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SUMT#RY

A A bpllmwuth nntrnncn WA S devalnoed which it i¢ be+
7comn]9tn1v Pllﬂinrtp thp -danger of cavdtat;on. Thiq$=ntranca is
‘formed by - rotrting an. eilivge ebou+  ‘“£'7ﬁ }of theeoaening.f
e ountion of tha #11ivse nrwreﬁsnd An terms ol 1. ‘ ‘
Cds x2/(N.59D)7. + vP7 (052 = Therefore the lenpthj f ‘the bnlJ—
mouth 18 050D :and sthe. contraction As-2(0 liD)far* ~ :
‘o lessen the tnndpnev for lowerad pressures | aldn_vv b
of the elbow LS “j';h?lbow immediabelv downatrean from*the_;‘
ent rence s rnccmmnndad ‘ : : ‘
mndiptp pnd unper‘s’uxcqs to

v*ThF qtudins deacrnhod 1n th: g
.Dart of 1Q17.\ i ERS

'fPa roose. of cfudies  f"
are ﬁronn=to ravitet‘
inruﬂp’aﬂaﬂnet it bv nrﬁppr deSan.‘
conﬁuctﬂd to quqolv*thﬁ= nond. : .
While thpqe ﬂtud;nv a*p conuarnnﬁ Bnecjficat1V _ith GJff‘;

Coulee ‘Dem, i ods nvnnctnd that the vesu‘ 7 ”'nplicat
the general case. Lo S e

o Fxonrimentpl haoerebuq.%

- Thp obJactivn set iR - that the nresqurﬁs along the surface of
-the circuler gluice entrsnce. :ghauld mot, fell bolo"ﬂatmo,ﬁheric unéer-.
" the ‘mogt seveve opeeeting. conﬁ;tions In oﬂﬁar%to accomnliﬂh this
—vﬂh}octivp At eme nacesquVato wnow' he: expct <hen° o. -8 jet isﬂulng

‘Pﬁﬂ B circu1pr chtrn—ed?né O“Jfl

L Havnng instel 1oﬂ n 1?-1nch oum “caanbln of dplivnring the _
'~Fn¢cehsarv: «charﬂe over. a_viﬁ» rnnge ‘of hpad y It wae naCﬂssorv




c.to conqtvuct 8 ntessurn’teuk which would“allow the warnr to

‘. the 8luice entrance in:p ‘menner 85 nprrly similer 4o wrototvne B

~eonditionn ee nracticebls, bccordinplv,f ‘cvlindrical tnnk ik by at'
inrdiameter end 5 Tnﬂt Jonr wa e cnnqtrucbnd

S The watpr enterad 5t ‘one. , ond of“'hzq tank;”hrwughfa seriw=;fT
‘concentric distriteting: cnnps,hnnsqﬁdfthrouphja:supri‘ll nstrug
checkared rack debigned to wroduce: an nvpn‘& Bt Lhution of £l

N

the orifige we s mvﬂp c:rcu]ﬁn It wes mpde of brarﬂrandﬁﬁpt'in»e,
frosting steel wlete which was . d@qipnqd fo renain alweys An s o’
regrrdless of bulging oP the tank hpnd due“to high » 34
inside the tenk. T : '

In orﬂer to- ﬁptﬁ"ﬂinb*thp shane\of the 1ﬂt iﬁsuin?,frpm the
a-inech shrro-cdged -oriTice and ithe ‘position of ‘the venz contfacte
‘4t ‘wes necesserv to desirm . and ‘construct 8 apecial meaauningdmnVJCEﬂ
This device is -caseble of. ‘messurine. Ahe diameter of ‘the et nnd ’
the diptence: ‘along the Bxis to -one thousandth*ofsan Aneh'’s

Bre: arounﬁ the circunfornncn of anv snctlan in dngre»s’

L ) nhotozranh of tHJ éavira ol shown on 1rte :
throurh the ontlre tnst annnratuﬂ j° lhnwn in Fivure L.

'Teﬂt~?t0£ram

The first dests cqne*ntnd of ﬂonsurnments1of thP Jet.five
ug??-inch sherp-edged orifice nnder. verious ‘hepds ifron 10 o 95,
“'A_nro £11e ‘of ‘the jat =ms teken 4r Tongituéinal planes incl
M, AN, end A0 degraes from the werticel. ‘The'nr &
"nf availabln ‘WesdRr i8 :ghovm on Figure Be., T
are shcwn on Wlﬂure ?. § s

The ccntrnctiun‘fector of thp”je .

nf the minf 1w fection ‘to-the rres nf i

7, 50R,C ThiE Sigure. 45 ickose Lo the Na‘upE 33

“hy “rcféssor“Chas. ‘Haveds in some work,on nad.
lUnivpr jtv of - ”sshlnaton.:‘ﬂprria aftnmﬁtac to nrove that vk
ine ‘the enteance - with.a vadiug. auhficjent mo rpduce ot TeE.
the retio 2511 the ‘problem of .contrec dne the '

~1ished quite simoly. ‘This: derlgn was tried n
undnqzrnRWe'bOC9use m“ the low ‘oresgures ‘set up in: e ‘ent
As ¥t wns evident thal tﬁis method :of :hnroach : n e
‘“wpq ahenﬂon°d. PR ER 3 J~”‘"

?ormer te«tq

. ;pn P111Wtiﬂﬂl ﬂrofiln def;neﬁ bv thn enuptian

- dn the %Tu%cp Pntrancp gnvn nronl in# "“qﬂlts-:\'hlo woﬁpl nhich

"2




had hben tnﬂtpd st 1"or"l: ‘Collinz wes thnn inqtalled‘snd tps+nd ‘
undar high hesds. Negetive nressures wvera! mae’wrnd near- tﬁP prin—
ning of the. entrence. . Taon “examinetion of +he model built et Fort
Collins 4t was obqprvnd that the elJiﬁtzcal nrgfile ‘did ‘not end
. tangent to the fece of the orifice., A new “entrar.ce (ca“led Model
 K) ‘built eccording to the same eguetion, eptisfied the ‘condition
of tengencv, ‘Tests showed thi %anfrrnce to e no nmnrovempntinvpr
‘the former one (SﬁP Figure’ 5)_ e TR S

- Madel AT *PQ then ue nd“in'connnction =ith. verious elbows
which would turn the water through g ﬂnprabq 27 minutes.  This was:
necessary because the face of the dam hes a8 slope ‘of A.15: end’ the -
&xis of the sluice nntven"n A aet ‘normel to this frce, Two elbows
were teosted, one with e nnd:uq of AD end ohe with & redine of
9,77D, the former celled the ‘short redius; elbow, tha latter~cn11®d
the 1on radius elhow (sne Figurn A). e : B

The: tnstq on thesp two =1bnm ~bhowed thet e ne?stjve pressure
eyinted elong the dnner surfece .of the bhend which was. caused by the
centrifugel ection of the watsr’ paqrnnz ‘eround the. bend, - The
magnitude of this decreere in pressure szt the dinner raﬁ*uq BE ‘mell

s the excess of nrasanre at the outor radins is nhown on’ rigurn AL
,It‘CPn he ssen thet the- drauﬂown nf nressuna mes.lers in *hn 1ong _ny

radiun elbow,

‘Since it upS'dociﬂﬂﬁ to neglect the béck Qra"surn which would
he oeesent in the areatotras Aue to frlgt;onel lose in'the. ‘pine.
beyon? the sntrence, the arvpnzementa tnqtnd ua to thzs noint can
ba classgified a5 un"ntl fﬁc orv.-< - 2 S

‘ Tt anearqd thst”the quﬁect :av to acconn1lqh LR condltion

-of ‘nositive nressurs fLhronghout the sluice entrance and elhow:

e to sab nn e moritive npesrure: Praéjﬂnt hy . coverPJnv thﬂ con-"
duit through the elhow -in the direction of. flow. 'This nnthod of
stteck necessiteted .a idening of the ooening in thp nlene of the‘
fece of the dam.. In‘s confprnnco with. the mechanical qnction it
wgg found peraissihle +o increpge. the d;amnter from 14? incheq to ‘
138 inches.(orototvnp) ‘From thiq ﬂlaﬂptar the new PntarCP callpd
o 1emyR (045)?
~wnich givoq &t every noint s ¢1ipht1v smeller dlaxntﬁr then the -
neasured nrofile of the jet, nntil the horizontal tanPent is rnachod
(see Figure (1Y), The. rat:o of ‘the ares of ‘the jot et the final
“.diameter of 19~ inches (nrotoffon) to the sree of the orifice wss.
made equal to 0.590 &= egeingt 0.59% for the free jet. . The. FacraaSn

from this diemeter to the final diamnter of 172 inches wes 'rocon- 7
nliqhnd bv ﬂnanq of e convorginp nlhow in ordnr to retein the

“odel RN wae Vn"mod Hv rovo vinﬂ thp n‘linﬂﬂ'




ini+in1 Lengtnr of the mection of ”taél‘ldnbrs,'i%f4nq macessaTy
4o inaert p ahort tangent. 1anghh hetwesn the discharge. end ol “the
,*9111nt1cn1 enit;rRNCA end the bnginn:nn of +he elThow, A .8 Hort length
“of horizontal pipe wes atteched Lo the end nf the convrrﬂlng n“bnw
2 thet anv tendencv ol the rndncad ﬂroqvurn to earry throuuh tﬁﬂ'
elho~ CUHWH he | ohrnrvnd

*The test. rnqw1+c fopr thia comh1n9t1on pre =hown on Vi#"re S A
Tt ic evident Trom the Cigurs thﬁt no - neg atlveijrnqanwﬁ% exint oo .
ndap » herd of 10,4 feet medel. This hesd in ‘more ‘then tHﬂ hegd |
eorresnonding to 355 feet in the nrototyne. “Inder 8 hebd: o650
“Tagt model (see Fipure 7); & negetive pressurs is set un dhowing, =~
#hat with no heck nreqquwe'lt wonld “ne nossihle, in. the prototyne,
to-set 1n ¢ negative: ﬂressurp An +hefnlhow bv runnln? LHn hﬂad uol_
to0 8N0 fnnt or mare. S e

A niece of nine of fnffncinnt lnnpth t inqure ‘e annrpcnnhlp
feictionnl rnqlqtrncn was etteched to thnapnd of thP metup in order
40 ghe=rve the aoffect: of hachanresqure on’ +he ‘pressune conditions
4n the entrnnce. It een he seen | (wlpuro 7). thet the ‘nresgnre rt
eny vnoint in thp antronce is -raised by the .anount,-of fhp,“ack-‘
Nressure.. Tt will he notad, thet aven ot the. diqtortud esdof
f5 fnnt in the model +np nrnqanﬂ" are now nntirnly 10@1t1v9.-

anﬁn‘ the ﬂ’Pect DP hack—nrbsqurn Haq ﬂnw,“nnw nefnbl:ﬂ1md

-

+ha fpictionrl loss: ‘eommted Tor the. :rntot neCREN - be annlind to

the q0ds) nreggares mhlch Hevo hpen qculﬂd uy Lo ﬂrofotvne ﬁjmﬂﬂqnhn

Rottom Sluice

Tha - qluicn downvtrnan from hhe entrepca end convnrglng albow‘ o
eoneists of 43,5 feet of :steel-lined:conduit,. which “includes two(,
ring-fsilowar. gates follownd v 162070 foet*of streight. concrete
nipe and 230.% feat @f ﬂnncrﬁte dipe leid according Lo the varahola
;x? = 1085, Ne6v. “Tre totel ‘heed loss- Lrom headueter to. taalvr*er”
congista of the velocity heed,- the loes in the nntr?nce, end the .
frictional loss in the pipe. ‘hAssuming-thet the ‘Loss in the antraﬂco
end elhow is equsl to 1N oercent of VP/Eg end Ahat the confflcinnt

of fristion for the concrete pine et 8 ‘Reymoldg ‘number of 70x (10)6
.1G anual to 0. 006 the losses can e COﬂﬁutﬁd GER follows-*ﬂj:v

;Wax;mnﬁ he?dﬂetpr nlnvetzon 1990 font

Minimun teilweter eleovetion 915 Feet. L

Hrvznnm d1pfor¢nﬂe in hbad 'j?iStfPepf;
Total nrassure dPOﬁ is Cﬁmﬂu+"@ 8 fo‘lowéﬁﬂw

' \,?/?a + 9 1v?/"s: + 0. 6 x. _.;,3.3.'.57.- v2/pa 1 'zmv?/zr

‘l,QQQV?/2g‘=‘355;feet |

L   _.




V7 = 045,32 Teet
e

Y = 1an;65ffeetjgér;séeona o

The loss ‘in the n"np wil]

n. nné % 137 e q65 ?v,- 6..15 fnot
o ) : .

“The - drnn 1n nrassure to the end ot thn convarging,elbow

UL 1 X 265 1? 155 - 61 15 = ”QI 95 fﬂpt

A mpdel %ost wa e run With the nvnq sure Pt the nnd of
the elbow: annrQVimatolv ague’l +o the aine resistence ok the Pro-
totype sealed down tn nodﬂl-dlnensionq which computeq asf v

(_~JElJL¢.. 1.7 fnnt Actuelly this back nressure could not be‘__ f
‘3504536, |
‘accomolished ot thp nronnr hpad of %5”/15 L5?6 10 01 feet
the head wae reis«d o 10.03 fnet ‘which .geve g hack—wrnssure o
Prom the pive resistrnce. of 1,789 feet. In- order o edjust th;si
back—pressnre to 1.7R, it waE necesserv tos ﬂmraet 009 Teom
+the ohserved nreqﬂurps. Th1 qubtrectlonAr°9ults “Ane head of
1003 - N,009:=11. 071 feet. "Thet -thig figure: ic~varv clnqn can'
“he most clparlv -gaen ‘hy compacting 4t s geeled-un’ valwe ‘of (13 Gfl x
35,45%6) ¢ Qr ELLILE “ppt wnth 155 fPPt._ﬁj‘,; - -

Ffract of Placing. 91u1caq 1n Da:r%

, The te%tc dnccrlhnd dn: the orpcpding oaﬂnq were - con"arnﬂd on‘v
iwith-e single .entrance, heving undaqtuvhnd avnroach onndltions Pnd .
‘80 "the regults are not @irectly anplicable o the Aoulle sluices © .
dn the‘Grand ‘Coulee Tem. :The: qinrle ‘opening. we g trnatpd firat :
“because 1t ‘was felt +het it reornsnntnd thp ‘fundanentsl cose. which

- gould he’ modi?iad Hv the var1o:ﬂ conditlonq viich cnmwrlqe R
nprtlculsr erg - o - Iy

L. Fith.s knowladgn of the flow through +hp °1nF1o c‘1.1::Lcre e
it woqu heve ‘heen” noasihle o modlfv ‘the results bv theoretical’
MeEns and meke them- avplv to the Grend: ‘Coulas s‘uxcnwqu ‘whieh-
are inpeirs surroundad ‘hy B trrthﬁck structure.,ﬂhowover the
tnn1=unllv high hesd on the dgn mMEKAS anv. source’ «of error 1ntolpr~

ehle and 8o it owes. decidad that & mo~a1 o-,tr'fs*ulpewavﬂ ‘be bu;lt
-rnd tested. : L : 3

Dua to the 1i*1tnt1an of 1hn nvwerlﬂnntel setuo it wes nocasenvv

40 .reduce the. scele ratio from 1315, £5L 1o 1t 5ol “The entrence.
wes medo to the SBME n111nt1cpl curvo of thp 50591 o wnJcH ppvplf




satisfectory. res wl*ﬂ.rnr the Einple 41unce. In tpad of’ The converginq“'
albow used . in thniaornpr cege, tha snme convergancpxwa@ accomplithad -
bv e straight tenering cone. As ir the former crre, ithe hack—mreﬂsnne-ffi
due 40 the frictionsl loss in the conduit was neglected and the =~ -
Jet discherged .unfer atmosnhpric“nre sgure 8t the end ‘of the cone,

This setun revrasents the. Pctuplw.ondificn nxiqting “in. the nrototvne
enteance excenting only the trashrack, the Plhow,;and the back—‘,f
nrersure, The locetion of plezometnr” and *he’ results of +He test

pre shown on Fipure 9. .The most ‘imnortent - .change in ‘the oropeure -
condition occurred gt the .side ‘of the sluices farthest removad

from the exis of avﬂm@trV. Here the nres sure - ‘decreeses due to thﬂ

fact thet thnro is more ‘contraction et this side ‘becruse of the
-removel of ‘the helencing force frnm the ‘opposite eidp"fnnqnztu the
lowered. n"esqure, +he “condition of vressure d:str:butlon,nan e
considered satisfrctory since there are mo negetive press urnq.‘,The ‘
aresence ol ‘the cone germs totexert @ stphillzjnp nffpct which .
enuzlizes tha nrezgure helore fhn -emd of thﬂ cone is reachn s wi

the ‘result 'thet ithe douhle stream ]quJnE ‘the aodel’ hed e vartnculerlv"
rood ccnfiﬂnrntlon.. For the Fqut nealf inch ‘the two'jetu wnre :

S yery clng- Eng r‘nno{""{ HS Wﬂll 8'3 Dﬁ!‘&’l“l

.ffect of Tﬂvﬂhrack

_ A mcdnl of ‘the trsﬂhrack %tructure we 5 than inetplled in sach

& ‘menner thet 4% eould ‘he moved vnrt1c9‘=, throuvhsa dl“tsncn noupl
to the snecing of the horizontel ribs, “nl":‘ wa g donﬂ in ordor too
Cstudv the effect of the Jocrtion . of thoTr1hs vnlatnve bo the centnr-
llnp af the s?uicn nnt"ance.ww . ey

‘The tests Wifh ‘the trﬂehrsck 4n’ ance 1nﬁicntnd tbat the KR
wo.:tlon of ‘the -hotton Waﬂ,uhe nont pffPCthP festure.: As. the‘f“‘
hottrn ﬂnV°€ closer to the Oﬁbnlnﬂ Cthe nraﬂqurp a]onp tha thon of
the entrs ‘nce decrersad, The: trnshrecb wes movnd to.a oofltion one~ -
‘hplf tha rib snancing ahovn rnd onp half tha Bame Sﬂacln- ‘below +“e
desigmed pocition Lo show ‘thet et the ﬂesignﬂd DO"itlD the- bottom
~.did dinfinence +he nresenve alone the top-of ‘the sTuicP trance,
“Maving the rack ‘throngh thie diatonce ‘caused the: pressure at.8
. selacted niezonetar: (locetnd alonn: ‘the ton.surfece of thp Pntrﬁncp)
':tn chenge by apnrox;nrto]v two ‘Teat of wete" nrototvne” “Inother :
words, moving the rack to.e nosition below the deqjgnpd nosltion :
‘hyoonp-nelfthe »ibh qnacine raices the preasure-at.e polnt elong
the hoo -of the entrence a2 aanoxnmatelv one foot of weter GrﬁtOtVna .
The. offact of rih nlacement was very snelland .cAn; ‘anfely be neglected, .
Tith the Lepshreck in' nlsce £5 dPQiFnPd the ﬂrnqsuros thrnughout E
the nntr:wca nape p1} no"3+ivn and the dJBChavgn condition% were:
_:aueh thed no trouhln is -exoected dowmstrear due to noor: VOlOCJtV
’[gdistrvhntnon. 1t -should he remenhered toet rlllthnsn pr ssuvnc w11
j,he 1ncrppsﬁd T tha amount. oP b@cb—ornqqure. -
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‘?Intermpdiate;sluxcea"'

‘The ‘inte vmndiate sluices di”fer irom thp bottom sluices ‘

‘ofily in the curve te +Hich" the conduits are; 1eid ‘Aovmstresm- from

. the gates.’ “The -conditions -under. which ‘they ounvate,.hownvar, '
nre ﬁiffnrnnt in ‘that ‘the exit of ‘the ‘internedigte: ssluice. ma
or may nct bhe aubmerged by the’ teilwoter. . Fan e B neCenEary,

‘fora, Lo study the interned:ate ﬂluice Por vsricuu condltions of

”tai“wntpr. , ‘ D

Yoximum hasdwntnr elnvatinn’.. : 1?90 QO’
Invert atoexit: PlPVBthﬂ--.u-
"Mavimum ‘tgilwrter elevation...
Minimam Heilvater: elevetlon... ‘ Rt
Flpvation tsllwa+er to qeal PYitJ..986 97.”'”“

Teke ‘the condition of hpadwater at‘elevetmon 1pqo and tallwater 1  L
et elovation 927, (see Fignre 9, Qkatch' ?") The totel head will S
he 1,290 - ga7 =307 PPet..— ' S B i

‘Agsums 10ﬂ"9= a8 followq-'

‘Lose in: Pntrrqce and plbowm'”
Valoc1tv hoad -at, entrancﬂ.

1094 due to friction.........

“To derive fho eYNres sion'for thp 1pngth of 8 narahola uakw
“the - gpnarsl form noua‘ion' L Pl

‘i : »'Cy

LR Using the meen velue' ST MY iof 2 déf"‘feet the 1ength g8 217
. feet. Thp tot°1 length . of conﬁuit is 217 * 53.11 or aporoximatelv
.”7? fent, ‘803

1 1 v?/? Y 0075 % 27251 ?7?
. L -5

1 v?/z = 301 feet

e
1,340V /?g = 10% fapt




i

v “120:5:féét‘pér*sédbnd‘

-Heﬂd-l@st due;tcﬁfpictibn;is#_
0.243 % 2261 = 55 feet

Dron ‘in pine from: centprline At origin to elevationfofrfillf
tailwatcr 1 1034 -~ 997 45 fEEt : o

Thp ‘head loss from origin of Darabola to exit ia-
n.0NT5 % ;1'? x ?26 1= m 3 rpet”"

Therefowe +he nressure gradlent is~'“

A7 = 43,3 = 2.7 feot below thn centerlinn Bt the Section where

tho tragectory bnpins.

A Sketch of the nressure dlstrihutlon is Ehown ‘on Fiﬂure 9 K
iqketch npt . The .mssumption is made tnat tho grauient is 2 %trp;ght
line, which is very. neerly ‘correct ‘65 seen Trom the small éiffer—

?nnce between the horlzontel distance snd. the 1ength of’ the ‘cond
‘The distance "P" from the gradienf to thﬁ ;centerlﬁne of the
condu*t will vary. thus- ;

P ,:-‘."‘ .

K

Settring «-—2— O for "‘Eximum
o

jxx:I L?f?'ifgqg g
72

}éﬁﬂ'??(wa£ X.=f86;A} 5‘1§i06ffée£*}“

The distence o0 renrpsent~ he preﬂsu"e iu feet of "atpr
“halow -atmospheric .80 “the pressure. on- the centerllnn 8t -8 dlct ﬂce
‘Ffrom ithe origin of ‘86.4-feet is (-17. 1) fnet of water-gege. The -
negstive oressure :at the too of the conduit, P01nt By-vtia section’
through Point B perpendiculer to tie. centerllne will be 131 olus‘~
& econconent, of the radins of +he Diﬂe. “The - Slope of th? condult
oh Y = RE, !‘ feat is:




80 "N, the engle bﬂ+"nen thn normnl to the Burve. and thn vnrt1cal
is t~n~1 n.o1? = 12 degrees. The verticel .component, of the radiu s
is then enual tn 4.25 cofina 17 Aogrees = = 50X DL9TR =415 fnnt.k
‘The wressure st "A™ w1]1 than bn m(z 15 + 1% 1) = -‘17 ?= font.“ e
Tt hee Hnnn "hown in thn‘*‘rnﬂonnp comwutrt1on tHPt a neqative
nressure of anan51ehlp maan1?udé PqutS. LE ithe headwetar s
loweresd thir ron41+don he#owe worﬂe ‘hecruse the. Head 1oet dn-
overcowing friction. qncreasns while the drop dn-elevstion, of ‘the
conduit rewring the same. In -view ‘of thls cons iderstlon it. uoﬁld
‘Beem thet, & Pnrt“nr Jnvootngafnon, and ﬁerhanSfa monel studv isio
1nﬂncn+nd o , S - SRt S R S

-

'TODZSIUice 

. In the ceoe ﬁf thn tno elu:ce, Y qi‘t.uatlonu mzlpr to that of
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