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-FOREWORD

The need ror watar 1n axceas ot the natural stream rlow in dry

seusons wus created during tha lattar part or the ninetonnth and ??f-7‘”

the oerly purt of the twentietn'centuries ny the rounding or c 'ias

and the devulopment of 1anda along the atrea.s or tha United Statas._f':?V:;‘

nny storage reaervoirs, where uetar could bs impounded duringi
freshet flow anﬁ releavad to augment the natural flow iu the Low-f, :
wute* season, were prov;ﬁed to meat this need N .
As the hexght of the dama forming these‘raservoifs incx Jaed’ ;
and tie coﬂservatian or tne im“ounded weter :ecame more important‘:
the problem of controlling thei*é e o“xoutflow‘incfeasod in

covnlexjty. Non-regulating gates and valve ‘

not as c‘ose as reauirad or the 1nst&llation was,to”.

new valves. usad axtensively by thszureau;ot4ReclamationVin th»

outlet structures of dama constructad i tha”early part'of.tna‘
present century, was *ue Ensign balancéd_valvﬁ, namec arter ‘
0. H. Ensign, a prcminant euginaar uho contr‘buted much to its
- By strict definition, a balanced valva ia one in whieh the_=l ' |
hjdraulic thrust on ‘he regulating ulunger 15 capabla of" being
balanced et all- openings of the valve by pressures:from the
rluid being discharged, making 1t‘naceaaﬁry-ohly;to ovurbﬁmn‘

the friction between the stationgry:and{ﬁoviug partsntOJAtﬁéih




'-dirrerent dogroen or mgulation. : From th.te daﬂnition 11: u

: vident ‘that the tam "balanud. valn" doas not tmz‘:Lna‘z
particular type, auch ae, g cylinder, gatje ‘globs, - “

needle or. hnllow-jet va.ln, but si@iﬁes a condifion or

desi.gn wich. might e’ containad in. certain of ‘tha various ypes.

A valve u oonaidered to be balanced* partially

striot dafinition.‘ 1t conaiata easantiall *o_ ‘V,IU 1

ring to pravent 1eakaga whan the plunger 13 n v_he cloaed‘
poaition, and e discharga‘f‘tnmat of cast iron with a stoa

’ und a steel or concrate dimharge conduit.

Uluallr y1:1:«; valve 13 mounted on tne re#ervo

, with tho throat embedd.ed in concrate and the di arge conduit
mmdinghto tha domstree.m s:l.da, but may be encased, recaiving
uater fmm. a larga pipe or tunnel. In either case the water o

mmunding tha valve rlons between the support ri'bs, paat the pa

seat mpport and mlin.g ringa, onto the neodle tip sur’faca

" Where it is. direc’aad axially tlu'ough the 'l'.hroat into the dis—'

‘charge condni.t. Different degroes 01‘ rag.xlnt 1on are attai.uad
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“work of the Bureau: ia diroctod by 8. 0._Elrper, Chief Enbinear

and VW, R Ybung, Aasistant Chier Engineer. ‘The act171ties of
t::e Hureau are directed by H. U.‘Bashore ,ommissione‘

~ o
The - author is indebted to tne Buraau of Reclanatian“for;“;

tive fi.é:;ures. ‘
Tne etﬂtaments apd opiniona adv&nce
to pe under toad aad- Lndlvidual axpression‘

as such do not néquSarilykrep:esQnt'xhoas.df the Bﬁrggg.
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*t he ra“ults I‘rom tne air .n.s*s e:.n t‘ur': uIfmui iniumu'tion

ange 01‘ onemu’a tc =sinimize ma Cnvita*ion-erouion Jhen

'tz}e uri:ency of canseﬂing :;trate 1,ic ww- ~:r{:te* i‘g;V]:?FBVé‘f“lgéd]

x;ﬁe mrcﬁase of mc custmgs remn*-ef‘ in'tue ’rr.dee' Gr

us,all"mm.. ~mm the exgom,s. ‘?‘s
c.avi'bation to ‘c.’":e va_z.va wegdla; r-xm?t,
'.incu_ chan;as 1o 'me aris*izzh ueai

cwzlﬁ he ccniine* to & very o .h..l.l :---"

‘.I"!e eHrination 01 cavi»a*ion in the

nmoer ae“atiavz VRS i.u ‘«:_-fz.d alse.
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thase or a‘ physical _naturs, minly damage to the valve needle: e

and diacharge 'conauits o \a\‘daatmctive pitting actmu, ‘ware R
= :no;m traubleaoma.. Althoush si.milm the dmnags qt tha dirz’erent
'Astrucmraa‘minﬂ 1n aavarity, duo pmbably o the dirrerentj;j

0991'!‘?1118 con@&ﬂqns :
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Digey culu'eé at ¢ the :aBa'lanch'-"»véxn : :nataxlation .

1

A raport on': the varioua 1nstallat10ns, publiahed 1n 1925 :

describes the. outlst structurea in detail and racounta the dltfi-fs T
; / oo T S

culties experlenced at GGCh-V It dlrects attention to th‘“

ness of the damages resultzng rrom the operation o h"”‘”""

and discusses maasurea taken to rapair or aliminate them

The “ajor dirflculties encountered in all these atructure

uamely, the pitting ol the valva neadles and diacharge conduita,
are discussed in datall in tha reportf?which on. paga;,

izes them as rollows'

" e.eelioat of the dirficulties wiuh the outlets built;by tha
Bureau of Reclamation can be.attributed 'to ithe effect of ‘vacuum
in the conduits: below: the. ragulating devicaa. Ganerally Lhe )
damage to the conduits has been more: sexinus,than %o 'the. valvos. B
although under extreme couditions the vdlva 'hava also beqn ‘
seriously damaged. - KRR b S :

"In valves and conduits carrying ‘water at gh,velocitiea
an irregular pitting or cavitation of: tpe lining iaoffen .
observed. This eppears Tirst as a alight ‘blemish on: ithe surface,
but if allowed to continue, ‘the’ material becones’ honeycomhed‘
a considerable depth and is ultimately: destroyed..‘The surface is
not worn away by -ettrition or sandblest. action, but 13 roughunod‘;T#
as though attacked by chemical acvion. ,4:”;;_, St :

The report coatains only limited discussion of the Shoahone‘lzgﬂ\ff'

1nstallation sinca it was one of the last using the ‘alp?ued-;

tyne valva and had not been requlred to ralease larga quantiti

under high heads for prolonged periOds, thus tne destructivo

action nad not devalopeu to the critical stage. dnwaver, hb‘gf‘5"-x‘u‘.
nature and axtent or tne uamage to thia structura durxng subae— f
quant seasonal operation are clearly depicted by ths rollowins

excerpts concerninb the othar installations. _
1

Refarencea arafIisteﬂ in'numarical ordar-or,occurreﬁceﬂ;nfiﬁg‘  RN

bibliography in the appendix.



On ‘page 59, extraotu trqm a nrcject reuort!concarning th
ingpection oz tha Sd-inch balanced—vnlve 1nstallation at tho
Recosavelt Dam, are, in part- _ c‘“

"We found the uire steel seats of tha valvea in bad shape,
and the Iirst section of the discharge pipe, . which is_boltod ‘to .
the grillage frame, is also: detariorating very rast. awes :
seats and pipes are. going the ‘same: way rapidly. ‘The saaﬁs are
in bad: shape. In -some. places they are cut 'm that: the retaini‘
ring for ‘the packing ‘is half zone. ...‘It ‘does not. act lika
ordinary wear, fur the metal is 'honeycombed' in necul ar: ahapea.w

On-vage e, ouotations concerning the inspectio or tha*:

Roosevelt outlets stata.?“:_. o

'... The first length of pipa next the valva is very Beri
ously pitted, and I do not think; they wiill ‘gtand ‘up .another ;year
without relininb.-..... ‘TWO ‘yeers ago these pipes shoﬂud*tha o
same pitting. At ‘that time 'the: abrazed :part was filled’ { h
Smooth~on, leaving.a - satisractory surface on the inside of- gk
pipe. The inspection showed that this pipo WaB. 1n very, goc ‘
condi tion the rirst.or- this: s:ason, ‘but’ ‘they have. been diacharg—
ing 'under such a-high head that' this rillzng ‘seems to ‘have' worn
away, and the metal. itself is beginning toﬂdisappaur. Wherc +he

concreta lining of tne tunnel very sariou:ly. '

oo pages 89 and 90, the damngo by operation T Lh ﬁs-inch

balancad valves at the | Pathfinder Dam in 191:5\ ,and 191 _‘ ia

depicted- as followa.vaffigf~ifﬂffi*““

"...At the end of the aeaaun savaral yards or concreto
were gone from the concrete" conduits of Nos. 1,4, 5, “and 6. e
sese The damage to the. concrate- conduits indicated % ahattering
of the mass rather :than-an aurasion, &s the: concreta surfanes
were jagged -and . rough-‘....Ax the :close of :the season:of 1913 "

it was not considered neceasary-to maie any. cxtensivccrcpairs.-u‘]*_;?gc_f

The only work done’ ‘being ‘to plug up the holes iin‘“the concrete
conduit with e rich coacrete and fill the pitted placec in the
cast-iron linings with Smooth-on. ... After . a few days opera#iom
of the balanced velves (1914) the patches in the ‘conorete con-
duits began to gp-out, and by the end of the seaaon there stere
large holes in the conduits, the damnge ‘being maech groatar than
in the previous season, probably due to the increased :use of

the outlet. 'The damage to the caat~iron conduit linings had

also increased. There wore ! holes euvirely ‘through the 1§~1nch




' _nhall in mmy places, and' the _eurfuca presented -4 saongy appaarance.
This danare ves velieved 4o ba caused by the. for'na“bion ni’ &' vacuum
around - tha je‘c 1ssu1n,, i\'-om thsa va.lves." o

'the 'mlvae are i‘irst ‘tnst 31135“
VB« J Blnv' at firet, and the condd um

$0 ‘be ccnsld:emnlyh
the peciliar, roush,
“other oullets m‘ "c*m ervir-e uw‘ ms,
the ’_J’—mﬁn}.es ot *zr;. cvlun ﬁ{} "m.'ms :

.’mile h fop emin; E.m uctv ﬂa' 'o Coonesrn

i‘;:fms’na;z'a_ -B&r::,"'t sy portH j v‘ "r‘ cll:f ‘e operohionsld ltles

encounsered c:t th nroje"t m.nca ha epor‘“

Althoug;h

tha diacuarge condui‘ts is cmsidered to ba tﬂe in‘bro&action of
air m'mdiately uelow 1: J8° re u..,atm‘;& c‘.ew ces. he ‘udnuasiw'z of
air to the d.iscuarbe cvnc}uit we.sz exﬁ:iaya& m z:any insuar;ceé d.u'llu‘
B *1e fi rst *"ew ‘-'a..rss mi‘ apﬁrut *on, bx.u, -n vie.v r:u. air *‘eqiaira*”’&nt

testy uade in recan yaare.« cn both *aodea‘i w»:. pmtot.{pe tmcthms

it is daub*rul 11 the atir s*wwly in ,:cs'f cases was aded ua‘-e. 'Y‘]xa f N

location of the air inlet.u to btho conduits is often,.*-;om imsortant

tkmn the size.: ’I.‘hus ir'mm'oer lnaatmn uight. ’rtave veen ons o *‘ﬁe. B
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inereased noige. .Beczuss of tho o Arent "&ilure of the vent"- 'f'.:.

system, TesoTt S aude to t,.e orig:t ul mzt:.oé of';maintenance,.

and the valves usod as }.* :.tla &g m gible', bei""g, closed ':Men- :

T @var f‘r”‘icl ont: Wduﬁr To-n @et do%ms“rew ' ~su11“e ents paasea”, o :

in t‘w .,pillway r-rwaf.. It ‘vas rea1 izau that”;'-""'

tao piﬁtiﬁg;‘{-’gi@jl vericms emd thﬂt ‘ : by the usual:'me‘thod”?f{- ‘

v e ir;adef’:_‘uaté;'ho'.-atever, arrore '-L@d-, tlca.L x.‘_thoﬂ of rapai
was not n'::pa'r'ent ;.t tne time; 'Gt,.ar valvess in which avit&‘
tion has been eliminated are ax.nong racant develoments..

The - evalopr\ent o"' ‘ards domstream and recent requesta-;-’
to conhol floods: to Draveﬁﬁ éa.-.; al to crons alon@."”" he river;
necescizatod -f;he Tl asa of. .mre ;l,.tez- "vnrou»':l* the. ou‘;.let ‘.

Darage .1‘.6: the .outle‘c g stmc_turg 1_«v.f._a.§.e_‘1‘x1¢‘.:“aased _saverely

by tasse requi rer:zént‘s and the 'nroﬁb'lém‘df-~Eﬁ*.é§inte_zieﬁc"é-;b'ecém'e;-,

 "The concreta for. several test downstre& fromlthe ‘metal:
lining in each conduit has been: severely-eroded andthe .
ma jority of the: twenty-four 2-inch pipes- -embedded ‘in the con-
Guit during the revision:in 1931- have besn:torn: ‘out’ epd: ‘shod
away in ‘the eroded:.areas, The ‘leakage .around ‘the ;west vulva'
in the closed position {5 abnormal, indicating ‘tha -aeat
packing'is missing: and & 1aakage throug,h the needle. faca on .
the west valve-has’'increased. 1n size since it ~as. notiaed in
December 1941..
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"In the east valve conduit, seven of the twenty-four 2-ineh. . .
pipes are still intact, the: remainder velng tqrn out’ as ehoxn An o
figures 4 and 5. The: concreto is’ stripped out, rrom 5t 10 feot -
downstream rrom the metal liner on the left aide (figure 4).:10 "
fest on the bottom, and 3 to 6 faeat: on the right: gide.. 'In thg
bottom, the maxirum depth of  erosion was 1l .inches below the MQ;‘ L
original invert. The 8-inch pipe in'the’ crown which ‘was plugged R
since the trials on 1ta'efrectivanass‘in 1931, 18 88111 Antaet 0
but the concrete is torn from:'around:it.: The' semisteal condult i
liner below the valve is severaly pitted due to cavitationias: B
shown in figure 4, The:severity~dfjthe;pitting can_be“judged_by S
a gtudy of rigure 5. o IR '“”‘  -‘,f‘ i“_“ 'f RNy

"The east valve clases satisractorlly, but there is an;
extensive pitted area on the sealing Ting at the ‘invert; The
face of the needle has pitted areas-on’ which ‘several kinds of -
metel have been tried, -such as Wilson L? “Alrco nickel 25-12 T
steinless steel and. Hnbart ‘cast iron.: Noue hag been satisractory.;'
Flgures § and B show the extensive welding on. the face of the Q.
needls. The areas of greatsst pitting were directly below and -
above the respective vnlve guides, In those areas only’ 3/4 ot -
an inch of the ariginal two inches or parent metal remains.~‘

"The eonduit downstream from the west valve is not as’
extensivaly ercded as the east valve but it is- mora severe in %
spotg. Twelve or the twanty-four 2-inch pipes are: still ‘intact,
-the others being ripped from their amhedmsnt. F&gure 5 shows :
taue remains of these pipes end a hole ir the concrete. anpro:i— o
mately 15 inches deep. In this conduit the plug in the outlet
of the 6-iDCu air pipe had been torn. out i S S

In view of the findings of this“inB?e'C*’ioﬁ' "a!'nd”siihiidf"rif s

previcus occurrences at'this dnd other 1nstallationa, hydraulic:"“

model testa ware uelieved to: be the only practicable maans of
eolving the problam, and a comprancneive test prosram uaslf—”’”7‘*ﬁ‘”
instigated immadlately to enable rapairs before ae start of

ths 1943 irribation season..

a2 e e ey ek g iy e, Y 4
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I1 - FURPOSE OF KODEL STUD IE5 .

Scope of Tests

The main PUTPOSC O construéfing:d?modéi 6rltheEshtho$§
outlet valve was to evolve a means c* minimizing or. elhminntiué
the gavere damaba to the’ outlat structure, t ereby reducina the
unreasonably high saasonai mainteﬁarce costs and removina the -
dangsr of B pPo8aib le xa*lura iu the water release svstem.'_”hls
oroolem 1nvolved an axtelsive studj of tne nressure dlst“gbu LOﬂ

in tie valves and discnarbs conwuits, Il'Sb, on a 1 to 6 scale

asrodynamnic rodel: renresentinb a One~e1ﬁhth sector thruugh a'

valve and discs arge condu‘t to etpedite tqe reuesign so1ﬂnatv i

purchase of the nucesbarf materlals ﬂlbﬂ“ be mnde in timﬁ for

completing repairs before t:a 1943 1rr15atlon season; and“

onal to8 2/3 scale hydraulic 'ndal 01 one valve and dischar

conduit to verifj ths alr model tdSus, study're iAeMﬂnts 1n

dasign, and determlne tne ane&uacy 01 tne ae"ation system ,n'?fﬁ.
poth tne o:iginal-ald the nronosed designs.. In addition, o

studies coucarning tue actuatzng pressures 1or tne valve
plunger were made. . ter it, was ;ound irvossible uO ob ain ’

mate‘ials for tne new needle tips and air intake ﬁaniiolds

reguired for tne proooaed chargea, ddB to regt*ictlons hy tﬁa”
dar Production Board tests were conductec to escertain vélve~-~
opening ranges or sats aperatlon to minimize damage by‘lzmlted
operation until materials becoma avalLahle.5 Also, & stuuy;was;-.
instigated to ascertain the possioility or obtainlng acceptabla
conditions by making minor alterntions to the exlsting

gtructure. The undal studies 1ncluded tasts to determine




‘the reliability of using air as a rluid instoad or: watcr and
investigations to ascertain limitationsrand disadvantagu ‘or.",,‘
aemdynamic mdal. In connection witn t.h'ase tests, an axmnina’_ .ton
_wae'mude of hydraulic ami aemdynami : equations to aacerta_ n ‘l:'i e"‘
error i“t.“oduced wh en using tne simple ‘ ydmulic equation 1n
detemining, the flow or air through an oririce._‘. Acoording to
Dr, C. =raller, comglete in vestiratlon or hydraulio macninQSai
ible tnﬂca,h ae“odynamic testing. Dr Feller's works gwere 
used =8 a guide throurhout_,ue nodel study._;i;ﬁ“ﬁf NT o :

Supmary’ of Results

A satiszacto“y qoluticn to the prob‘am of relieving th'
savers S;ln.aw O . ‘ » .
conduit wa1ls to prevent tho occur“ance offthe_c vitation
Sheno, enon th nrebv eliz“.innting uhe destmctive i’tting action
%> these parts of tueistrgcpufg,.ﬂgs_éptgigéd;ﬁﬂxbnghétpe 56&51‘

studies subsa uently dcscribad._

The modal'testS“indicated tth fithar‘of tvo Lethods mig“t;be

;amployed to 0ive satisfactory oneration
cxxang;ea.in tqe valve needles and air-supply systam and required":"‘

the purchasa. oz heavy metal castings, ahile the otnar involved the

strezmlining 01 tne sea}.ing adge oi‘ t:xe e;r.isting plu.ngger, rexno'ml .

of a p_ortmn‘_o; ti.e bmn e sealin.g ring by chipping &nd grinding,
removal of the taroat: liner and revmrping tha air—-sunnly systsm.
!Leration aquivalent to three: lz-inch dacts was round tc be ado— :
auate in this arrangement, but ulightly wore area was raeomended
a3 & raetor of safety ~because or the limited inromation availcblo_‘

on tne nir rer'uirement in high—»velocity flow.

. *«




et b el e <

ey o

®

The model tasts ahowed that the: existing prototypa 1nnt

system was 1nadequate to prevent cavitation tor all exaapt ‘ vary

manll range. of valve opening. Insufrioient air was . supplied at
openinba betwean 23 and 70 yorcant and aome or the z-inch vant
nipes on the invert and crown bec&me*inefrective at openlngs

above 85 ncrcant due to addiss forming immediatelyfdownstream 3

from the V-guides. Thase conditioqs preoludadasafe operation ofﬂ;w o

tho installation at ranges of valve opening other tnan 70 to 85 jl,¢_*“"

percert,
Llodal atudxestof tae exiszing field;'esign 1ndicated that 5

the pltting oy the prototyye valve neodles has Jeen the resul‘"

of operating. at valve openings betwean 14 and Ea'parcant'anduzlﬂ (R AN

that damaga to the conduits reaulted betwaen 23Land 20 percent’
valve onaning._ Fb doubt tne damage to tha conduit at tﬁese
openings randared the air-supply system 1nerrect1ve and
aggravated the- des*ructive action for larger valve openings.
Discharge coefficients and canacity curves, which.ﬁill;‘

determine the flow ‘oeing. released by tbe outlatfwork ﬂberora

cand after ‘the ouulets hava baan revised, were‘prepared from neyiﬁ_:

modal data.ﬁf

The use: oz an aerodynamic model conatructed of.molding:

nlaster proved an extremaly useful expedient in datarmining thejﬁf;-f;;

feasibility of tha proposed redesig;. The teste on: aerodynamic-
models of the Shoshone valve and on two. athar amall vulvoa,'a

using air and waterxgs,rlow madig;kindicate&sthqtfit is possiblé. ;

to obtain reliable pressure and calibration data from air models -

_providing“tha~testsra:e-conduétﬁd,carotul}y and pyoper. . -
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widely acpamtsd points and both ‘are not or. uo{ sam-} mmty.

Pressuraa obtainod in the nmal‘:',mm:m.r for an,y point in ho:pro-— Ty

tutypc other than the contml 'or “ 1owsa‘c prucum will tha::oran ‘
bs too low, and the pmmt 'or -.arror wil]. be pmpuﬂinml to thn
dsviation of the. .calod praame from tzm v&pq pressure. ¥hem
'thia condiuonmhtunl. mthar mthnd matbe mlnm 'ho

‘avaluata ‘the pmtotm mmns.




cated by the modél ‘ﬁf E |
Sinoe the pressure nurmund.tng _the vmm‘bnm of s
1ssuing fron a valvn 1nrl§zeno s ii';a ;discharge mto ‘anﬂ‘ henos.-the
'prassurgs at. a:u points uithin 11: t‘-he ~wm ch;nge of head

"'thrnugh the - valva should be takm as that frm tha;_gp@m;@i:dé‘
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'tne nagativa ‘pressura on the 1ntorior or Itha valva duvmstranm from :

. the oator odga o“

_ -obtainad bY using Wtax:. Aﬁ:er investigating the prassures -.-;in thaif

| dur:nuuream portinn 01’ the m.Lva naar the nuter edge 01‘ the neadla + o

”‘whera au;;ra'ciable subatmospharic pressures vmre found to eJcLat ths

"-ﬂdiaagrnamont was at«tributed to improper maasuramcnt of the haad on

-the va.lva 1:1 the aem&mmnic tasts.' At times, tne subatmoaphaﬁc

| praaauro 1:: this mgion vms almst enual to the ) ;rasaure uhove







‘be exnaeted. Tha diffarﬂnch in prﬂssur‘

“wulvo openings on thmue

5

"prezent fmlu d.e i,;xi (i‘isrurega,mght

T’ne nrosmras_
could ba pradicted:"'

mos.;haric praasure.z;__ X

remov:.na "the .‘model
control ‘inﬂ.ﬁadié‘bel "f‘ ;
appreciaﬁle éhm'ge

i‘actors (riguro BA) .‘ L

the E’low o:r A.f.r Thmqgh an Oririce

mxen aerodynmnic .tesvs,for the radesi.gn or tha &ho,ahone- utlat

works: ware instig.xted :Lt was realized ‘hat mmemu‘ sompy

of- uhe air c‘.ischarge thmu,_,h a atandard intake orificc mnld e

7'~'equ1red durin.g the s'tudy. Thi.s work‘ could be”'racilitatad i?. the

'bydraulic equation Q = C A

complex thannp.dm_amig.igqua‘tion' :

}hbreovar, the infomation would be: useful in ruture acmdynam.c ltnm :

A uamprahensive comparison was made cf the two equations_. basad oq

ooth the upstream. and mm domutrem pmamren.
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Qha and Qta are q\{anti‘ties in cubic reet 'per'x

pheric’ preaaure, ob‘bained by. the v'hydmulic nnd thenwdynmic'

A is the area ot"the oririco in aquaredteet-

g 13 ms accaleration dne to gravity,










i
i

"+ et et

) Sl
L,_-—- .

i o o

3.0

r

a

RIS IR
T — —

ysed on Pe:

tion base

qulic equa

:A‘;if’éfdf _

se

00

|

equation

|

Hydroulic

H

ki

B
! 5’_

1
|-
|
B

00—

ERROR IN PERCENT - * " "“ERROR IN'PERCENT
criarion from quantity ohtained . larigtion from gu
chermodynamicequation U Ty The ‘
| on.specific volume of g o T bnsed on spenific vskine

— PRI L
YL EEEA eRURY

'ERROR INTRODUGED .BY ‘USING HYDRAULIC
- INSTEAD OF THERMODYNAMIC :EQUATION.
. FOR OBTAINING . .
FLOW OF AIR THROUGH AN INTAKE ORIFICE

aF Py

¥

FiGure o







H).-e..} Qnugtﬂ NONI-BS
'WYQ INOHSOHS

!.E; uh:& fi mﬂt&!ﬁ% 91831
So PIMOW2I 2 D 6030 YL 5 ISTL
.0 ..GEOL._ odup QA ¥ ASIL . .wr.b\_ Nﬁt._b Qt\S _ NFWWL .
: wcg u_u.au Soct\s |_.Pwm1_.

S NOILYT? Emz‘ .u?.t.ﬂnu m

.

e -

EY :.5 Ty NZ
- &.EES»& JOJ SO MUDS EJSaL o
-.:_. H Q .E&»EE&Q .é _3:33 u.E.e

190~ S LT

e

o wo...__cou §~£-

Xk zot,uum,,

Q
[
-

i

*did 1,21

- apg0ing ny 1oy (o13yY

,M .u n.,,..‘
.?.w.ﬂl e

1005 - ..w:.!.

R e

i 4
’
-

--uolIsuDLL

AL E

.&a. 1.2 40
EE?# P o1 g2 woyy uorfisunsy







putotm h«d ; ammximtaly 230 rm. By ua’ing the, pramre




£0 the demsbrem Sortien




—Il‘=

= {80t
E E k__ \
‘ §~-,~ Y
. +
EweriT

T

e .

- Iy

i 7

I~ TR Wl

£ 4 Fi

w YW T

AR ¢
. a _m,r:r/ : .
g . i — : L
WA/ 6 NP 0% ST RN S DPRESSURES WITH .00

o A7 (P AImospherc pressare < CONTINUOUS  CURVE: BELOW - -
AT ARE R ,PI*""’ 14| VALVE SEAT: AND AERATION.
-ao\”_k/-'// IR BRI : SR T g S
.}!{’,
v iR lu e pvmure.nr F.us.m-zl
o =y
uwe mm " PE,I!GENT
220

]
=

=
o

&
=4

o
o

»
-

|

.
VALV ommn 1 PERCENT ot
F..Ml:asum SETWEEN SUPPORTING
 RIBS WITH TANGENT SELOW SEAT -

. PrESRIAE ot .
20 1 ol worler '}
"5 ]

- WALVE OFENA we PEiGENT
S - mwm




fniéntet adtisbusto

aarod:mcmic ‘tests 1at_‘e-
almost 1dm1tical resu t,’,
” requinm muny mer as

‘St'udy of Pxeaeut Outlet
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‘rcaaihility of minor altemtiona roquiring e mini@ o-': ltmtegic
materials. | B
Celibration of Froposed: Redesi Outlet_" S o
;Erototme diachnrgo curvea (nguro 16) for a ain.sle val'm e
opornting at dirrerant opaninss and ror ona valve rully opem and
tha other at urioua opaninsu was prepared i‘rom model calibmtion

data. The curves ehow & mbata.ntial reduction m uapacity from i

tho prannt riold inatallﬂion—-—that ror one valve at the maximm e |

hand boing ap_proximately 1 120 aecond—fant a reduction of ahout

300 uoond-tnot ‘-'(ngxma 16 and 13) Coun

n-nd logses rrnm the x-uomir to the valvos wnre computsd ror_- i

n.rim mlntitiu ﬂm‘m 1n-é‘ theh tunnel nd nre plottad bel '

' honznntdl lina reproaont:lng_ h i roaemi.r elmtion. o Tha daucond—-

1218 u-ﬂls) eum ohtnind m thia unmr rcpmsentod tha avnilahlo Sy

e

hnd at the vulna ror the g:lm rqsomir elevation and vu'ious GEnE

E mﬂﬁn or mtor pauing th:mugh the mnnel. _Plottnd againat
| : ﬂm tho mlmm-m. rcgnrdlm or rosamir olm-'?”:
o ﬁiw. Iﬁm mrul ;for dirtmt_ycpmings of ‘hho valvcs, L
| ’ 1 jon tha tc'»al hoad on the valvaa., |

'Qp d.&amina the quuntity of wter boing relouod whan the

: ':”1}‘, .‘,Mr uuvati.om and ‘the ml.ve opcuins are knm. enter the
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graph on tha loss curve: for the known rnsemir 1evo]., follow along"‘“
this curve until 3t intersects nthe discharge eum ror tha gim
valve opening, and. road the di,scharge cale vertieally belnw thia

intersection. The outlat diél:harge ror mtemediate reserm r'“"ole-=f'*”'

vations may be found by 1“6!'901&1:10:1.;‘ s

Comparison of the diucharge ooarricients (fig.x,rs 15) mn :(::(5-

slightly rore capacity ror tha air rmdel ‘Ghan tor tb ,
model., The reason for this diffarance was not aneartainud hut 1t

might have been the remlt of arrors 1nherent m eon :

{figures 135 and 14A).‘ 'I'hia unravorable pr&amé i stribution _
existed over the range or valve opanins“_;rrom 5 to- IDO‘permsnt‘ nnd S
precluded mccesstul clouing oi‘ tha valve by thaH cloamco-gap St
pressura at these openings. mns condition, w‘nich was alao o‘ntainod

from the aerodynamic tests, no daubt axplains the dirﬁculty expori— i
enced by the project in closing ‘the prototy‘pe anves \then they aro o

opsrated neaxr the wide—open position.




Study or Prossuraes in the Prassnt Outlot xnstallntion

Aa soon asg 1% was 1earmad that materials fur tha neu naodlo tipuv-
and air-intake manifolds of the pmpoaed redasign could not na pur- o
chased, an extenaive taat program was initiated to 1nvést ,5ata-l' S
(1) the prassure conditions in the field design to ascertain the
pegsibility or minimizing the pitting rasulting from cavitatinn by i: f:‘
limiting operation oI‘ the va...ves to nonc‘ 1tica.l openiugs, and |
{2) to attempt to discover a method ror eliminating the estructivo“_:";f
action 1n the. present structura by minor modifications not insblrh =
ing the purchase of stmtegic wa.l' materiale. ' 'I‘osta fur conﬁpar:lm
with those obtained from.the aerodynamic nndelaware also mnd

There were two low-prassure zanas' nltheuﬂhoshnne ontlut ﬁndnlg;~‘E:éfbl

where the prassurag at owtain valve opaninga when :f‘transromd o

of water. The praasures in- thase regionol(znnos_aﬂand " rignri 17: ‘

would result from the collapsa nr tha cav:ltiaa, the trlnsror O:f E

model data to prototypa m simplli‘ied. Hmvewr, both mathods
outlined previously weretusod and the prossure diatribu'eion ,-ror tho“ B

field canditiona inveatigated. )

It was 1ntended to usge prototype mmromauts mdo 1n 1931 u 7

the control pressures for tha mdal. in ;prodictins the winimn _
pressures in zone A or the ptototm. gnmr, ,whcn acalda to thc o
prototype, the mdol pmssuma in the uonduit Jbelow the %m'u k
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throat linera ‘on. both valves Here filla,*b; weldin

vent. pines a.nd rainforoing

'the 1942 season were repla

"The 58" bala.nced valves anzl" hie
August 7. Tne vest ‘walve has bacn :
0.75 opening. The valve: itself nows no visi.,_ g B
additional pitting. & minioym g . “pitting he ‘O CUrTE
nowaver, in the. ‘extreame to : Al
or s0 of concrata is gone wnere T
and lapped over onto the- pittaaudiscna;
of tus capped 8" air vert. Then at odd" ilr
apart are pitted. areas ot ove two ine
tiva digcharge -condult. for ahout teon’ feet
vent pipes.are: axy osad.‘ ﬁxcept;for the
of the dimcharge conduit,ano ‘other: ﬁaLﬂga to= he !
can be observed S It isy planned*tp paﬁch the '
before the vnlve is again put iu‘oparation.'

‘wihe aast vulve has beeq operated for cnly 8% Tours this
geason at 0,30 onening. The plunger needle on’ this valve ‘and the
concrete lining An the- nischargc tunnal 100k »he,sune a« when "
rapair‘wsrl"was completed lust gprln = T

"The opaning of the west valva so rar this‘ eagon. has

i1 the non-critical range. as pointed. out in tha

‘Jetter of April: a7, 1943, It apbears that it Will- soon ve
secessary to use one . of “the valves Tor e relnase o* waxar irom
the reserveir and 4t will prab¢bly by neceasary

" in the ecrivical range 1f stored water. is to ve GOnservau
beneration of power this vinter. It is tne*efore probdble thet' -
o wertest amounﬁ of Qamave o the: ‘&iscliarge conduits,’ etc., 2
bliis season nill ‘oecur darmn& tna rnma;nder of the irr*g¢tian
Scuoan !
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vapor preasure and the shraam tubes cb.ange with thf head. unleae'

taa model 13 ;anclosed :.n a partial _vaouum to g.ive 'bhe"p"" P
tion between the artiflcial amspheric preasure or thedeel ami"
the natural atmospheric proaaure or the pro'botype.

It is ditficui.t, and :Ln many cages 1:npoasiblo,,‘fto dotamina

ontnol pressures in & hyd.raulic strueture fmm air teats alona.

'mia meana thet the oontroﬁ‘. praasures ma‘.t be known or nusb bp
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