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The design and selection of turbines for hydraulic power-plants
ware ab one time—and that within comparatively recent years—pro-
cesses of on extremely uncertoin nature. They parviook quite largely
of experimentation, much of which, having oo sound basis of scientifie
knowledee, dogenerated into the porest guesswork,  During late yenrs,
lwever, the various problems involved have been the sulject of mueh
coreful and intelligent study, and the situation has become decidedly
hetter, althongh there 1s still room for vast improvement.

One of the ehief obstacles in the path of progress at the prosent
Lime iz the seareity of publizshed data on the performance of turbines
of vepent constroction. A large quantity of  execedingly valuable
information has been accumulated by the manufacturcrs, but very
little of it iz available to the public in published form, or, in faet, in
any form whatever. The publication of tests seems to be an idea
altomether abhorrent to the majority of torbioe builders in America.
[t is with this policy of reticence that the writer i3 inelined to talke
igsue, not only beenuse it 35 of an nnprofessional character, hut beeause

P Prosenbed at the mesting of Chedober SO0, D90,



DISOUSEION ON EEINFORCED CONCRETE WHARR a05

axtreme temperatures with freezing conditions. The character of the
eonerate should be porfeet as te density and integrity,. Thizs was
possible under the system of casting used, as it afforded full oppor-
tunity for ingpection and euring, and the writer helieves auch eondi-
tions wers fulfilled in the work desceribed.

The slal reinforcing hars were earried from girder o girder, with
additienal eantilever bars in eross direction laid over the tracl beams.
In Plate XXTV, the dois represeuting the seetion of the slaly bars
were reproduced as dashes, henes the erilicism justly applied by 3r.
Hawlkesworth.

No width of slab, in addition to that of the girders and beams, was
eonaidered in the ealenlations. The meoment was taken to be that due
to n distributed Inad of two-thirds of the locomolive weight (24 tons)
over the two track beams, 7 by 20 in., spanning between the girdors,
10 ft. from center to ecenteor.

The writer desires to acknowledme the sugeestion of this type of
pile protection, by Mr. F. A, Koetitz, in 2 paper before the Technical
Hociety of the Poacific Coast, in April, 1806, He has recently loarned
that, since this date, this form of protection has been patented by Mr.
Koetitz, who has kindly favered the writer with some photopraphs of
work, embadying this protective feature, executed by the Paeific Con-
atruetion Company, in San Franeigseo, of which Mr. Koetitz is Viee-
President. The writer regrets that he did not have the benefit of that
company's experience when the Boeas wharf was being boilt, for the
produetion of the shells was the most difficult part of the work.

The writer alse regretz that zome dizscussion of the stability of
conercie in sea-water hos not been brought out by this paper,  He
feels indebted fo the counzel of William B. Fuller, M. Am. Soc. . K.,
that denzity be attained as the preatest protection against the action
of sea-water, and iz pleased to record that close ohservation of the
zhells at the date of writing {(January, 19100 reveals no outward gign
of deterioration of the eonercte alter the lapse of 27 montha, Ohserva-
tiong on other conerete structures in the tropies, which have shown
some  dizsintegration under the action of sea waves, emphasize the
importance snd cfficacy of densily in such lncations.

It 13 greatly to be desived that additional information be obtained
o this most important feature in the use of conercte in sea water.

Mr,
LITH

£,
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it defeats the very commercial ends which, according to some peeuliar
methed of mistaken reasoning, it is supposed to further. It is only by
a broad-minded policy of publicity on the part of the manufseturers,
that the Ingineering Profession at lnrge can become acquainted with
the possibilities of turbine construction, and thereby profit in the
selection of this apparatus by the progress which is being made in the
development of the art.

Lhe publication of data relative to results which have been aecom-
plished does not neeessitale the publication of any information con-
cerning the details of design on which these resulis depend,  Any
manufacturer s justitind in prolecting for his own use any points of
superiority in design which be may be able to devise.  Tlis suceess
depends on them, and he could not reasonably be expected to publish
them for the benefit of his competitors; but the results which enn he
sceomplished by his machines in operation are quite a different matter.
This information is of vital importance to all engineers intorested in
the develapment of water-power, and it is in pursuance of this convie-
Lion that the writer has prepared this paper.

In the evolution of turbine desien in America, prohably no factor
has played a more important part than the Holyake testing fume.
Up to the present time, more than 1800 turbines have boen tested
there, and these tests have undoubtedly had a very important influence
on the advancement of the art. The fact that all wheels (within cer-

valent

ain limits of capacity)®* are tested there under essont ially eq

* The Helyoke fame 13 bese ndaptod to the testing of wheels from 27 to 42 . In ilinarie-
Lec, approximmtely, AL bhe tioes e fume was built, whesls wers of nageh [ capoci by,
al i was not deslgnod Lo handle the large volume of wator diseharged by Hieh-spesd
wheels 5 in, in dlameter or grenter, The writer names 42 In, as the lnit, not Lesmise ba
Lslievos Bhng it B Tmposaible to got good repults with oo wheel of lnrger size, but beciuse no
aogineer of judgment would think of Inetalling o larger wleel e opernte Under similne
cond ikams, and depemlenes ennnot be placed oo such tests, IF the conditions are loss
fuvorsble chan would be fonnd in an onlinacy plant, they aee vertainly wosuitable for m
test whore the obfect 5 to detormines the best performance of which th wliesl is ciputhle,
Tl madw defect in design which nffects (he tests of lnr.[ire whaools is thy shallowness of the
tail-raes,  The Aoor of the fume, on whiel the drafe-tale of Qe whes] slgnds for tost, dx
only G 15 above the Nat bottom of the tall-raee,  The desft-tolse of w40 or S, wheel, .
lews (i vory short, will be abowt 7 £t in dinmeter ot the lowerend, The Lok pressire die
o eolumn of water 7L in dismeter impinging on the et bottom of the Gilenes, 5 £
from tha end of the denft-tabe, can be sazily imngined. [t basn throtbling efleel upon the
discharge whicl etts dawn the effective head, but does pot gl on e zauge, and henes
tlen efficienoy, as shown by the teat, auers.  The loss doez not geem to e allogether pro.
portionate to L quantity discharged, buit. apparently. is affected very largely by the reln-
tion of the deaft-tabe dimmetaor to the depth of the tafl-race in which the eoluin hims to turn
to fow towarl the weir, A T-ft. column of water canmnot readily b turned threugh e
nngle of M2 In nospaee of & 5 without considerable disturbanse. The weiter o DG GGE-
sion eeeted a whoel which discharged 255 en, £, por gee. and found that the tail waper lavnl,
i determined by pressurs readings from tho draft-mabe, ws netually 15 higlor than s
levvel in the wall where the ead gauge fonts, The head, ns shown LY the cauge, was alsmal
1l FL, wherens the real head on the wheol wis only abous 9 f4, Naturally, it is wselass to
expect goml efficioncy under sucel econditions, This is an extrems cage, but wiesls. f
srnller size, down to gboutd2 o, in dinmoter, undowbtedly sufer in Uie sone winy, although
Lo & less extent,
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conditions, adda greatly to the valua of the results, because it renders
them directly eomparable. Testz mads in place are subject to the
effects of a0 many local conditicns that one searcely knows when it is
fair to make direst comparisons, lut Holyoke tests are not subject to
this uncertainty, hecause the conditions are known and constant.

Further than thiz, the writer helieves that it 3s not poing too far
to state thot the ITolyoke tests are more securate than o majority of
thoze made elsewhere, and are as accurate as the hest of them.
Theare 13 no other deviee for meosuring power which i3 as genarally
relinble o3 the fricltion Dbeake, when accoralely  adjested. At the
Haolyoke flume the power of all wheels iz determined by friction brakes,
of which there are several sizez, The water is mepaured, pecording to
the Franeia Tormuola, by a sharp-crested weir of adjustable width, The
width of the weir iz adjosted aceonding to the diseharge of the wheoal,
in order to bring the hesd on the weir within the limits of the experi-
ments on which the Francis formula 18 hased. This 18 in ascordanca
with the best proctiee elsewhere. IPurthermore, the arrangements Lor
toking simulitanecus readings, and the aystem of testing in general,
are muech puperior to the conditions which often obtain in the case of
Losts in place.

Theze facts, together with the unguestionable impartiality of the
tests, have given them a position of generally nceepted relinhility.
Clertzin imputations to the contlrary have occeasionally emanated from
Furopa, but these are best apswered by the faet that, in not o fow
eases, Furopean engineers who hove transplanted their sctivities to
America have failed eonapienously to attain in the Tlnlyoks flume the
mood resulls wilh which Lhey were aceredited at home.

Holyoke Teste vorsus Tests in Qperafton.—It should not be thought,
from the foregeing remarks, that the writer regards n ITolyoke fest us
I'II'-:{:E’EHH:"”:." A exacl l](.‘-':':':l']]li[”lti.l]l] (Jf L‘I:]l? l]l.]:.__'\_-' 'r'."]l.].':!].! o L'IJ.I"].?;.]H.‘- “"11]
perform after installation. Tt is searcely ever that, although, by the
cxercise of proper judgment, it may be a reasonahly reliable indication
of what may he expacted in repolar aperation.

Tests arg of interest to the Enginecring FProfeszion at large for two
rengons: firsf, in order to determine what results have been accom-
plished by 6 machine which has been built and installad; second, as
evidence of what a builder has acepmplished in the past, on which
to base speeulations as to what he can accomplish in the caze of a
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proposed installation. Tn the first ease, a test in place iz genceally
regarded as the most satisfactory, but, in the second ease, the writer
finda o preat diversity of opinion regarding the relative merits of
Holyoke tests and tests of units in regular operation. It i= conceded
by all, of course, that an aceurate test in operation is the only exaet
method of determining the performance of the turbine under working
eonditions, and it is further conceded by most engineers that the tests
which they themselves make are accurate. However, they are not so
credulons in regard to the tests made by others. The spparatus used
for teats at the site is usually improvised for the oeeasion, is handled,
to A eertain extent, by unpracticed hands, and the oppertunities fou
error are many. TFor this resson some engineers place more eonfidenee
in Holyoke tests because they know that they are eorrect and that they
furnigh a reliable basis on which to estimate the results which may be
expeeted after installation.

On the other hand, some assert that wheels are tested at Holyoke
under ideal conditions which eannot be obtsined in proctice; that the
test shows merely the efficiency of the runmer, and & lot of other
generalitics, none of which has in general any sound foundation of fact.
There are certain conditions under which a 1Tolyoke test is more favor-
ablae to the wheel than a test in plaee, and there are other conditions
under which it iz decidedly the opposzite. Az a matter of faet, the
resulta of any tesf, whether made at Molyoke or at the site, cannot he
relied on to indicate the performance of a prospective installation noder
different conditions of head, or speed, or eapaeity, without very eareful
study of the influence which these changed conditions will have on
the efficieney of the wheel. For example, to infer that, becanse a
manufacturer has obtained certain efficiencies with a wheel developing
10000 hop. under 1680 £ head at 200 rev. per min, he ean obtain the
same results with a wheel developing 10000 hop, under 100 ft. head
af 300 rev, per min. would be entirely unwarranted and erroneouvs.
Such comparisons, however, are often made, sometimes to the dis-
advantage of the builder, and frequently to the delusion of the
purchager,

In order to elucidate this matter, the factors which affect a eom-
parizon between wheels oporating under different eonditionz will be
analyzed.  For this purpose the losses of enmersy in the turbine rna.}"
ba divided as follows:
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(a)—Hydraulic loss in the casing, from the penatock flange to
the entrance Lo the guides,

(i y—Hxydranlic Toss in the puides and ronnor,

(e}—Ilydraulic loss due to leakage arcund the runner,

{el)—Hydranlic Inss in the draft-tube,

(e)—Meehanieal loss due to tha friction of the revolving parls.

In respect to loss (@), the advantage iz usually in favor of the
Holvoke test. Tt 'I‘-Fl._\l.'ﬂ'-:l'illﬂ]'i]_“r‘ impracticable fo fest a runoer at
Holvoke in the r:u*.—:ing"ill which it 15 to be permanently inatalled, and
this fact must be taken into consideration. As installed in the flume,
the wheel draws the water to the guide openings smoothly omd with
minimum disturbance, from a state of comparative rest. Naturally,
the eficicncy 38 higher under those conditions than it will be when
the wheel iz installed in o vsually all oo constricted easing in which
the water approaches the guides with whirls and eddies due to ohstroe-
tions and restricted nress. There iz no form of ensing for o turhine
that can he made within the limits of ressonable proportions, except
the spiral, which does not eause econsiderable loss of efficiency. The
Ir2a in o properly designed spiral casing is relatively small, because
it aceelerntes the veloeity gradually and delivers the water to the
guides without abrupt change of direction. A fest of a wheal in an
ppen flume ean be fairly applied to a turbine of the apiral-casing type
with very little allowanes for additionn] loss, but o considerable dedue-
tion should be made if the wheel i3 to e instolled in a eylindrical
oraing.

Liosa ) 18 dependent largely on the velocity in the easing, and is
related Lo the head only in that for a given veloeily the pereentage of
loss deercases ns the head inereansea,

T.ees (h) da independent of the head, provided the speed iz allowed
to vary as ' &, but is materially affected by the type of runner and
the design of the guides. The reaunlts obtained with one type of
ronner cannot be assumed to apply to another type. This peint is
fully trepted in the paper.

Loss () iz likewize independent of the bhead, and is as gpreat at
Heolvolke a2 in any ofher eaze.  Tinth the leakage aronnd the runmer and
the discharge through it vary a= the '-""-‘e-, and hence the ratio of one to
the other (or the pereentage of loss) does not vary at all,

-
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Loss (d), in the case of small wheels, is probably as low at Haolyoke
a3 elsewhere. With large wheels, however, this loss is excessive®

Loss (&) varies with the head, decrenzing nz the latter increases,
beeause the power of the wheel increases very muech faster than the
friction loss due to the weight of the revelving parts. There seems Lo
e a general impression abroad that in testing wheels at Tlolyoke the
mechanical frietion iz so far minimized a3 to be practieally climinated,
It i3 true that effort is made to reduee the frietion lond, bt it iz not
eliminated, by any means, and, although the pereentage of lozs iz leas
than it would be for the same wheel running in horizontal bearings
under the snme head, it is more, and sometimes o great deal more, than
it would be for the same wheel operating in a horizontal position under
a higher head. In fact, it is neeessary to minimize the friction in
order to show results which will be representative of what the wheel
ann aecomplish under heads of from 30 to 50 or 60 ft. For wheels to
operate under higher heads, a Holyoke test is, almost without exception,
a disadvantage to the wheel. This fact can be readily demonstrated.
Consider, for example, one of the wheels referred to later, Test No.
1788, This wheel developed 112 hop. under 17.25 ft. head. Suppose it
is degired to install o pair of these wheols on o horizontal shaft under
At Tt. hend, Wil the efficieney be more or leas than it was in the
teating flume?  Under this heading, of ecourse, the influence of
mechanienl Triction only will he econsidered.

Thiz wheel when tested had four vertieal guide-bearings, one ball
thrusi-hearing, and a stuffing-box, in contact with the shaft. The
weight on the ball-bearing, ineluding the unbalanced thrust of the
runner, wes about 7000 b, The pressure on the uwpper guide-bearing
under the heake was 1000 1b., due to the pull of the load. Under 80 ft.,
head, two of these wheels would develop

112 % 2 24 80
117.35%
which 1a twenty times ns mueh power as was developod under teat.
The weight of the revolving parts would be about 5 000 1b.

Now, making the impessibly liberal azsumption that under test the
friction of the three lower puide-bearings, the stufing-hox, and the

= 2 240 h.p.,

ball-bearing was absolutely nothing, there still remaing the upper gnide-

* Bee fool-note on p. 907,
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bearing, which ia lmown, beyond question, to earry a load of 1000 Ib.
Binee the bearings of the proposed unit will earry o weight of 5000 Ih.,
the friction will ba about five times o2 great (neglecting the influence
of gpeed, which would modify this statement slightly).

The power ﬂew:]oped, however, 18 lwenly times as great, and henecs
the percentage of energy lost iz only onc-quarter as much as when the'
wheel was tested at Holycke. If the frietion under test was 295, then
the frietion in operation will he only 0595, or a dilfecence of 167 in
favor of the Iatter. Under yet higher heads, the wheel in operation
hazs n eontinually inereazing advantage from this souree.

In spite of these facts, the writer has known enginesrs of experience
to make the bread statement that friction 15 8o complotely eliminated
from ITolyoke tesis that they may bhe considered to represent purely
ideal results which connol be obtained in practics, and this in reforonce
to heads of even 200 or 300 ft. Such stetements will not sland under
gnalysis. Under high heads, exaetly the reverze is troe. In fact, the
wriler knows of no ease =o ideal or so favorable fo high efficiency
nz that of a large reaction unit operatiog under a high head. In such
o ease, not only iz the mechanieal frietion reduced to a minimuam
effeat, but the cosing ususlly tokez the apival form, which minimizes
the caging loas. The whesl uanally has individual dvaft-tules, which
minimize the deafl-tuba loss, ond the design of the runner approaches
the purely inward-Hlow Irancis type, the characteristic of which is ugh
efficieney.  The deaign of the wheal throughont is the moast efficient
which ecan he devised.

Seope of Tests—Teats of turbines after installation are usually
made for the purpose of determining whether o apecific set of condi-
tionz has heen complicd with satisfoeborily, These teats are usually
limited to obscrvations nt vorions gate openinga under the head and
apead  for which the turhine was designed.  Where the power is
measured slectrieally, the difficulty of determining the affisiency of the
goneralor ot varyving apecds precludes the possibility of o eommpre-
hensive test,  Such tesis may fulfil their funetion, which is to deter-
mine the performanca of a goaranty, but they add very little to the
knowledee of turbine charoeteristios in peneral.

It iz customary practice to desizn a turbine to perform a certain
duty under a coerfain head, and either fo test ¢ under that hend,
or else umiler whalever head iz availoble, and, from the data thos
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obitained, compute the performance of the wheel under the head for
which it was designed. Exeepting high heads, there are few installa-
tivns, however, where the conditions are by any means constant. A
test mads at eonstant speed under one head is of little value in
determining the performance of the wheel at the same speed under
another head. Tt is of even leaa value in determining the general
charaoteristies of the wheel, and, as will be demonsirated later, thess
characteristics are of vital importance in eonsidering its adaptability
to a given secvice. The characteristic eurves of a wheel cannot be
plotied from n test at constant speed. It iz cesential that the speed
should vary through a considerable range. In this respect, the Holyoke
testa are exeellent, and, but for the fact that they are so seldom pub-
lished, they would furnish a vast gamount of useful information.

Selection of Wiheals.—The writer is of the opinion that mere trouble
Lhas resulted from the misapplication of turbines to conditions for
which they are not suited, than from any other of the many mistakes
which have been made in the equipment of water-power plants. There
are numerons instances all over the eouniry where a wheel which
wonld give good results if run at the proper speed is heing run ot
gome other speed and giving eorrespondingly poor results. The canse
of these mistakes is not far to seek. It lies chiefly in the failure to
analyze the tests of these wheels and thus determine whether they are
properly adapted to the existing conditions.

Comparatively fow engincers realize to what an extent the per-
formances of different types of turbinez differ. The divergence is wide,
and the speed selected determines largely the type of runner which
must be used. In zpite of this, the speed is usually determined from
a conzideration of generator economy alone, without regard to itz effeet
an the economy of the turbine. Buch a course ia shert-zsighted and {10-
considered, to amy the lenst. Tt results in high-speed wheels being
adopted where lower-speed wheels are more suitable for many rensons,
Frcquénr.]::, much care and ingenuity are devoted to shackling the
manufacturer with rigid guaranties for apparatus which shonld never
ba used at all for the purpose intended. Premiums are cven paid to
seeure results which, economically considered, would be expensive if
abtained gratuitously.

There is & more and more insistent demand for high-speed wheels,
without a proper consideration of the limited conditions to which they
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are alapled and the undesirable atbrilutes which all of them posscss.
Tha high-speed wheel, a3 will be sxplained later, has its legitimate field,
but in many plants whero it ia being vsed to-day ib s by no means the
most eoonomical Lype.

Nor has the manufacinrver Tailed of his share of responsibility in
(he wisnes of hiz wheels. Because of the long-established practice in
Amerion of standardizing runners and building lines of stook sizes,
there hns been Loo mueh effort directed towssd adapting ike plant to
the wheels, rother than the wheela to the plant,  This enlorlunale
practice has been due largely (o the “eut and tey” methods of the
MeCosmiclk schoo] of turbine designors, which, wnlil recent years, domi-
nated the turbine business in Amerien.  Faeh buoilder, having by
todicus experimentation evelved his standard patterns, waa peenstomed
to selech from his stecl the wheel which, aceording 1o hia judgment,
would mhost closely approximate the desiced reaults,  Frequently, the
approximation wps p very remole one, nob omore, probably, becanse of
the rigidity of his standards than heeanse of his mepger knowledgs of
their characteriaties. Tt iz only within the last few years thal manu-
facturers have lenrned to analyze the tests of their wheels intelli-
gontly, ond 1o prediel with accurncy what they will do under a variety
of conditions. Tt is still more recently that designing of special wheals
ta anit individual requirements has eome inte general practics.

The writer helioves that the special wheel 8 to be the rule in the
futues, rather than the exeeption. This should not be token to mean
that every new wheel will necessarily be an entively new and original
desipn.  Such a procedure would be of too experimental o nature,
partieularly in the enze of mixed-How whesels, which are not as com-
pletaly amenable to mathemalien]l analysis ns ore their more simple
prototypes, the Franeis wheels, Wew designs will consist rather of
madifieations of and improvements on wheels which have been teated
and Tound to be elieient, and, as such, will be moee cortoin of sucoess
than if based wholly on theosretienl econsiderntions,  The important
point to be obaerved is thal the wheel should be exnctly suited to the
conditionz, in order thal the best resmlta may he obiained. There
ghould be no approximation,

F

Descriplion of Tests— The purpose of this paper i3 not to present a
atudy of the various problems which arise in the selection of waler-

wheels, Tut to illustrate, by meons of tests, the individual charae-
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teristics of several different types, and to indieate in a general way the
conditions of aervice to which each is hest adapted. The conclusions
drawn from this study are hazed, not merely oo @ consideration of
these tests alone, but also of all the other American and Europesn
Leats which have been accessible.

The tests which have been used for illustration were made recently
at the Helyoke testing flume on o sovies of five specially designed
runners.  They are reprodueed from the original reports in Tables
1 to &, inclugive, These vunners vangs from the low-capacity Franeis
type wheel, Mo, 1795, adapted particularly to high heads, to the Inarge-
capacity high-speed wheels, Nos, 1706 and 1797, adapled particularly
to low heads. The average maximum efficiency of the five wheols is
HR.06 per cent. ‘Thia is believed 1o represent the best reaults thus Tar
attained in the practice of the art. Tests Moz 179% and 1800 are
eapeeially notable in that they ahow higher efliciencies than any other
reliable published records in cither American or Furopean practice.
Test Wo. 1708, showing an efficiency of 90,434 nt thres-quarters-gate,
is prohably very cloge to the maximum obtainalle ceomomy.

The five wheels were successivaly tested on a vertical shafl in the
same casing. The gates were of tha balanced-wicket type. All the
runners were of sast iron, made in one plees from cores,

Fig. 1 i3 o szectional view of the areangement for teating one of the
larger wheels, The vertical thiust wos corried on a ball-bearing placed
on top of the crown-plate. Thiz arrangement was necessitated by the
variation in height of the runners. It wea not adopted to minirmize
the mechanieal friction, and it iz not helieved that the friction was
any less in the case of thess tests than is usual with wheels of the
same size.  The usual arrangement i3 to ecarry the throst on lignom
vitme step-bearings, but the invarialle practice of all manufocturers
18 to turn off the face of the block unfil a small button about 2 in. in
diameter i3 left for bearing, While rurming on thia button the friotion
is practically nothing, although it 4akes more of a pull to atarl than
ia required with o hnll-hcnriﬁg.

Tim. 2 shows the arrangement for wheel Voo 1795, with an interior
wooden draft-tube. This inner tube was not used with any of the
other wheels. ;

Fig. 1, Plate XXXT, iz a photegraph of the complete apparatus

crechod in the flume ready for o teat, Thiz view shows an areangemsnt
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TABLE 1.—Trard oF 4 G2axcir T 1T, WELLMAN-SEAVER-MOROAN
Comrany Tormse WHrkL, No. 1T
Date, Fobroary 185th and TUEl, 10080, Chso No, 1704,

Wheel supported by ball-bearing step. Swing-gate,  Caondesl drft-tnbe,
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HNore,—For Experiments Nes, 1, 16, 26, 25, 46 and 0, the jack ol wad loose,

R e e ot L e i dpiamauset ir, Siidiof Misk par g of
S T s LT syl A dataies b & 48 e i conter
of Pitob tubes for measuring the veloeity at the top and boltom of the
guides and in the draft-tube.  The Iatter consisted of a movable tube,
with veloeity and pressure points, introduced through a gland in ihe
side of the draft-tube about 2 ft. below the bottom of the runmer. This
tube was srranged to move horizontally aeross the dismeter of the
draft-tube and alse to revelve abount its own axis. By means of these
Lwo movements, the veloeity ol any distance from the conter of the
ghaft could be determined, and also the angle of whirl. The latter
would neceszarily be the angle of the veloeity point which gave the
lighest rending. Doth movemenis of the tube were controlled from
the foor above, and, hy means of indicators, the exact position of the
point was at all times known.

Mg, 2, Plate XX X1, iz a photograph of the operating floar, showing
the brake for mezsuring the power of the wheel. At the leftiz the gauge-
board and auxiliary apparatus connected to the Pitat tubes helow.
The water columns were drawn up inte view by means of a vacuum.
The arrangement of thiz apparntus is shown diagrammatically in
g, 3. The position of the columns in the glass tubes was eontrolled
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TARLE 2. Tesrs oF a 28-axcen R, H. Wennmas-Seaver-Monaan
Courany Turpive Wueen, No. 1796,
Diate, February 25th, 1908,
Wheel supported by ball-bearing step.  Swing-gate. Conieal draft-tube,
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TARLE 2.—(Tondinued.)
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Nifl'ﬂ-Tlri-"# E,'Im L’«L"J."u experimenls, the weight of the l;l.'l']rll.:l.'lﬁ{?ltl"l.;:-'l‘.,.;l-l.l:ﬁ -:>'|'“1.]I..Il.l.
IM“'H':{:J?{|:Ilj'il:dlill::étul:l;?ﬂ[{-:;':. ::?::IT;I‘ITE ‘Llh.dn':l !I!l'IITT‘III::51:|f|':'::.11Llll..lﬁltl‘t.':::il.::v“rllfl;.!.' 1. fromm Lho eonter
ol thee sluft, suMcedl Lo stact bhe whael,
by threc-way cocks. Dy conneeling a sot of tubes with the vasuum
tank, the eclumns were drawn above the foor level, after which, by
wlosing the cock, they were held in a stationary pesition. If drawn too
high they could be dropped back by opening the cock to the atmos-
phere, After the columns were onee adjusted and the cocks ecloaed,
they would staned indefinitely without attention.

This apparatuz for the measurement of velocitics has been deseribod
al some length for the henefit of thoze who may be interested in the
same line of experiments. Lack of spaece precludes the pulilicalion of
nny of the data obiained, although they are of greal interest to the
deaipner, and throw muoeh light on seme very obscure poinizs in the
theory of turbine design,
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T.ai BLE 3.—Tesrs or & 30axcen B, 1L WenLumax-Seaver-Mozcan
Coupany Tunpme Wneen, No, 1707,
Date, February 26th and 27th, 1904,
Wheol supported by ball-bearing step, Swing-gate.  Clonieal draft-tube.
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TABLE 3 (onttnued.)
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Heriz—The jaclet wig loose Por BExpovimenis Nos, 1, 11, 25 80, 41, and 71,

During the above experiments, the weight of the dynamometer, swl of Dt poeriion
of the slnlt which waa above e lewest coapling was 2 00 1,

With the llume em| e stenin of 06 b, applled ol a distones of 3,2 (6, Trom che
il el Ll shot s, suffleod o start the whael,

Figs. 4 to 19, inelusive, are performanes eurves platted Trom the
teel roports, on Lhe comimen basis of 1 Tt head. The head al the
testing llume flucknates, and it is therelfore necessary o reduce all
readings o o common boais, With eonstant efficieney, the bralke-horso-
power varies aa /0, and the speed ond  discharge ns /b, This
principle is true, theoretically, and has been repeatedly proven, expori-
mentally, and all the computationz have been made upon this basis,

Thres zets of curves have been platted Tor ench of the five wheela,
The fivst in order for each wheel i3 0 sot of brake-horse-power and
efficiency curves for all gote openings plotted to speed, Fach curve
iz designaled by the gate opening which it represents. Tn addition 1o

ower and zpecd, [he weiter usually plotz the diseharee curves s L
B I : B 1
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TABLE 4 —Tests oF a 81-tven H. L WeLLMAN-SEAvER-MoORaax
Comraxy Torpwe Wneen, No, 1700,
Ddate, March 2d and 8d, 1904,
Wheel supported by ball-bearing step.  Swing-gate. Conieal draft-tube
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TABLE 4—({ontinued.)
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Hore.—1Mir Bxperiments Moz, 1. 11, 21, W, and 57, the facket was loosa. )
b sﬁ:ﬁ;ﬁfﬁ'l‘x:Lﬁgﬂ;@ﬁt’gﬁwﬁHﬁf-o:ﬁ{_dg ::l'njlzlrrtlrij}i E!gmr_ﬂnamr iEnd af that portion of
o e e RSO o e 8PP 468 disance o£ .01, o the et
. they have been cmitled from this paper in order 1o econamize apace.®
When ineluded, such a disgram might be termed in esmmon parlance a
“personality chart.” heeause it embedies all the clharaeleristios and
peculiarities of the wheel. From it separate porformance curves can
be plotied for any spead whatzoever within the range of the teat. The
heavy speed line drawn through cach of these charts indicates the
“normal speed” of the wheol, that is, the apeed at which i gives its
maximuam efficiczey.

The second set of curves shows the performance of the wheels along
these heavy lines, or at normal speed. The gate openings are also
plotted to dizcharge, so that it is possible ta vead the officiency at sy
Iractional part of the [ull gate opening as well az al any Tractional
part of the full discharze of the whesl,

The first scl of curves shows, in addition to the information al redy
referred to, a senle of values of o, in the equation,

- W, = ¢ /2 gh,

where W, is the peripheral speed of the wheel, based on its rated

s —— = b

*Par Eull details of this malliod of plotting test cwrves, see Chapter X¥1 ol “ Water
Fower BEoginoering, ! by Dandel W, Mend, M, Am. Soe. 0 E.
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TARLE 5.—Tesrs o 4 31-iwed B, H. WennMas-Seaver-Mogeas
Clomeaxy Tursmie Woeen, Neo. 1800,
Ihate, March 4th and Sth, 1904,
Wheel supported on ball-bearing step. Swing-gate.  Conieal deaft-tube.
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Boerg.— Tl Jnoked wiss loose For Experiments Now, 1, [ PR TR T
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RN Cls e cnpey, asteain o 06 1, npeplived ot g dietnnee ol 2 01, Ceom ghe oo for
Gl tho slnft, sullcmd b stast the whaool,

dinmetor,  The

rd seb of curves shows lhe performance of Lhe
wheels ot speeds corresponding Lo severn] different viluea of g, When
i wheel operates ot constant spred under o Muetunting head, the value
ol ¢ i3 continually changing, A comparisen of these surves, there-
fore, s a8 very instructive study, heonuse 1L shows how the eflicioney
variea ns the head clhanges. The change in afficiency corresponding (o
i given change in ¢ is very different for difforent Lyprea of runner,
High-Hpeed Wheels—Tn the use of the term “high-speed wheel,”
there seems to be much eonfuzinn.  Tn the eense in which it s nsed
here, the ferm docs not apply necessarily to wheels of high peripheral
speed, although a high value of ¢ iz usually an atiribute of a “high-
speed wheel”  As the lerm is wsed here, the wheel which, poveer Tor
power, under a constant head, vuns at the highest number of revela-
linng, is the highest-zpeed wheel, A high-zpeed wheel iz one which will
develop any given quantily of power al a high speed, velative o ather
wheels developing the seme power under the zome head. Tt is mot
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G2

possible to compare the speeds of wheels upon the basis of diameter,
Lecanse the power is not a eonsistent funetion of the diameter, exeept

in wheels of homologous design.
To determine which of two wheels
is the higher-speed, it is usually
neceazary, unless they differ widely,
lo reduce them to a commen basis
of power and head.

Suppose, for exnmple, that two
types of runner, A4 and B, are to
be compared, and it is known from
teats, or atherwize, that some cer-
tiin size of A (the diamoter of
which mneed will
develop a maximum of 2030 hop.
at 500 rev. per min, under 100 fi
bead, whereas an entirely different
giza of B will develop o maximum
of 4500 hop, at 530 rev, per min
wdler 150 ft. hend,
aiblo

not be riven)

It is impos-
to determine from in-
speetion of these data which of
these types is the higher-speed.
They should first be reduesd to
Divid-
ing the horse-power in cach case
by /%% and the speed by 3/, the
result is
AL 20T hup, at 60

B 2680 B at 474 rev. per min,

all

a eommon head, say 1 i

TV peT i,

A runs at a higher speed than
L, at 8 develops more pawer than
A, One eannot be sure but that if
B were reduced in diameter until
it developad the same power ns 4,

DIAGRAM OF GAUGE-BOARD AND ADXILIARY
WAGUUM APPARATUS FOR MEASURING
YELOGITIES THAQUGH GUIDE QRENINGS
AND DHAFT-TUBE
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il might 1un at as high a speed s A, or higher.
Next reduce them fo the same power, say 1 hpe It is knowno

that the power of wheels of homologous design varies directly as the
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HOLYORE TEST MCL1735 OF A 32" LOW-SPEED TURDINE RUNNER,
REDULZED TS 1 FT. HEAD
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HGLYDKI: TEST M. 1746 OF A 28Y HIGH-SPEED TURDINE RUSNER,
REQUCED To 1 FT. HEAD NN, 4
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HOLYOKE TEST MOL1T97 OF A 20" MIGH-SPEED TURDING HUKNER,
REﬂJC"'D TO 1 FT. HEAD
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HOLYOKE TEST ND.1800 OF A Eﬁh MEDIUM-S5PEED TURBINE RUNNER,
REDUCED TO 1 FT. HEAD N, ¥
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squarcs of the diemeters, and thal the spesd vavies iuversely ns the
diameters, with consiant ctiiciency.
Lot B3 = the dinmeter of A,
Ir, = the dinmeter of o wheel of Tennelipeous design, having s
eapacity of 1 hup,,
M0, = the spead of the latter.

Thenw
Tt — 80T ]
D, v Dy = VEAT 1

alga
i Rt o — S R

then
VI 1= N5 50
M, =560 30T =72

Similarly A, = 7i. )

=

It is now plain that £ is the ligherspeed Lype, because, when both
wheels are developing 1 lup, # rns ot 75 vev. per min, wherens A
runs ab only T8 vev. per min. Az will be explained laler, these are the
“anit speeds™ of these two wheels,

Tt should he elearly onderstood thal this term, “high-speed,” thus
involves a considoration of power as well as speed, Tt ia not related
direetly Lo the peripheral speed, elthough, a8 atated before, high peri-
pheral speed is uvsually an aftribute of a ligh-speed wheel. At the
amne bne, 1k inay alan be an atbeibule of a low-zpead wheel, and theore-
fare it 18 not g proper erviterion of apeed in the sense in which it s
heee used.  Wheel Mo, 1800 illustrates this point wery well. At the
normal speed of this wheel, the cosfficient of povipheral speed, & = 081,
Thizs value 38 a8 high as for any of the olher wheels, and yet this wheel
i5 Jower in speed than oll the others, exeept Mo, 1704,

Unit Fpeed—The “unit apeed,” N used thronghout this papar, is
in all eases the apead, woder T 0L hesd, of o wheol of the 2ome design
as the one under eonsideration, and of such size a2 to develop 1 hup at
Tull gate. Oiher unita might be uvsed and serve the same purpese of
comparisen, buk in America theae are the most convenient.  ITn Turope,
uwnder the metric syalom, thes practies 15 ia raduee tn one metrie horse-
i

powear, nnder 1w, head, The result is lerwed the “speeifie gpeed,” and

ig uzually designated by the spmbal, N,
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The goneral equation for &, iz developed as follows:
N = speed of any runner,
£ = power of same,
D = dinmeter of same,
I = head on same,
hy = unit of head,
. unit of power,

2
=
|

N* = apeed of asbove runner under unit head,
F' = power of above runner under unit head,

D), = dismeter of homologous runner developing unit power
under unit head,

TIJC]'I,

Nt N=o/h 4/ h ﬁﬁ:N\j”; R Gl ey
3

4 Ml X I’I o
LU E R I o 1 By T e el TR el e e ()
oo d ¢ I }(n) )
P';I}*N='D=:IJ'"“ _ﬂ,,=n\”’u._.......................m
N D, ;
BT e e ()

Substituting Equations a, b, and ¢ in Eguation d,

\Jﬂ \IP( ”) ! P

2 - \l‘”(a)‘

Simplilying,

. VI XA
With Py = 1 hup. and &, = 1 ft. this hecomes

Nﬂz.‘?’"r_)?___lv’; TR ) R
Lt

Given the power and speed of a wheel under any head, the unit

apeed may be determined by substituting in Fauation 2. It is not
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necegsary to mo throngh the process of double reduetion as was done
in comparing wheels 4 and B. Tor ezsmple, take whesl 4, just
considered.

Here

= 100 P = 2080 N — s00
Fubstituting in HEguation 2,
o 2U XV 2000 B,
L0

which checks the former computation. Under the metric system,
=004 hop. and b, = 3.28 ft. Substituting in Equation 1.

- I.'S
N,;*‘F-}’-{—V;ILW = 4_4|-'.><1—"r><:’{‘{j...., Sy
V0,08 X Ri %
or
N, = 4.46 N,

Ilenee, to transform 2 unit speed from the English to the mefric
system, multiply N, by the cocfiicient, 4.46.

This mathod of classifying wheels according to their unit speeds
ia gne of groat eonveniemce. Suppose, for example, that it iz desired
ta equip & plant with units using runnersz having a maximum capacity
of 1000 hop. each, at 200 rev. per min., under 40 [t head. From
Equation 2, ¥, — 038.8, and therafore only wheels approximating this
unit speed need he considerad.

Again, suppose that the sizes of the units and the speed for a
prospective plant under 100 ft. head have not been determined. It is
desired to koow what results could ke obtained with a certain runner,
the charaecteristics of which are well suited to the propozed serviee,
The unit speed of this runner is T0. Substituting in BEguation 2,

_FX VP

: N 341 = 28 136,
100%

i

This typa of wheel will give any combination of power and speed,
whataoever, that will satisfy this eguatiom. With the inverted seale
of o duplex slide-rule, innumerable eombinations of power and speed
may he read off as rapidly sz one can move the runner. Thia is a
preat convenience in preliminary csleulations. In the above case, for



MODERK HYDRATLIO TURRINES a4

instance, any of the following combinations of power and spead can be
produced, depending on the size of the runner used.

1000 hopo at 700 rev. per min.

5 1460 “  at 600 L
1960 % at 500 s
20060 % gt 400 &
S480 % at 300 i

12200 % at 200 i
40000 ¢ at 100 s

Ulassification Aecording lo Unit Speeds—Some method of classi-
tying turbine runnees on the basiz of the duly which they are able to
periorm is essentinl Lo an intellizent study of turbine characterizties.
It is obviously futile to compare the relotive merits of two wheels
which cannot accomplish the same work., They are in different clazses,
and, 82 such, might natorally e expected Yo possess  different
characteristics,

Sinee the unit speed 15 & messure of complate pecformance, both
88 1o speed and power, it supplics an admirable basis for the desired
classification. In this it should be noled that sueh o classification is
independent of the details of design. The angles of the VANGS, Fencral
propartions, peripheral speed, ote, may all he different, and yet the
wheels are elassified as of the same type if they have the same unit
apeed, becawse they, and they alone, are capable of doing the same
werk,

In FEurope it iz the practies to clazsify runnpers aceording to tleir
coofficients of peripheral speed. A “low-speed” runner has @ value
of & equal to about 0.8, n “normal-speed” runner, about 07 snd a
“high-speed” runner, aloaes 0.5, These distinetions, however, embody
the element of capacity as well as speed, although in an indireet and
rather indefinite way. This is beeause s walue of & = 06 iz not
ordinarily used, except with wheels of low capasity, 0.7 with those of
nermal eapacity, and 0.8 with those of high eapacity. The distinguizsh-
ing element of copoeity iz really there, although its influence is ol
definitely measured. Such a methed, of course, comnot be as exact
as that based on unit apecds. In the latter ense, hoth eapacity and
apeed are definite malhematical factors,
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Influence of ¢ Upon the Characteristic Curves.—The extent to which
changes in the value of & &t normal speed affect the efficiency curves
of turbine runners is difficult to determine, because, with wheels of
rational design, the value of &, as just etated, keeps step with the
variation in the eapacity of the whecl. It is, of course, & principle
af eoonomical design that a runner ghall be made no larger in diameter
than necessary. For o given speed, the lower the value of ¢ the
smaller the wheel, and hence a low value of ¢ is suitable to a low-
capacity wheel, and a high value to a wheel of large capacity. It may
he gonerally stated as o prineiple of pationnl design that ¢ should
always be made as low as possible, and that it should be foreed up to
high values only in order to get additional capaeily.

Wheel No. 1800 was an experimental yunner designed contrary to
this prineipla for purposes of investigation. It is of irrational design
in that it is a wheel of comparatively low eapacity with a high value of
¢, The value of ¢ for a wheel of this eapacity need not be over 0.7
at normal speed, whereas it was (.81, aeeording to test.

The results obinined with this wheel appear to indicate that, with
wheels of similar eapacity, the value of ¢ at normal speed has no very
important effeet on the characteristic curves, although a high value
of ¢ does show some tendency to pull down the efficiency. Fig. 19
ahows that the three wheels of medium and low capacity gave similar
results at normal speed, although the values of ¢ were 0.70, 0.7, an
0.81, respectively. The three wheels, bowever, which had the same
value of &, namely, 0.81, but differed econsiderably in capacity, ranging
from medinm power to the extreme limit of high power, mave widely
Jifferent curves. All of which scems to indieate that forced capacity
is the chief factor which eausez the variation.

A comparison of Figs. 14, 17, and 18 shows a further similarity
between the three wheels having different values of ¢, The variation
in officicney at part gates, due to a variation of 0.1 in & hath sbove and
bolow its mormal value, is quite similar in all three cases, In faet,
what difference there is between the three wheels is in favar of the
high value, ¢ = 0.81. This wheel shows less drop in efficiency at part
gates, due to an increase in speed, than either of the nthers.

Tn view of thiz evidenee, and for lack of any experimental ]:lrnnf
to the eontrary, the writer believes it safe to say that the efficiency is
not o funetion of &, to any considerable extent.
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FPringipal Difference Belween Low-Speed and High-Speed Wheels.—
Eefore proceeding further, it may be well to siate that the deductions
made from these tests zshould not be ziven oo strict an application.
Results necessarily vary with changes in design, and, while the resuits
obiained with these wheels are of a nature broadly representative of
other wheels of similar capacity, nevertheless, considerable variation
in individoal cases must be expected.

The most significant fact to be observed, in conneetion with the
eficiency-specd curves of thess wheels at various gates (Figs. 4, 6, 8,
1, and 12}, is that all of them peak at different speeds. The most
eflicient speed of the wheel varies with the gate opening, inereasing
ng the latter inereases. This is true of all reaction turbines, whether
of low or high speed, but not in the same degree. In the cpse of
high-apeed wheels, the difference between the hest low-gate speed and
the best full-gate speed is much greater than in the case of medinm-
gpeed and low-speed wheels. Table & shows the comparison hetween
0.4 gate and full gate for all the wheels under 1 ft. head, listed in the
order of their capacity.

TABLE 1.

Wheal Ho, ., | ] [ I 171 i

Mogt afficient fullpate spest, ,, ] o a5 & Bl

Most effleient 0, d-gate sped | 51 41 BE nh5 ]

Parcenlage of drop io spaeaed, 22,5 211 HiLE LAk | .8

T e R S e P e 55,8 | w7 Lo .8 TR
-

It may be obgerved from Table 8 that the drop for low-speed wheel
No. 1795 and for the two medium-speed wheels, Nos, 1708 and 1800, is
about the same, whereas it is nearly twice as great for the high-speed
wheel Wo. 1797, and even preater for the extremely high-specd wheel
No, 1706, This drop decs not scem to vary much with the capacity
of the wheel for values of N, below 60, approximately. Above
Ny == 60, or thereabouts, the drop increases rapidly as &V, increases.

When operating at eonstant speed, the inevitable result of this
variation in the most efficient speed of the wheel 18 a saerifice of
officiency at sll gates except one. For example, if a speed is selected
which will give the highest efficiency which it i possible to obtain at
.75 gate, that speed will be too high to give the best ohtainable
efficiency at the lower gates and too low to give the best results at the
higher gates. The best specd at which to run a wheel, therefarg,
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depends on which gate opening s the most important as regards
aefficiency. The best speed is the one which sirikes the peak of the
affictency curve for that gate.

Waturally, the less variation there iz in the best speed from law
gate Lo full gate the less sacrifice of efficiency there will be when the
wheel is run at constant speed. It has just been shown that this
vaFiation is muech less with wheels of low and moderate unit speeds
than with these of high unit speed, and therein lies the most important
difference between these several tvpes,

As an illosteation of this point, compare low-speed wheel No, 1795
with high-gpeed wheel No. 1796 (Figs. 4 and 8). The maximum
officiency of the former at 0444 pate is 8295, oceurring at @ speed of
34.5 rev. per min. The efficiency at the normal speed of 40 rev, per
min., however, is 8095, and hence 29, has heen gnerificed at this gate
to the requirement of eonstant speed.

Tu the case of No. 1798, the maximum efficiency at 0462 gate ia
74805, oceurring at 37.8 rev. per min. At normal speed of 63 rev.
per min. the eficiency is only 62,695 and about 1295 hag been anerificed
to the requirement of eonstant speed. In addition {o this, the peak
of the curve of No. 1705 is about 796 higher than that of No. 1796,
and hence the total difference in favor of the low-speed wheel at this
gate iz about 17 per cent. Fig 1% shows graphically what a wide
Qifference exists between the officicncy eurves of medium-spesd and
high-speed wheels. The relatively poor showing of the two high-speed
wheoels, Nos. 1786 and 1707, is due to the two characteristio deficieneies
just alluded to, namely, rapid drop of the efficioncv-gpecd curves at
part gate, and relatively lower maximum efficiencies at all gates, The
latter condition is theorctically inevitable, Tt is impossible to dis-
charge a large guantity of water through a wheel of given zize as
officiently #s a moderate quantity.

Another peeulisrity which is distinetly characteristic of high-speed
wheels is that the power at the high gates increazes as the speed
ineroase: beyond normal, By over-gating the wheel it is possible to
hold up n substantinl increase of power with good efficiency at
extremely high values of . For example, wheel No. 1700 (Fig. 6), at
1,077 gate, increases constantly in power and efficiency until § has
reached a walue of 1.00. No. 1797 (Fig. 8), at 1.00 gate, increascs
until ¢ = 0.07.
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This feature of high-speed wheels is & valuable one, because it
fits them especially for the only work for which they are at all
adapted, namely, low heads. Low-head plants are almost invariably
subject to relatively large reductions of head, due to back-water in the
tail-race. If the head drops wvery much, the value of & neecssary o
maintain eonstant speed will run up very high, A wheel which gives
mare power at a high value of & than it doos at the normal value, iz o
greal advantage in such a ease, hecause it increases the capacity of the
tUl'blllﬂ‘ by just that muech at a time when the power is perilously
deficient on aceount of the reduced head. At such s time, it i= neces
sary to open the turbine gates farther than would he advisable under
the normal head. Under the latter, such over-gating would be wasteful,
beeause the increase in power i3 very small and not at all porporticnate
to the inercase in discharge. With some wheels, the power is even
leas than it was at the previons gate, on aecount of excessive drop in
efficiency. Tinder the redueed head, however, with high values of &, the
inereaze in power is guite considerable. With No, 1706 (Fig. ), for
instance, the incrense in power from 1.00 gate to 1.077 mate, 2t novmal
speed, i3 practically nothing, duc to a 495 drop in efficieney. At
¢ = 100, hoawever, the increaze in power 18 about 209, and the
efficiency is about 645 better. The over-gate, therefore, should be uzad
only under a reduced head.

Beference to Figs. 4, 10, and 12 will show that the wheels of lower
unit speed do not possess this characteristic. In every case, the high-
-pube curves fall off at the high values of ¢,

Constderations Affecting the Choice of Wheels for Low Heads—
It is futile, of course, to attempt to define within fized limits the
heads which should be included in thiz classification. Some plants
under moderately high heads operate under eonditions very similar to
those which are distinetly characteristic of the typical low-liead plant,
Others under low heads possess some of the characteristics eommon to
high heads. If any useful deductions are to be drawn from sueh a
study, they must be based on a consideration of typical conditions,
with a liberal allowance for the inevitable exceptions. which require
special Lreatment.

A typieal low-head plant may be illustrated by on installation
where the head iz ereated by building & dam across o laree river fow-
ing through o compoaratively fat country. Tn sueh cases, it iz im-
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practicable to build 4 high dam, becanse the water cannot be confined
behind 1t

Having, probably; little storage aves, olber than the bed of the
stream, such o power connot usually be developed much beyond the
minimum flow of the stresm. If it were possible to impound the
water which ia not nsed during light loads for use during peak loads,
then the parl-zate efficiency of the turhines for such a plant would
ba of importance: but, usually, the water which iz not uwsed during
light loads goea over the dam, and therefore the efficiency of the tur-
kines at auch times ig relatively wnimportant. Under such conditions,
lhe poor part-gate ellicioncy of high-speed wheels is of no importance.

The important eonsiderations sre high coffeioncy at normal gate,
#s affeeting the normal quantity of power which ean be developed from
the available flow; high speed, as affecting the cost of the clectrieal
maehinery and, to a limited cxtent, the cost of the turbines; high
power ab constant apeed under reduced heads due to hack-water,
which is the inevitable coincident of flood conditions.

In vespect to the first consideration, the high-speed wheel is some-
what deficient, depending on the extent to which the wheel is pushed
for speed. Taking the efficiency of No. 1790, 90,489, ps the standard
for n wheel of medinm speed, the high-spesd wheel Mo, 1787, yielding
57809, suffers about 3¢5 by comparison, Wheel o, 1706, which ia
n more extreme type than Mo, 1707, pave 861695, or about
449 leas.

Anpther peint to be noted is that the maximum effeiency of high-
speed wheels cecnrs at a higher gate opening than that of lower-apead
wheels, With the latter it usvally cocurs al from 050 to 075 gate,
whereas with the former it is usually from 080 to 0.85 gate. In order
Lo provide for the cuatomary overload of 269 with high-speed wheels,
it is necesenry that they shall enrry the normal load at o lower gate
than the most efficient one. This canses a further loss of efficiency,

In respeet to the seeond and third considerntions, the high-speed
wheel has an overwhelming advantage, and is undoubledly the best
wheel for typieal Jowhead sopvies. Table T pives 8 comparison of
the results which eould be sccomplished by the theee types of runner,
Moa., 1794, 1797, and 179, respectively, if applied to a plant having
a4 maximum capaeity of 500 hop. per runmer under 20 {t. head. Low
head iz pssumed to be 19 fL
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TABLE 7.
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dluniers for Intermediste Heads—It is us the head incresses and
baek-water conditions become less important, and ss the spead of the
ordinary runner, ineressing with the head, more nearly approaches
an econcimical value, that the use of the high-speed runner beeomes
more questionable, As thess conditions change, the eongiderations
which favor high-speed wheels gradually dizsappear, and others of more
importanee become dominant.

Az the head increases the storage ecapacily vsually increases, and,
with the capacity to impound water for pealk loads, the part-loacd
economy of the turbines becomes highly mmportant, and the medizm-
apeed wheel with its high efficiency is clearly indicated. The highar
the head the more valuable o cubie fool of water beecomes, and the more
important it iz to zave it. High speed becomes a subordinats consid-
eration. If the additional pewer which can Le developed by the lower-
speed wheelz with their high efficiency i3 worth more than the interest
on the saving in clectrical apparatus which would result from the use
of high-speed wheels, then the former are certainly the more eeonomical
proposition.  This principle, of eourse, iz fundamental and eommonly
recognized, but iz not always intelligently upplied, for Tack of specific
Enowledge regarding the disadvantages ineidental to hiel speed. If
purchosers wore as well informed sz they oucht to be, az to the
deficiencies of high-speed runners, there would be fewer of them in
use at the present time. It is hoped that this paper may supply some
weleome information.

Table § shows comparative efficiencics at varjous matea Tor medipm-
spead wheel No. 1799 and high-speed wheel No. 1796, In view of
these firures, & very weighty reasnn would be renquired o instify the
uze of Mo, 1796 instead of Na. 1799, if efficieney is of ANY importanoe,

frigh-Head Wheels—TRunners for high heads pass through all the
intermediate stoges of desizn between 1he mized-flow whesl and the
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purely inward-flow or so-called Framcis type, according to the head
available and the power developed. As the head increases the unit
gpeed tends to deerease, and the design approaches that of the low-
copacity Franeis type {No. 17058). Although the designz of these

wheels vary considerably, the characteristic curves vary bt slightly
from the beat resuliz of medium-speed wheels.

TABLLE &

GiaTe ChPENTNG.

Wheel
Mo TR T | L —= e
o | oae | o3 ! oos0 | 05 | oogm | 0aED | g oo | 100
£l I =t 1 e S
(| R | ves | ez | s0 | go | oo | epo | Ebe  eso | sAD
[ T 55.5 | a0 riti -1 | TH.h | =52, 10 | FEE ] | AL | HELU ab il
' ! ! 3 il |

The efficiency eurves of wheel No. 17095 (Fig. 6) at normal speed,
with ¥, = 5.2, and wheel Mo, 1709 (Fig. 11), with N, = G, are
very similar, On aceonnt of the diserepaney betweoen the peaks of these
two curves, the part-gate cfficiencies are about the same (Fig. 19).
Otherwise, the latter would be a teifle higher for the low.speed wheel
The general tendency is for the efficiency, particularly at low gates, to
improve as I, decreascs

The reason wheel No. 1795 did not show as high maximum effieiency
as No. 1799 is that, being a low-speed wheel, it developed much lesa
power under test, and hence the loss, due to mechanieal frietion, was a
much greater percentaga of the total power developed than was the case
with No. 1799, Wheel No. 1795, operating under a head of several
hundred feet, particularly in large diameters, would undoubtedly
develop 9095 cfficiency or Letter. The effect of mechanical frietion,
which has been discussed at length, i3 eapecially detrimental to the
efficiency of a low-power wheel such ns this, when tested at Holyoke.
No high-head wheel ean by any possibility show as high eficiency in
the Holyoks flume as it would in regular operation, assuming, of
eourae, that in the latter case it is properly installed.
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Lewis F. Mooy, Fse® (by lelter).—This may le considersd the me
most moteworthy contribution on the subjeet since the late T T, Mol
Thurston, M. Am. Soe. €. E., presented his paper on “The Systematic
TLesting of Turbine Wﬂtﬂr—ﬂr}lﬁeh in the United States,” This paper
wag presented before the American Soeioty of Mechanical Engineers
in 1887+ The turhine tests reported by Profogsor Thurston, like those
reported by Mr. Larner, wore made at the Holvoke rlumu:, and were
notable for the efficlencies develeped, the highest which lod been
obtained in reliable tests up to that time, The testa were made in
1588,

Tha wheel teated by Professor Thurston was a SG-in. R, IL
“Hereules” turbine, built by the Holyoke Machine Company, and the
moximum efficioncy, on each of the three tests made by him, was
B.049, 86.18%%, and BT.0805, respectively (Tablea IV, ¥, and W11, The
apecific gpeed corresponding to the point of maximum eficiency is 108,
in the metrie system,

Binca the date of Professor Thurston’s paper, great progresa has
heen made in water-wheel design, bath in Ameriea and in Turape, Mr,
Larner’s paper, and the remarkable results reported by him, indiente
the recent advances which have been made in raising both the efficiency
and speed of turbines. Mr. Larner’s wheels have shown specific speeds
a8 high as 460 (in the metrie} or 100, in the foot-pound syatem, with
an afficiency of practically S0 per cent.

As efficieney and specific speed are the most important izsuea rajsed
in Mr, Larner'a paper, the writer haz endeavored (o show liow they are
related, and alao Low various furbines compare in regard to these two
factors, by constructing a curve, Plate XXXIT, with specific speed for
the scale of abscissns, and efficiencies for the ordinntes, nging the resulis
of all aveilable tests showing the highesl known cfficicncies. This
curve furnishes a basis for comparing the performance of any turbine
with the beat previous results shown by turbines of the mame specific
apeced.

In plofting it, the apeed, head, and delivered horse-power at the
point of highest officiency of a given wheel have been used in oaloulat-
ing the specific speed. That is, a wheel, when running at o gate open-
ing in excess of that giving maximum efficiency, and at o apead in
exeesa of the normal speed, may develop a much higher specific speesd
than that pletted ; but, for the purpose of comparison, the specific apeomd
cnrre:ﬂpn}mimg to the run on which the effisiency was daveloped, has
ﬂeen uaed 11| p]ntlung the point. ('Jrl wheels dcmlnpm.l: unusually high

= Agslgtant ]’|.I.|:I': seor 0f Mochanlosd 1I:r||..|.r|¢ oring, 1tenqqﬁ|_.".| FPolytochoie Insliteie,
T Tramanations, Am. Soo, Mach, Bogra,, Vol. VIIT, p. 050,
| Hodmer, * Tydranlic Doloes," pp., 40, 481300,
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HEFI:'iJ' epead, additional points have, in some cases, bean plotled, giving the

- affisieneios eorresponding to higher speeific speeds for the same wheel,

and shewing by a short curve how the efficiency drops on a given wheel
as the specific speed iz increased beyond the normal.

Thus, points 24 and 27 on Plate XX WIT both eorrespond to the zame
wheel, a 56-in. Bamson turbine, point 24 corresponding with the mazi-
mum eliciency shown by the test, and peint 87 showing that with a
mueh greater specific speed the afficicney dropped somewhat but not
greatly in this ease (this eurve is indicated Ly a dash and two dots).
Other tests of various Samson turbines also give points lying on this
same eurve, indieating similarity of design.

T the same way, a Holyoke test (Mo, 1778), reported by the Allis-
Chalmers Company, has been plotted atl seversl points, giving the
purve shown by a fine line; and the test of a Swedish turbine (it
Ly the Karlstad mele, Varkstad, Filinle in Kristinchamn, Bweden ), ®
is given by a dotted line, H-1.

Tt will also be noticed that the highest curve given (a solid, heavy
line) passes through two points of Mr. Larner's wheel Mo, 1798, Thiz
indicates that, while no turbine iz known (to the writer, at least] which
pxoeeds in efficiency the results shown by this test, No. 1706, at the
speeds eorresponding to it giill, the high-speed point (N, = 448) was
not ohtained at the point of maximum efficieney of this wheel; and it
would seem probable that a wheel could be designed for thia particular
speeific speed which would exceod this value of the efficiency. (The
specific speeds, N, are in the metrie system througheut, in arder to
welliore to an intermational standard.y  The equivalent “unit apeeds,’”
to nse Mr. Larner's term, or “lype charaeteristics,” Mr. Zowski's term—
both meaning specifie speed sonverted to the foot-pound system of
meaanres—are riven at the top of the diagram.t

Tn order to show the recent progress of water-wheel design, and to
pompare American and foreign achievements in this branch of enginee:-
ing aetivity, a enrve constraeted by Megers, V. Graf and 1) Thoma® has
been reproduced by dots and dashes. This curve wag ot that time of the
eame nature, and was intended to show the same things a8 the writer's
full-line curve on Plate XXXI1I. That 1s, Graf and Thema intended their
curve to reprezent the best known results, and, up to o specific spesin]
of 200, it represented very fairly the state of the art at that time.
Above that speed, however, their curve fell considerably below many
results which had been obtained. The reason for this was thal many
German engineers did not then, and do not now, accept Holyoke tests
ns eorrect, and are inelined to ignore all resulis obtained in America.

Theee were many American tests considerably exceeding the enrve of

T Feikeckrift fiiv dis gesamie Prurhinenwesen, Helt 8 ¥ Inhrgang, Jan, 3ich, 1,
& Hen nrticls by B J. Fowski, Engineering Nees, Jan, ZHih, 190,
1 Pubdished i thw Feitechpift des Pereines derdecker Tageoaterre, June S, THT
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Graf and Thoma in effeiency and speed; buat, as has been said, very
few available results have appronched the new curve plotted by the
writer on the bagiz of Mr. Larner’s tests and some other recent results.

Since the international aspect of the question uwnder diseussion
naturally presents ilself, the curve: furnished Ly Professor Frnst
Reichel ® have been indicated by eurves of dashes st D-K and PG,
Az stated in the article mentioned, the curve, D-#, represents present
Gorman aecomplishments, and shows the progress that hes been made
in Germany sinee the Geaf and Thomna article was written. The second
eurve, -7, is from tests of an experimental turbine designed by
Wagenbaeh, and indicates the highest specific speed thus far attained
in Germany. The cfficiencies are below those given in Mr. Larner's
paper by from 8 to 4 per cank

In construeting the surve for maximum attained cMeiencies, the
writer, besides plotting all the tests known to him in printed form,
wrote -to eight of the laading turhine manefoeturers in the United

M.
Mooy,

Btates for their most recent and highest results; and, althdugh he has-

not yot heard from all of them, he believes that the data thus colleeted
reprosent very fairly the best American practice to-day. With only
two excentions, the monufaeturers have responded most liberally fo
thia request, and, while the writer is not able to assume responsibility
for the aceuracy of the dats, he has been furnished with signed reports
of the Lesta, and believes fhem to bo authentic, with fow if any exceptions,

A many of these tests were made at olyoke, and as the question
of tha accuracy of Holyoke tests hos olready heen raized, the writer
takes this oceasion to state that he has had the opportunity to inveati-
zate fully the methods used at the Holvoke flume, and is convinead of
the subatantial seeuracy of the Holrolie rezults. Dring the teal of a
34-in, torkine built by the I. P. Morris Crompany, &t which the writer
waa present as the representative of that company, he was able 1o check
op the eomatants of the flume, measuring the dimenzions of the hrake,
i, checking iha alevaiion of the weir ereat with a lavel, and checking
the head on the weir with an independent glass mauge during the test,

Mo sources of syslematic error were found; and the results gre
believed to be as aceurate az the Franeis woir formula, within the limits
of itz nse ot Halyolke.

The specific speed-efficiency curve, as plotted, passes thesush the
following pointa:

Point 1 12 from a test of a 2000-hup. horizental, apiral-cazing tur-
bing with double runner, opevating under 2 head of 192 m., at Hauria-
Kitzloch (Balsburgd, Austrin, Tt was buill by Bscher Wyss and Corn-
pany, of Aiirich, for the Alomininm-Industrie A Nezhausen, and
developed o maximun efficiency of 858.295 with 2 specific spesd of 34,

* Recently publisled io Sueineering Fews, Baplember Obh, T, . e,
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The data for this and other tests of Mscher Wyss wheels are furnizhed
by the bulletin published by the Escher Wyss Company (1908).

FPoints A and B are from teats of two wheels built by the 1. P.
Morris Company, of Philadelphia, the guides and runners af which
were designed by the writer, under the direction of Mr. W. M. White,
ITydraulic Engineer of the company. Point A represents the Ta0-hup.
turbines, built for J. G. White and Company, and installed al the
Comerio Falls Plant, Porto Rico, of the Porta Rico Light and Power
Company, These turbines are of the herizontal, volute-casing type,
with single runner and single draft-tube. They have movable guide-
vanes, or “wicket-gates,” with oulside operating mechanism; and the
rummers are of bronge. When tested in place, the oulput being
menznred electrically and the water by a Franeis weir, they showed
an efficiency of 9039 when developing 755 hop. under a head of
15275 ft. The speed was 450 rev. per min.

Paint B iz from the nceeptance test of wnit No. 12 at power-houae
Mo, & of the Niagara Falls Hydranlic Power and Manufacturing Clom-
pany. The test was made in ploee, under operating conditions, by the
engineers of that company and of the I. P. Maorris Company, and was
vory earefully eonducted. The water meassurement was by weir, using
the Franeis formula. The turbines are of 18 000 h.p., of the horizontal,
volute-casing type with double runners and two deaft-tubes per unit.
They have movable guide-vanes and bronze runners, The teat ghowed
that when delivering 8934 hop. under a head of 2148 ft., at 8 speed of
00,0 pev. per min., the efficieney was 9.7 per cent. Mr. White states
in a letter:

#] hawe noe douht but that the 10 000-h,p. units are the most efficient
unita in operation to-doy.” d

Point T, just below the curve, is from a test furnished by the TPelton
Water Wheel Company on a turbine built by that company for the
Black Hills Teaction Company at Spearfish, 5. Dak, The test showed
o maximum efficiency of 90,89, as read from the curve. The wheel is of
the “Pelton-Franeis” type, with volute casing ond single runner, and
was tested in place by the engineers of the companies.

FPoint 7 15 from the Holyoke test of the 23-n, I . Marriz Comn-
pany wheel previcusly mentioned. ” his wheel showed an elllcichey of
5940, with 17.50-ft. head, 134.57 rev. per min., and 142318 h.p., tha
earresponding specific speed being 274,

Other points on the curve are from Mr. Larner’s paper, and are
indieated by the numbers used by him.

The only other turbine kunown to the wriler which, in efliciency,
approaches very closely the values given on the enrve, is a French wheel
built by the Seciélé des Elablissements Stugrun, at Bpinal, for the
French Covernment, the cfficiency of which is reported to be 004 per
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cent.  The data for caleulating the specific speed have not been e
ascertnined. OGS

Many excellent vesults not falling on the eurve, but showing very
creditable efficiencies and speeds, are shown in Table 9,

TABLE 9.

e [
= o
E > 2g | I
| g8 | &
Fi | Turbine, Ruilder, Plave of test, ; S| wu®
g SF ="
E LoF
EE"-HI‘- T LR e e e Halyoke Moelime Co, . Halyoke Tlamae.,
G Rt SRS
::j; M R i Lk £ A i i
or : Samson Bhin. oL, venne diirnes TooefTel & Coo ..., , e e :
o i e e e i k 4 L L
a i sy i W L b
G TR e e i g
" s el oo, FeiAER g e i L PR
5 Pelton-Franci=.......,, rssniaes Pelton Water Wheel Co., || Jfpinee, ;:fl
M “ r i " " 1 An place, b |
[l ; ! s+ § Sehaghtieake s | 554
S Type Tanin, Alils Chaleners Cn.,,,,.... Halyoke. ... .. Kb
il : i Aoy
I R e S | R B i A S S T
%] 24o8n |
E10500:3e.p. Shawlnigan........... /L P Morels Co. ..., In place........ . H1.D
Samsom: Niagara Type, . ......... James Leel 0o, & = 777" aaal BB
:‘ G 1M1 p, ot Hamflton Cat, Co. T M, Voith, Hebdeaheim, | = 777" ge'a
DAt Rheinfelden. ..., .|Fecher Wyss & Qo » v .00 gy
HAL Manegp-Zireler Papie |--|
Tahrilk < ek LG e e R ] b
qln I'1'|-r|:rmr.|}",l.'
B xperimental al Baghn...Ll. L Desigized by Dir, Cumerer. Experin:u.ﬂ.nmli By |
Flumme. L.
LEBwnin .. oo e Bwain Turbioe & Mg, Co. Holyoke, EF
IF MeCarmick 3., ., ., . 8. Morgan Smith Co =y
28 MeCormick Sl-in, .o B A T i 2 u EH R B
1B MoCormiok 88in,, ... . o0& Margan Smiih Co, . b 46,9 =T

.?l.czru.- Paint 11, ar 1 specifie speed, 8 Professor Tharston's test previously relferred to,
* From ** Hydrgeleetric Developments and Enginearing, by T, Eooster,
1 From * Water Power Engineering,” By D, W, Mend, M, Am. Soo, . F.

In eonclusion, the writer wishes again fo express his appreciation
of Mr. Larner’s valuable paper; and to extend thanks, for their courtesy
in furnishing information, to the following: Mr. H. Birchard Taylor,
Azsistant Hydravlic Engineer, 1. P. Morris Company; Mr. J. E.
Strothman, Assiztant Manager, Pumping Engine and Hydranlie Tur-
hire Department, Allis-Chalmers Company; The Talyoke Machine
Company, Mr. W. W. White, Manager: The Pelion Water Wheel Com-
pany, Mr. J. V. Kunze, Manager: James Leffel and Company; and
The Platt Tron Works Company, Mr. John Sturress, Western Hepre-
sentative, It 1s regretted that lack of time hos prevented the writer
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from awaiting the data which are being sent by the Platt Iron Works
Clarm pa s,

Jomrw 0L Pannee, Assoo. M. Aar Soc, O Eo—In this paper Mr.
Larner haz contributed so much that iz of sicoal technical interest
that one maey loze sight of some of his general remarks, The spenker
would like to czll attention to a very significant parvagraph on page
244, in which d¢he author deals with the advizability of saerificing, in
gome oases, the fractional-load efficiency of wheels for the zake of the
aoanarical advontage in initin]l cost of installation. Thiz is of some
interest, but the speaker thinks that the general prineiple laid dewm
shanld be wiewed with contion,  As the statemenl stands, it 15 un-
deriably eorrect, as applied to developments such as lhoze ot Niagara
Falls, where the maximum guantity of water that may be diverted is
limited by law; and alse where the quantity of water uzed at fraclional
loads 12 of no Et-||]|.:-.r:_:g_|_].|_'-|3t :Ijﬁin:'_l; well helow 1hat which may bz diwerbed.

Tt also applice well to those enses whero the development is not
greater thaun tke minimum flow of a stream. TIn most inslallations,
however, it will be fonnd cconomieal o cver-develop the minimum
flow, and to supply a steam rescrve to take eare of the pericds of
defigiency in the natural flow. Tn snch easea the steam reserve will
stanidl idle for the major parl of the wear. Tt becomes desirable, there-
fore, o minimize the fixed eczt by inslalling a cheap sleam plant
(mecessarily an inefficient steam plant). The wheels would operate
at times under redueed low, and, unlesz there iz 8 multiplieity of
unite, enabling all the units in serviee at any time to be sperated nearly
at their full load, they will be warked uneconomically, beeanse the
plant is an uneconcmical low-Toad plant. A considerable quantity of
eoal will be hurned, under these eonditions.  Therefore, in a plant where
ihe rinimum flow iz Ieas then that required to earry the minimoum load
whisgh may be thrown on the plant, it hecomea desiralle to look to the
[raetional-load elliciencica of the wheels,

Another enmment Ty Mr. Tarner, to which the speaker would like
to call abiention, refers to tests. The data contributed by the anthor
sra ol 20 much interest and walue that iv would be a pity to overlook
the facility with which teats on units eonnecled {o eleetrical generators
may ba made al voarlous speeds, especially of wheels whieh are nol
amenable to such lests ng mor he made at the Holyoke flirmne.

There ia not mueh mystery connected with the logses in electriesal
woneralorz, Tosses in the power soing bo waste in the conductors of
the armatures of the machines are readily calenlated by the application
aof Ohm’s Yaw to readings talken during the operation. Tha frietion
and windsze in the machines are a purely mechanical proposition, and
oan be determined by tezts in the fiell. The only other losses are those
in the iron in the generalors. These lozaes are a very simple speed
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Tunction, and ean alse be readily determined.  As the total losses will
not be more than from 2 to 495, even in the larger generalors, noalight
ingecuracy in defermining their vorintions with the speed is not very
geTiona.

The veadiest method known to the speaker for delermining these
Inzses as a speed funelion is by uzing what iz lnown as a decsleration
carve.  With the woter shut off from the turbine, the machine is
brought up to spesd by some outside sonree—possibly electrical—hy
intereonnecting the generaloss on two wheels, one of which can take
waler; bringing them up to more than thelr running speed, and then
cutting loose that wheel in which the eleetrienl geuerator lr;:w_:q ara Lo
be determined,

Tt is then possible to determine losses hy the electrieal molers and
by ohsarving the spoed of the wheel gs 8 Gime funetion. Knowing (e
moment of inertin of the rotating parts—which can be readily ealen-
lated-—chserving the negative time diflerentiz! of the speed, and mul-
tiplying iy the moment of incrtia, one can readily plot the power losses
nz a time funetion,

The moment of inertia ean be determined experimentally in one
of bwo ways. In a small machine, the nddition of a knewn and readily
determinable weight gives a ready solution. Its influence upon the
deceleration eurve will give the mament of inertin of the masses of the
rotating parts under normal conditions.

Another method which the speaker has intended to try (but hos not
yat gneceeded in doing becavae of lack of time) consisis in using an
glectrieal broking device. The simple convection of the clectrieal
generator throwgh & known vesistones, and the measurement of the
curcent earried by it, will show what the power uzefully generated docs in
the way of braking the machine. Tetermining this moment of inertia
and taking the whole gronp of enrves shonld not take more than half a
day, and therelore it wonld be essy to obtain the eleotrical losses as a
speed funefion, and thereby extend to large unita the very valuable
atudy that Mr. Tarner has mads with sueh units as are capable of boing
tested in the Molyoke flume. The speaker belioves that engineers who
have facilities should ool into the matter and see if Mr. Tarner's data
cannot be extended to zuch whesls,

Another of My, Larner's facts is of greal interest, and the spesker
is viry glad that he has pul himself on record as being oppozed to the
radical application of “standardization,” a shibboleth which has been
one of the meat bonelfol things in practice, narnely, that of taking
“ronds off the shelf”—the selling of stock goods for any and every
PUTPOSE,

In building np American enterprises, stendardization has been VEry

M.
Parker.

helpful; but the speaker thinks that thoze whe have had anything to do

with the purchase of apparatus and who have attempied its intelligent
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appliention, have wel, in all lines of manufaeturing, with the unfortu-
nate nse of “stamlands” to provent progress. -

The nttitade faken by Mr. Larner—who is conneeled with the
mnnufrckoring ndustries—is eortainly most hapeful, and gives promise
of some sdvanes in American praeties loward standands which heretn-
fore have prevailed alnost exelusively in Hurope,

L 3 Avtes, Assoc, M. A Soco OO B, by letter) —This paper
is of preal interest to the writer, boeavze Lie 12 espeaially conecrned in
ihee hehavior of walerswheelz, not enly at the Tolyoke festing e,
bul paeticularly after installation,  The hydronlic turbine is by far the
most effivient of any of the prime movers, and when one considers hat
l=dny it 15 possible to obiain on efficicney of 90e, gz shown hy theae
losts, it certainly seems fitking that the turbine, including the selting,
chould peeeiye as mneh intelliment ond seienific attenlion a2 the slen
engrine, the steam turbine, or the gas engine.

During the past len years, the weiter has lested water-wheels aftor
instaliation, for hoth horse-power nnd efficiency, using on Alden aheorp-
ion dynamometer o weigh the load neenrately, measuring the water
aometimes with o standard weir and sonelimes with o eurvrenl mefer.
Testa have leen made ot wheels vavging in horse-power Freaam 50 Lo o
than 4 000, aeting widee lends eanging from 100 e 240 e, ond FUTLLNE
at specds of from T Lo B ey, e min., and the writer is fully con-
vimoed Ehal turhines ean show s good on efficieney aftor inatallalion
ne it owas possible to shew af the Haolyoke testing flimie, and that, in
anme cnses, s better ellicieney may be ablained.  This is eapeeinlly true
n the behavior of high-lead turbines; one runner, tested ot the
[alyake fMume, showed an efficieney of 85 or 5495 b 1ts hieal gae-
opening and spead, amld when it was testad alter inatallation, under a
apn-£r. head, it showed an efficiency of more than 865 in several in-
wianees, The load was measnred very eorefully with an Alden dyma-
mameler, and the water was meagured over a slandard weir, A pgreat

many turbives composed of o pair of wheels have alse heen tested
wiider heods varying from 2000 50 fE, where the actunl horse-power
devedoped after insballation was practically what the [lalyoke tesis
wonld alose when corsoetod for wew head and specd conditions, aceord-
P to the role that, iF the veloeity vatin pernnins constant, the horae-
power varies with the third power of the square root of the head,
Theres are alao muny wheels which oo nol come up 1o the ealed
power, o= calenlated from the Holyele tests. In order to have wheels
give their peoper raling “fn the field,” it 38 neecssary Lo wive them
gond setting= aud to run them al the proper speeds. A geod seliiog
ia n ezt dmportant item, and means: That the weater should e
brauelil to the wheel with a low veloeity s the draft-tulwe should be air-
tight, and should ho destorned Lo take the water away fram the individoal
runmers with as litle conilict as possible: in crder to avon] chsbruction
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aronnd the center of the buekets, the shaft should not be Jaeser than
necessiny the wheels—if s pair, center-discharging—should not
be set so elosely together that the dizcharge of one interfores with that
of the other: the bearings should be kept in line, sate,

Brake testing of turbines afler instellation iz az cesential to the
designer of torhine sotlings, as the teating of ronmers at the olyoke
flume iz to the designer of turbine runners. Many a good whel lias
been cramped and miztreated in its zetting, and, therefore, will never
give ita legitimate power and efficieney.

A zreat deal of information is 2t needed conecrning the hehavier
of turbines installed in various settings, and under medium and high
heads.  Tf the efliciency of the plant as a whole is to be put on as high
i plane ss poazible, more engineeringe effort should he exeried in e
ing efficient settings, and at the present time there iz more chanes in
this way to increase the eficiency of the whale plant several per eent.
than in any ather,

E. Kvomume, M. Aa Soc. . B—The author has presented in
excollent munner a number of inleresting features on the construction
and performance of hypdraulic tivhines, most of which are inado-
quately discussed in textbonks and rarely found in manofetueers’ pulb-
lisations  Oceasionally, the report of zoime favorable test of o parlic-
lar stvle of wheel is encountered, but the data are wsually ipsufficient
to enable one io determine satizsfaetorily the efficiency af the motor
under varving conditions of spead and dischorge.  In ihiz paper, how-
ever, Mr. Larner submits all data pertainine to a wide range of frsis,
made &l ”vl.'lr:r'i'.ll{t'-, of five turbines designed by him for the Wellman-
Heaver-Morgan Company: he then shows how to compare properly the
resiltz attained for the several wheels, and, in conclugion, mives nuner-
ous viluable sugmestions relating to the choice of turbines for diferent
haraids.

Thiz contribution to the literature of Ameriean witer-wleols i5 very
weleome, even though it omitz a consideration of the details of dezign
em which satizfactory performones must depend.  The author takes
the zround that a manufacturer is justified in withholding from the
public a thorough knowiedre of the points of superiority in desizgn,
which he may be able to devise: but, in opposition thereto, it may he
urged with much foree that such a course tends o fozter doubt as to
the real merit of the invention, and to retard iis reneral nse. o the
gpeaker it seemz cutirely reasonable that a purchazer shauld have a
correet knowledge of the phyzical and wmathematioal principles on
which a snecessful invention is based, in order thai le may be alle
lo select the best design or type for his purpose: awd it usually
aappens that if such information iz deliberately concealed, 0 more or
less adequate empirieal eriterion will be developed, in eourse of time,
by which a choice ean readily be made. In gencral, the manufsetorers

N,
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who display the most thorough kuowledge of the principles of mechani-
enl design obtain the largest share of business.

Muny fealures mush be taken into congideration, in finally seleeting
4 turhine for a particular locality and service, but ouly & lfew are
snvolved at the outzet. The quantity of water and the head available
al different seasons of the year are known, approximately, as well og
ihe desirable magnitude of the power units, but when it comes Lo
determining the most effieient size, discharge, and speed of the turbines,
much varintion in practiee is found, This, withoul doubt, is due to
he lack of cxact knowledge of the relations Letween the dinmeter,
depth, discharge, speed, and power of American wheels, in which the
buckets are nsonlly of such complex form ag to render a mathematical
analysiz of the motion of the water through them impracticable. It is
noengsary, therefore, to depend in large degree on the unpublizhed ox-
perimental resulis acquired by the wheel maker, and (o exact of him #@
guaranty that his turbine will perfarm the required worle ol the
stipulated efficiency.  In the spealker’s opinion, this condition is un-
gound, and shounld be replaced by nomore plensive distribution of
gxperimental data and the formulation of reliable principles of design.

The anthor lin= roferred to his l"}\'['lli‘!]"iﬂtf.:'llh-] for delermining the
velocity of the water at the top and bottom of the guides and in Lthe
drafi-tube. Much difference of opinion as 1o the motion of the water
in thezs places has been expressed by writers, and Mr. Larner, theve
fore, could increase the value of his paper greatly by adding some of
his ohscrvations in these respects, aneh ne the manner in whieh the
velopity iz distributed in 2 draft-tube of large diameter when the whenl
is punning at pariial gate and full gate. It has been clatmed by aome
engineers that a draft-tube cannot be made too largre, while others
advise the restrietion of iis Qiameter to a veloeity of 10 ft. per sedo
at full gate. Bimilarly, with the guides to the turbine buckets, somes
claim that these adjunets are wholly unuecessary, while othérs atined
rreal importance thereto. Experimental data in these directions are
rarely  encountered, and their prezentation will doubilesa he highly
appreciated by all who are interested in hydraulies.

There are other obseure matters which Mr. Larner ean doubtless
clieidate, for example: Should there Le any differenee betwesn (T
sfficioneies of a right-hand and a left-hand turbine of the same type
and size, under equal head and discharge? Ts the power and efficioncy
of o turbine the zame when it ig get with its axis hovizemlal ps it
is when sot with its axis vertieal, it being nssumed in each ease that
the surface of the head-water iz far enoush above the wheal to prevent
any entrainment of air, that the head and discharges are equal, and
that the wheel is similarly monnted, either in o casing or in a papaciond
open flhume, and with like bearings and draft-tube?
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Daxien W. Meap, M. Awm. Soc. O E. (by letter)—This paper is a e
valuable contribution to the literature of the hydraulic turhine, and "3
desarves the eareful consideration of every engineer interested in the
development of water-powers,

As the author states, there is siill room for vast improvement in
the design and manufacture of the turbine. There may be little chance
for securing greater efficiencics than are shown by seme of the tests
recorded in the paper, but such results are seldom obtained in practice
under the actual operating conditions of apeed and load. Tn othee
words, a well-designed and well-construeted turbine under the hest
test conditions will frequently gmive high efficiencics; but it is much
mora difficult to design o wheel so that such effieiencies will be seeured
umdler the fixed conditions of speed and load in the aetual installation,

43

E

| | I
COMPAISON
o
GUARAMTELD AND
TEST RESULTS
o
SPLLIALLY DEBHINED TURNIKE

Eficieney

LTS |

 DIvEr

L

10 120 1@ 10 I 1 T
Perventape of Rated Lol
Fior, 2,

From the writer's obzervations, it is safe to say thot the desion
l and manufacture of woter-wheols hng not vet roached a stage where,

without eonsiderable experimental work, 2 wheel ean be desipgned and
oonstrueted which will unguestionably secure the desired results under
actual operating conditions. The only apparent cxceplion ta this is
gecured by the adaptation of wheels alveady exporimentally developad,
or “standardized,” Lo conditions to the necessitics of which their chare-
peterizties closely approximate.

This difieulty is well illnstrated in Fig. 20, in which the guaraniies
for a recont installation are compared with the nctual test resulis
soeured by the manufacturer with the first whesl cspeeially deaigned
ard constructed for the fixed conditiors,  The maximnm efficiencies
seeured on the test were above the cllicicncies guarantesd, but the
powar of the wheal was too great, and therefore the efficiencies under
the conditions of operation were defieient.

.
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Im the writcr’s opinion, the develapment of momerous cxpori-
mentelly perfocted designz, or whal are fermned by many  ongineers
“etandard wheels,” or “stock wheols,™ 2 of decided advantage, for ik
i3 fourd that by core in manofasare a sueccsaful wheel may be
c]|||:]54r:1'.t-l], cnlareed, or redosed in oaiee, withoot any  oronl u:-.]l."l.ugl!ﬂ
in ils charmeteriaiics.  With such wheels alrowdy developed, 6 romaing
Frr tha water-power engineer only to see that the wheel seleated s of
progicer size and chovaeler Tor Lhe comditions nndee whicl i §s 10 oporalke,
and the results that _can e attaeinod ave rensonahly dependable,

The wesnlls ablained in waler-power installations are seldom betler
than Lhe demand, aml the eorelessness or dpneranee of the engineees
in selecting turbines 5 ns moeh o Belt in this mabier as the poor
design or condlbroetion of the wanelaetover.

Tu the past, too moeh dependones has bean placed on the manua-
Factorer and in roaranbies made by hom which are sellom vorifiod
Ly actual determination of resulla, The fest of o plant under operat-
I|;|M‘ conditions i -::l.-||!.|!'|-:|‘:||_'\.-' PKP{:L-l!i!l_;ﬂ.[x‘ |-.,‘\{|:-|'I:|‘=li';'|'I nne often ao diffi-
cull ns b male it inexpedient, Koowing this, some manufacturers
have Trequently mwode onwarranted  guarantics which could not e
carried ont—depending on the jgnoranee of the purchaser or his ongi-
vecr, il the ualikelihood of o final teat, to free them from the dis-
asbrons reaults of an anlulfilled eontraet,

It s perfectly tene that the results of a dest ot Holyoke are only
applicable Lo the sone or o gimiloe wheel ander correzponding condi-
tions of inatallation.  When the wheel is equally woll eonalraeted, aml
ey well dnstalled, the resalis that enn be attained  will appeosxi-
mate aloacly fo Lhe st resoll=s and shien the conditionzg of installaiion
are different, the test mesnells alford the best basis on which to eatimate
the reanlts which may reszonably b andieipated,

Craodd mechanical worle in water-wheel construction can be sceured
by elose inspection, as in the ease of any other mechanienl waorls,  The
|,~r1,'_-'iru-c=r, !|Lt:=|, mush =2eleet e proper wheel fo fulfill the conditions
af his installation and sec that the mechanien]l delails are preoperly
exec b,

In aoather ploee (aee the anthor’s reference af the foot of paom
2283, the wreiter has pointed ool eerbnin charaetoriztie eocllicienta of
water-wheals, pd haa digepssed their use in the proliminnry congidera-
ficn of the selection of o woter-wheel for o ogiven installotion,  The
writer's &, in that disenssion eorvesponds Lo the square of the authar's
N, and iz nsed in that woay in order to Tocilitate calealation,  In this
diseuszion, however, the author’s nomenclotore 15 adopted 20 a8 to
aveid confuaion,

While, in a general way, the value of the “anit speed™ of various
wheels will zive o ready means for their sapproximate eomparison, it
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sl e remembered that all whesls having the same value of N, are

nal neceszarily of similar value in a given installation.
X, i made np of bwoe lactors, namely, the ¢ unil speed 7 ander fhe
N

Hunit head (1 16y = —, - = & and the square root of Eho s anit

'h.-"J T
[
power™ nnder the 5 unig head | 37 F = SN
hi II e
ANy
The value of ¥ caters divectly il this value, while I cnters only
as its square root. The value of &7, therefore, haz much the greater
indluence on the charncter of the wheel,
I o rvecent installation it wos desived to develop aboul G50 by,
with a unit of two torbines under a 16-14 head at 128 rev. per min.

Thevelove, it waz required thal the following relations should obtain
approximalely for each turbane -

1k i::c:l ;I,,-'N: w "|_.-"r Ti‘“fr o

B 1
V=198,
M= 21,

Gtk
o= % =
P = 507,

N, =N /P = 335 /507 — 72.4.
The turbines on which bids were submitbed hal  the following
charactoristios:

Reguired ¥ — 325 1 E0T = 72,4,
No.1... N, = 82+ 488 =170,
No. 2... ¥, =80.2 52 =70,
No. 3... N,—87.5+/5.02 =85,
No.d4... ¥, =85.Tv'4 =714,

No. 6... N, = 32152 = T74.7.

All these turbinez, with the exeeption of No. 3, elosely approxi-
matedl the required value of 8. No, 4, which most cloaely  approxi-
mated the frue volue, had oo high a value of ¥ and tos low a volue
of 1) and, therefore, was not suited to the conditions. No. 5 had
individunl eharacteristics which rendered it nnzuitable. Nos 1 oand 2
maost elosely approsicutad the desired resulis, ot Koo 1, while slightly
deficient in power, was highly efficient, and was seleeted as the moal
degivable wheel offered.  {See Mgs 248, 27, and 280

The comments made shove, however, could be based only in the
most general way on the values of N, for it must be noderstood that $he

Mr.
Mead.
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values of N, or other furbine coeflicients (ps diseuszed in the previous
reference ), vepresent only the best results under one condition, that is,
the point of highest efficicncy at full or seven cighths gate, as the case
may b,

The engineer, while interested in the point of maximom eficteney,
psually has to consider varions other eonditions of power (and hence
of eate), and often voriations in head must Le taken inle pecount as
well. The enineer, therefore, must make a much broader analysis
of operating ecmditions, For this purpose, a graphical analysia of an
getnal teat hias been found by the writer to he apparently the anly
iethad at onee acenrate and rapid by which the vequired information
ean he obtained. Two methods for such analysis have heen pointed
sut by the writer in the diseussion already sefereed to. One of these
methods, and perhaps the simplest formn, iz that vzed Ly the author
in this paper. Using either of these methods, the enginser ean readily
determine the resulta which he ean expect to secure from a wheel in
which the design is hemalogouz to one for which test reaults are avail-
able.  The resuliz of netnal analysiz will perhaps beat serve to show
the desirability of sueh analysis ond s neoce
are to be atlained.

The tendency of manufacturers is always o furnish wheels of
more thon ample power, usoally at a saerifics of efficicncy (ses
T, 203, This tendency is enconrared by the Tact that capreity i8
veadily determined, while the determination of efficiency 1s more diffi-
oalt and  frequently  impessible.  To punrd against this tendeney,
analysis iz vecessury, and the gpecifientions under which bids arc
trited shenld be elear omd speeific. [ a contracl let some time ago,
the writer prepared, smong others, the following specifications

aity, if the hest results

#Fach unil shall eonsist of o pair of turbines in tamdem, and shall
he eapable of developing a maximum of 1900 actual horse-power vnder
a working head of 70 1. when running at 375 wov. per min, Theae
(nrbines are to be designed fo opcrate sal slactarily under a maximum
heswd of 80 ft., and a minimom head of 63 0L if a0 reguived.

@ The eontraeter =hall fuoenish o Tolyoke tosl aheet of a turbine of
homomeneons design to thal bhe proposzes to Furnish,  Said test should
be of & turhine of similar size to the turbines on which proposals are
mnde. but, if such i not available, il may be on the nearest gize
available” "

On these specifications seven bids wera submitied, and the guavan-
ties shown in Fig 21 were made. Two of the bidders failed to submit
test data, and their bids were not ponzidered,  An analysis of the test
data (Fig. 22) showed that the epsults which could be actually attained
v the wheels offered were, according Lo the tests, in every ense logs than
the guaranty.  The wheels were in all cases too large for e hesk

reanlts, as is eclently apparent from Ihe disgram (excepb in caso of
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wheel No. 13, and the polots of maximum efficiency were, 1n most cpses, HoE

far beyond the ordinary rooge of operation.  Therefore, all hids were
rejected, and the matter was falen up divectly with the manulfacturers
of wheel Mo, 1 which came nearest o suiling the conditions of apero-
tion. A graphicnl analysis of test results of wheel Mo, 1 as originally
anbenitbed is ghown in Vig 23 frome which it will be seen that this
wheal waz foo latge to give salisfoctory vesulls under the operating
eondition and was not of & satisfactory lype,  Ih wes apparvent that a
wheel of less dismeter and of o slightly different type would il

=1

il

Efficicnoy

G"—'INTi-MGT 1
GLARANTEED EFFICIERDY OF
NARIDUS TURDNES
UNDER VARIOUS LOADS

i Hi 1l ) Ml T _I' T
! . 4 b En] (L]
Pevit s of Maximwm Lol

Fro, .

mueh more nearly, the conditions of operation, and o contract was
entered into whereby the ellicienceics shown in Fig, 24 were puar-
anteed, The reanlts were o he demenstrated by o IHolyole teat and
by & test in ploce, if such was desired. The Holyoke test was to be
made at the expenge of the manulaclurer, in the prezence of the engi-
neer of the purchaser: and the test in place, if made, was to e made
i the expense of Lhe purehaser.

it may be remarked that final surveys, completed hefore the con-
tract was let, developed the faet that & maximum head of 85 fL conld
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L cbtained. IE alsa beeame apparvent that, to secure the best results
at all heads, less power than specified at the T0-ft, head was desirable.
With the wheels sclected, four umits at full Iead and maximum
Lead will give the desipned capacity of the plant, and five unils (which
includes n reserve unit) will give the foll eapacity of the plant nuder
Lhe minimum hesd, which, however, seldom obfains,
85 | T
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Tt was evident from the bids reecived that the specifieations wera
not sufficiently explicit, and, while the desired results were seered
before the final award, the specifications were elearly faulty.

In a more recent installation, an altempt was maode to remedy the
defect in the foregoing specifications, and the elaunzez referring to
conditions of operation were prepared as follows:

“Tids are desired om three units of two turbines each. Fach unit
shall consist of one pair of turbines mounted on a horizontal shaft.
These turhines will be installed in open penstocks, and shall be capable
of developing @ maximum of about 050 actoual horse-power under 2
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working head of 16 [, and running at spproximately 128 rev, per min,
These turbines are o be designed io operate zatisfactorily under a
maximum head of 17 ft. snd a8 minimem of 12 ft, if 20 required.
The efficiency of the units at each eondition of load shall be not less
than that guarantesd by the bidder in his proposal.

“Tach turbine unit iz to operate o G0-cyele, 8-phase allernator of
S000 lew. raled capaeity ot 909 power factor and 949 gonerator
efficiency, and to a maxinmn of 259 over-lond,

“The geneeator will be operated at from 7590 to Tull rated load
Tor the lovger portion of the time, and only aceasionally under over-
load conditicns. While the highest peacticable efficiency is desived
under all eonditions of lead; it s especially desivable to secure the
highest efficiency under the mest usual and continued conditions of
operation, 1t is therefors desived that the size and type of wheels be
so sedocted that the Lest practicalle elicieney will be alitnined between
ann and 520 hope of the turbine Toad (see Tig 250,

e | A ET| | () |

x| beni l-l;\r ! ]

q tlablalie U EE ] B I = = et
EFFICIEMCY LOAD CURVE

FOR CORNTRACT 11
ISEUED WITH
SPECIFIEATION

Comparative Efcency

IL.T.

1,00 (8
TProportionnd Hated Load on G eeeend or

Ko, 26,

TThe Bidder must furnish with his bid o Holyake test sheet of a
tneline of homeweneons desipn and of the same aize that he propozos
bo Tuenmizh, I o test of o turbine of the same zize ag that propossd is
not available, then the bidder may furnizh bwo cest sheets of the two
gizes neareal that propesed, which ave availalle

“Phe efficicney of terbine units shall be delermined io the usual
manner by a tesh ab the testing Jume of the Helyeke Water Power
Company, in the presencee of the Eogineer, or his reprosentatives.
One main Lorbine unit Tuernished vnder this contract will be selected
by the Engincer, and shall he eavefully tested o his antizfaction, and
(he efficioney shown by these whesls will be the basiz of ealenlating
tha efliciency of the unit.

“Theae testa ghall he made at the expense of the controctor.
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“If, after the Holyoke test iz made and found satisfactory, and, e
after the turbines are erected, the turbine units fail to develop the B,
power speeified, or are found to use too much water for the amount of
power menerated, then, and in that event. any or all of the turbine
units may be tested in place. The test shall be made by the Chief
Engineer of the ——— Power Company, or by his authorized repre-
aentative, and the turbine manufacturers shall be notified and shall
have the opportunity of being present and taking part in said dest

Bl—

T

Y |
EFFICIENCY-LOAD CURVES
GUARANTEED FOR VARIOUS TURDINES
UHDER CONTRACT LI

Efficiency
2

b

= | | & | | ~
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2 = |5 3
| "] ad
| i =
W T T T L
Horse-Power per Unit of Two Turbiones
‘ Fra. 6.

“The methods of making such tests shall be by means of recognized
| standard methods of messurement of water, power, and speed, and will
he pgresd upon, sz far as practicable, by the parties hereto. Tf any
dizagreement avizes, the deeision of the Chief Engineer shall he final.
The test in place will be made at the cost and expense of the ——
Power Compony,  Any turbines found defective by the test at Holyoke,

or by the test in place, shall warrant the rejection of such turbines™

The dingram accompanying these specifications is shown in Tig. 25
Thoe guaranties submitted with the bids arve shown in Fig. 26, and the
anslyticnl resnlts of the test sheets are shown in Fig. 27. Tt will be
noted from Figs, 26 and 27 that in two cases the puaranties were
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higher than shown as possible by the test results.  The eontract was
awarded to the manufacturer of wheel Noo 1, as the lowest and Lest
bid, A ecomparizon of the guaranty andd test results of this manu-
faeturer iz given in Fig. 28, which shows that the guaranty is eon-
servative and will probably be execeded if the mechanicen]l workman-
ship of the wheel iz earefully executed. Tt may be noled thay the
above wheels are the smme as those vsed in the disenssion of the
value of N .

8

a2

T

EFFICIENCY-LOAD GURVES FROM
HOLYOKE TEST OF WHEELS SUBMITTED
On CONTRACT 11

BT, |
5 HL.P.

L]

|
|
2HE pi L] A foLi] (] SO
Haome-Powoer per TTnit of Two Tarbines
Fua. 23,

The latter form of specification 15 believed o be in general satis-
fnetory.  The Holyoke test specified is somewhat expensive, and ils
cost will usually be added by the manufacturer to the pries bid. The
sampe results may often be attained, without the actual expense of
a test, by requiring a test of the completed wheel at a fixed price, pro-
vided the engineer so elects.  This will assure care in mannLaetare,
anid the expense may be eliminated by the engineer if on inzpection
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of the completed wheel he believes iz mechanical construetion is egual ‘dr

to that of similar wheels that have already been tested. o
Close analysis and rigid and intelligent inspection will assure a

higher grade of design and workmanship than iz commonly offerad

for water-power installations.  The enginesr who neglects theae -

cpubions  and  blindly  follows the recommendations and  onverified

puarantics of manufacturers must expect to secure #auel unsatisfactory

vesults as the contingencies of close competition and the temptation

of the possession of stendards alveady developed (hut probably oot

strictly applieable to the condition) always ercate.
B :

8

Rosnlis! Nt

=
e

COMPARISON OF EFFICIENCY-LOAD |
CURVES AL GUARANTEED AND
AS SHOWHN BY HOLYOHKE TEST
FOR WHEEL NOL1, CONTRACT 11

w2 2

a0 K W Gk
Fig, 28,

In many low-head plants the variations in the head ander various
conlitions of viver flow are often consideralide. During low-waler con-
ditions the head may be o maximoam, bat with high water, on aeeount
of Howage econditions, the head-water most commonly be kept down
by the vse of a wide spillway section or flood-gates, while the tail-water
will rise and henee the head will be redueed. When (without aonxiliary
poveer) ifois necessary te run the plant ander all these conditions, the
detailed analveis bosed on test resalts of the wheels offered is the anly
basis from which their probable power and efficiency under the extrome
range of conditions ean be determined,  Take, for example, the anthoer’s
diageam, Fig. 12, of the teat of o 31-in. wheel, and conzider its use
nnder hoads varving from 16 o 9 £t The relative unit dpeeds under
the maximuom and winimom head will vary as +/h, and will he as
4ig to 8. If the wheel i areanged to ron at 162 rev. per min., the
valoes of N will be 40.5 for a 16-ft. head and 54 for a 9-ff. head,
which, at both maximum and minimom heads, will result in less than
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the best eflicicncies.  The actual effeioncies and power under the full
range of conditions and for all intervening heads, can readily be
caleulated from the graphical diagram.

It 15 1o be noted that as high efficiency Camd consequently econamy
of water) 18 more essentianl at low water (and high-head conditions),
£ hettor speed for the above wheel might be 176 vev. per min., under
which conditions the valoe of A7 would be:

N = 44 for a 16-ft. hend,

NY — h8# for a  9-ft. head,
While this change would ineresse the power and efliciency slightly at
a 160 head, it would redues the power and clliciecney congiderahly
al n 811 hoad,

The foregoing eommnents will illusteate one of the points to which
tha writer wishea to eall attention, thar iz, that the “speeific speed™ or
“unity apead” of a wheel at the point of moximom efficiency, while of
vilue in comparing test resulis nud sometimes in the preliminarey eon-
aideration of (he m:]mml ri:-:'[u'll'f!]m-lllb% af the eonditions of l::|:|':'r‘l'1|:'l-.".|]:|,
ig of comparatively little valoe in the selection of o whesl for the
sarving conditions of operalion,

Another point, on which the wriler iz inelined to talke isspe with
the auther, is an the “standardization™ of wheela, Tn the present state
of the art, the wreiter helioves that the design of special wheels is oo
nneerhain and their developroent toa slow and ton expensive Lo be
warraniod, exeopt under unosual eonditions.  The development of

Mr.
Aifed,

atandard construction means at ils best the development of a lineg or
ixpe of wheels from which definite results may be realized quickly at
limited expense.  Fvery manufactorer must develop, by ecarefal deaien
ancl cxpensive experiments, lines or types of wheels which beoome valu-
ahle for broad |1gl|:]5c::|l.ff.|:| |r1|]_v as LEII.'.'}." arc F-illlTil!;i'llL]:.-‘ standardized 1o
azaure the prompl fulfillment of definite results, Standard wheels
plrendy on the market differ widely in their charaelevistics. No one
iype of wheel I8 suited tooevery condition, but the wide variation offered
Ly the several malkers affords a eronee from which the engineer may
rondily gelect one or mora swhesls that will aften Tulfll in o satis-
Toctory menner the conditions of his mstallation.  The range of the
stondord wheels of variovs manufacturers 1z shown on Plate XX X111,
This dingram is computed from the entalegue recommendations of the
manufneturers, which are approximately, but not alwazs exactly, corroet,

The writer believes that atendardization is ohjectionable anly when
allompls are made to foree the conditiona to conform to the stamdards, |
insted  of selecting ar allering the standards to conform 1o the
eonditions,

Satisfactory results can be secured only by the ability of the
purchaser’s enginecr fo snalyeze the situation snd the basie testa om
which any intelligent bid of monufacturers must be based.

R T TTITIIIIREE—S..
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8. J. Zowsk,® Esq. (by letter)—Mr. Larner sl the Wellman-
Seaver-Morgan Company deserve muel credit for having abandoned
the poliey of the majority of the American tarlio builders 1 resard
to publishing the resultz of tests of newly developed turbines. That
the policy of reticenee was not a wise one was pointed out frequently
b Lhe interesiod parties, but with little steeess.. Let us hope that the
good example of the Wellman-Seaver- Morgan Company will have more
clfect and will be followed soon by nthers,

The results abtained hy ihe Wellman-Seaver-Morgan  Company's
turbines, Holyoke tests Nos. 1795 to 1800, are remarkable: 907, best
efficiency for medium-speed, medivm-capacity turbines, and 695 for
high-specd, high-rapacity turbines, are record-breaking  values, and
both the designer and builder are io he conoeatulated.

Tt iz 2 pity, though, that the author did not zive any information
about the wheels themselves. Many hydranlicinns interested in the
theary of the water turhine would like 1o ntilize theso experimeits for
u further advancement of the scienee of thiz art, They would like to
make some computations and comparc the results of these experiments
with the theovetical formulas. Tt i= quite natural that they would like
o dizeover whether the zood results were obbained by an improved
runmer design, or whether they must be attributed to the good per-
formance of the draft-tube or gnide-c se, or to the sood workmanship,
ar finally to the poad mechanical efficiency of the machine. To moke
such investigations poszible, the auther should have siven at least the
principal turbine dimensions, such as the height of the guide-ense,
the upper and lower draft-tube diameters, the number of vanes and
buckets, and the thickness of their tips, the actual (uol only propor-
Lignal) gate openings, and the bueket angles, Alzo, Tull information
should have been given abant the workmanship of the ronner and
case. T is true that the manufacturer could wor regsonably be px-
pected to give such details of desiem on which the ohtained  mood
resultzs depend, bt no broad-minded engineer will conzider the alove-
mentioned main dimensions 8z recponsible for a given failure or

sneoesz,

The author mentions that the flow conditions in {he draft-tuba
lave been observed very elosely, but he does not give any information
on that important point; and set it would be espeeially Interesting
to know at which gale opening and speed Lhe flow in the dreaft-tuzke
wis nol whirling, thus obtaining the zo-called “perpendicolar dis-
charge,” and whether there was any speed and wate opening al. all
at which this wns the cnse over the entire drafi-iube ares This
informalion would show at enee whether the hich peak in the cfficiency
eurve i due to the fact that the best speed diagrams at the entranes
(shockless entranee) were obtoined at the same fiow at which the

* Professor, Tniversivy of UIi.;-ﬁgsu:._
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hest speed I][E‘I{-E'l'n.'-"ﬂs ot the dischavge (perpendicnlar discharee) were
prevailing. Tt would also show whether any ehunges in these speed
diagreams would raise the peak sl moere, or whether they would
llatten the curve for the benelil of other gate cpenings, and it would
Indicate in which direction ehanges in the buclet angles and curvaturs
should be made for o desired effoct,

Tt is thought that in all publieations of turbine tests which are
made not solely for commercial reazons, the following rule should be
adopted: That, in addition to the test sheet there should e given a
skoleh of the turbine with all main dimensions, and that the nature
of the flow at the different gate openings and epeedz showk] e indi-
mted clearly.

All Buropesn turbing lests, for instanes, thoze of Professer T
Heichel, of Charlotlenburg, and in general all other experimoents of
scientifie value, are reported in such a way, Why should an exeeption
be made with American waterdtorhine fests? Undeubbedly, the ohaer
vation of this rule would help to eliminate the controvessies which
exist between American and Foropean turhine designers, and it would
also help to eliminate all mubual accosations as to the relinhility of
the veports on the one side, and lack of koowledge and success on
the other,

In g 1, rvepresenting the high-speed torbine, 16 will be noticed
that the woter flowing along the lower gate ring must make quite a
audden turn i eotering the romner. This, in connestion with the
higl efficiecey obtaimed in apite of the turm, would ahnnst suggest that
the important rule of hydeaunlies of avoiding all sharp turns does ol
apply to water Lurbines, which, of conrae, iz nob lrue—or olse the tur-
bine 2s 0 whale is so perfect that the loss undenbiedly eavzed by the
gharp tnrm iz balomeod by other gains.

In spesking of the classilication of water turbines as io speed,
Mr, Lormer makes the statement that in Furepe the classifieation is
deme an the basis of peripheral speed. This statement iz uwot quite
eorrect, a2 il waz in Europe that the methed of clazsification on the
baziz of N, (the anthor's N0 wos introdueed fivst by Professor 1.
Ctamerar, of Munich, and Mre. Baashuus, and where, sinec 1005, it
has been in gencral uwse. In the same year 0 was brought to the
United States by Furepean Lurbine designers who have transplanted
their nekivities to Americs. DBefore that time, another characteristie,
equivalent to &, but based on the discharge instead of the power, was
wsed in Burope, also thae “specifie diameter” for whiech the puthor uses
the symbol £, haz been uged by Buropean engineers for the laat five
rears,  The first point considered by European engineers, in coniec-
tion with.furbine runners, iz always the valwe of K, (V). Tothe seeond
place, comes the guestion of the poriphersl speed, the eoefficient of
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which, ¢, {8 o very eomvenient runnee characteristic, indicating &
ence whether a certain high or low value of Ny is due more to a high
or low zpeed (large or small bucket angles), or to a high or low
capacity.

Although the boundary line between the different types cannot be
drawn too sharply, and iz subject to the fancy of the designer o a
ceriain extent, the writer can scarcely agree with Mr. Lerner in
calling the runner of test No. 1795, a low-speed runner. Both ibe
value of W, and of & make this ronner belong to the medinm-speed,
medium-capacity type. Low-speed runners wanld have the following
values, N, = 10 to 28 and ¢ =— sbout 0.58 to 0.65 (0.7). Therefore,
Mr. Larner’s statement that the most efficient speed varies with tha
gate opening, ineveasing as the Intter increases, and that this iz trie
of all reaction turbines, whether of low or high speed, is not justified
by the tests, Nos. 1795 to 1800, as these tests eovered only medinm-
and high-speed wheels, If the writer's memory iz correct, experiments
on low-speed turbines have not yet been made in this direction, or, at
least, such experiments have not heen publizhed. That the best speed
of medium- and high-speed runners inereasez with incresse in znte
openings is a well-known fact, established by theoretical snalyees and
many experimentera long ago,

In general, it might be said thal there s = wide field for modifica-
tions and different solutions of ihe vrroblem of variation of speed with
varying gate openings. If, for instanee, the main ebject iz to abtain
a flat efficlency eurve, or, in other words, a so-called fexibla runmner,
the runner should be designed in such o wiy a5 to obtain the best apeed
dingrams at the entrance (shockless eniranee) at one, say, normal gate
opening, and the best speed diagrams at the discharge {perpendienlar
discharge) at another gate opening. Tt ie not necessary fo slate that
this will reduce smmewhat the absolute hest elliciemey.

In close relation to this is the question of the hest clicieney mate
opening. Tt iz true, as stated by the author, that with low- and
medinm-speed furbines the best efficiency mate opening is wsually at
T Lo 0.75, whereas with high-speed turbines thiz ie at 0.8 to L85,
The rveason for this difference is the charscteristic of the gete-offi-
cieney curves for the different types on the one hand, and the desire
of gotting the best poesible performance at full gate, on the olher
hand, With the flatter curves of the first two tvpes this last is easily
abtained, even it the peak of the surve is at 0.7 mate, whereas with the
more peaked eurve of the latter type the dron in efficionoy would he
too large if the peak were at the same distance from the full gate as
before, Tt should Le underatood, however, that it is in the hands of
the desipner to have alzo with high-speed turbines the hest eificicney at
075 gate, if this is preferable.

Me.

Zovrakl.
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Curgrer W, Larsen, Bsg, (by letter).—Professor Moody's chart,
Plate XX XTI, comprising the best resulls obtoined by the representa-
tive builders of America and Forope, is a very valuasble contribution
to thi= subjeet. The writer is partienlarly glad thot it was sub-
mitted i esnnection with this paper, because he desived fo prepare
such a chart himself at the time of writing the paper, Tut realized
the futility of attempting to secure the necessary information from
hig vompetitors,

Thiz chart fully substantintes the statgment, mado in the paper,
thot the results published there are the best thus far obtained in the
practice of the art, The efficiencies shown by the five tests presented
ara higher in each cose than the efficiency of any other wheels of
corresponding eapaeity and speed.  In fact, throvgh the range of
“edinm®™ and “high-spesd™ wheels, the curve of maximum efficieney is
determined by the writer’s points,  Furthermore, it should be noted
that these points are from a eonseantive series of tests covering a wide
variation of design, and do not vepresent, as Jdo all the other pointa
plotted, the best resultz eulled from a colloetion of relatively inferior
TR

The ouly points from the paper which lie helow Professor Moody's
curve are 1800 and 1795, The former (efficiency 88.69%), ns previously
explained, was an experimental whesl of incongroous desipn, and was
nol expected to show maximum results. The other point, 1796
(efficieney 87,990, does not do fall justice to this wheel, as compared
with wheels of the same type in operation ynder high heads, for the
rensons explained in the paper; and if it had heen tested under a head
ns hiph s that under which the two tests, 4 and B, of the I. P. Morris
Company were made; there is little denbt that this point alao would
lie on or near the enrve, Professor Allen gives interesting evidenee
carroborative of this slatement when he eites the case of a high-head
whool which he tested in the Falyoke flnme before installation and
afterward in place, and found that the cofficieney in operation was
gsovernl per eent. better than that shown in the testing flome.  This
evidence is interesting because it is only in exceptional eases that sueh
a direct comparison ean be made, but the conelusion arvived at is so
clenrly obvioua from a consideration of the elementary prineiples of
mechanies, that experimental proof iz almost superfluous,

Pointa 4 and B of the T. P. Maorris Company, while speaking very
highly for Professor Moody's ability as 2 wheel designer, testify also to
the truth of the writer’s contention regarding the advantage of testing
whesls under high headsz, beeause the best rosult abtained by thiz eom-
pany, out of all the tests 1t has made in the Holyoke flume, s
point ', which iz gbout 355 lower than itz best test in plact; namely;
peint 5. The writer i= gratified to note that Professor Allen, who has
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had sueh a wide experience in tesling water-wheels, ngrees with him .
on thiz point. o
Anather inferesting point brought out by this chart is (he CHCE] -
tionally high speeific apeed of the writer's wheel, 1796, a5 compared
with the known records of other high-speed whesls. At o value of
&y = 100 it shows an effieiency of proetically 80 per cent, The anly
other wheel which has ever attained as hich & value of N, is one
designed by Professor Waogenlaeh of Charlet tenbu 1 The efficicney
shown by this test was much lower than test 1700, as can be seen by
referenee Lo Professor Mondy's chavt, or to Fig. 20, where the -
ciencies of both wheele are plotted for thees different values of A
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In order to gshow the renl signifieanes of the resulis ablnined thua
Far in high-specd wheels, Table 10 Las hoen prepared  showing the
muximum amount of power which eould be produeed at an efficiency
of 80% by each of the four wheels on Professar Moody's chart which
show the higheat specific specds.  The power s campited for one
rummer ab 150 vev. per min, under 50 4 head, The values of N, are
talken from the chart.
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These volues arve obiained by substitution in Fquation 2, which
beeomes:

nF - ki 3 r Ty a
Horse-power — (f‘u oy ,:-L'I') s (—*“' y 2 133
L&0 151

These figures will hold the same relation for any hesd or any
gpeed, and, therefore, 1 may be stated in general that at any given
speed and under any given head, wheel 1708 will develop about £09%
moaore power af an efficicney of 5007 than any other wheel of Ameriean
manufacture, and sbout 25% more than the higheat zpeed wheel thos
for produced in Eurape,

The writer iz unable to appreciate the logic of Mr. Kuiehling's
ohjection to the atatement made in the paper that the details of design
and methods of obtaining resultz concern only the manufactorer
who naes them. There are two chief reasons for thiz statement, each
sufficient in itself to justify such an attitude. The first iz that points
of superinr design in turbine runners require as much thought,
oriinality, and outlay for experiments as the most eomplicated inven-
tions in other lines of work., If the proteetion of o patent is sanelioned
in the latter ease, why should not a similar prolection be justifiable
in the former. SBuch improvements arve not patentable, but as long as
the builder keeps his desizns to himself they are in 8 measure
protected.

The second reason is the utter uselessness of attempting o edneate
the operating engineer to an ntellipent chotes of turbines throuzh a
study of wariations in runner designs. Tt is the most complicated
gnbject in mechanical engineering with which the writer 1s acquainted,
and it would be a hopeless task for anyone but 2 specialist to acguire
a sufficient knowledge of it fo be of any practical value, Furthermore,
the writer is fully convinced that most engineers do not care anything
about such matters, They have neither the time nor the inclination
to study them. They want to know as much as possible about the
practical results which ean be obtained, but they are satisfied to leave
tho methods of arriving &t those resulis to the designer.

This, of eourse, is not true of all kinds of machinery, and the writer
iz inglined to think that Mr. Kuaichling is partly right in what he says,
but makes his mistake in that he does not diztinguish between what is
practicable and what is net. There is a great deal of machinery which
embodies in iz design only the simpler principles of mechanics, on
which any compelent engineer can readily pass judgment. Most of
the mechanism of a turbine falls in thiz eategory, and no builder maltes
any seeret of thiz part of hiz design; but the guide: and runner are
entirely different, and they are of more importsnce them any other
parts.  There iz no living man whe can tell with any degres of eer-
tainty, by merely looking al a runner, what the charasteristics of its
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performance will be. There is no definite law, as Mr. Kuichling sug- s

gests, poverning the relations of the diameter, depth, discharge, ete.
Thess relations are entirely different for wheels of different types, and
even for wheels of the same type, that is, the zame unit spesd.  All
thess proportions vary with the design of the wheal vane, and the
latter iz on intangible faetor to the average engineer. Tn fack, if a
drawing of a wheal vane were put in evidenee, there iz not one
enginear in a thousand who would know what he was losking at.

Az to other features of turbine desizgn which can be more readily
analyzed, the writer agrees with Mre Ruichling that more data are
desirable.  One point raized by him iz the proper size of the draft-tube,
ITe states that some engineers are of the opinion that it eannot he mada
too large, while others believe that it should be of such a Giwp 53 to
give a velooity of 10 fi. per sec. at full gate. When two such con-
tradictory and equally erromesus theories are abroad, it would certainly
zcem that more light is needed,

The design of a draft-tube is no very complicated matter. The eon-
trolling factor in the design should be a uniform reduction of valooity
from the runner to tail-water, and, in speaking of the “drafi-tuhe”
tha writer includes the entire chanuel from the runmer fo tail-water.
Bearing in mind the principla of uniformly reduced veleeity, the
problem hecomes one of determining the dismeter of the upper end
of the tube, the diameter of the lower end, and the length.

The diameter of the upper end zhould be the same az the diamater
of the discharge end of the rummer, as shown in Figs. 1 and 2, and
if, az in Fig. 1, the wheel is of large capacity, with some outward dis-
charge, it is well to give the tube a slicht flare at this point, slthough
thiz ean be casily overdone. There should ke no sudden cnlarpemeant
from the runner fo the draft-tube, because sueh an inerensze in Lro8s-
section tends to check the veloeity of discharge suddenly and create a
digturbanes of the stream. This principle of design iz frequently
violated, both in Ameriea and Europe. The writer haz zeen on fur
bines discharge casez which looked more like dry-goods hoxes than any-
thing elss, which did not even approach the circumference of the
runner, and made no pretense whatever of providing for mniform
reduction of velocity. The rumner discharged into the draft-chest Nk
a jet from a hose discharging into a pond, and with about the same
afficteney. One installation of this description which the writer has in
mind was finally consigned to the scrap pile becanse the efficiency was
found to be only about 63 per cent. The runners showed an efficiency
in the Holyoke testing flume of more than 809, and this astonishing
diserepancy was probably due almost entirely to this particular fenture
of the installation.

The dinmeter of the deaft-tube at the lower end is dependent to a
censiderable extent on the diameter at the upper end, and the leneth

THas
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of the tube. The latter iz frequently fixed by conditions independent
of the turbine, and as there i2 o limit to the amount of flare desirable
in a draft-tube, the dismeter of the lower end sometimes has to be
made smaller than one would wish. The writer considers o flare of
1 fh in diameter to & £t in length about the limit, and prefers less
thian that if possible, The eriterion for judging whether or nol a drafi-
tube is too small at the discharge end iz the percentage of enerry lost
in wveloeity st that point.  Under low leads this loss ean seldom be
kept below 195, whereas, nuder high heads, it is wsaally a froction of
Lo, but only beeause high-head wheels are ssually of the reduced dis-
charge type, and henee, on necount of the relatively smaller quanlitics
of water ta be handled, the veloeity of outllow from the drafs-tule ecan
he redoeed to o relatively lower figure without maoking the tube of
prohibitive proportions,  For a given flare, the longer the tulwe the
lower the velocity of dizcharge, and hence the more eifficient the tule;
remembering, however, that a safe limit for the elevation of the top
af the runner ahove inil-water, when set In a horizental position, is
about 26 or 26 fh In the case of low-head plants, where the wheels,
in order to be sufficiently submerged, must be set clisr to tail-woter,
it is often necessary to form the draft-tubes in the foundationz of the
power-honse, and to carry these passages sometimes below the lovel of
the tail-raee and come up to that level after the discharge from the
wheels haz been relensed to the atmosphere, Tt shonld be romembered
that the effective draft-tube extends to the point where the water is
solensed, ol that the energy lost in residual veloeity s the velocity
head ab that point. The pereentage of energy lost is:

172
".'5[;' e i e L ............{4}
where 17 is the residual velocity and & is the working head on the

plant,

From these considerations, it must appear that no fixed figure con
be named for the desirable velocity in a draft-tube. The velocity
depends entively on the head,  Suppose, for example, o wheel is operat-
ing under 9 £t head. It discharges 100 eu. ft. per see Assuming
that the moximum size pozaible for the discharge end of the draft-
tube, without exeessive flore, is 3.5 ft. in dismeter, then the residual
velocity will be 2.4 1. per sec., which, gecording to Equotion <, 1a:

S o — 001, or 155 loss.

Wow suppose the head on the wheel to be incrensed to 900 . Tf
the speed iz allowed to change correspondingly, the discharge will
vary as the square root of k. The dizeharge will beeome:

100 3¢ v/ 400

V'O

= 1 000 en. [t per sec.
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The residual velocity will then be 2.4 % 10 — 24 {1, per sec., and the

loss, aceording to Equation 4:
24
'E'g == 00 = (.01, or 15 loss,

as in the previous instance. Hence it iz plain that a cortain size of
draft-tube, in conneetion with a certain runner, will give the same
drafi-tube loss, no matter what head it is used for, and that (he velocity
of outflow ean have no arbitrary or empirical value, hut must vary
with tha head.

As to the relative efficiencies of risht-hand and left-hand wheels,
there certainly should not be, nor is there, so far as the writer lenaws,
any difference. The records seem to show that there ars ahout as
miny cfficient wheels of one type as the other, There is no thecretical
reason to beliove otherwise, and the only alleged reason that the writor
has ever heard is a fanciful notion about the effect of the earth's
rotation.

There is also no reason to believe that thore is any difference
between Lhe efficiencies of wheels set in horizontal or vorticsl pozitions,
or even inoan inverted position. If the head iz the same in all posi-
tions, the dischorge will be the same under like eomditions of atbe
and speed, and if the discharge is the same, then all the hydraulic
canditions are duplicated and the efficiency must be the same. This,
of course, refers to the effieiency of the runner alone, beeauze the
efficiency of the turbine may be very different on account of ihe
michamieal losses incidental to different settings. In this respect the
advantages is vsually in favor of the verticeal setting, because the weight
is erdinarily earvied on practically frictionless bearings, which iz not
Lhe ease in horizontal settings,

The ouly test to determine this point, of which the writer lenows,
was made some vears ago at the Holvoke flume on wheels for the
Michignn-Lake Buperior Power Clompany at Sault Ste Marie, Mich.,
one of the oldest installations of the Wellman-Seaver-Morgan Com-
pany. These wheels were tested both ways, and as there were forty-
four wmite of four runners each, a great many were tested,  Some
were tested singly on s vertieal shaft and then in pairz on a
borizontal shaft, in the easings in which they were 1o be permarently
installed, and it was found that the efficiency was the sgme in each
position, provided the wheels were placed far enough aport on the
horizontal shaft. If placed too close together, the loss of cffieicney wis
very marked. Tt i3 to be regreited that more lests of this sort have
not been mude, for the purpose of checking the tendeney of many
builders to crowd their wheels together in order to shorten the shaft
and effect 2 corresponding “ceonomy” in design,

Beferring to Mr. Kuoichling’s request for dsta in remied o the

Mr.
Larner.
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disteibution of welocitids in the dreaft-tube and goide passages, os
determined by Pitot tubes, the writer believes there is sullicient
materipl in this subject for a separate paper, and, when the opportunity
nifords, he intends to prepare some of this information for publication.
For the present it may suffiee to.say that the phenomena cheerved in
the draft-tube are in general about as follows: Starting with the wheel
held stationary and the gate open, the velocity of the water at the
center of L51r' tube iz very high, and at the eirenmference it is low.
The water is whirling at all points on the dinmeter in o direction
opposite to the direction of rotation of the runner. Both these
phenomena would naturally be expected. The ineoming stream from
the guides, having an initially radial direction, naturally crowds to
the ecenter and causes a high velocity there. When the wheel starts
to revolve, and as it inersases in speed, the centrifugal foree of the
revolving mass of water in the wheel tends to counteract the fivst con-
ditinn. The water presses outward toward the band of the runnce and
the velosity across the diameter of the draft-tube becomes more evenly
distributed. The distribution, however, iz never uniform.  The velocity
in the draft-tube, as in any other pipe, is always highest at the center
excent at very high speeds, when the effect of the centrifugal foree is
so great that there is almost a void around the shaft.

The angle of whirl when the wheel iz stationary is backward, be-
cauze the flow of the water relative to the wheel is backward at all
times, but iz offset, when the wheel iz runming, by the veloeity of the
wheel in the opposite direction. When the velocity of the wheel at any
point on its diameter is equal to the horizontal component of the
voleeity of diseharge rvelative to the wheel, then the wvelocity of dis-
charge relative to the draft-tube, or the absolute velocity, will he
straight down, and there will be no whirl.  As the gpeed of the wheel
inerenses hevond this point the water begins to whirl with the wheel.
Thiz 12 just what iz obsorved in testing with the Pitot tube

One very interesting fact shown by these experiments is entirely
at varianee with the accepted beliefs regarding the action of the water
in the yunner. It iz generally supposed that “eadial outflow™ or dis-
charge without whirl aceurs at the most efficient speed of the wheel.
The iden is that beeause radial outflow is the theoretical condition for
maximum efficieney, therefore the most efficient speed will be the one
where radial ontflow® occurs. The tests, however, show that this is
not the case. The zpeed at which whirl iz climinated from all parts
of the discharge area. except that cloge to the center of the shafl, is
mueh lower than the most efficient speed. The water starlzs to whirl
with the whesl at a -_.:.mparntnelv lovw I::-f’:lf'l."l:]. and inereazezs until 1t

] 'T'!le' Larm v mrrln'l oukilowe " ix Lmumu:ult s in n-'h'n:':lu' : m nil typees of wheals,
i@ sirictly eorrect only in reference Lo purely Inward- or ontwand-flow wheala, For iwad-
Aow wheels tia correct. term wouhd be axial ontflow ™ when applied to the siream aller
it has emerged from ihe band of the Funner.
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shows an angle of from 15 to 207 from the verlical. This value varies
with different wheels, but remsins fairly eonstant up to speeds much
higher thon the besk speed. The explanation apparently iz that centri-
fugal foree, inereasing with the speed, accelerates the hackward
velocity of discharge shout as fast as the forward velociiy of the
wheel increszca,

At the point of maximimm efficiency, the conditions chasreed wors
about as follows: The velocity was highest ot 1he center of the draft-
lube and lowest at the cirenmference, The water had no whizl what-
ever at the center, as far as ecould e mensured, AL the eircom-
ference it was whirling: with the wheel ab an angle of from 15 g S0
degrece.  These eomditions shaded into ench mther ab Intermediate
points.  The wiler seemed to Now in s nuiet, solid mass, without the
conflicting anglez of whirl and veloeitics which wore ohserved at
other spesda.

The writer is convineed that ane of the elief loases of coerey in oo
Lurbine oeeurs ab discharge from the minner, and that rmoat poor wheels
own their ineffclency more to an impreper distribution of the dis-
charge arca between the vanes than to any other couse. Tt the dis-
charge opening is not properly propertioned, the adjucent angles of
whirl and  veloeities of  diseharge  will conflict, causing  great
cisturbance.

The effeet of gate oponing on the flow in the draft-tube iz 4o
incresse the velocity ai the center. Thig, te o corlain oxtant, aeoeonnls
for the fack that the most effoient speed of the wheel tnerenzes with
the gate opening, Rach time the gate is opemed farther the water tonds
fo crowd more to the center, and henes more cen trifugal foree, requir-
ing a ligher speed, 18 needed 1o secure the proper distriliation of Ao
across the diameler of the dralt-tule

The writer nates that Me. Mead, in his interealing Jiscusaion, takes
execplion, in zome respeets, 1o the use of unit speeds a8 o aritorion
of the fitnesa of o wheel to perform eortain work, Mr, Mend saya Lhas
“all wheels having the zamea ralue of N, are nol necessarily of similar
value in g given installation™

Tha writer did not elaim that all wheels having the same unit specd
are equally desicable, but that ell such wheels nre able to perdorm
the same warl, In other words, if an eogineer intends to buy soma
turbimea to operate under conditions of hend, speod, and power which
require & unit spead of 60 al full gate, sand several builders zubmit
teats of runners which show a unit speed of G0 at full gate, then he
knows with absolute corlainty that all (hese tesls represent types which
will produce the power Lie wanta at the specified speed and head. The
velative  desirability of the wheels depends on their rospoctive
ellicieneios,

The required wheals may not be of the same size as the wheels that

Ir.
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were teated, but there can be no shadow of doubt that seine size of ench
of these types will do the desived worly, aond it 15 8 simpla matter 1o
determine the sizes. My, Mend admits that changes of zize con be
efferted with greater certainty than changes of design, and therefore it
seems to the writer of far greater importanee to determine whether
the builder has developed a wheel of the right type, even thoueh 1t 12
of conziderably different diameter, than it is fo determine whether
L haz a wheel of the dezsired zize but of only approximately correet
type. It was for this reason that the writer fricd o emphasize the
point thal unit speed 12 an index of type and shoold be so repareded to
b of Lhe preatest proctical use. o the first case, just referred to, the
builder neclds only to alter the zie of his wheel, whereas in the soeond
ease the other builder would have to alier hig design, and the opteome
would he far more uneertain,
e, Mead illustrates his use of &, in the sslection of turbines hy

reference to an installation under the following conditions:

Head = 16 £t

Horge-power = G50 (325 h.p. per runner).

Eevolutions per minute — 125,

These conditions, when reduced to a basiz of 1 1. head, give:
N, = 325507 = 72.4.
He refers to five tests submitted, but the writer will diseuss only
two—MNes. 1T amd 4. These wheels showed the following values:

No. 1: W, — 32 485 = T0.

®
No.d: N, = 35.7 /400 = 71.4.

Wheel Mo, 1 was aceepted and Moo 4 was rejected, althoush the
unit specd of the latter was nearer the desived value than that of the
former, Mr. Mead justifics his eholee on Lhe ground that Noo 1, while
cliphtly deficient in power and speed, had high efficiency, whersas
Mo, 4 had too high a value of & (35.7) and foo low a value of
(4007 and “was therefore unsuited to the conditions.™

The writer takes exception to the last pard of this statemant, for
Lhe reason that wheel Mo, 4, although not itzelf of the proper size for
thiz installation, neverthelesa represents a type of wheel o little better
sutted to the eonditions than No. 1. He does not eriticize Mr. Meads
solection of wheel Mo, 1, because there iz very hittle differcnce hetween
the unit spesds of these two wheels, and, sinee it was possible o reduce
the power of the units, wheel No, 1 fitted the conditions almost exactly
both as to type and size. 1, however, it had heen essential to get the
full 825 hop., then {(neglocting consideration of efficiency}, the writer
mnaintaing that Mo, 4 was at least as snitable, if not more so, than
Mo, 1, hecanse, wheress both wheels wonld regoire alteration, Nao, 4
spproximated more elosely to the required {vpe than Wa, 1, and was
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betber evidenee of the huilder’s ability to fulfill the specifications. The
differemes in this CHTETS 15 go slight that the distinetion is purely
aeademio, o, nevertheless, as illustrating o prineiple, No, 4 should
have the preferones, and the wreiter does not think that My, Mead is
Justified in stating that this wheel is nol suited to the conditions.
Assuming that No. £ was a 41-in. wheel, the only change necessary to
mike il Tun af the vight speed would be to incrcase ils size. The new
dinmeter would ho:
s EE S BT
44,8

As to the matter of standardizing runners, the weiter thought that
tom page 514} he had made hiz meaning elenr, but Mr. Mead sesms
to have deawn mistaken conelnsions. By “standardization’ was mesnk
the well-known practice of Lnilding several distinet lvprs in various
standord sizes and il(”ll.'l'-lllf_"' toe these standards evem to the oxtent of
uzing the wheols undor conditions 1o which they are unsuited. By
“gpecial? wheels was meant the procise adaptation of the wheel to
the conditiens of operation, whethier by the development of a new tzpe
or the modification of an old sne, nnd it is specifieally atated that the
latier method ewhbodies an clemeot of groater relishility than the
former. To quote from the paper:

“New desipna will conzizt tuther of modificationz of and improve-
menta on wheels which have been lested and found to be elcienl, and,
ag sneh, will be more certain of suecess thon if based wholly on
thearetical conzideratioma®

Mr, Mead, in the beginning of his diseussion, speaks of the difi-
vully of designing wheels to develop their hest efficiency under the
fized conditions of an actual installation, Heo says that he does not
helivve it is possible, withonl considerable experimental work, to design
a wheel “that will wogquestionably secnre the desired resulta under
actual operoting eonditions.™  The writer admils that the problom of
making o wheel to fit fixed conditions, withoul any leewsy, is the most
diffienlt taslk the designor haz to meet, bal he believes that, with aofli-
cient exparienca and o proper understanding of the work, i ean be done
without much uneortainty.  Tlge 50 shows the efficiency curves of
for runners of & new type desipned by the weiter for a set of fixed
eondilions. Thera was no experimental work of any kind preliminary
I Ahess four designs, whiel, although propared to meet the zame eondi-
tions, were radieally different in their details,

Wheal 1801 was desighed under the forma of o contraet which
requived the wheela to show their maximom efficiensy wnder eondi-
tiona which, when reduced to a hasis of 1 £t head, wore s3 follows:

Revolubions per minnte — 288,
Dhecharge — 485 cu. . per ser.

T,
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Thers 35 no more abselute way of speeifyving the performancse of o
wheel than that, g, 50 shows thal the eficicney curve of this wheel
pesked at exaetly the speeified discharge.

Trssrnueh as there waz o ]::rg__:l.': harus Tor t-\ﬁ?t'.immy HA f.]u‘lt (]iﬁ(‘h:ll‘g‘ﬁ,
the writer, being familisr with the loss of efficieney incidental to tests
af large wheels at Holvoke, wizhed 1o find ont whether the efficiency
abtained with the first wheel eoold be improved upon. Foer this purposs,
thras more dcaigna WETE [Jru;mrl_&l] HImu]LmJumlHl;.', and a8 much varicly
a5 was feasible woz embodied in these three additional wheels. They
wire purposaly made different from the wheel that had beor Lested
in arder o determineg if 78 conld be improved upen,  Fig. 30 also shows
the Lesls of (hese three additional swheels, 1828, 1838, and 1839, A=
may Lo chacrved, the efficiency curves of all these wheelz show practi-
cally their maximuom values ot the specificd discharee,

The weiter believes thai if results as precize as these can be
ohiained foor times in sucesssion under condifions as stringent as
slated, it mogh appesr thal no very eonsiderable slement of uneertainty
ex1slsE.

With referenee o Fie. 20, which Mr. Mead presonts pzs svidemos
in supnort of his eontention, the writer hag no hesitation in saying
that thiz iz an example of ioexcosably bad design. There was con-
siderable leeway 1n the guaranty, and the design of the wheel was a
simple matter,  The test, however, shows that the wheel was grosaly
OYEr capacity.

A grept many such instanees could probably be ecited from the
genernl expericnee of water-wheel nsera, bot they do not vepreasent by
oy menns the beat that is being aecomplished in turbine construstion
m Amerien at the present time.

In veply to Mre Fowski's eriticism relating to the amission of
detailed descriptions of the wheels and other parts of the turbane, the
writer would point ont that the paper was necessarily hmited in its
seope, [ was sddresaed porticulavly to turbine nsers, rather than
turbing designers, and the former are not gemerally  intercsted in
details =uch s azled for by Mr Zowsli,

The writer attributes the good results obtaimed to the correct
design of the runmers and guides and the proper eo-ordination of
theze parts. The mechanical work was no heller than wsoal, and, in
faet, the writer has very little Taith o the efficacy of putling a
high finish on the ronner and goides. TE 38 beae, of course, thal the
smoather the walle of the water passages, the lower the friction loss
will be, but the passages throngh the runner and goides are so short
Lhat the loss due te skin friction alone s very small in any case.  Tha
principal losses nre due to internal frickion or disturhance. In tha case
of these runners, the only fini=hing done on the vanes eonsisted in
chipping off the fins causzed by the clearance betwesn the cores. The
euide-vanes were finished ouly oo theie points of muotual contact,




Tl

Hi

T

MEJUESION 0N MODERN HYDRAULIO TTRBINES

333

FERFORMANCE OF FOUR SPECIAL WHEELS OF DIFFERENT

i

DESIGN_INTENDED FOR THE SAME COMDITIONS

| HOLYOKE TEST 1801
| 49" B H. RUNNER

EamaE

=
o
)
HOLYOXE TEST raza 2
. o 3 e B
45" FH, RUNNER [
=Ell 3 e i by 1
. 2~
P | Bl
‘ 2
— ! | | _
| [
! | ! o] '
- “ﬁ«\m
|, il i)
/’—F =
.f,..-- HOLYOHKE TEST 1838 = 9
403"/ H. RUKKER =
1 _.._I_. [
| = :
i L | | ' |
| . .
(B [T |
| | e | 1 | \
H_'_H..--""TF I . | | | '-'a-\“_\
|
HOLYOKE TEST 1839
BF" Ry He RUNMNER
|

M @20 oy s ar @l @ 6e

4 42 M dE 48
Dvigehapgo, fn Cubibe Tect ger second undoer 180 o at 85,8
I S,

M W2 55 O6 BS
Bav. per min.

.
Lnrner.



384 DISCQUESION ON LODEEN IIVDRAULLC TURRIN IS

M. ¥owski refers Lo the sudden Llorn of the woter in Qowing from
the puides inlo the ronoee, a8 shown by Fiee 10 If one imagines the
water to flow over the eders of the curl plate in o rvadial divection, the
condition would seem to bo very bad, beeausza the strenm would have ta
turn a sharp rvight angle, but, if one considers the true course of the
siream, which approaches this paint in an approximately tangential
direction, it is plain that the turn is net a sharp one,  The water
crossed this edge with o spival motion which cannot esuze any greak
disturbanee of the strenm.
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In regarvd bo the Buropean clossification of roooees, the weiter has
phaeryved in mony foreign toxthaols that the value of @ 15 Troquently
used for this porpeose,  Altention was ealled to thiz facl in support of
the contention that such o elnssification s uot always consistent and
never ghonld be replaced by the use of the unit-spesd method, which
is exnet. It was not elnimed that the otter method 8 unlnown in
Furope,  The writer was woll awaee that the method originated there
and the Foropean symbel, &, 18 referred to in thie paper.

The writer tokes degided issue with Mr. Zdowsky on the last atate-
ment in his disenssion, wamely, that it 18 in the hands of the
designer to have nlso with high-spesd Lurlines the Lest efficiency at
075 gote, if thiz iz preferable”  Fxperiments and theoretieal con-
siderations show that this in an impossibility if the opening which ia
termed Full gate™ s sclecled with ressonalle regord for ordinary
eperating conditions, 1t ean be done in the caze of typical high-gpeed
wheels anly by over-gating the wheel to a point whicl would never be
used under operoting conditions.
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Fig. 41, showing Test 1796 plotted to efficiency and gate oponing,
will zerve as an illustration, TIn reporting this test a 4-in. gate open-
ing was selected a3 full rate for the resson that, sz shown by Fig. 52,
the wheel mave praetically its maximum power at this gale.  Any
further opening would he over-gating, because considerably more
water wonld be uszed to obtain a very trifling inerease of power,  ln
faet, il the mates had been opened to 41 in., there would have leen a
loas of power rather then a gain. Under such cireomstances, 4 in.
should cerlainly be regarded as “full gate”

On the basis of 4 in. = full gate, the maximum efficiency oecurs
ab 085 gate. as shown by Seale 4. On the basis of 44 in. = full mate,
it oceurs at 0.75 gole, ns shown by Seale . The latter assumpiion
aceords with Mr., Zowski’s contention that the designer may make the
maximum effeiency oecur at 0,75 gate, but sinee it con be done only
by over-pating to an extent which would never be used in practice, the
assumplion is untenable, from the standpoint of the eperating engineer,
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The writer regrets that he introdueed the question of gate opening
in his paper in this conmeetion, beeause it s too indefinite a lerm
to be of mueh value. One man will eall a certain opening “full mate,”
and onother will call some other opening “full gate” There iz no way
to determine the point definitely except to define “full gate” as the
apening at which the wheel shows its maximum power. Thiz method
15 open to fhe sericus objection that in practice the sate opening is
neyer, or very rarely, carried to this extreme point, becansce, by the time
the peak of the power curve Is reached, the effieiency will be relatively
pooT.

Pereentage of load is @ muceh more ralional baziz fap performanens
guaranties than percentape of gate opening.  Full power iz readily
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e determined, wherens, full gate is not, Pip, 82, for example, shows

“ plainly that the logical position of maximum gate opening is about

4 in. Also that ®normal mate® is about § in, or 075 gate, snd a com-

parison with Fig, 31 shows that maximum eflicieney oceurs at 22.5%

lond, or conaidarably above normal load. This is the paint brought

out in the paper, that with high-speed wheels the point of maximum

officiency iz too near the pealk of tha pewer curve to give the hest
resulls, if the plant ig designed for 264 overload.
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