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~_Denver, Colorado, June 24, 1940,

."HEMDRANHUH T GHILF Dh&IGNINV SN’IHhuR
(ile Go Dewe;, Jr.) -

Suﬁject:' hydruulic madel study of the oontrolling worka for thg
Shoshone Canyon conduit Shoshone pro;ject Wyuming.

" 1. Introduction, ‘The Shoshone Dnm, locatod in northarn Wyo-"
ming, ei ht miles southwest .of Cody on ‘the Shoshono River,. wns e
built’ b" the Bureau of Reclamation’ from’ 1805 071910, . This con-‘
struction hes supplied electric power and: dirrigation to ‘the aren. =
northeast of Cody, with Lthe irrigstion being limited, comewhat, to. .
‘the less elevatad lemds adjacent to ‘the Shoshone River: (figures 1 -
and - 2).. In.more recent yearc i% has ‘been considerod desivable to
furnish water to the higher country north and ‘east o* Cotiye . This=
will be made possible by the present construction.of the Shoshone
Caayon -conduit -which wi.Ll dal:umr wator fron the Shoshone '{eservoir
to ithe Heary Mountain cenal (£ figore 1)-' A divis:l.on works ot the -
-and of the Shoshane Canyon conduit will divide the' woter. betwesn
kthe ‘Heart ‘Mountain oanal and the Orezon.Basin’ sunplv oanal, the .

" ‘latter being a futura devnlopmant to evtend Lo +he south of Gody
if(figure 2). S _ oo . . .

, In order to regulats thﬂ aupply of wator to tha Shoshone Can- )
_;ynn condult, there will be provided unuerground near the right f)‘_‘
. abutment of the dsm, a controlling'works vrith 4 meximum - discharge
@f 1,200 gscond=-feet - under A ‘head of apnroxinataly lao feet, 'The .
recommended - dasign of the controllino works has its 1nlct in the e
‘sheep bank of the reservoir, ‘with the flow proseeding Trom .this .

point to ‘the :sentrolling works proper in o 10=faot. diameter oon—»\ﬁ,4“--'

' .orete=lined tumnel (sectlon A-A, figure 5).- At ‘the -entrande to -
- ‘the bottom of the ocontrolling works & transition is made to-d short
length of rectangular section, 6'=0% by F'-ﬂ“, provided with an - g
ﬁauxiliary slide gate at the downstream ende’ The flov then anters
8 type of seroll case divided into six peassages {figure 4) and -
paAsSsYs into & pate chamber. ‘The flow from:the soroll case is regu- :
lated in the gate chamber by e IO«foot ‘diameter cylinder gate. (moo=" e
tilon A=, figure X figures 5 and’ B). VAS the flow leaves “the screll’
ease, it passes under and ‘upwards thirough the cylinder ‘gete and en=
ters & 16= by 2l-foot chember provided with two conorete baffles .
devsloped from the modﬂl Studj (sectwon A-A, f:wure 3). At the top




‘of this chamber ‘the flow enters a 'transition and "£inally proceeds .
Anto the Shoshone ‘Canyon eonduit, - . . R
‘When ‘it 12 ecnsidered that “the high velocity jets issuing from .
the soroll.oase impinge on each other, 4t ‘13 evident that consider~
able turbulensé will oacur. ~This ‘turbulence, ‘furthermore, ‘mast be
" prevented. from continuing to the top ‘of the ;stilling chanber, since
-4t ‘15 .required that the water surfece-and 'the flow be fres ‘from ture ‘
‘bulense end waves ‘as it enters ‘the ‘Shoshone :Canyon conduit, To ase
complish this, At is .evident ‘that ‘some msans must be provided for _
~disaipsting a large part-of the enerzy of iflow as it rises in the
otilling chember,. = Since it was not possible during the design of -
thes contrelling works ‘to acourately predict the flow ‘behavior or to
determine what ‘shouild ‘be placed in ‘the :stilling ‘chamber for dissi=

pating the energy of the flow, it was nesessary to :s0lve the problem .
‘by means -of ‘a hydraulic model ‘study. ‘Accordingly, ‘this report
‘treats the .study made .of ‘the:oomtrolling ‘works with particular re-
‘ferenne to the stilling chamber, oylinder gate, and ‘transition to
the Shoshone Canyon conduit. G R R e T

... ‘The design of tl.e Shoshone ‘Canyon conduit, contrelling works,
.and tunnsls was made under the general ‘supservision of :He Ro e .
-MeBirney, .ssnior engineer, and C. P, ‘Vetter, -engineer. The oylin~ =
der gate and its. appurtenanses. wers. desizned .under, the gemoral .di-

- -rection of W. Cs Beatty, senior ‘engineer, and P. A. Kinzie, engil~ =
Ne9rs o e Ll T R R L

: 2+ _Similitude between model and prototype. In most. model [
studies of hydraullc strustures the grav tational :(weight) :forees
‘are of more ‘importance than ‘the ‘visgous.or ‘aurface “tension forees. a
‘Becauge ‘of ‘this the relation ‘betweon the flow characteristios ofaa
model -and pretotype may be determined by Froude's .oriterion, V&/a ,.
‘where 'V .=.velocity; a .= any ‘linear dimenslion; and ‘g.w g :
soceleration due 1o gravity which is -aonsidered to be the same for =~

‘model -end ‘prototype.

‘From Froude's oriterion we cen develop the :fundamental relaw
tlons between model and prototype ‘velooity, discharge, and :other .
characteristics:which furm the basis of. similitude in hydraulis =
model studies. For example, if .we denote the prototype terms by
the subseript, p, .and the model ‘terus by “the .subsoript, m, it is

possible to write:

ey Ve

: 0...._..00.0.0.o—l_tbloo..oo;;l_l‘oc (1) S




*“and since ve,may'considqf‘ gp -;gﬁ;.we;oﬁtainé?ﬁ“""

-VéP - L:fl .'i,.,..-"_o“oo_:_.‘..-c.?'n“o'o_o‘?.yflo"qoq';_&:-ooo‘-go-o_o:;:(_z.)_ -

Now let the ratic _ﬂE_ in equntmon (2) be the rntio oL 11near di—i
& e

menslons (soﬂla ratloj betwecn.modal and nrototypu, then: B
a DL | .

nﬂ-—m—_
Lo

,lootonoGl_otl’....“-ipoiatl.-..!.0'.00.‘0.40". (5)

“hence from equation (2)y

Oi' ' L T (n)l/a . v o--‘oeo.ooa‘a’coooc.“oo.-.v.--.oo.oo;n‘*:,(4') .

Lquation (4) represents ‘the' fundamentul relation batnben model «

~ and prototype: velocities based on-the" Froude oriterlun. which ‘takes -

‘into consideration on*y ‘the grav1tat10na1 fbrcau ‘and &g 1ndenendent “
of the fluid used in the modal. In @ sinildr neanner ‘it can ‘be :shown e
from equation (4) nnd the relation Q = 4 o ¥, ‘that the. dlscharge of -

:tne nodel and p"ototjno are related as follOWS!

F (n) / -0 0 ‘._’...:.'.‘:.‘.".:. l:r-:c-.‘u“o,ll“.;oi‘:‘lo'l' (5) .‘ 5

- Althouuh only gravntatlonal forcas ‘are - usuallv oonsidered to

..be-the important forces in e model - study of .a hydraulio eructure,
 eonsideration must sometimes ‘be .given to the: effeot of viscous ' S
forees. This requires that -a definite relation ‘be maintained | be—*

twoen the kinematic viscosity of the model ‘and: Prototype fluids. fﬁz‘

The kinematic viseosity is defined .as v -;;Tr, where "y is the -
-absolute viscoalty . (ccefficient of v1scosity), -and o) ‘15 the den-‘

sity of the fluid. In the ‘MLT system the. kinematio viscoaity ‘has

‘the dimension ;%r_- s0 it can be- nritten nn model ‘and prototypo

terms that: _
L2 o L
vm - Tmm' . “-..00CO‘O;D.IIOCO'D‘OC_. ...l....,.",..."..‘.g. (6)

A




ﬂnd . ‘ .' ' .. T " . OO.. olo.l......o 0'.0 0-“0'07‘0‘0 ...‘Iri.l:l‘ oi’nt-( 7)
How ‘fron eqqa't;iori's 3) ard {4): o

o L - Il' Lm ”_f’o‘u.iq-:o"- seey ve ooo . o‘o_ . t.-.ct- -.'nv-".l. .-.a. (8) .:‘:' -

and - T . T = (Tl)l/2°Tm .0.--. oco.o-a ne's -‘n’-'o‘o‘ln;'. ;::. 00\(9) B

lDlvidin'f equation (7) bj equat:.on (6) zmd qubstrbutlnf s=nuatmnu (8) i““"j ;
“.and (9), we ob'ta.in- : -

o ::I_;?P' - My n2elp
iy ]_ L2 w2

&

I k

. - (n) 3/2 loooovnoo.oo;o-o' A..;-.;fc-:o='01'j0‘-i .‘-.lw‘:’n. o"" (10) -

Equatlon (10) is the fmdamental relatmn ba‘t"reen fhﬂ kinmtlc E
vigcosities of the model and - prototfpe fluJ.ds. JItiiar L"meda.a.tcly ,
rapparent that if the “two fluids AYE . thc ‘gene “the - ‘seale rativ n be- :

. ~eomee ‘unity, thus maJ\:mg 3k impoaulbla to ha.ve ‘exnot: s:s.nilltude i

_,_a reduced seale model s ‘usetl. | Thereforo, AP a nodel at\ldJ is nade
- in which ‘the : f}.uid of “he rodel 'and ‘the prototvpa are the -sane, it
R - :i.npossiole to tale into consideration: both‘r-rnvii-at:.onal and '

'viscous forcess . rigorous n:u-u.lwtuda s la.c mg. ‘ o ‘

S:ana the: model stmly oi‘ t}ve controll:m;' Vaoﬂ ‘was nmede with:a
1:12 ‘scale ratio: An.which “the model ‘and: prototype rliuids were. both
“water, it is quite. eudent +hat: smil:.tude relatrrf Lo wi sEo0s
foroes will be. :meossihle., This is mfortunate ‘becouse; u.ny des:.gn

af st:.lling chamber ‘obtained from the model mst be, based on .¢ffec~ L

tive ‘enaroy dls.;xpation, wlur-n, in turn i:s relateq to fluid turbu-
‘_i‘lence nnd therefore 'to Wscosm'w. o : R . : S

Consider, then, the rela*ion es‘tublished in. r_quntlon (10), and

~.sinoe the prototype ‘fluldcan. only be- water, conalder wiiat the. vodel o

£1uid shall have ‘been in ithe te"‘ts ‘on the ‘controlling works-to: per-.
 mit einilitude, ‘Asswme -the .water inthe; prutot"pe £o be :at 159 C..-
and et sea level; then the. kmena‘olc v:tsoosit_/ is ¥p e 0.01145

.:stokes. Fcr o soale rat. Lo of‘ R 1», we obtain i‘rom equo.tmn (10): ,




0+01145

7z | .000275 s‘colnea

13) | e |
"Obviously, any model fluid having tnis viscoaity, é{éﬁziffﬁﬁtil@bla;'
: would not be a. practioal one. Tor model testa. T ; ,T. RS

" Aeal matter of interast 1t can’ also be shown what the prototypa
fluid” :should 'be ‘if “the ‘model :and- .prototype:; performnnce isto'be -
o gimtleg. From equation (]0) oonsidaring the model flund tobe unter,‘
L we obtaanz o RN _ A . o

p'* 0-01145 (12)"’/ 2 4.70 sfolmm. T

1Glyner1ne et 26.5° C. has o zxnumatlo vzscosity voa 3.92; hence, o
- .the prototype fiuid: should be highly" viauous, but th;s condltlon Agi.
' ;onviously imposs1hle to aatiafy.‘-.,; FED i S . S 0-’.?;‘
Co From this brief analjaia 1t may be seen 'thaJL for the model Ce
- 'study of the controlliug vrorks 1t is. Ampossible to hawve exaot simi-,j;ff
- 1itude :relative-to visscosity: betwusn model :and prototyvas  Gravi =
‘tional and-vissous forses - ‘oanmot be - considared together, and]only
~the: PIOW'characteristlus due to gravitationsl ‘forces ‘based on -
. Froude's oriterion. canibe maintained .in- rigorous E1m111tude._ It B
. -may-also be:evident that sinee:the - model Tluld was water, the; Dro-:ju o
.. totype :fluid- should be n’ ‘Highly viscous ‘ene 'if ‘the nrototype isito
~  performiin-a manner . elnilar to the 'models’ “‘Because - of:this ithere is‘f
- ireasonito: believe that the* turbulenee ‘in‘the; prototywe may': be B o R
ﬂsevere ithen - thﬁ uurbulepoe ‘observed jin: the: model., Aszims resultjthe .ffff L
water gurface: ‘8t tthe top ‘of the - ‘prototype . stilling chamba may. be T
'rougher than that 1nd1mabed by the model.-; o L

. Ou the. other hand there ‘are’ reasons to bel1ov» that tho protcujpe
owill operate s:tiafactorily regardless of ithe lack ofacomblete sdni-
i oilitudes  iItids- ‘thought, for: example, that -when & ‘zive; ] H"
thurbulent flow in’the model is; increased “to ‘the 'rototype volume, ‘
“the eddles Will be: necessarllv AoYe . developed and more: lntense, onm
- -abling sreater. d1551pat10n of enerpy to- "OCCUr, If thlo :ghould. be , -
"fxtrue, it is: ;reasonable tocaasume ‘that ithe smoothness of “the ‘proto~i ..
‘type weter surface. at: the topof: tne stilllng chanber hlll be near-.
’ Lly sﬁnilar to that of the model.‘-. SR

o “The' hvdrau’ic jwzp is also. a phenamgnon based on energy d1351-7
“pation by turbulence and ‘eddies; -and At s known hy comparison: that S
“hydraulie jump . stillinv ‘pools. designed from- model studlea operate  4' PO
;satlsfactorilg in the prototJne.‘ Slnce the mndel amd Drototype




. -é«.arraement ia n'ood 1n t*'n.s "case. atoent I‘or auray in ths protot;,rpa.
ltids gransonahle 0 .88s ae thet: other 'burbulent uhenomena will
show ‘good agreoment if the vravi‘l:y forees a.nd not the viaoous ; orces
';’_play the mos‘t impor'bant Ua.rt. : P ‘ i :

S Rela:l,ive 'bo aizulitude and the role ‘of viscosity in eneruy e
- i“:s“dlssmation. Professor:Escande; ‘Assiebant Diregtor: ofthe -Electro=’
. “Techriieal” Institute andiof the Fluld Mechanies TIpstitute o{ Toulouse,
i .‘:“?ranoe, rsta:l:erd on; paf'e 429 111 an’ artlcle in Le: Genie Civil

‘ “We are’ acuua.inted with: the role plmd in hydraulic in- SR
stallations of. cnergy disszpntlon, the ‘uge ol whieh: requiraa
that there’be dissipated, ‘at once, in- turbulence and : eddiqa
ines’linited a: SpAce g posslbla, the ‘6XCOSE" energ;y oftiat S
iliquid flowing atra hmh velcoity or gushinn- ﬁ-on B system Lo
undar praesure._”, , g G .

ke e*:gineer ‘oan eearcely establish .,he 'bheoratmal ele—
ments for-the determina,tion of*this ;phenomencns Accordingly,' '
2the rstudy by ‘nodéls’ ‘constitutes: theimethod most: ‘generelly” = -
“used for deteminmg‘ét‘m dimensions-and ‘in’ i‘oreseaing the -
ﬁmctioning of it “In this: regard,” it WA&E intereéting o i
Cemichel and:tous, in‘comparing -research medo :on an’ induu-
“trial  installation=to aimnsdel specially construoted for the .
"DPurposc, ito see if this-mothod: iisjustified; and, in: partiou—
lar, to see 'if the application o fithe | ‘laws . of similituda fre
nlsh quantltative resu]ﬁ;s sui‘i‘miembly apnroached. S ]

Suulrbmie applicable ‘l:o eneﬂ dissip_tmn.

"The d:l.asinat:.on oocura, 1n :nma4 caaes,‘ n & atill:lng basin

hamg a :free ;surfmoe ‘in contaet: with the- a.'tmosphera. “The. . "
‘laws. of"; hydrodmnic ‘similitude iof incompreas:.hle “flulds 1ndi-
-oate that, under 88 conditiona, Aif the wiscosity: mtarferea;
‘in-mnv apnreoiabl Ay, ‘1ts influence makes Ahe exiatence of: a
. rigorousisimilitude ‘impossible. . ‘Furthermore, th R of
-sinilitnde oconcern’incompressible - :fluids. a.n.d,_they do ‘not - ta.ke
‘into.aocount ithe phenomenon:of air: -entraiment :and ‘the iforma=
itloniof ‘air-water: remilaions; which almost’: always accompandr the

- sPmetioning of - energy Adissipation dnstellations. - “Two :elements - -
wexist, therefore, the- viscosity of itho mater and ‘the entrain=
men'ﬁ. oi‘ a.ir which are oapable oi‘ disturbing the slmllitude. o

1"L"~tude Sur Modele ReduLt Des- Ouwagen De Rl_pture Do Churgea 3
nxporiem:es de 1'usiz; %tu Carcanet " (Nodel: Study of Emrgy
- Dissipation. Expériments on-an in&untrial :plant at’ caromot:) hy
L. Esoa.nde; ‘Le Gonie: Givil Dec. 16 51939; pp. 429—433.-




- Role of viscogity. .

“Aotually’the viseosity: effest is not. to ‘be feared, be- .
enuse the tumiltuous character of the flow carresponis to-an
agltation of extreme ‘turbulence, putting Anto play ‘the wnergy .
“losses by impeot:amdi ‘ehanges of kinetic ‘energys on ithe other
"hand, the ssimple -slipping af liguid particles onec on ‘mother.
Plays :an entirely negligible roles . As we and ‘M. Camichsl =~ -

. have -shown ‘in ;pi;eviqu's::;studia._'s,“"‘.‘the ‘losses of hoad VRrYiaE

‘ _.the"‘-:g_qudre.;;of*tl_ze-jc?lbei_tg;ﬁnnd-m}ef:’pracfic&‘l-ly ‘independent of .

. . ‘the.proper-viseosity: of the. Iquid, entirely iconcealed by the
E L‘«-F:_f‘.id.‘titious"aviséos:ift;y":o"f"it'm'fbule:';,&i:é T e

In.any ‘event, it 'is necessaryto depind:on the hest model are
-rangement and assune +that -arransemont will ‘be the ‘best one Tor the
pyrototypes As :';a",nec‘essary;;,pregauﬁipn,- imoreover 5 the :nadel WAS

‘tested for heads ‘_in';f.ez;aes:;hoi":the'-'d'eqi'gtjf_he_ad. S

- " :Bs The model.  The model- of the original dedign ofithe con=

- trolling works was ‘built to a :soale. of Ly12 (figure7),. The oonw:

- -Quit leadinz'to the :controlling works was-made of ‘sheet metal, .~
‘With piezometers 'Leing .installed “Just ‘upstreem from ‘the transition
o the ‘scroll -oase to:measure tho head on ‘the.model,  The :soroll’ "
case at the bottom of the.stilling chember wvas:cut into :a large’ - -
‘bloek of aypress, . rade ‘into ‘two -gections, with “the joint ocourring - :
-at the -center line .of ‘the sorall (( section Del; figure 73upper blook

- shown.on figure 9A). ',[I’I_“};e:,lpyliﬁde’rj;gatq,";’ffihi',ch';, ts ‘into the gate . .
. chamber of ‘the 'soroll case, " was:made ‘of - 1ight-pege ‘salvannesl with & -

& lifting ?mf_:éhﬂ.h’i'tfat‘tlp.ché‘df(ﬁsz‘gda_?e_lénfd:}conf;?i'gz;;e 7)o "This:ien- "~
-abled -the (oylinder gete to ‘Le 'moved .up and .down ‘past ‘the ;rats of .

the :soroll. case ‘to vegulate-the discharge. :The ‘side:walls .of the
. 8%11ling -chanber were made of pyralin. to permit iobservation of “the

 flow. ‘At ‘the top :of the -:st‘illing__;;chﬁ;ber:'a"?"al‘}aetﬁgnéfh@l”:ﬁ#z}gﬁ&iﬁibﬁ" DR
. wgs‘in@tallQizgndkglguffiqientzlquthgofﬁtunnel§;bpénygtﬁtheéthgf- ‘ '
- for ‘,obseancion:;m:;posgs“_,_:.wasr-‘,aac:je'd;to ;vregg'esent{i;_tj,he‘,:tshoshqne}fjc_m_-{-

‘yon:conduity R

o

7 The.dinemaiony given on most 'of the nodel -drawings are in feet

*end -inekes iin terms of ‘the modael,. -Prototyne:dimensions ‘are readily |
‘ ";obtainegi‘”;-_j;f“_;-_gp~~_'3;hes._q, since’ one -inch on Jﬁhemodel‘_eqmlsl:one :footion
: J.thfqu:.("a;tq,"q‘ Y3y : BT T TR SRt SO

. 4o :Performansé of original ‘desimi.. :The model '0f ‘the original
~desimiiclearly demonatrated © At little ‘energy dissipation .occurred,
. ~resulting in ‘excessive ‘turbulenge.extending to the top of ithe ‘still-

- 'ing.chanber. Faor ‘the:maximm discharge and for verious -heads, ithe
weter:shot -upvards \in the model stilling chamber ‘in large spoute |

O




aml spilled ‘over the 'i:op of_ d:he atllling ohmber walla. 'I'h:s.s con- e
4dition was ‘due “to ‘the. extrems turhulenue dmloped ‘just ebove the -
'-’gnte ohunber o f the l%sroll .onge ‘a8 the 1ssuing Jets 1mpinget’1 on:
. iemoh ‘Dthery and., With :only sn’ ‘open ‘chember ‘#bove, ‘this turbilence:
_continued widiminished ‘to the: “top .of the - -shamber.  ‘This: preva.iled

o ‘for a1l ‘operating . :oonditions: Tull gate ‘opening and various dis<

i eharges up ‘to ‘the ‘maximum 1of 1,200 . aeoond—fant. or. i'or pnrtia.l gat!; : .‘i

R !;=opan:l.ng ed var*ous disohargea.

e i carsf‘ul obnmmtions ware not nmde of the o'l:har pnrts of the

’ coutro.’ling worksy ‘that 48, ‘the :3orell: ‘omge :proper, the cylinder

.gote, and “trensition, ‘until the . unfnvurabla flow. oond:.t:mna in i:he
j,_stilling ehmbor had_ bean rccztifie de ,

T B ; 011 omss | :"ta chmbar.- From tho s'budy of tha
. g‘.rmodcl of the original ndouign, it was evident “that- tha oxtreme. dis—~
: \"t;urbanoe in apd immediately above the rate chamber of the aurnll
_/jemee .should ‘be. premtod from ‘reeching ‘the tap (of the sti12dng
rohamber, ‘§ings there was nothing to prevent this disturbance frmn
‘flonntinuing upmxﬂ, ‘Tt vas thuught that’ if the gate: chmber .of ‘the

R Bcroll ‘oase were - daapmd, ‘the :added ‘spase would ‘permit more energy S

" disgipations At the smne tims, it was believed thet if part of the
“flow .could ‘be ‘foroed - downward ‘into this chamber and then allowed to
' ‘pass ‘through holes plaeod An. the . snroll -ouse piers, the: turbulenoe

" would he: distributed over & greater area ‘instead of being -concen=’ . |

- treted inimd above ‘the pate ‘chenber, - ‘Accordingly, o peri‘oratad
-pla.te WRE pla.oed #tit the ﬂbop «of the .gate chamber nnd e metal pat
- with.adjusteble depth was added belgw: the chember (figure BA) -
addition, holeg were. drilled f:hrough thﬂ viers of the scroll case
' .’mto the pot below.- ‘ : : S

This design did not prow moesai‘ul beoausa the hzgh-veloclty R

Jeta ‘flowing through ‘the ‘holes in the: ‘perforated ‘plate and in the =
- -sorell -oade :piers shot -upward to the :gurfaoce of the st1lling Fnamber,’f:_“
- and .caused nearly ‘as mugh disturbance as origina.llv obtained, S

‘Amprovement was noted with & inorea iin the’ depth of rate . chsm}aer,'_;:"

It way. ~natiaed. partiocularly, that for all operating ‘conditions the
 heagd’ "ho ‘p&oB & given . ‘discharge. was graatly inoressed. If more holes .
~sould ‘have been :plaged in the serell. :oase plers this design mirht -
‘have operuted ‘better, ‘but n.ddi'biona.l holes were mposn:.ble bucause

of . atruotural lhni'hationa..' A T T _ , :

o: thn changeu to +the gate chanber dld not S
produoe sn 1gfactory ; resulﬁs, the most: apparent prooedure to fol=
low was to place - perforated norizontal ‘baffles in the- etilling = -
ohanber. ‘Forcing the flow to: Pass through many holes would ovidant-
iy mdume the . exoossiv'e turbularme a.r:.-ing frcm the' g,ate chamber ‘




| and wuld also cause snergy disel gti¢h;;ﬂrhigkggpe&iégf;ﬁioiEdjf{rf.,
= Successful, -and-eéxtensive studi re :made w’i:.b‘-‘:{_clétom‘z’ine ‘& satise. .

- beffle -at various elsvitions above '.?thia':.ggitg'f5,;6hdlﬁbérff(=‘f_ing;e;j;l;&B)’;‘,4:j' R
ang .-obaerv:].ng.;théij‘f],fdwrbon'ditiqng;b.t**i'l:hé‘ ‘surfaoe Tor various ‘heads’ o
- ‘and discharges. ‘Because: the ‘flow distribution ‘was exceedingly e
‘balane e'q',,,mm“y-:.typqa <Of;Tiba'ff-lee.‘-;mr”a."_‘itr"ied?é(:-’jﬂigi"‘l‘re‘ < 8D) ‘in order.to

The Prooedure in‘testing the. barfles’ consisted of Placing,

- ‘#pread uniformly :the ‘boiling at the water surfroe. of the Btid¥ings .
“‘ghambers ATl ‘baffles were tested for heads in excess o those ‘an- = .
‘ticipated .in the prototype, -due ‘to ‘the ‘aforementioned eok of exact
8imilitude, There was 1ittle ‘difference, ihovever, 'in the performance "
of e piven baffle ‘between normal -and;excess ‘head, In fact, more - -
‘turbulence.was nated -at the ‘topof ':E:he":éti.{_'.l;l‘fing,,_c_hm'r"xber_:f_'f“or‘_;‘f‘ulil.:;-.»- -
- gate.‘opening ‘ang lower heads than fo T 'r6‘thfé’xﬁ;e.'cbmbinat:"i_o‘ns"izbfl; partial .
:‘.quning andexoess “-hba‘d_e_ ‘:_‘“ R R L P B SR
- - After-.a'baffle had .ibé,én-ﬁ;_‘s'at.iéfaci:qrily;de#elopéd on the model -
. "0f the :.originalfr;d,esigﬁ'»i;_o‘s_,e‘léi:'r;inatéj‘ exoegzive boiling ‘at the weter -
~ .surface of the stilling. chember, it was ‘specified that invoprder to
.allmv’.-the.ipylincier sate to be removed Ar sections for repairs, seo
hole 4%ag¥ by 4 gr ‘should be -placed. in the baffle at the upstream
“well of ‘the stilling -ahembors, . ¥hen-this ‘gate passage. wes added . - - |
part of it extended over the ‘£ate :ohanber,” As s result, a majority -

ror-the=turbu1ent¢floweesoaped'th:ough%thiaf¢peniﬁg:and-upsotethe-‘;f) |

©Previously established. Zamboth--sﬁijfa_c'e_;eondit'ions.’ Jo-eliminate . v o
this unfavorable eondition +and -to ‘provide :additiona] «spage for - "
-energy dissipatian, “the stilling chamber was" inoreased +to 16 by:21
ey n Plan anl despened by 21 faet. This chance (figare 80y ne.
- moved the gate OPenilsig in the baffle from direstly ‘above the gate - -
. -chamber :and furnished -additional’ space for testing the ‘bafflea, -
"The ‘inerease ‘in‘the depth of the 3tilling ehambe T, ‘in‘addition to. -
~_furnishing-a larger ‘volune for energy ‘dissipation, simplified ‘the e R

om0 ‘_‘_.,thé*--eanva-#i;én
] seame .glevation (section, | .

and -the .mocess’ Aunnel.m

o The Jarger stiliing ‘chamber -eontaining .a baffle, aperated more
‘Sati'sfa"t’;’ni‘:‘];y‘gt};en \’:.thd.sma'l*l:exﬂ chamber with ‘& baffle,  This 48
_ '-somm.h&t'v-énal'qgous"-_td':aa.\‘-;je’t';.o!‘ ‘water: flowing dowmward into ‘8" ghals -
- low vessel, such as s ‘drinking :glass, In this.enge ibhe “£low :spilds -
out of ‘the glans with . a’,xoos‘s’ive:_;fdi_!!_jhl"ix".biflncersf,}.let:,,?i_.f' ‘the meme ‘jet - o
.  £1ow downward ‘into .8 nueh jlv_a'.rger",v,@s‘a'ﬂl‘j“~$ﬁ¢h‘,,‘;jés~:sb; pot,.the
. turbulemee -vip‘ulii_jz?b_é‘,ngreatly'_};:égjuoed.:.-'- IR TN R LRI RN e




The baﬁ‘le developed in- the sms.ller stilling chamber of' 'l:ho
ongirml design wag-adopted for use in the’ darger: ch,;m'ger. “Moré R
‘heéles’had to be-added and their: arrangennenh changed £ produco the SR
‘desired .smoothness’ of water ‘surfeca, “In: additicm, the gete-open- "
ing in‘the ‘baffle, although removed : i‘rm ‘over - the gate chanber, - R
+hedito'be. pa.rtially plugged by -adding . croas, piooes. iThess were me= ' '
quiréd! ‘beeause:the - flowistill escaped’ up tha bnck\mll aml created et
exoasuive bo:.linp- at the water surfaeo., e '

‘_.?.
ESS | A
'f

‘ Although cnly .one’ baffla ha.d been stud:lod wb diffbrc?.t posi- AR
A 'tions‘in the stilling ‘chamber : ofithe” original deaign, ‘thes largor S
~chamber-allowsd spase for: ‘two:baffles, "ane abeve | the. other (figma
-8C-and 9B) . This was tried sand proved ‘to. glve-even better: awraec
‘eonditions, ‘Extensive: testa ‘were made: until ‘the: proper’ uize and - >
vspeolng. of *holes-and’ pesition:of baffles providad ‘arminimes surfaoe ;-
dis*burbanoea ‘With: tm ‘baffles, i'l: was only neeassary toxplaaq crou
:pieces in ‘the. gate: apsning of . the' uppar "baffle (gection ] .ﬁgure
111) ¢ Figure 110 shews the- model:ofithe: Tecomended: denigm with itwo .
. 'blfflos in‘the- ntilling chamber, Kt willibe- igted ‘that theiflew . . -
, ;-z.-eondi-tigna ; 13179 ='zneaz-.1y_ z..i;.lentic_alr o‘r-'.tf"jmn a.nd pnrbi&l gatia‘ cponing.

Rocalli.ng ugain that omt, imilitude was. not poasible 111,.;‘?-1'1181::_ e
l‘budy, a.ndxuunuidsring that the flow: distrihutiun in the stillag - .
“-chambers.of ‘the model &nd: pretotype may not’ be! exmtlymlmilar, the, o
dnign nung two baffles. ‘was accepted, not: only ‘becanse-of ita good‘ Tl S
porfommm M boanuaa 11: orfered a: factor of safet-y., L el

M‘ter a atiafnote "baﬁ‘le mangmnt had been devolaped. A

iezemeterg were; matalled .to ‘daternine- the,pressurea onithe’: hbttom' Cr

of 'the baffles, The pressures cbimined in the: model : £or maximum Con
‘pan;bing eondit!.ma, ‘opnverted to prototyps, -varisd from 2,847 to L
6,172: pmmclsf. per square foot em the ilowsr: baffle’ and “fram‘fl,-’ﬂﬁ b0

1 862 pounds per.square fost.on the. Aupper bafflaes Thewe: pmuama

remm the - lower: baffle 8 470" $hiek (&n: the'meetypo). o T

E .»mdwth npﬂar barﬂ.e to b ‘,2'-10"*‘5511«1:. Prelwroa '

*"!'hen masms‘misd ﬁo:n 1,700
ﬂi blf.flﬂr n: 0

oquiring: satudy “of 'hcir arrangment and aoxhien
. cmb!mﬁmm ﬁna.um sained . whi; .

: surfu onditione and whiieh. ﬁlmd i:nder ge.te ahamsito: -pass |

‘-‘"tbroum ‘pepings of: tlw ‘barfles (1 : mhu ﬁmlmmbimj.an s
of;‘batﬂos W3 A ) s




A.lthough 't;h 'holes ‘or- open'ln g cut 4n’ the baff‘les in this
: in plan), there ‘is'no: -reason to’
> Circular holes would nrob-ll' “
Lo lebly work eqtmllye : o .
ﬂin‘volved. The holes :Ln the

. f‘:-.s hest explainod by the reduct:.ony, : ng;- R
.the lowar ‘and ‘ the upper -side-of ‘a: baffle. Unf'ortanately, tlme did CEECR
: A8 further- <gtudy - of” ‘this: baffle, but it was behevec_ that
cvan ‘if'opebarfle- would operate aa‘ciaf&atarﬂy, tm..;bafiles v-ould S
. forniashia desired fa.ctor of‘ aai‘o‘by, as previously: 'nentlonad. Re—-;- '
. gardless ofithe:type of opam.ngs aueed, sharp-sdges at’the: entrance -
were: desirable to induce losses .in addition . to the Nosses ‘obtained .
~ “by’'the isuccessive: en].argemarrbs and oontracﬁ;ons rAs" the flow'frlsea SR
2 through the ba.ff‘leso E g : e

RETIRE 47. Ch&nﬁa in- acroll 0856 passn;;es and. cvlmder f,ate. After e
~ithe‘berfies. had been détermined, it was moticed and expected cthat .| o

- rthe head: roquired ‘e pres the- maximr.m dischsu-ge 0f71,200 ‘second= ,

- feet was: greater 'bhm -could: possibly be: obta:.neu in the nrototy’pﬂ. R
R /- ¥ reduce the head:to-thet vﬂ:ich oould e gbtained, the’ ‘pASSAZes .
T and- ports of the ‘'seroll-ocase- Wore mcreased o 2'-6" oy Bleg™ o
J':'f(i‘igurosf‘{.tl and A1) . Previously ‘the size was- AL by Braan (flgure

~'7),wand-a reduction in the size:of the portsitiad’ been ms.de (pro’ LY

.along® ‘ﬁgure 7) wluch was elinﬁ.nated.- S 3

SR At ‘this:point in: the stu, the__cyli.nder gate -and “the - shape of -
,F;-'.f?%g;n.te .chamber:also ichaged | {figure:1l).e At :theistart of ‘the, s’cud:u-s
ol thes dasign ‘of "the . gate had not: been: f‘ully -compléted, “andthe one o
Cused iinthe original model (flﬂn'e ‘?) ‘represented the ‘design’ avail-'fi.{ :
-able st the time, ’The' change -of ;eylinder: g;ate did ‘notaffect : Ehe s
perfermunce . of the, baliles. . See paragmph 9 far e discusslon_‘of Sl SEE
"-:;test.s on the oylmder g;a.ta. - M : SR

- : Tranait:lon stud)[.- Upon com.nletxon of the bai‘f. s uc’v,_
“ithe - moﬂfnem of the:weter surface at:the top of the stilling '~ - .
:chamber permitted o study to'be-made of theitramsition'to the bno— e
- shone Cenyon.conduit. The originul franaition wasintended ito. pro~
. ‘duce;ainearly horizontal water surfase, vhich-was nade _possibleiby
;'plao.‘mg n wair in-the: floor:.of-the: tre.nsition to: mnintain ‘Bocon="
*sta.nt area’ (figure e “This: design, however, 'did:not perfonmi-as .~ - '
“‘desired becguse the. relatively high velosities .entering the tran- .
sttion from the:stilling -chamber," ’cogeth.er with the shortness of © 7 .
the tru.nsn.tion, producod a. s'bu.ndinyr vnwe 1n the na.nnal clownstre-uz__’l L




“from: the ond af the tra.na:ltion.- This oauaod - u'eries: eﬁ‘ wavea .infl
‘the tunnel: domstream vhich, 1f‘they extended to the orm, wou.ld i
-:antrnp air md mua gulping.t e : e TS T

C A new: trnnaitian was! than daaigned to broduee ‘n longitudimA
fparabolic water surfage (rigurc 11)e: In! this ‘transition. a llngth.‘{

- cof40:feat was: chosenito :eliminate - an abrupt break ‘at the end oi‘

the ' transition and'the: stert of'the twmel proper ( section C=0,

| Pigurell). By assuning a water : surface ‘for:the maximun- dzsoharga

- mnd | knmdng ‘the ‘elevation of: the- enorgy gradicnc atieach end of" the
~trmu1tion, i1t Was' then poseibln,as.t warioua. seottona, ‘to- datumine

- ‘the-velooity head, " wlocity, ‘and ‘£inally ‘the :area-to _Produce :the do=

- ‘8ized:water surfmoe, - ‘This ‘trenaition operated. sutiafaotorny with
sonly - snall waves developing in the: tunnel. which' would be“too amall
‘ bo ueal n.gainst the ormm and oau:a gulping. TS P .

Dur:lnr’ the tostu or'the mndel

e 8 and:after the. oylinder gate. and :gerell

o vjcaae hnd been- changed (mragmph 7)., 8 rattling -sound. wa.s heerd: :Ln
:the ‘region of ‘the gata, -ohtmher, ‘rhis .sound was; partioularly prom.i- ;
- -nant when’ the model’ was: ‘operated mder: ‘the higher: ‘heads snd- smaller
. gate" openinzs, “The: rumblmoef,,of this - gound to- the severo nttling

: vobtained-in :pipe flow: dmloping; cav:ita,tien ca\zsad ‘some - "CORCEIN | and LI
: .‘;led to ac study of - the prsasureshon the cylindor gatu"” S i

Toat 1 figure 12 showa tho cylinder gate inssa.lled 1n the

. .:model aﬁ;er the soroll case ha.d @6n changed, Boeauua the Aip: on ‘_:r.-_‘ i

“ithe’ bottem:af: this gate ‘diverged Tive: ‘degreos from the bottem | . -
‘shoulder. .of‘the ga.'bo chamber tion ‘A=A, ﬁ.gnre 3.2), it was’ be- PRI

".-"‘_‘.‘:limd ‘that oavitation would devalop:in s Qj.verging seotion of ‘this

U ) : eapeeially ak omall: gnte' oponingsc ;:’-Accordi.ngly. ‘piezomaters
,were installed in the gate. oppogite- the ‘center: ‘1ine of -the- porta af
‘the . :Seroll -osge - on: ons ; -83de of ‘the- acroll. “The. piunmetsra WeTre .
~ipleced:in: the outaide .surface. ‘of "the gate’ (seed‘.im ‘BB, figure 12);
‘An.the 1ip-of the ‘gate’(detail s, figure 12} .and in the:inaide . AP

face-of the: ‘gate; just above: thegedge of 'the " i14p: (ueetion C=C, figure "

-:12)s The mpst ‘important - cnes: ‘weTe those on-the 11p, -ac ‘the pros= -
~BUNes indioetodm.t thege . points. were. mefnlly-’mvcatigatad An da-

. ’-=‘.l._¢-:,-ciding ‘the best ‘design. Pressures.were. recorded /for a: dischurge oi‘ o

1.200 ‘200 dffut fortw: ‘gate; opmi.ngs: 20 ;and 40" spercent, .\ For:
‘the: EO-pmoxrb rgate opening the haudmxooeded the hea.d obtainable e
inithe: pretotype, ‘but-all the.

prossure, ‘wore:positive: (see table, - ot 1, figure 12 pre
:Sures  were:also: positive for:thes ; senc -gate o 1gs Tt was
“believed, ‘theref'ore, ithat . -gince: \the ‘PresSUres - wre - poaitiva Lot ex= -

trm oPOra‘b:mg eond!timsg .oven thaugh ths mttling ﬁni s, PrWailad, i




‘strustural ‘limitstions requiring:m'bottom
~chamber, “wblch:had been: removed ‘in:this test,

no savitation would ceour ‘for normal heads and pate openingss On
the other hand, -concern-was felt over the pressures that might be

developed when the gate is:raised but one or two inches, In thiz

regard, ‘1t would have been difficult to.make ncownte tests on the

- model for such small gate openings.  Further tosts were then con-

tinued for: 20- and 4O0=-percent ‘gete openings in the belief that the

best design so obtained would -also be ‘satisfactory for ~smaller gate .

openings,

To eliminate the ‘t:en’d.ency.xfor _oaﬂ'ba;i;iblzxﬁtd' occur .ot small gate
openings, the: divergence of the bottom 1ip with the bottom shoulder .

of the gate chomber was decreased to one degree (test 2, figure. 12).

Again the pressures were a1l positive -althouzh somewhat greater than
-the pressures on the gate in'test 'l (see table, 'j:est:.“2)_;.‘;:‘3?1_!'&;{3]%& R
probably due to:-the lip being: rdtat'e_d; downward ' into the .fiow-to re-

duce ‘the :divergence,

“Test '3 was then made to eee whu't ':,ei_"‘feet".fheréWoﬁ]_.d;be, on rb]‘ié’;,' :

pressures if a surface in the diverging section were removed. This

. was acoompliehed bgr removing the bottom shoulder of the gate :chamber
(tost 3, figure 12), we Ltive
‘were greater than those of the preceding tosts (ses ‘table, test 3). -
:This design would probably have developsd: higher pressures for gate
-openings . of six inches or ‘less, but it was. objected toibecause of -

.The pressures obtained were-all positive and -

.shoulder ‘in the gate

“From these tests it was evident thet o’ mgé.%ll\i;e':.}ﬁrés'uurés R

~would:oocur for: normal opersting cond itions, whether the divergence. : i
wag five dogrees (test 1, flgure 12} -or whether it was only . one de='
“-gree:(test 2, figure 12 )3 butto eliminate. any:tendency for ecavita- =

‘tlon to. ovour.at:very :mmall gete openings, - the divergence between
“the 1lip:of the gate: and the bottom -shoulder :of :the gate chamber was

reduced 'to -one ‘degres. 'In‘the:model, the angleiof ‘the :lip was

-Placedsat i29. degroes (test 2, figure 12) and the v8lope.of the ‘hottom -
shoulder.of the: gete shamber was placed 'at: 30 degreess By :some. mis-
-understanding, ‘the final design of ‘the gate was made with:the mgle
-of theilip-et 25 degrees «and the ' ghoulder. of the gato-chamber-was =
. changed (£0:26 degrees (figure 5)," The . divergence of one. degree was -

the same:in both oases, however, and it is not :believed ‘that - this

‘difference will cause -any:undssireble results.

" The -:;d‘ee‘flai:enii;h"oi.usa;uap.ﬁdlive:"-‘géx:m of ;ems . degrée- was aade.after
the modal -had been removed from-the :laboratory, .80 the final-design

of the modsl. shows-the oylinder gate-to ‘have e divergenge . of five

~degrees (figure 11)s In ‘this regard, the callbration.of the eyline
‘er-gate-will .apply-only approximetely to:the prototype (paragraph 10),

38




~ -probably due to -the increase ‘in divergence to'2

R,
. \v;\n“

‘ Ano-l:her problem of :.mpor-btmce in t 0 desi@ of 'the o,;lindar .
gate was to keep the projected area of ‘the ‘1ip.of ‘the gate upstream
from the point of seat to a minimwme If this ares is large the

“full hoa.d aoting on this: areu. produces-a la.rge uplift which must -
be taken care of in’the-design of the gate stems, Test 4 was ‘thore-
for-made on 8 gate deaignaed to; reducs this-uaplift," 'I‘his dealgn e
unsatisfactory because some: negative: pressurcs developed on the lip
- of"the model gate: ‘for 20~percent.gate- openinr (see - ‘table, teat 4)e
In general, the pressures were lower on:the 1ip and higher else-
" where ‘then 'pressures obtained on the preceding: gatea. "This was =
30', ‘and also to.
‘the  extenslon of ‘tho bottom of the port to: the inside edge .of ‘the
" gate which reduced the discharpe srea (section F-F, test 4, figure
12)+ This allowed the ‘issuing ‘jets to- immedm*—elv inminge on each
other without being . first derlec‘ced downward a5 accomplished by -
_the othar gates -bes’bed., ‘ R

. Test b, uaing X gate with A horizontal 1ip and reducing the o
uplift, but replecing.a. 30-degree bottom ghoulder in the gate
chember, - ma made to increase the dJ.schnrge area-under bhe 1ip - of o
the gates ‘Since the" dlwrgenco wag . greatly increaeed inthis de=
sign, - some..of ‘the pressuves on.the 1lip.ofithe- ‘ghte were negative,
a8 anticipated (see ‘table, test 5), ‘Howsver,, ‘the head to pass the

i ;mn.ximmn di..cha.rge for aach gn’be opem.ng tes*'ed was g-reatly reducad. : B

. Since tests 4 and - 5 shomd tendenoies :t‘or novat:.ve pressures
to develop for 20 and '40-peroent . pate openings, and: .since the up=
"13f%t on the gate. selected (i‘igure 5) wag-not - emesaiwly large, no
se.ddltional tests: wers male.on 'the cylinuer ;_,ate. :

: .& gtudy of these tests on’ the oylin.der gate rmals the follow-
~ing - genera.l cuncluaions: ‘

(1) ‘The jetu iusuing from ‘t:he ports of the sor’oll dase ahould be :
viven a: domlrard ‘direction at the bottam.of the gates Horizomtal
-..inhlgingement may increase the head requlrad to pass a gim dise
Lenarge ‘ - ‘ o e

(2) The diverr-ence bet'w\sen ‘the bot’com of tha ‘gate and the alop—
Ang ehoulder Ain: tho gate chmber should he kept 'l:o L minimm; s

S (3). The gate . sea.t should be . olose to the out-xido surfaoe of - the ¥
‘ ;‘gaﬂ:e to reduce unlift; ‘

(4) “The 1ip-at the bottem of the oylimior gn‘he ‘should alope downe
‘ward into:the flow to; lhnina.ta RNy temienoy i‘or negatiw pressures o

‘%o develop }

14




{6) The pressure ‘dus to the flow 4 grester on ‘the-fﬁu‘ﬁsiﬁa tham
on the .inside surince of the gates e D T |
' {8) The_genoral reduction of pressure on’the gate surfaces ‘oppom -
site the different ports aroimd- the gate ohsmber ‘indicates tmequal o

flow dlstribution in the ‘pacsages of ithe:soroll-ease; .

(7) Pressures on the inside surfase of the gate just above the

Lip ave, in general, slightly loss then the ‘statio head sbove thts |

.point,.

10, Calibration ‘of model, The model was ealibrated with the - '
cylinder gata.shown on figure T] and :fizure’12, test 1 in ths oo
soroll-oase gate shaiber,  'As ‘explained ‘in paragraph:9, ‘the final = -
design.of the prototype gate, which was made after -the model had = .
‘been removed :from the latoratory, had en angle .of ‘divergense at the

1ip of the gate of .one degree (fipure B)3 vhereas, the final design SRR

_of the -gate in the model had ‘e divergence of five degrees (figure '
' Al}e A= airesult of.thisidiffere_noe,f'bhe‘1gi,libra’.t‘inn‘-‘;dumqlzfohm',_ R
' on figure 13 will -apply only=npp:ox;mt¢ly"j:o the pretotypes -

.- .Figure 13\ gives, for various gate openings, ‘the .discharge -
- through:the. controlling works versus the pressure-head ‘i feet of
wator at station 1+99.69 (eide elevation, figure 11)e Pigure 138
gives aoproximate -reservoir: elevations versus pressureshesds et . . -
station 1499.69, the ressrvoir elevations being .approxinate becauss .
of the .nedessity in abtaining them to assume losses ‘from stat.ion
1492489 to the reservoir. D e e T

1l. Sumsary.of tests snd the final deslgn.. To oreate offeon.

‘tive energy dissipation and to .reduse e exceseive iturbulenge dn

"the :etilling chamber of ‘the eontrolling works, the stilling chamber
‘was -enlarged and two ‘baffles were plased in 1% -above ‘the eylinder _
gate clamber, The -model of the original: decizn, ‘shown on figure 7,
was developed from the designs given on figure 8 to the final de=

3ign as . shown on figure 1le Figure 9 shows the -model An -the labo=

‘ratory, -and ‘the effectiveness of the -final. design of the etilling ‘:

chanber may be seon.on figure 10, When -the stilling -chamber had. .
‘been .satisfactorily evolved, improvements ‘wore nade on the trangie
tion between the fop.of the stillin ; -chanber and .8poshons ‘Canyon

condulte By changingithe length ‘and ;ghape-of the ‘transition, stend-

-Ang waves were elininated in the ‘tunnel downstream {(compare figures

'Préu;“aures wors measured on the eylindey fga‘i‘;é':ta\::dett.rhine" ir
thorepuld be any tendenoy for negative pressurss to. @evelop on




11p =d -the bottom shoulder.af the.gete chamber, The. results of .
these veuts may bo. seeii on Tigure 12, ‘with general ‘oonoclusions ‘from. '
there ‘tests ouklined in paragraph 9. 'The ‘final design of the . cylin-
der gate is.shown' on figure 5, and - prototype soroll case end
oylinder gate as assembled in the febricating shops may be ssen in

' ‘the bottom 11p, and to:esblish the ‘optisnm divergenoe bobween the

Pigure G .’Bthbr,probqtypo,detaﬂifare shown -on "_f':i.gureis--!:, By and R
B, 'with additional information .Eiven in specifications No,. 08,

"Shoshons. Canyon Conduit Uoﬁtrbl'ling-;w:’::rka‘_ d Tunaeles”

A oalibration was made in ithe model of the ‘oylinder gate :shown
on figure 11 and en fipure 1 2, test Lo ‘Ap. stated ‘in paragraph: 20,
shis gate reprosented one differsnt from the gate of the finel de=
signm, 80 thet this orlibration (figure 13) will apply only -approxi=

12, Cenclusions. Adthough ‘it was nscessary to solve Sertein -
‘hydraulioe . pro ems pertaining to ‘the design of the controlling works
with'the ald of 2 uodel study, it may be strue that the pretotype bee
hayior-will be different from that indicated by the model. - Vhen =
‘only ;gz‘mta'.t'iml',_fomq .are important, it is ‘reasonably certein
thet i,‘bhonpgﬁlfand;_protatypqlbehq:viqi':will' ‘be similer, In this
study, ‘however, viesous forees also Play a, part, and, -as disoussed.
in paragraph 2, if the same Lluid 49 used: in the model aind ‘the Pro="

totype, -and if gravitational nnd visoous foroes are ‘conaidered tom -

gother, -exact gimilitude is impossible, . ‘Neverthelass, for the =~
reasons previously disoussed in .paragraph .2, there 1s reasonable. as-
‘surance that the prototype will operate satisfactorily. = SRR
-1t is belleved ‘that :this ‘type of controlling works is unique in
its uss of .a type of soroll oase, oylinder pgate, .and baffled stille
‘ing chambar ‘to condust -watier under a high head into o tunnel, . Per-
haps the ‘5t1lling ohamber weuld have operated asatisfactorily withe
out baffles if the ohamber ware auch .deeper, but' this depth woulq
have been excessive, Judging from the manner in whiokh the water ehet
‘upwards in the stilling. ohasmber of the. ‘original dosign. ‘The effeo~
tiveness of-the final design depemds, therefore, on ‘the baffles.
‘The problems in-the design of the ‘aylinder gate were much mowe

-diffioult in the galestion of metal ‘to be used and the method of =
fabrioatien than were the hydraulic problems.  The problem of wabe
‘ vibmtioni;ls.&_ygg.i_'om to be solved by tho use of rubber basidng on
- the gete .slides, - Cavitation of the bottem 1ip ie not ‘sXpacted bew .
ofuse of the.use of a minimm angle of divergenss between the 14p

of the gate and ‘the Sloping choulder at the ‘bottom of the gato

Q hmbor.
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