, DBt experience shows that, to be in the best condition,
the expenditure should be but little more than 100 litres per
metre of breadth ; for otherwise we might be led either to make
deep bucketz, or to cause the wheel to turn rapidly, which
would tend to increase the veloeity of the water when it enters
or leaves the wheel, and consequently to diminish the effective
delivery.

To show the relation that exists between the depth p of the

buckets in the divection of the radins, and the Expenm—? per

yard in breadth, let us preserve the notation already employed
in the present number, and furthermore let us eall

R the radiug of the wheel ;

w its veloeity at the circumference ;

& -_E:‘H the distance of the buckets apart ; e their thick-

Eh
ness.
The volume of a bucket will be equal to the produet of its
three mean dimensiong, viz ; its length b, its depth p, and its

P : A
breadth © ( = E;E{[i) — ¢ this volume has then for its value,
pbC (1 - Hf?]";_ —-E;). Maoreover it wonld be well, to retard
the discharge from the bucket, not to have it more than one-
third full ; the volume of the water it contains would then be
% phC (l —-231{ 5.0 :1, and, a3 we have previously seen, by

C
9= ()
N

there cbtains
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e 'y _20Q,
3200 (1-gx )=

; LA S
whenee, beeanze €= - T da= T’
Q1 g o

Az the factor in the parenthesis in the second member differs
but little from 1, we may simply place

(e b
=

Thiz equation shows that when Ef iz large, one of the factors p

or @ mugt be 50 too.  For example, if TQ = 0.100 litres, and w
o

= 1 metre, we find p = #2301 It is desirable that p should
not much exeeed 0730,  However, if we had an ample eupply
of water to expend, we might either go beyond this limit, or
wse a faster wheel, or finally fill the buckets more than one-
third.

The expenditure per metre of breadth having heen fixed,
from what precedes, as mueh as possible below 100 litres per
gecond, the breadth of the wheel reaultz naturally from the
total volume of water to be expended. Tt s seldom that
wheels having a greater breadth than 5 metres are con-
structed.

(d) Geometrical outline of the buckets,—The distance of the
buckets apart iz a little greater than their depth ; cenerally,
this lnst dimension is from 0™25 to (™.25, and the other abont
from 0%.32 to ™85,  Their number must be a multiple of the
nunber of arms fir facilitating the connections, unless the
crown and arms are composed of a single piece.

As to their profile, the annexed outling is frequently made
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use of (Fig. I1). After dividing the exterior eircumference
O A into portions A A', A’ A", all equal to the distance of
the buckets apart, we take A D = p, the depth of the buekets
in the divection of the radins, and deseribe the cirenmferenes
O D a third cireumference is then drawn, O B, at equal dis-
tances from the first two. The radii O A, O AL S

Fra, 11,

being then drawn throngh the points of div ision, A B, A" B,

. . will be joined, and we shall then have the profiles A BTy,
ATBT DY, L. which, excepting the thickness, will be those
of the ]'.IHGLLtS.

Skilful construetors think that, instead of the lines such as
A B, ATBY L. . we might employ the lines @ B, o' B",
which praduw # certain degree of mutual eovering hammcn
the buckets ; in like manner for the lines B 38 bbb thS s

, the inclined right lines B o, B’ e i
hemu sometimes substituted. These two changes have the one
end, that of increasing the depth of the buckets in the direetion
parallel to the circumference, and consequently to retard the
cmptying. They are inconvenient, becanze they make the
construction more difficult ; besides, this overlapping A ¢ mnst
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not be earried to execss, otherwize the remaining free space
botween the point B and the side @ B’ wonld perhaps be too
much diminished. This minimum distance shonld be a few
centimetres greater than the height to wlhich the slniee gate is
raiged, in order that the water may enter well into the wheal,
and not be thrown to the outside.

When the buckets are made of sheet-ivon, the broken pro-
files just mentioned are replaced by curved profiles, which
ghonld differ as little a2 may be from them.

Wooden buckets are generally from 15 to 20 millimetres in
thickness; the gheet-iron ones are only from 2 to 4 millimetres,
which inereazes slightly their capacity, all other things being
equal.  They arc limited at the sides by the annular rings,
which are fastened to the axle by arms, which increase in num-
ber with the diameter of the wheel. They present a continn-
ous bottom or sole throonghout the entire cireumforence
DD D ... in very large wheels thiz bottom must be
gustained by supports at one or two points p]:-u!m] between the
exterior crowns.  We might also nse in this caze one or two
intermediate erowns.

{2} To caleulate the dynamic effect of o head that causes an
prerahol wheel fo furi.—The two main canses which give rise
to the losses of head to be subiracted from the entire head, to
obtain the head that is twrned to acconnt, are the relative velo-
ity when the water enters the wheel, and that which it pos-
sesses at the moment that it falls to the level of the tail race.

Tt is almost impossible to obtain an aceorate value of the
first.  During the time that a bueket is being filled, the point
of entrance of the molecules, which come in snccessively, is
changing in a continuous manner.  The first impinge against
the solid sides ; those that come after, against those that are

wlrendy ing and thenee result phenomena very diffienlt to
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analyze. The study iz greatly simplified by admitting, as we

did in (No. 8), that the height ;_D-, due to the relative velocity
L

ot of the water at its point of entrance, represents the loss of
head in question. TBesides, if we eall v the sbsolute velocity
of the water, u the veloeity of the wheel, ¥ the angle formed
by the two velocities; as w is the third side of the triangle
tormed by » and w, we shall have

= ' 4 — 2w oo g,

In reality, the impinging of the water on the wheel takes place
ab different points along the depth of the bucket. Recollecting
now that the radins of the wheel is great eompared with the
thickness of the shronding of the buekets, this will not mats-
vially affect v, bat to determine v and y, it would be well per-
Laps to suppose the point of entrance, noet af the exterior eir-
cumference, but at the middle of the depth of the buclets.

Let us pass to the seeond loss.  Let o molecule of the mass
i loave the wheel at o height = ahove the tail race. This
moleenle, having only an insensible relative motion in the
bucket, possesses, at the moment that it leaves it the velocity
w of the wheel, and at the moment it reaches the level of the
tail race it hus a velocity o equal to 4 4 £ 9 ¢z Then it
gradually Toses all its velocity while moving in this portion,
withont its plezometrie level changing (for we suppose the free
surface horizontal in this portion); it nndergoes then a loss of
head equal to
,H.i
7
For all the molecnles composing the weight P expended in a

+ &

£

21|

—21(} (u'+ 2g 2) =

. 1
second, there will be a mean loss expressed by ' Ewmg
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7.51
2g
the molecnles,  This will be the second height to be subtracted

T 1 : .
= 5): or else by -_;f-:—? ar 0 = gn g 2, the sum = ineluding all

tfrom the total height of the head; it is compozed of two terms,
of which the first & at once wiven, and it only remaing to be

1 :
seen how we can calenlate the term T = g 2, which expressos

the gpeeial effect of the emptying of the bnckats.

S db - ;
The guantity = X s ¢ 2 iz nothing more than the mean

l_'"

height eomprised between the point of exit of a molecule and
the level of the tail race; as the cirenmetances of all the boek-
ets are exactly the same, it {5 evidently enfficient to secls this
mean for the moleenles contained in one bueket,  To this end,
we will fivst determine, as stated above (4}, the positions of the
bucket at which the emptying beging and ends, and, for a eor-
tain number of intermediate positions, we will ascerfain the
amount of water that remaing in the bucket. Lot then

¢ be the height of the outer edge of the bucket above the
level of the tail race when the emptying beging, and let the
bueket, still full, hold the volume of water (2

& the analogous heizht when the emptying has just ended ;

7 the distance that this same edee has descended whilst the
volume of water ¢, was being redoeed to g,

During an infinitely small displacement of the wheel, to
which the descent o » corresponds, an infinitely small volume
— &g is emptied ont, which falls into the tail race from a

height ¢ — % ; the mean height of the outflow will then he

;Jﬁﬂ {¢e — ) dg. Now integrating by parts there obtains

c—y)dg=q—)+frdy,
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and, obzerving that y = ¢ — ¢ and ¥ = o corvespond to the
limit ¢ = ¢ and 4 = g,

Sl e—na Q’zﬂfuf‘Ffﬂ_cxf‘E?I: 2 r;—fﬂ”‘crfd ¥y

: 1 g— ¢
the mean songht is then ot lzm ge=1¢— 7 f 5 gy

The calenlation of the definite integral ‘fa T g dy will be

effected hy Simpeon’s method, for want of a etrict analysis, since
we have the means of determining the value of ¢ corvezpond-
ing to o given value of 4 Were we satisfied with a greater or

less  approximation, but generally one sofficient, we could,
under the sign /| nrplum the variahle ¢ by the ma'm 5 7 of ite
extremo valoes; we ghould then find,

[}Efﬂ.{,ﬂ?—:’]-——{ﬁ—-f} (Ll—l-@]l

To the losses already determined we must still add one for
Lringing the water from the upper portion of the eanal to the
wheel,  As we have seen in examining other wheels, it will be
voery alight if & good arrangement be adopted ; its value would

then ba (11 i
2 g

() Proctical suggestions.— The liquid molecules taking,
during their fall which follows the discharge, a velocity sensi-
hily vertical, there are gearecly any means for furning this velo-
city to aceount by a connterslope, and consequently the down-
etream level ghonld jnet graze the bottom of the wheel, For
wheels that turn rapidly, it wonld perhaps be advantageons to
get themw in a mill race, which weuld only allow the water to
eseape at the lower portion, and with a velocity nearly horizon-
tal ; we should take care to furnieh each bucket with a valve,
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placed near the bottom, and opening from withont inwards, to
allow the air to enter when the water rons ont. It wonld then
be possible to diminish greatly the loss of head oceasioned by
the velocity that the water possesses on leaving the wheel ; but,
an the other hand, we wounld increase, in no small degree, the
expense of ereeting the wheel, and very likely also that of
keeping it in repair.

Overshot wheels answer very well for heads from 4 to 6
metres ; less than 3 metres the breast-wheel is to be preferred.
Besides, as their diameter is nearly equal to the height of the
water fall, their employment would become practically impos-
sible for very high falls,

Experience shows that with an overshot wheel, well set np
and moving slowly, the produetive foree of the head of water
may rise as high as 0.80, and sometimes even more. Bnt, in
wheels that turn rapidly, it sometimes falls as low as 0,40,
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1. Warer Wannrs wrrn Verroan Axces,

10, ldgashioned spoon or tub whesls,—The paddles of
apoon-wheels are of =lightly coneave form in the dircetion of
their length and bireadth.  They are arranged around a vertieal
axle, and receive in an almost horizontal diveetion the shoek of
i fluid vein which, leaving a reservoir with a great head, is led
near the wheel by a wooden trough. To obtain a grealer
action, the water is made to strike against the coneave aide of
the paddles.

Let na eall

w the absolute veloeity, supposed to be horizontal and per-
pendicular to the paddle struck, of the vein which strikes the
whel ;

w the seetion of this vein ;

2 the veloeity of the paddles at the peint at which they re-
coive the shoel;

- 1 weight of the cubie metre of water,

The relative velocity of the water and paddles will be hori-
zontal and equal tow — « ¢ then, if thie phenomenon be asgimi-
lated to that of a fluid vein hmpinging against a plane, the
foroe’ exertad on the whesl will ba iu !:".’_; W e ok
which this force performs on the wheel in the unit of time will

s k]
ba expressed by M w i{iy—ul-ﬁ n quantity sensibly equal to the
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dynamic effect of the head (No. 2. This expression varies

: ; : i ; .
with e, and reaches its maximuwn for e — 5 #; this maximum
: 4 of : : S S
18 0w o~y or, soeing that I« o gives the weight P expended

@ gi H = =] =]

per second, EET T‘f} The height ;—1!} can only L'u.a . fraction

of the head T0; henee, the dynamic effect is found below
;u P H, and the effective delivery helow ;T’ or about (.50
i

This number, moreover, carmot be considered as strictly cor-
reet, because the imperfectness of the theories relating to the
resistance of fluids has eaused ng to give a more or less approexi-
ntate valne for the reciprocal action of the water and the wheel ;
however, experience confirms the result of ealenlation, at least
inasmuch us it indicates for this class of motors an effective
delivery that is always very small, varying from (.16 to 0,83,

The tob-wheel does not give a much better resalt. A vertio
eal eylindrical well made of masoney receives the water from
the head race through o condueting channel A (Fig. 12, whoss
gides  ineline  towards

each ofher with an ip- (S i,
- A
i 1 T
clination of about - a8 __mmmrme™=
2 /
they recede from the
well ; that i to say, zsh

that the sides make an %‘%
angle of 11 or 19 de- &

: Fre, 12,
grees with cach other.

Une side iz also tangent to the eircumference of the well, The
wheel, whose axis coincides with that of the wall, conzista of a

certain number of paddles regularly distributed around a ver
5
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11. OF turbines.—The principle of reaction wheels, such as
are ordinarily mentioned in Treatises of Physics, has long been
kmown ; but it appears that it was only towards the beginning
of the last century that the idea was entertained of making use
of and applying it to the eonstruction of water wheels with a
certain power. Segner, a professor at Gittingen, and more
recently Euler, in 1752, made them the object of their
researches,

In 1754 Euler constructed another machine, still fonnded on
the prineiple of renction wheels, but differing from them in
several important arrangements ; this machine offers the most
striking resemblance to a powerful wheel now in use, ealled in
the arts Fontaine’s turbine, from the name of the skilful con-
strnetor, who has set up a great many within late years, besides
extending and completing, in the details of their application,
the idea first advanced by Euler. Tt appears that this kind of
wheel was not much used until towards 1824, the period at
which the question was again studied by M. Burdin, engineer
in ehief of mines, who construeted a similar machine which he
called a reaction turbine. In the years following, M. Fourney-
ron, ingpired by the ideas of M. Burdin, established some tur-
bines in which he introduced marked improvements, Since
that time turbines have greatly spread and multiplied ; and
there exists a great number of models which differ more or less
from each other,
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Without undertaking to follow up more completely the his-
tory of the changes suecessively undergone by this kind of
wheel, we shall briefly deseribe the three prineipal elasses into
which the turbines now in use may be divided; then we will
give a general theory for them, and finally we will mention
gome details to which a particular interest is attached.

12, Fowrneyron's twrkine.—The essential parts of this tur-
bine are represented in (Fig. 13).

The water from the head race A descends into the tail race
B by followineg o tube, with a cirenlar horizontal scetion, of
which O IF is the upper upuhing. This I‘.l:lhli‘.1 which ia ]}l.‘l'ﬂl!l-
nently fixed, rests on supports of timber or masonry; it is pro-
longed by another civenlar eylinder of east iron EGTF, mov-
able vertically, which can be lowered more or less, by means to
be presently explained. The bottom K K’ K” L” L' L of the
tube is joined to a hollow eylinder or pipe a b ed, snpported at
its npper end ; this pipe is moreover intended to keep the ver-
tieal shaft e 7 from eontact with the water, a motion of rotation
being given to the shaft by the flow of the water doe to its
head, In fact, we see that if the water reached the axle, it
would be necessary, in order to avoid leakage, to make this
latter pass through tightly closed packings, which would ocea-
gion frietion, independently of that caozed by the contact of
the fluid.  The arbor, az well as the pipe, are, moreover, con-
centric with the tub.

Between the bottom G 1 of the eylindrical sloice I G I F and
the annular plate K L, there is an opening G K, 1 L, entirely
around the perimeter of the bottom, through whicl the water
enn flow, Dot as it is important, as we shall zee, that the
threads should not flow in any direction whatever, they are
euided in their exit by a certain number of eylindrical par-
titions with vertical generatrices, which are supported by the
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plate K I, and of which the arrangement is sufficiently well
indicated in the hovizontal seetion ; amongst these directing
partitions or guides, some, such as g 4, are joined to the sides
B RY, L LY others, such as £ k&, are ghorter, in order to avoid
foo goreat a proximity in the extremities of the partitions
towards the axle,

With regurd to the opening G K, I L, the turbine proper
s included between  the two annular plates or erowns
SRMN, VTP Q; these plates are connected together by
means of the floats of the turbine, which are eylindrical
gnrfaces with vertical generatrices, giving in horizontal see-
tion a zeries of corves, such as Lm, p g, &oog the lower plate
iz further conneeted with the arbor by a surface of revolu-
tion T'« 8 P, bolted to it, so as to form a perfectly zolid whole.
The axle rests on a pivot at its lower end: a lever 74,
moved by a rod & ¢ which ends at a point ecasily reached,
allows this pivot to be raized a very little, when the wear
and tear of the robbing surfaces has produced a slight settlinge
of the axle.

To see how the action of the water sefs the machine in
motion, let us suppose first that the arbor is made fasc: then
the liguid threads, leaving the well through the directing par-
titions, will strike against the coneavity of the floats; they will
thus exert a groater pressure on the concave than on the con-
vex portion of a channel such as lm p g, formed of fwo con-
geentive floats, first by virtue of the shock, and secondly the
carved path that they are obliged to describe. Hence there
would result a geries of forces whose moments, relative to the
axis, wonld all tend to turn the system of the floats in the
direction of the arrow-head indicated in the horizontal section;
thus there will be prodneed effectively a rotation in the diree-
tion indicated, if the axle be allowed to turn, even in opposing
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it by a resistance of which the moment should be inferior to
the entire moment of the motive forees.

To diminish as much as possible the loss of head experienced
by the lignid molecules during their passage from the head
race to the wheel, we shonld take eave : 1st, to give the opening
(' I» a sufficiently great diameter and fo round off' its edges;
@, to furnish the cireular slnice with wooden appendages G G,
IT, placed at the lower portion, and having their edges ronnded
off, as shown in the ficure. We shall thus sufficiently avoid
the whirls and eddies eaused by the snecessive confractions of
the threads of water. The wooden packing, moresver, is not
eomtinnous ; it is composed of a series of pleces, each oecnpying
the free space between two eonsecntive partitions, so that the
sluice can be lowered withont any hindrance as far as the bot-
tom W K" T L

We shall gee, in conzidering the general theory of tnrbines,
how the other conditions essential to a good hydranlic motor
are talfilled.

18. Fontaine's turkine —Pig. 14 shows a general seetion of
this machine by a vertical plane. A pillar or vertical metallic
support A B is cet as firmly as possible into the masonry form-
ing the hottom of the tail race ; this supports at its upper end
A a hollow cast-iron axle G D EF, which snrrounds it; this
axle iz prolonged above by a solid one, upon which is the meel-
anism for transmitting the motion. A serew and nut C allows
the position of the axle to be regulated in a vertical direction.
Nearlyat the level of the water in the tail race (or, if desivable,
below it) iz placed the turbine T K LM N O I*, permanently
fastened to the bottom of the hollow axle; it is comprised
between two surfaces of revolution coneentric with the vertical
axiz of the system; these surfaces baving HK and IL for

meridian linez: in the intermediate space ave placed the feats,
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which receive the action of the water, and at the pame time
strengthen the two surfaces.  The water comes from the head
race @ to the floats by flowing through a series of distributing
canals, of which the quadrilaterals Q R I I, 5 T' M N represent
the geetions, These ehannels are distributed continunousty over
an annular space, directly over the floats; they arve limited
latevally by the surfaces () 11T N, RIS M; the space between
these surfaces, moreover, remains free, except the volume ocen-
pied by the directing partitions, which divide it into a certain
number of inelined channels, in which the liguid threads move
with a%leterminate figure and direction.

To give a clear idea of the shape of the directing partitions
and floats, let us suppoze a section made by a eylinder or a
cone, concentric with the axis of the system, passing through
the middle of the spaces Q@ R, I I, X L, and this section deve-
loped on a plane. The developed section of the directing see-
tinns will give a serigs of cnrves such as ed, 27 . . . comprized
in a straight or eurved row ; in like manner, for the floats of
the turbine, we shall obtain the entves d g, £4, . . . alzo com-
prised in another row. These curves having been drawn con-
formably to rules which we ghall eonsider further on, let us
suppose reconstructed the eylinder or cone that had been devel-
oped, and let us conceive the warped surfaces wenerated by a
right line moving along the axiz and on each of the curves in
question suecessively ; we shall in this way have determined
the surfaces of the partitions and floats.

It iz deemed unnecessary to deseribe the arrangement for the
water from the head race to flow into the tail race in no other
way than throngh the channels formed by the directing prarti-
tions ; in this respect the figure gives snfficiently clear indica-
tions.

We can, as in the case of Fourneyron’s turbine (No. 12), ac-
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connt for the direction in which the machine shonld turn on
acconnt of the action of the water: and which iz that of the
arrow-head deavn below the development of the floats,

14, Keellin®s turbine, — Kocklin's turbine, of which the
entire arrangoment was fisst foagined by a mechanic named
Jonval, does not differ essentially from Fontaine's turbine,
gither in the arvangement of the floats and directing partitions,
or the mode of action of the water. The moest notiveable dift

Ty

iy

im oI

R
Fra. 15,

forence consizta in this, that the torbine iz above the leyel of
the water in the tail race, as shown in (Tig, 153, a vertical sec-
tion of the apparatus. The directing parvtitions, set in an
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annular space, of which the trapezoids QRIIL ST M N,
indieate sections, are fastened to a kind of cast-iron socket,
which ergbraces the axle A B, without, however, forming part
of it, or pressing it havd ; they form a set of inclined channels,
through which the water from the head race flows and reaches
the floats of the turbine, placed immediately below, as in Fon-
taine’s turbine. These floats are fastened to another socket,
which is bolted to the axle; they veenpy the annular space
HIKL MNOP.

The inclined channels included between two consecutive
floats or partitions are limited on the ontside by a fixed tub of
cast-iron, resting on the edges of a well of masonry ; it forms a
purface of revolution about the axiz A B, having Q I K D for
u meridian section. At the bottom of this tub are found a cer-
tain number of arms which support a eentre picee, on which is
placed the pivot of the revolving shaft.

The water having left the turbine, by the apertures K L,
O P, flows into the tail race by descending through the mason-
ry well, and then passing into an opening which we may con-
tract, or, if need be, cloze at will, by means of a sluice V.,

The situation of the turbine ahove the level of the water in
the tail race allows it to be easily emptied, and herein lies its
prinecipal advantage ; for this purpose we have merely to leave
the sluice of the tail race open, and to prevent the water reach-
ing the distributing channels Q R T, STM N, We ean then
vigit the machine and make the necessary repaivs. DBesides,
the height included between the horizontal plane K L O P and
the level of the water in the tail race should not be eonsidered

as a foss of head, becanse it belongs to a diminution of pressure

on the water which leaves the turbine, and we shall see by the
general theory, now to be investigated, that this canses an
gxact compensation.
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15, Theory of the three preceding turbines—A complete
theory of the turbines that we have juat snmmarily described
ought to include first the solution of the following general
problem.  Having given all the dimensions of turbine, its
position as regards the head and tail races, and finally its angn-
lur velocity, to determine the volume of water that it expends,
and the dynamie effeet of the head, we should then seck the
conditions necessary to make the effective delivery tor a given
head and expenditure of water o maximum,

But we shall not treat the question in such general terms.
In order to simplify the reseavehes with which we are to he
employed, we shall allow in what follows that all the dimen-
giong have been chosen and the arrangements made, 20 that the
turbine may fulfil in the best possible way the conditions for a
good hydraulie motor.  Then, from the pond to the exit from
the directing partitions, care will have heen taken to avoid
contractions and sudden changes in dircetion of the threads ;
to have smooth and rounded sorfaces in contact with the water
that flowe through, in order that, in this first portion of its
Passage, it may meet with no sensible loss of head. At the
point of entrance into the turhine, the water possesses a certain
relative velocity ; matters will be so arvanged that this velocity
shall be directed tangentially to the first eloments of the Hewate,
in order that no shock or violent disturbance may follow. This
iz u condition that it iz possible to fulfil by ehoosing a suitable
veloeity for the wheel, a2 well as proper directions for the floats
and partitions where they join. Finally, as the water leaves
the turbine in every direction about = cirenmference, and ag it
is hardly possible to prevent the absolute velocity which it
hen posseszes being nsed up as a dead loss in producing eddies
in the tail race, we shall suppose that we have taken ecare to
make this velocity small. A1l this combination of eirenm.
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stances will considerably simplify onr ealenlations, by allowing
us to neglect in them, without a very sensible error, the differ-
ent losses of head experienced by the water up to the point of
its exit from the turbine, a loss of whieh the analytical expres-
sion, more or less eomplicated, wounld overload our formulas
and make them mueh less manageable. Ouly, it should be
understood that our resnlts will be exclusively applicable to the
caze in which the machine works according to the conditions
for o maximum effective delivery.

Thus granted, let us call

» the absolute velocity of the water when it leaves the
directing partitions and enters the turbine;

w its impulsive velocity and w its relative velocity, at the
same point, with respeet to the turbine taken for a system of
COMpPari=on ;

', w' and ' the three analogons velocities for the point at
which the water leaves the wheel ;

p and p' corresponding pressures at these two points;

7 the atmospherie pressure ;

# and » the distances of the same two points from the axis
of rotation of the system™ ;

IT the height of the head, measured between the level of the

i* These two distances are often equal in the Fontaine and Kocklin tor-
himes s bt they should diffar in a marked degree in Foumeyron's turbine,
Morcover, it should be observed that, in the Fontaine and Kecklin forhines,
the ontlets of the water, from the guide corves, have a certain dimension per-
pendicelar te the axis of rotation ; the lengths ¢ and #', be it well nnderstood,
ghould he referred to mean points of these outlets. Thus in Fig, 15, for
example, 7 should be the mean of U M and TN ; ', in the same way, should
e equael tn'?'l & 1% 2 if-

relatively to r and +, in onder that the considerantion of a single thread of

M N and O P ghould also ba o taken as to be gmall

water only may not cause an appreciable ereon
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water in the pond and tail raece, supposed to be sensibly at
rest

& the depth, pesitive or negative, of the point of entrance of
the water into the interior of the turbine, below the level of
the tail race;

A the height the water descends during its motion in the
intarior of the turhine, a quantity equal to zero when M. Four-
neyron’s arrangements are adopted ;

I weight of the enbic metre of water,

Now, all the intervals hetween two eonsecntive direeting
partitions being coneidered ns o first system of curved channels,
and all the intervals between two consecutive floats as a second
system,  For the first system of these channels, reprezent by,

A the acute angle under which they eut the plane of the
arifices that terminate them ot the distance » from the axis:
thi= angle g is alao that at which the cirenmierence 2 = » iz cut
Ly the partitions ;

frthe depth orbreadeh of the orifices of which we have just heen
speaking, measured perpendicularly to the cirenmference 8 = 2,

For the second system ;

& the angle made by the plane of the ovifiees of entrance
with the direction of the floats, or, what amounts to the same
thing, the angle of these floats with the ciremmference 2 «
to which we will give, moreover, a direction opposged to the
veloeity e, the direction of the float being talien in that of the
relative motion of the water;

v the acute angle at which the channels eut their orifices of
exit, or, in other words, the angle of the floats with the cir-
enmference 2 = ¢ ahout which the ahovementioned orifices are
distributed ;

" the depth or breadth of the ovifices of exit, measured per-
pendicularly to the cirenmtercnee 2 = ¢,
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The question now is to establish the relations between all
these quantities, under the supposition that the conditions of
the maximum effective delivery are satislied. For that pur-
pose we shall first follow the motion of a molecule of water
along its path between the two races, and write out the equa-
tions furnished by Bernouilli’s theorem.

Between a point of departure taken in the pond, wheve there
is no senzible velovity, and the point of exit at the extreomty

of the divecting partitions, there iz a head expressed hy | B R
by — 7 ; :
4 —"I—'?'-ﬁ- -‘f-; the velocity being », we have then, under the

supposition of a loss of head that can be disregarded betweon
the two points in question,
y— P ;
'l!t e Hﬂf{ll -|- .I‘r!- + __.?_I'EITJ?_). B {1}

The water then moves along the floats of the turbine with a
velocity at first equal to w and afterwards to w': in this second
period, if we call o the angular velocity of the machine, wo
know, applying Dernouilli’s theorem to the relative motion,

¥

there muat be added to the real head 4" + PPy fictitions
o

LA 1 ]

=t 2 — ; :

head ————~— or ———; still, neglecting the loszes
2y g =

of head, which is approximately admissible when the water
enters with a relative velocity tangent to the floats, we shall
then have to place

i a ’ i L | ] £
w —w =2 +PE) = @)

When the turbine is immersed and % is positive, the point of
exit of the water is found at a depth A + A below the level of
the tail race ; besides, az, for the maximum effective delivery,
the water must go out with a glight absolute velocity, we ean
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without material error admit that the pressure varies, in the
tail race, according to the law of hydrostaties, whicl gives
f .)r 7
"'I;T:-Fft-b.-ri-':%— g I:a}

Thiz relation is also true in Keweklin®s turbine, although
A + &' beeomes negative, provided that the well placed below
the turbine and the orifice by which it communieates with the
tuil race are sufficiently large ; for then the water will tuke up
in it but a slight velocity and ean there be conzidercd as in
equilibrio; the pressuce p” would then be less than g, by a
guantity represented by the depth — (& 4+ &%), as eqnation (3)
shows, We could also preserve it, if the lower plane of the
turbine, constructed sceording to one of the first two systoms,
wore on the same level as the water in the tail race : we wonld
then, in fuet, have p, = p"and & + &' = o, the quantitics 4 and
A" being with contrary signs, or else both equal to zern, aceord-
ing to whether we are considering Fontaine’s or Fonrneyron’s
tarbine.

The incompressibility of water will furnish ws with the
tonrth equation, showing that the volume of water that has
flowed between the divecting partitions is equal to that which
leaves the turbine.  The distributing orifiees, lett free between
the partitions, cceupy a total development 2 = » (exeepting the
glight thickness of the partitions) and a breadth &, from whence
there results a surfuee 2o by p oas they are ent by lignid threads
moving with the velocity #, at an angle 5, we have for the first
expression of the volame @ expended in a unit of time

(=2« bpsing v
In like mmnner, the orvifices of exit at the extremity of the
floats have a total development 2« ', a breadth I, a surface
e d’ ', and they are ent by the threads moving with a rela-
tive velocity w' at an angle 3" then

Q= 2ab »ein v w
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Etrictly zpeaking, on aceount of the thicluess of the floats
o partitions, these two expressions for the value of Q ought to

; ; : 1 1 .
nndergo a slicht relative reduction of 5% O 35 bt in z11 cases,

)

the veduction being the ame for Loth, we shall have by the

equality of the valnes of ;‘}’_ﬂ
brusin gp=5"r'w'anyg ... . (4

The three following relations are in & certain degree ceo-
metrical,

Let ns yepresent (Fig. 16) a float B C and a directing par-
tition A B; a lignid mole-
vule having  followed the
path A B arrives at B with
an absolute velocity #, and a
veloity w0 relatively to the
tarbine which itself, at the
point B, possesses the velo-

city 2. This last beine what

is ealled the propelling veloeity, we know that o is the diagonal
of the parallelogram construeted on » and w ; and as the anglo
between » and w is exactly s, the triangle BU YV will rive

1 a - -

UV =BU+BV —2BU.BV cos g,
that ie,
wh =1 0 — 2w o g ... ()

In like manner the liguid moleeule, after having traversed,
relatively to the turbine, the path B O arrives at @ with the
veloeity o', which, taken as o component with the propelling
velocity ', gives the absolute velocity o'y then the angle -
being the supplement of that made by ' and wr’, wa shall have

= w” — 2w cony. .., (6)
i
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(0 the other hand, the velocities « and " belong to two points
of the turbine situated respectively at the distances » and #* of

!

4 ; "
the axis of rotation, we have then — = —, or
"

?.”
T TR LR i |
There still remains to express two conditions necessury for
obtaining the best effective delivery. It is necessary first, at
the puint B, that w be directed tangentially to the floats B O
without which there wonld be a sudden ehange of relative
veloeity, whenee would result disturbance and a loss of head
that we have not considered, Now the angle between w and w
iz the supplement of ¢, hence the triangle B TV gives
BU_einBVU_ sin(BUV 4 VB
BY sinBUY ™~ sin B UV :

or
w __ sin (@ 4 8)
= ...

It is then necessary that the absolute velocity @ possessed by
the water on leaving the turbine should be very slight, gince

u'?

57 enters in the loss of head (No. 8): thiz condition is suf-
ficiently satisfied by taking the angle ¥ small, and placing
W nnit e . A8)

for then the parallelogram O T’ V' W' is changed into a lozenge,
very obtuse at one angle and very scute at the other, and the
dingonal joining the obtuse vertices is short ; in other words,
the veloeities w0 and w’ are equal, and almost directly opposed,
which makes their resultant very emall,

We have thus ohtained, in all, nine equations between six-
teen variable quantities in a turbine, namely—

six velocities w, », w, w', v/, w',

two pressures p, p',
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Er
two ratios prtly o

three altitudes I, A, &/,

three angles g, 3, &

These equationz will serve us for solving two distinet problems,
which may be thus stated; lst, having given a turbine and all
its dimensions (that is to say, the eight quantities &, ¥, '5—;1'—;1;
I, A, &%, to show the conditions these dimensions must =atisfy,
in order that the turbine may work with the maximum effective
delivery—that is to say, so that the nine aliove equationz may
obtain ; and, under the suppogition that these conditions are
fulfilled, to show the moest suitable veloeity of the turbine, ns
well ns the expenditure of water corresponding to this veloeity,
its effective delivery, and its dynamie effect ; 2d, having given
the expenditure and the height of & head, to establizh under
this head a torbine with the best conditions,

The first question involves eight unknown quantities, which
arve =, v, e, w, @', w', p p' p the elimination of these nnknown
quantities between the nine equations will then give an equa-
tion of eondition to be esatisfied by the dimensions of the ma-
chine—an equation to which we shall have to add two othess
in order to show that the pressures p and p' are essentially posi-
tive. The following calenlation has for its abject to bring ont
these three eonditions, and, at the eame time, to give the value
of the nnknown guantities.

Adding equations (1), (2), and (5), member to member, there
obtains

wi=2g (H+h+h +P2=L) | w9 uncosp

or, considering (3) and (%),
uvesp=¢gH . ,.. (10
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The combination of equations (4) and () readily give
bopein p=0 u'rginy; . . . (1)
multiplying equations (7}, (10}, and {11}, member by member,
there obtaing
W hortsin geog g =g H. & »®gin y;
whenee one of the nnknown quantities

M gin g

u :Q’J.J:. éf'? m—’ﬁ " m omo 1__12:}
We have besides, from equation (10), w* = Ugfc; o ; whenea
tan ﬁ
= ” Aok 1
LS 3-'?" ain 5’ TERCE
and from equation (7)
e & tan g
P — [ ]I —E?—., == -:,_,- ..... (1'1}

To obtain o, we will first make 4’ = »" in equation (8), which
will mive

2% =B " {1 — cos 3),
and consequently from the value of »’ {14),

=g n;_::ll:-_fju—m;r} L

Enowing «' we obtain ', and, if w were required, we eonld
epslly obtain it by substituting in equation (3) the values of v
and w2, Thus, all the velocities ruy be considered s known
we could deduce from them the angular veloeity o with whicl
the turbine must move, when it fs working with the conditions
of the maximum effective delivory ; we would then have prac-
tically

e

The corresponding expense @ has for its value 2 « 5w’ #' sin ¥
or, substituting in place of =’ the value of its equal ' from
equation (14),
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Q=2+ Y3V ¥YgHtan gsiny, . ... (16)
a formula whose second member we shonld probably have te
multiply by & number lesz than unity, in order to take into
consideration the space cccupied by the floats, and also to com-
pensate for the influence of the losses of head neslected in the
ealenlation,

Let us now seek the three equations of condition to be satis-
fied by the dimensions of the turbine. First, by dividing equa-
tions (13) and (12), member by member, and extracting the
gquare root of the quotient, we will find

w bor® sin g
o G aE
and by reason of eq. (S)
gin (# + b sin =
= rl:mﬂ_’gjzﬂ?r_’* r‘iu:; izl (L)
this is the econdition cbtained by eliminating eight unknown

quantities between nine equations.  There remains vet to ex-
press that p >0, p" =0, As to this last condition, we see from
{3) that it is itself satisfied for Fowrneyron’s and Fontaine's
torbines, by supposing that they are on a level with the water
in the tail race or below it, as we have admitted in the preced-
ing calculations ; beeanse then £ + &' is positive, and we have
# = pe In Kecklin®s turbine, on the contrary, the bottom
of the turbine ig in reality above the level of the water in the

r
tail race, by a positive height expressed by — (A + 4} ; = has

for itz value ’%, or 10™ 35 less this height ; then it is absolutely
necessary to have

— (& + &) < 10m.33,
and perhaps even, on acconnt of neglected losses of head, it
would he well to place
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— G FA)<em, . .. (18
in order to make perfectly sure of the continuity of the liguid
column in the eylindrieal well, above which the turbine is
found,  As to the pressure p, it will be found from eq. (1) after
substitnting in it for +* its value in eq. (19), that is

) g 1 By 8in
St A S e i
The second member of thiz equation should, of course, be
greater than zero; but we may sssign it a higher limit. In
fact, if we examine the arrangement of the different aystems of
turbines, we see that there is always an indireet communication
between the distributing orifices, situated at the end of the
divecting partitions, either with the tail race, or with the exter-
nal air.  This communication is effected Ly the play necessarily
left Dhetween the turbine proper and the distributing orifices.
When it takes place with the tail race, p cannot differ much
from the hydrostatie pressure p, + 14, which wonld take place
in a piezometrie column communicating with this race, and at
the height of the point of entrance of the water above the
turbine ; otherwise there would be, on acconnt of the play that
wi have just spoken of, either a sudden gnshing ont, or suetion
ot the water, which would produce a disturbanee in the motion.
When it is with the atmosphere, p must, for o similar reazon,
be equal to g, It = then prudent, in the first case, to impose
the condition that the two terms in which the factor 1L appears,
eil. (19), should nearly eancel each other, or, designating by &
a number that differs little from unity, to make

et PO
& is mereover rigorously subjected to the condition that

AL H(L— k)

i Bp® gin g

b singeos g’
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ghould be positive.  And in like manner, for the second case,
we should establish the condition

bt gin ¥ L, e
H (1 — T e ,ﬂ) + A=A . ... (20Dbis)

%" being a very small height.

Agrain it might be proposed, for a turbine known to be work-
ing with the maximum effective delivery, to seek this delivery
as well a5 the dynamic effect. As we are supposing that ull
lossea of head, other than that due to the velovity of exit ¢/,
mey be disregarded, the head that is turned to account will be

Ir!‘

i
2 ¢
and consequently the productive foree @ will be expressed by
H — _‘.’g L
e = oy
or replacing o by its value
i tan g8
=1—= — {1 —cosy) . . .. 1
p=1—1 smT{ c0s 7) (21)

The dynamie effect T, would be obtained by finding the pro-
dnet p 1 Q H of the effective delivery by the absolnte power
of the head ; then we would have, from eqs. (16) and (21)

T,=0H g 2=+ ¥bV. Vtanpsing

| b fan g ol e [
it RS e
RE : b osiny 4 cos ¥) |

Thus have we now solved the first of the two general prob-
lems proposed.  When we take up the second, which consista
in setting np a turbine for a mven head, @ and H become the
known quantities, and we have, between the nine quantitics
B, 7, A, w, ', B B A, B, which define the unknown dimensions,
only equations (16), (17), (20), or (20 &is), to which must be

9
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added (if o Kwecklin’s turbine is in question) the inequality
(18); still this inequality leaves a certain marging and it is the
same with equations (20) and (20 bis), becanse the quantities k&
and A" have not a definite value. It appears, then, that the
problem is very indeterminate, and that we may assume almost
all the above-mentioned dimensions arbitrarily ; however, the
following remarks impose vestrictions that it will be well to
keep in mind.

16, Remarks on the angles 8, v, 8, and on the dimensions b,
Boorgo' by B —If we only considered the expression for the
elfective delivery eq. (21), we should be tempted to make one
of the angles g or ¥ equal to zero; the theoretical effeetive
delivery would then become practically equal to unity. DBut
we see that the expenditure Q would reduee to zero, ns well as
the dynamic effect T, : henee the value zero is not admizzible
for either of these angles.

Making » very small, the channelz formed by two consecu-
tive floats wounld be very much narrowed at the point of exit
of the water; the water would flow with diffienlty through
these narrow passages, and there would be danger of its not
tullowing exactly the sides of the floats, which would occasion
eddies and losses of head. On the other hand, a large value
for ¥ would diminish, very likely, the effective delivery too
much,  Between these two points to be avoided, experience
gives a value of 20 or 30 degrees as affording satisfnctory
reztlis,

As to the angle g, besides the reason alveady given, there is
still another for not making it zero: this second reason is that
from equation (19) p would be negative for 8 = o and g = 90°,
We must not then approach too closely to zero or to 90°; the
limits from 30 to 50 degrees have been adviced by some
experts: but there is none that is absolute,
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Let us suppose that we are about to apply eqnation (20);
multiplying it, member by member, by equation (17) we find

Bein(d +8 . 1
in 8 T Qeosp’
whence
l_lzﬂ{msﬁsin_{d + g} —zin &
E gin 4

or, by developing the sin ( 4 8),
2 ¢os psin {8 f 8) —sin d =gind (Zeos® p— 1)+ 2sin g eos peos d
—ginfeos 28+ coslzin 28
—sin(3pg + 4);
we ean then write
sin(28+4) 1
gin 4 ke

S i (23)

We have previonzly seen that £ chould be a number very near
unity ; it follows that sin (2 8 + ¢) should be small, and conse-
quently that 2 g + & should differ bnt little from 150 degrees
If, for example, we took g about 45 degrees, 8 wonld be about
a right angle. Besides, it is not well to have 8 greater than
40° : for, it we refer to Fig. 16, we see that if 4 be obtuse the
floats should have a form like B' O, presenting a considerable
curvature: and experience shows that in a very much curved
channel the water meetz with a greater loss of head, all other
things being equal: the liquid molecules then tend to separate
from the convex portion, which gives rise to an eddy. We see
alzo in Fip. 16 that, in taking 4 very acute, the side V U of the
triangle B U V—that iz, the relative veloeity at the entrance,
would tend to become more or less great, which would be huort-
ful, since the friction of the water on the floats wonld be in-
oreased. Hence d shiould be an aente angle, bot at the same
time almost a right angle: we might make it vary, for example,
between 80 and 90 degrees.

If it be equation (20 bis) and not equation (20) that we have
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to apply, the same reasons obtain for taking ¢ acute and nearly
90 degrecs 3 but the sum 2 2 + 8 need no longer differ much
from 130 degrees.

Atter having fixed the valnes of g, ¥, and 4, we will find from

b ey
———, whenee we can obtain either - O
-

eruation {17) the ratio =
Hir

T :
—;, the other having been assumed.
.
It is in favor of the effective delivery to have = leas than
fr

unity, as formunla (21) shows ; it must not, however, be greater
than the difference 6" — b, and must be proportional to the
length of the floats, in order that the channels between two
consecutive foats may not be emptied too rapidly, becanse this
emptying wonld give rize to a loss of head. We can impose

the condition that & — & should be less than % the length of

the floats.

i

. o e
Az we have already said, the ratio — is often taken equal to
h s

unity in Fontaine’s and Koeeklin®s turbines, bot it is neces-
garily greater than mnity in Fourneyrons turbine. If it le
taken different from unity, we must not, except for particular
reasons, inereaze the difference ' — ¢, or # — 2/, for we ghould
thus lengthen the floats and inerease friction.  In Fourneyron's

v

ik ; e & £
turbine — varies ordinarily between 1.25 and 1.50.
pe

The height &', from which the water descends into the inte-
rior of the turbine, is always zero in Fonrneyron’s turbines ; in
the other two systems it iz so taken that the floats may be sni-
ficiently, bot not too long, recard being had to the difference
& — 6. As to the height 4, if it be a question of a torbine of
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Heecklin's, it iz fixed according to local eirenmsiances, the in-
equality expressed in (18) being considered ; if it be of one of
Fonrneyron’s or Fontaine's, we so arrange matters that its
lower plane may be on the same level as the waters in the tail
race when at their minimum depth,

Finally, M. Fourneyron recommends iving the cireular see-
tion of the tub, in which the directing partitions of his turbines
are placed, a surface at least equal to four times the right sec-
tion of the distributing orifices, in order that the fluid threads
may easily pass from the vertieal to the horizental direetion,
which they must have at their point of exit. With the nota-
tion employed in (No. 15), we can write

2 >4, 290 hain £
or elsc
F>8bsing .. .. (24
the sign > not Leing exclusive of equality.

Let ns now show, by two exmnples, how we shall be enabled,
by means of these considerations, to determine the dimensions
of a turbine to be established.

17. Eramples of the calenlations to be made for constructing
o tupbine—Let it first be determined to establish a Fourney-
ron turbine with the following data :

Height of fall, T = &= 00,

Veolume expended per second, ) = 1™°.50.

The absolute power of the head is 1500 » 6= — 9000 kilo-
erammitres per gecond, or 120 horse-power.

Since the angle y iz not fixed theoretically, we will take it
(No. 16) equal to 23 degrees; we will also make &£ =1 (¥),
which secures that p shall be positive (No. 15); finally, we will
take # = 00°,  Equation (23) then gives

gin (2 g+ 48)=0,
whence
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2848 =180 and g = 45°,
As we have satisfied equation (23), which results from the
e B iy e _ e
elimination of —— - ~—* between formuls (17) and (20), it is
by® sin g
suflicient to preserve one of these last ; we deduce from bath

%:F:sin BB (ARG, o o e o

The condition of expending 1™.50 is expressed hy formula (185),
which here becomes
17250 = 2=+ 51" 46 ¢. 0.4928,
or elze, by reducing
PAER— D04785 = R
We have atill to express the inequality (24), which gives
> 8dsm 45% or > 5.65T 5
we will take
T B TR LT (")
We have thus only three equations in volving &, &, », #": hut
on aceount of their particular form we may still deduce the
values of b and . Extracting the square root of equation (o)
and multiplying it member by member by (&), we make " 70
disappear and find
br = 0.031107,
a relation which, combined with » = 6, rives
r= =432, §=(m079.
This being done, the system of the three equations (), (=), (&)
would ne longer give anything but » +5; to avoid any inde-
termination, we will take 3 arbitrarily and deduce except
that the conditions mentioned in (No, 16). and not thos far
expressed, must subsequently be verified. If we take, for
example, ' = (™00, equation (=) will become
# ¢ 0.090 x 0.072 = 0.04785,
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whence we obtain
P — 0m 504

C
. FS P
These valnes of & and # may be retained, becanse — = 1.37,
F e

and the difference # — & = 0™.018 is only 3} of #' — », a qnan-

tity which, on sccount of the obliquity of the floats to the
exterior cirenmferenee, shonld be but little greater than two-
thirds of the length of these lazt; the dizcharge of water will
not then be too rapid.

The height & now alone remains to be determined: if the
level of the tail race were constant, we should make A =o;
however, wo would have to consider what iz said (No. 16) on
this subjeet.

The theoretical effective delivery will be obtained from
formnla (21); we find

0072 o 1 — cos 257 e
p—l 090" tang 457, —nor = (LE2d.
In practice, we only rely npon a net effective delivery of from
0.70 to 0.75 at most ; this it is well to do, on account of all the
losses of head that we have neglected, and also hecause it is
very diffieult to make a machine move exactly with the velo-
city and expenditure of water corresponding to the maximum
effective delivery.
Finally, to obtain the velocity with whieh the tnrbine should

revolve, formula (14) should be applied, and we would dednce
2]

therefrom 2" = 10™555, since the angular velocity o = Ti., =
=

17.77, and finally the number of revolutions per minute N =

B0

= 164.7.

Again, let it be proposed a2 a second example to set np one
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of Fourneyron’s furbines, with a head of 2 metres, expending
0= G0 of wator per geeond, which corresponds to an absolute
worl of 1200 kilogrammatres, or about a 16 horze-power. We
will snppose that the water in the tail race only rises to the
level of the lower plane of the turbine, so that the interval or
play between the turbine and the directing parfitions may
communicate directly with the atmosphers, and that the pres-
gnre jp is sensibly equal to the atmospherie pressuve.  'We will
then nssnme equation (20 5is), making in it A" = o, in other
words we will place
hlpte gin ¢
I @ain g eos
Following the ordinary rules, we will male » = »’; besides, it
may ba remarked that, on account of the position assigned to
the plane of the tail race, A i= eqnal to A" with a contrary sign.
The above egonation can then be written
; b EITL 7

H = m;-ﬁ-gj—fﬁ:ﬂ_ e )
Ag ¢ ean only differ slightly from 90 degress, we will give it
thiz value; the equation of condition (17) then takes the form

hat tan B
A T

Bl — F) + h=o.

E

and, hecause » = ¢

Gisinge—Htan B L N st
Tntroducing &° sin  in the place of & tan g in the expression

{16} of the expenditure, it becomes
G=8+#¥einy¥gH. . . . . .[@F
The equations (3, ', 4 are those pertaining to the problem,
They eontain six unknown quantities, viz.: g y, b, 0, #, &
we consequently see that they are indeterminate, and that we
pan assnme threo of the unknown quantities or three new
equations. The angle ¥ not being deferminable by theory, we
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will take it atfirst equal to 20 degrees (No. 16) ; equation (5)
will become, by enbstituting numbers for letters,
Bt — 00 Ll 4818,
T

a relation which iz satisfied by the values
# = 0m60, 3 = 0m072.

Wa thus ses that the ratio f— iz only (.12; consequently the

inequality in the velocities of the liquid threads in the orifice
of exit will not be too noticeable. Now as there remain three
unknown quantities, &', £', 8, connected only by the two equa-
tiona (8), (57, we will assame A" = 0=.15; then eliminating

X
b

between (3) and (37, we will obtain

1 B3

1

= EﬂDE:E = il o ET,
whenece

2 eos’ 3 :;i;‘ 4 pos’ g — 1={:Dﬂfﬁ,ﬂﬁ,
and consequently
= 497 40} very nearly.
Knowing g, we obtain from equation (4%
& = 0=.03%.

The difference 8" — b = 07,088 is perhaps too great relatively
to the height 015 of the turbine, becanse the floats having a
development of from 0720 to 0725 at the most, their spread

1
would reach the amonnt of - very nearly., We then try an-

other value of &' ; for example, let
i == 02ea

Proceeding as before, we will have suceessively

il
13'—, g = 40°, b = 0™.043.

20
Soos’ g = i umiﬁ:ﬁ
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The difforenee &' —& would then be 00020 but as the Hoats
would be nearly 0™.40 in length (on aceonnt of their inclination
to the lower plane of the turbine), thiz number appears per-
feetly admisible.  We should then obtain the resulis
w= 30% =40 d = 00° p=p' = 0=60
b= (m043, 0" = 0™,072, — A = A’ = 0™.30,
The effective delivery p would be given Ly equation (21),
which, congidering cquation (&%, beeomes
peo= cos y = coa 30° = (0,866,
In like manner equation (14) would be simplified and give
' = g I,
whonoo
w' = 4m.480,
from this we deduee finally the angular velocity to be given to
the machine

'l

= ;E = 7.382,
and the nomber of revolutiong por minuto
N S0l
.

In general, 08 we have seen, the problem which consists in
fixing the dimensions of a turbine for which we have the ex-
penditure and the head is indeterminate ; we take advantage
of this to assume in part the unknown dimensions, and by the
method of trial) if that be necessary, endeavor to satisfy the
different conditions to be fulfilled, but which the equations do
not express, )

18, OF the means of vegulating the eopenditure of water in
turbiries.— A turbine constraeted with assigned dimensions, in
arder to move with the maximum effective delivery, should ex-
pend a perfectly determinate volume of water, so long at least
us 1he head rvemaing eonstant.  However, in practice, we are
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obliged to regulate the expenditure by the volume furnizhed
by the pond ; for if we expended more we would be exposzed to
the laek of water, after some time, and we would then be
forced to suspend the operation of the machine. Conzequently
we 8o calenlate the dimensions as to expend snitably the great-
est volume of water at our disposal, and we make proper dis-
positions to expend less when the supply diminishes. For this
purpose saveral methods have been employed.

In Fonrneyron’s turbine, the movable tub E G F I (Tig, 13)
allows this end to be attained: it iz merely necessary to lower
it more or less, to contract the openings G K, T T, or to close
them entirely. The vertical motion of translation of this
tub 1z obtained by means of three vertical rods, as rs, tu,
which are attached to it at three points, which form the vertices
of an equilateral horizontal trianele.  These rods ave termina-
ted at their upper ends by serews, and enter into nuts which are
foveed Dy their construetion to tnen in their places.  The three
nuts, moreover, are furnished with three cozired wheels, all
exactly alike, which are geared on the zame wheel, which is
looze on the axle of the turbine. By turning one of the nutz
biy means of a wrench, the other two are turned exactly the
same amount, and the tub is raised or lowered by the three
rods at pnee,

There is one great inconvenience attendant upon the partial
obatruction of the openings G K, T L : it is that the fluid veins
which igsne throngh these openings immediately enter canals
of greater section, in which they flow necessarily through a full
pipe, sinee the torbine iz below the tail race. There iz a swd-
den change of scetion thus prodneed, and consequently a great-
er or less loss of head, This influence is sometimes =0 great
that General Morin has mentioned, in different experiments on

a turbing, a diminution in the effective delivery from 0.79 to
T
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0.24, when the free opening under the wheel descended from
its greatest elevation to abont § of this height. The inconve-
nienee is so much the greater as the diminution in the effective
delivery eorresponis to that of the volume of water expended,
which tends to make the dynamie effect of the machine very
ircegular.  To remedy this, M. Fourneyron has proposed to
subdivide the height of the turbine into several stages, by means
of two or three annular horizontal plates, like the plates
SRMN, UTP Q, the distance letween which is divided into
three or four equal parts, Supposing, for exam ple, that there
are three stages, we gee that there will be no sudden change of
seetion when the eylindrical sluice is raized §, §, or the whole
Ligight of the turbine; in all cases the phenomenon of sudden
expansion will only affect a portion of the liguid vein. Pnt,
on the other hand, the eonstruction of the machinery is compli-
cated, and the friction of the water against the solid walls is
inerensed, M. Fourneyron has again proposed nsing only the
two plates S RMN, UT [* ; the lower one wonld carry the
floats only, and the upper one be pierced with grooves whicl
wonld allow it to settle freely between the floats, under the
action of its weight alone. This npper plate wonhd bear on o
flange placed at the hottom of the cylindrieal sluice on the ont-
cide. When the sluice is lowered, the plate 3 TV M N is law-
ered with it, and the height of the turbine would be nlways
equal to the height to which the sluice is raized.  The movable
plate carried around by she turbine would, while turning, rub
agrainzt the flange which serves it as a support ; but, the pres-
sure between the two being slight, this would not produce an
inerease of resistance worthy of mention.

M. Fontaine, to regulate the expenditure of his turhines,
tses a series of valves zimilar to that represented in Ilig. 1T.
A B is a diresting partition, B C a float of the turbine, I¥ a
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valve which can be sunk to a great or less depth into the space
between A B and the next directing partition to the left. In
this way we can narrow as much as we choose the free pas-
saze into this interval, and as the same effect is produced on all
in the same way, it iz plain that we have the means of reducing
the volnmne of water expended as munch as circumstances may
requive. The vertical motion of translation is given simultane-
ously to all the rods E F by means similar to those used by
M. Fonrneyron : these reds are all
connected with a metallie ring,
at three pointz of which are at-
tached vertical serews, furnizshed
with nnts which can be torned
only in their beds, These three
have each a eogoed wheel zeenve-
ly attached, the wheels being all

of the same size, surronnded by

an endless chain, which canses

them to turn equally and at the
same time. Tt is then neeessary to turn one of the three
wheels by means of a wineh and pinion, in order that the whole
syetem of valves may take up a vertical motion. The partial
elosing of the in-deading canals here, as in Fonrneyrons tor-
hing, is not without ineconveniences, for the sudden change of
gection in these canals sfill gives rise to a loss of head ; how-
ever, this loza is found fto be diminighed to 2 considerable
cxtent,

For the valves M. Kooecklin has snbetitnted clack-valves re
volving on a hinge, =0 as to fit exactly over the entrance to the
distributing eanals, when the eclosing is complete. The ar-
rangement of the Kecklin turbine also allows the expenditure
of water to be regulated by making use of the slnice V (Fig.
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15}, which esn elose the eemmunication between the well
placed below the turbine and the tail race. But experience
shows that a greater portion of the head is lost in this way than
by nging the valves.

The inconveniences attendant upon the partial closing of the
distributing channels are so great, when eonsidercd from the
point of view of ceonomy of the motive power, that all possible
means for remedying them have been sought for. We have
already mentioned two devised by M. Fourneyron, ML Charles
Callon, eivil enginoer, anil o constructor of reputation, has pro-
posed another way, which consists in making all the partial
sluiees, which clozs the channels in guestion, independent. of
gach other; to diminizh the expenditore, a certain number of
theae sluices can be closed completely, leaving the remainder
entirely opened.  DBut as the channels formed by the floats of
the turbine pass alternately before the opened and closed ori-
fioes, there is slill o conse of unsteadiness and trouble in the
maotion.

M. Callon’s idea has been reproduced under anether form by
ML Fontaine,  The ovifiees of entrance of the distributing chan-
nels cecupy a horizontal enrface comprised between two circles
eoncentric with the axis of the tarbine, M. Fontaine arvaneoes
two rollers, of the shape of a truncated eone, which ean roll
over this annular snrface.  The two rellers are monnted on the
game horizontal spindle which forms a collar gurrounding the
axle of rotation, When they move in one direction, each one
of them nnrelle o band of leather, which has one end fagtened
to the roller and the other to the plane of the orifices of en-
france: zome of the orifices are thus entively closed while the
others remain wide open.  When the truncated cones move in
the contrary direction, they roll up the two leathern bands and

uneover the orifices. M. Fontaine has also imitated the Lur-
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binee of several stovies off M, Fourneyron, in proposing to di-
vide the tnrbines into several zones by means of surfaces of
revolution about the axis of the system ; cach of these mones
conld be separately obstrneted.

1y, Hydvopneuniatic tuvbine of Givard and Callon.—The
problem of regulating the expenditnre, without too great loss,
appeard to have been . solved in the best manner in a kind of
turbine ealled by its inventors, MM, Girard and Callon, the
hydropranwmeatic tarbine.  Their system consists essentially in
surronnding Fourneyron’s turline with o sheet-ivon bell, the
lower plane of which is nearly at the height of the points at
which the water leaves the floats,  In this bell, by means of o
sall pump get innotion by the machine itself, the air is com-
pressed, which gradually forces the water entively out of the
hell ; ['.'mn_. it wo suppese the eylindreical alufee o ho partially
raised, the liguid vein which eseapes Lelow has a depth less
than the distance Letween the twe plates of the turbine; but
1o sudden change in the gection of liguid results from this, be-
canse the turbine moves in compressed air, and it is not cover-
el by the water in the tail eace. The water Howing into the
turbing has a depth which, at the beginning of the floats, is
equal 1o the height to which the slnice is raised: the uppe
plate is no longer wet, and as it only serves 4o hold the flants,
it can be hollowed ont, in order to make sure of 4 free cirenln-
tion of air above the liquid vein,  Thue the principal canse of
the loss of head, due to the partial raieing of the eluice, is
tound to be suppressed, and we shounld sneeeed in obtaining o
very slightly varying effective delivery.

The ealenlations to be Elll]ﬂ'.}_j'l:‘.:l for Lhe IL:.-'dr{an;;u|”;;r[{} tar-
bine may be regarded a2 a particnlar ease of those in No, 15,
Preserving the same notation, we must consider » as an un-

known guantity, and at the same stine EUPPOEE
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p=p =p.+ 0k
in fact, A representa the depth to which the turbine is immersed
below the level of the tail race, and p, + 1 & is properly the
pressure of the air in thebell.  Thus, trom this value of p equa-
tioms {19} and (20) show ficst that £ = 1, and consequently (Mo
16) that we have 2 + 4 = 180°, the only condition to be satis-
fied by the dimensions of the machine, It gives 8 4 0= 180"
— #; equation {17} then becomes
b e®ainy =0 siné =hs ain 2 8;

whenee we can deduce & in terms of the height & to which the
sluice is raised, for a turbing moving with the maximum ellec-
tive delivery. In virtue of the preceding relation, equations
{13}, (1), and (21} take the form

=g H t‘.'EE = ﬂ “ :

sin gy Feos'p
Q=2xhy :‘;in g ¥ 2gH,
gL:i—mﬁTaU — ¢08 7) ;

these formnlas, which ean very readily be demonstrated direct-

Ly, ive: 1st, the angular velocity ': of the turbine, which an-
swers to the maximum eflective delivery; 24, its expenditurve
(}, and its effective delivery p under the same eondition. If we
had to set up a turbine for o given head and expenditure, the
eruation of which ¢} iz the fisst member, together with the in-
equalizy (24) (No. 18), would give us the means for finding »
and & zin g, and consequently b, after @ has been chosen,  As
to 5, it shoold always be taken between 20 and 30 degrees; 4
shonld he equal to 180 — 2 g finally, »" should be taken as
small as possible {on account of the cxpression for w), but not,
however, so as to ron any risk of making the foats too short.

The method of MM, Girard and Callon eonld be equally well
adapted to Fontaine’s turbine.
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oft, Spme praciieal views on the suljest of turbines,—The
directing partitions and Hoats are generally made of sheet fron
they arve fhstened to the sortaces that are to support them either
by angle irons, or by setting them in east-iron grooves on these
surfices.  They shonld be suflieient in number to give to the
velocity of the water their own direction.  The distance of any
two conseentive floats or partitions apart sheold not be, at any
point, more than 07,06 to 07,08, measured along the normal to
ihe surfaces, and generally it is made less.  However, it must
not ke made too small, for then the friction of the water agamst
the solid sides would be too groat.

Asg the floats in Fourneyron’s turbine are placed farther from
the axiz than the partitions, that iz to say distribnted over a
greater cirenmference, their number i from one-third to one-
lialf ereater than that of the partitions, in order to have every-
where a suitable distanee apart.

Excepting the condition of entting the planes of the orifices
under o determinate angle, the enrvature of the floats and par-
titions is almost a matter of indifference.  Howaver, az oo
great o curvature, or o endden change in the enrve, may pre-
vent the threads from following the sides, and thus produce
losses of head, we must avold these two faults. It would be
well to have the rading of enrvature at leaat three or four times
the distance apart measured along the nerreal,

Turbines enn be used for all heads and every expenditure.
Forexample, zome are mentioned the head being only from (".50
to 0%,40, whilst, in the Blacl Forest, thera is o tnrline set up by
M. Fourneyron which has a fall of 108 metres,  The expendi-
tare may be great even with guite small dimensions.  In one
af the examples given in No. 17, we have zeen that a furbine
af Om 60 external radins and 009 in height, expended withont
loss 126 50, or 1500 litres per gecond.  Some turbines are eon-
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structed whose expenditure reaches as high as 4 enbic metres,
or 4000 litres, per second, and, if’ need be, more conld be ex-
pended.

Under ordinary cirenmstances, turbines move with sufficient
apidity, and thus allow the gearing for transmission to be
economized,

For each turbine organized with fixed conditions, the theory
of No. 15 gives a eertain velocity to be imparted to it, in order
to obtain the maximum nseful effect.  Dut if, in reality, a velo-

“eity different from this be given to it, and deviate from 23 per
cent. more or lezs, experience shows that the effeetive delivery
doca not change much, a very important property for many
manufacturing purposes, in which, in spite of the variations
that take place in the expenditure of the head of water, it is
important to have the machine always move with a very nearly
eonetant velowity, '

These motors have then a very decided advantage over
wheels with s horizontal axis. TUnfortunately their propor-
tional effective delivery i not always constant, even approxi-
mately, for heads with a very variable expenditure; their con-
struction and repairs can only be infrusted to very skilful me-
chanies, and conzequently are gunite expensive: while, on the
other hand, overzshor and breast wheels can be very economi-
cally construeted, and at the same time give an effective delivery
at least equal fo, ift not greater than, that of turbines. These
wheels will frequently, on this account, be preferred when the
expenditure and head of water are favorable to their con-
gtruction.




CONTENTS.

8§ L—PRELIMINARY IDEAS ON HYDEAULIC MOTORS.

ART, FAGE,
Tefinitinms; theorem of the tranamission of work in machines, ., ., 1 L]
Annlogous ideas applied toa waterfall. .. oo i e B 11

Gemeral observations on the means of securing a good elfoetive
delivery for a waterfall driving a bydoolic motor. . _.......0 3 14

g IL—WATER WHEELS WITH A HORIZONTAL AXLE.

Undershot wheel with plane buckets or floats moving in a confined

Whaals aresneed according to Poneeleb's method, ... ..ococoa0aia0 B a3
Paddle wheels in an nnconfined curreib. . cs:cavancivinn: cvavaz oo 8 4

BREAST WHEELS

Wheels et in o cireular race, called breast wheels.. ... .esivvinaans T 1
Example of ealenlations for a rapidly moving breast wheel. . ... ... 2 48

OvERSHOT WHEELS

VWheels with buckets, or overshot wheels, . ... .. ....cociiian... & 51

BIIL—WATERR Wl {RELS "VITH VERTICAT AXLES,
Old-fashioned spoon or tubwheels ..o Lol el 10 G0

TURBINES,

A T e o oo i S e e 11 G
T CIUR T M AL T Thes St il - e el il e e e 12 0
v T LI 0 o LUl e e e e S ¥l
DL T T v v T Rt e e e P e e T
Theory of the theee preceding turbines . ... .. oo .00 16 e
Bemarks on the angles 5, y, 0, and on the dimensions &, ¥, r, 7,

e e T s B e At R L L 16 iy



G5 TUE WIEELS.

tioal axle. The horizontal section of the paddles presents a
slightly eurved form, having its concavity towards the =ide
fram which the action of the water comes; cub by o noevlinder
coneentrie with the well, they would give inelined lines mure
or less like ares of helices. The working of the machine is
easily understood @ the water comes through the trough A with
considerable veloeity, endeavors to cireulate all ar c:-um’l the
well, and, meeting the paddles in its road, obliges them to turn,
ss woll as the axle that supports them. At the same time, the
water ohevs the Jaw of gravity, passes throngh the wheel by
means of the free space between the paddles, and fulls into the
tail raee, which onght to be a little lower. We see that the
water must undergo a good deal of disturbanee in entering the
wheel, and, moveover, that it acts upon the latter for too short
a time to entirely lose its relafive veloeity. Also the effective
delivery, sometimes very slight and about 0.15, never exceeds
.40,

We will pass over these primitive machines in order to stndy
others more perfect
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91. Repotion wheels—Let us conceive of one of Fourney-
ron's turbines deprived of its directing parfitions, cave being
taken to prolong the floats to a slight distance from the axis of
rotation 3 let us sappose that the water comes to the floats
through a pipe concentric with the axle, having for a radius
precizely the free distance that we have just mentioned. Fur-
thermare, the expenditure of water in this pipe will be eongid-
ered as very little, in ovder that the absolute veloeity of the
liquid in it may not be sensible.  We shall thus have the idea
of reaction wheels,

To give their theory, we will consider the point of enfrance
of water into the wheel as being on the axis of rotation itself;
at this peint the veloeity of the wheel being nothing, as well
as the absolute velocity of the water, it will be the same for
the relative velocity of this last. In the caleulations of No.
15, we will have to make v = o, ¥ = ¢, w = ¢ equations (1),
{2), and (8} then become

= S o M
o=H 4 & 4 =
V. TR - J jr-' — jlr-".l_ i
wr=2yg (A + = )—1—1&

_F’:ﬂ: .-'_Jill-:l‘l
[—1+f¢+.ﬁ =

whenee we find
w'=2¢gH 4+ u"




108 REACTION WIHIEFRLS,

Negleeting friction, the only loss of head is as yet the height
5
;— due to the absolute velocity of exit; wo calenlate its valua
y
by means of equation (6), which, combined with the preceding,
will give
Pl — G Lo gH — 24 GOs ¥ +’r-zdﬁl + w”
The effective delivery would then be

o'

ity T e
e 9¢H — = oH Vg

XA/g 4+ 2

T2

or, placing i =
Vgl
p=—a"+acosyV 2+ .

We can consider w as a function of , and seek its maximum
when @ varies, To this end we will take off the radical gigrn
by writing

(= +2°) =2 cos® 5 (2 + &),
or by reducing

@ B’y — 207 (cos® ¢ — p) 4 = 0,

If we deduced from this o in terms of m, the roots wonld
become, from their nature, real; consequently, we have the
condition

{cos’ y — u) — p'sin’ y > 0,
or developing and reducing

cos'y — 2 pocos” ¥ 4 p® cos’y > 0,
If we suppress the positive factor cos® ¥, we find
eos'y — S 4 pf om0

or

(L —p) —ain’y >0,
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and, observing that 1 — ¢ is necessavily positive, as well as
gin g,

1 —p>»siny,

[
The limit of the effective delivery that we can reach iz then

g, =1—giny.
The corresponding value for @ is easily obtained by the relation
botween 2 and @ if we take the equation deprived of radicals,
and make in it & = @, and ¢ = 1 — sin g, it becomes

z'sin’y — 2o siny (1 —siny) + (1 —cinyy' =0,
or, more simply, by extracting the square reot
wisiny —(1 —sinyh =10,

whence

T —sin ¥

B, = —_——I= -
sl ¥

If we snpposed y =0, we wonld find g, =1; but a, and
eomsequently @', would become infinite.  Btrictly speaking, the
valug % = o micht be realized; it would only he necessary
that the channels that make
up the wheel ghould be ar-
ranged no longer side by
side withont empty spaces,
as in turbines, but according
to the annexed sketeh (Fig.
18). We should have a
gortain number of enrved
plates, as A B, meeting the

circnmference O B at B,
where they end, and com- Fua. 15

munieating at A with the supply-pipe, to which they ara per-
manently attached. The supply-pipe wonld then form the

axle of rotation, Batf, in adopting this arrangement, »* could
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not become infinite, nor w, consequently, reach unity: we only
see that it would be necessary to make the wheel turn vary
rapidly. - Moreover, it is difficult to expend a large volume of
water withont giving a considerable diameter to the central
pipe & O, which would make the hypothesis, that wy, #, and g
were equal to zero, inadmissible; there are equally creat diffi-
culties in regulating the expense aceording to the reguired cir-
cumstances, It is undonbtedly on these accounts that this kind
of wheel is but little used.

Preserving the arrangement of the floats of Fourneyron's
turbine, which gives a sevies of contignons channels, we can no
longer make y = 0, and then the limit of the theoretical effac-
tive delivery decreases quite rapidly as y increases 5 80 that, for
y = 15% 1 — sin ¥ would no longer be greater than 0.741, On
the other hand, as we offer the water a wider outlet, we ghonld
perhaps lose less in friction, and the theoretical effective deliv-
ery would differ less from the real.
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21y, Op & vew MacHiwes ror Hasmes Waren,

a2 fumpe—The arrangement and shape of the parts of
pumps are of infinite variety, according to the notiong of the
construetor. A special (reatise wonld be neeessary merely to
describe the principal kinds, We will suppose, then, that the
reader hag seen o smmmary deseription of these machines, and
conline curselves Lo general ideas, -

(.} FEifort necessary fo moke the piston move—Two cases
must be distinguished : pumps of single stroke, and punps of
double stroke. In the former caze, the piston only draws up
the water into the pump, or else anly drives out the walter pre-
viomsly drawn up, by foreing it up through the delivery pipe,
when it moves in a determined direclion ; in the second, these
effeets are produced simultancously, whatever be the direction
of the atroke. Lot us tirst tale the single stroke ; fet

A be ite height ;

@ the section of the piston ;

g the atmospheric pressure ;

i the weight of o cubie metre of water.

The eideof the piston in contact with the colomn of water drawn
up wonld sapport, supposing that it remained in equilibrio, o
pressure equal to 2 (2, — 1 &), whilst the other side, penerally in
direet commmnication with the atmosphere, wonld snstain a

pressure in a contrary direction equal to p, 23 the difference
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M2 j would be the resultant pressnre on the piston. If] on
the contrary, there be but a single stroke forcing to a height A7,
we will find, in like manner, that the piston supports, exclo-
sively of its motion, a resultant pressure T 24", Finally, if
the pump were one of double stroke, these two resultants wonld
be superposed, and the value for the total pressure would be
no(h+ AYormaeH, H being the height included batween
the level of the bazin from which the water is drawn, and that
of the basin receiving it. In a certain class of zingle-stroke
pumps, the same snperposition of resultant pressure on the two
faces of the piston takes place during the motion in one diree-
tion, and these resultants are in equilibrio when motion ocenrs
in the opposite direetion : this is the caze in the kind of pamp
called the fifting-pump. If the piston have no horizontal
motion, we must, besides, consider its weight as well as that of
its rod, the component of which, parallel to the axis of the
pump, would be added to or subfracted from the preceding
pxpressions, aceording to eirenmstances. The friction of the
piston against the barrel of the pump must also be added, as
well ag that of the rod acainst the packing-box, if there be any,
through whichi it passcs,

But these expressions only give the value of the foree capahle
of maintaining the piston, as well as the water drawn or forced
up, in equilibrio in a given position. When motion takes
place, the effort brought to bear on the piston may be very dift
terent from this force. In the first place, the water does not
begin to move in the pipes, and does not pass throngh the nar-
row openings of the valves without experiencing losses of head
which are to be added to the lheichts & and & For ex-
ample, in the case of the sncking pump, it there be a loss of
head £ in the length of the column drawn up, the pressurc
o{p, —11 A will be reduced to @ (p, — T (A 4+ ¥}, and the
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resultant I @ & wonld beeome 018 (& + £, In like manner,
iff we eongider a single forcing strole, and that there is in the
entire column foreed up a loss of head &) the pidzometric level
in this eclumn, at the point at which it fooches the piston,
would be incrensed by & and the veanltant pressure wounld be
an (A + ¢ I the pump be ene of double stroke, the ex-
pression 0@ I ghould in like manner be replaced hy mao (H
+ ¥ 4 E':’} Yoaides the ]L-;_'ili_g}ﬂ.ﬁ & and g":, othiers muat be added,
it the mass of water set in wobion i not uniformly displaced,
Let P be the weight of the piston and its vod, j its neceleration,
P the weight of the water set in mation and which fills the
pipes throngh which it is deawn up or foreed out: the weight

P’ being supposed to move with o mean acecleration j, we see

that an additional foree 5{].“__15 + P would be necessary to
overcome the inertia of the water and piston, This additional
foree, at one time a pressure, at another a vesistance, may pro-
duee considerable variationg in the total foree to be applied to
the piston, which is always inconvenient: since we must, in
the first place, determine the dimenzions of the pieees, not ae-
eording to the mean, but according to the maximum effort sus-
tained, which generally produces a clumsy and expensive
maching ; in the second, it is seldom that great variations in

resistance do not give rise indirectly to some loss of motive

T : Py ;
power, We diminish the value of the term J‘F by means of
[

weights acting ag a counterpoise to the piston, it I is large 5 7
o

ani eonzequently J_are also diminished, in cage it is found
i

to be worth the trouble, by means of an air-chamber, placed

at the entrance to the ascent pipe, which makes the motion of
a ereat part of the weight of the eolumn foreed up unitorm.
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and conzsequently suppresses or diminishes to o very great
extent the correspending foree of inertia, i
Another mesns of oblaining approximate nniformity of mo-
tion in the sscent pipe consisls in malking it amswer for the
delivary of several pumps working together, in such a way
that their total delivery in a sorics of equal
times shall vary but little: it iz aceomplished
in this way. Let O {1z, 19) be the axis of
rotation of an arbor thal receives from a
motor o motion rendered vecular by a fly-

wheel, and conscquently newmdy oniform,

This arbor carries two arms, O B, O B, malk-

ing a right angle with each other: to each

of them iz attached a connecting rod, faslen-

Fia. Ith

ed at itz other end to a piston running be-
tween wuides, and which belongs to a double-strole pump,  As
an example, we will suppose the arbor O horizental, the pisten
rods vertical and their prolongations interseeting the axis of
rotation ; the conneeting rods will generally be of the same
length, about five or eix thnes as long as the arm O L. 1t fol-
lows from this that the obliguity of the eonnecting rods with
the vertical being always small, the veloeities v and «" of the
pistons ave practically those of the projeetions of D and B on
the vertical B, B, ; ealling @ the angular velocity of the arber,
b the length O 1, @ the angle formed Dy 0 B with the vertical

B, B,, we will then have

i o

4 9= whein @, = wHsin (:’ @) = wheos @
2

Lot 0 ngain be the common erosssection of the two pistons,
and 4 a very short interval of time; exclusively of the loszes
by the play of the two meehanisms, the volume of water far-

nished during the time 8 to o comnon aseent pipe, by the two
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pumps together, will be the arithmetieal sum of the volumes
generated by the two pistons, viz, 2 (v + ¢4 or 0 w b e (3sin
+ cos ), a formula in which the sine and cozine shonld have
their absolute values siven, since it is a question of an arith-
metical suin, and therefore the veloeitics are essentially positive.
Jomzequently it 32 snffieient, in order to obtain the maximunim,
the minimum, and the mean of the variable quantity sin z +

: A
eos @, to suppose @ included between o and 5 Now we find be-
tween these limits

S T
Two minima equal to 1 for @ = ¢ and & = 5

One maximum equal to 1.414, for o = —;

A

ol A

.f: Gine+ cosa)da _ 4 _ 4 ong
- €

1y

The mean value equal to

There wonld thus be between the mintmnm and the mean a

3 . . 0.278 : : :
relative difference of iTJ‘_"'_'j’ or abont 0,214 ; whilst, with a sin-
272

gle pump, the elementary delivery, proportional to sin @, would
vary between O and 1, and wonld have = or 0,637 for a mean

value, which would produce a much greater relative difference
between the minimum and the mean.

We obtain a still more satisfactory resnlt when we nse ' iree
arms making ancles of 120° with each other. The elementary
delivery of the three pumps together iz then proportional to

gin @ -+ sin (ﬂ + E—F) |- 8in (‘-ﬂ 1= %F)!

cach sine to be alway: taken az positive, whatever may he
5

i



116 PUMER,

We readily see, moreover, that the arithmetical sum of the
three sines will not change by increasing the are by 60 degrees,

. r = T Ta .
50 that it is sufficient to make @ vary between ( and 5 Within

these limits, the first two sines are positive and the third nega-
tive; henee, the sum of the absolute values will be expressed
by

L

sin @ | sin (m iR {%S-F) —sin (:c +f§j’

Se
or else, by developing and observing that the arcsT; and ‘%‘—r

together make an entire cireumference,
gin & + 2 cos @ sin 2—31:
or finally
gin @ 4+ '3 cos @
The minima of this quantity correspond to z = 0 and & = Z

and have for their value ¥ 8 or 1.782; the maximum, corre-

sponding to @ = L %v’ 3. v'3, that is 2; the mean

=, 18
Bl

ko

5 e
f" fFin e _|_:f Feosd) i o heeomes i} or 1.910. The relative
j":i
o

[

difference between the minimum and the mean is consequently
1.910 — 1.732
1.810

There is also a great deal of regularity in the elementary

lowered to or to abont 0LOD3.

delivery of the three punmps united as above, when they are

supposed to be of a single stroke. Let us admir, for example,
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that each piston only forces np water when its crank OB de-
geends from B, to I8 3 the snm of the elementary deliveries will

gtill b proportional to the expression
. . D 5 4
N o s‘m(m + ?) - mm [:9, + T},

bt thie pumps being only of single stroke, instead of changing

the siom of the nogative eines, we must supprese them altogether.

: . Wi m
This granted, let us firet increase @ fiom 0 tUE: woand @ +

21—; will be lese than the semi-ecirenmference, and @ -+ %S-T-r will be

included between = and 2+, We ghall then only have to keep
s e : : 2 :
within these limits the sum sin @ + §in (m‘ + 2')’ which can
[
be put under the form

2 &in (,c E} (E] “5:, or i (a: + D

w

; - : :
Bince ¢os ; this sum, equal to sin

1 e Y
EZE g or D-Sﬂb '['C'! m-—'l:r’

i T [
becomes a maximum and equal to 1 for 2 = 7 then it decreazes

! . ow
to 0,866 when i passes from - to 5

3 ; In the geeond place, if we

; ¥ Za . ; 2w
talee the values of @ between 3 and 3 the gines of & 4+ 5 ant

4w ; ;
@ + o are hoth negative, o that the gin @ alone ean be pre-

served, whieh has still a minimom valne 0,566, corresponding
to two Jimitz, and 1 for a maximom equidistant from these
limits. Moreover, it is useless to consider the wvalues of w
b
?:
any change of fizure in the esmbination of the mechanisin, we

greater than for a rotation of 120 decrecs not prodocing
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would again find the same sines. We see, then, that the ele-
mentary delivery of the three pumps working together varies
as eertain numbers which are always eomprized between L5606
and 1, and ¢onzequently that it is sufficiently rezular: the
minimum and maximum are respectively half of what they
were in the eaze of three pumps of double stroke.

We have heretofore supposed that the two cranks at right
angles to each other, or the three cranks following each other
at distances of 120 degrees, are fixed to the same arbor; it is
plain that they can be attached to different arbors, provided
that they all have the same angular velocity, the eranks being
of equal length ; or, move generally, provided that the centre
of the joint of each of them with the corresponding connecting
rod, in the three systems, has the same velovity of rotation
abont its arbor,

It i= always well, as has been already said, to avoid great
variations in the foree that is to be transmitted to the piston of
i pump ; this becomes almost india}mn'ﬁnhic_ when 1t iz moved
by means of horses.  Amn essential condition for emploving the
work of horses to advantage iz that their pace and the exertion
they have to make shall be as steady as possible ; it would he
difficult to aceomplish thiz with ene single strole pnmp foreing
up a long column of water, the piston of which should receive
it motion from the arbor of the gearing-wheel by a system of
a erank and eonnecting rod, and we could only sneeced by em-
ploying fiy-wheels, more or less clumsy. 1t wounld generally
be hetter to regnlate the resistanee by means now to be men-
tioned.

iy Wark to be transmitted to the piston.—If we knew oxact-
ly. in each position of the piston, the force to be applied to give
it motion, it wonld be easy to deduee the amount of work to
be transmitted to it. Dot this foree cannot be exactly deter-




PITMI'. 118

mined ; thus, the determination of friction of the pieton againat
the pump barrel, or against the packing that it passes throngh
(2 iE be a plunger), is necessarily uncertain, beeanse it depends
om the skill of the constructor; we can say the same for the
losses of head encountered in the sucking and foreing pipes, on
peconnt of the defect of permanence and uniformity in the
motion.  However, when the foreing pipe is very long, we
have seen that it is well 5o to arrange matters that the motion
in it shall be uniform, and then we ean ealenlate with sufficient
exactnese the entire head £ between the two extremities of
this pipe.  This granted, let ns admit fivst, that we are eongid-
ering a double-stroke pump: the vesultant pressure exerted on
the piston being expressed by ma (H 4 € + &), the force to
be transmitted to it will be represented by @ (H + £} 4 F.
We will inelnde in the additive term F the friction againgt the
barrel of the pump and the packing, the excess of € 4 ¢ over
£, and lastly inertia,  The total work of this force, in a linear

diztance £, divided into elements o @ will be
madiH ¥ +f£jf:ffm.

Moreaver, (4 reprezents very nearly the volume of water raised
by one stroke of the piston; it then we wish the work expend-
ed in raising cach cubic yard of water fo the height H, we will

hiave to ealenlate the quantity

W+ + — S
Ini practice, on account of the difficulty of determining exactly
the irllﬁ_';:l':ﬂ.,{:’I:ff'r-s’ﬂ:1 we simply multiply the term m (I + £)

by a co-eflicient » sueh as 110 or 1.15 or 1.20, aceording to
the greater or less perfectness of the machine,
It the pump were one of single stroke, we wonld obtain the



|
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same expression for the work, by adding torether two consecu-
tive etroles of the piston.

When we wizh to determine the amount of horse-power to
be transmitted to the piston, we must also know the mean velo-
city » of the piston. We eansily deduce the mean amount
punped np per second 2 1, if the prunp is one of double stroke,

2w . . +
A for a singlestroke pump ; we multiply this amount by

n(H + ) ; dividing finally by 75, we have the horse-power
songhit.

(e} Mean wvelocity of the piston ; deléivery of pumps—The
mean velocity of the piston ought not to be very small, heeanse,
in order to pump up any considerable gquantity of water, we
would have to make the body of the pump and the lifting pipe
very large, which would inerease the cost of construction.  Put
teo great a velocity possesses also great inconveniences: fimtly,
we increase the losses of head in a very rapid proportion ; then
it may happen that the water furnished by the sucking pipe
may not come up sulliciently fast to follow the piston, and that
the pump barrel may not be filled at each stroke, which wonld
canse a loss in the delivery, and a shock on the vetnm of the
Piston in an opposite direction. On acconnt of the difficulty
of determining exactly the velocity of the water gncled up, we
ordinarily adopt & mean velocity of the piston, about 0".20 per
second ; we ravely go so high neg 0230, It is clear that the
limit may be inereased in proportion as the piston moves to a
less height above the basin from which the water is deawn, and
the more care that has been taken to avold losses of head in
the sncking pipe.

The piston having a stroke the length of which is I and the
eroes gection @, deseribes, during one of the periods employed
m raising water to the upper basin, a volume 22 ; this volume
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would also be that of the water raised during the same time,
if there were no leakage around the valves between the piston
and the hollow eylinder in which it moves. On this account,
the volume raised varies from 0.75 2 to 21, the co-cflicient
by which the volume described by the piston is to be affected
waries with the care displayed in the construetion and in keep-
ing the pump in good erder; under ordinary circumstances, we
may take it from 0.90 to 0.92.
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23, Spiral Norie.—This wheel consists essentially of a hori-
zontal arbor O (Fig. 20}, to which are fastened a certain num-

Fra, S

ber of eylindrieal surfaces having their generatrices parallel to
the axis; the right sections of these cylinders are involutes of
a cirele. The space between two consecntive cylinders thus
formes s eanal with a constant hreadth, as well in the direetion
of the normal as perpendicularly to the plane of the figure.
One of the eanals, for example, will have its outer opening at
A B oand the other at 1G. The entire system turns avound
the axis O, in the direction of the arrew-head; the centre O is
above the basin whenee the water is drawn, and the level of
this bagin covers the lower pare of the wheel more or less.
During the time that the opening A B iz wholly or partially
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below the surface level of the basin, a certain quantity of water
enters the eanal A B 1 G, by the effect of the rotation ; the ro-
tation continuing, A B rizes until finally it comes directly over
1G; then the water taken in flows into 1 G through holes left
open all around the arbor, and falls into a canal which leads it
off to the hasin that is to receive it.

We will propose two questions: 1st, a given spiral noria
turns with a known angular veloeity, and occupies a given po-
gition with respect to the lower basin; what will be the amount
raised per second?  2d, what will be the work that the motor
will have to transmit to it ?

Let ns eall 8 the seetion A B projected on the plane passing
through the axis O and the centre of A B; N the number of
revolutions of the wheel per minute; n the number of invo-
lutes ; H the height O C of the point O above the level of the
water to be raised ; #7, 2/ the distances of the points A and B
from the axis of rotation. The point A will describe under-
neath the water an are D A 1), of which we will designate the
angle at the centre by 23 in like manner the point B will de-
ceribe the are B B EY, corresponding to the angle at the centre
98, First we shall have

COs & — J'.!, (1N — .IEH
* Hi
gre DAD =% ¢ a=2¢ cos '1;!.'-,
1H

arc EBE' =2 "8 =2¢r" cos ';,-;;
the are deseribed below the water by the centre of A B differ-
ing little from the mean % (DA D + EBE) will then be ex-
pressed by

=1 -1
' cos 7 + r cos iy
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Now, the volume that entered at the opening ABiEDE'TY,
or the produet of this are by the perpendicular section 8; then,
since there are n canals that raise the same volume in each
revolution of the wheel, the volume raised will be, per revolu-
tion, n L 8; finally, the number of revolutions per seeond being

%, the amount € raized by the wheel in the same time will be
expressed by {;;i‘j N n L8, that is, we onght to have
Q= i‘:_i N nS (' cos i?l[ + " eos —:E)

But this caleulation supposes that there enters, during each
element of time d £ throngh the opening A B, a volume of
water equal to that generated by A B in the same time; in
this way the eontraction which the lignid may experience on
entering is not conzidered, nor is the motion communicated to
the surrounding water, which, up to a certain point, may give
way before the surface A B, instead of erossing it.  For these
reasong it wonld be well in practice to admit a certain reduc-
tiom in the valoe of Q) above given ; we eonld effeet it, tor ax-
ample, by a co-efficient which we will value, at a rongh esti-
mate, at (.30, for want of exact experiments on this subject.

Here is an example for calenlating Q. Let N =12, n = 4,
= BR50, " = =0, H = 220,88 = 0°-™17. We sghall have

I A} =
s 08000, eos e 0410 55
T
D 00667, oo k038
e # (7]
: — i
' cos —I-I;I:- = " oz -;rﬂ’- =5 (1.025 + 1.605) = 4,181 ;

whenee we deduce
Q) = 0= 562

2
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a number which would he redueed to G™43 abont, Ly mnolii-
plying by 0.8

Az to the motive work to be expended in raising a cortain
weight I of water, it ia eomposed: lat, of the work I 1 des-
tined to overcome that of the weight; 2d, of the work of frie-
tion on the trunions and shonlders of the arbor O, which can
Le determined by means of lmown formnnle; 3d, of the work
necesgary to overcome the friction of the water apainst the
solid walls with which it iz in eontact; this work being very
slight, if' the involutes form tolerably laree chanmnels; 4th, the
work necessary to eive to the water the absolute velocity with
which it leaves the wheel. This last work will also be very
slight, if we talie care to malee the wheel turn slowly ; for the
lowest peint of any involute whatever being always on the
vertical through I, we see that the water that has already en-
tered the interior of the cansl A DB I G, and that which will
still enter in the conrse of the same revolution, will only he
completely emptied out after an entire revolution, reckoning
froan the position indicated by the figure. The water rises
then with little absolute velecity into the machine, and conze-
quently a small portion of the motive work iz employed in
giving to it an noproductive living force.  But it must not be
toreotten that thiz enpposes slowness of revolution around the
axis 0,

To sum op, we will calenlate the first two portions of tho
maotive worle, which are the most important, and in order to
account approximately for the other two, we will muliiply the
gum of the ealeulated portions by a co-efficient a little greater
than unity. -

The fivst idea of the noria is very old, sinee Vitruvins apeals
of a gimilar machine; it was Lafaye who, in 1717, proposed

giving it the form we have deseribed above. This machine
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seems snsceptible of a very good delivery, and is well adaptad
to raising large volumes of water; but the height to which the
water is raised, always less than the radins of the wheel, is
necessarily very limited ; besides, this wheel is heavy, and on
this aceomnt hard to transport.
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24, Lifting turbines ; centrifugal promp—The oreater part
of the machines which are used to turn the motive power of a
head of water to aceount, ean, with a fow changes, be converted
into machines for raising water, and the reverse. Thns, for
example, it a breast-wheel, et in o water-course, receives a
motion about itz horizontal axis, by the action of any motor, so
that the floats may ascend the cirenlar flome, these floats will
carry up with them the water from the fail race and throw it
into the head race: we would then obtain, in principle, the
lifting wheel. 1In like manner, let us take one of Fourneyron’s
turbines, and make the intervals between the directing parti-
tionz communicate directly with the tail race, and let the outer
orifices of the turbine open into a compartinent from which the
aseent pipe leads ; when a motion of rotation is impressed on
the wheel, the water contained in the floats will be urged to-
wanrd the exterior by the centrifuzal force, and will reach the
enclosed compartment with an excess of pressure which will
cause it to aseend the pipe to a certain height, the greater as
the rotation hecomes more rapid. If the pipe is not too high,
a delivery of water will take place at its end; and this, more-
over, will be continuous, the water thrown out by the eentrifu-
gal force being incessantly replaced by that from the tail race,
which tends to fill up the empty space between the partitions.

The theory of such a turbine, which we might eall a lifting

terbine, resembles very elosely that of (No. 13}, But as the
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machine there disenssed has not as yet been sef up or experi-
mented upen, it need no longer be dwelt upon, We will pass
to the study of a pump called the centrifugal pump, which
belongs to the same class of machines, but which hears, how-
ever, a greater resemblanee to reaction wheels.

A wheel composed of a series of eylindrical floats, snch as
I C (Fig. 21), assembled between two annular plates, is cansed

to turn around a horizontal axis projeeted at A. The wafer,
from the basin to bhe emptied, comes freely within the circle
A B, which limits the floats on the inside, either beeanse the
centre A is a little below the level N N of this bay, or by
means of suetion pipes. The motion of rotation impressed on
this wheel drives the water from the canals B G, T’ ¢, into the
avmnlar space D), where it acquires a pressure enflicient to drive it
up the pipe E, the only means of eseape open to it, and by which
it reaches the upper basin. The angular veloeity of the arbor
A being known, us well as all the dimensions of the machine,
and its position relatively to the basins of departure and arrival,
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will be suppesed slight relatively to H, so that it ean be loft
ont of account. DBesides, nothing in practice would prevent
our assuming the arbor A as vertical; but this would be a
matter of very little importance in the result.

This granted, the pressure varying according to the hydro-
static law from the lower basin to the point of entrance, and
from the point of exit to the other basin, we will have

P=petuh
P =pat M(H + A);
whenee, by subtraction,

il ;E T

Now, it we apply Bernouilli’s theorem to the relative motion
of a moleenle following the curve B () the fictitions gain of

0 g
head will be expressed by ﬂ or ———, and we shall find
29 29
w  p—p
Gogis II &g

or olse

w==2gH+4, . . . (1)
an equation giving w since v is known. This first result gives
the means of ealenlating the amonnt Q pumped np in each
second.  In fact, the water leaving the floats ents & eylindrical
gurfuce 2 = by at an angle ¥ and with the relative velocity
then the total ovifiee of exit, measured perpendicularly to w, is
2= b siny, and consequently

Q=Srirwany . . . (&)

The motive work consumed per seeond in making the wheel
turn includes first the work i Q3 IL; then the water reaching
the annular space D with a veloeity », this is lost in unseless
U

disturbance ; whence there results a molecular work m (3 5
F
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Thus then, throwing out of account the other frictions, the
work expended per second will be m Q) (H 4 ﬁis—?), and as the

useful work is only 0 Q II, the effcetive delivery i will have for
its valua

H 1
f“"’ = H.—'u—q i ___-tf'_L . - - {3}
1+ B_g 1+ WH-

There remains to determine » ; now # is the resnltant of w and
#%, henee we have

W=t L 2w cos
or from eq. (1) -
= BgH 2% —Buecosy ¥ — DIl | o . . .. (4)
Equations (1}, (2), (3), and {4) give the means of solving with-
out difficnlty the guestions proposed.

Let ns again see by what means we could obtain the greatest
possible result of the motive power. Expression (3) for the
elfective delivery hecomes, substituting for v its value, and

- T
A
making Vil o,
1 .
@ — @ eng oy 1_.-"5!,!___2_ g
we ghall then have the maximnm of i, considered as a funetion

of w, in seeking the minimum of the denominator, or, what
amounts to the same, the minimum of *, We shall conduoet
".B-
this research as in (No. 213 ; wae will write
f—}_—h"_—m{_‘:{;ﬁf Vo' —2
or, by making the radieal disappear and transposing,
b B s a 1 3 1
o et gy — 8 o ( — oy ;»f) += =1L
" r*
8
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Now @ can only receive valnes that, substituted in this biquad-
ratie equation, will give « real and positive; hence we have
1 . \)’ ey
— — C08 — —_sinfy >0,
( n ? B
or gnceessively

1 .
Eco«a’y-—%mﬁ‘-}'+ﬂ0&- >0,

1 2
— — " d-eos'y 0
rL: i |I"l } ¥
1 3 MR
(;— 1) ™ Bl .
Asg sin v and L 1 are positive quantities, we can extract the
F.-

square Toot of both members and place
1

—'I,‘,‘.:-sinj-',ur-:l:}l-i-ﬁiﬂy;
[ [

s .1 n e o Y
the minimuam Dt-’; has then for it value 14 sin y, and the

limit of the effective delivery g, will be —1— . The corre-
- 1 4 sin

sponding value @, of @ iz obtained from the above biquadratic
equation, which gives

- — post g
3 B,

m ==

sinty gin’ ¥ sin y
Thue the most favorable veloeity w for the effective delivery 15

_ I 4sinyg —ecog’y 1 + siny

ohtained from this equation
14 sin o
gin ¥

k]

w=gl

whence we get the angular veloeity o = 2 and the number of
¥

0w o A ; :
: The effective delivery being

revolutions per minute N =
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then _—l—, we may be tempted, in order to inerease it, to
1+ siny

malke  very small ; but we soe that the veloeities w and w
would become very great, and we should thus lose a great deal
in the friction of the water against the flonts, Besides, we
have, from equations (1) and (2),

Q=2xbrsiny 4w —3gH = 2ebr v gllsiny V& — 9;
the amount Q°, which eorresponde to the maximum effective
delivery, will then e

Qf =3 xdpy E:"H BN . \/l :E“_?_,_ﬂ.

=25dp ¢ g 4 zin e {1 — sin ';-':I.
This amount reduces to zero at the same time as ¥ when

7 ulone varies, Q becomes a maximum for gin & = 1 — BN %, o

; I il ; : |
Sy = gory = 30°; the effective delivery is then ——

¥
that is '; The value » = o is eoneequently inadmissible as re-

ducing the amonnt to zovo ; but from this point of view it iz
not well to go beyond » = 80°.  On the other hand, this last
value does not give a very Iu;a;h theoretical effective delivery ;
perhaps the best thing to do in practice wonld be to take ¥ be-
tween 15 and 20 degrees.  For 5 = 157, for example, the affoe
tive delivery inercases o 3 -ﬁ]gﬁﬁﬁ = 0.504, and the product
¥ 810 v (1 — sin 3} i decreased to (h438, whereas it iz 0,50 for
7 = 80%; it is a diminution that could be eompensated for Ly
a elight inerease of » or §,

Instead of arranging the wheel as represented in Fig. 21, we
might adopt two separate canals, as in Fig 19, In this case
the expression for the amount wonld change, and the angle -
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might become zero; but, whereas » cannot increase to infinity,
1 i B B s’
1T EY conld no longer be admissible for —, and
ain g 1L
we should have to depart more or less from the limit of the
effective delivery.  Furthermore, for an equal expenditure, we

should probably lose more in friction.

the value

ATFITHORITIES ON WATER WIIEKELS,

Erpéviences sir toa Roves Hydvauligues d owbes planes, ef sur les lowes
Hiydranuliques & augels, by Marin,

Txperimenta made by the Committes of the Franklin Institute on Water
Wheels, in 1826-30,  See Journal of the Franlklin Tnstitute, 34 Serfes, Yo,
1., pp. 148, 164, &, and Vol IT, p 2,

Experiments on Water Wheels, by Elwood Morris.  Bee Jour. Frank.
Ins., B Series, Vol, IV, p. 220,

Mérnoire zur Tes Roves Hydranlipees o aubes cotrbes, mues por desons, by
Manaalot,

Erpiriences awr lss Roves Hydranligues d ane verficel, appelies Turbines, hy
Morin.

Lixperiments on the Turbines of Fourneyron, by Elweod Morris.  2ee
Jour, Prank, Ins., Doe, 1843, and Jour. Frank, Ins, 3d Serdes, Yol IV,
308,

Lowell Hydraulic Experiments, 2d Bd,, 1868, by Jos, B, Francis,
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Comparative Table of Freneh and United States Measures.

Pounds avoirdupois in a kilogramme. ........ R e
InglingearmHinetra o0 o Fs S e S e e 0.039
Inch in a centimetre . . ... ... .. A, A e 0.392
Thphan i darimebia.. ool e s 3,987
Eeetaminsraatra S s 3.250
R 11 b 2] 14 o e e o e L 1.083
Bquare feet in asquarametre .. ......ooiiiioiaLLl, 10,7643
Cuhie inch in a enbie centimetre. .. ... ... ... .. .... {L061
Cubie feet in g cubie metre ... vvn v iieciinnnienen, 35,316
Quartaraditresis s e s e 10567

Nore—A cubic metre of distilled water weighs one thonsand
kilogrammes.

The litre contains one enbie decimetre of distilled water, and
weighs one kilogramine,

The horse-power of the French is 75 kilogrammetres, equiva-
lent to 5421 foot-pounds per second ; the English horse-power
Leing 550 foot-pounds per second. The value of g i 9.81
metres; and that of the height of a column of water equivalent
to the atmospheric pressure is taken at 10.33 metres.

Nota A, At 1.

The formula given in this article iz to be found, with the
exception of variations in the notation, in all works of applied
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mechanies in which the subject of the theory of machines iz
discussed (see, for example, Moseley’s Engineering and Archi-
tecture, Am. Ed., p. 146). The only term in it which iz not
generally found in other works iz the one (H — H,) 2 m g, which
expresses the work expended in overcoming the weight of any
part of the machine, when its centre of gravity is raised from
one level to another, represented by the vertieal height (H —
I}, and the corresponding work by (H— H)=Zm g as, for
example, in the case of a wheel revolving on a horizontal axle,
the axis of which does not eoineide with its centre of gravity;
orin that of a revelving crank; in both of which eases the
work expended will be equal to the product of the weight
X 4t g raised, and the vertical height (IT — H) passed over by
its centre of gravity., But, in all like cazes, a5 in the descent of
the centre of gravity from its highest to its lowest position, the
same amount of work will be restored by the aetion of gravify,
the total work expended will be zero for each revolution, and
the term {II — 1) Zm ¢ will disappear from the formula.

Notz B. _Art. 2.
: 1 1. n
The equation H — E{;‘-IL W= g @ ia the modified

form of what 15 known as Bernounilli's theorem as applied to
the case treated of in Art. 2,

This theorem, applied to the phenomena of the flow of a
heavy homogeneous fluid, may be generally thus stated: Zhe
inerease of leight due to the velocity is equal to the difference
between the effective lead and the loss of fead.

In this case II is the effective head ; — ;‘{f\, + 7 is the loss

of head trom the dynamieal effect £, imparted to the wheel Ly
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the activn of the water, and the work ¢ due to the varions sec-
cudary resistances ; and the term — L ;y----‘- the height due to
the velocity.

Multiplying each member of the above equation by g, we

obitain

1
2
or, in other words, the modified expression of the general for-

Ry g e %I.T“,,,
mula Naote A, ss applied to this ease.

See Dresse. Mécanigue Appliguée. Vol 3, Nos. 12 and
15, pp. 23 and 30,

Nofe G, Awf. 4
In the equation

5 -:P ¥ 1 " a
E =?{13—'U}—§Hd'{fb — &),

which expresses the foree applied horizontally at the centre of
the submerged portion of the bucket, the second term of the

ke ol 1
goeond member -:)1”3{ # %), reprezents the diminution of
=

the force imparted to the wheel by the current, arising from
ihe inerease of depth of the water as it leaves the wheel, or Ly
the back water ; or, in other words, the difference of level be-
tween the point €, before the depth of the current iz affected
by the action of the wheel, and the point E, where the depth
of the current has inereased from the back water. This differ-
enee of level receives the name of a surface fall.

The relations existing between the two terms of the second
member of the equation, Teaving out of consideration the action
of the wheel, may be established in the following manner.

Qonsidering the portion of the carrent eomprised between the
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two sections CB, EF (Fig. 3), at a short distance apart, be-
tween which the surface fall takes place, we can apply to the
liquid system CBET, comprised between these sections, the
theorem of the quantities of motion projected on the axis of
the eurrent, which, in the present case, may be regarded as
horizontal. Now, during a very short interval of time ¢, the
gystem C B E F will have changed its position to ' B'E' T,
and, in virtue of the supposed permanency of the motion, each

peint of the intermediate portion C'B'EF will have equal
masses moving with the same velocity at the beginning and
ending of the time ¢; the variation in the projected quantity of
motion of the system C B E F, during the time 8, will therefore
be equal to the quantity of motion of the portion included be-
tween the final sections I F, 12 ', and that eomprised between
the initial sections C B, C° B

To find these quantities of motion. Represent by o a super-
fieial element of the section EF, and by 2 the veloeity of the
finid thread which flows through it ; @ # will then be the length
of this thread for the time & between the szections EF and
E'F e oand o 2 ¢ will be the volume of the thread which liag

w' for its base and '8 for its length. Representing by o the

5 et 11 7 i
weight of o cnbic metre of the ]l[luld_.? w' v’ ¢ will be the cor-

4 - It . F
responding mass of this volume, and — &' 4™ ¢ its quantity of
= i

motion ; and, designating by £ the sum of all the elements o,
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}Exm"a will be the gquantity of motion of the portion

ETFE F of the lignid comprized between the two final see-
tions, In like manner, © heing the velocity with which each
thread flows throngh an element @ of the section B C, the quan-
tity of motion of the portion of liguid between the sections B C

and B’ C' will be expressed by %}:w '8, The increase, there-

fore, in the quantity of motion during the time 8 will be ex-
pressed by

E{E a gt — Ew’i?’-ﬂ},

g

But as # and #' may be assumed as sensibly equal to the mean
velocities of the eurrent in sections EF, C I, then Zu'e’ and
= w4 will be the volumes corresponding to these velocities; and

I1 I . r
2= w'e and — £ w v the corresponding masses. But since,
¥

¥
from the permanency of the motion ' v’ = ww, the expression
for the inerease of the quantity of motion, for the time ¢ will
therefore take the form

150 e
7 (' —2),
in which P represents the weight of the water expended in each
e .
gecond, and 7 itz corresponding mass.
i

The expression here found iz egnal to the sum of the impnl-
gions of the forces exterior to the liguid system considered
during the time 4, also projected on the horizontal axis of the
current,  From the form given to the seetion of the race, which
iz rectangular, the divection of the axis of the current, which is
pesimed as horizontal, between the extreme sections, and the
sliort distance between these sections, the only impulsions of the
preseures upon the liquid system are those on the sections I F
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and CB. Representing, then, by & the breadth of the sections,
by &' and & their respective depths, their respeclive areas will
be expressed by & 47 and & & ; the pressures on these areas will
b @b A& x %ﬁ.“ and Ih A é A ¢ and for the respective pro-

Jeeted swns of the impulsions of these pressures, during the
time &, we shall have %1‘[ bd A" and é 1T %44 since from the

circumstances of the motion the pressures follow the hydro-

static law.  The impulsion in the direction of the motion will

theretore be expressed i::;i‘jll A4k — &™), from which we ob-
tain '
Lo —w=Ltasip—w.
o 2
to express the relation in question.
See Dresse.  Mdeanigue Appligude. Vel. 2, No. 88, p. 245,

Note D, Awg, 9.
1 1 i . .
The term C (L - Eﬂ:jl’) — ¢, whieh expresses the are inter
b
cepted between two buckets, taken at the middle point of their
depth, is obtained as follows
It being the exterior rading of the wheel, corresponding to
the are €, the radiug of the arc at the middle point of the
bueket will he B — {:E_p; calling @ the are corresponding to
this radius, we have
A T i e e e B e 2
RiR—cpuO:a ...ﬁ..u(r—w :
and for the are intercepted between the two bmckets at their
middle point the expression above.
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Note B,

Iy the conrteous permission of Jases B, Frasos, Bag., pranted throngh
Gen, Jonx O, Pavrgey, the following extracts were taken from the val-
vable work of Mr. Franciz, under the title of “ Lowen, Hypeaviie Exesn-
sEnTS, "

A vast amount of ingenuity has been expended by intel-
ligent millwrights on turbines; and it was said, several years
since, that not less than three hundred patents relating to them
had been granted by the United States Government, They
continue, perhaps, as much as ever to be the subject of almost
innumerable modifications.  Within a few years there has been
o manifest improvement in them, and there are now several
varicties in use, in which the wheels themselves are of simple
forms, and of single pieces of cast iron, giving a useful effect
approaching sixty per cent. of the power expended,

In the journal of the Franklin Institute, Mr. Morvis also
published an account of a series of experiments, by himself, on
two turbines constructed from his own designs, and then ope-
rating in the neighborhood of Philadelphia.

The experiments on one of these wheels indicate a useful
eftect of seventy-five per cent. of the power expended, a result
as goodl as that claimed for the practical effect of the best over-
shot wheels, which had heretofore in this country been con-
gidered unapproachable in their economical nze of water,

In the year 1844, Uriah A. Boyden, Esq., an eminent
hydraulie engineer of Massachusetts, desiened a turbine of
abont seventy-five horse power, for the picking-house of the
Appleton Company’s cotton-mills, at Lowell, in Massaclinsetts,
in which wheel Mr. Boyden introduced several improvements
of great valne.

The performance of the Appleton Companys turbine was
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carefully ascertained by Mr. Boyden, and its effective power,
exclusive of that required to carry the wheel itself, a pair of
bevel gears, and the horizontal shaft carrying the friction-pulley
of a Prony dynamometer, was found to be seventy-eight per
cent, of the power expended.

In the year 1846, Mr. Boyden superintended the constre-
tion of three turbines, of about one hundred and ninety horse-
power each, for the same company. By the terms of the con-
tract, Mr. Boyden’s compensation depended on the performance
of the tarbines ; and it was etipulated that two of them should
be tested,  In accordance with the contract, two of the turbines
were tested, a very perfeet apparatus being designed by Mr.
Boyden for the purpose, consisting cssentially of a Prony dyna-
mometer to measnre the useful effects, and a weir to gauge the
quantity of water cxpended.

The observations were put into the hands of the anthor fur
computation, who found that the mean maximum effective
power for the two turhines tested was eighty-cicht per cent. of
the power of the water expended.

According to the terms of the contract, this made the com-
pensation for engineering services, and patent rights for these
three wheels, amount to fifty-lwo hundred dollars, which som
was paid by the Appleton Company withont objeetion,

These fwrbines have now been in operation abomt eight
years, and their performance has been, in every respeet, entirelyr
satisfactory.  The dron werk for these wheels was construeted
by Messrs. Gay & Silver, at their machineshop at North
Chelmsford, near Lowell; the workmanship was of the finest
deseription, and of a delicacy and accuracy altogether nnpre-
cedented in construetions of this class,

These wheels, of course, contained Mr. Bovden’s latest im-
provements, and it was evidently for his pecuniary interest that
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the wheels should be as perfect as possible, without mueh regard
to eost, The prineipal points in which one of them ditfers
from the constructions of Fourneyron are as follows . —

The wooden jlume conducting the water immediately o the
furline is in the form of an inverted truncated cone, the water
baing snfroduced indo the upper part of the cone, on one side of the
awis of the cone (which coineldss with the awis gf the turbine), in
such o manner that the waler, as i descends in the cone, fuxs
gradally tnoveasing velocity and o spival motion ; the horizontal
conponent of the spiral motion being in the divestion of the
snodion of the wheel.  This horizontal motion is derived from
the necewsary veloeity with which the water enters the trun-
gated cone; and the arrangement is such that, if perfectly pro-
portioned, there wonld be no loss of power between the nearly
still water in the principal penstock and the gunides or leading
aurves near the wheel, except from the friction of the water
against the walls of the passages. It is not to be supposed that
the construction 1= so perfect as to avoid all loss, except from
friction ; but there is, withont doubt, a distinet advaniage in
this arrangement over that which had been usually adopted,
and where no attempt had been made to avoid sudden changes
of direction and velocity.

The quides, or leading curves (Figa, A, B), are not perpen-
dicular, but @ little inclined backwards from the motion of the
awheel, sp that the water, descending with a spival motion, meets
anly the edges of the guides. This leaning of the puides has
alsn another valuable effect: when the recnlating gate is raised
only a small part of the height of the wheel, the gnides do not
completely fulfil their office of directing the water, the water
entering the wheel more nearly in the direction of the radins
than when the gate is fully raised ; by leaning the guides it will
be seen the ends of the guides near the wheel are inelined, the
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bottom part standing farther forward, and operafing o
efiiciently in direeting the water when the gate is partially
rajaed, than if the guides were perpendicular.

In Fourneyron’s constructions a garniture 15 attached to
the regulating gate, and moves with it, for the parpose of di-
miniehing the contraction. This, considered apart from the
wechanical difficulties, iz probably the Dbest arrangement: to
be perfeet, however, theoretically, this parniture should be of
ditferent forms for different heights of gate ; but this s evi-
dently impracticable,

In the Appleton turbine the garniture ds atfached fo the
griedes, the gade (at least the lower part of #6) being w aimple thin
eylinder. Dy this arrangement the gate meets with much
less obstruetion to ite motion than in the old arrangement, ui-
less the parts are so loosely fitted as to be electionable ; and it
iz believed that the coeflicient of effect, for a purtial gate, i
proportionally as good as under the old arrangement.

On the oulside of the wheel 45 fitted an apparabus, named by
Mr. Boyden the Diffuser.  The olject of this axtremely inter-
esting invention is to render useful o part of the power other
wiza entively lost, in consequence of the water leaving the wheel
with o considerable velocity. It consists, ezzentially, of two
stationary rings or dises, placed concentrically with the wheel,
having an interior diameter a very little larger than the exte-
vior digmeter of the wheel ; and an exterior diwmeter equal to
abont twice that of the wheel ; the height hotween the dises at
their interior eirenmference is a very little sroater than that of
the arifices in the exterior cireumference of the wheel, and at
the exterior civewmference of the discs the height between them
is about twico as great as at the interior eirenmference ; the form
of the surfaces connecting the interior and exterior eircumfor-
enees of the dises is gently rounded, the first elements of the
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curves near the interior cicenmferences being nearly horizon-
tul. There is consequently inelnded between the two surfaces
an aperture gradually enlarging from the exterior circumference
of the wheel to the exterior cirenmference of the diffuser.  When
the regulating gate is raized to its full height, the section through
which the water passes will be increased, by insensible degrees,
in the proportion of one to fonr, and if the velocity is uniform
in all parts of the diffnser at the same distance from the wheel,
the velocity of the water will be diminished in the same pro-
portion ; or its veloeity on leaving the diffuser will be one-fourth
of that at its entrance. DBy the doctrine of living forces, the
power of the water in passing throngh the diffuser must, there-
fore, be diminished to one-sixteenth of the power at its entrance,
It is essential to the proper aetion of the diffuser that it should
be entirely under water, and the power rendered nseful by it
is expended in diminishing the pressure against the water issn-
ing from the exterior orifices of the wheel ; and the effect pro-
doeed ia the same as if the available form under which the
turbine is acting is incressed a eertain amount. It appears
probable that a diffuser of different proportions from those above
indicated would operate with some advantage withont heing
snhmerged. [t iz nearly always inconvenient to place the
wheel entirely below low-water mark ; up to this time, however,
all that have been fitted up with a diffuser have been so placed ;
and indeed, to obtain the full effect of a full of water, it appears
eszential, even when a diffuzer is not nsed, that the wheel shonld
be placed below the lowest level to which the water falls in the
wheel-pit, when the wheel iz in operation.

The action of the diffnser depends npon similar principles
to that of diverging eonical tubes, which, when of certain pro-
portions, it is well known, increase the diseharge; the anthor
has not met with any experiments on tubes of this form dis-
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charging under water althongh there is good reason to helieve
that tubes of greater length and divergeney would operate more
effeetively under water than when discharging freely in the
air, and that results might be obtained that are now deemed
impossible by most engineers.

Experiments on the same turbine, with and withont a dif-
tuzer, show a gain in the cogffieient of effect, due to the latter,
of about three per cent. By the principles of living forees, and
assuming that the motion of the water is free from irregnlarity,
the gain should be abont five per cent, The difference is due,
in part at least, to the nnstable equilibrinm of water flowing
thl'mlgh expanding apertures ; this must interfere with the uni-
formity of the velocities of the fluid streams, at equal distances
from the wheel.

Suspending the wheel on the top of the vertical shaft (Fie.
AY, instead of running it on astep at the bottorn.  This had been
previously attermnpted, but not with snch snecess as to warrant
its general adoption. It has been accomplished with complete
sneeess by Mr. Boyden, whose maode is to ent the upper part of
the shaft into a series of necks, and to rest the projecting parts
upon corresponding parts of a box. A proper fit is seenred by
lining the box, which is of cast-iron, with Babbitt metal—a soft
metallic composition consisting, principally, of tin; the cast-
iron box is made with suitable projections and recesses, to sup-
port and retain the soft metal, which is melted and poured into
it, the shaft being at the same time in its proper position in the
box. It will readily be seen that a great amonnt of bearing-
surface can be easily obtained by this mode, and also, what iz
of equal importanee, it may be near the axis; the lining metal,
being eoft, yields a little if any part of the bearing should re-
ceive a great excess of weight. The cast-iron box is suspended
on gimbalg, similar to those nzually adopted for mariners’ com-
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passes and chronometers, which arrangement permits the hox
to oscillate freely in all directions, horizontally, and prevents,
in a great measure, all danger of breaking the shaft at the
necks, in consequence of imperfeetions in the workmanship or
in the adjustments.  Several years’ experience has shown that
this arrangement, carefully constructed, is all that can be de-
gived ; and that a bearing thus construeted iz as durable, and
can be as readily oiled and taken care of, as any of the ordinary
bearings in a mannfactory.

The buckets arve secured to the crowns of the wheel in a
novel and mueh more perfect manner than had been praviously
uged ; the crowns are first turned to the required form, and
made smooth ; by ingenious machinery designed for the pur-
pose, grooves are cni with great acenraey in the erowns, of the
exact curvatnre of the buckets ; mortices are eut through the
crowns in several places in each groove; the buckets, or floats,
are made with corresponding tenons, which projeet through the
crowng, and are riveted on the bottom of the lower erown, and
on the top of the upper crown ; this construction gives the re-
quisite strength and firmness, with buckets of muneh thinner
iron than was necessary nnder any of the old arrangements ; it
also leaves the passages through the wheel entirely free from
injurious obstructions,

In the year 1549, the manufacturing companies at Lowell
purchased of Mr. Boyden the right to use all his improvements
relating to torbines and other hydraulic motors. Sinee that
time it has develved upon the anthor, as the chief engrineer of
these companies, to design and superintend the construction of
snch turbines as might be wanted for their manufactories, and
to aid him in this important undertaking, Mr. Boyden has
communicated to him copies of many of his desigms for

turbines, together with the results of experiments npon a por-
10
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tion of them: he lias eommnnicated, however, bot little theo-
retieal information, and the author has been guided principally
by a comparison of the most successful designs, and such light
18 he conld obtain from writers on this most intricate subject.

Summary description of one ¢f the burlines at the Tremont
Mitls, Lowell. Figs. A, B, C.

Tigr. A is o vertionl section of the turbine throngh the axis of the wheel
shalt; Hig. B is a portion of the plan, on an enlarged seale, showing the
dizposition of the leading enrves and buekets and diffuser; Fig, © fs o eross
seelion of the wheel and diffnser on an enlearged seale, and the more wdja-
cent parts, The lellers on the corresponding pacts of the figures are the

SR,

The water is conveyed to the wheel of the turbine, from the
forebay by a supply pipe, the greater portion of which, from
the forcbay downwards, is of wrought iron, and of gradually
diminishing diameter towards the lower pertion I, termed e
curhs, which iz of east iron.  The eurbs are supported on col-
uwoms, which rest on east-iron supporis firmly imbedded in the
wheel-pit,

The Dse I, I, K7, to which the guides for the water, or
the lending eurves, thivty-three in number, are attached, s sus-
pended from the upper end of the cast-ivon curb, by means of
the dise-pipes M DL

The lending eurves are of Russian iron, one-tenth of an inch
in thiclmess, The npper corners of these, near the wheel, are
connected by what is termed ke garniture L, 1, L7, intended
to diminish the contraction of the fluid vein when the regulat-
ing gate is fully raised.

The dise-pipe is very seenrely fastoned, to sustain the pressure
of the water on the dise. The escape of water, between the
upper curb and the upper flange of the dise-pipe, is prevented
by a band of leather on the outside, enclosed within an iron
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ring, This pipe is so fastened as to prevent its rotating in a
direction oppesite to that in which the water flows out.

The requlating gate is a cast-iron eylinder, R, enclosing the
disc and curves, and which, raised or lowered by snitable
machinery, regulates the amount of water let on the wheel 1B
B’ B”, exterior to it.

The awheel consists of a central plate of east-iron and two
erowng, G0, €', C¥ of the same material to which the bnekets
are aftached. These pieces are all accurately turned, and pol-
ished, to offer the least obstruetion in revolving rapidly in the
water,

The buckets, made of Russian iron, are forty-fonr in numhber,
and each & of an inch thick, They are firmly fastened to the
GrOWIE,

The wertical shaft D), from which motion is communicated
to the machinery by suitable gearing, iz of wrought-iron.  In-
stead of resting on a gudgeon, or step at bottom, it is suspended
from asnspension box, B, by which the eollars at the top are en-
elosed.  These collars are of steel, and are fastened to the upper
portion of the shaft, which last can be detached from the lower
portion.

The suspension bow is lined with Babbitt metal, a soft COTIPO-
sition congisting mostly of tin, and eapable of snstaining a
pressure of from 50 lbs. to 100 Ibs. per square ineh, without
sensible diminution of durability. The box consists of two
parts, for the convenience of fagtening it on, or the reverse.
The box rests npon the gimbal G, which is so arranged that the
suspension box, the shaft, and the wheel ean be lowered or
raised, and the suspension box be allowed to oscillate laterally,
s0 a8 to avoid snbjecting it to any lateral strain.

The lower end of the shaft has a cast-steel pin, O, fized to it.
This Is retained in its place by the step, which is made of three
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parts, and lined with case-hardened iron.  The step can be ad-
Jnsted by horizontal serews, by a small lnteral motion given by
them to it

Loules for propertioning turlines. In making the designs
tor the Tremont and other turbines, the author has been guided
by the following rules, which he has been led to, by a compari-
son of several turbines designed by Mr. Boyden, which have
been carefully tested, and found to operate well.

Rule 1st. The sum of the shortest distances between the
buckets should be equnal o the diameter of the whesl,

Itule 2d. The height of the orifices of the eirewnforence of
the wheel should be equal to one-tenth of the diameter of the
wheel.

Rule 3d. The width of the crowns should be four times the
shortest distance between the buckets,

Hnle 4th. The sum of the shortest distances hetween the
enrved guides, taken near the wheel, should be eqnal to the in-
terior diameter of the wheel.

The turbines, from o eomparison of which the above rnles
were derived, varied in diameter from twenty-eight inches to
nearly one hundred inches, and operated on falls from thirky
feet to thirteen feet. The anthor helieves that they may be
sately followed for all falls between five feet and forty foet, and
tor all diameters not less than two feet; and, with Judicious
arangements in other respeets, and cavefal workmanship, a
nsetul effect of seventy-five per cent. of the power expended
may be relied npon.  For fulls greater than forty foet, the see-
ond rule shonld be modified, by making the height of the
orifices smaller in proportion to the diameter of the wheel.

Taking the foregoing rules as a basiz, we may, by aid of the
experiments on the Tremont turbine, establish the following
formulas. Let
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D = the diameter of the wheel at the outer extremities of
the buckets,

@ = the diameter at their inner extremities.

£ = the height of the orifices of discharge, at the outer ex-
tremities of the huckets.

W = width of crowns of the buckets,

N = the number of buekets.

# = the number of guides,

£ = the horse-power of the turbine, of 550 %= &

A = the fall acting on the wheel.

(} = the quantity of water expended by the turbine, in enbic
feet por second,

V= the velocity due the fall acting on the wheel.

1" = the velocity of the water pussing the narrowest sections
of the wheel.

# = the veloeity of the interior circumference of the wheel ;
all velocities being in feet per second.

' = the coeflicient of ¥, or the ratio of the real veloeity
of the water passing the narrowest sections of the wheel, to the
theoretical veloeity due the fall acting on the wheel.

The unit of length iz the English foot,

It is assumed that the useful effect is seventy-five per cent,
of the total power of the water expended.

Aceording to Rule 1st, we have the sum of the widths of the
orifices of discharge, equal to /). Then the eum of the areas
of all the orifices of discharge is equal to £ A,

By the fundamental law of hydraulies, we have

F=+v351
Therefore Vi=0V 2qlf
For the quantity of water expended we have
Q=HDV'=HD(C V2qH
From the extremely interesting and aceurate experiments of
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Me. Franeis on the expenditure of water by one of the Tremont
wheels, recorded in hiz work, the following data are obtained
from it :—

For the sum of the widths of the orifices of discharge,

44 x 0.1875T7 = 5.25308 feet.

¢} = 138.1892 cubic feet per second;

b =12.908 feet ;

¥'2 g = 8.0202 feet.

Substituting these numerical results in the preceding wvalue
of ¢J, there obtains

135.1802 = 7.68692 x 8.0202 412,903 O,
hence
= 0.624,
By Rule 2d we have
H =010 0, hence H D = 0,10 I,

hence @ = HDV' =010 F 0 ¥ 2 gk

Calling the weight of a cubie foot of water 62.33 lbs., we
have
0.75 x 6235
550
or, substituting for ¢ the value just found,

P =0.0425 I* i 4k,

hence

D=185,/L.
hg

The number of bnckets is to a certain extent arbitrary, and
would usually be determined by practical considerations. Some
of the ideas to be kept in mind are the following :

The pressure on each bucket iz less, as the number is greater;
the greater nnmber will therefore permit of the use of thinner
iron, which is important in order to obtain the best results.

The width of the crowns will be less for a greater nunber of




ATPENDX, 158

buckets. A nuarrow crown appeara to be faverable to the useful
effect, when the gate is only partially raised. As the spaces
between the buekets must be proportionally narrower for a
lurger number of buckets, the liability to become choked up,
either with anchor iee or other substances, 18 increased.  The
amount of power loat by the frietion of the water against the
surtuces of the buckets will not be materially changed, as the
total amount of rubbing surface on the buekets will be nearly
sonstant for the same diameter; there will be a little less on
the erown, for the larger number. The cost of the wheel will
probably inevense with the number of buckets. “The thickness
ani quality of the iron, or other metal intended to be nsed for
the buelets, will sometimes be an element. In some water
wrotght iron iz rapidly corroded.

The anthor & of opinion that a general rule cannot be given
fur the nnmber of buekets ; ameng the numerous turbines work-
ing rapidly in Lowell, there ave examples in which the shortest
distance between the buclkets is as small as 0.75 of an inch, and
in others as large as 2.75 inches,

Mg o guide in practice, to be eontrolled by partienlar eireum-
stanees, the following is proposed, to be limited to dismeters
of not less than two feet:—

N =3{D + 10).
Taking the neavest whole number for the value of ¥,

The Tremont turbine is 8} in diametor, and, sccording to the
proposed rule, ghonld have fifty-five bockets instead of Torly-
four.  With fitty-five buelkets, the erowns should have o width
of 7.2 inches instead of & inches.  With the narrower width, it
is prolable that the nseful effect, in proportion to the power
expended, wonld have been a little preater when the gate was
partially raized.

By the 34 rule, we have for the width of the crowns,
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4
W=

and for the interior diameter of the wheel,

80

d=D— "o

By the 4th rule, 4 iz aleo equal to the sum of the shortest
distances between the guides, where the water leaves them.

The number » of the guides iz, to a certain extent, arbitrary.
The practice at Lowell has been, usually, to have from a half to
three-fourths of the number of the buckets; exaetly half would
probably be objectionable, ag it wounld tend to produee pulsa-
tions or vibrations.

The preper velocity to be given to the wheel is an impor-
tant consideration.  Experiment 30 {the one above nsed for
datay on the Tremont turbine gives the maximum coeflicient
of effeet of that wheel ; in that experiment, the velocity of the
interior ciccumference of the wheel iz 0.62645 of the veloeity
due to the tall acting on e wheel, By reference to other ex-
periments, with the mate Tully raised, it will be seen, however,
that the eoeflicient of effeet varies only about two per cent.
from the maximum, for any velocity of the interior circumfer-
enee, between fifty per cent. and seventy per eent. of that dune
to the fall acting npon the wheel. DBy reference to the experi-
ments in which the gate is only partially raized, it will be seen
that the maximum corresponds to slower velocities ; and as tur-
bines, to admit being reonlated in velocity for varisble work,
s, wlmost necessarvily, be nzed with a gate not fully raised,
it wonld appear preper to give them a velocity such that they
will give a good effect under these cireumstances,

With thia view, the following is extracted from the experi-

ments in Table II, ;—
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|
|R.'1.t:|-:,'u of the velocity of the in-

) terior cirenmference of the
MNumber of the ex-Height of the e 'l,ui.—. wheel, Lo the velosity due the

rirment. ing gate in inchea, fall a.ntin upon the wheel, cor-
s g 1Y Iy
responding to the maximom
cocicient of eflect,

a0 11.49 0,62845
62 B.53 0.56541
T3 5.65' 0.66200
84 2.875 048300

By this table it wonld appear that, as turbines are generally
used, a velocity of the interior cirenmference of the wheel, of
about fifly-six per eent, of that duc to the fall acting upon the
wheel, would be most suitable, Dy reference to the disgram
at Plate VL# it will be seen that at thizs velocity, when the
gate iz fully raised, the coefficient of effect will be within less
than one per cent. of the maximnm,

Other considerations, however, must usnally be taken into ag-
count in determining the velocity ; the most frequent is the vari-
ation of the fall under which the wheel is intended to operate,
If, for instunce, it were required to establizh a turbine of a given
power on a fall liable to be diminished to one-halt’ by back-
water, and that the turbine should be of a eapacity to give the
requisite power at all times, in this case the dimensions of the
turbine must be determined for the smallest fall 3 ot it it has
assigned to it a veloeity, to give the maximum effect at the
smallest fall, it will evidently move too slow for the greatest
fall, and this is the more objectionable, as, usnally, when the
fall is greatest the quantity of water is the least, and if is of
the most importanee to obtain a good effect. It would then be

# # Liowell ydraulic Experiments,”
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nzually the best arrangement te give the wheel o velocity cor-
respending to the maximum coeflicient of effect, when the fall
is greatest. To assign this veloecity, we must find the propor-
tiomal height of the gate when the fall is greatest ; this may be
determined approximately by aid of the experiments on the
Tremont turbine,

We huve seen that P=0.085 ¢ k.

Now, if & is increased to 24, the velovity, and consequently
the guantity, of water discharped will be increased in the pro-
portion of & to ¥ 24 ; thatis to say, the quantity for the fall-
2k will be +2 @.

Calling #' the total power of the turbine on the double fall,
we have

P =0.085 ¥2Q 2,
or,
Fr=0085 = 2.8384 ¢} A.

Thus, the total power of the turbine is inereased 2.8284 times,
by donbling the fall; on the double fall, therefore, in order to
preserve the effective power uniform, the regulating gate must
be shut down to a point that will give only 5 gdgr part of the
total power of the turbine.

In Experiment 15, the fall acting upon the wheel was 12.888
foet, and the total nseful effect of the turbine was 856255
b, raized one foob per seeond; by part of this is 30978.4
Ibs. ; consequently the same opening of gate that would give
this last power on o fall of 12.888 feet, would give a power of
BHG6ELE The. raised one foot per second, on a fall of 2% 12,888
feet=25.770 foct. T'o find this opening of gate, we must have
recourse to some of the other experiments.

[n Experiment 73, the fall was 13,310 foct, the heizht of the
gate 5,66 inches, and the usefn] effect 555301 Ths, In Tx-
periment 53 the fall was 13.435 feet, the height of the gate
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2,875 inches, and the useful effect 27310.0 lbs.  Reducing
both these nseful effects to what they wonld have been if the
full waf12.888 feet,

the useful effect in experiment 73, 53830.1({?}%)*:56054&;
G a2 5131u.9(%§_'}f§)5=255m.1.

By a comparizon of the useful effects with the eorresponding
heights of gate, we find, by simple proportion of the differences,
that 2 useful effoct of 302734 lbs. raised one foot high per
gecond, would be given when the height of the regulating gate
was 5,200 inches,

By another mode :—

As25660.1: 2,875 :: 302734 : 2.875 % §8373:4=3.392in., alittle
consideration will ghow that the first mode must give too little,
and the second too much ; taking a mean of the two results, we
have tor the height of the gate, giving ¢ Jeoq of the total power
of the turbine, 3.344 inches, Referring to Table IL, we sce
that, with this height of gate, in order to obtain the best coeffi-
cient of useful effect, the veloeity of the interior circumference
of the wheel should be about one-half of that due to the fall
acting upon the wheel ; and by comparizon of Experiments T4
and 84, it will be seen that, with this height of gate and with
thiz velocity, the coeflicient of nseful effeet must be near 0.50.,

This example shows, in a strong light, the well-known defect
of the turbine, viz., giving a diminished coeflicient of nseful
effect at times when it is important to obtain the best results.
One remedy for this defect would be, to have a spare turbine,
to be used when the fall is greatly diminished ; this arranganent
would permit the prineipal turbine to be made nearly of the di-
mensions required for the greatest fall.  As at other Leights of

the water economy of water iz usunally of less importance,
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the spare turbine might generally be of a cheaper construe-
tion.
Lo lay owt the curve of the buckets, the anthor make®usze of
the following method :—
Referring to Fig. D, the number of buckets, N, having been
wd)

determined by the preceding rules, set off the are GI :T,
2

Let w=G H = I'P, the shortest distance between the buckets;

t = the thickness of the metal forming the buckets,

Make the arc G K = 5w, Draw the radius O K, intersecting
the interior eircnmference of the wheel at L; the point L will
be the inner extremity of the bucket. Draw the directrix L M
tangent to the inner circumference of the wheel. Draw the
are O N, with the radius « + 4, from I as a centre; the other
directrix, G I, must be found by trial, the required conditions
being, that, when the line M L iz revolved round to the position
G+ T, the point M being constantly on the divectrix G P, and
another point at the distance M G = R 8, from the extremity
of the line deseribing the bucket, being constantly on the di-
rectrix M L, the curve described shall just touch the are N O,
A convenient line for a first approximation may be drawn by
making the angle O G P =11°  After determining the direc-
trix aceording to the preceding method, if the angle OGP
shounld be greater than 127 or less than 10°, the length of the
arc G K should be changed to bring the angle within these
limits.

The eurve G 888" L, deseribed as above, is nearly the quar-
ter of an ellipse, and wonld be precisely so if the angle G M L
wis a right angley the corve may be readily deseribed, mo-
ciumit'.n']].f._ with an apparatus similar to the elliptic trammel ;
therg ig, however, no difficulty in drawing it by a series of
pointe, as ie sufficiently obvious,
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The trace adopted by the anthor for the corresponding euides
is a8 follows :—

The number o having been determined, divide the eivele in
which the extremities of the guides are found into n equal
parts VW, W X, ete. '

Put o for the width between two adjoining guides,

and # for the thickness of the metal forming the guides,

. i
We have by Ruled, &' = =

With W as a centre, and the radivs &' 4+ ¢, draw the are
Y Z; and with X as a centre, and the rading 2(a’ 4 ), draw
the are A’ B Throngh V draw the portion of a cirele, V O,
touching the ares ¥ Z and A’ B'; this will be the curve for the
espentinl portion of the guide. The remainder of the guide,
¢ 10, shonld be drawn tangent to the enrve G V5 a convenient
rading is one that wonld canse the eurve CF LY, if continued to
pass througeh the centre O, This part of the guide might be
dizpensed with, except that it affords great enpport to the part
'V, and thus permitz the nse of much thinner iron thaw wouald
be necessary if the gnide terminated at CF, or near it

Collecting togother the foregoing formulas for proportioning
turbines, which, it is understood, are to be limited to falls not
exceeding forty feet, and to diameters not less than two feet,
we have for the horse power,

* = 0,0495 IPh V5 i

for the diameter,

I =485

for the quantity of water discharged per gecond,

Q=05 vk;
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for the veloeity of the interior cirenmference of the wheel, when
the full iz not very variable,

: v=0.56 ¢/ 2 gk,
or, v=4491 ¢/ ki ;

for the height of the orifices of dizcharge,

tor the number of buckets,
N=3 (D +10);
tor the shortest distance between two adjacent buckets,

= ﬁ;
for the width of the erown oceupied by the buckets,
F= e
for the interior diameter of the wheel,

8D
for the number of guides,

n=050 N to (.75 &;
for the shortest distance between two adjacent gnides,

W= £
0

Table  has been eomputed by these formulas.

For falls greater than forty feet, the height of the orifices in
the cirenmferenee of the wheel shonld be diminished. The
toregoing formnlas may, however, still be made use of. Thus:
enpposing, for a high fall, it is determined to make the orifices
three-fonrths of that given by the formula; divide the given
power, or quantity of water to be used, by 0.75, and use the
guotient in place of the trne power or quantity, in determining
the dimensions of the tnrbine. No modifications of the dimen-
sions will be necessary, except that % of the diameter of the
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turbine ghould be diminished to 4% of the diameter, to give the
height of the orifices in the cirenmference,

It is plain, from the method by which the preceding formulas
have been obtained, that they cannot be considered as estal-
lished, but should only be taken as guides in practical appliea-
tiong, until some more satisfactory are proposed, or the intrices
cies of the turbine have been more fully wnravelled. The
turbine has been an object of deep interest to many learned
mathematicianz, hut up to this time the results of their investi-
gations, so far as they have been published, have affurded but
little aid to hydeaulic engineers,

Diffuser—As previously stated, the prineiples invelved in
the flow of water throngh a diverging tube find a usetul appli-
eation in Mr. Boyden’s diffuser.  This invention, applied to a
turbine water wheel 104,25 inches in diameter, and about seven
linndred horse-power, iz represented on Fig, B at X and on
Fig, © at X",

The diffnzer is supported on iron pillars from below., The
wheel iz placed sutliciently low to permit the diffuser to he
gnbmerged at all times when the wheel iz in operation, that
being essentinl to the most advantageous operation of the
diffuser.

When the speed gate is fully raized, the wheel moves with
the velocity which gives its greatest coetlicient of nseful effect.
On leaving the wheel it neceszarily has conziderable veloeity,
which would involve a corresponding loss of power, except for
the effect of the diffuser, which utilizes a portion of it. When
operating under a fall of thirty-three feet, and the speed gate
is raised to its full height, this wheel discharges about 219
cubic feet per second. The area of the annular space where
the water enters the diffuser, is 0.802 x 8.792 = = 22,152 aqnare
feet; and if the stream passes throngh this section radially, its
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219
99,159
i8 due to n head of 1.51% feet. The area of the annular Bpacs
where the water leaves the diflusor is 1.5 % 15.888 « = 72,955

mean velocity must bo = D886 feet per seeond, which

210
square feet, and the mean velocity - ér;_‘l{] 31 feet per
second, which is due to a lead of 0,143 tuct. According to this
the saving of head due to the diffuser is 1,519 — 0,148=1.376

feet, being - g or about 4% per cont. of the hoad availalile

1.4 h
33—1.5
without the difh ua[a]J which i equivalont to o guin in the cosfli-

cient of n2eful effect to the snmne oxtent. Experiments on the
game torbine, with and withont the diffuzer, have shown a
gain due to the latter of about three per cent. in the coeflicient
of useful effect.  The diffuzer adds to the coeflicient of useful
elfvet by incrensing the velocity of the water passing throngh
the wheel, and it must of course incrsase the quantity of water
discharged in the same proportion, 1T it increases the availa-
ble head three per cent., the veloeity, which varies us the
gquare root of the hoad, must be inereased in the same propor-
tion. The power of the wheel, which varies ns the produoct of
the head into the quantity of water discharged, must be

inerensed about 4.5 por cent,
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EXFLANATION OF FIGURES.

Fig. A Bection throwgh the axie of (the Turbine without the THimser,

| Costedrem Curbs throngh which the water passes from the wronght-iron
snpply-pipe to the Dise,

K Cast-iron Diso on which the Guide Curves are fasbened,

L Garaiture fitbed to Jowor ond of Tower Curls,

M Disc-pipe suspending the Dise from Uppor Cusls,

M Columns of enst-ivon suppocting Curbs,

R Begulating Gate of onst-iron,

S Brackets for maising awl lowering the Gute,

B Wheel,

C, C Crowns of the Wheal between which the eurved buckets ars fn-
prrdac,

[ Mein Shatft of the Wheol,

E Huspension Box, lined with babbit metal, feom whicl: the Wheel hangs
by the east-stes] Collom aronnd the upper end of the Bhoft

F Upper portion of Sheft fastened to lower portion, with Lenrings F of
cisheiron lined with babbit metel,

G Gimbal on which the Suspension Box ' roste,

H Support of the Gimbal,

O Bfiop to roceive enst-stoel Pin on Inwer sl of Blaft

Tig. A. Plan of Disc, K", Garniture, L, Wheal, G, and Diffusee, M’ M.

Fig. B. Beetion of Whee, C" Garmiture, L”, Regulating Gate, R", and
npper and lower Crowns of the Diifuser,

Fig. I. Dingram Tor laying oub the eorves of the Buckets and Guide

Cnrves,
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we can find the wmount of water pumped up per second, the
motive work that it requives, and its delivery,

To show this, let us eall

H the difference of level between the two basing ;

& the depth of the centre A below the level of the lower;

# the exterior radivs A C of the wheal ;

b the distance apart of the two annular plates, which confine
the floats ;

w the angular veloeity of the arbor A

# the absolute velocity of the water when it leaves the floats ;

w the velocity « # at the outer cirenmference of the wheel ;

w the relative veloeity of the water at the smme poing;

5 the acnte angle formed by the velositics w and w—that is,
the angle at which the floats ent the onter eircumference ;

g the pressure of the water at its point of entrance into the
interval between the floats ;

g its pressnre at the point of exit

e the atmospheric pressure ;

i the weight of the cubic metre of water,

We will begin by simplifving the guestion o little by means
of & few hypotheses.  First, we will neglect the absolute velo-
city of the water in the ascent pipe and in the conduit which
conveys it to the floats, which may be allowed it the cross see-
tiona of these conduitz are sufliciently large relatively to the
volume pamped out,  The radiug A B, however, ghould still
be sufliciently small go that the velocity of rotation of the point
I may be neglected ; in other words, we will consider the in-
troduction of the water into the wheel as taking place along
the axiz, without any velocity cceasioned by the motion, and
conzequently without any relative velocity. Soeondly, we will
conduet our argument as thongh the water were dizplaced hori-
zontally in its passage across the wheel ; the height of this lnst
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