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USE OF £IR IN TEGTING IYDRAULIC MACKIVES

By C. Keller

‘ranslated from Le Senie Civil, April 30, 1928, Faces 371 - 574

3y D. J. Hebert

fydreulic turbines have tode- attaiqu suek a dezree of
perfection that importart ndvences seem diffictlt to renlize. This
progress ras been due nrineipally to the tendeneyr toward highesr
eresds which smone other advantares lomds to rnors conract coustruct-
ion. '

. In the modern high speed turbine the correct cshape of the
rarts thei are in conteet vrith Tlowirg weter ané the finish of the
.surfaces pley o considerably larger role than in o slower-npead
wheel «nd The importunce .oi this role carnot ta cvervantinated. “he
rdern vanes hwuive bHougoue ver sengitive to inuccuracien of ferm und
manufacture which iwmposes on the sagineer the necessity of Makineg
fuither studies of +tre narticulars or Tlow and justifies n rizorous
study of all the detnily. .

The most recent propress in the desisn of hydreulie
“wmuchiues has haan obtained by utilizing tue latest results of
oXvarirental hydrodynamics. -he couception of a "mean Ilow" which
constitutes the basis for hydraulie caleuistions is uot sufftieient
for ezplaining the more delicate sarticuiars of flov such as +he
inflvence of the boundary layzr and senaration, the importance of
wiich has been demonstrated by experience.

In neking o deteilaed stud: of flow phienonena the
enzineer prafers the procsedure of model testing. Up to the
present time the use of water for systematic research on the
elernents or on the agsambly of hydraulic mnchires vwas the usual
thin beecause water is the fluild whick wmresents itgsif to {the ming
of *h¢ lrdraulie ensineer end little uze has heer made of the lenow-
ledyre that liguids and wuoes act in an analocous mauner under many
congitiong.

wovwever, the possibility of utilizing & rus particularly
ailr, as the experirentel Tluig, offers many adventa~es over the
purely iudimulic method. . )

A new aerodynamic division Tfor studying hydraulie
turbines has Leen installed in the lebcratories of the Eseher
vWyss Counany at Zurich for the mirmose ¢f iuvesti,uling the
possibility of replacing water by air und detemtining the 1imits
within waich this nrocsdure is denendable. This ndw type of
installation yermits both n aqualitetive ani » gquantitative meag-
arexent of tlhe comrlete chargeteristics of* hydroulle nachinery




Just ns well as a hydraulic leborntory. The results cf‘completed
studies with air and witl water on the seme working models s¢Toe
perfactly.

Compared with hydroulic studies this new method of test-
ing has the advantage or faciliteting the moggurenant, at evory
point, of ihe installetion of the characteristic vmlues of the
machino; hende, preassuros, velocities, and veloeity distrilwtions.
The eccuracy of measurement is at lemat as good ‘as that obtained
with water and even bLetter when the ateady state can establish.
iteelfl instantecusly and when it een be maintained easily.

In hydraulic studies, the entire instnlletion end in
particular the medel where measurorents are desired. is situated
belovi the water surnce and this makes it -diffieudt for the dirsct
observetion of flow which is very instriuetive. This ig not the
cace for Installations using air. Zesides the operation with sir
1s much leas cumhersome thar wit) water .and this increases the
rapidity ¢! moasurements. :

«
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Aercdynamic ~“tation for fiydraulic Turbine Testing

In this type cf setenp & blower forces mir to flew
through the machine being tested or through o model wihich oXactly
reprojwes it. Ti. quentity of air flowing is measured uracisely
witi. & standard mecsuring nozzle. The hydraulician will have ‘
diffienlty in mokine use of air in place of water in a test set- ,
up bacanso he cannot overcome the idea of mir as an easily compreas-
itle fluic, whereas in the construeciion of hydraulic mhchines
liguids are considered inconpressible. On Tirst theusht air seoms
1o oinm Yo .be the fluid least indicated for replacing water,.
However, 1f one apnrosches the problem from the viewpoint of the
physicist or the aerodynamician, one ean see that in {the region
eongildered in nractice, the dirfsrences are quite snall and thet
ther~ is & precise numeriecal relationship for pressures and
velocities betwesn a liauid and e gas. ‘In setting uy the limits.
it is observed thet the compresgivility of air does not enter
thie vhenomenon in a troublesone menner, tnat ié‘to=say. on
determining the point up to which air ecan be treatod as e liquid,
it is sufficient to use the general equuation for the dynamics of
70388,

'his oroblem has Yeen treated in detail in the
"Sehvelzerische Bauzeitung" of October 17, 1957 under the title
"Lerodynamle Stations ror Testing Hydraulic Purbines". Tithout
renroducing this artiele here, vie will indicate triafly the
resalhs 2nd Lhe esgenbisl epnlications for the research onginsey.




As wo have steted, air in the recion whish interssts
us underpoes only insipniricant viricticns in density; dorine tre
course ol iis nasstasa ihroush ihe rmachine.

In Jernoulli's eqguntion:

+

2 .
D+ 1 LW T e constant

2g
the density'W/g of eir vuries but fortunately net enouph to unset.
calculations. Figure 2 shows the varistion in depaity of eir in
metion comrared to air at rest. for differont velbeities. round
100 meters per second {328 fest par socond) thip corrsciion is
only nbout 4 percent. Thus it ie nossible when velocities oro
rmuch less than this wvalue to asoume conatant density as in the case
of water in the continuity and energy gauetions. Tro computetions
show ihet the influcnce orf compreasibility of wir in ile formmle
Tor veloeity hesd is cven less than for the aquation of continuity.
Thls ean be soen on firure & whieh ~ives tha correction to bs
avilied to velocity head for differsnt veloeities. .ccordins to
the computation the velocity head of = cormregsitle pza at 100
meters por second {828 feet per seecond) differs only by 2 rercent
from that in a liquid. Trom other theoreticel cousiderations it
can be peen that the influsnce of the compressibility nf sir on
tre velue of 1ift coetficient Ca of B blude profile iz likewise
vory amall. '"hic coefficient is n very importunt char.cteriztie
in the desiim of meodern turbines arnd rumns. )

Thus the Aistruist professed ty the hvdreulician towsrd
usin: air tor quantitative measurements iz far foom beins justiiied.
The machanical proverties of this fluid for purposes of renlacement -
rorein vial muy be considered constant in the resion of overntion
apd cven un o 2z veloelity zhout 100 metere rer second (328 feet wer
seécond). Is there, then, any reason <o exyact Yat the thing which
veriss so 1ittle has a docisive eTfoct on the [low prencmena. on
the energy exchange. and on the verforranca of the rwueline? , .

Cris conelusion lims been entirely confizmed by serodvynamies
studios completed Jurinz the last few vears in ths Escher Lyes
laboratorivcs. The zame ywhseels orerating with air und trer with
walocr have shown a perfect identity of churncieristics s shovm on
Tiure S.

Lneerodynsmic stution ean be zet up in two different
uays. In the Tirst, repre-onted sehematicelly on fipure 6, air i3
drown into & closed svstem and finally diccharged irto the
etmosphere. In the sgcond, air iz fcreed under pressure- through
the turbine model beins tested and then trrouwsh the measuring
nozzle as shown in {icure 7. In ihe set-up czlled variation 4
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{fizure 6) blower {1) sucks air throigh the instellation and
filscherpea it into the atmosphere./ ~ir saters by opening (3)
anc ic delivered by tke distributdr to turbine (4) end then
Tlows into the stabilizing chamber (Y). From there it passes
throush the measuring nozzle (5) and through blowsr (1).  The
power developed by the turbine is mecoured by a hydraulic or
glectric brake. The elements from (&) to {e) figure 6 ere,
properly speaking, parts.of the turbine «nd the varistion of
pressure lg shovmn sebematicully from (a) e {g) on the granh
balow. oo . .

In vuristion I (Pizure 7) ie pumned bv blower (1) into
ihe volute (3) of the turbine, then pasaes inte stebilizing
chamber (5) sc that dimcherze can be messured by nozzle {6). The
letters have the sene signifiecance as on fifure 7 snd the vrqph of
prossure ie presenved in the seme nanner.

In all ceses it is necessary 1o insure tlsi Lhe apnroceh
of air to the turb*ne model Le vary steble. .10 disturbances in
the jet epproachin: the nozzle shouid bz nvoidsd becuuse thizs makes
for srrora in measurenent. Mhe nature of the studies to be under-
taken will determine the cholce of variabion to be used. The net-
up in wiich air is drevn inghrough the installation hae the advan-
tuzo of entirely aepcratingthe approach of air fo ihe model so
that there is no duager of disturbance at this point. Firurs 1
shiows & view ~f the Escher Wyss testing station agi-up on this
prineiple. ‘ )

The entire construction nay bs of light sheet iron or
ever wood. The suction pipe and the turbine surport are roadily
digsessenbled. Figure 9 shows ancther view of the instellotion with
the elements of the turbine designated by the derlaned portions.

The difference from fisure 1 is iat +the turbine in this cuse is
precaded by a scroll case. Air is drown in downvard ih*o the | wital
casing under the action of a tlower located on the left in. figure 1.

‘ “ith @ drop in pressure of sbout 100 millireters (3.28
feet) of water, the turbine model with eir will »ave » ruch ishay
reripineral spaed than & hydraulie modsl und this allows Heymolds
numbers of the samo order of maguitude ws in .the usual Lydraulie
tegtins stalions, The hydreulician accustomed to wverking with
heads of geveral weters at loast must naturaily heve to make a
definite affort to adapt himsell 4o working +ith only seVeral
erntiseters. Hers the wrototyne. bead on a turhine is remnluced by
a differevce of nressure between the entrance to ibe turbine (in
tigure 6; the surrounding ctmosviers) and the pressure in tne

- stabilizing chambar. For the nsual model sedle the wutput is 10
to 20 ch { ) and even mors. That 1.5 suy the power can
ve easily weasured with uish orecizion. h e .weasurement of oy
smell prezsure verietions does not offer any ifficultr in




rrinciple; thoss sre the problems of lLegting thal acrodynamice
tecnnique has wlieady solved. .

In addition to the memsurement of nower and performancs
which can he accouplished just ee in © hvdraulie tasting station
asrodynamic testing allows an sasy and precise measvrenent of ihe
pressurs variation at any wnoint in the installntion. This permits
the separase detemnination of losses in each elwient of the machine;
seroll case, rTummner, suction line, ete. It has sven been rossaille
tc measure accurately the distributlon of pressus eslong the llrdes
of a Laplan mmner-during overation. Such measursrents eanrich our .
knowledge of the Tlow around the blades and male 1t possibls to
see what is hemuening when the turbine is overating. It is posaible
in all coses to dirsctly obuerve the flow in all its verticulars,
its disturbences and Jocal singularities and this observation
alfords a nuwaber of advantares. Migure 8 gives the resulis of
meagurerents on & cylindrical section through the ~ri”l of & Kaplan
rropeller in motion.. "The distribution of pressures is shovm and
the effect of thoe grill can be deduced. ‘

A knowledge of the pressure Qistribution on the surfree
of the bldde for all conditions of ‘operation jurnishes a new mesns
for nredicting cavitation under certain heads. It is pcssible
from: the rrecsures measured at an aercdynamic etation to compuie
the pressures which will be produced in the vrotoiype functioning
with water. In the computation it is necessary to consider the
syoed of rotation. the model scale, and the speeific ravity ef
e fluid. It is understood that serodynamic testis will never
canplstely supplent water in cavitation studies tecause with
woter the occurrence of cevitation medifies the disiribution of
Preagule oi tho blade. 7These curves of ressurae disztribution.
nevertheless, ive the engincer ¢ wvery clear picture of ihe flow
around the profile and permit him to suppress the undesirable
points of low pressure by proper design.

Another advastane of merodynamic studies is that through
the use of Fitot cyliuders and spheres ™ which give un exact

F—— ¢ mmmn
For :jtot evlinders sea: £. Keller "Nouwvelles installalions 4!
eszals et travaux de rocherches receats don le domeine des turho-

compresseurs". Bulletin, Escher Wyss, 1935, p. 1586.

measurenent of the air velocities In ragnitude and direction. it is
easily possible te show the velocities at the entrance and .exit of
the runner or zt any other pcint in the turbine. The formation

of ~ir Lubbles and the forews exerted on ithe “nstruments by the
flowing weter render the use of Pitot tubee aifticulf =nd uncertain
in nydreulic sztudies. .~11 these inconveniences are done away with




by using eir in the studies. As Tor the measuriny instromenta
ther have bssn develorad for exnerimental sevodynandes end
indieate without 2ifficulty pressuras us low.as a few centimeters
ol watsr. ' : o : ‘

'

The satls*acnory exvamﬁumnts mads2 in thc acrodynamie
station on turbincs have encourawad us to extend this method to
gtubies of hydraulic s < Ihe then*atica] huuls Tor thess
atudies is ihe same as for studies PSﬂLhC'Lu witar by sir in
turbines. The set-ur in a closed cirewit (Tigure 10) hes been
susgested by Irol. Ackeret of the Folytecknic Zehool at Turich and;
vwag inspired by the variable density tunnels used in avisiion.
Fhe pwnp medel (2) driven by motor (1) ecirculntes air in:iend
of water in a clossd cirenit. The elr discharged by the munp
is mweasursed by means of nozzle {(6). "he yisld and the charsctar-
isties cof the test runner ars determined by the incresse of
prassure through the nunp impeller and br the ypower absorhed.
1The heat developed in ihe circuit ic dissirated by a radiater
{4). The pressure in the eircuit can he established et unr
value up to sevaral eirnospherses. 1t 1z .algo possibls boeause
of the closed set-up to use zases other than ailr and with a
differert viacosity. This =rovides a means for wvarying
Reynelds' nuaber, which pleys n declsive role in high specific
speeld wheels, betwesan extanded limits =nd furnishes precise
figures for extrapolstion formulas by which ecaleulation of
prototvps nerfurmance can be wade frov rodel testg. The us
of nigher nressures reduces the rslolive impestunce of 1n0vit—
able losses frosm turbulence induced by ths nefestnls oszd thus
inersagos the sceurney of rosguremsri. ‘% ‘ ’

o { { .

211 these rerfactions Jead usg o . forn 302 LHe LG Ious
avnlications of serodyramic stobtions for test J‘“ hrdraunlic
macines whers studies and observaticns of flow phenomena
under diverss ceuwditions of oneration sre ainsularly fmeil iuated.
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