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improvement be incorpcrated in their dasign.- Th- more 1nportan‘ featur
of the turblue setting auch aa draft tubes and penstock conditions‘near

e designs nelccted by, pilot testa in“h
if}"“ sively. Several other featuraa of turbiue design, including?
and fairwater cone were aleo studiedut d erminaftha"

cese, speed ring,

the weter 1avel about 35J feet above normal‘rivar level at'this point.

A pert of the: potential energy stored in th‘_r-sarvoir will‘he'uaa‘

. to pump-water from the renervoir into the Graﬁd Couloa from wbicﬁ ify:;_;ﬁxzﬂj;
w111 be distributed by gravity for irrigation end the. ‘remainder. o
be trensmitted as. electrical energy to varioua load pcinta. The two,

power planta will be located at the toe of the dnn, oue on aach sida' 

of the spillwey.



Each power. plant is designed to accommodate nine nf the 1argcat
hydroelectric. power unita eVsr built“ n point of capaeity. The unita

of water under the rated haad of 335 feet. ey R R
The highsst poasible efficiancy conaistent with simplicity and

naglected. Also there has been somo:questio ,aa to the:effect of

Powar Gompany to authorize a Sories of tesﬁ
the Alden Hydraulic La.boratory in 1921 % :Late

turbine runner,. culminated 1n the Lowar TallauSae draft-tub doaign

* ﬂcqnparative Tests on Experimental Draft Tubos," by C.:M.‘Allen and  ‘Qj;ﬁ"3

I. A. Winter, Tranaactions, A.S.C E., volume 87, 1924, p. 893. it

&% Studies conducted by I. A, Winter, Go T, Hornsby and R R. Randolph,
Jr. - unpublished.




The Lower Tallaaaee turbinas {36, 000~horaepnwer at 88-foot head), e
with this draft ‘tube, yielded an. efficiency of 93 percent under test
in"1930. Thia draft tube has been used as 8 basia for all Bureau :
of Beclamation draft-tube designs aince 1933. Studirs made on: spead
rings about the same’ time 8s’ the Lower Tallaasee draft-tub"' .
were being made indicated that turbine efficiencie‘f ,-be impry
by eertein departures from usual design practiéé'in he shaping;ﬁ
positioning of the vanea. e N F

power, The speed of this unit was to be 128 57 r p'm.w

of 1 to 24. This scale ratio was idopted‘ﬁf, ﬂ ‘considi
of the agcuracy of the. test results, laboratoryxapaca available, and

cost. The apecial methods and- techniques doveloped for constructing
the model, are given in ‘the appendix of this report. e




T a

The turbine feaﬁurea 1o bexstudiéd‘1n1£hiaus§riééidf\ﬁddélifésté
vere the draft tube, the speed ring, tha scroll case, and the bend in

the penstock near the entrance to the scroll caae. Other features, 1
;ﬂiﬁ  such as the. proportlans of the fairuater cone, tbe use of fins and
R vanes for the control. of power swings, etc'
inecluded in the original planau

featurea 1isted.: Experience has shown that the“proportioning and .

end the elbow,f In crder to make the draftﬁvﬁbe

nis suggestion was favorabl’ received ‘and: £he'dréft-ﬂ
tube studies procaeded on this baais.f"

substructure.

‘draft-tube models having a throat diamster of tbree inches, for the

gpurpose of aelecting two or- three of the more promising types"fpr

final oomparative study in the comnleta model.‘ For thoae tests, tha',ff"%; - §' i

flow conditions associated with 8 turbine runner ware reproduced by R



using various sete .of vanes’ which intreduced tha reouired spiral flow
Three draft—tube designs wereaselectad for furthnr study with the '
complete model turbine unit on. the basi ofkability. ) convert xinati

Grand Coulee installation.j Thsse tbree designa wpre raferred to as.

‘ horsepowar. The bpecific apﬂea for_these conditienﬁ"would be 34J£ﬂ

~ in the throat of ‘the draft - tube within the tast range}wa; necossary
for satiafactory nndal draft-tube parformance. Previous studies in.
comnection with decelorated flow, such as in dreft tubes and font.ﬁri
tubes, have demonstrated that thare is a Buddan dacreaae in efficiancy
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of velocity—hend rscovery whon the velocity at the throat 18 reduced j;f ¥

fost per second. A 1arger model wouldﬁ “ :"

shown - in figure l..
ghown in figure 3A. Tne arrangeusn‘t f‘or cnntrolling h

opsning. The laver could be securaly J:J.amped* ‘

edga of & mner ‘vane :Ln the centr&’l pl.ane of 't.he _urbine"%‘runner:as |

' shcmn in figure 2. With the grte——operating laver aet at t.ho full
cppen. poaition the . clear. opaninga between t.hs ga‘be va.nes were carefully
-meagured. A nerins of: ge.ge blocks of 'r.hi ckneas varying by :.ncranants
of ono-tentb from ‘sero to tan—tanthu of .. t.his muasurement wa.a made

“Tor nqe»Ln gradua..ing the quadrant. 'I‘he gata vanes: were cloaed dom :

-







on ench gage blook aucceaﬁivaly and the norraaponding POBitiOﬂB of

‘the shift. lever were narked on tho quadrant._ Thene graduations, ﬂ,_””".ﬁff=

although not neceaaarily the sume ap those on tha prototype turbina
gates, were used aa a basis for coordinating tbe modnlkparformance
deta such as po-er, discharge, and afficiencj.

The turbine aaaemblY’was mounted on & ateei%'h", '”
ghown in iigure 3. . e ' '

TE"TING mmamm'r

The. arrangemant by whlch watar was cirrulated throug the mndelr‘
under the desired hedd consiatsd of an Suinch$certrifug&l pump, head‘

operated with air under preasure above the; ate

cushion. The difficulties anuountered in m intalninw‘a‘constant*head“‘ s

was grester. Two additional sectlon were:

s euuipped with a; bellmoufﬁed—entrance pieﬂe designed to glve |
apooth flow and a- uni‘orm velocitj ﬂistrlcution. This short length
of pipe wag later replaced by a comp;ete sc‘le model of ‘the. Grand
Coulee penstock ineluding the bend adgacent to thﬂ acroll-case

entrance, aee arrangement No. 3, figure Lo Letar studies ahowad




FIGURE 4
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that the panstock band had no ueaaurnble affact on the turbine

efficliency mo the: aubatituxion of a short conduit for the actual
penstock was: admiasible for studies of turbina alements locnted

downstrean from the - ncroll~case antrance such as the draft"ube_nm

gpeed Ting, and.scroll‘case.; Tha dr“ft'tube waa connected to the"

removed. The tailwater box was‘ nade approximately twofféet widsr

in width, and’ then over a rectangular

length, =and back to the. sump for recirculatlon.

TES‘I‘ING Appmxsms
The efficiency of the model: turmnp; ‘

index of performance of tha varioua turbtﬁ elemants,iﬂ

of both head and diacharge.‘ The discharge‘waéldéﬁermine by maasuro—iv

two feet in length.: The wexr box which“was"abricate

to pieuonaters located on both sidea of thf weir box at a d .t
upatream fron the weir equal to approximately fourﬁtimes the depth

of water over the weir at normal model discharge. The head over'the :' ;

welr was taken a8’ thq‘average,or‘fivgﬁreaq;ngs_pf,the_poqugaga;maﬁof;ﬂ




at intervale of 30 seconds. The discherge mas computed by the Francis -
formila, B e e

smwmY
T W :

in which

The datarninationa of discharge made in- this;nnnner ‘weTe. ouite -con ‘_ff*3
sistent and, 1t 1s believed vory nea“ly accurate.;i’f” s

in xhieh o '  ‘ ._J.discharge 1n c. f 8. as. leaaured hy the wair,
" net. head ot the turbine e emd

~weight of one cubic foot of . water.
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The deternination of brake horbepower involved measurement of
epead and torque.- The - arr¢ngament xor measuring tha tsrqua and
contrclling the speed wag . somewhat involved A variable-speed;h
electric dynamomater aould have boen 1dea1 for thia purposéfbut it
wag not nvailable. Instead, 8 3—horaopower, 220—volt, 3~phaso,
60-cycle, 1, 700 r.p.m.‘induction motor was used.‘géy cutting four j:ﬁ
slots in the rotor, this mctor was made to‘synchrﬁnize at 1 800

T,p.Mm, for loads up’ to about one horsepower hie iwné not quite

enough to hold- the turbine down to. synchronouaifpaéd at the 1arggr;”“:" =

gate openings. The turbine would . drive the motor beyond 1, so‘f
r.p.m. by en amount which could be determined by th’"humber ofpole
slips per minute, each pole alip betng aﬂual to one—quérter; evvlua‘
tion of the motor. ‘The pole slips were indicat‘d“by anVaﬁm‘ 9
connected in the motor leads.__‘-*’-“ S

In the first testing arrangemant the motor was onnected . tofthe
turbine shaft through a set of speec raduction gear “guéhﬂthat théf
ratio was normal¢y l 800 to 6 0 but‘could beAchanged to”varioué‘ £har

pressurs. After the proper model speedrbfféjo‘

had been. astablished the original réduction-gea systen. was‘replacpd
by one of constant -speed ratio into which ‘an absorption raking ystem
was built to reliQVe the load on the,motor and eliminate‘ hepo.
slipp=ge previousiy- mantioned. The arrangement of the brakin sya@a
1s ghown in figure 5. m e e e

In messuring the torgue aeveloped by the turbine runner.it -aa -
desirable to eliminate all possible running friction whlch might : :
introduce error in the data. Thiq was. accompliahed by including in Lo

"
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the power~absorption unit, or dynanonetar, all guide and thrunt s
bearings and all running friction.; The' dynamo-ater, eonsisting of f:‘
motor, gear box, and the extension;iubo which aupported.the_runne‘
besring, was’ supported on'a large. radial and axisl thruét ball bear—
ing set in the upper part of ‘the. turbine_auppcrt caating andywas;held

in a vertical poaition by & smallfradialrﬁall bearing nounted~

op cross member of the model . supporting framel'lgure - Thi

ment permitted the: dynamometer to floataon itéibeariyga uninrluenced

acale baam with movable wexghts‘ Every _reoaution :

* <hat it was: naglected., The least count of the bean'wasi")_
aor approximately 0.10 percant of the torque developed at :
foutput A photozraph of scale beam 1a shown in figure BB.“ !
With the speeti held constant and the torque deternineﬁ &
Li&nt,‘ the brake horsepower wes computed by the following fornulas

-

‘Brake horaepower (B.H P. ) 2 TH “ ‘\' - -_:'(5).-f:
_ L 332,000 Sl

R T




where T /> torque tn rbét‘-p’}mndé':fana';;,_

N = turbine apeed in T-p m‘”"'_. e

The oi’ficieney of the turbina ras. then obtained by t king the retd

B.H.P. to W.H.R. from enuations (3) and (A

To f&cilmtate comparisons of performance”for:the wvarious dasign -
of each element ths datp werw put 1n graphical form b plotting“

 £011uwing equation may be 'rittengwj_;a”M T

(B.H.P.)2 = Ea (W.H.P.)a ,_= E Qa Hy
.(B.H.P..”-)m Em (\v H.P. )

It was aesumed that at 8 givan ‘te opaning the turbine acts as a

- orifice for which the relatinnbhin b»twaen discharge and.head may be

expressed as Q = k \/°H. Inserting this relatiunship and the fbct
. , that efficiency was. coustent into. equation 5 gives the ;ollowin
expressions ' ' .

{B:R.P.), =(ng) (u_‘iﬁ/z R .  (6)
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ADIUSTH?HT TESTS
The. model turbine was designed a5 carefullpwss possibler;owxaiVLVH‘
B of 0.70 tut to ascertain that best efficiancy idJoccur_atf;hia;
value of g 1t was necesaa:y to'make pilot tests wifhﬂiarious turbin)

speeds. This proceoure is customary pruc‘ice in. turbinefdesign ‘where.
a small-scale model is built and. tested o chec theffalaution”br"

velua of @ is c. 699 which ib very close“t_fthe desicn valup of O 700
which, based on the design head of 13.36. feet, curr= nonus to a

model. speed of: 630 Tep.ti. ‘The. aecond reduction-gear deslgn in: which
‘the turbine operated at a-fixed speed was, accordingly, dasigned to
hold the turbine rumner at a speed of 630 r.p.m.

19




DRAFT—TUBE uTUDIES

_ Whlle the mpdal of the complete turblne unlt fo fGran gCoulee
Power Plant was under construcnlon a serlcs ol tests* n's 11
models of’arart tubes w S carried on 1n an’ open flum  fo‘ the

angles from 00 to: hS_.  Paint testu,were made 0‘“

the flow cbaracterxstlcs. These models were mdde in- tw

“in -the “hydraucone" caveloped by ﬂ" _
'Company, the oodv spreaalng draft tube ceveloped " L

_ Alebama Power: uompany for thu Lower Téll¢ssee turblned._

*HydréulicﬂLéBoratdrj Reoori }o. 18 - "Progreas Repoxt on’ draraulic:rn

Model Experiments for the DeswLn of Turbine Draft Tubes for the Gr¢nu
Coulee Power Plant" by L. k. Winkelhaus:and G. J. Hornsby,




impoasible bscause of certain inherent limiting concition

not be entirely: overcome. These condltion& are frictlon al ‘g ‘hé

_wetted surfzce: of ‘the" water pas;ages, vis"f. ‘ ,
ulqasea. and maldistribution of flow at the 1nlet and outlef ends of:

the draft-tube. Aseumin no internal losses and uniform distribution‘ffﬂ'-l-““

of V@locitiea st the inlet 'nd outlet of the draft tube, the amount
of velocitj nea& converted in the drﬁft tube will be the 1nlet velocity
“hesd minus the outlet velocity haad The straight conical draft tube




ia believed to. mest. meat neerly the eonditione of theee assumptiens.gi
Friction .can be minimized by making the eurfecee ee:enooth ee :
practiceble, eddy loeses eAn be reduced by streamlining the passagea
end controlling . sactional areae for gradual changes in veleelty.'ﬁrhea"’
design of the tureine runner contrels the flou conditions at: the inlet
and tae outflow conditions &re controlled by tho general sbape ef the’
draft tuds. Viscosity is a characteristic propertj”cf 'th 'fluid and
1ts reletive importence i" the draft-tubieaction ‘e‘an"'verse function
of Reynolds number. Due to the latter rel&tionsh ﬁ'it ' '
that the prototype will be more efficient th'“ : '

whieh 15 a function of the medel eeele.;m;k,

ffectiveneﬂs of the druft tube._ In prectice,

.within ths - dreft—tube models.h A descriptioniof the*metariale nd

Severul test runs nere made on’ each,of the thre d £ tube modele :
over the r&nee of gete openings ordinarily used in por”r-plant eperetion.F”
The tests wers meee with conetnnt turbine epeed enn w1th the heud held
-'ea nearly conetent as precticahle. The data were then adjueted to A ‘.ff‘
compon head correeponuing to. the design head en the turbine and used.
to ccmpute the model erfieieneies. Relative efficiency was plotted -
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againat rolativn output 88 shown in figure 13. The curvea aro of thn
same genersl shnpe and they shaw that poak efficiency occurred at N
approximately 0.35 gate or best, gate for each of three models  ﬁTha flat—
ness of the curves indicutes. that the dra.f‘t tubes all peri‘omed “'_'iell
over a wide ‘range of gate openings. The test .md check points were
quite ccmaisteni, being on’ the order oi‘ 0 2 percent plua o'i'fminua.

pose a coniesl draf‘t. t.ube dosignated as master, '
shown in fif'ure 14, . v.rns included in the tesus._

compared with that of the conical draft tube‘_.ns shownrj_., figur e
The turbine aff‘iciency with each druft. tube :i.s exp ‘ 'ss"‘

93,0 percent. By comparison, 't.he Gremd_"Coulee turbines should give'
excellent ﬁerformance so f‘ar as the draf" ,obe :la concomed' ‘

Another cri'terion by which thp peri'ormnce of similar‘draff tubel
may be judged is t.heir effectivaness in dlstri}mting the “lor unifomly
over their exit sections. For druft tubes hav:l.ng CDmpd.I‘aDle exit ereaa
a.ny parameter which expresses tke un:.formitj of exit velocity distrim-
tion can be used to express the comparat*ve .ecovery efficiency of tho

29
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16.88" = =-mm

.’Voxe cone: of No 18 gage gawamzed iron”
with segm-on outside, Fill-joint-on-inside

“with solder and grind smooth. .Jmf dimensions
shown in parenrheses

GRAND coun_ss MODE:L. TURB' NE
: B GONtOAL DRAFT‘T!.J,-BE X




gdrnﬂtftubes. Velocity measurelents were made at thawfxit nection )
“tha" three draf&-tube modsla with ‘a. direction-findingrpitot pher with -

the ‘turbine- operatlng at best gate ‘The Tesults. are flotted in fignre'
15, The: velocity traverses 1nd1cate;that tho“” (

coefficient'
draft tube;

he s e i valy f-;_his coefficient i
were - obtained By graphical integration n are a, fo11ows :
’Tallassee.j 13, Grand Coulee” 3f‘ ‘  : et Im‘ ‘ i
the Lower Tallassee and Grand Coule mode: wer'fpractihally qual
the standpoint of abili y to. distribute.the flow uniformly'ove\H“
exit section. The coefficient of the Norris tube uaa'nou evaluated”

‘because thae exit. area dif‘ered too much from that of the other'two ; o
tubes for a- valid comparison by this method







T

_edge of the runner band: to determine th-.flow chqragteristics

- Additional maaauruments of veloclty were mada on the horris and L
Grand Goulee modelb only, at a section &.5 1nches belom the dispharge‘ _;

Sre

ot

inlet of the draft tube. The results of these tosts are.shom an
figure 16. The similarity of; these curVea indicates»that the ‘_"
pattern £t the: draft-tube entrance ia determinad by the turbine

runner, as. previously stated, ratner than by the drnft tube-

!
kS
¥

PENS’I‘OCK STUDIL.)_

The initial test program incluned 1nv tigat ons of the effect*
on- the turbine: performance of- suchﬁ hut—of dev1ces:d rin‘?follower

D S NI P TR L

gates, ueedle valvea, butter?ly vulves, etc., in the penstock near

the ncroll-casa entrance, but before theae tests were' turtnd tﬂwaaff’

dea*gn and these 1nvest1gatious were nct made.ﬁ‘Tha penstock

a .
) ok st sy e s e e

seroll case as shown in figurp 17.; Therpossibility that

e G kT

investl gation. - T
It is well known th&t LS oend in»

distance beyona the bend._ Tests were mﬂde to detérmihq.whether or"jf j;_ Mﬁ¢
not this: condition would continue into;the scroll case. &ndﬁaffect;thef“;fjf-.w

performance “of" the turbine."
The. head tank was moved to”sccommodﬂte tha penqtock design‘ds

,Faﬂ*e were mede

proposed for-the prototype. The revised arrangément is showﬁ

figura by (arrangement No. 3) end in figure 17.”"

to determine the model perfcrmsnce nith the revised penatock.

_comperison of the performance curves with thooe of the short penstook.f3 ;,u-Qﬁ
showed that’ tnere ¥a5 10’ Blgnificant differenCe &ttributable to thg e
presance of the penatock bend. _ | iy

V°1°¢1ty meaaurements in both penstocks near the seroll—case f B e ?{
entrance failed to-disclose any offact of the bend. : e ‘

34



Yew Loy

‘GRAND COULEE DRAFT TUBE

VELOGH'Y TR’AVERSE'S AT THRQATS OF DRAFT TUEES AS
_{ MEASUREQ WITH A PITOT CVLINDEB' VELOCITIES IN

Y S B DN o PR W Y







In the light of experimentnl data coﬂcernlng flow conciiibﬁs5ih;‘
pipe bends at Lhe tlne of these tests the iact that th ;bend made noj_
dJscern*ble difference 1n the flow'conditlons at heventrahce to_the‘f ‘
scroll case is. somewhat surpr; 1ng . The . exnlanation may. llefin‘:He ;7jﬁf
fact that the penstock Wﬁo 18 fuet 1n iametnr;nnn tbc scréll-caae
entrance wWus 15 Feet 11 dlameter necesqntating conver‘lng bend
instesd of one of 'conotant cro°s—scctlonal srea; an
the dlsturbdnce of flow apnroaches a mlnlmu as’
bend &peruChEB zero, and it nay bc th Y 1he smull angl*lof 20° 32
dic¢ not cause Lnouph oisturbancc tdua fect theinerforhancc of the.
model to an awpr»cxable ezieﬂt No aiiort was made to measufe the
actual head loss 1n the beqd. “ ~».

| - aeR OLL-msz AT S aPLI‘.J-RI’\IG .JTUIJIES S ey
The function’ of the scrol1 o wn connnctlon w1th_u wuter 1urb1ne;?

is to ulstrlbute tne water qualls«aroanu thc ncrinherv 6f'the turblne

that “
acroll-c L5€ ces;gners hdve'cllferent thoorles ior accomul;shlrg ‘

_this object;ve anc ulthough these Lheorle

other theorles. mhn theory‘aaopted forrthe oeelgn“f the model wroll

case is based on thc lav

constant, -
is tne raC1uu frem thc dxis of the rJnner Lo the center o? FraVlty
of any radial section of th JC“oll Cdae, ang V lu thc NCdn valocitv 1-'

normdl to that. oection.




Ag 1t ‘was not known how effact1VQly this acroll-case wculd
distribute the. flow to the runner . and ‘a5 the flow distrlbutian wo'
'- certain1y be reflected in.the performance of the draft tube,rit

congidered advibuhle to maue Bome. tests in this connection:ﬂ
arrangenent used 1n the velacity—dlstrxbution tests ia shown in

~ figure 18 and the - results are’ ahown plotted'in figure 19.h1Mea8uTem3nt‘ifg

were made at four pnintu uround the circumferenbé of the runner,and{’r"

in three rotational planes as indicnted in7 igure 18 ﬁ?The instrument 4
used was & ﬁitot cylinder havxng hree openings 39 5 degre “‘”" '
The threa openings were each coﬁnectad to u, mercury U—tube througT:?% ; 7
smell brass tubes and rubber—tube connections. .ﬁ'making measurementa,cj;
the pitot cylinder was rotated "ntil the two outside U-tubes *ndicated R
ecual prassures, establiahing the direction of flow. :Tha differential
between either of the outsxde holes and the midula hole together_with
a calibration. cuefi’icien‘t indicataa the valoci‘ty." -;'The_k_veloci'biee’
each station nnd in e&ch plsne, with the turbine mode.‘opefatin 8

best gate (0. 35), ere plotted in figure 19 heﬂvelo ty uistrlbutioﬁa :

slight diatortion.‘ The «verage velocities t: each 'tation for vsrioudl;;Ft

phencmena as the variation was not sufficient to’affect,‘he requlﬁs o
of the draft—tube teats nppreciably. Thase tests were made using tha
conventional speed ring.- P "_ : ;, ]"f 'iﬂ ‘ﬁlgﬁgyf‘ g

The apeaed ring in e hydrwulic turbine serves primarily as a o “
. structural wember to hold the seroll caue together and, in o vertical
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turbine, to eupport the: woight of the generator. Since it ia e
‘necessarily in the path of flow, it must be desxgned to ofier the
least possible reuistnnca i high turbine efficiencies are to bei
reslized, Prev1ouq studies* concerninu the effect of &

design on-turbine per*ormance havu indicuted that‘the conventional__”:;jiﬁ,

design may be improved by 50 piacing the vanas tha.;the'.will conform
more neerl to the 1iueb of flow Paint tests on the spee T

- the Grand Coulee: test model figure D,.showed that the vaneufuid ‘
not conform to the ilow lines. A second speea—*ing model was maqe as

Bhiown in figure fl, with vvnes bhaped to conform more nearly:to the

flov lines as deduced from the paint tests. TFigures 20 a.nd"":.l_“"abou e

that there was: very little imprOVBment and;figure*22 shois‘that no.
appreciabie change. in- efficiency occurred.‘ i i
The flow lines of nater in acroll casas, esuecially th se

circular crogs. secticn, are very complex.» Paint tests °n,the;m0&el o

welocity squared divided by | 2g times the radius of curvatur"of the

- path, Friction acted to reouce “the angular velocity oi 1he fluid infﬁ Ly

contact with the wetted surface cf the scroll with o consecuent

“reduction in 1ts, centrifugal forCe._ ‘The- velocity At the center of Aﬁzﬂf.“

“the- section for any eiven rydius, being 1east effected hy frintioﬁ,';.”"

‘reeched itg maximum vulue. Thereiore, the centrifugal force 'in thisi
region was greater “than that ‘near. the top ané bottom surfaces of the-
racroll. ~The water near: the centexr: of the svcgion tended to flow

- ~

o 'Applicationa of Hydraulic.Lahoratory Ragearches,' by 1. A. Winter,
A, 8. M. E. Transactions 1931, wol. 53, HYD-53<4, pp. 27-40.
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outward and- that near the top and bottom tended to fluw 1nward_‘ﬁ o

toward the spoed—ring entrance._ This reault : bl )
being counterclockwisa. The convergence of th“ C n e g
directlon of flow and flow of part of the wnter through the Bpeed ring,‘3; .
acted to retard the outward °°ﬂp0ﬂ@ﬂt,0f Velocity and tha renultant S f%{ R

velocity was naarly tﬂngential in th%'central reglon of the soroll C&BG(E':Ttﬁ ;

For this reascn the vanes in No.;z spee fing were _esigned toj’pproachfijf; f??:'

the tengent at: the central saction and to dpproachuthe redial at the

upper. and lowar ahrouds, as shown in figur 2

altered the velocity distribution.‘ The scrallﬁcase being diviaed into
two parts, the flow iﬂ each part behavgd La”it””'” get >

secrolls. Each part devaloped a pair of apirals rothting in oppoait¢,

" seroll case.

TUHBINE%HUNNER AND FAIRﬂATER»CONE STUDIES st

i
;
:
H -
.
4
3
!
.
‘B
[
-
!

A paint test was made on the runnor and fairwater cone to determino o
the flow lines through the bucksts an& on the cone.. The reeults pre
shown on the photographs, figure ZL. Ihe general pattern of the flow

45
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FIGURE 24




EY

lines indicates that the flow through the runnar znd on- ‘the runner SRR
cone occurred as anticipated in the. dasign axcept noar the runner band.‘,,f
It 1s belleved that the narkinga in this rogion waro obliterated by
the gate leskage after: the gatoa roro cloaed and bofore the water:_“
could be drained away from the runner. {‘:' "‘-_“' ﬂ T

Tests were made to dctermine the relative effoct of vnrious
falrwater cones on the porforuance of the turbine._ Fairwnter oonos of
various proportions as shown’ &n figure 25 were tested No. 3 being tho
one originally doaigned for the model runner. The rosults arc 5hown SRR
plotted. nondimensionslly in figura 26. Cone No. 3’ Tesulted: in- highout e
efficiency tut the turbine reach@d ita highestupeak horaepower autput 2 
with no cone at all, -Cone No. 2 L&Ve a reduction in both the affieiouqy’fr

and horsepower output. The reauction waa doubtleasly due to the restrie—

tion in area at the out{low of the tn{bine runnar due to this cone.; j”;:L

INVESTIGATION OF DRAFT—TUBE DISTURBANCES " f'f'
The tranSparent draft-tube modela uawd in the teata made

to observe the behavior of the watar aa 1t>discharged rron th runner R

and passed through the draft tube. ‘When a ‘small. nmount of,” r. s

admitted into the scroll case 1t was noticed thaﬂ the air. col

below the runner fairrator cona in tha form uf L Lng. vort

extending some distunce down. into the throat of tho draft tube Tho :

speed of Totation of 'the Spiral was relatively slow at amall gate_:,jg’:“"

openings and increased with the’ gate opening. Also the pitcb of tho

apiral decreased as the gate opening increased. Tho aotion was most

severe between 0,1 gate’ ‘and 0.3 gate. As the tail of the spiral

passed any given point- ‘there aeamed to be praasura Burgo and a

listener could deteot an audible swish. At gate openinga greator thnn
Q.4, the frequasncy of the aurgea was 80 high that they wero ‘not readily

detected. 5o far a8 could be determined on - the model this phenonenon

did not affect the torque devaloped by tha runner. Q\{ T
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The spiral vortex ‘assumed varicua shnpoa, depcnding upon gata Lir TR
opening. At small gate openinga, ‘the ahtpo was something 1ika - carrbt'ﬁ‘ o
‘twisted into a corkacruw apiral louaely aitnched to the tip\”f;thn '"”””* 

" fairwater-cone and swinging rather 1azily around in the conical Sectionii_f
of ‘the draft tube. As the gate opening incroased the vortex whippod _€   ‘
wildly around until: the gate. opening approached that of best turbino'

efficlency (0 35). Then it straightened out .and’ aasumed B ahapo
aimilar to a loosely twisted wisp of strings hanging vertlcally
downward.
the direction of rot ation oi the runnor. At 0 5 to’ 0 6 gate, the B
stringlike vortex again aasumed the spiral ahape and whipped violently
around, still keeping 1ts slender proportiona. At approximately O 70 e
gate, which is beyond the gate for maxiuun horsepower, thefvbrtex“”ﬂ“ L
virtually diaappoared._f SN _fi ' ;' ' '

Motion pictures of this phenonanon wore‘takon on. 16 um. 1 e
and placed in the filaa of the hydraulio la_‘ratory forlfuture”rafer .

- Power swings, or pulsations, have bean a aource ofﬁconcern to .
operators and engineers ever aince ebout 1912, and répﬁrts received
from the field indicated that. sons uf the Buroau operators inrplanto i
such as Seminos, Elnphant Butte, and Boulder ‘were | experiencin{;truuble RS
of this kind. There is littls literature on the subject but ‘the con
sensus of opinion seems to be that there 15 a relationship befween | m"
power swings: and drafttube disturbancea. A paper by Mr. W. J Rheinguna*,,
together with digcussions, goes rather deeply into tha subject but doea :
not offer = definite aolution of the problem. ' : _

The laboratory nes - not equipped to make a complete inveatigation fix‘
of the problem but attempts were made to deviae somc means - of breaking
up the vortex in the throat of the drmft tube -in the hope that this
would either eliminste ‘the power ewings or at 1east reduce th.n to _
tolerable dimensions without m&teri&lky affectlng the horsepowor snd E
efficiency of the turbine. |

* "Power Swings i~ Hydroelictric Power Plénta,"by %, J. Rheingene,
Transactions L.SCHOE.' vol. 62; 1940’ P 171-184.
51




Three types of eorrective devices woru studied. Firat, fins
were plaoed inslde the throat of the draft tube; aacond fins were

attached to the. fairwuter cone; and, third vanea radiating from a

contral mb under the runner wsre anchored to tbe wall of the &r&ft .
tubs., _ _ : - el Sa S

The dimensions of the draft~tube fina were O 10 inch by 0 25 inch
by 2.00 inches. Five of the fins were positioned in radial planes
equally spaced around the znside of the drurt-tube throat, bebinning
in the plane of synmetry of the ﬁraft tube on the downstream side.=~“
The 2.00-inch dinension extanded from the throat flanﬁe downward in :
a direction parallel with the turbine axis and the 0 25—inch dimension |
extended radially inward towurd the turbine axis. There appearud to

be a tendency for these fins to confina the spiral vortex into Slightky
closer 1imits about the axis of the turbine~f%
would straighten out the: vurtex filamantsa‘;

cauae the discharge to

flow in a more nearly vertical direction“and hus diaruptt he'spir&l. o) %f

There were no visual. indic&tions that. ih_ 'as accamplished
efficiency and horsepower of the turbine'wera not affected. _

The second type of corrective device conaisted of finsﬂplacedﬂon = "
the runner fairwater cone., A faxrwater cone with fivebradial '
shown in figure 27 was" triad.‘ Thess vanea not only .ailed‘to_br u
the vortex but resulted in B appreciable decroase in the efficiency'
of the turbine, A fairwatar cone. with thrae vanes placed spirally ai

shown in figure 284 was then: tried This also reaulted@in'”gloaa in

aefficlency and peak horsepower. Neither of these device ,effectively f’\?"

eliminated the vortex. ) WA SRR Ly B R R
The third. type consisted of streanlined splitter vanes extending
redislly from a central hub and anchored to the wall of the: draft-tubo

throat. Two sets of these splitter vanea of sonbwhnt similar design,
and referred to as No. 1 and No. 2, were: tested “The: hub which formed

an unattached continuation of the fairwuter cone, was hollow.‘ “The .

three streamlined vanes radiating from the hub weve also hollow: and ‘i‘ j -

52
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ware provided with holes along the aidos for blemding air into thi h
water to prevent pitting on tho vanoe. Photogrnphs uf thase-splitteru

are shown in figure 285 and Co
The splitters were tested in two positions

the flow in the: draft tubeam The first positicn wasuwithione

of the draft tube. The soeond position waa with one 138‘back,‘°r up;‘
stream from the. direction of flow from the draftg"” " \

draft-tube throat but almost entirely disrupted it. ] ‘the
- splitters appeared to function as &'flow. straight ) to;diatribute ths
flow more uniformily over: the exit scction of thé“lﬂ__ tube at :
gate opanings. In other wcrda, the tendency of fhevflow4to »witc?
from one side .of - the draft—tube to: tho other as therkateﬁopaning
passed through that af bcst efficiency uas eonaiderably reduced

poaitions, S
The tests’ Lndicated that splitter ﬂo."i ”\\ re-efficien”.

No. 1 and that the rosition with one leg: to. the front, or dawnatroan, il

W8 moTe offective thnn with the log to the back, or. upstream. FigurnQ 
29 shows in: nondinansional foru the relative effect of the Bplitters
-or-the over-all efficiency of the turbine.: The relativa valuaa of
nfficiency end power output are basad on’ the output of tha turbine

without the splitter. It'is appsrent that the splitter will increano‘

‘the efficiency of the turbine ‘oYer the oparating range of: gate npen—
‘ings, but with e sacrifice of peak power output. This s probably
due to a reduction in diaeharga capacity raaulting from constriction -

of ‘the effective ares of the 'ater passage. o
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7.__,-—-—--6—-—-- Wﬂh sphh‘er leg: lo rear

'MODEL TURBINE PERFORMANCE AS AFFECTEO !
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1, nt.rbduc’ﬂér.".‘ The doaig‘n md ‘_ conatructicm of‘ the

cana‘hruction of the turbine mdel with appurtanances called i‘ar akills, :
techniques, and nethoda outside the i‘ield of uaual hydrnuL.c 1&bor¢tury ;
practice.. The faaturas requiring spectal skills, techniuues emd mat‘xods

were as follawst




lﬁ;f The turbiue runner and wicxe* gates.-

The spead ring.rw

4. Casting. the turbi e wicmetzg&tas andwrunner. 3;f l';

various mathods of oonstructing thea

the Syracuse Smelting Works. This metal waa Belebt”:j
low melting point, high tensile and c0mnré§s v n

portion of the mold nas Kept comparatlvely cool
vane casting entirely'frse from dafects."

exceedingly useful in casting the turbine;runner~ ndléﬁeé&{fi&éé‘




The mpld for: eaating the turbine runner shown in figure:LAwas
far more involvad. First, the mold had to‘be@désigne and castin"a
 had to be mde ina local foundry. " The”

or cover, pl;te. The m&terial adle “e' for

other aegment was carved in exactng > same manner
of & turbine vnne._ The carved‘end ofrth egment
thin coat of ahellac.‘iV

The mold waa then Bet up for casting”:h”;“unner..rFirst the

rold. The mold was tho'oughly cleaned an{jt'e“dental plaste~;cores :
were stackad 1n place 1n the mold us shown iq figura ZA.P¢N6te tnat

& 8m&ll notch: was cut in one of the cores to provide a place to pour
the molten metal. The jalnts betneen the .cores’ provided sufficient

ventinb for the gaaes to: eacapa. Tbe cover plate waa then oolted

o

down and the mold was ready for pouring.




CFIGURE.IA

- TURBINE RUNNER MOLD = ' .

GRAND COULEE DRAFT TUBE MODEL

-> ..




- ;:‘_ Remasr wold Rumner juat out of mold




Befors pouring the matal the mold wasf:eated up to about 300°
to prevent chilling the matal. The cover plata_waa:then haated up toi:

necessary. The finishea turbine runner with
shown in figure AA.‘ ; '

5. Castiny the speed riuo :.The;metnoq‘and techniaue uaed in
casting the spe—d ring were the aame as used;ln caating thef:
runner. . The mold was of 0ﬂat iron'machine ;

for the upper. and lower shrnuds'_

ing, with two. extras, are’ shown steeke ;Cbottcm side u :‘n‘figur_lzk.
The complete mold -is shown in half plan and sectlon in ‘the uppar .
drawing, figure 14, : R




FIGURE 3A

A

Maie 3-fo'r:Io'w‘e'r',fﬁ_r‘j‘_!‘fﬁ

Female for Iower and upper-.x

.

~Maie for UPﬂ:ékﬁ h..c.;].f"l.‘u

DRAWING AND FORMING MOLD FOR
PLASTIC MODEL SCROLL CASE

GRAND COULEE DRAFT TUBE MODEL TESTS




6, dc“olltcaoe and draft-tive moﬂela, TheA n

tube models, be1ng nade of transpa'ﬂn"vlautl

verheutbd lt tu“ned un anber
Also it woulc brlnk anu ;ose

months dfter formlné. Ldter,

and storafe space. The rale :alve'

near one ol the elecvr1c heuter elements ln the oven 1gn1ted béfora

‘the 1orm1ng mold reached tne ﬁrOper temperuture ”cr formlng.







i _(:‘Z‘

“'to cool. As the pyra111 sneets

joint. The 401nt was reinforced by?ieans ofa-hln pyrali

“strip o; yralin, whlc

-harden. The joxnt made in thls manner; ad, e

'-between twn sheets of steel”ana wasf‘“” 

‘togethef; The drawing ana formlng mold}for th




