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guides of a contrary ourvature, pute it in motion.;
its interior periphery revolving as nearly as possi-
ble, in contact with the eiterior periphery of tbe
inner or guide wheel. This ie thé Fourneyron
turbiné in its simpleet forin. One of the moet
important improvements efiected by Mr. Boyden
wae the application of thé "ldiffuser," almost
universally adopted since. The invention is em-
bodied in the formation of two large stationary
dies without and around the wheel, thé space
between wEaicb at the inner periphery is very littie
greater than that between the crowns of the 'wheel
at the part néxt te theni. Thèse dises curvé apart
and outward, se that the space at thoir exterior
peripbéry is twicé as great. The section threugh
which. the water passes in escaping from the wheel
je thus enlargéd in the ratio cf one to four; hence
its action sheuld fall froin 1 to 1-lfith in the saine
distance, provided the wheel bée submerged. The
effeet cf this arrangement is to reduce the pressure
on thé escaping water, and thus increase, thé power
as theugh the fait were iucreased. The theoretical,

gante bé dérived by thie arrangement is equal te
faout 5 per cent. on thé whole power; though frein
one cause or anethèr only 3 per cent. ie usually
realized. Mr. Boydèn 8sended hie turbine frein
abeve, and was the firet te point eut thé expedienoy
cf employîng very thin guide*plates and vanes.
One cf the greateet objections te the'Fourneyren
wheel and its modifications is, that being always
eubmérgéd, it is, te soe extent, inaccessible for
repaire or éxaminatien. It je frequéntly far frein
conveniént te drain away thé water, especially when
more than one turbine jsesupplied froint the saine
race. As early as the year 1838 this objection was

recegnized, and the "lJonval " wheel introduced te
obviate it. Instead cf revolving eutside the eta-
tionary guidés, the buckets in this turbine révolve
below thein. Both the fixed. and moveablé whéels
are placéd within a tube of sufficient diamétér, the
orifice cf which, placed bélow the lèvel of thé water
in the loer race, je se contracted as te allew cf only
thé propér quantity of water passing threugb, due
te the velocity arising frein thé différence of thé
two levels above and below the turbine. By this
arrangement the whéel may bie placéd in any part
cf thé heiglit cf thé fail dééméd meet désirable;
the necessary force and velocity cf thé water bèing
obtained by the pressure cf the atmosphère on the
upper surface of the suepended liquid columu.
When the supply of water je eut off by cloeing thé
uppér eluices, thé wheel je left high and dry for
repaire, as thé tube je usually -large enough te
afl'ord ample space for a man te work in it with
esse.

Whén the turbine je employed te rendér high
faille avaulable, thé footý-step cf thé vertical spindie
often gives much troublé, asewélI frein the difliculty
cf lubricatiug it preperly, as frein thé gréat weight
which it bas te eustain, and the bigh epeéd at which,
the ohaft revolvés. At St. Blasier, iu the Blaek
Foret, a wheel only 13 in.ý in diaméter je put in
motion by a columun .of watèr 354 feet high.
Whether ail the pressure due te this vast height je
rondered avaulable or net w. cannet say. The
wheél makes 2,200 révolutions per minute, driving
8,000 water spindles, with the necéeeary machinery
for elubbing, roving, &c. Fifteen hundred revolu-
tiens per minute are by ne menus ancommon with

largér wheèls. Mr. Bcyden, in America, and Mr.
Malétt, in this ceuntry, eut the Gordian knot by
hanging the revolving ring and ite shaft, and a I
thé weight cf the water upen it, frein a ring cf
conical relIera aboyé the pén.trough, running bée-
tween twe faced.up iron plate, the central toc or
step being used merely as a steadier. When thé
foet-step is retained the beet practicé je te forin a
cavity in the end cf thé ebaift, which ie fitted accu-
rately te a hardèued steel pin, projécting upwards,
firmly fixed, in thé base cf the wheél pit, on whioh
the entire weight je sustainéd. The preper shape
for this pin and its corrésponding cavity bas been'
mxade thé subject cf anuch mathénsatical disquigi.
tien. Oit je usnally supplied through an aperture
drilled up the centre cf thé pin, by a very sinaîl
force-pump, put in motion by an éceéntrie- on
semée slow running shaft in thé miii aboyé. In thé
great Fairmout Jenval turbines, iniended te sup-

ply watér te thé city cf Philadéiphia, thé central
ehafts are supported on stout cast-iron coluinne,
boltéd dewn te thé iron bottein cf the draft box or
vertical tubé. A seekét reting on thé tep cf this
column centaine a circular block of lignumvitoe,
15 in. in diaméter and 8 in. or 9 in. thick. Its
upper surfacé je rounded te a patially epherical
shape, and a féw spiral groovée are out in its surface
te permit thé éntrance cf wator, and thus sècure
censtant lubrication. A oust iron sooket, hollowed
out te fit this block, je keyed on thé lower extrent-
ity cf thé vertical shaft, thus forming thé béarîng.
Thèse wheéls are, perbaps, thé largéat cf thé kind
in thé world, béing net lès than 9 ft. in diaméter
ovér thé bucets ; each whéel, we believe, drivés a
néarly horizontal double-acting pump, 18 in. in
diaxuèter, and 6 fit. stroke, inténded te make twelve
double etrokée per minuté whén pumping againet
thé héad cf water in thé réservoir.

'Thé construction cf thé turbine suggests semée cf
thé moet complicate-i problème in bydraulice, and
théory eearcely yèt afoôrde the means ef solving
thèns. Practioé aloné supplies us with thoroughly
trustworthy résulte. Frein this reasen theré je
littié doubt that thé etatemente cf thé usual efféet
realizéd frein a given faîl are frequently oer-esti-
matéd, thé quantity cf water paeeing through thé
wheel being really in éxcess cf that assunàied from.
calculation. Still, making every allowance, there
is ne doubt that, with propér caré, turbines usually
givé out a higher ce-efficient cf usèful éfféct than
perhaps amy othér moving power in existence. At
firet sight, it appéars that the éntering watér should
imipart a sévère shoek te the curved buokets wbich
opposé ite motion. This disappears, however, when
thé wheél movés at a proper vélocity. Undèr eor-
réeLt arrangements, thé water entera thé whéél
without impact, and passing &long thé wholé léngth
cf thé bladès whioh censtituté thé buckete, and
éxercising a pressure at évéry part, whéreby its
vélocity je constantly reduced, while thé direction
cf its motion is modified by théir curvé, it finally
léaves thé whéél with an insensible motion, being
dèpoeitèd as it wére in thé Laul racé, frein which iL
flows in obédience te the law cf gravitation ait a
vélocity dètérminèd by thé inclination of thé floor
on whieh it reste. la ordér te sécuré this action,
thé most extrême aeeuraey cf workmainehip is
aibsolutely essential. Lt is usélees te set cut thé
proper curves with a strietly mathematical preci-


