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Introduction ‘

1. Histo'_' a.nd dasari'tion.-- The  energy bsorbers, or
nergy: diaaipa.tors ‘as >they -are ‘some times A.mlled ‘
A. Schoklitseh as: fclla#s:" "hater: releansd at dams (or: ‘outlet :
orka m-riws at” t.‘-m iPootrof the,strunture with? auch a high kinetie
T energy ‘that without: partioular :precaution, “deep :
ifoundation’ i8 ito’be :feared, ‘which may: ‘endanger. the : sai‘ety oi‘ ‘the i
entire :struoture, ‘In-order to ‘forestall: such dangers ‘this: l:inetio
onevgy’ ‘48 tranaf‘amed, s much as possible, ‘into: ‘heat: energy which
- ismot: readily: yeconvertible (into: mechanical energy. F the
. - standpoint:of the “hydraulie ongimer, th:.srdeatructiwaenargyrof ’
~imotioniis renﬂdred harnless -and 18 nlso*disaipated atthe same a
" otime. - The: ‘auxiliary:structure ‘which:produces:: itransio: _': ticm '
" cof: anergr iis ¢ cdlled in short, an onergy de royer
E sipator. : : RO

: (it 13 mcaasary ‘o divide them!: imbo two groupa. In rat.
: graup ‘mayibe :indludad :all: devicos sueh A% sills, baffles .',:buck_s 0S8,

. 'and pieru which: AYe’ usod at the: foo'b of ovorflcw ‘dums , - chutes. ~
‘eqid -drops, - JOF in ‘shoit - all: hydmulic; ”truoturcs in- which the: flow
;18 -opon to the: atmnaphoro. iThe. secqnd group *1noludes a1l duvice
“.used:for energy: dissipation- ~whon ‘the wateris: ‘eonfincd .and under
,pragsure. It. is:withthis: -gecond . grou ‘that ‘this . reporb 'deal
148" amattempt to o].nrify thia raonfine’d‘ Tow: phenomena” ince
typﬁﬂo . k .

'rho purpose uf tho energy' absorbcrs, or: so-eallod. iss:.-‘_ L
pators, ‘when usod in. conncotion with.water turbinc power units; isi_
‘4o rrolieve rthe: gxcess; ;prossure jin: the.rscroll coases and: per-stoeks
+of tho -turbine units which would:resultifrom: :sudden rrrapi’dwﬁ-
£ SUTe: of the wicket ‘gates.’ Suddun olosurc of' the gates: may be. o
oa.used by mechanical ‘failurer of ~the O VETTION ! ‘or gate-o;;ornting mech- ‘
“.anism, whilo 'rapid: olosuro of tho czatos:will ; msul_t:from*‘s i

:dmpping; of . the eleotrioal load rom*the gener'ltor- ,; |

Tlns energr absorbcr _nsistsko:[‘ ..,rc;ln.f ml\nc connccted
dirootly .to ithe :seroll.: OhSC end ‘discharging: into: ‘chmnber o)
L wnacted stosa:rwater passage 1ca.ding ‘£o0 ithe tnilraco. “The: »reli' e
i Svalve fis. controlled byithe. gnto-opemting ‘mecharism:rn €, Pros=
" gurc 'in ‘tho; 'soroll.casc. Tho purposc: -of tho - chember iis 110 dissi-;
.patothe enorgy of stho wator. flowing:ot high:velooity ‘through f%the re-
jzlief valve in cm.e of'¢ s.bnormally “pid olosure oi‘ thc g&tes.’ o




. : In conneotion w1th the installation of the pomer nn1fs
-t Boulder Dam, .it was thus necessary ito:eguip cach’ ‘such ‘instdlla=" "
‘tioniwlth one: of ‘these: dev1ces. ~In accordence ‘with - -the - speclflca-
“tions, these were to be. des:gned end - 1nsta11ed by ‘the conitractor . .
‘under the supervision-of the United: States Bureau .of ‘Redlanation. { .
“During the: opcrating tost: condurted oniunit’ N—l. wh;ch is+similar :
to:units :N=5.and N-6, excossive" vibratlon and wetur-hemmer dls-j-”
“turbances:set. up: by oavitation in .the | dlsrhargu passalc werenoted.
‘Upon’examination of :the absorber unit dfter the - test, ‘the: plata j
vancs ‘supporting the: baffle’ iplatciwere found.to” hmvc 1ailcd rand ‘
“the wiit wes. rojeeted by the Burcau of . Rfolamatlon. iThusc itwo - de _H;
-~ .signs are shovn:on fizures :1-and: 2.‘ For theifirst mouel tests,
“the typs dcsignedifor: units N~5:.ond+ N—G was tcstod ‘with: plozom- 3
. -oters-installed as ‘shown on flruro & After thls tcst. it vas. L |
suggestod ithat it would -be- adv1snb1c o build a- moacl if ithe rorige
Jinalouanite (N—l) tor datcrmzne if: pOSalalf” tho c_usc ‘f'or thls R
‘failure ond :to.make:surc - that tho unit: desiped for replucamcnt
.*would be satlnfactory. “From end upon the ‘merits: oi ‘the ‘results
from these modcl ‘tests, (it was rccummondud ‘that ithe “other: typca
which were® proposod to.: uccompanv “the lutur power-unlt,1nsta11at10ns :
be ‘tested ‘in ‘the ‘same manner ‘before they werd. buxlt. It s upon '; o
‘thls ‘basis tnnt this’ rcport has cowu to. ordur.  - SR

: 2. Pcrsunnol. Thu hydruullc modcl studlcs*un thcf oulder
‘Dam- bncrgy absorbers, - as: descrlbcd in-this rcport ~wero modc :in “the .
“hydraulie’ laboratory ~af - thu Unitcd -States ‘Bureau of Reclnmntion at:
Denver, .Colorado. ‘Thosec: studics werc bugun iunder ‘tho-diredtion:of -j*F
A Bl Warnoeok, Rcs»urch Englneer, and complutcd under G.:J.;lornshy'”'
."Envlneer. A R G S T o i

. , _The conafructlon and tcstlng of the modol WG done undcr;'
“the!  supervision-of ‘Harold:D:: Brllcv,‘Junlor bnrlnucr,:ausistcd by
1Frank *bsoltor. Junlor Englncor. RS ; ,

o Thes ‘studleu were: made undor Lhu gcnor41 suncrvxsiun or :
. Je:L.:8avuge, Chicf! Dosigning Englnc\ri und ‘Arthur: Ruattgors. Senior o
‘Bngincer. ‘ALl onginccrlng viork Luf the' Burscu: of ‘Reclomstion 15 undor
“the dircetion of ‘R. F.. %qltcr,\Chief Lng:nubr, wnd all nctivxtiGSrof
‘-'thL Bur 2u-are:; undur thu ﬁlroctlon ol John L Pﬂpu Comm1381orcr. - ]m

3. ¢ropc of tcsts The madols of the orurgy absorb-rs
ﬁwere studlcd qualitztivp]y‘"nd qunntit&+1vrly in: ordur o detcrmlnc‘”b
~_theceauso ‘for ‘the.failurc. of :the. .originnl. unit and to v0r1£y thc
;antlclpatod r0au1tq of thu now: units ey . ‘o
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“'& T U{e) A posihive . pressure exists onthe ynder sice of. 'hr "
b b conical baffle gt points Plto P4 except.at low foilwete
. j R ‘when jow negative pressures occur-hawerd the edges o.
o e 0 the'baffie This indicates that the pipe and wive provided
- ERE ‘for-the cdmission.of.atmospheric oir: to the unoer
\ Im,—m,,; w5 £l 54300 o o side of the'bafile are nol required.

: ot " (b). A positive pressure is maintained cf the sutlets
from the onnuier wing:box.al P7 n..qo, af fow torl-
water. Tharefore the qir pipe and vaive Frowded
for the admyssion of a*mosphe.-:c c.— H2 he wm..

gbax gre-nof required.:
{c) Anegativepressure exists. for p-ac'::cﬂy all
" conditions of f')pw and.eleva tion of toilwoter ot P5,
.which cccounfs for the.coefFicrent of discharge of >
the.relief vaive.being greater than unity, Wit
o S R S s I . admission of atmoespheric oirit.is expected thot ?‘he
FEE RIS B R RS ) : Sl s o el R TSY S e oceefficrent. eremamm'uppronmufeh 090, Ther
fAreaof vl R L ‘ Ly s e L CHrfere the oir pipe andvalve pr‘owded at thns point,
o valve.opening| i S D e T e e e e S Fy L . are.necessary .
T ] L E T P . R i B R L et (d). The b hnegc‘we pn.'ss..'res mm"-t"ed - S
_paint.Pe, for all tondt tions of flow ond.elevotian af'
e ‘ : ; ‘ T ‘ : > . 3 : o : ; . . o foiiwoter Td:caf; ':hcs nf*}essn‘; i"a-rrc‘han J;ﬂ
S ACtuO 1Fion BRI 41111 jooo e S e T e T T e RS Lo this poind toawoid hydraulic sHoch Oue fo covt
: sogf!rgrnstffiugr%ﬂf?f A | [ i 0L I T B R S o el R e S -_honondforma‘mnc. vapor .

o

BRI These valves closed Sl . '.;_.‘.':_"’_"‘”” Ei 6‘1500
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Summnrx o

i o Results and conclusions.; (a) Elbow nnd bowl types.—~_f
'ﬁTbo results obtained from the Tirst model ‘tested were very ‘enlight--

'i};oning and furnished.a basis: for: compnrativu study. - ‘Yhen ithe 'second
_model of the uriginal design was ‘tested,. ‘it was poss1ble, by £om=-

".parisop of pressures and flow condltlona to ‘explain - the énusos for -

| - ths conditions which had existed in the . Field. Althquh the prcs-;“

'; sures. recorded from the: second:model. ‘did not' oxaotly check with - ‘the -
~..ones from tho Tirst model, it was belloved that the d1ffcrencos uurc‘
”fdue to tho modnl designs. L RN : ‘

The model of - thﬂ ruplaoemont unlt (bowl type)._as testcd,‘ln-' *-‘” .

*dicated more ‘Hearly homologous flow conditions and. d1531pat10n of .
-onergy over the original - elbow-type. dcsign, rand-. it was ‘well be-
‘ ‘lievcd,‘from 'the model - tosts, _.that this type .of" energy a.bsorber was
‘an’improvement over:the original’ dcsign,land thzs fact has been N
?ver1fiod by 1ator field tcsts. - , e DA

Field rcports indicate thﬂt tho operat1on of the rcbullt typc n
‘used for unlts Nl to N=4:aro now: satlsfactory -and " supcrlor in per-.
.formance to the ‘type used :for: units N=5:and N-6, the: -difforencc 'in
. design of 'the two typos of absorbers being in the design of tho ‘
,:baffle plata, the. supporting vancs. nnd the rellcf~valvc chnmbcr. g

: Although the rccorded modul pressuros mny ‘e axocss:ve, itiis

 “folt that ‘they are quite: 010501y relatod to the: pxcssurcs “that may -

bo-expected in.the’ ‘pretotype;, and, if used . carofully. -they :may bo -
of . .great value ‘in futuru dasxgn.- ”he ‘flow:conditions. -that oxistcd

~tin tho, bowl-typc energy absorber: havo been ocarcfully. dr&wn on: Fipm :
‘ “Ures” 10 and 11. It:.is’ bolleved that by 1ntelllgunt use- rof thase“‘f”"
- indioated ‘Tlow lines, -tho- moasurca pressurus end. the CDmplutU retf;‘
. ‘cord of moving pictures, ‘it will ve possible to. bxp191n certain’ -

. .conditions &nd to forotell Othb' condxtlons which might poq81bly"'
“arlsc. i ; S LR ; . SRR ‘ .

L Aftcr tho model and fleld tasts on- thc rcmodalcd clbow typo‘ RETR
‘.(bowl ‘type) ‘had. indicated that ‘tho ehanze ‘from thi &lbow. to the - bowl
‘;“.would cot. entlrely remedy the - cond1tlon‘wh1ch oxisted, it was sug~.
' gosted by ‘the. menufacturcrs -that.echange be mede immediately below:
‘the rcllcf valvo. This. chnnge was ‘broupht shout: ty their. obsurva—
tians. and ‘tests in'the flold “tnd ‘consisted of 1nstﬂllxng a:steel

_7 fthroat linor nxtending from o pclnt near the rolief wvilve  seat to: a‘ﬁﬁ
. rpoint. near the: ‘lower air inlet: entircly throurh thc arca: formurly

"voccup1ed by thc “baffle’ Dlatc.- Actornlngl £y it modal, on:aiscalc of -'

' 1ito 12, was constructed ‘and ‘teated (in the laboratory.‘ Thls ﬂodcl

'xjindicated without doubt thet it was ncocssary to adnit air to . the
Q;nraa bolow . tho rellef vulve and thut the 1r1ct providcd W&S‘"ufnl-




‘eiently large. ‘The throat 1liner acth, in part, a5 a long tube
which prevented a reversal of ‘flovi from the pbaorber chombuy up .~

" to.the valve seat. The revorsel. flow inherent with the first =

idesign ‘eaused-alternate ‘yacuum and ‘pressure at.-the valve seat vith
“resultlng violent vapor: uxplos1nno.: These testz also indinuted

" that ‘improved flov: ‘conditions und ﬁnglp!txcn of cnergy ‘could be
“had by-allowing the’ throat lincr to extend into tie lar ge wain o
rehamberoa short distance. It WS hlab found thet thesc Llow unn—“'
“ditions could ve: duplicuted it non mproupd; by e much- simpler

_ type of muln-cnambur rcof.) ThbSO two twncs cf raoi" Ero huvq on

' ilgurc 14.___ S ; : e

f{b) Cyllndrchl tynps.—-;ﬂf

(1) Hor: es“xoc-.:htpcd e.u’c.---lt i5 £olt that the reeults
of these tusts my b conutruh ‘ hu1n; morn nuurlj‘nuan»uﬂ
“to.the conuitlono that will: rooult in thes prntodvpc e the
results found in- the previous models. Thi -~3f;urunt1 TLion
can ‘b mede’ although theoseale rotio uy cd wu"" Wller 'uhul
~that-of thu previous mndhl,._ This medcl WRS L Sfull Suc+1(.
wherons thoe othor modcls wcrx;ﬁwan oghf_xcanulon, unly purt.
rsuctlcnu.' Sinec no’definite rulcor Tormule his as yrot heen
‘doviscd whereby the wlucs ucr1v=1 fren scetianal snode gocapy
be trenslnted tor full=-s cotien protrtyou dimoarions, some. :
_ h351tu10y in predicting prub“bln_nrls.urcu”uz Tl csnﬂitiuni
T is. to bo nctud i the. matorial presonted o Ao guetionl
modols. - Althoanh some of tho! Iunurduu‘nhght e prstotypa _
PreSsuUTYs  Lre unm1¢tnkub1" uxbussive, 3T bulicved thosby
'by‘careful uscrol both “the pos sitive .,;",ﬂ¢,;' 1uu~, thesc
datz con be freoly interproted. by the desimer. oTo subston-
tintd thcau'rwcor cd valuuu,-ﬁ curﬂltt. _Lt'pf_u1gur\p”‘llow
“lines under tnc v"rlouu volve atbtlﬂhe La.uhof Cen iy AV
18, 19, and 20.. Alsc,'+h1 Srlow ontpowun L'uuﬁ arn ru‘ar'ﬂu '
by use of the slow—motl-n novnﬂjr 1;tuau cant nad iy r"'xl-
3hbl “for QCudv LI e D

ThUS“‘tC t' hqva pruvbn c\u01U°”vnlf‘thc n-ﬁd'rur faf e
T “‘Tt
g

v

Cwis foqu tMWt tuc prog
'1nd that 1t would Q“* b\ nbbu ,grjj

":1P fulr
L NEE ST R HE i
»vnurg,c. | ' Stwmesiriund Bt othoow leeitics
inthe br*t',to.n c,{' thu dr' f' b d i “;"3-:‘1“5_;' wrulsd b Ry Rpe rtc“, Th
'.pcnd,upgnﬁthu dlschnzgg zucr(nf:n:'a”_*“zj. ,an"gL xdcroduuﬂ




‘But even with a high dlscharge, tha JBlOCluy, whlch reachud 8’
| maximum of ‘only 36 Toet per-second, was. not. exoceedingly highe.
‘These conclusions ‘have been vorificd by soundings in the taile
race opposito the ‘rolief=valvc dlsohargo -opening: where crosion
- ‘of 'tho sand and. gravul: backfill has rousched & dcpth ‘of only -

- threc feet. ‘From theso teats it was. found 'that tho main. cham-i ‘
‘ber ‘of theunit could be: shortoneﬁ,[cffccting e matorial aav—';1
ing 4in roock excavntion. ‘construction work, ‘and cost of the: unit.

. From and- upon the merits of ‘thosu tosts it is rucommcndcd that

' thy wind .ohambers be installed a8 dcsigned ‘that the spider = -
guido arm ‘be: aerated et all: possibln p01nts, and that the main . |
chamber. of the unit bu shortened. - It is also believed, from
the study of these: teats, that a ‘dofinite and. sufficient dis=
sipation. of enorgy will result. and the t there will not rcsult

“any adverse flow: conditions. It 'is aguin advised: that coution.
“bouscd-and thet curoful intorprutation ba madc in thc usu of -
thcso data, - : ‘ S _

| - {2) Ciroular oxit.--The ‘tests of this type of enorgy ub-ffq o
" sorber ‘have indicatod thot it should operate. effoctively in
tho field. Thaot is, as ‘for &g -oan bo dotermincd (from the modul.r
‘tho" shook ‘to and the vibretion of- the unit will: ‘be ct-o minimum.
‘Tho pressures recorded from the model parallel vory . cloacly the -
values found in, the” previous modol while . operuting under tho
 some ‘conditions.’ As commented ‘upon before, those values ore.all
“within ‘thc design range. and.ropresent, with one ‘exaeption,’ ‘eon=-
ditiens of stable: flow. This.cxcoption is in the areca ‘immedi-
otoly below the circular vulvo. .In tho -sct of 'check runs mndo,
“ynlues quito different from the previous ones worc: found to ex- .
_ist in this aresa. When this condition wes . .discoverad, morc.data
wore “taken at thesc pointa and it wus also found to- vnry, wh;oh‘
indicatos unstable flow, : : e if :

The. observad and mﬂaaured valooitics in thc draft tube varied
' glightly in: ‘this-case. Visually,' thc flow appcared to be more
~.ovenly. distributad throughout the druf't ‘tube: wheroaa, 4in ‘the
-~ provious model, it had nppenrcd to ‘e concantrated along the ‘
.\ pottom:of the “tubo. 'Slightly:higher nverage ‘measured velocitiQS' 
. were racordcd from this model, which wore duo,‘no dnubt to the
- tsmnller discharga nreu from tho mnin unit. S

Model Tbats of Enc_gy Absnrbers

‘B Descri tion of ‘tho modola.- (a) Gonnral.--Six mndcls
of the energy absorbors woro construoted ‘An the Donver hydrnulio '
‘laboratory whioch ‘is “located in tho' basomunt of “the Customhouse build=-

- ing. The wntor was auppliod to tho modela by pump, through 1Y cir- R




' eulating system, and the Ilow was oontrollad by a pate valve (fip.
4). "The. tail-wator lovel was also vontrolled by s gate valve be-
‘low the tailwwnter box. ~The disuharre was measured over n 2=foot .
gharp-orested -weir located in the return flume to the. pump - sump.’
. The head on this weir was mensurad by e hook jazc looated in'a
8tilling well conncoted to the ‘roturn flume. The prossure in’ the
" ‘supply line was’held constant for ull tusts: on the models. In order
. to have the teut motoriul ‘availeblo for luter study and. domonstrn-,'
“‘tion, a complete record of each: tbst wus madd oy ‘usc af the slow=
" motion: moving-pleture oamoru, ‘which, idiv to tho seale ratio, ra-¢*-
' duood ~the nodul v01001ty to vory ncax th:t of thc prototypc."

() ElbOL tho.-»‘““

_ (l) ,Two-inch scotlon modcl.--rhls mouol wus bullt on o

-serle of 1 to 12 and wos: only two inchus thick, tnat is, onof T
“ineh ‘inthicknuss ‘on' such side of the vertiesl! planc in the o
-fdownutlaum dircctlon., Duo to this fdct, At was” pO»SlblO o
. form tht modol by cutting from 0 2«inch tlmbcr the. outline of =
“tho energy absorbor and “thon covorlnﬁ both faces with 1/%-.“fa
“ineh’ thick pyralin-to form tho closed scetion tnd to facili-

tate the. vicwdng of ‘thu flov phunomenn (photogrouh ‘A, plate. o
1)« The befflo and ‘tho control wvevle wers .ulso mado of - “ond.;_ﬁ
It was® posszble to rcgulatc the- dlschnrgu opcning by moving -
“this. coutlol valvao! w1thfa.screm "rrnngcmcnt.\ ‘Piczometors for’

pressurc: nmaaurcmcuts woru 1nstnllud on' thc model, as shcwn e
‘~on fi*urc 3. : - : RO O

) (2) Ona-hnlf scatlon modcl.--”hc mcduls of tho olbow and
“the bowl typo wurc coustruotcd in: hnlf‘ucctlon on & secle
Coratio of 1:to 12, Thu boek and . thc upper ptrt of" the modul
WOPrC furmpd -of wood in sumicirculnx auctlnn, Whllb thu facc.  ‘
.~ and the lower ‘purt or olbow sectlon WOTC fomed Cf | pyrulln
: j_(photogr ph B, Jolato” 1), B" useiof the pyralin on"the back )
© and the Teec.! o5 ‘tho: mudcl, it wnS pu351b1c t0 light this croa
ooy photogrnphing and - visunl studj of “the - flow conultlonu.‘“ .
The -contrcl valve and heo bufflu MCTU cunotructcd of wood, ‘BS .
" were the gix vanes which support ‘the ‘bafflcs Movement of tho
oontrol vnlve and olovnt1on of . the tn;l wter: WEXG controlled--
as iu'the previous modul. Plozumcturs for pProssuro: mecsure-
monts woro lPSt&llCd ot the Sﬁﬂu poxnts wson thu pravlous
- modol (fig. 5) TR e : SRS g

: (d) Buw; thu.--Thc only purtxon of thlu mcaul that dlffcrod‘;f
frcm the provious type ‘was the removel of tho boffle and-the re- .
' plecument of' the clbow by « clrcular bowl which wes clsc con- S
structod or pvralin (photo~rnph c, platc 1). Ehc.rgmglnder,of tho
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| LOCATION OF PIEZOMETERS
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modol was 1eft as used in the prevxous$test and tha tail-water ale-f:
~ “vation-was . controlled as before.. The: positlons of. the nlezometera
as installed in thls model are . shuwn on figure 6. :

‘ (d) Modified: ‘bowl type.--Thzu‘model wus constructed in full
*aectlon on & scale. ‘of "1 to 12. "The. .entire- model, vk Eh ‘the- exception

.of the ‘bowl ‘which was of wood, was ' constructed .of pyralln. ‘The ‘air - '

‘chamber and “the inlet immediately belov the :relief ‘wvalve were: con—f,av‘
- structed -so0 “that tests could 'be ‘run ‘cither withior without air: ‘being
‘edmitted at ‘this’ p01nt.* ‘Provisions ‘wore ;also:mudc ‘for : ohanglng “the

. «length: or the throat nrotrusacn lnto the ‘main; chamber.h “Two types ofq7:-gf
"1rma1n chamber 100l's Werc:also tosted, Pressures inthe’ model “WOro-

measurcd Dy means - of piozomutcru, the looatlons of w 1nh 3:3 oo B shcwn
;oni1gwe7.‘-_m ‘ .

, (c) Clrculnr uhamhcr t:po.--ﬁhc moucl of tho onurgv absorbcr
du51zned for units a=6. eud AP? ves’ Lountructud 1n full sectlon, g
was tho! mod1flcd bowl tync,‘vmorgas o qrcv1ouu-onus tcutcd WUre

‘only purt scetions. Only:oncomodel was cons“ructca, but it wos. bu1itlfl

‘so 'that it could beé. tosted with the ‘bottom in: four pos1t10ns. us

“.shovm on £igure:! L..~‘5"cnlg Tatio of ‘1 1o 20 was:uscd ‘for "this modcl.f;*f

“Thé anit vas. conutructcd .entirely. of ovru*ln,i ith" thu,excoptlnn of

'the ‘valve and tha vulvc chambor: vhlch WOrG cust from bruns (plutn 2). f1f  

" The entrance chamber: vas, formed from wood: and connucted dircctly to
& 4=inch-supply ‘line fed by en’ 8-1nch ccntrlfuvul pUmp . “The flow C
‘through -this . clrculntlng system tc thu model was" cvntrollud by e 4- S
“inch -gate valve, whilo tho teil.water was'controlled by . an 8=-inch

ratc wnlve in- tho, dlsﬁhurgo Xinc (flg. 4) “Tho ‘dischorge WaS mocsurud:-f

as . 'in the-previous ‘tests. * The pressurc. 4in “tho supply: Jine was held
constant and ‘repros sented o huLd onthe- prctouypc structurc of 405 fect
T above the iall-wator 1ovela PluZOﬂbtch WOTG- 4nstal led inthe. madal, "

as shown on figure 9, and:all prassurcs : rofurruc to7in the: acco‘panj-:‘;

. ing tebles arc-infoeet of- watcr above nr %ulov thc ruspoctlve plczum— L
‘cter openings- (photnyr¢ph B plﬂta 3) i

‘ The only'dlfforoncc butwuun hc dr51gn qccnptcd for in~ . .
stullatlcn in wnits A~6.and A=T ond ‘thu des sign: pruposcd for 1nbtallasn
‘tion .in-units N-7 ond N-8 is'in‘the shape of ~the draft: fubc - which
.connucts to ‘the. verticul | chumbcr ‘of the:unit.. This’ drnft ‘tubc is
: cireular in cross section ot the 3unct1on poxnt with’ thc vertical
 ‘chamber and extonds  to the- ‘connceticn vt the concrutc ‘draft’ tube:

L which: flares ‘to o f111utcd rbctanglc at tLu d:qchnrgc cnd. The-; piu-lf'

- zometers : 1nst’lled in -this’ model were An tho same pcsitlons as dn the?*~

. previous model - -and their locstion is shown on'| rlgure 9, The: pitet.

 fvtubas far: va100lty measurumrnto 1n *h“ draft tube mcrn ¢lso in»tullcdﬁ“
‘. ‘asAuhown Gn th14 ilgure.‘uf‘ ‘ BRI S
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DISCUS ION OT“ RE...ULTS

Drlp'inal and Fep_lacement Un:lts W‘

6. Tests 1 a.nd 2. y TWO-inch sectmn model.--The flrst

2 modol of the origfnal desim - to ‘be - constructed t-onsisted of & wO- '
“lineh: soctlon ‘taken ‘on “the .conter ‘1ine. This ‘8liecof ‘the: \mit TNy
~yléldod- some very interesting data: u.nd ‘Tlow' chnmctoristics for o

' ..’scrvation. .Pressurus ‘as measured on the modal: and trans!‘orred to

- the prototype in feet: of water aro. ‘shown in table 'l and ‘the points
~at which ‘thesc pressures were tdken arc ‘indicated:on fipure 3,
‘Nogative values in tho table indicnt less than: amosphoric Prus.
. sures at’ tho respeotivc ‘poirts.’ Scr:.cs ‘1 :0f ‘the tosts wms: mnde with

“the baffle in plaece .and- with:a normal ‘tail. wntur at. ulovntion 643,00,
Serics 2 of ‘the tosts wns:mado: wi’chout thu bnfrle nnd wrth tailuwntcr -
olemtlons of. 645 00 n.nd 625 00 :

: Flcaw conditions uround '-.nd bulav. the' baffle. clm.nge.d vcry
'littlc vith differcnt’ valvo opcnin 78, but vrht.n tho 'baffle was :ro-
moved . eonsiderablc. c}mngc wes notud in the treaaround and below
“tho - plo.ce f‘ormerly oucuplc.d by it, due, no. doubt, to ‘the unstable ‘
-eondition immcdiatoly below the walve. . This  condi. tion icould :bo An=
erenscd . and be: mado ‘morc: unsmblc by dmlttir‘g dir., “tt vents 9,10,
‘11, and 12; “that: is, ifair were: u.dnltted ‘at vents’9 und 10, pres-
~sures would  be shown at: vc.nts lend f12, nnd the ;]u‘t hc.low ‘the pate -
.- would swing -awsy fram tho: sidc at which the ‘air was: bemg ‘admittod,
This ' condition -eould bu” I‘U\'ur‘Sud by plugglng wents “9:and 110 and od-
‘mitting air at’ ‘atmespheric prcssuro to vonts 1l and 12, Frossuros ‘

as road ‘on the monemetor ‘bourd wero ‘reversed. ..nd WOPCH nnnroximntoly‘-_,_, S

of “tho  samo. magnitude on tho o;moaito 'sido of the.moddl. “This. con= -
- dition cxistod at both normal-and ‘low toilewmtor ulovntions ond was .
~ most proncuncod. with:un 0.8 gat. oponing.  Aftor o -study of itho flow -
‘oand -prossuro data, it ‘waa ‘decidod to. build s 1N model nhich ms 0 -
‘be. u..i‘ull hp.lf sootion con thc semc ; scalo. ;p bl e e

SR »?. Test 4..- Hnlf-soction moucl.--&a will bu nntt.d t‘rom -
0 comparison’botweon tables il:end 2, thoro: s conszdemblc diffcr- B
-onee ‘botwoen ' tho . prussuroa whiol are in fcut of" watcr, ‘o8 ebtuined

from the ‘two models. It is’ 1‘u11y agrocd thnt rthe: prcssurea “teken
~from-the twoeinoch section modol’ -should b :ln'berprctcd as bding: only
‘indicativo of tho: :pressuros 'thnt arc. o bo c:.pncted. ‘in «the pmtotypc.

‘while ‘thoso ‘tnken:from the 'hnlf=scotion: modol may ‘bo ‘considercd-as
moro. naurly trueof “the nrototy'pc prossuros, Although ‘theso: pres- .
Suros aro- oxcoasiuo ot some points, ‘they: i‘urnieh an axcullc.nt bnsis

.I‘or atudy and should bc used only in: th.t cumoity. S

CoiThe six vancs wh:.ch supportcd the - baf loa mcru instal.‘lc-d
_with piozomator oponings in thg duv'nstroam edge of W onl The

| |
19 ‘
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opening in the downutream vune waa dasignated as number 15, while
‘ jtho opening in the third “Trom - dawnstream vane:was kmown - as: numbez.
1114,  “The positions’ ‘of" the’ pie:ometar opaninfa{in this modeliare .
. ushown-an Tigure 6. ‘Positive preasures were regorded for all: ‘posis '
~itiems: of the: ‘gate with s tailnwatar alevation: of 643,00, ‘while: ‘with
“ltailewnter alevntlon of - 625,00 negativu values ‘were : rocardad-on ‘the'.
‘vane:'at the bmok ‘of the model. “Low,: positive pressures: were: evi-.“_
~ «dont-on tho ‘vane nextito the face of ‘thc: model, :This was due, mo
-}doubt "to restricted flom at this point.j‘~-‘ o SRR o

Observad flaw conditions 1n the t“o modala were : also quitﬁL
difforent, uspuoially: in the! nrea belaw the bnffloa, Flow eddios in.~
the two-inch scotion:medcl: WEFO! quitc ‘violent and rotatod (in tho-;ﬁﬂ

"vertiodl: plane whilemin thu ‘half~section:modol this: ‘direcction: caf-
rotation was \in s right-hundad downstroam direotion, tonding to im-u
‘provo "the draf't and ‘to. disszpnta ‘more-.oncrryoof ‘the. flowing: woters -
‘Conditions in the tailrmec wore: Yery good with littlelor: nOflurface]

.agitation due £0:'boils .oriwhirls:which might have bocnemitted ifrom.,
the ‘draft tuba. T%e sketchos on firure‘lo indicate the general di-g
rection of flaw through the dxssipnuor.:jlg S

" ‘Included in: tuble 2iian. column headed "Huud Loss above B
T4 W El.;“ which ‘indieates “the  loss’ botwuen - ‘point near ‘the- uppcr‘
. part of “the reliefivalve to the tailewater lovel. iThe .c6lumn ‘headed
“FC" 45 the coofrzczont dcrivcd from-theso detn by. use of - tho follow—
dng formula: Q= CAV, which may be- wrlttcn Cimt Q/hv cand’ sinco
“Noe —\/Zgh WE. may subatltute and ohtnln .

A % 8 03 \/

"~f§Subst1*uting roul valucs in tho abovu formula, wWe! hnvc

9*‘271 g

: the
" -points . shéwn on. f1gurc’5&and 6rc ns. mcauurcdio ﬁthc mmdel anditramﬁu‘”
' latod to-the: protothc 'The .values indlefted ‘in’: thc‘tablc A
~ :1 arc thesc vulucs avoragnd ond’ renumbered itoeorrospond b tho : _
ipiozometer. opcnings &6 ‘indicated on'this . sumc*flguroo FARE rcssuros
inrCfcrred “to in“the: follawxng dzscusszon ore. of “tho -values iin"this
tabln on: f:gure 1y and rcfcr tn the pnsztions shnwn on this flgure.

rrom thcsc teats thc fﬁllcming runaral doductionsfmny bu
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- ‘mades (a) A positivo pressure exists an tho under sido of the baffle

i ‘at points. Pel to Ped, oxoopt at low tail weter, whon ‘low negative 0 o

o _Pre@suroa: goour toward tho e dges of -the baffle, ‘This.would “tend %o =

o "-‘-V__hidiéa:fbu ‘that’ the pipe snd valve provided for ‘the edmission of atmoe-

“pherie air to.the undor sido. of: the ‘baffle aro not roquired. {Tosts
dn the flold have verifioed ‘thoso- gonolusions.) ' (b) A positive pres= .
 suro 1s maintainod at the outlots from th annular eir chembor At
<o PeT, 0xo0pt. Bt the lew tall wator, ‘Again it:is ’indiontcd,'.?ﬁhurcfurc'.
~that tho eir pipc and .tho ,_vnlvd\;’pmvi'dods;for"ndmissﬂ,oiz-bf‘d‘hno‘sphor:;é
‘air t¢ the sir ohamber arc ot required, (o) A negative'prossure.. .

. lexists for practically-@ll sanditions.of flow and olovations of tail -

‘water at:Pab, which accounts forthe eo:fficicnt of diecharge of the

_rolicf walvo boing greater thun unity, With th admiscien of atmose .

‘phorde air it 'is expoated that the cocfficicnt will romainiat approx- -

imntoly 0.80. Theroforc, the air ‘pipe and the -,valvc":pmﬂ&qd‘*q,t
~this point aro necossary., (d) The high;nqgatiw;pmflsum's“miﬁtﬁinqd'&
" at point Pe6 for all ‘conditiens of flow and clewntions of tail water:
indisato tho mecossity of aorntion ut this point %0 evoid hydraulic *

~shogk ‘duc to oavitation end formation .of vapory. ‘ :
.0 Be “Tost B “Bowl~type modolse=Tho chadpc indosign as ten~
o titavely ogroed upan. Be‘bwoczx the ‘mamufaoturor and ‘the Buresu of ‘Rao=
lomation consistod in romoving: tho bofflc plate and im -shroging ‘tho
~8hapo of the lowor partica oF olbow. noar ‘tho exit, fhis new deaign. =
- 18 shown on Tigure 11, ‘Flow conditions -in “this medel worc quite sym=
omotricnl and indisatod o mnpkoed Aumprovement. over-theioriginal design.
Rnthor than attempt bto-write o doseription of the flow ebaracters . -
istios under the vorious ‘sonditions tosted, aketohos of “the flow linss

wore ocorefully made by B, ‘Ba.Mosos, rnd theso: arc '-reprodue_od mrig- 3 ‘: f" :

ures 12 ond 13,

, . Frossurcs amitted-frum table '3 wora exesssive ‘Bogativo pros- -
sures whioch ocould not:bo moasurcd en tho ‘manomober board without o o
change, and duc to tho short poried of tiuo:nllobtod e the tests, §&
o8 not Tolt that this ohange in the modol was' fustifiablo, Duc to
‘the magnitude of thcso prossurcs, At is-genin-adyiscd ‘that eaution bo -
used in cppiying them to o dofinite -eL8¢ and ‘tha they be'used: a8
Previously suggosted, mcroly os ‘o basis for study: and:gomparigon.: .. .
S The pressurcs in tablo § arc the valuus aa token at tho
---peints shown ‘on ’f;guteﬁ:_andjptefémd ‘o ‘tho clowation of tho ree = -
‘speative openings, and they arc as’ measurcd in tho naedol and trans--
lated to the prototypc. .Tho veluos  indicntod ‘in tho ‘tablo on figuro

w11 are these valuos averagsd andnumbered -t6 correspond to the plozcm-
_otor openings aa indientad on this samc “figurc.“",-“E&llaéfptesé&ren o=
~forrod to in the following disoussion uro of tho ‘valuos in ‘this toble

i _on'tigurc__llll._n.{}d".mfc;" ~:t;o:f;-the_3 poisit_ié.ns_ah‘em_on “this ‘figuro.:
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- oo From those 'tusts:the following gencral deduotions may bo -
‘madey {a) A positive proesurc oxists Tor:all conditiens'of:flow =~
_-and ‘elovetions of ‘tall watcr.at point ‘P=3, where an annular aiy 0
chambor'is providdd for the admission”of ‘atmospheric uirs Thore=
forg, the air pipo -and “the velve provided at this ‘point are not ro=
- quired. {b) A:nogative prossurc oxiats +for all conditions:of flew .
-Jand olevations of “teil water at P<l, which may-aceount forthe Go=
- ~afficiont of ‘discharge of “thu ralief velve belng greater than unity. .
“'With the admission of atmocpheric air 1t is: oxpcatod that the cow. &
“officient will remain ot approximatoly 0.80. . Thorafors; tho air o
pipe and tho valve providod at this point are ncocssary, i(e) ‘Tho -
“high negative prossures:maintained at peint ‘Pe2.ifor.all conditions
- of flow and ‘olovations: of “tdil watoer indicnte the inegensity &f:nova~-.
tlom st 'this point to avoid hydraulic ‘shack ‘duo “to ‘ecovitntion and
‘formation of vepors {d) Up to 20 poracntiof: volve slrokc, ‘the :cnorgy
’-abaorbor,-i‘unatian‘ddn_uppraximat_cly?as‘“d@ssi@‘a’d, ‘but et groater welvo
- oponings - the nronfdf}infLQW'tcfthc:horitbntqlf¢t8uhargc;pasuugéfiﬁf
- 'such thattho.wntor doos not:flow. ewey from-the ‘absorber bowl as .
‘vrapidly“asfreqUired}foriaatisfabtoryiqpcratian..2Thdrdford@ﬁthq:watqrff
- leaving tho reliof valvo.oranot flow in the. designed ieourscibut 'is.
~defloatod to. one oide by a'large horizontil roller “end rpasscs -out ‘of
~tho:dischargo passage:ns if through. o gimple elbow. :Flew line:obe .
‘goxvad on the paintod surfaeus in the prototype show this eharastor=
istlo flow ond plozemoter readings at.various points: in the 'bowl :ghow
a-ccastant prossure, :which indientos no flow in. ‘the ‘bowl. In this -~
veomnsation: 1t may bo:motod that the ‘cono %ip' {nitridod agninst oro-
~8lon due to ‘high' veloeity) in the bowl on'c similar iinstallation at
*unit:&w&’shbwodsno,!;gnfoffflcwﬁon?thugpdintqd*;urfn#c.,;Thcghorid e
-zomtal roller:indiented at point Pr-ocours under .conditiont . of ‘pro=
:langod discharge, vht.oxtremoly ‘low tail.watur ond ‘hHigh disohargse, :
enadr pocket forms: at this point and ‘A8 entrepped by the 'main jet,
-onusing o -sudden ehange 'dn proa#sure and violent - shaking of :the struce

cturas “Tho aron of ‘the imlot of ;;tho"”'ho'ri?g'un%:gl'-di‘achm-ge‘ﬁipasgagoi-‘{‘ﬁ SRR
:should bo muoh lcrgorx.‘;than1«~_the_“nre_aio_f':thb :'modaljytgjstpd_, 'topemit SRR

- frec ‘passago of ‘tho water ‘around tho main jote B

.o 9 Tosts 13 $0°22, Modifiod bowletyps model.--The oharige
- /in dusign oo flnally Wgread upon botwoen: the mamufsoturer and the
- -Buroou of : Roskumntion eonsicted: of ‘romoving .tho bafflo pleto.ond
~-supporting vanes;:replacing the 0lbow with .o eiroular:bowl, and tho

“Plaeing of a eylindriocul ‘throat linor through tho ‘areniformorly

_;occﬁpiod_by.thOybnfflquldtc;fﬂThisHIincr_cxtondcdifrmm;ngpoint;nO#fﬁ' |
'-:\r:t_;m*"roligsil"—‘vnlvo.‘:.s_emt:to‘;s_].iglmtly'bolw'athe'iiiglw-ur;_t_z_i'_r‘,%‘inlbrt‘._ T

. Thomodcl'of this dosign cnd the tust scbeupiarc ‘ghovr wn
Phgure 14, ‘The ‘loortions of ‘ the pivzomoter opinings ‘without “tho air
~ehambor ond with it in:placc nrc showm . un figurc 115, “The prussuros -
-shown on tables-4 to 13, inolusivc, werc taken ‘frop -the: fu l-geotion
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__CONDITIONS

- RUN - opENINGQUANTITYL ATR | R N [

dn

HEAD-280'  TEST No.i5

| @m0 wno | ] |-i0si02 ~125.11 | ~1124,03 | = 11364

laooe| wmo | |-z0732 |-z0as? - -100:45 | - +22.26 | 5866 | —
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CNO L a3 ~203:28 |~183.34 |-14132 |- & ):57 |~ 46 36 2 95 i+ 1 40 - | 5233 ‘51-5?41
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OPENING
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c2 | s7s0 | ves | | ~@i10 |- 51 |- 2i98 |- 1.90.
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g
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*J. to 912 mdsl o!‘ the unit and havo ‘been enlargod Lo thc prototypu
_ 'dimemsions. mey areiin feet: of ‘wator above ror’ balaw thc ‘respeotive .
. plezometor. "The: negative ‘values indicate a waouum ‘st the plczomcter,

. 'many of which!aro far in excess ‘of ‘tho nogative prossure:obtainable
“oat this altitudoa ‘which’ indicatea ‘tho :amount of: enorgy ‘to’bo: dissi- B

. .patod by the :goneration of 'stoam: vapor: withresulting’ hydraulic
‘pounding or: noiso of mvitat:lcn when ‘tho : vapor ‘is condcnscd in a8
‘rogion. of higher proaaure. o :

) o me thu ﬂaw oanditims obsorvod dn the modol and tho
1r°°°“d°d dﬁ‘h&-_the‘_ 1‘011mring oonnlusions are quito evidantg ST

(a) Tho amount of air cntrainad through thc. 12-inch ‘adr v\m't

" 'ia a0t mter.tall;y effeotcd by tho typc of ‘roof ‘placad’ o.round tho |

lower end- of i tho - vortical discharge 'cubo, tho extansion of “the - oY=
‘1indrical: disehnrgc tube | into: tho diaoharsu mssnge ‘mor.! 'bhe, olc.va- B
.titm of tho ta‘l water. S G : e

. (b) '.l‘ha prusure 4n the oylindri.oal dischs.rge tube vrhere air
~onters from: the '12=inch vent line ias: ‘effocted -only slightly bya
. ohange "in- alention of the tail. wator.‘ The - ‘freeo. surfaco: of ‘the
water:surrounding’tho jet from the - rolief: valvc: (v'hich is at.a point )
‘approximately; haliway up’tho tubd) riscs: :81ightly when the tall=
~water olevatien is  inorcaged ‘from: 826 :to 666, ‘It is: pnuaible ‘that'
- this rise is in proportion to tho: rcduction 'in totdl: head:on . the ‘re=
“1ief walve, which is rolatively small. ‘At:no ‘timo does‘the free: ‘sure
. face. of i the: uter roa.oh tho vn.lve soat. except far mmenmry splanhea :
',of' mter upt to thxs point. S ‘ _ S

C Te) mo air-vant lino on- tho modol was. constructad ‘of ‘giass- to L
‘enable visual: tudy of ' tho -water. sojumn: with.the valvo: operating;. &

‘-:"_VJ-,"“;HG ﬁﬂdﬁnoe of-‘;;oleillntory flow 'in the: horizontal port*on ar tlua ;
- 1lino. wu absemd at any Valvo - opening. : ) R

(d) A ai:udy of the aooonpa.mring tables will sh.ow ‘that wizh

_ ‘;tha adm:tuionkot atmospheric ‘air through:tho 12=inch eir-vunx ‘line
nuoh -amaller nogative. pressures wure. moasurod., ‘often: beeoming posi- ;

itive im. valuo, :while tho positive: pressurcs wore gonerally incréasod
and ‘were more:stable. “With the admiesion of air, ‘tho ‘flow was much «

. mOro: atabla,;zand;sﬂw-u was less ®bownoing” ohd "pounding® of “tho =

| ‘water in both the amall. ‘disohargo ‘tubo and ‘in the ‘largo: diaahargc _
~.-ehnmbar. Flew: through the “horizontal . diaohnrge tubu was aldo:much

‘ ':;quieter, asg; ms tho aurfaoe o.{‘ t.hc. mn vmtox'.

“i(a) “i‘he mi.enl rcof (aootion 1y fig. 1&) nrou.nd tho 1owor
. cend of the: -mu diaehurgc tube gave: good ARAUUM conditinns for  one"

‘truin:l.ng air when'tho air inlet velves.wero glosed, Tho: archod - roof -

'(seotiom 2, :ti;. 14) did aot porrom 8- natisi‘aotorily ixl this

- a1




}'respect. whtch ia undoubtedly due to 'an . exeeaaive loss in velooity
head at :the ‘point of . sudden- erpamion. This would ‘indicate ‘that
the ‘ooniecal :roof 'is. the more logical - dasign a8 it approaches, in

R ‘prinoiple, ithe. expanding .aeotion ‘of ‘the ‘Venturl tubo ‘and does.not

direct the return Jet up toward ‘the valve-seat as was firstibe-" = |
~:1ieved, There is'no: appamt ndvantugn for sithor tyme "of ‘roof when
‘the valve ‘isfully aerated.’ is believed ‘that the 12-inch:air= . §
.vent line 'is adequate under. all oonditions ‘of vzalvc oponing and ole- -

~vat:|.ocns of ‘tail: wator. : _ : o

Aftor t.helc toats had indioatcd that the rlow conditions £
wuld be aatiafactory. tho main amit! WAS - altored, and tho subsequont‘
“Pield tosts and: opemti.on mpcrts 'havo shomn ‘tho. opemtion in “the

field to- par?tllel vory: olosely tho modol tcsts. L

5 : B
i _Ilindrioal E‘xpc. with Horsoahowsuaie.d Exit

: 1C. .’_,-'l‘aat 6. 'The first 'tzast was madc . on this unit as ‘
originally dosigned (fig. 15), and although ‘the performsnco appoarod.
-t bo fn.irly amnth. A%t wase believed ‘thet improwments oould 'be made
(photograph D, plets 1). The coofficient of dischaurgs with o high

. tail water was:very nearly eonstant, ‘varying only: 0,011 throughout
the various volve sottings, whilc with tho lowor. tailewnter lovel tho
oocfficiont varied 0.039, which would . tand to indiuate that the Llow
'i8:less stable at- the lower’ luvel.

The voloci’des mensured on the bottom of thu dmft tube inm -
ereased a8 “tho diaeharge inomascd, warying from 6.50 tao 33.60 fcet
_per second with-the high tail water. “The ‘flow was fairly uvenlv dis=
tributed :across ‘the bottom-of the tube, as sh.mm by :these . prossuros
(tables 214 ‘and " 15) and uhD Llow lines on. figuro 164, The . o.vcmgc ‘af

- the- veloaities with o 1‘u11 ‘valvo opening wns only 31.10 fiut per: sao= -
“end, being: tho ‘1mst average volosity of any of ‘thc bottom: pom’cions_ o

tested. “With ithé low: toil-water levol thosc wvelocitios incree.s:.,d ,

from 7.00 to. 34,50 foot per sccond, ‘but thc. ‘avernge volocity across
the bottom:-of the draft tube with o i‘ull 'mlvo opening was . only 32 82
foet. per. second. e : '

11. Test 7. This tost WaS - madc on’ the: samo um.t, the onlv' :
‘ohango boing tha?. ‘tho bottom was . raised to o point mdmny botmccn its B
original. posi{::.on and the bottom, ol the dreft=tubo opening. . Tho. ob—
‘scrved flow lines are shown on figurcs 17 and 18 for both hish and .
‘low tailewator ‘lovels. “The minmum to maximum voloéity rangc was
‘idontionl with (tho provicus tusts, but the average velocity with full
valve opening was s)Mightly higher, ‘being ‘32:59 ‘fcet .por second with
the hig,h tnil m.tor tmd 53.17 foet per second a.t ‘the lcm 1eve1.

"he variatlon :ln “the disohar-ve ooefi‘ioient wna 0 057 for

: \42-"




‘FIBURE IS

1" roors.san00 el S 3 B9 ion TwEliean00

~REGULATING VALVE

37,00 __
A
]

g oot

: 19° sT‘_v'om:"




;'Dn— .:o..o 30 ia:oa Ca.’ cu:: QE r—.o..Oa ﬂbasn

‘8Qni 1304 e} Eoten Yrin

-n_: :Eﬂ _,o .__..ozon ncu ca_. $0d ioubiic van 8 fom

T

.._nnt GﬁuE w0440 104
:ua‘.w ol .u._ w0

19~ 6 o isa)
4= aoz.uﬂ

9553
,wn nn
05 4%

Ohm-

on...n..

w nnE
u nw!
h uwo.

‘..u:s 40 1334 = 'g3dnssivd’

s A110073A°

1384
. QYA

_cpao Jmnoz

:ocu mm=4<>
_ v_mqnup

8 38n913 NO zkoxm S1NIOd v zuxnh

ua»»o»o¢¢




183

a3 aelX

TLYM 30 4334 =78




| SFIGURE |

&

FULL" GATE OPENING . - -

CUTTIWELI 643,000 ¢

BLGATE OPENING

CSTeWTELY84300

‘2.GATEOPENING -
T:W.:EL. 643.00

5

- .45-D-1213




FULL:GATE/OPENING -

CTYWIELS 6437000 v L

“GATE/OPENING -
T/WIEL.643.00

7 FIGURE T




S FIGURE 8

TEOPERING: . "
W. EL.,643.00

LINES iiN ENERGY ABSORBER MODEL
S R TR R T T L 48p-1213T,




rl"

~the high tail vmte‘r, ‘while with. the. lower tail wnuu- 1t was only
0,012, being very nearly ‘oens tant throughout and tlgain proving that o
there was but slight baok: pressu.re dua to the sur{ge m tha lwer .
°h“'“h°"': | o e R S
e Duo %o the Mpmwwnt :ln the observod ﬂow wnditians. '&w-‘.-
lw veloeities on the ‘bottom of the draft tube, bhe oconstant coeffi-
-cient of diunharge and the 1aw, even prossuros. frocorded at the pie-‘
‘zometer ‘opanings, it is recommendod ‘that this chung:e ‘be mado in the
plans for ths proposed wnit (fig. 15), " In addition o :.mproving the
flow and the performance canditions,. ths.ro willfresult a . large sav-
mg in ucnmtion or ronl: oomtrunt:.on work. tmd oost of the unit.

DR T Teat Bs In order to dotcmine r:hsther or not it
muld be possibk to ontiroly eliminnte tho. lmmr portion of tho mein
uhamhar, ‘o flat bottom was instelled in the unit whieh' was nush with

~the bottom of the opening to the draft tubo (fig. 8), )
crcased surge and amstable flow oconditions, uouplod with the obsorvad o

inoreass ‘in - welooity on tho bot tom of the draft tube, this idog wns
immsdintoly ‘oliminn ted, Incidantully. this typc of unit gave. thc
‘ glnrgost nwmgo vclocity :Ln ﬂw d:ru.t‘t tubo o:t' any. plcn toutod.

L 13. Taat 8 mis taat wB.s mdn with the 'bumped" bottam

- moved up to tho . ;8amo poait:lon that tho rlu.t bottom: -oscupicd in the
provious test. : This ohonge roduced to a eertein ‘axtont the surging

and ‘pounding of ‘tho wntor. thot oxietod in the main shoamber. during
tho provious tsst. The. flow wee qui'ao uns‘l:nble, as indicated by

: pio:mﬁuﬂ whish wore loonted in tho arec undor the valve, ‘Thero

was Quite ovidontly return flm in the aree of the mlva guide ltom.
a8 ‘indioatod 'by the positive prossures: rccorded at this point upder -

: high m:l-mmar -conditions, while with o low: tail water. slightly R
greator nogative pressuros than - beforo recorded existed in ‘this seme

T areas - The- avamge volocitios in tha bottam ot the draft tube: wore - . S
L slightly 1e8s ‘ot both tailawntos levela thon' thoao round in tho pro-

© vious test. ‘Prom those data and ‘obsorved flow conditions (fig. 29),
it is not’ felt that this type oon mouive nny nonsidnmt:lun as an B
o -etticient merg deatruye L e ST

14. .éaenemlo Flow th.rough thn unit was. nbly guided by

o tho vaa-tionl r1Bs Tocaﬁnd the entranec chamber 180- -degrecs . fm o :

. the entyenoce /(photopgraph B, plote 2). That ic, the flow, o3 1t .

. posses the oircular volve, is nms vertically downward and not S.n e
o spiral direetion as it un oubtedly would it‘ this rib were. not in REE
. ;plaoe (photoynph D pluto 1). s R ‘ S

B Inoludod in ‘tablos 14 ond- 16 15 o oolumn hcadod "Coeffi- o
' ~cient of D:laoho.rgs dorived from the fomuln Q= CAV, - which moy be
. writton c - Q/A.V. lmd sinoa 7 -\/-!EFF, we my Substitu‘bo and obtnin-

L
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Subuti‘bnting real valuea in t;he s.bove fomula, we obu:ln B

2.46 :c 8 08 /"

‘-‘whieh 48 'the" oceffiuient of discharge or 'bhe w.lve. m’amm-'-'

.olent-af: discho.rge was fairly oconstant; varying only from 0,702 ito -
©0.840 for' ithe ‘high tail- water: and ‘from: 047136070 859 for: the low ‘
‘tail-water,. This:would ‘tend" 40 indicste that: +the ; flow past the -
‘valve is| fa.irly free for-any walve :ectting.and: any position: ‘of thz
;,j_?‘:?,bottcm; thst is, thare is A alight bao!c pmasure i.n thia umo REET

. Four piezometers ‘ware. :umtal?ad in the curved: bottem (pie«-
ar zometera 3 9,10, and 14) ‘to-ddtermine whether or; ‘not ithe ‘impaet ‘of

_ g +the ijet on-the!: ‘bottom would bo-excessive, Mmimtionyof thelmpres-;
. - sures indiecates a rolatively small: variation, ranging*fm 48 ‘to 83 ..
k .ij.feat of wateriwith a. hlgh tail: wa‘ber, ‘8, pressurc which is; mot at-all "

: -’-\oxoonivo ibat-due almost: antiroly ‘to .the -woight of the wator. With
the ilow tail:watcer the range’is fram 30 ito 45 feot of: nmr, prncti-
-.,-‘oally the lamo ra.ngc but lcmor valuas. due to thc lmr tnil-nter
jilcvel.‘ SRR : S e et el \

Pitot tubes were instnllod in ‘the- bottan u!’ tho draft tubo .
Cat the quar'ber points as shown on seotzon ‘A=A, ifigure 9. .The: wloci-‘-“' ‘
ties were ‘fairly evenly diatributod ‘agroas ‘the’ ‘bot tom cof : tho - ‘tm,be e
“for .the “warious valve: Openings. iThoso volcmities. measurcd: almg
. the “battom:of : .tho tube, -ineronsed ‘as ithe walvs! opcning ‘was ‘increascd,

S allowing:a grontar disohargo -through ithe unit. Tho: awmgo renges: oi‘

-~ .veleositics:wes ifrom:6.60" $0:86.00; ifoet: por: sodond, ‘with.an averago
- velooity:of ;32,89 feet per: sewnd andor 6 :full wmlveo: opening,for thn

‘ “.ﬂ~.‘:'rocamended unit, The ‘shape or; poaition of ‘the bat’bom appnrently ‘had

* wory littlo-effect upon tho volooitios in ‘this ares. :A/difforsnse in |

volooities:was noted ‘betwoen:high: and:low:tail water. w:lth\.}a "auﬂ\t

L _‘_“1‘,i.noreﬂle ‘due 1;0‘ the 1owerin5 of the .tailmmtor lewl. R

L _-;deternd.!w whothar or_not zthu' poaitiomoz ths mlw
‘ spider arms-with: reforenne to tha supply iine: mld haw nny
-._;_cffeot -upon ithe ;pressures; Tegorded on the piezometors. ‘the: yalve =

_s,-chamher cantiqg was -rotatod 190 degrees from 5its . original; ponition. _;j"‘:-.

' {This:placed’ piesometor .openinge b, 6, :and 7 dmmcdiately:belowitho -
.supply :1inc. ;Another -sot: of :rendings wns ‘token-with :tho: “hot tom | in
tho; poai,tion s tested .under test.7,: n.nd the mluea nrs f‘ound ko
orreapend w¢WO preﬂaus rsadi.nga. : i

Speoial attention WB, paid to the tai.l wutor as 1t 1:.=ued




~ from the draft tube, ‘and 1t was natod  that the ‘condition of the sure
face variod as_‘:‘the_’_velodiltiosj.in" the: draft tubc ‘ineroased, ‘but ‘through-
out the range of ‘tosts no: oxoesaiw_ly;-gdvqrnse” condition oxlated, |

: . ‘Positivc pressuros warc rceorded &t piczomator openings 5, -
6, and' 7, whioh were located 'in the valvo chembor: faca for all posi-
~tions of tho valves-end for ‘both high and low tail-water levels. -

. These pressures eppear to:ba_‘stoxoegsivoly;"large,.‘ib'utfupon.“‘uonai,dera-"-_““ R
n: of - ﬂw’ir,‘ilooationln.nd?uith regard to ‘tho changes which accur-at
this: point, it is bolieved that: the .rocarded preasures are /indica= .
tive of ‘the ‘pressuros that will exist in the ;prototype, It will'be .
- ‘nated, upon an examination:of thesc ‘data, that when the tailewater =
-lewel was lowered 18 feot the prussures at theas threo points ine. -
~oressed on an average: of 18 feet. This wo\'ild,ftohd“tpyindimi;_a_;ﬁjﬂmt_;* :
~8inoo ‘theso prossures in tho.model vary to the ‘somo yatlo.as ‘thu ;
“Jnewn voluos of ‘the modol, they mny be considorcd ‘as ‘boing: applicable
to prototype cenditions, . L TR SRR S

. 'To determine whotherormtthewindohnmbers, ‘a8 shown'en
figure 15, were required, plozametors wore installed at. thosu points.
‘Threo piocomaters, P=11, P12, and’ P13 werc instnl led ineach walve.

guide. spider arm to find ‘if negative pressures: woild coccur ‘thore whieh
- would neeossitate the ‘uge of the proposed wind chamber, It wae found
- that under.a high tail wator, negative prossuros ‘oxisted atithose =
- ‘three points nt all valve sottings exoept the ‘0.2 valve, With the low
- tall water, nogative prossurcs existod ot oll wive settings. These
~nmegativo prossures, &s: found ‘in the model ond -trenalated to ‘prototypc
~volues, nre-excsssively high but mot.as a valuable indicator to the
. designer and undoubtedly prove -the ‘neccssity of ~tho propased wind : chom-
“ber at this point, The ‘three. opanings J:oonneo-ba'd»-tqgettwr,ja‘hd’-‘deafg-” ¥
nated as P-4.(fig. 9) wore to ohook the -proposed wind ehamber abovo . -
~this poiat.  With & high tallesntor lovel At was found that megativo .
e o8 ccourred only with an'0e8: and 4 full yalve setting, whdle
with tho low tall-water lewol, - megntive-valuos ooourred undor ‘all walve

Those rosults indicate thmtithe wind, o

' ‘Reforring to previous tosts ‘onicner

_ high nogative prossure. oxisted whish might enuso ‘cavitation in‘ this

area. Plezemoters P-3 and P2 wore -‘fi':ln‘s‘tﬁlll‘cjéd*;j'a‘,t"flthéa'é_;;héi_nt'l'.";"silw ’

‘conatant:nogative. prossurcs ‘woro ‘found 'at ‘the ond .of «tho valvoistom =

~ whilo ‘considerably greater: prossuros.oxisted under ‘ths walve ot Pe3.

- But 1t is not thought that ‘1t-will be nocessary to -provide ‘an nddi-

‘tlonnl:wind chambor to -8upply air to theso ‘points, but that ithe air ‘;‘?i ';

62




7gohamher furnished to- aerate the guide spider will alao aerate this
‘ares: under the valve,‘ s o i

: 15. Flow lines. Inuludod with this report is A set of :
-‘“drawings (figures 16, 17, and:19) which showthe observed ‘flew

. ‘through<the model with three: ‘positions of the "bumped” baottom:and. a

 tailewater. elevatinn '643.00, - On. figure 19 are shown the: flow lines: .
“with a‘tail=woter elavntion of 625: ,00, . On 'thc -same :fipure ‘s :shown
8 cumparison of: the ‘flow lines: between the two tailewater: 1evels,
‘with an 0,6 valve opening.. :These flow lines. ‘were carefully drawn .
~by Mr.‘Ba B Mosos and represent .tho' direction of -travel -of tho water

“”f}through tho unit:in<tho disspiation of 'its: kinetic encrgy. Although -
~.-thesc: flow lines do not follow oxactly thu direstion prodioted, thoy

" reprcsent the uhangp of Tlow: diraction neoessary to accomplish this )
;diss1pution of onergy._-‘--' - . Pk

o

lelndrioal Typo with Circular Exit

s 16. Test 10.  The' uvcrage v01001ties near the bottom of
. “tho draft tube taken from the two sots. of data show a .ronge:in . .
velooi+1as ‘of ‘from 8,31 t0:35,71: fuot per ‘second - botwecn . 0.2 and full .
' valve opening with a high tail water. ‘With the lower tail wator this.
‘ronge is very’ nearly idonticul. with o minimum - of 7,69 to:a maximum
.of 35,51 foot per socond, " The veloultios ‘are not exoessivv although

‘ “;thoy arc: higher ‘than those recordcd from the -provious: model,  and, due

- _to tho fact" that ‘they: unpear to be:moro: evenly distributed throughout., .
*”?the tube, it is believed that this tvnc will be- ent1rely sutisfaotoryf‘

E : The obs;rved flaw throughout “the modcl under thc diffcrent
o valvo opaningﬁ at the high tail-water level has been carefully
‘sketched .and ‘is. reproduced on. figure 20.. ‘A oomplete record.of .this

“tast was made: by use .of ‘the slow-motlon movxng-p;eture camera and iS:

ks uvallable far study : 4Qh

C The explanation of thc tcrm ooefflclent of discharge or

~"ogefficient of loss,™ whieh are: idontical, has ulready been mades

.. From the. data taken.on this modol “thc; oceffic;cnt WRS . comput&d ‘snd

" oan be-found: on teble 16. In order:to.furthor qualify these data,

additional runs.were.made. under: hﬂads ranging from 300 to 475 feet.‘;" “

. "This coefficlent was then computed ‘(table 17) and plotted 'to give an
: “avernge ‘1oss ourvc undor the tmo tnil-water levuls (figurcs 21. and_
~_2a) SRR o e Bk

L From thoso dnta the following deductiuns ‘may be mnde: (1)

-‘The main vertzoal chamber of ‘the . unit has agnzn ‘glven - satisfnctory .
performence with the shortened’ ‘ohamber; ‘(2) -the eircular. “typc ‘of ‘exit,
although 1ndioating slightly highar diaoharge vnlues, is also quite

‘ v 55_‘_x
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n.th!'mﬁory. _ '.l'ho w:lnd ehmbersms delignod "tcr the previouu nodnl'

MO0 nomproved duiuble at these ;points and ‘their: mullati,on 18
roomdod.- ‘The’ "mtﬁeunt of leua" ‘a8 “dotermined ‘from’ ths‘dntn‘ SO
118 ;indieative  of ‘the energy dissipation: ‘and uy<bafoomidond { T B Th ‘f;'_ o
hig\. ‘oong tant ‘value. i‘.upon ‘the ‘merits -of ‘these data and the visual:
obsemtionu made: duri.ng tnta, i,t g bonewd 'dmt this type of
mrgyf dtuiputor w:lll givo aatiumunry resulta o i




smmmv oF: me RLPORTS mn Tr-;s"s B
mm 'rosts of TNl to’ Ned  Type of Balier vuve e
' “-and: ﬁ'rﬂ Ahsorber O R T S

sl Ascan uddition’to-‘-,this morm.w,there 18 P"B'nt"" ‘
A f:é}:hr:lef rosume :0f ‘the fiold:reports and :testa made on’ ithe: anergyf;r
R “9‘i:80!‘b03'l"'dl'1@¢drf0r tmita Bnl‘:to H-i. Nﬁ&, a.nd N-B. L

e T Due ho the t‘aet that unit N-l .u' origimllv dasigned.' oo T
:I.nutauod. and” testad was not: uti.ataotory. -as:previously: statod.‘ Oy
andrwas crejeoted by ‘the: ‘Bureau:of : Reolmtion,fthe first. part of
“this field rreport:idoals-with ithe: ‘redesigned: onargy a.burber, axoept
“thatithe: ‘steol throat:linor has: ‘been:addad,. “This:liner. oxtaends
‘fromithe walve seat: down threugh:the: old-typo bmrl ‘to:a paint’

-»alightly above :the lower air: i.nlot. 'l‘his rpart: ot tho desi@ is
nholm;:-m Tigum 14 a.nd 28 whtoh were a paﬂ"ﬂf the lntor tosts.

e e .m’l'ho pm;joct roports by latt.or dntad June 2?, 1988, thn.t,

"rho tpmlin:lmry ‘bosts:mado: -ainoc stho .indétallation-of “the stecl=" .

i zoylindor’ from the - ‘throat! 1iner: throu(h thc. bow‘l of ‘tho 0ld
‘:ahnorber “WOTe  Vory: sa.tiafaotory. “iThe- valve 'vms opened i.n

1narmntu ;ap’ “to.an .opcning: of about 14 .inshes, tho’ maximum

lible. with the mrbino go.tos blockod u.t 25 perccnt. 8

: "Exnept i‘cr a: very slight mugrmess at’ w'ry Bmall open-*
inga. 11: was . very.quiet i throughout: themntiro rangu ‘of the beat. SRR
{There: was .very little:indicatien: of cavitatiun. . There: waa aomo Lt
'bomeing' ;of ithe:wnter. and adr in tho: tailracciclosc to, the wall- R
but thn tailmoa ganomlly ms not grc-n.tly agitated. S S

e "Admission of air through the 10-1neh inlet ha.d 1ittle i
oﬂ‘ect; ‘and’ opemtion was quict: without ite.  Tho:ni "‘t;inlet at thc, S
'mlve throat ring tock: a.ir', but the one bolow‘did not; SR

The followi.ng tabulu.tion shgws tho\rosults‘ of tasts on

Bouldor Pro;j_ct Prossuro Rugulntor, Unrl: N-»l""” R

The load-oi‘f-test to.bulntions o.ro as fOllOWs: '

Plunger Cloung | Prussuru .'

Percont Kilo~

i ‘: Opening - .

Timc _ Risc Rl

"‘Lond
| 25*_7"-\- .
- NEOVQ_&

1100

; ‘;:5-'-"?/16"'-
=11 15"

38—3 s’

11—1 16" '

Lf-?24.0 sec.
3665 spc.
L88JUsee, |
",77;0,.‘:s¢c'..

1

1

1

1.5
9.0
600
8.0
9.0°

Vopy
_S.L.S- o

strz P
5'180




Lake eluvation ...}...... 1169

“Tailewater: clevation’ e 646 _

Static hﬂad --.-c--;ooct'_ 523 ‘ ‘ ‘_L
Effectivo head ..........‘ 513 nt 82 000 kllkutts

: Tme‘p m@mmr Rmmtmmmc
o Disohurge Dlschnrgc L Disohargc

750 ochS-If_ : . 700 c.f.s. l‘ o
1,420 eufis. W10 aufie.
, LT 0ites, 147060006,
Vfﬁz 350 ; o.f;s;; 51,850 BefeSa
2 370 Onfoﬁa l 910 0 fnSo‘:

Undor date of July 22 1958 Mr. Juasop rcportcd that,

L ght of July" 5-6 % aeccnd nnd official - test.wms run .

- Tho- rogulator ‘operatod vcry smoothly,.nnd the ‘lond=off’ ‘tests arc
T;espociully good ., ', Ploase ‘noto.:that tho tabulction ‘shows’ the.

. /pressures 'in feet hond: ond ithat, ‘from 'the : rcndiﬂgs, thﬁre_is 0 be

- deducted ‘the statie head to find ‘the' corrcot inerease: dn prossure:
due o the Tlow: through ‘tho” ubsorbor « +.- ‘Theoretical considera-"
.,tzons. confirmod by piozomotor ruadlngs lG 33, nnd 34 *load ito .

v_5_ ‘;the conoluslan that ver
:. thn renﬁwnble

Figuro 23 shows thc location.ef those pioidmotcr

T ‘f* ‘on" Nbvumber 5 1958 the pro1ect reaortud the final toats
H_ y(tab1e 19)'nas followsy - MThe " synchronous bypass tést of ‘the ‘reliof

- walve has ben -¢omploted and - thc enorgy absorbcr and vnlve parts ox=-
"&mined after tho tcats.u_‘,,_ S e e

'Iho porformnnoe of tho complctc rcliuf—vulvc nnd onﬂrgyh

f.absorbor wit WS- very: satisfuctory., Thoro ‘Wo8 ino: pounding. vibra-.‘.“”

.'Ition, or: cnvitntion of, any! large umaunt. The tailrace s not very
*rough at uny'vulve opening. o L _ _

T was also rcported thnt "From thc drt“ obtained ond
:the oheerv¢ticns made during tho’ camplcte toat, it 15 thc opinion
;thut tho vnlvu is nuw satisfuotary for sorvicc.w.~

_ : 'Tho reliof vnlvo 1tsolf can be considorod axoaptionally

ijuiot throughout ‘the ‘wholo rango- of ‘truvel, “Some ‘noisc or. pounding ‘

. o8 obgorved ot times .in the - 626 gnllory; yot, for +he whole, 4t ocn

S be vaadd s that this wns puroly a’ tr&nsmittal of thc continuous pound-
;ing ‘in- thc Nvl turbino draft tubc. xn3x y SRR

‘. 51_”_"'
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AR ‘ "<‘In reference to run no. B at full load to runnos 14 o
'_:at no load and “the unit. ‘motoring that the dlsoharge through the ;lﬁ‘
fvalva ia wall within *ha BO percent called for. i : :

‘ nxnapaction of ‘the draft tube and cnergy abaorber ar+gr_.;jJ‘;

5thﬂ test showed evnrything to’ be=in ‘good . ahape. The, trnp daor to ;
“the mamway ‘to “the draft itube ‘was perfectly tight.J Inapuctlon of
the aoorn valve failud to reveal aay. sign of woar: whatsoevor.ﬁ_ ;-‘-V

S a ‘In unﬂrul thc vulvc purformud in‘a; sutisfaotory man-,, .
']mner and was., found in’ good oondition ‘upon. inspeution aubSLquant to_.m
* “the test. 'The man: door:was ‘uninjurcd.  The uoorn ‘restrioting

“valve :‘did not: show any cavitation, The: opcrating preasure iny ‘the

"“,‘?tep ‘of ‘the vulve: wazg' :stoadier ‘than durinr . any: other ‘tcstiso far:

.Wconductnd.‘ Tho 'noise vas: not objcction&blc, oftcn less thnn thnt"-
«\gMﬁQbthahmmmmfp. e T S coond

After this tost, thc levg wus lcft iu s»rvicc.

Fiuld Tbuta of | NeB -and Jjwt Tygp of Reliof Valve  ‘M..-,;
(R R and Enq_EykAbsorbor ;.L:,ﬂﬁ_:f_,ﬂ_: FR

The dntn ahown on tablun varc taken from thc}fibld

" best o unit =6, which i identical /to unit N=5 rcliof valvo. und”ﬁ“f-

- .enorgy absorber, - This ‘type of onergy absorbor . isshown on figure =

. ile Tho: differenno botween it ‘and the type: used. ior units ‘N~1-‘to: ij:i
'Ned 18 ‘shown’ by o oampnrison of" firuros A and 124 Thusc ‘test datn

:f.havn ‘been’ annlyeed by.iMr,. Ray S.:Quick;’ Uhiof Eﬂgincor for: the

"l EPb1ton ﬁhtor‘ﬁhﬂol Company,‘in curvckform und uro prosonted on fig—- %;‘ '

ﬁ;ure 24..

Thc projuot reports, by mrmorandum dvtcd Scptembor 16

l:-:ilQSB fhat. BThe ‘wholc sories of ‘tests ind1c'ted thot  the wulve.

1uuuld operato aatinfacuorily, thornforc. it oyms GllUWud +to rama1n
:*;in rogular aorvico frOm und nftor tho connlu31on of thc tust.gg:;

L . Thn dntn prescnted on tablc 21 wurc tnk»nﬁfrom tho Glbson
-;‘.;report ‘of Octobor>1938 ocnd-arc. part of . tho test mudc on thc rdlie
fe{gvalva and enorgy absorbor of unit N-e.‘ “‘-
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T&BLE 21 - TEST OF RELIEF VAIHE N-G :f

Ootobar 12 1938
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2 Finnlly. in eveny important instnnne the models operuting PR
at raduoed head have givon: true indication of the pcrfbrmnnoo of thcfj.
‘prototypo, .and oonoluaions arrived at were- vnrlflad by tasts in: the“'
contraotor's shop on ‘modcls using prototypo ‘welocities. No~ Progress -

~ “was made ‘townrd ‘e sutisfactory sclution: of" the problcn of oxccsqivo. 
coavitation until e.model was madu at the projoct which 1ndi¢ntud thoj
.corroct eppronch to o sclution of the. troublu bbing nuusud hv woroe
versol of fluw up to thL vnlvo suut..;w; D e '




