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;:.:.::.:om*- BUL 1) CHINF DESIGNING E*-Jié'I\rEER‘
(1. h. ¥u-w, Assistant Lnxlneur
thrnurh Je E.‘Jarnoxk)

Hﬁbjecﬁl ncvvlopmon in thu d051gn oi low—huad sxphoua &nd divgr"inf“
; cchugss| resulting from model tosts of. Wnstowny!ﬂo.- ; Rnn‘
'1“1 1on, Yakima Project - Washlngton.'

CHAPTLR I‘-'INTRQDUCTION

" le Purpsse of 1nvestigntion.- h&atuwa" Hn ”2.1u an cme rrcncy pro—_
wision of the Ynkima Ridmc canal oystum, ddﬁl?htd o rvturn 3% maxlnmnxnf
2,100 Juconn—fbnt of 'tmter to the Yakima Rlvar“ ' '

way is’ ahOWP ir figurc 1. The - gat atructuru :

;Yaklmv Rldg" cmnnl acccmﬂcdatos two lO- oot rndlaL
each-'side 27 the gate structurc arc two 1nhow,.wh1uh'"mpty
way dovnstroan fron tna radial vnteu, fmruruaa ‘Hn’ow thp gat
ks ' chuts 2
netes in a ﬂ*lLllnn pool 44 fu t WwidCa. Puyond thi g _
u 1inad ufflu nt cqnw1 wﬁlch Pondu"tu tho_wastbﬁwatar +o thuLE‘

“It is nlﬂnn.u At some futuru dato to ﬂnlwrgu tn cuan ;mhadi%y
“Fﬁx1ﬂuh ot

pﬂr ion ol +tho: Lﬂﬂ“m
2y ”turblnc pgtcs should bo Suddonl‘“ilOuuh dua tﬁ 10&
oﬁﬂ_fﬂilurc at the plant capacity of 950 sucond~Luvt: willy ’
sot hich, o hvnd on thn s;phon crhutc 38 O.Wn Focﬁ
i

‘tQ neeoms nda e luct qilﬂﬂa” k
rnﬂ,pn_thc-pow»r plnnt. Undcr thestchd;flo"s af p"rnflﬂﬂif-;
ive bt the siphons primo -quickly. ﬂf'nflov1‘¢¢& or fhi e ruwiou

.' "t‘thC'fooL'of the chute, wré dusirnd to aperets. for :
' of 8950 second={uot and Yo nnrdlh'u mexinum of m;lévlﬁhuﬁng”
z.. on af rare oscurroncu fnd SIbrﬁ dd"nt1,“u5.~» SR

L3 and 5 16, Us ‘: STy (".'l‘l‘t‘k-f,:_
wrusuel problen that it was‘ id . _::. 'J"L“.hlf tO

1fior af the rqdivT 8
”LP stmicturs, eiphons, shute, 'ant stilling pasl 'z,




“The discussion that ‘follows : falls- uaturnlly URdOf\th hnudinrss'qthd}f
B | ALK «tructure, ¢hute, and pool: invastiqaticn- and the siphnn invl‘iiwaa e
l‘tion. The . forman.will ‘be tre&ted underhchnptcr II thn lu*ter 1

ITL, IV, rand W ‘

, Lmhurator ‘apparatus, The modal tests ware. made,in th hydrnulac:_
'Iq“orator\ :in -the” Lasement ‘of ‘the Customhouse, Denver} Colorado
‘pian-of ‘the laboratory s npproxlmately“&O‘by 103 feet. ‘the
available head room ‘i3 16 feets :
typee Hoad iis maintained by centrlfug& ,
‘cffected: b channels under .the floor.;> 8

L Thv detnils oftthc orlblqnl model (soale 1:24),aru sshowmisin, flwurcéé
“Tha smier aupply was taken from a G=inch. contriﬁ;yal pump “td +the ; thend hox
‘a1 thg moddl where ‘it was. quieted and givcﬂ Aunifarm vvlonity‘of ﬂpproqch
to “thi-eanal: by passing, thrcugh 4=inch grav baf"lu. ﬂ'ongth of;
nl npproachz:. tho gate atructureiwas uquivn1cnﬁ “£o 116N fﬁut,wprotofyn
Tdul annth af ithe effluc 1t eanal hoyond ithe: trnnultion ﬂt thdrcnd of the
;Déol """ﬁeﬂuivn"c- 1t to 200 oot ‘protot o. : !
A stilling pool wore ‘mad- of cyprisa rnsist"soakan, sWELli
mgﬁiﬂr.‘ The warped wells of thu Yrnnsid 1cn,,apstrcnm'fro “the
ture ani dowmstroar ‘Tron tha, stlllln ‘pocl romnde ool
wiﬁgkplnstur nnd cetonte Jhu,uffluunt cannl ns.formed *n;p"ckudi_
gsjphOWS’wove'nade of laminated yreiwsed,’ und tno outer wnlls
siphons were rade of 0, 10-ineh pyralin: (a trqnspnrcnt, )
iae covers of the rectarzular eonduits leading :
‘in-the walls of the snillway wero alsor 11
in:the testing progran, it wasz fnund ﬂcccasary ‘to buildia” 1:8:
°f ‘one sivhone The construction: was -similar: to that used i :
‘odels - The invert and the crown wvre*hade;p
‘beinp about two inshes thick with the: '
tLu*.rn1ﬂ in the adjacent layers. The crestilnnrth‘ ! ,
29t;: /20 ‘the medel crest ‘length in the . 1¢8 model wa iﬁéh&s
»ﬂuzrc -2 block of wood @ ‘inch¢s ‘thlek wit hPlrht and,lcngth 21V
ﬁHGTOVCr-nll timension of the model, From: hiq>hlock‘was cut hofn
vert‘and the erown of the siphon. The two : :
‘Pitted. perfectly a negative tuemplate: ﬂﬁdu>0f ¢heut‘nutﬁ
‘of thL erown.and the invert were sanded: suntil a-
o*h.dlocks wira then soaked ‘Tor'.24::}
Af ter the'bath, both wore chicked e,
& warpine was corrvcted, The blocks’s
' and then painted with soveral coats-of: alu irum ualnt.'
wre providsd with” “two transparcnt gldcs,cnltb the. uxcgptlor,
ool th‘ Tirst revision, both of -which had: but ong,tranSnsr
Théso walls-ware mede af 1/4~1rch pvrnlln tu Pﬂv*ll&i '
3 ﬁni nnctom.ar&Lc racording.
o “the transparent walls wer.e
- using r pipe Joint eompourn| bu




‘blocks. Tha model of the uiphmn wa3 thun inwtallcd. 51ncc only ono of

.. the four siphons was tested, the forabay Was 50 proportionud 'that “the ° .
' npproach vclocity for - thc ona would bo tho sumo ag in thc case wharn nll
“ifour were . operating A o

Head on thn eiphons and patus, and tailwatgr elevatiuns dn’ thc
"stillinr ‘peol, wero-measured by single-tuhe ‘manometer FAgeSs. Discharres
were measurad . by ‘& ‘4«inch Venturl moter forthe" 1124 modcl rand by v;thor
‘8 4="or ‘6=inéh metor for the 1: ‘8. medcl, . A . point gago equlppedrwith e
‘neon glow lamp and nuodle point facilitatcd accurate wnto ~
]surertnts ‘in tha chute 5

” ‘B Modol scalcs. Whorc ‘the: force of gravitatlon i
© “tant ‘consldorat on, ‘for. similarity theﬁFroudo number should bu thu samO‘
”ain model and prototypc, or.

:;wﬁere V L and g refer to vclncity, lunpth, and acccluratlon ne’ to
;gravity, respectivoly, and ‘the subscripts "PoAnd um rufer_to»prototypc
and modeliy  Sinec. ‘the acecloration due to. grav1tv=i *thL Samm in both

model and ‘prototype, it is:obvious that Ly

Cwherc N 1s the 'seale ratios The fo'mer condltlon csta?llshcsngpometrzc 
'fsimilarlty. ‘For the latter cquallty to. bé truc, -nﬁi" 1 ‘

is “the :roughness factor in: Mnnnlng's formula.;;This rnlatlon wguld dstnr-:*
‘rminu theseale ratiog that is, if thc roughnossf
wero, 0,014 -and the - roughness .fac: T
ratio should bo 7458, &

feot in‘the ‘model and a -

Jon' shown that air
: he prototype wheru vulocities ar _abovg
716 Pact - ‘per-second and ‘that . untrnined sir- inereascsrthe rcs*atancc to
flosr, ‘resulting in lower volooitius and ¢ ‘QuuY _ r Lo
VYaelocitivs as high as ‘65 feot . ;per sccond are pructud ot thc'Junction of
cohmite -with ithe stilling .pool in %astowny ‘No. 2eTho | amount~'fw‘ :
tanse ‘offerod by the air in that veloeity ;rangs ‘camnot: b - qccu ‘t ly pru-’
dieted, “but in - ‘similar instances its effect, comblncd withﬁ ho: T
istenco of the floor and tho walls and ; .
dughness coefficiont, has been shown to bo'le : f 7 :
£ -about 104019 Assuning this to 'be true se of he;prototypujof
nateway No. ‘2, tho voluo of - ‘roughness for the materlnl An-ithe model chut
11 for a seale rotio compatiblc -with ) .
sc.conditions & model seale of ‘1124 %'qoaptnbln for the
K disoussion of tho ‘model seale.: rntiojfbr ‘the ‘siphons, dinclud-
B . .mnthomaticnl investigation of minimnm mndel sizo, will be tre tpd
equently. : '




alene ‘were discharging, the : résultzﬁg ves -
: “the fresboard:nor:onuse: undué disturbancef*
inithe operation of ‘the ;pools Modsl: tests indicated that‘the Vﬂfth“1

Alocatud at the ‘gtart of ¥

Both thb pnruholic wall design of :
the 'ndoptyd :design: uging ‘diverging ‘guide- Vanes: were effectiva in sprbni
ing ‘the . high-?elonity Jet. "The design: usingﬁ,ha diverging guide yancs
a:MmOPo reven distribution of water :across :the section:ond: thad - thc
her advantogs of having ‘lower: 5pecifio ‘enevgy of witer er
Its mnin disadvantage was -the . constructicn cost :as compured
jgn using:parabolic wellss ‘but after: considering “the oast of “the: v
_3eut,.it was cdopted becnuse 1t allowed :shorter: bridge spuns~ond thert-'
re less oostly construotion of -the three struoturas crossing the thta

iFrom'the model experiments a pool dosrbn was develupcd whlch 45 30
et :ghorter, 4 feet narrower, with the pool . fi@nr 4e6:feet higher than
4he original design, resulting in 2 considerable -saving in. exenvation nnd
cncrete. Twenty»five ‘faat of rock paving downstreum;frOm.the warpud

: 1scussion. Generally, the corditions at. th :

will impose such restrictions as maximum: avuilable hcad,umnximum Nldth of
erest, moximum redius’ of .erast, ‘total dxschargc, -angd required prining
eods . The designer must determine tho detnils 1he ‘siphon which: will

-most cfficloently meet the conditions ut the u;nimum casts The following
utxinejis_pnqposed: S S




tud oclow an’ spect rn+1o of 3 0.

Char&cturistics. The prototype will. require ot laastias much 'ir ‘®E 1n-, o
2lcanted: by ‘the'model. Thore ds 1ittle. availahla data ‘on how. large'the ‘Bren’,
of 'he air vent' should be 'in- comparison to the throat araa., In installa-;.'

tzos if a satlsfactory priming dev;ce is used-' !
larly low hoads a large radius is:a-decided: advantage”
us is advantapoous up to. an.R/b ratlo of 2 5 to

£}, The outlct tube, when it follows o, rlght—anrla_‘ﬁnd‘ ohculd leurve,
he amount of ‘divergenoe buing a’balance botween. dincreascd dlehargu ‘and’
nersased coste In-the Wastoway Hee 2 31phona, ‘tho divirrence was 8. duprccs
and 30! n1nutus.; Tho oxits cbnnecting ‘the 'giphons with thu chute WO Lour™
:  ¢* ‘high, :so this dimension was allowed ko control he amount of di:
»rce,vnakin; the dopth at: the outlut A 85 tﬁne fLe throat du th._"'L

g ) “The vrloc;tlpo at the cntrancu, throat ‘ ,
~andwa11 10S5GS - entrance,. upper ‘bond, lower.: bcnd,‘qtvurflng tubo, and
Ji_tion.- uxnraaqed in. +erm of: uhﬂ velccity hoad ut theo: throat. Tho uni’. ‘
6 losses plus the VNJoclty ‘hoad at the exit is oqunted X0 bhu total'
'pakﬁtint heade  From this oxprussientho;moan vcloc1ty*at thﬂ throat qgc
»z- founde ‘This should be- .comparcd with. tho'ma
oczhy found from thc eauation o e




= average thrcat velouity,-

rad1us of crest
PO
rad:us af crown,

g thufrean vuloclqy at the throat seot;an exnaods tnat riv'

equ&*xnn, ‘th cuvadluﬁrnf the crest: must be increaned.a The: dlsc" s

‘be scomputed ‘hy . multlplying the ‘mean throat vwlocltymb)iﬂha throavgavua‘
”If this computed discharge.is smeller ‘than roquired, cither the_‘oaqu»ﬁ,
ruu? b decroased or the cross-sectzonal area”&rcrcased. '

(h) The priring. characterlstics of the ulphon are funstions iof el
nnapt, -sizc, 'and design features.. If the. huad on’ the crest at which prim-
ing oceurs is of no particular. consequencc A rimlnr dPVicns nucd nct Do

‘veor.sidered, for with good. des1vn, nrzrln ‘
‘the crest . of 4/3 without -them. -
- grest is imperative, many expeﬂiﬂnts nay be utlllzfd._ﬁ"
lcwnr bend as beneflcial but the denth of. 5ﬂa1 uhould bb small

‘air dowrSuream from‘thc lowr noint Gf thc luvc

maj ‘be cither vertical or ovcrhanrzng._‘

sprlrr friu from the invert -and’ cross -the IOWb? log'to seul
~lowsr hurd .crown will oxpedite priming at'a Low! buad.‘f

oBt-E mg in the °1phons of Wast toway \o.~ :

Jot nt the minin
cacvaertieal planc l“ tanrnnt to- the 1owur bund crown. i ";pr1n1ng'd
_vico consisting of a transversc slot in’ thu cr0ﬁn ‘of "th Jlowg"'be‘j'
naected te the- diverging tub. by a pipe may b uged o) rreat.ady
fur+hur decrease tnc mln.mum priving huud ard thc r1. 1pY

-same time making - ‘

the lower bond, 1hh uputream odge of th ,_loi

po1r+ ar -the eurve of the dlower: bend :‘whore it

thr air uh.ln’ 8BS they rise from thﬁ .uaLLnr pool.

- Lz & rasulf of tha 1nv~"tibation, 1t;ﬁay bc bnncludodvthat ’a

“taining te Ppipe flow.arc ‘applicable to siphon}de simn whunpthv

~;flor“ fuil.-*rﬂlctionlgouuus “in siphons may -bd compute :

“a_duxtu. “The-band Yoss «1"_gavcrnnd by thesame . laws: th :bari.l_”

other -eonduitaiand is a function of ‘the R/Dretio, bhn arple af §o
:and the sauarc of the vilocity. Where the bund losses: can,hu"ustlnﬂ S
with a fair . dogroc of. accuracy, ‘the discharge can be oomputeds  This waluy .
ean - *hwv hr cnmparod W1th the diSchargp B3 computbd by the rrthod af fruo‘“




vertex flow, If the former excesds the. lnttnp, then the permiésibie'
Fneuur. at the ‘throat ha? beon ‘exovedad -and the deqipn must ba revisud.

The ﬂoafficieﬂt of disohargo 15 & ?anfusinr nnd mislaading quantity
whon used ‘in conneotion with siphons. . The. -exnression for efficlency as -
outlined ‘in this diseussion in’ probably the bost “indicator of" qlphon pafw‘Fﬁ
formanaea. It does nrt, howevar, consider tho prininr qualitiuﬁ._ -

‘High bri.inp efficienov doos not dapond upon-n sharp curvatur§4of‘ o
the "lewor heinds  For best results. the priminr ‘jet should strikc tha crown
of the lewor bend at an’ acuto ‘angle, -and ‘a3 near the Bhaling pool ‘as nos

‘'giblo. - This may he ‘necomplishod by properly designing ‘“he spurfand uainﬂ f ':

an acration tube to naintain egqual pressures:abovo and. bnlow ‘the jct, Ine: -
auring a normal trajeotory. Good priming qualitieu are not nacpsqarlly '
‘dnoompatible with high siphonic efficiency. The prlminr doviaous presanted
in this discussion are simnlu to - construot and cffioiunt zn 0porution."

CFAPTER II - ENTRANCE, CHUTE _Azm*s"x ™G PDOL monI{,ATmNS

- 6+ Lxperimentnl procedure. As it is planned that thc radial gatcs-f"”
" .and siphens will not opurate Simultenacusly, the flow. through ench was. -
studied senaratoly. Flow through tho pate ctructure wns invcwfigntad :
both with the' gates maintaining the normal canal wetor surface elavntlan &“

~and for the condition of froe flow without the se &f gotes, AL obupr-'

“wations on flow at the eatrance to the rate atructurc woro visunl, as mcre
“thoau af the £low conditiuns whor ‘only ‘the ’lphﬂno were di charrlng. '
’ Sineo economic considerations dick atcd a .tllling pool tw1nu fho
‘width of tho wasteway control seetiom, tho prinelpalichuto studies come' .
gurned the method of diverging the hlgh—vclocitj water as it passnd 1krourh
tho inclined chute to tho stilling pools, Tho crltcrton of ‘good desiztn was:

takon as the flow.distribution-at the battom of: the ‘ehutes  This distri--

bution was determined by cross-suctional wator uurfncu profiles -which’ con-kfﬂii_

cisted ol sloven readings at cach of the sevoral sintions throurhout ‘the-

.divcrglnt chute for the first four desipgns ond sixty-soven readings ntoeneh

.arecss scetion for tho adeptud dosign. . To fQClliL&tu theso: nurnrOu.’db'xr;

vations, & point gage was constructed using an ‘insulatod niedls point non-, “

mooted to o noon glow lamp whioh indieatud -oontact of the point Wlth tho .
“water surfacoe  Thus the amoun+ of divurronOu‘vas munﬂurbd. o g

The s+illirg pool desipned for 950 uLﬂOﬂd“f“Ut 1a roquirud 10 op\rato
satisfactorily for 2,100 second-fout, a condition of -oporation ‘that is. ux-}J
/pected rarvly and for a duration of not more than 2 to:¢ hours.r‘”ho pool - -
action was studied both visually and by point garc traverses. " Flow:condi--
Y3tionu downstruan from the pool -wore 1nvaatirntud by uui"r dyt ;n th‘ ‘water
and also by neobting the posxtion and axtent or ‘£oour.




Enitrance ‘conditiona. “The entrnnca conditions-were sat1Qfautory

.except | for.an unstable vortex Ar ‘Front: of each gata.‘pAn attempt to:s ald-w;
ninace these wortices was: made. by exterdirg ard rounding 4he :noses of".
imn”walls ‘vetwesr the radial. gatus and “the : siphcns. ‘The: inprGVennnx WS
orily sIight -ard did:not Justify the expenditures For*n disoharge of
4100 zecond-Taet urder the' radiel gates, ‘the water ‘surface . .was above the'
sinhor axlts and ‘thereiwes 1ittle disturbance., Whonéthe siphons were f

?peratirg, 4 high fin- Tormed in'the center of. the«wasteway channel‘but
oaused no .serlcus splashs The ‘fin’ ‘induced .waves ‘which,’ ‘though ;refleoted
baok ard :forth down 'the chute, did: not " encroach on‘the fraeboard or no-‘ﬁ
_ticeably affent the pool operation- : e ’

. .8+ .Diversine chute design 1. ori'ina;).\.Fouraofhtheffive darigna
,‘nf the - diferrlng chute 'tested in the model ‘arec shown . in: flgure 5, to-i‘
‘gether with the corresponding water: surfac‘gvrofilas.‘_Dasign l:was une
“satisfactory, ns may be:seen. from oxaminatiqn.oz ‘the wateor 'surface -Pro= .
files at staticne 11400 -and 11450, figure "5-1and :phot graphs - figure €47 -~
‘The ]et WG ccrceptrated to ‘the ' righi ‘of ‘the, entcr‘of'the‘chutEtandfre-f

e To inprove the divergence in the orir-‘-‘
inel - chute, 8 1,200-foot radius curve was fitted 'to.the wdlls wdth the .
point of intersectior af the tangents at statien’ 10+?0, ibhe .station of’"
‘the :start of straight-line divergence in the: original design ‘“The watar
surface ‘profiles showed but alight 1nprovcnert over design p

' 10. Divergin chute des rn 3o Sinne 1t was’ believed'possiblevtorau-fj
%comp;ish satisfactory. 'spreading .of the wastewav‘flowﬁbyﬂproperly ‘diverging
‘the.chute walls, an equation for their alirement. WS developed ieonsidoring”
he . down-chute velocity -and ‘the ‘transverse: companent of ithe ;acceleration «,
ofigravity as primo faators ‘influencing ‘the: diver?ence.‘ rioﬁion foreces
" were neglecteds .The relation: between the. dlvergenca cend ithe ‘down=chute .
-distance was derived by- dbtainirg expressions for 'the:transverse cowponant][
‘of gravity, -the down-chute and-transverse distsnces that e’ perticle: movez ¢
-~ “in time, ', and meking proper substitutions. ‘An- expression for ‘the :trans- -
'Werse -component was obtained by ‘resolving ‘the; iacceleration of ;gravity, for
anit mass, intc its downechute:and normal—to—floor cOmponants, then«reaolv-,*
-ing ithe latter into- components normal . and parallel to ‘the ;transverse -water
surface’ slope which was ‘assumed constent- between the- canter”line and waLls
f ‘the chute. 'The expression. obtained from figurvs A and ‘B istl

= g c0s Q. Biniﬁ .. a.‘- aee nm."--- .-‘- n-ns-u-,- . .o .' i; . ;Io'o“"ro" (% o.n - -(1} :

- g obtain an expressxon for the transverse diﬂtance, y, in figure 70
travorsed by e water particle in time, 1, it was- -agsumed-that the trans- jisi'
Werse: 'volocity was due -solely to tho . component of gravity ‘given by- aquation
1), that the velocity-at the . origin or point of -divorpence was zero; and -
%hat 1t increased as tho flow woved downstrean. ¥With: the'ﬁ aasumpflons, y




"ny be erprassed as the distnnce t-nveled by & freely falling body with
ation. gy, or : ‘

1

2

Tgyt """‘ LA I ) -.!‘- LICRT 22 1 S c RN NN NN NEE t‘l‘o . .‘,"‘. v"‘o ."' -‘-'
“In cbtnining ‘an expressior for the down-chuto dirtanca truvalad on
the. irclined floor,‘x, in figure 7C, it was sassumed that the. velocity R
‘“#hirough the diverging section was - consturt ‘and - onunl to th" averaze Vﬂ-*"7
"c_xty in the section. With this assumption, :

X = vt no-o-.unuo---o.nc..-o---o'oo-clooqo.o-o|~|o-c".u00-'0'&3)

An alinemont equation y = -& ?DS il 31nld x oa parabola ol‘tho

2 vz

fcrm y<— kxz, results whan the etnressiOﬁs for ,f and gy  in equatio W

':1) and r5) are placed in aquatlon (2)e - -

L An &ssumed transverse water surface ulope of 0.10 [and an average,‘\V,

gxprototype velocity of 65.2 fest per second ‘at.station 10450, ‘basyd. orfthafrﬂ‘

smodel ‘tests from design 2, were used to determine the firqt equa*ion.‘ By?r“
‘dnapection, it was seen that the diverging section ‘supplied by this equa--

. “tion -was. too short. The maximum instead .of the’ average veloelty at. utn—.n .
tion 10+E0 was then used to obtain a now alinement equation, -y =-0.00024 x5 -
for desigr 3. The divergenoce, ‘or maximum value of 'y, fixed at 11 feot
by the pool and chute widths, limited the length of -the dlverginp section =
ir dhis defipn to 214409 feet. “Althourh the model tests indicated ime
,prGVannt over the two previous designs, a concentration of flow er1s+ed

- near the center of the chute at its Junctior with the stzl]lng pools . No:
1cubt the assunptions used in developing or evalunting ‘the. euuntion xere
?1nco“revm Had correct assumptions been made, ‘the. “lovu'o'".».r:::ul'4 have’ apread
rorecevenrly and the measured transverse water surfacn 'slopes . in: tun’e I
Wﬂ*ﬂd :hevo been more constant fhan those obtalned Lfor this de lgﬂ._-_‘

TABL!:. 1 RSN
MoAM WATER SURFACE SLOPES | DQTE EYED_FRUM;MUDEL*
Design Ro. 1. N s N
{Original) Design'No..Z 'Dcﬁ;gn'Noiﬁﬁzcﬂési«n‘ﬁo.-4' '
Origir at 1 Origir at | Origic et f- - Origin st
Station | Sta. 10450,00 ] Sta. §+9€.78 1.Sta. 5+459.51 | Sta. 8a5s5.54
5400, 00 - g - i . = ] +#0.00%
BG4 51 - ; e e e ol k0007
| BRUE.TE - A - e R0 a0, 008
LOH504.00 - a0,032 =0e017 | «0.010. -
'11+00.00 0,043 |  «0.042 4 =0,030 . 1 -_o,.om‘;-‘ ;
-0.042 ' «0,040 ] «0,027 7 | 0.0
o - : =0.027-. ¢ -0.0‘:
The pJus sign. 1nd1cates a slope upward -and outwurd from the

osrter lines the negntive sipn dndicates that the slope is
- dewrwerd and outwnr fram the center xine.,,




2 11 'uiver ing ‘chute design - 4. As it was dasired to acoumpliah fur
ther 1mprovementa1n Tow distribution émtering the stillingipool, & '
‘fourth desirn was developed, design 4, fimre 5o ‘The ‘mean velocity ir S
4he diverging section -of the model chute and the transverselwuter sur- ©
face :slope of 0.01l, measured &t statior 9426,78 on design 3, were used
“to establish a new:eguation for the wall alinement. The length of see-‘
4tior reguired to nucomplish the eleven feet of diverganus was prohibitiv
4ndicating whe k wvalue of 0,000011 to be. too -small, and gignifying the
" equation to te empirical. ‘A value .0f 0400011 'was then chosen.for @ Xk . as
‘a4 trial, making the alinement equntion ¥y = 0.00011:? ‘which gavc ‘8 Tehw
‘sonable lennth. of diverging section.  Design 4, ‘based on this aqu&ticn,-»f
.showed marked improvemsnt in’ ‘divergence with satisfactory ‘entrance condi-
tions st tho stilling pools This design was ‘belng, considered as a~fina1-
design wher a new type was proposed by the desipn seotion. Althcugh a
great-deal of data pertaining to the spreading of . flow. in ‘ar inclined. .
ehute was toker from this model, the axperimental ‘results 1ndicnted no. I
justification for the assumptions mede An developivg the equatian for the .
wall alinerert. Moreover, the model was small mnd- the ‘datn toc meager: t0~
astablish gereral laws pertaining to the divergoncp of flow in 1nclinnd
" chutess . o : y : Lo

12, Diverging chute desigy 5 &dOﬂth desi ﬂ) ‘ Exc%nt fcr"he”iﬂ-.ﬁ‘
sorporatioz of vanes in the floor for spreading the:. wasfeway Tlow, h 1 
diverging section, including the well mlinement, was. identical to,that of
design 1, fisure 54 A conparison of flow condit;ons in thé“stillirg pool,-
fizures 6, 9, and 1G, and:water surflace praflles at station 11460, figure-
11, d iqcloaed this type to be bydraullcally superior’to all previous do~
SigmsSe ngcvvr,‘conotruction of the veneg: waa-be¢ievedfccst-v,-and it was
or:ly after comparative cost estimates cf: thls desmgn andvdewign 4, Wlnclud-
inr the two flumes and ‘the bridge sPanning 4t, disclosed design 4’
more costly because of the mnecessity for lorger: apan~_fo* the ' three 8t ruc-,f
*uru. » that the vaned chute was adopted fcr the pv'ototype.f-

1 nr pool studies. After the studxcs on’ the dlverg ﬁv vhu
factorily completed, attbntlon WaS d*rected to the’ perfnrn- 
‘ ‘ ling pools Studies .of the pool embracad ‘the. oribinnl two
reriglon: .” hﬂ adopted -designa The, ariginal pocl. desirn and +the first.
‘rnv1Qicn, design 2, fipure 12, were tested,: uuing only. design 4 of thc '
iiverging chute +ha second revis;on. desipn @ , Pigure 12, was tthec
~?i+h teth deaign 4 and thb adOpted d6515n of the dive*ginr chutc.

Aotk visual and natharatical examinatlcns of the origlral pool 1A
-cated that the floor should be raiscd and shorteneda Accorulrg Vs th-L
flesy was raised 7.68 feet and shortened 83 feet, f;gur°'125._,xnsts Lem-
onstreted thet the chaﬂge was too drastic. In design 3; the floor wes '
-_'f!.‘:'r"%*!'r:'J 3,08 feet avd eng.ucned 3 fect.. Chute bYlocks were used when i

thig dusigr was tasted ‘with diverring chute deelgn 43 but the bl ocks;iygc
gomlt sod whor testirz with the adopted chute de sign. “The comnara ive?u
ar tne pool draicms te“ueﬂ are comni‘ud in table II. ‘. Coie




& . TRBLE II R
- COMPARATIVE DATA - W2DKL POOL STUDIRY oo

S N Pripinal . o ": ‘A_dovpt;'r(l-
Tten .iﬁDosignr'ITDeﬁigniz JDesimn 50 “Doggen ‘
Station nt?sﬁnrt.artpodl .f11¥73i78 ;xll¥59§4é:f ;;+S3.Gl "1;465;01____
SLith of peol, w L | sas00  4a,00 1 k40;oo_;f“:qo.uq;,‘wf
Actuul di scharge por foot i B ) EEPIE LR P L e oA
from 1qdn1,cxpcrimunts, q | 46,175 VVQG.IVS‘E" €. 7825 1 ﬁ2f455' .
Avirage dopth sntering poot, | - B ’ S
Averag: volocity mtering pool |
from model, Vl , . ‘2“¢ \
Tailwater wlewvation foria;loo g "Hrhjil‘~wf‘.«fﬁ‘_?uy;‘f o e
sseond-foot - - hozrien ‘102?a422_ﬁ‘1022t421‘g‘1027y423,r
‘PoolfFloqr elevation - T polo.32 5 lelB;BO¥TAf;Ql&gSZ“;;;lQl&TQZj: “W‘:_
IS Gt S RETSTIN TSR e Cleso
Theoretical dy from momene - o RTE ST Sl
tum ! R 124287 12,187} 112,779 | le.532
Actual ‘length of pool, ' - 2 75;00"f",43.QOf;;1;z45§Gij?.w 45,00
Length of naol, 1 = | ?“ 1_*1’7“j”ﬁ‘ f],f”*nf
8.5 dy . f.48.00 42.65 | a4u75 | az.es
. Average wolocity in efTluent R R | RIS
:*:‘-fch&nnu%,“vz ' o

o;szs;[“;o:hse_f, "o;91?_f; CLLme

56,10 | -55;25;;fa">55.4o;17 at.87

.4,&87;', ?;4;58zJ:'ﬁ';ée?f,ﬁf}sgosoﬁh

The wmter surface profilos thrdugh:théaddﬁtgdgpdolgdésign}and2pool desirns
- 8 ror both design ¢ ang the adqptedﬁdqsihn_ofithéadivorging;dhutgﬁﬁnﬁ":»V
- /Shorm in figure 120, ’It.iSvcvidant*from-thdiprofilds‘fhat“tha:adoptud:; e
< 'pool desim is suparior, 'The:ruasons-forﬁhis-Superiénitygwerefnbt,sclf—_g}
“faviiunt; 50 8 chart,was:prgparcd:cbmparin;thévﬁriatfonoffthe'hydraulic_'}
vlimints for the two designs;ifigure;la;_'fhewbttgd-perimdtcr'isthu LR
San.. far both dosigns at lon 1642¢ .statibh-11}50:00‘thu-:”<

wrbted purinetor for tho adm: " : i:nxis:rchghithWicéﬁthqtjfor; 

chute denign g, Sc”inlwottad;purimﬁtgr,rcsults dnoan inercase o
of friction loss and afdecruascﬁin,spucific;dharéy;ﬁ"From=modcl;tubta-at}l
station 11+50.OO,:thc_qucific‘enﬂrgycontbnt;Por:chutq,design74'is‘11425' i
‘times that for the‘adpptéd‘dcsign;{.lt is xosbeioxpectqq;ﬁth¢n;aﬁhnt the o
. pool opsration with thc_udopted:designjwtll\ba'improvéd,bvor“th&tgwibh
. design 4. Those two diverging wa uusodfwith\pooiqdcsﬁgnL3~ﬂre Lo
compared in figur , 8, - 10 In o¢ rin _hc-?low‘oonditionsiShawn~‘*
-AAncthese fipurcs, 2o at. 0 segor :
. charge is tho amount hormally .oxpeoted, ong that the 2,100 sucond-foot
g dischnrge1will'ocour,rarcly and for e period of not more than g o' 4 hours.
VﬁFrdm~tha3u_Paqts._it is.concluded that cither of the two pool designs
wonld have ‘houn safe, _ L T T

,;11




1 vmnstrwthd thnt L 5—foot width'of riprnp ndJnccn+ tn thoo tr\n
nn saction Fave suffieiont protection to thp structura.x“- S

CdAPTER III - THEORETICA“ CONSIDERATIONS OF uIPHDNIC':LOW"‘

.. When preliminary tusts .on’ tha original ~24 mpdul 1ndic tud th"t Lh =
fﬁqiphnno woerdc incapable of disahnrging the required -quantity nt the. nvhllfh
~able head, an investigntion wns made of the” ccmda.tions of similitudu bw-
aween model  and prototype.  Tho losses in'tha ‘siphon wore considerud
f‘mnalorous to similar losses in o ‘bont pipeor condult, nnd othor fartur s70
~of siphonic flow wire examined, including. wcrtex £low, “thu divorg1n tubu,,v
prlminr charnctaristics, the coefficiont of: dlochnrgc,:and thu Uff1610nﬂj
of o siphons  The discussion of the- theory involved in the flow of wntcr
through siphons makes uso of more or loss: 51ngulnr nomunclntur : gu:q:f

'z"é shaws Lhc urnlnology which w111 bo usude

._,”14 Vortax flow. It‘is'r-nurally nprx;ﬁ thnt flow ovcr thu crﬁst -
pf~"siphor approximetes froc vortex flow. It 'has bcen nsaumui that tho
strefmlines in the throat 5f 'n siphon ‘aro ccnoontrlc .circlus, the boundq-;'
rics being the erowm and erust of the upner hend | ‘of " th¢ 'sinhon, and thit
the veloeitics arc entir:ly tan«untznl. !3;@For thls“tyﬂu of! flow the

Thcsu anA‘ull followxng MOLEs - in thls Tuﬂbr ndum re fur to Lumbb
llst >4 in th_ E;bllo*rrphy, in thu‘ordu of thuir ppc-rﬂncu.

-
h

ﬁfollawing-rulutions.may e writtenr‘

= V1r1-—- varz Constﬂpt -I'l.l.i...“.l.l.‘ll'llll‘ll.l‘.b(l)‘

e e e e ey AL FLEL 2L ICNT I I RN N S T S T 5(2.}

w

/28R .;.,j;;;,.;,;Q:.g,;}};;.},;,”"ﬁ

: the rodius nt any p01nt,
="thc velocity et radius, r, ‘ e
= thu moaximum ellowable dlschnrrovper foot of crest wﬂdtnﬁ*,gg

the moximum permissibls veloc1td‘ 2 the erost (r = rl) ‘
Cbased on  h, : ’ -
“the maximum porm1551ble‘vacuum ﬂt thu Crbut, in fuPt cf s
cwmbor, '
tho radius of the crgst,




)adius of tho crowm ﬂththﬁ‘ hroct soction,
acce orntion due to grnvity.‘ : ' S

“Usul n1ly the vulue for h is tukon o8 75 percent'or the barcmutric preu-‘-
sure ot the site of the :siphon, which ‘produaes ia 'safo working prceeurc nt,

which there will be ‘no separation due to removol -of ‘entrainéd air from’ thP‘”'
fnuter which would ‘cause n hrenk inaflow continuity in the downstraamtwatur_~*

g 'Thu theory 'of vortex flow over ‘the 31phon crestqwns usad An tho thoo-?- 
Creticnl invostigatlon of ‘the siphons of Wastuwny ‘No, ‘2, The roguired dis= -
- ‘¢harge por foot of croest length for aench siphon wag 39.58 secnnd-feut."-n‘ o
© From cquetion (3) the meximum pcrmlssible velocity at: the ‘erest wns dcter-g

‘m.tdned forh = 24 foot ‘and used in equntion {2) with = la inchus nd: o
g =8 fcot 4 inches to find q, the maximum. ullowablc dischargu pcr foot o

~of crest length. The volue:of -q ‘was 30.16. ‘sccond~fect, or:224 soeond-
‘foet 1ess -than the ‘required total of -950 socond-feet forall: four siphonse 

‘From those - «computations, ‘it was obvious that ‘even if th ‘maxirum allowable:@*“*

.'egative pressure ‘at the crest.could be developad, “the ‘discharge ‘would . )
still'be - only 78 peroent of ‘the desired capacity, and therafbre, the de-y‘f

"j :sign wuuld have to be revised.

s 16, Conditlons of similitude. In studles of hydraulic structu“es,“lT_f'
by the use of ‘models it is. important toiascertainithe relation ‘betweon
- -rthe. prototype ‘&nd model - data- “When “the foroe :of gravitation is tho most4 :
")important ractor, the Froude number: for ‘both mndel‘and ;prototype ‘must. ‘be.
~vthe :seme. - The ‘Reynolds number should be. ‘the -same ,ﬁﬁoth ‘model and pro=
“totype ‘where wiscosity is the meost importunt item.  In cases where the
“surface tension or capillary ‘forses ‘become the most important considera-mnlu
*ion, ‘both model and ‘prototype must have ‘the ‘same Wbber number.,: - Where |
elesticity is e pr:nary factor, the Cauchy - number should ‘be the -same in
- modl -and prototype. In a siphon flowing. full, the last “two. conrider&—
“tlons may be neglected. The ‘two factors that must’ b':considernd ar“'tho
roude ‘and Reynolds numbers. Experiments have shown that in-short ‘siphons
"R yrolda nurber -is not extremely importnnt,although for dynamic simi- .-
larity {the axprcasion for. Reynolds number . por;pipe) should be the

for mcdcl and .prototype.. Gibsun has ahown thrtﬁfor coeffici”nt of

ﬁrye and pr;suuru-dlstribution Mea sSuTr: munt the, rndbl will erc c]ouc ff,l_
ement -with the protntypa 1f the valuo of ‘vd - ALor tho model is ruatﬂrng?

e This v&luﬂ of - wd llmlts the sizo-of thc modﬂl. “As Gibson

in thu faw instoncas whcro roesulty af both;modul and prototvpé"‘

agracment of eoefficimes is 310uL where . the modeld - iIs .

nouPh thnt thu valua of vd is gronter th an’ 1.8. Other invosti-.- -

_5445 6,7 havn ooufirmed the fack that whon flcwnn full thu mode] -
1y ropresonts, the prototype when the sonle ‘is propcrlj ehoson, A

donulnﬁratlon in the choies 'of the model sonlo should bu the prnu-.
The negntive prossure in foet of water ‘in the model, whon multi--
by ke ucnlo ratio, must not excced- the allownhlc ncgniiv preasure

ﬂbu nr"t,uy"v 4 #imply comput ntlon will 1ndicnto ha minimim model




ot "._o;bﬂ»considered in %cale models is thnt of frictlon. ;
In‘order that the ‘model ‘represent the prototypa ‘as closely as'possible,
“‘the eoefficiont of roughness in’ ‘the model :should ba proportional to.the -
coefrio‘ent of ‘roughness in the prototype. 1% oan.be ‘shown that the ocef-}.
ficiomt of roughness in the model multiplied’ by ‘the ‘scale ratio to the - L”
1/¢ powver equals the coefficient of roughness for the' ‘prototypes. . Although
‘Prictlon is-a:minor loss in short ‘giphona, "It is quite posszble,‘as_a'i~ :
Williamson® :suggests, that ‘the loss: in bends, exolusive of friction, may . .
be ‘o funotion -of* the ‘coefficiont of roughneqq _fThis point Bhould ba"thn e
subjoet of further inVestigation- i S

Flow urdor the ccﬂditinn oxisting when thé siphon'is priminq involvef'
8 consideration of two fluids of diffcrent kihematic viscositias. Fup=-"

,thermore, the ‘effect of surface tonsion during -priming ‘bocomoes importnnt-n¢;;15f
For ‘dynamic similarity ‘it ‘is required thet tho. kinematic viscosity be o T

duced in the proportion of ‘the seale: ratio xo thu 3/2 powar, while tho E
surfacs tension of the todel ! nhould equal that in thc prototypa divided by
the scalc ratio squarvd. It is ewvident, thon," that similarlty af “the’ '
motel to the prototype is ‘impossible, usinr‘tho same f£luids in-each. Hows .
‘evur, cxpuricnce has shown that tho head ruuuired +0 primc;a ‘1ndigatod by“
the model, 1is always groater than ‘thu aotual head requirﬁd;tc prime’ the
prototype. Some -writersls® say that the- priming charaeteristics of a:
-sivhon caniibe - predicted by studying threo ‘models to: widely different y
‘seales. - Then by .oxtranclation ¢ the- curvou ‘plothed from the date obtaznod,

Lrom tho threo medels, the priming hoad and tims to prime -for tho prototype

‘een bo- closely approximatods . ‘It is intercsting to oom are. the heads to.

‘P’iﬂ( s thT&P°1&t0d from -the date. .glven by Yoroneso.,® The results of ox;;g‘;
'trapolatlon by four different mnthods are givon in the fbllowing tablc.;,fﬁu-‘wu

| thrapolntion | Extrapolation hotual o
.Siphon -~ Mothod - Haad Qe Ecad. oM. :ﬁ

TS B "f;'”13.0 
O T R - KL S
SR [ AE - R . N B
604 T 180

Camizzoni

Daw

18,8 T \18. L
4.2 185
3E.56 18,3
Cl4e28 0 1843

Carron.

Cawmr

Red

42,0 . = 40,0 4
S 38,0 - 40,0 -
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: ! ”_ucoomplishad by nuttlng o curve“nf_
+he 'f‘crm = ax3 @ bx2 4+ 08+ d through he hree huovm po:mts nr.d fiir=
'ther ‘defirine one end so that dy/hz : : . o
‘ sirilar «to method © eoxcent that the equation wus nf the forn y
'-but with wn l*uitinr end conditzon.

‘&mlnﬂ.tiﬂt‘ Of the ‘bnble reveals +that the gra"phionl mgthods ,ara a_s g:nn

ary methad” u?lﬁd- "It is apperent, furthermore, that :the acaurncy n e
dictins the ﬂ*ototyne priming head, even ithy: thrapolation from‘thc ﬂ,sul
-of medels to three different scales, amot be relied upon ‘to be

close.  Extrapolstion from results of three nodels annears ua be thn
elogest aprroxis atian assible that has yet 1oen'

nok accurute,‘it'is tar than ﬂothiw* '

7 Compiled in tablc IIIarp the va!uds of the v iﬁiﬁuﬁjécﬁif
tormined by theé various methods. After eons ldGT&uiOﬂ vf a]1
medel seale of 1:8 was chosen

S TfuBL&:‘-lf?I
'HI?IT”’TtGALU RATIO FOR EIPHYY D:T:;.

ivd 2 1.8 vﬂm-r? 1 vdisa.et

: here o jd dlanﬂtor ©uwhere.

cn4«~ tioni|d = dopthi “of pipe L
~c7rninejof narrﬁi‘qfﬂ:e_‘?quaf
SJzu_,\1 at throat) o fthroat |-
modca zaetion . aros .

0f

Cinimm |
mod. 31 - o IR o
seale o Ta7.85 13100720
dretio : ; L I

| Y6, ngnis. itk the total nvailableonsrating head flrod” bv the U
'~}cond1ticﬁs‘at ﬁhn'ﬂiﬁﬁ ol a low=hend ’1pho“, aﬂ‘invhsfif't;gn,of.¢n¢.;o” oy

fW111 ruvnnl_ ._uot thu:! arodssiible vaﬂuum ot '
tho 10b0ﬂ nvvnr At vk
anrz Ane to r,mct;mn.._f

3 C Rreapsineas o whcr' ﬂu- ﬂnprcac“ v. 7ﬁa~‘v Lu th~
'}thu{' loﬂit"'ﬁsfﬂ X} ﬂﬂpPOxPh ray b ccongsiduraid s Flu;t




CHERRT
T 9* thls noiﬂt

=-‘¥h"1.., nuqt nqua.l the
‘aactiou.'

18, fsmd 1os..us.‘ Althouﬂ:h thv

’.unm, drnon srn.nhon.
.f‘icl-.:nt 4imen the vc,locity huad.
: : 1v;dhd thn Joss into thre

pii

; z lm
X plattl, W

:Ll V"Ln::'l c,-
'_vﬁimm‘.z..
, "‘h Cresults
~shnu1d R "zi.ni.:'un mluw' of loss oecurrl
'15.J, n'l& 80 .{'m't‘x. .:ow«.wmr .11: As su

Py ,. ‘-f- Lok A
ﬁnnln 1.,, qn-ﬂ:'.,v r‘ d.oos r'o*h vamruc .'dth oxp.rtx.“-on‘. '.1_

"-'fr-a a9y mue.surud lo 505 dn S-inch b: mds 1'71‘5‘1‘:'.:1
: 10, v"r.u.ous angles of d“fl..ctiou. L Tho: lo...wr'
: fnction, oxpragoed on 4C coulfieiny
-“.-a.ll ‘f‘or _" 4->-dor'r'3 bwld Qs 5 Lor nl

na occurru
Lf"'u'&ut.




1A ':I:he »&pproach tnngent, the v; loci‘i:y baing higheat on. ﬂx_ ‘m-s'
si ‘of the'bend. ths 1688 WBB llt Eme ‘thnt fbund whan“uaing E uni-?;

‘”nA7uuuont papar by Williumnnns givea'the 1o8se ?in 4-fby‘4—inch BQ““’“ i
uakwnod hcnds of variuua anglea of dafleotionwag‘;various ratics 0 ‘R/b.
yylues vlvan

et én;ncd by annell were all fbr bonds of; ,
R/D'ratio of 1.375. Interpolntions betwaan;valnas-of the bend ‘losser for .
rl tho R/D retios of 1,6 and 1.06 givnn by ¥l Tiomeon mpre roquire

Anglo ‘ LQBs in Bond
of ‘Bend, . o of- . B
Dogrecs | Circular Cross Sectlon 1?“

vz

0.11

90_ L _:*0-15 X

25

10 - | 7.:_0.;19_'-'-’-;'3-
(continuous)Aj o Rg

i hnotion af the - lues reveals that agrocment 15 very close excopt for

'the 180-derrae bend. . In the past, 4% 'nas boen aSnHNEd without proo Y

‘that loases 4n bends ‘of rectangular oress section :would: approximate ‘thosy
bend’ of ciroular sections., The abova compariSQn would strengthen‘the




-os; in prnctically i.udependent‘ of the:
most 3. For:h g:h T
ot ‘tflnn tha loss dwa-’to
9 ‘peroent of thut-. .ror_ a bend of

g : SR nspect ratio of 0,25, the lo
“that ‘nf a bond -of aspest rat of unity in he" ¥ANZ
atios from 040 to 0.5 ‘the 1ose in a bend with sn aspect-ret 5
e 20 mraent of ‘that ‘whem thﬂ aspeet ‘ratio’ is unity. 10
'r_ sos ranidly 88 the ‘aspect ratio ‘is m:-ensed;t nity and .m
a5 the ‘aspect ratio is inoressed beyond unity. 1ue;:
L tha aspect ratio ia 4 beoomss e peroent o:[‘ t}nt or .

e Tha resulta of tha merimenta alao indica.te that *bhe
" bow e practically proportional to the angle of ‘tarn up. 4o 90 degree by
- 'Por.a ‘45-dogres bend the loss. WaS found to be. 52 neroent of ‘that for a."
degree ‘bends. and for a ‘180-degres bond the loss was found %o’ bo 166 per
"gent of that for & 90-degroe. “bond, - These findings are more or. le ‘
tativc.ly consiatnnt w:l'th the muults o:l‘ tests. by Yar :
- 11‘ 11: .can be assumed tha:t the resulte of thoso\e perimenta Wh‘lbh ust
‘air a3 the fluid can bo mpplied directly. to. the Ainstances. wHaro. mte» -
wBod a5 the fluid, somo interesting observations re: - 80
‘that the retic of R/D, giving minimum loss, lies’ etween’ 2.5',‘"and
‘4ncreasing ‘the aspect ratio, .holdi.ng ‘the R/D ratio ‘at. the optimum,
,ﬂua to the ‘bond may be further decreased.. The: usual velue .of the iaspel FI
spatio nt ot throat section of a siphon is .about 2, ~In, S
_'—valuc of Ry. 1:0f 26 cannot be obtained,, 1t may be vossibla to_incraat‘.c thc
~aspuet ratio until the loss is. comparable with thet of & bsnd of. R/Dof"
206 and’ quQct ‘retio of, say, 2. ‘Furthermore, - logic would point t0: thca
oncluaiqn thet a siphon of lerge aspoct ratlo et the crost aaction would
”_prima morec ‘quickly than enother siphon of “equa throat area; Tt smeller.
. aapact ratio, ‘bucnuse, for the same woluc of thay riming heud, the arm of
. “the priming et would be 1nrger and the ‘wolume of gir per foot: of‘-:‘u_rust
© ' length to bo exhaugted would ‘bo ‘less in the siphon. of tho larger asp
retise In a number .of installations the aspmt ratio hes deoreased
betwson the throat section -and the lower bend of. ‘the . aiphon. In ¥
of the- exm.rimenta performad using adr, this procedur _has re ulto
groased loss at the lower bond, a fact confirmod _rrom basts‘
,‘;,-Gibson, Aspey, r:.nd Tattersall 5

o Adequatv iuformation ‘on. 1osses in honds or re
o As wery scant. What little there- 3s available at’ ‘the pre
“‘consistent. To design.a siphon’ apiliway without the use.of
“‘models, the ongineer must b able to determine “the dogscs r ot
cr serious difficulty will result, If, for instance;. the ast
; ble vaouun’ nt the throat ma.y




N o ‘
sultin in nnvz?n‘ion nt, the crest or #van a break in thc wntor 1@?.

i the siphon-to pulsate. On the other hand if the assumod bond .
oEBeSs are %00 low: he. capacity of the siphon will be lower thnn that Por
which it is designed,  Until such time as adcquate dnta on: bavm lowuu arc:
‘ "lnble, the designer must resort to model testu. . : ST

| “The diverﬂi“ tube. An ingenious device For increaqinguthe dis-.7
I of a -owahead eiphon is: the diverrinr outlet tuba.;
: ‘ be runs full; part of the kinet:. energy is +hereby o
vconverted to pressure anergy; ‘which omuses ‘m dacreas
the throat . sec‘tion -and consaquently an increase in- the
‘with a correspnnding increase Ain-the efficiency*'
a simpler, -coneept of this :same phenomenon’ ‘would
‘section of ‘the siphon &s nn orifice discharrinw'water under a. head measured,
o i&nnithe forebay loevel to the :center of ‘the outlets Thc whole 51phon might'
.. then be considered as a distorted: mouth to +he. orific
if‘dinohargea of two orifices operating unde:
- ing<the. largor area will have the larger diaoharre. i ) _ T
_fice ‘having a gonstriction in its mouth’ {which is analog us to ‘a siphon
with & diverging tubo) would obviously heve & lower coeffioient then an
orifice having no constriction. ‘When the' action of. a. siphon ‘with & divurr-”
dAng tube is considered in this 1light, ‘the’ ruason for the inorecase in: dis--“<
< aharge is obwvious, Furthermore, the reason for oamput*ng thL dischar‘e co-,
“['ﬁefricicﬁt based on ‘the outl»t arce is also obvious. L

The diverging tube 1ncreases the cabacity of the siphOn w1thout in-‘
'créasing the cross-sectionﬁl:area'of tha*throat}ﬁectionuor;ofktﬁealdWEr:u
leg which, in some designs, ‘results. dn decreased cost and shorter priminp A
'itimc. By incroasinr the outlet aroa,  the- cffluent volocity is- decrcauud
which, under cortain conditions, such as in the ocase of thteway Mo, 2,

“may be an ndvantege. The- diverging tubo docronses the’ prassurVﬁatfthv‘”
‘throat sbetion, thus necessitating n stronber crown.,. - S

The optimum anglo of divargence in a ube folloW1ng a_right«angle .
‘berd was found by Gibson® to be 8 degrees 30 minutes, . His expsrimemtsld
.indicaj;y that the. los« in & diverging tube, including friction, isz;“

0017 (71 - Vz)

“loss due to diverging tube,ri%i e
the initial velocity in the diVerging tube,
the final valooity in the diverging tube.z




Confficzont of rou hﬁns
the mean vcloulty 1h thn
the mnun hydrauliu radlus.

*Th“ total loss’ dur to ir ction is thc‘sumfoi* -
' onuh reech, The frictlun loss should Lr4computvd only to thb start of
_ divnrging tube, ﬁinna thn loss in thp 11V“rgiﬂf

21, Total losn through s;phon.. Thn kinrtl“ vnﬂrgy ut thb_outiﬁ

"Le,c;nputnd by the formula,'- -,-3---.' whcaro 'v 1:: th vuloci*by m: the . nxit
If all the lnss#s nm;gthr Finﬁtic annrgy at outlvt nrc new X
:prébsﬂd in trrms of « cov1fic;rnt tinc* the vnlouityfhrnd nt thw thront
the available totnl hoed, the
: omputpa. I{i\viﬁg;th‘..'. :
at *hﬂ thront sectinn nnd thr dischnr. ™T f&ot ol cro st lnngth, t“
tha rndius of. the rwst drpth at thronf, rnd 5o 10rth can bb iouﬂd.f

‘12'. 'Gritnrin of siphon deﬂigﬂ.l In thr last nnalvfls, thc bﬂnt

x&ricu 'siphon dﬁsignu ror a particulnr in tallﬁtion, 1t is impraéticnl

19hons duﬁ uo* only o the diivx"”

foran# cord1tions of dcslrn but aluo to va:ying co ta in variouu 1ocali~‘




Am tha,araa in squnre feet, S o
'iH - the operating hsad in feet..f1;;.uf7

| (Deutsche Bauzeitung 1917, Ps 225),. ';;This‘ {s'iphon had an’ overhnng'ing
fﬂorest a diverginr lawer 1eg, and dischargod vortionlly 1nto a pool.,'lr
W‘ej.rioh -aid not mention the method omploynd in oomputing the sooefficient o
"ﬁdischnrge, but givos vnlues ranging from 0.956 to D 984.» uclmpni ax-'7
':ushd his surprise-at Bugh ‘a high coefficinnt. Apparently . coeifi-
g n+'cf thls sizp.or lnrgﬂr cnuldabﬁ)obtnined only if thr throat aron




\ ;f“mhisraxnmple hne boen gitad to 1llun-;'
o ‘f fuaion'whinh resulta fromxhaving.no univeraully*standard meth-_;ﬁ
o od‘ort”umputa' oﬁ”f‘It eems mnst unfortunnte that thia oondition should
roxie "when ta femady Appears to e -o aimple..-‘_ , o ”* g ,:". _
lhe;secund 4orm in ‘the expraasion ror thE'coarficiont of dischnryr'of'w
Ehe siphon which bannuaexuf its indefiniteness, halpa to' e ampliaata %hqg
nerady uonfuaing ‘ternm - iB tha total opernting hnad. In uanos whero ‘the
jwcxit '-}soalad by the tailwater, determination of tha operating hnﬁdlia"
simol&. The "head .is ‘thoe diffhrenoa batwuen the fbrohqy and ‘the. lnvel of
y the tailnuter. When the siphnu diaohergas hnrisontally and f?aely into
"5the‘air,:thp exit seotion being vertiual and flowing rull' the head/is
 ameaaurnd to the center line of the Jets. In almost all- othnr ca-énrthe S
:point to which to ‘messure ‘the hnad is.a ﬁntter of cpinian ‘and thercby bn-i“;"

*gcames an indafinits valuc.

5 Stavens15 proposad ‘that thn coefficipnt ba nxprasaod by n relation &
ﬁﬂwhich does not include the ‘head and whioh involves the- araa of the outlet.
 NThus, ‘he davrlop° ‘the rxproasion:'

-Af\VZJgE

C =

- co=f{ficinnt of' . discharge basnd on outlet urea;ﬁz.

discharga of siphon in. 1ﬁcond~fﬂot
arng of outlnt in squarc faet ’
tot&laoporating haqd"‘

CH o ‘hf .




rri otion, ato. g

-a+b+c+.

-phon‘ thﬂ above expression -ean be uaed to determine *the Uch fi’ioi.' nt.

N

Mso, An designing the siphan this nzprcssion‘w ‘he uand




-_'-mriun of the nffentlvanean of the uiphon.

24, Efﬁoiongz The arﬂoimoy of a.:w mohino 13 ¥ he rutio‘of ‘the
outp\it emrgy to the 1nput enery. W‘mn a.pplind to n siphon', thj_g 1,

",aopnnting hoad on the aiphon. The afficinncy muld 'he

R I R I
-0 - 0 . O

ne Cz

effiotency of siphon,

: -z?eloqity ~he_ad ‘at outlet,
total cperating heed,
velocity &t outlet,




Q«- aotm.l dischtu-go or siphnn, g

:'Ao’- am of ‘outles,

G ooniﬁcicnt of: disohnrgn.

Q. totml diaa!nrge,
A L LY at- the thront aeot:lon,
"'V.'t = gotul . man throat velooiw,.

.'V . ﬂwomtioal moan : ‘throat velooity eorrpspondin ~'to -
hoa.d of one . atmcaphare. :

fa w head . eqwivnlent to one: atmosphe*rr* '

_“llayl:or developed B sinilar exprnssion whioh h ‘ dui‘inoa as "The N
o' oi' tho disoharge 4o :the: dicohargfa of . a: 'perrcot' sipho' of the ae.mr
u’: am. By a 'perf‘vqt' siphon is meant thﬁ# url.ly thnomtic&l con- <

nw the. efficiency of the. siphon,
‘the:actual dischargo » ‘
tho arce of- the t!u'oat secticn, _. :
‘yacuum. h»a.d in feat -of water: equivalrant *to




Whon

& = 34 feet, the exprnssion"bécomes

‘This rxpression eliminates thp indefinite hnnd and dofinitely fleS thﬁ
AYCR.AS that of the: throat section.' Bncnuso it would bn imPOSalblP to‘;
ootnln an averege negntlvn pressura of onp - atmosphprn acrnsq thn throut
'seetion, the effxczonoy 0an never: rnach 100 porcnnt Ynylor further polrtq
out that "the 'coofflcirnt of discharbo' dlvprt :attentzon from thn trun | .
desiderata of a siphon, It suggn ts thnt +he dis chnrgﬁ is pxoportlonal to o
the saouare root af thn‘head &vallublo 1n uny nnrtlcular drsign, whvrras-'
it depends rather upon the vacuum. attalnablv At the throat snctxon."”.Thﬁﬁ‘
truth of the for0501ng statemeént may bc demonstr&ted

The total opﬁratlng heﬂd nust oaual thr sum_ of thr 103503 pluo thc‘
velocity head at the outlet Thus, in f 1ow-heud alphnr'with a divnr{inv
tubs- o oL ._f?f. P . S

Do
.

'(a + b .+ c -+ d % c)'VL'H-
L)
~total operating head,
arorAge throat wvele c*t
&vﬁrage outlff "lluclq',

. 4, and ¢ = the el 1 lous .
upper nd,“rxctlcn, ;

v,
wi
oot
eeprctively, o

first derivailve of the henq,




lvt-velocity,fvo,,and rqualting this to unro, o rvlntlon betweon Lhw'cut- 
lrt veloeity nnd‘throﬁtﬁvelocity is nhtnlnaﬁ '

G&H

d Vv
0

= - 2@ Vt +~251h4‘q)v0”é-0

. &
LU L |

-0 S R t
Therefore, the minimum heed to'dnvelop the muxihﬁmsﬁlloﬁnhlﬂ'nv*nfivﬁ
pressure &l the creqp, which, in: turn, wi ll llmlt thw‘nl1ownh1: av<rng»

throat velocity and the maximum nllownblﬂ dlschnrr-- 15 obtain-d bv uuh--

stituting the value of Vo in tho original rquatlnn so thnt-

H= (A + b +c¢c +4d + T3

$1n§o q = vyry logE

‘b seen thatt

T
Ved AT Eh e log —
t r, - r Be Tr
oo -2 . R ¢
which, when substituted ‘in the precbding‘oquation, virlds -
L

: ey g;i ‘
A
)(h,(‘r -1 ;flcgcﬁ r

o
S

E=w'(a +b +06 +.d+ ,'C
S S Y <o

‘the total operatlnr hoad, ‘ K
maximum permzsalblr vacuum at the crest in‘fntt‘aflwnﬁﬁr;}
. th@:rndius of ‘the erest, ' o S

TE the radius of the crown.

Ir, nt the upper bend, we let R/b = 2.5, thnt is - 1,5 Ty and tﬂkﬁ:
‘R 24 feet .

.Hn15.7s(a+b+c+d+-_r°

+ ¢




“

Hew, 1 A = 0,10, b w 0,18, = 0410, e 0.1, and e = O, 17, e

wnlur for Lhe aintmur Wea hncnmﬁnf o= ]0.. "fnﬁﬂ.‘ Thl ;m"nn--bhﬁf;er
Por “hi“.P“Vticulﬂrjﬂﬁﬂlmﬂ,Fnr'hﬂndn‘}n ﬁxvnns_uf 104u:_ hnt, uHQ1
ennrnet be anfrly inarnnénd by'mn}hlv inufrﬁsinr th?‘D”llﬁr.Hl nrnJ
radii of fhr'urﬁnt‘qnd”uruwn muﬁ\ nl ahe invrnn"n JL th~n410wnhby
ri the erest i noto to Le oxe iecded, o Rl
It apprars that v‘ounticﬁl - ) : G , wh .Hn'- ‘m\:‘,Y.OL.L**c‘} n;‘-

; . .A_:',/ f'"f . : L ; ’_'
the priming charaeteristios, would heon n*xafn tdr" crttlr1nn fnv cuwﬂnr-'
ing siphon pexxnrquvnn,'nlﬂhmuyh-'ﬁ nn nr1un} 1n";“ﬂ thﬂ con Lruotxon |
c'fn;‘ any b of muek importanes, | The e .ﬂnrv mr'v ‘"* ‘ mf'rr‘n"f"s‘._ E{y ;_);{-j*
crnﬁsing the radil or the benas, by.providznm n lon' liv*rrin 5u5; Lnﬁd:
bv other means whick, when enrrisod Lo ﬁxtr“m", wnuld :VOIV“‘R ~ﬂn 1Ier
nble increase ir ecost, | | | - | :

25+ Priming ehnracterd “tlc“. ' insunllnt*nﬁn_ln wh:uh ulan

'

ary te booused ngowe «rm¢rv:1 rewulntor th@ 1ntnrps$‘¢shpnrnipulﬁz

in two frcters; the head on the crastoat wnlnh the siﬂhthWiJJTHrlmﬁ'

and the time reoauirsd for ﬁhh' ip cn_tb'primnﬂﬁ?-fl ‘,nﬁnd. Ju*l af

qurntities nre doprndent upmnftha size’and shape ot tnﬁ quhon and upnn'q

the =nte of riss of the fﬁ*whﬁy leveal, dﬂr; inves tiraforu hnv~' t“ ﬂtvﬁ.

in moinl théts, to dhtﬂ ine th* hg"ﬂ roru;rﬂﬁ ta pr;mﬂ whv“'Lhﬂ iurnon3

lrvel wes ri ising nt on sons T 1{: rnt'-- _' They Jr\_{lqn -th--~ mx-‘ "rf nu*rri t-:)

nrimoe for n specific rnts of'forvﬁnk xls‘ nr *hnt hond on Lhn‘c"' .

the 1ratrnt whnn all rir is rvncu»tn ;ircm hn uiphnn., 1o‘bw,nb11qh thf

aunn 1ty, throe verinbles, the “1rc, L“‘ Forﬁnny lnv' ;..ui thpfqunﬂklty

~of dischrrge must Lo eonsiderad. Joﬁnl du tn oatnxnﬂd Hy t-Js provﬁﬂuro

is subjret to innccurﬂciﬁﬁ.uhlﬂss “1&00”nt" ﬂnnﬂrntu 19 ..@4}‘ ornovn*lf

madol dnte ontpriming cn?rnﬂtnrns1i"s canlot'b¢ scﬁiﬂﬂ to t*o ﬂrnto,vnﬁ

"horq Tore, the nnly vnlua éf such dntn 1s‘f6r‘éuhwnfisun of priming qunll—'
ties of modrls of the same senles - A Smore nccur&t“ oni a glhp}“r vtprdxnvt ;
s to drdermive the mirimun Hénd requiraed o p“lrr with n pongtant lrv01_
0! the frrodbry, Thiﬁ aliminetes one verinble, the rntt~of rorabny ri.r

and ils annloscus o the situntion ie which the forﬂbny aron ie lerpe, with




A
v

e

“the conseauent slow rise in tke Joribay level re;nlflnr in ‘v" .
ing, for all practicnl conciderations, at a Cnnstﬂht‘hﬂnﬂ'0h Lhﬁ'Hrﬁ§t; 

T e -

Some exﬂnrlmentera have exn ras ed thv hond rcvu;red to. prime’ kn ‘terms

invth nt uhe-u”rnn+ sen t on., lhdq

nend on crest“renuirhd-for’primin@,”
dapth of throet sect an.

prlmlng-constnnt.

the threet depthwere 3 fert and the hord to prime were 0.5 foot,

d 5 6 er W =L
PURT o , ar. h!

This exnression. suggests thntrthp'hmnd”rﬂnuirﬂd folp“ihp is nd

&

the dapth at the thront section, whereas ‘the hrad o, nr J‘ﬁ&tuﬁilyjdwéb

',

upen +h"5hﬂpe of the dip won and the me ﬁnod cmnloya“ *ﬂ ﬁ“lﬁﬂ"pr*ﬂ~““

Conslidering the rate of nrl 441 g a DettnA crntorlcn ;nnn thn tlnv
‘glone would he the menn rnte~nt »rhick +Pr n?r is ﬁvnbuatﬁ ;“_‘ 3F
value would take inte account not onlj thﬂ -iFh nuu a]vo thu' plum’ ol njr ”
‘:O e nxﬂﬂu:‘:tnf?_.' _ . . R .. .‘ L .‘41
L . B
28,  Priming devieds,  In siphon in:tnllﬁtion Vrrrﬁfqul ' ximlng nn_;;

]

M

o low:head iz one of‘thﬂ forsma 15t cons 1dﬂrn1;PFu,‘Vnr.oua 4ﬂv;c~"'rnvrk
bean empleye-d Lo deorunse fnﬁ‘Hnﬁd.and the wrlmlnr Lim h.f: ‘ tyne
the nffective crest was lengthencd by zipzag metal 5pri r,',';

;concrnta‘of the_crp:t. Oné:xnvr Llrnfo;i .;:‘ j;nﬁ prl

Aueed 23 pereenl by use of tHe best typ@_o: BYLY: ».qunﬂ 0,

. ' ‘ - Lo
pared with -thet of the cr@nt'using,nv L selhe e d'ndidn i$ ﬂvﬂtﬁ tw

igznp erest on She coofiicicnt n‘_dasshargh»%rfthf Ao 1cncv of

Obwricunly, darlnr ﬂP'W*ﬁF,'WLL} thc snme head on Ph: nros

H

PRI

would insrease the w_.-.ci'&"r“ ns compnred cith o sbpealphy,

nned thesefors desronss the Sime Lo prine, Chowever, when

o

ks

such a sharp and irrepulnr crest would be Wipzhep




than the loss when 8 smooth crnst wes emnloycd.

Another dev1ce 18 the prining weir. It is’ siwilar:tm fhe‘*vno wit.
the castellated or ziyzag crost - in that it also has a arost of inereusnd

length whish discharges more water per unit head than the ordinnrv'siirnf__P"

during prirince The weir is at the. elevatzc 0f the ereost;  is.connzetnd
to the erowr of the lowor leg; and is sunnli’ 4 with water by a'channel .
which communicatus with the forebay. Ususlly this priming deviee iz uzsd

irn siphons whorc the lower leg is mot vertical but slopus “downst LTRTL,
The jot frem the priming wair erossas tho lowwr‘lo4"gualinr thc air in

'S .
the crown. The air in tho crown is gradually evacuatud and’ pr1r1“¢-‘:'ry345
ducisds I+ Raar Rivw- "iphﬂ , 19 o priming welrs ﬂaﬂ‘uﬂci‘ .ands ul»tﬁf%ﬂ e
the prototype structurs jcatmithn h@~u51n5thlsdnvmu:the head . rogaired o
Ste prim: was roduesd to sbout helf that when a primive weir was hot uged,
Meither the orimine weir nor the d“"nov'u"xﬂr B ca m“nllnb Alnraat huﬁﬁ. ER¥
with muech anprovsl. It is folt th3u~tnu‘n‘"anturv Aneto thﬁ‘lowqfuprimr‘
ing heal ir sore than off3ut_by the ra :rtﬁ@ﬁ in- -hy.wfficibnﬂv,;“' E

<. . Un many o!f the unr-llc-r lﬁ"tw11ation uuulrlﬂv a low prirxr? hfxa, e
small auxiliasry ziphon is: usode  The purpssa of fhn Puyzllnry 1nhﬂn 1”-to
raduce both the head nn the timo rﬂqulr od to ‘nranw.gf'hla wes accomplished
“in one of two ways. In the first ‘the auxilinry ciphon dis rhnrpcd nune
prokan jot ﬂnl‘quﬁ]y neross the low lee of ‘the i Lﬁg='nhmr “thusg nrddﬁc¥;j
ing an airtight soel, . The air truﬁpod nbnvx b gl ses) wrrjumlly CVHT-

uated by thy shect of weter flowing over sthe crest of the mm 2 ”ﬂh@ﬂ,ﬁﬂd
priming wnz offoctod. In the sgcond ceso the naxallnr" iphm“_p imed and
Cthon neted oo oan vietor, drnw:nr nir from the min-givhon until oriming

was completud.  Tho d;enJvuntqvuq of rbhe ﬁ¢x111f ry s;;hnn"ﬁgf oltm‘15h=
the advantar.s. They are not anly difficult. but cxpunsivi o construet,
Usurlly they net s on obstrustion to ilow in the mfnﬁ'“'aiﬂﬂ: ak heem )
hvy ~re nveassarily smnil, ther is nlso Lhe drnpor Lhnds ‘“U" mﬂr;bu,ﬂ:h'ﬁw
ul.d with trazh, ' ' L e

Alt hoxrb qqi ¢ priving dovies in woEtr ey o
in the priming 51 whe riphovs
rEriG. . APtar (hel Perlbay Porvae s e
i uhr siphon it equippod vtk oo noed e
ir then fonlad complotaly. e oadr oan
Purri'd imwn by Yhe et inta bhe onowlive b
woorion ameistroam Proroche o Jaser bend ansoare shug o
ﬂrt*wpﬂtr“- Sors dsgierorn eammitor Ahnl Car baut Prln'"’ ”W'llu.““
‘ Vrondoeuant be mkaen, ey o 4 !{“!

Cradius ar Ap ‘ﬂ"-r

Linnes
filolomoy

SRl oves r ‘: AT

"'"T";","*; [




WO
Aabous

’T"u‘."}ﬂ!ﬂ

-AF“JF

vl ties

rivires

vhor nprivor,
“itht honmd e
WL e Yo

siven nrofoty o
the . siphon
arg omust b
’..'IL refo of risc o in ot
nnw d- of

',‘,..-.J i snriine Ly

erost

o e
RREYT )

e with
r10+ A{ pr .
loy ::1!?.'}51'.

1.i

SR FLT]

v’l I-i.f
L ot

'3!‘\-

forenr

nyd
erann, thopa
In Some e Ao
may he n doubh s

Y nn f"“px "(l.

preriae i

n'ivun* '~r*«\f

p

eritorin
34 .ﬁ(? ..,,;

_‘ W !‘m.‘:*,,ﬁ'ru LIRS
RSN LAt "," seong Loang
inorrd;

o IUHO.."
not
pointad out .‘_1;):',»:'.
th pro m""p cpriming heng
For Lhusorensmon: bk wes denid

snimum preiving eeeds This
l;U‘..’:tﬂ'" »o Bl heore S

munt,’

1-{_‘.

for{;bnj'
weeuraey is diffieule, ¢ s is

aoed n

It

hres o lrendy

ner ‘Ll...‘,

Sdf'f)‘-l

shovuny

Wl
H’f'l’ roont oo

reanddn e e

B TR



':hﬁt »lso rcsult d 1n much grenter nccurﬁcJ then zould heve bepn ‘obtained
by employing o rising wnter level, ‘Furthermore,  this procodure probably
dupliecates protntype conditions more cloaely than tho others, since the .
rate of rise of the forebay water level is nsually ‘slow -enough to be cona

sidered congtant, ‘eXcept in the case where the forebny froe wnter surince’
area ‘is rn1a+1velv *wal’ : R

In dete rnlnlna thc tlwe to primo. ut tho minirum p41nin .ad the
siphen was ventod o the a tmosphere to prevent priming durin& thy Yimo
flo"'eaulllbrlun was being ﬁotﬁbllsh“ﬂ 4n ‘the models When thn‘.tnq on
the eres t was accurately set and’ equilibrlun of FuOW cristod, tbn‘aLr

vants to the siphon were elosed. Theo timeer “QUind to orimag wab-rccarﬂfd
"as the clapsed tim:‘from the instant “the air: aupplv wooieut, o”f urt11 nv“-
Jalr was complutaly,gxhauuted‘from thﬂrml kor L

In Wastewny No. 2 & bore -causing an 0o B6= Poot hnﬂd ‘on’ tho.)inhon
crests will be forrmed if the turbincs in thuipowur plant are suddanly :
shut off, It was desired to detcrnine tho timo ruqu1rod for. priming und r
“this nractlcally 1nutnntnrﬁouu hoad, and thlu:wﬂu accompllohwdﬂln the
wodel by raising the wator in'tus forebay from. orral “elevation to the
bore heizht level as aujekly ‘es possible and nndnfni g the O.d&-;oou
head during tho priming nction. The time roquirad: toﬂprlnc undur this
condition waz rocorded as tho 2lapsed tlmc from ‘the instant the weter ini
the forebey bogan “o riso until the ulphon s conplufwly prlm i.

The mirimur discharze Tor continuous oﬂnrntian'wu° 0ﬁn$id;rud n—V.
ive dndinntor relative +o Lhe priming eharnc*~"L Stics wnd, wed thur.-r.'
ob ‘-ﬂ'ln—-ri inmasi ennés.  The nends on. the ordting lh\,_sl;:h0v~ oo -

oLt Tariouz-dischercas ihrour"'lw ners wlEe nohernind

2R Jrisinel modol ) {LE;"* 1-—1) Ih'l'} Ol‘J..".ir:f‘. ' i .'f"f'i';;u}'{_:
168), the Hin of tho sipFonme wleend nt he ﬂUPﬁ’1 Inr,nﬁy-f‘ S
Tior 87 theu the siphan would break ite nri: :
2 Lhnt luvsile A hump was ploesid in the S
el oab Bhe lower boedd, _u:.’;t;:}n:‘mr»:':} Lh*fi‘pL ’ I : g
fuetive in facilitetine priming,  The "Ld A thepvert from Lhs
erwst bhrough “Lhe lawer bhond and ror moved Ghyr ganl
thus rendoering 44 s less, %hon 2 hend an : £oquival "'--i"';w “'.fﬁl’u‘ ‘

Fest prototype wos attnined, the et pv‘ﬂn" f‘r oo e ‘.‘.,L A,
2rorcine the lover i, p-mm;- sl an ke O;‘};?'.!:;i:t:{ vie) AN s nmmdng (*uv*1'*1"

.

aeeyly wrlrlnr qu]_n?’;l-y ‘nru, e . - .

Jher Ehe zi;)hon ':weir';'] was g '."inr,'f'u,l 1, the nebunl wee foy” }ae‘}‘low 'hv-
derivrood enneity,  The Hasipnod disehnres was 960 .':i,noud'-‘f'::ut. fer four
riphuns, or 2748 Scconf—fvn“ forznch, = "'}fld on. tho ereatoof 4, 810

vnte b LhIv hend LR r!l.,chr‘.x'i'w_ ny .lr.-t creincd rrenmothe modsl, wan only
N deuorcl=foudl, ar ALK pereent of the Aol pgncd valaes '




~was only 18413 vorcents At the designed head, the mnﬁ:l nhuwed~urcoeFfi— 
“edient af discharge of 0,365 as compared to O.SS,which'wn:‘HSQﬂ'in‘thﬁ 1oy
signs It was anparent ﬁhat‘the-hump;in tho'¢xii tube war the source of -
much loss and, since it was inoffectivoin prdducing”u'sualin;wp591,zshgg1d_
by climinatad, el . [T : SR
A lorpe cddy zone downstream ard imredintcly bolow the o ot of tha
oriminal model indicnted a definitse loss dug to sharprias nfkuﬁrfhppur\
tend. . The water could rot follow the innor radius aniuonded to crowd
against the outer radius forming tho eddy‘nphu;]“rhn'ﬁporalg-ur Lhé'wnhaf;.
‘passage ‘in test 2-1 (Ligure 18D) was dusiimed to rallne theirlow path
Cto Jliminaze the cddy zone ‘indicated visually in the originnl,

. The original model had a transparont -face only °” th””ffGnL;~wh1uh{
wns a hendicap in photographing the flowwpatthn.\*Whunjthpgmoduljwuq ro=
bullt for tecst 2, both faces wers mode trnnspnrﬂut;uéﬂthntjlighbfcnuid‘b&‘_
refloectad through the low. B L T I A :

29 Removal of hump in original design (Test'142);?‘Whun-thw;hump" .
- Tas removod, the exit tube became divorfing, as shomn dotbod in fignre -3
15D. This change eliminated the double 'bend.  “The -priming qualitios wore
not affected by ths change, ‘tut tho discharge ‘characturistics were ime.
proved considorably. With the outlet fre:, the dischargs wos 187.0.
sceond-feot, an increase of 21.8 percent over the ‘original modecl.  The o
coofficient of dizcharge and. ¢fficivncy wors inercnsed preportionntely, .
ithen tailwater sufficient to submurge - the oxit was obteained by u conirnl
in the ¢ffluent channel, thcrdischarga‘qu inchQSud5to.zas;s-ggcbnd_fugt,
or an incruasc of '34.1 porcont. ThiS‘Valud-wns‘still-considebnbly‘bulowf-
the reguired dischargos A new model was then desimed in which otbontion

wns given to reducing losses and thereby increasinr the dischnryre, |
’ . o ol _ B

3C. Effect of increasc of orest aml lower bund radii {(Teopog-1),
L oard 1-2 showei thet tho entronco conditiony could bi Improveod;
cerost and lewor bend rrdii should Loineraasods onnid Ghet @ -
tubs wns a decided advantagd dninerensing the disSeharie, when £hy .
ubmersed,  Thoso footures werdc. incorporated din ti. ol (Pizure
shpe of the errmst is n elese rpproximation to jt' eurved nath
©ed By the lower nappe o5 it sprang fese frop the crosuoofthe ™
Plowins under o 1,33-Coot hiad. i l-inch offsig vas ipe
the ercst oo cruse the i to springe froc Iroc the dnverd
e facilivat. priming, provisions wero . Dol nure-
lewer nappe at the offses U ovent to the atmosphorae  The




lower leg was made 1n-an S-shape to ‘improve the priming charactaeristics

and inercase the efficiency. Tosts showed that with the outlet free,

thi discharpe, with a head on the erest of ‘0,88 foot, was incroasod to
270.4 sccond-feet, anpincrease‘of‘44.6-pqrcbnf'qur tost 1=24 When the -
outlet was submerged, the discharge ‘at the samo ‘head ‘was .371.1 socond-
fuot, or 80e3 porcont greater than in tost 1a2 with ‘the outlet isubmergods
“The diverging tubc did not flow full (Ligure 174) whon ‘the outlot was ‘not -
submurgcd,leven'with-a‘&iachnrgo:of;Slﬁfaeccnd-fnqt'nnd;ﬁlhoaﬁ,bn‘thu‘ -
erest of 4,10 foot, thé”maximumapo&siblc,hoad;inJthu;modul;_mFigufér175"
shows . the diverging tubo flowing full.es tho rosult.of submorging tho.
oxite For -this condition, the maximum ocapacity of-the model supply pump:

- was reached beforc the maximum head onithoacrest‘couldﬂbefdﬁtained.:JDypf

was “introduced to ahow the stream linos, Thé.priming”charucteriStica‘for*

this model, when the outlet was free, werc inforior to the originals  The

m inimum‘huad,required'to'primé‘waau2537 ihct;,withfthe:ngppaiunaerntqd,; 
giving o priming cfficiency of d/1.27. With the nappe norated ‘and tho
outlot frec, the miniﬁum'pfiming(head-wns*IJSS‘fget,;giving‘n'priming;af-
ficiency of d/1.96. D e s O T

The nappu, clinging to the invert, ean be soen in figure 184, Figure -
188 shows the aerntod nnppe:springing.froe‘at“thq‘offsut,,crossing_the'-' ‘
lower leg and fonning5aysoal_nt*tho'opposité‘sido.‘gthn.gasehl‘nt the
lower bend was offcoted by controlling the tailwater and with nappe -aerated, .
the minimum priming head was.reducudjto:0.45'feet;ﬁloss‘thuﬁ"thruoftpnths‘. '
of the valu: found with nappe aerated andﬂthuﬂduflet‘froo,ﬂ;Withmﬁheﬂnappo_g'
acretod and thc‘outlotﬁunsubmergcd;-theyjetkaprnng'fr¢67from the ‘invert at
the offset, . crosscd -the ‘lower log, and impinged on tho oppesite side, therc-
by secling the uppor part of ‘the .siphon from the lower (figurc 18B)e " The &
sheet of woter flowing past the erown .of ‘thu lower bond and dropping to thu
invert was broken and allowed*airffrom,tthdiverging~tﬁbﬁ~tdlpa$s;thrqugh &
it, meintrining n-prussure-of‘practicnlly}ntmOSphﬁric”integsfty‘inﬁthe,r¢~~;;
glon below the nappss | Tho uppor surface of “the nappe gredunlly ovacunted:
air from ‘he smed nbovs it;'nndwsince:thuuprQSSQrcibelow=thqjnuppc3rmé,-Jf :
mained procticn Uty ntmospnerie, o difference .in prossurc betwoun the upper.
and lower prrts bf-thevsiphon, thus,divédvﬂgpy"thg-jot;]wﬁs'ﬁrqdunlly“
createds  Cihon this difference in prossuve rinched a. cersein valus, the .
nApoe began Fluttering, the intansity,inch_jinx uhfi1wsuddoulx‘thﬁ sunl
tetweon the uppor and tower parts of the siphon was brokin ani LH pres-
sures-.equnlizeds - 7ith an inerense of ‘head on'the crest, th: nsppe thick-
nuss inerenced, the duration of thc‘flattcrinﬁrﬂctinﬁ boceame lnn::r"untii”_
&t o hend of Lo 53 Taet tho thickness of the ﬂnp§q7wn5'5uffi¢ién£VLn‘ﬂuia-:
tain the pressure diffufoncg,Jaﬁﬁ»aftur;n‘shbrtﬁporiod'uf_happé flabber,
dphor primed. ¥ ith no scaling -pool. ~t the lower bind, the minirmm
reqsirodvto.primelbecomus'thnt‘heﬂd,which_willgpfoduc&Vﬂ“th‘nf S fe
,thicknos:,and_vﬁlbcity.to\mqihuain ngeel without brodcing, . With
=nt todlwater, tho sealing poal maintains the prossarc difforuuce, ©
he ﬁihizn:~hend-nucessary‘CobApriming is thnt which produccs. a jot ~of
©owad voloelsy sufficiocnt to penetrate thye sonling pool to - point vhure
ooenurain 4 nir will rise downstronn from the lowest prrt ot the e rown :
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of the lewer bends  The minirum priming nead Dncthe saeond engn Y“
than dn the Pirst, where no scal at the Tower bend wns W"HVLd"d. .,
sealding pool proved a definite ndvarinrv in prlmlnr nnd owng iuunrpghhbwi .
in the subsequant tests A further dnerease in the radii of the eroxsl g
lowor beud, and n dCCPCRuP Anc tho dnpth nt ‘the: thrnn1 seetion wng alio i
diented. BN

_ S5l Heduction of throat dopth and further inerease of crest and |
lower bond radii (Test s-1)e Dhe depthat the thront scetion woso TuﬂUU»d
froe, o feot to 2 Teot 2 in wehes, muking the ratio of the radiug nfthas
center line te 4he depth at tho throat soetion ! ®/D = 2.01\ s cnmpur‘ﬂ
to an R/D = 0,81 for the ariginal nodel ‘and ‘an Q/ﬁ ="0.8% ior Lurt_L-l.:'
At a point 80 deprees down from the erest o trnnsvurhc slot ventod. e
atmosphere, semiciraular in se ctior - and with 8 2-inch dlnmutcr‘ was dne
ciuded instead of the off got in tost ?-T To-racilitate auruwlon ol LL.-
nappes . The aro e of divorgunce of tha oxit ubleﬂ"jxudu H dejtroas 800
minutus, wiich “ibson considored thoe Op{¢MU“ fo;lawln" o rlrhu-nnnln ‘
Singe the demth of the barrcl at the stard &8 4he dl*(r'lnp tub hﬂd'hnﬂh
deerunsod to § fuet 2 inches, and beenuse the dopth atouexit wan fixed at
4:feut by the size of +he wffluunL eomtuit, vhe lersth of the dlvcn i
tube, was neecssarily pronter than prov lnvq]v A osenloat s lower N'w{[
WA S. ufibcf‘d by loeating the low point of ‘the crown Qf.thd'io" '
the samw ¢leyniion as that or thc 1."ﬂrt al theoubt b seetion |

190), ' g " EE AN

In

st Sa1, *%Q‘divcrging‘tuhc alwnys Flnﬁ?d.

head of 0,88 foot, and the discharm: at $his hend

2 deeronsc of 10,8 poreent ps comparcdtvAth tO“‘:E-L :
meriode  Belause tho throst arcn of this. mod) s g 478 poreont

asceampared with tesy 2-1, the ‘deerense in dlsé%wra:‘w q", = d. L

SzQTyht the lower bhnd prusvrtuﬂ nonew probilom. g :h;"wﬁﬁur““
the Parebay rose above the Yip of tho heod, ai Ctrapped: Anthe
YOS comproessed, with the rosult that ihs water oy 1y
phon wns less than EhL forchay wntur lovaly Nith ‘hls cqnﬂ
tire of priming was inereased.- A o pros
Anstelled conneet ting the woper part 01 51paon xlt% Bhe 1v*r[1~"_‘
2t o point such ‘thet its lower ond wauld o sonled whoen the hond anobhe
crost was Q.86 :foot. Wigh the compressinn roli, :uvfafopﬂn, ‘Gheed '
“hiad to prin was .06 ooty the minirurm'h ad wae Goff font.  Fimuec

“ig & vicw of test 5-1 “’owznr at yhu-mlnlmum‘dischur; ﬂfor,cﬂnt ;uOuS“
‘tt‘tl@h. : o ‘ ’ .

2. Effect of step in erowm of exit (Tist 5-2),
Ani pool showed “hat mary of the air . bubbles which nad :
print ol the erown of.«the lower bend mre "w"rind~hnck;'

~zone T tha giphon by waker eurrents creati *“-i*t

ing porle In an atterpt to provent this aet] Lnnpnwu-
Blme 2 privivg, a stono two inches E i




vibe UMure WDYe The ke was nnt effoetive In Improving tha prime
ganlitios, . c ‘
{

#3000 Addition of spur abave neration flot (Test 3-3).7 Tt ﬁnpwurﬁd’- 
that 1o the Gel oould be made Lo eress the Jower 1oy and impitso npon the
cprosiie alde the it would cling to thnt.aidé]nﬂiit'ﬂroppmd into the srad-
Avc opesl onnd fhe prinine charaeteristion wonld be improvods. lo neeomplizh
R e, n ospur e iustnllud“nbovnthQ adrn£iéan1ot (fimuroilﬁﬂ);j.This -
spur deficeved the jog vxeogsivoly vo that it impingod tdo hiph on the & 70
o}”".‘-.’ila'.‘"ii{'lo . T R R e

et Ineronso of spur radiug (Test 3-4). A revisod spur with e lonpor
s A fimire 1987 defloctod  the Jat-the right amount, ;By‘ﬁufuruﬁﬂc‘ﬁo'
the summary of ‘porisrennes chnrncturistics‘gn'riﬁurb,19,flt5will,bu seun
Thit the effect of the spur wsed in best 35 vms to dacronse this discharpge
by only BeZ socond-foot, or 0.5 pereont, while at the same time, the minie
mun kead requirod to primy was dooreased by 0,12 foot, or 17,7 porcunt, -
The time required te prime at this minimum'hoad;ns‘indicntédjﬁyFth¢-modal;"-
wns 10,350 sceonds or almost 3 hours.. - Although it wns known that the prim<
ing aueldtios in prototype would be better than indidatudfbyﬂﬁhufmodgL,ga”
further Improvement was dosired. buring tcbts[on-thc.lcnger-radiustpun,ﬁf
it wns obsorved that priming;would‘start.with a VGry'low.headrénﬁtha crosgt .
and sovaral largo bubblos were noted to bho in motidﬂ”in,the.eﬁntur;bf-tho_
crown (figure 20R), After a nagative model -prassurg of about 0,02 foot of
vmtsr was developed, the priming ndtion.wnuld'ceaSQ;_WThﬂt_is,ywhen the
tust wms first started, o few air bubbles would .esecape ‘biyond the low
peint of the crown af the lcwarfbend;'but‘aftprua‘fcr minutéa, the depth
of the senl wes inorenscd duclto*thefnégativp,pressurQTinSidc;f-Althbugh _
‘Thy s-aline pool wns charged with bubblés;~few,;If*any,”could_ﬁscapﬁ;pnst T
tho erown of the lower bond because oP‘the”indrcnSGd-dupth,of seals 1t
was not until a hond of 0s56 faot on the crost wms runched that priming
action continued. 4 study of ‘the priming phenomenon led 9. the development.
of nonew priming devica. ° R RN S R R e ERRIEAR

58s  Guide vane in lower bond (Test 8-5). A fuide vane spreed “two. .
inches frorm the erown of the lqwer‘band.wns instAlled in the madcl_<Figurc
19F), The purpose of the vane was to give the air-laden priminis jet a .
horizontel direction so that the alr released in the sealing pool would .

- risc downstream from the lower bond, The guide ganc was viry sucesssful

in this respoct, Flgures 218 wnd B show the siphon during primine when . -
tho -hued on the crost ‘was 0.51 foot and with air oscaping from the ond of
the orimine puide vane during flow ot the minimm head to prime.  Thore is .
& complete rhsence .of air bubbles in the left side ofEthe;sbaling vocla

The -ebscnee of sir is ewven more striking whcnfcompnr@d'with‘figurQ'ZOA,Or'_
figures 22A =nd B in which ‘the guide vano wns not usods  The minirum hoad
required to prime wes reducod to 0+15 foot, giving a priming efficiency of
a/14.48, At this head the siphon primed in 690 suconds with the 20MpProese
sion relief tubc closeds At o hend on the crest of 0,88 foot, the siphon:

3e




th the eamprassian velief tube open and. 158 e

zerar:n of ‘theo siphen s ‘cf;cw"’ sed by 2BLGoren “nl F RIS AR
: ™ A e the cinhorferoneo of the pricmineg vano. Th. T W
ho&«vvr ryek more serious ob jections. It was “v‘t that trash “1rh+
th. smnall apsc; bogwvesn the vane and 'th: erov n, ‘or that icu “lrht b
Brak . ite ‘ '

36, Trachrack in gu ide van. ﬂﬂtrancc (;huU 46)'-.To ovdlchmu,thc
obisetion that wrash might pliug the gpacs botwwen the o muidoovane -and. tho:
crowm, anstin T Tane was dezigned HCGrporrtxnw 6 tra °hranh-(€1rurn IQG)
Purthermore, the pnssngc.botwocn3phﬂ er ‘and uhL van: was . diverged e
slightlve % ith this devies “the siphon rr;r‘d at the sams huedd as it did"
with the aripinnl voanu, but it'renzl”ﬁﬁ’n ratch Tonpger ‘timc. The: dlurhwr
charncturistics waore worse ‘than in the forrar cag., For thescireasons,

th. vricins voarno smz oot eonsidored to be wntire l*,r 3':1.1."fi::f'nctnf:,f', and

Canoathur npproach To The prohl"n WAE trii:d.

5C prlmifxr':.,lou with Air-cseaps tube (Toot 527). i res 15
cut in the erowm of the lowny bend wns connectud by o
seape tube to the ‘dowmatrors und of the dvorging outled

The minimun: ...'ld roal u.md o prime wes Udols foot, the o

T L wmnes.wars used, bhut

sansiioreoly rodue de "?hvi"ti‘.,, R p"l'"% abn h‘m‘« 1l b _ .
r»’:rmod gy 74 et ndsy | The dischnrne - charne -r-rn shics W “resasyperiar tn-
s wns userl. w'hun Hhe aiphenwas ramnine fuil,

A cireulntion of- ":':ia.rf‘r)s,-.cfk:',t"'o"" ".:'nv.- hv' el
ceimine o lr}t. ' .:‘1. tont wns made in whieh .:L;'n'.; ajr-on e :

=3 '»,’x 0110'" pir {low tul iwnedo wrber flew 'br\-‘,s:‘ ‘rm‘o'l th

n. offet of elosine. the wiressenp tub. in this N T e
disel :;.1. poreoents ‘COT".I)_‘T.‘.!'-‘!’::“ with tout 5-4, CEn efifeet
0:1 :_',nz"-dl.w} nTre WAL BhL aired poriubianpon e Lo

.z F\'—'.I‘ca;!’l‘lu e Lo SR

Poe  mnlroaoremtoc i mives alol and ﬂi:“--ﬂzhf:"‘":
The oriminel trivinc slet apmenaroe to by intdeaunte, csoodtoving "'1" il
cornurg 3l hhesantenang rourdetd, it annther s ir-eseqpe.tub
fear, 107 0e o Brperirents indiertod the b bhn minimn-pricing b ndd s
ot ek e, chnto Bhe Uime rirﬂxxr'-* fdr'\nt'i“djﬁﬁ' s rodiead by HHEGT :
ar v W06 gogonds, as conpired with 407 puenn: 5 oroankrod for the
rricioe sl e, himsd 10 rrime o oaten Fard ol Ua i (90T ¥ns T
NEATTENN it to-hh goonndn, oy 'q(}‘:;r‘ﬂr‘ s erdibi PHC s anrdn for
Titinsl oprivdaye slet By roeundine the od wvdimins '%‘1-.,‘
coteros o oo cinerensed only Led oo nndefih, or C pore nbe Then
v echolud to o orovent rolurn woter o, Bhoddee
Gefi pureunt, compnrod with thu_‘ arimin 1l pricinm.
seors aenditions,  Tho modol showed fartieor thnt




check walves in the eir-escape tubes to prevent th;:‘return Tlow mizht:
Justify the expensze of installation, aince by using thsm the disenarge
eould be increased Hv 4.2 pereent, or the Pffirluncy 1nrrcaucd bv L.CET

percent, p

When +he priming slot was used, the conprcsslon rellof tunp wy
omitteds The spur, ‘however, ‘was considered. quite essential, Since 1*-‘
ceaused the j2t to strike the side of' the lower lap. opp051tc the crest,
whore it -tonded to cling ‘to the crown cf tie Tower bond, thureby r1v1nf
the released air bubbles a downstrean r‘:n.rec’cm ‘s theoy passed” 1hr0unh'
the 3&&11n pool.  When ‘the jot does not first striku the wall opposite
the erosy. tcforc ertering the sealing pool a5 ‘with the spur, & large’
poeron of the ontrained air returns to the air zcre bulow the undor
napwe: and h*ndorv‘prinlng. The ‘action of the et wdth and w1thuut the -
spur is illustrated in Pipure 19D. By using tho spur; the areadn the
vicinity of th: priming slot is more dens - ly charggd with air.:, A

SYs . Pressure cqualizor (Test ’-8} U The Dr1 1nr of ‘a fivhan consints
235unitunlly of wvacuntion ol the air in the structnru nru replacin: it
with n flow of ¥etor, which may be aceomplished. bJ some outsid: moeney
-such us an air pump, providins the ontrance -and exit aro elos ,J_uy whtir
genlse In larec .fructurus, under automaiic nperetion this iz not . CD--

novlcwn er completely practicdl; so the ‘jet of wAT.T Flo&;ng over thc
erest must b made to perforn that Punctlon. :

The oressure uqua11~ur,(flwurr 19D) wns 1ntroducgd to inerenss Lhe
affoetivensss of the jot.  The offeet in *tost 2<1.and tho Z-inch semi-
circulir bransvorse agration slot in' test 3-1- were 1ntrndncnd to disrupt .
the enntinuity of +he viscous foree which h. ceusid. thr thln shot 0'-Wﬁt”r o

%o ciing Lo the invert and not broak freo o impinge on the npm041t~
t3

well Pare n senle Az the flow passed th&_ntl':t or elot, ‘an Ldiyn.
form. wnich bridgod the zap and ellowed tho weter to continug to el
In the firge fEtoumpbs ‘to remody - thet condition thi ofiffsct. or g ,ln* wn g
vented <o the otmosphury Lo rolic Ve the subatmo osphuric: pru's"um i 7\‘ Tk
pddy.  Asg fbm {Hats prorressed, 1t bacame - nnpn*ﬁut ‘that with i vh arrm~3
vion the reduction in pressure in-the upper air zong defloctied the - ;ﬁt
upward, emiting 1 to impinee atian adverse anpiennd rubnund., “Thig
Landn i b "l*f’ﬂq‘ ‘the purpasc of the jet v*lr-ﬂf'mlor-. Since thy air nbova .
et nndoun b ovacunted to prime the “Lpho axd air wes Being taken
R ﬁ*mvuphcrn to relieve the low praszure nnderothe nappe-at
the ides was auv&nc~d Pookake: the atr neoded in st
the unner 2one, Trur whory thohed o b rt“ﬁ?ﬂd EHVES
; rosqualizer chown in fiFure 10D was Anstalle Fobo poirrnes
fupetion Tt Lguatized the proesoure ivobho two pir 's‘.oi'tl_f.':,
Lho et oned ol lowing 16 o ipiass mt bl aptimum arede, Tn-
' nappe romavinge Lhe i dravmcin Lhraush Ghe terntl o,
vhe npmer naprc dn cveens Linge bl

Arntior Pabe Sioowob ased nnd L 'Ton.




vertad to the atmauphere, there ir noconsidernble rebound, with the reods.
that <he eceruor nf’r"av?+y of the air-charped aren in the souling pocl:
lins frrthor F“cr he primine slote The effect of thit is Lo lycraune 4
priﬁlnr tiree i*urv 204 shows vhe nomial joi vi.n rhw';rvkuru“ bred et
by <he pracoure ogualizing tube, and 2228, vhe condition ‘with i
in pregsure Sodweor hu'u;pur nnd 1cwrn~qurqu‘ oT t 12 1phnn wnnn the prov-
SUr uqua;izer o ned uwu4.‘ RN

v '("‘“u‘fu'h

30, mﬁnrl'utlxui slots in lower hond oram (Test 8=9), A sories
Lonpritudinal 2lets in the erown of the dower pand were conkidercd ngoa
posaible "wnr" o' impro-ring tbﬂ'pfimiu: rnn"ac1~"1n.1c$ of LHN"Lphww sy
an acrion sinmliny Yo that of the primlng cul-de vane. uum“!u lwvxv :
ahowr in Pisure 16B. The resuils war  ‘iupp91i'ing.f L

4l ilict in aero slov {Gwon 5-1300. 0 Fheoacratiom ais’ e W bn
nrovious deflent 1o exnes r ! ' ’ 1 v ta’ '
purmit ovaluriion of the aodun ',EEﬂV_éﬂf““,.'7ﬂz; R T e =_ﬂiph0h
was Plowing tvil (firure 198 CThaompailn e Vien S q*si in=.
crﬁuuud the ¢ffinicrey by aﬂrr”.zrn ~ly orne ,u..z,a,'-. q-hw»utlv t”.:'
surorant was mado eEU 4w1, with eoronew? Lo rosuite Cfizure
Ris £itlof resndeed in o slight dnercns. "_J 'fnzwv Tt arhnwe
a defizitc tondoney f‘ur “hu et te the St o Lw R

Voreovir, aeration would ho more ' it ‘ ‘; Ut R DR

=12
~
L
ni

42, Sherp lewer bund raﬂiu fT 54 4-¢). Somr herivios i
thet the radius of the lower honé must bDe stall o of L g)"f;‘”lﬂih“
charnectrinties arnd that priming officioncy "ls pained ht L5 FORRR TR S TS E S &
th: siphoris ufficicney. & niw model wnu':anstr:ct,l;':“v-rﬁxh- sinl
te th. meodel i tost I-1 uxcupt the CTOﬁn7of the clowdr bopd hat o _.‘“iu:
of £ inches instund of 46‘inch05~(Firurm AT L Ty miwimaars el ' }
o priwe wes Geld foct, ora ducruds wf‘nn}y ’ S P*;"
5 ahow the procuss of priming. The priminr el ke whh"“v
arce rivon in 4he tablo ded ourves, fiqure . }3;*'1n Lo :frln,.d
minlmar pricine hond wes 163 seeonds, which comparcn favorably wi :
neerrds, the time rogquired £o primc In test Se8 when unine She onooretd
priminge slote  The tize Lo prime witvh wohad ol Qa¥e faodf wma o8 oo
s corpercd with 65 s sodn tust d-8. . Exporironbinl arrorooatld aoecnet s
_nca, but 1t would appunr thel the priviss medi-
superior al ok o Bla70n onily i G
the minimum disehnarge Lor esntiancas opo
s 1100 enotho velue fPound. e toe b Seny
ng corprorod with 21,7 >:3u‘.;.c-\.‘)_x;!'1-‘-'i'u-;.b

chornetoristices i ©ooL
329 mutena={aot AT arppr el wWitn
e any, Mo wers otn, orosodaer sno o
SEARIES. LA the ff'iet of inereasin- th

to dneraroo the nghnregc by 06,50 Pureant,
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he erentoradius, Curvos 5, and 6 in
Lhﬁ‘rdlatlaw between head and din Lharri‘
4 undar sinilar conditions. ‘The dlverging su
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5 and 6 was the came, but the throat araa !
radurcd ocause ﬂf the matoriald ineronse ar
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0 1leB4 Hnches, tha discharge charnetoristics we rooaratly o
<43 but when "the érest redius wns incruasc: to 4% inches, the dis--
;ﬁ charactayris tlcs woern worsc. - Such is not the cnse, thowsv r, )ir“*'
siderntion is'mede of the ares: a1 the barrel Prore the thront 5 c- 3
ion tc thu bu‘11r1nﬁ of tha dlverrlnr tubcs  If, on thu Yhur hrndy the.
¢n of thy “hront sortion is used in compuring ‘the F?i eiont y ornluls
recter thoan vnity moy result. . This 111u.=trr+.-.:xr The 1nh~ruwt, fricul— -
us ir using the COLfflCl‘nu af dlsch TATNS mu&suru of' th “f'lretives
§8 of th siphorn. e

' For modhir cxample, con31dcr curves 4 and 5 -on fi”urﬂ 1640 AL Ehes

the dischorze was lower in the cast of ‘curve 4 thnn in curve. 5, sthu s

sat ol r‘1°ch~r'gﬂ is lwrwer.f The outiet ardn in thy enss of curvesd

the same as +he thrcnt aree, while in -urV"af 2he outl t'.rcn WS
arantere - The head for curve 4 wma r;"su*v& ooy roximetoly A

o8 eurvature of the LGWLT bond,” sives thet vma ‘considurad . th"nalnh_ 7'

aimaspherie prossury was atteined, The hend wevd in o rorputin
5 wns mensursd to the surfnaes of the faili ar, which Wﬁ"'“mn”cxﬂﬁﬂtu
the elovetion of tne crown ot the eoxit Sﬂctlon. docausc both the -
the ‘hend wors s llur, the cocfficient shown by curve 4 i5. lnpg
curve 5. This scrves ic illustrate ancther 1rcnn51:t;nCJ c;\tn:
eiint as n omuq ;u"e of gh L*fDthVUqGSS 91 N 1nh0n.fr~‘ ;
The effuet upor <ho “ffLCInn"y of incre &ulﬂ? t ‘r"'lu“ of tb ervxtfﬂ_f
15 shown by curves 3, 5, dnd § in figures 18x, 16E, ond l“E'L‘"ov,ﬂ' e

s
two Pect, curve 3'rho"s an ofTicis ney ol ?5 8 ‘narcunt fﬂ“:“h‘ our-
T

neh orust radius and curve §orn afficiancy of 46, 7. purcont fc" tnﬁ ll.dée‘
redius, or an inercase ‘of 2049 peresnt. Hyo *ncrvualn LShe crff‘ ‘
diJ t 4o inchos, the u;f1c10ncy a5 indiertnd by cu'vv 6 ‘.ﬂ 1rch" i
5846 nercnrt mere then doudble the valuy mivern oy “urv*~3
lenrly lllustratuu the mdvontepe zaing by LR*LPC}RV— sha

2z tube, Thi u"
rrc.- Lurves & rnd L, #4
.f.O 88 foot on the c-h,?, th
R Lube was not yrilize W
whee the diversin.- 'm
nndnerinze of 104,
] o W ndvartapsons
precoure ah the et does ¢ a0 closely ﬁYW“*Q >h
wtor. '

dizehrrgs, as chown in th. ‘ ‘ im
tabe is in aetion,  Th cooffiei. £ rithout
but Uw'“"flr' wltho it, 4R en Pried ﬂ‘ i

1:,' ey ]‘.J.H
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Without the divergent tube action, the head wap’méaﬁﬁﬁéd to;fhaﬂpoihf‘ﬁhbrc

-atmospheric pressure ‘Tirst ccourred in the lower leg, ‘approximately the .. - S
‘centargaf;curvﬁture“bfﬁtheLlowar‘hend.rZTheuoutlet'arqa‘was:takenyas“ﬁhat“‘

" of the lower leg at the .same poimt, This. ares wes the. .game as that of the

‘thrnat.“:Butfin'the]oaderwhere_thp1dive?ging*tubefwusﬁmuﬂeytpﬁflbw full, e

‘the head was measured to the ‘orown of thﬁ<butletﬁsect10n;and‘ﬁhéiiréa?wnsfa‘

that of the outlet seotions “Although the discharge inifha-qﬁeonddogaéghasgA: if;¢
- '100,7 second-feet. larger than in the first,jthnginoraﬁSodﬁputletlqneg_an@fﬂtﬁ:*

‘total head were suffieient'tb'dedrease-tthdoaffidignxg i

Thsvéffiéienéyjiﬁfthe anme;éusafwné,incréahedﬁiroﬁQSI;Qbffb'44§20fperdqﬂ_f g
Thus the officlency is a mich bettor I8

cent by employing ‘the ‘diverging tube. , ttor.
“indicator of efTect\of=the.diverginggtube;upbn thé;perfprmanoéeofftha.siphqn

than is the coefficient of discharge. ‘The_ditfprencbkingétfibiaqéy{giyq§fﬂv“:y”
an indieation n's Yo the ‘amount by which  the ncggtivbgprggaafa~ntgﬁpg th?ontwﬁ«i

is changed,

Wastowey siphon invest ation was to.detormine the

relation botwoon good‘priming:qualitiésiandxsiphdnicéﬂffibienéy;fﬁAftﬁrjﬂﬁ“ SR
‘officicnt siphon dosign was .obtained at=nﬁre@:on&blu,cost,sfigurﬁsfl§ﬂ,,j*ﬂ‘.gf;:f
16B, and 19B, attention .was ccncanttated-uponjthq;primingfnharnctqristics;f.; e
Many previous invnstigntors'hnveEcancludad‘thut~highi31phonic*efriqithy‘.“‘f

is -dncompatible with good priming qunlities3andﬂthat;fbrfhighgpéimit

cieéncy the radius of the lower bend should be vory small, with & wator -~
gcal dn the lower bend, ~Curvos '8 tqtlﬁ;.inclusivm,ﬁfigure1195;jiliuatrntdy”-”

~tho effect on efficianuy,of;prdgrossively"improvingﬁthajprimiﬁgfbhabndth¢V ”‘

isties. Curve 15 shows that the ‘efficioncy of ‘the ‘model in test 328 15

-about ec high as thnt of any_mddel‘ﬁosted,'?Furthebhbﬁe;ﬁthg;p;imihg\cﬁgb-.: T; 
acteristics of that medel wore as good ne eny of the wvarious models fumtod . -

~which included test 4~1 heving e Shanp curvaturs et the lewor bends Curve
18 rgprosunts»the‘afficienoy:off5~quel'ﬁdthcn sharp lewer bend, nnd, when:
conpared with curvs 15,~tho-conelusion is that.thtjradijg.cr_thé;lcwafﬂ,.

bend doos not have to:belhha:pato-devélopﬂgood'priming‘bhhractagiﬁticg;..‘,1.5

Furtharmora, sood‘priming'chnrudtnriatios,grg not noceasrrily incompatible
'with'high;siphonic‘efficienqy; ’RcSultS‘uf;thc?invustigntionibéhfi%m3tho_‘

fact that,for"good-primingrchnraotefistias & wator seal atﬁthe;lng?ﬁbénd R

‘15 essentinls -

‘ 46.  Siphon inlet section:: The entrrnco conditions ‘in- tost 341, fipure
150, were sntisfactory for all ‘heads except thossc that allowed air t¢ imter
the siphon. Under the lettor conditions, the zadel vibrated. . To nliovinte -
this condition it wns recomnended that the 1ip:of Lh hood of théwsiphon-by'
oxtended below normal forobay lavel and n pipe for brenidng siphonie setion

~be incorpornted in the protntype design, : T

One of the privoipn
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