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NOTES ON A PROBLEM IN WATER POWER.*

Tiir prescrit palier is a non-scientific ane, and iii otlièr
respects is not to bc classifiel ;imong the contributions sticl as
are cammnnnly prescnlted beforc tlus socicty. Neithcer arc ils
abjects the saine. 'l'le pui pose is to prescrnt saie thoughits
upon a VCry important subjeet, %witlî a vrnaw ta callinq out fLrtîler
and more able discussion. Mthre bcing notlîing exact or detcr-
rnin:ute to, deai with, there 'viii bc uicithcr figures for quantities
includcd, so that no severe mntal strain niccd bc apprclicndcd
in followiîig <he reinatks.

Thec snbjcct is watcr ioturs, or, as %vu comuîionly say, water
%vlicls, for utilizing the action of ugravhty af %vater, ani inquiry
inta tlie probable condition, inrerences or deduriions whiich have
led i) lt and establishecl modern practice as it nowv exists in <bis
country.

Watcr whicels, as wve have lao deal wvith thcm, n>' be classcd
as graVity wvliecls, including (i'overslio: breast wlheels, and par-
haps the P>oncelet type ; <2) pressure whecels, inclniding what wve
cai inclosed turbines andi reaction, whvelis ; (3) impulse whacels,
driven by spouting %vater.

, i tic classification thtîs assumecd is, for short, gravity, pressure
and impulse wlieels. Tliese many bc said ta caver tha varions
types in cammon uise.

In inodem letactice tua cliss called pressure turbine î%'lieeIs
çouistituta perhaps four-fifths af tha whole. rliesc can be di-
vided into three genieral types, namcly . The Fourneyron,, or
ou<ward radial discharge , tlie Jonval, or clawnar<l discharge
paralicl ta the iîxiL af rotation ; andi the Amierican or inward
flov wlieels. These have coine into <teneral tise aIl oî'er the
wvorld, and have a liter.uutre of surprising coînpleteness. Thîey
-are by camnion consent regardeti as tha miost efficient, an<l,
indecd, until recently, have been <lie anly whcels wvhich ware
considered in connection witli an elliciency beyond 6o par cent.

The question ta bc presented, inti the main point in ibis con-
lîlunicatian is, wlîat lbas produced i<bis particular fa m in %vnter-
whecel practice, ati( it lias pressure insteal of inmpulse beenthie
principle or mode of operatian iollowed in aIl countrias.

Before attemnpt;iig any answer to <hi 5 iîîquiry, it iil be %vell
<o fnrther examine <or explain, in as simîple a mariner as possible,
<lue nature ai <ha class called turbine wlîeels.

A columin ofwater resting upon the van as ai a turbine îvhael,
which are fre upon tlîeir reverse side, and meet no raSistance
tliere, raprescrnts coinfplete efficiency less machine friction , andi
tlie science ai turbines, ta so cati il, is direc.ted ta removing the
inîpeding water and ils resistanca an tha reverse sida ai <ha
vanes- <bat is, on tlie discbarga sida, aiter <ha hinction ai pres-
sure lias ceaseti or lias been utilized. It is commion ta <livide
<ha effect oi tlie water, or ils iunctions, ini <lus class ai wbeels,
into gravity, impulse andi reaction, but there is no need oi snr-I
assu:îîption or ai introducing <lia Iunipl>x natuic uf these furtas
thus roiniibnet, bec.usa the tîhola ib exlaincd as simple pres-
sure, andi ail observeti phenomena point ta this as tlie "lmode ai
action"I in pressure turbines.

1 amn in thi- assuniption, na doubt, tasrsn upon what
arc calleti establisliet data, but <ha issue is not important ta <ha
subject, andi it will be stifficient <o call the active farce ane ai
pressnîc alonc, ant ha resistance or loss a result of <ha imper-
iect riticance ai tlia wva<r on <ha reverse or dischai ge side ai <he
vanes, alier it lias perfarnîed ils wvork by pressure, impulse or
a<herwise.

Following this niethoti of ciperating ta ils c onstruc< ive féatures,
il invalves closeti vessaIs, or conduits, not onîy tai <ha war
wheels, as in othar cases, but aromindtihem. Tha whecls must
bae envelopeti in <ha fluidti <at drives <hemn, andi cantaineti in
cases strong enotigh <o, sustain not only <ha static heati, but also
,lha effect ai wva<cr concussion, and in nîost cases afford support
for tha %vleels <lîcmnisalvas andti hir shaits.

The bearings ai <ha wheals bava <o, sîstain <ha wveight ai <ha
rnnning parts, also, in niany cases, a pressure oi <ha hcati equal
ta ai-ca of issues inultipliat iunto <ha heati. The wbeels arc sub-
nicrgetý lct at <ha bot<um ai <ha heati or na-tr ut, in-iccessible
<o observation, andi alsù for repairs, calling for unuisual anti ex-
pansive provision in tlue wiay of be.rings anti other constructive
features, including extra s<reng<h ai ail parts. The hydro-
dynnmic con<itions batho oentrance.incldischa-rgeceau forcompli.

-Pàper re2d <'<ort Ille American S.ocel>- et ?sechanical Fnginecri a: the mcei<ng
of %stay, ili98, by john Richazd3 ctSan ianoho.

Ca-t--i fanalls Nvlich1 cannai, wvill safety ba hib up, andi pressura
turbine wlir.els in tItis way becumie large andt expeisive castings,
tlie value af wliicli <epentis tipan tlue integmmt io cvcry part. 1If
a vanae be broken or iiperfcct, tlie %%,finie %vhel is lost. Thle
dIiamieter being limniiteti becanse ai first cas<, a Init ai rotative
is rearliet il a lucail ai 5o feet or sa, anud even ait <lat lie-id <ha
bearings have <o mun undar undlesiraibla conditions ; in other
words <luis typa of wvlieels dots not permit contraI o aioative
sj3eed, <liat being limiitecl by bath first cost anci operating con-
ditions.

Tl'ning noîv ta <lie otlier type ai wvliels, btît littie knowni in
tlîis country, except on tlie l>acific coast, <ha iînptîse class, andi
assuiiuing <bat the farce ai spotîting %wa<er is cqual <a ils grivity
less an inconsiclerable friction iii orifices, tlia question arises, wYhy
lias not <lie evaîntion ofiwater wlieels followcd on <lus lina in-
stad oi pressure for aIl except low licatis il

This is a vcry important question, ane <bat mnay ivell engage
tlia attention ai <lus sociaty, andi ana <hat calîs for explanation
such as %vill ha by nio means easy or apparent. Il is <rue <bat
îviti <lia class ai impulsa wvhcels calle II ncershot," and sartie
otlier crutier rormis oparating by <ha impulsa ai sponting %vater,
the cfficiancy at<ained lias been so, lowv as ta lead <o <ha conclus-
ion <lînt tlue lasies waere inluerent in <he nethoti or mode of oper-
ation, and <bis opinion lins, it scins, becoie general wvitliout any
ana very closely inqniring into tlic matter.

rhat <ha efficiency ai tangential %wheels cîriven by impul-àe is as
high astan bc attaineti by pressura t-irbines, bias heurn proveîî b>'
nu nerons exparinants liera, aira b) one racent exparinuents at
tiolyoka. Mfass., and is bayoi!d controversy. Il bas long been
settlc:d on <bis coast, antias a problem no langer axists. No ana
liera wotild axpect under a heati ai 50 icet or more tai attain iiui
any known typa ai pressura water wlîeels a higber efficiency
<han is given ont by tangentiai impulsa %vheels ; but <huis ste ai
opinion anti practice us cenfinet ta narrow limiits noîv, anti is the
more ta ba ivandereti at M'ien wc consider <ha rapity and coin-
pletcnass af in% estigation in othar branchas af dynamît. engi-
nearing Lt <ha prescrnt day, cspecialiy %vban <ha canonîte anti
constructive conditions in favor ai <ha impulsa type ai %vater
ivhcais are <akan inta accauint. Thesa tva wiil nowv cansitiar in a1
briai va>'.

Thera is a %vide differanca batvcan a wvatar îvheel driven by
impulsa andl ana oparating on tlue pressura systam. The flrst
cost af <ha farimer, for a given pan er, is ona luahias mnucb, andtils<
maintenance us still less, iii proportion.

Figuratively spaaking, %%,lin a îvhcel is <urnati from a pressura
ta <ha impulsa systam, it is taken ont ai its case, inountad ini <ha
open air, in plain siglît. Ail <ha variaus.ý iîulet flttings are dis-
pensed wi<h anti ara replaceti b>' a plain fouzla and, stap-valve.
lis diameter is matie <o, produca <ha requirad rotative speeti,
uvhatcvar tbat mn> ba. Tha shait and 7ts baarings are divesteti
of ahl strains axcapt <hase ni graity and <ha stiess uf propulsion
%vhen <he water is applied at ona side anly. Most important aif
aIl, thare are no running miealiic joints <o miaintain ngainst <ha
escape ai water, no friction andi no leaks ; thara are, indeati no
running joints or bearings wlintaver, excapt <ha journals ai <ha
ivhcel shaft.

Tha affect ai grit and sand is aliînina<ed, bath as ta vanes and
baarings ant lera are no working conditions <bat involve risk
or caîl for skill. lia î'ana is brokaen, another ana is applieti in a
fan' mintas' lime. lIf large or siaîl wiheal is wvan<ed, <ha
change is inexpensive and doas fat disturb <ha foundations or
connections. Capacity is at compîcta contrai ; <ha wîheal can be
of l0,00 or 1,00 horse powear, %vithout involv~irig expansive
specini patterns. Tha speed ai rotation is flot confineti ta comn-
mercial dimensions because ai patterns anti othar causes. 1< is
înerely a tnaiter ai choice with <ha pturchasar or niaker.

Now, grantifg <ha afficieiicy of impînse wheels, whlicb, as be-
fora remarked, can hardI>' ba callad in question for -il[ liîads ex-
ceeding 5o, or aven 30 ct, anti conceding <ha constructive
and opera<ing advantage-, jîmst pointeti ont, tlue question at flrst
namiet riscs, %nhy hb <ha evolution oi watcr wvhceîs durng 5a
ycars past been confine i t ha pressure class? Also, îvhy bas
it been praposeti at Niagara Faiîs ta emplo>' pressure turbine
'vheclç tînder a lie-id ai ioo fet or more, "'len <ha conditions
point ta the better adaptation ofaopern or inpluse w'icels?

1< is fat necessary in sncb an inqmuiry ta discuss <ha problein
ai horizontal anti vertical axis, or othiar laçai conditions, in the
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