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,:Sub j~ct, 

194,,. ::Denver', Colorado, March 27. '- '~ 

:;!E:~'OI&~:DU~,: ~0 CHI/~F DESIGNING ENGINEER 
(T. G. ,O~v,..:n, h:;zistant Engineer,,, 

thrm~gh J. E. '~arnock) 

Developments in the design ~oF 

chu~si ~ resulting From mode:l:'tosts 
Divi,~ion, .Yakima Projmct - :Wash'ing ..... 

CHAPTER I - 'INTRODUCIION " , 

. . . - 

• ", 
:] 

;.:. ~ .i, Ph:rposo of investigation, Wastcwav Nol .o -.. , .'. • ~ o- - 
.;.. ,:is~on .of tho i{akima Ridge canal syst,.~m, desia1~cd to return a ~xira, m o,f. 
i' }.. 2.1CO-.ccond-f,.<t o~ .va~t,;r to the Yakima '.Rivor. :lho Iooation o!f ~ho -:waste-': . 

'ii.:i. : .:-!about 700 feet dovmstror~ fro= the iunction of' :the ~-.Stc:v,~y.-~,~ith ~ h o .  
~; ..i:~: - i:;Yak~na .Rid,u¢: c.-.na:l, accow.medatos two lO-foot :ra~lia~i~.~ates:': figure 72, ..On 

~'<:' " -each.is.ide of th,': gato structurc are t'~o niohons '.wh:i:ch.~..:mpty into '~hc ~pi].! -~: " 
:.way dovalstruam from the. radial ~ate:~, figure' 3. B,t, lo~-,'tho ga±e s~ruc~urc.,.,: 

:i-:! ~'.'. -i ii-s-.~, chute 22 foot ~idc which drons ahou~ 160 ,feet ~iu ~72 f,~et ~mid fermi. ~ - " 
,.,.,~:, <nntes in a stiilin,: pool G4 four wide.. ?~uvond th+. sti~llinff,-Doo~ :is ~n 
:;i:":~:'::: : : . : . i u n l ~ ' i i ~ . c i  - 6 f D l u  ~ ' n t  e a n a l  w h i c h  c o n d u c t  s the [~v~st ~ ".wr, z ~ r  +~o ~thL-S:~Yakim~ "~ ..:RiV~-,'r 

:.:about ,4,450 fc,~.t doumstr~am. 
,:/ 

= .... :It is ~.~a~m.,.:d at some future ~'~":' ~ dato to ,"nl~rz~ ~ 'the canal imv, od~i'~dA."Iv ~' 
i.i~ii:'},i':iiup~%r~:~., OF th<" r.atc stricture into ~ forubny ifrom;<~lliC}~,a ":mr~fvnum o~" 
"-'!::~:\@SO :sccond.f,.,,:,t of ':re.tar vrill be; tak~:n to supply ~±he.,pronosed po~7,~r p.]nuto 
~' .::'.:.'.'~',:~r;"~: !~ih Dow,:r plant is operating, the siphons,~Vii! ~nction ,~.s .,2~i~:r<~,q~cy 
-.,...:~,.:.su_.~. ..... ..-fs. ,o .or-~-nt o~rtopp~ng of th~ l~ncd.p-~•~on oi. th. c..~ .... . .... ~ .. 
~;:.i!~'!"i:f.~.rCfm?.y. if the turbine ~ates should bc sudde.u.!v..,Closcd duo to l!Ond f.~i1.r-:..:/ :. 

,.~,..~. load f.%z];..~ at %h~ pla,.t cap..cxty of 90.0:o,.cons-I ...... t ,vl].l,c.~! ..... ~.. ,~ ,:~O=~- ., 
'.,:i'i.~:,I,-'2.~,.. .... .~£oct, -~i,~'h, n :  h~,~ad on the ,siphon cr,.sts o f ,  . .0. q~ foot. . . , and '~-,Sat: i .  .~ .~-::iiibO,~. ... • 
i<~/?, ~!o.pOgo.~,in~ ,head of 8.~3 fee.t. It is ~.Iso possihi~, tbc.t ,th:!~ aiphon~ ::n<y-b-- 
::;"ii::~:j"~u~r<.d to not as w.~tor-levclln~ duviccs t9 aecO:rm~odat~i-luctui,~tions ~C " 

:~;!:~!:,.~thc,der~.~.nd on th.,: power .plant. Under thcs~i ,conUitio-',,-s o,7 :opcrntion":[~. :.',':a~ - 

....... l...v.rat.m, 2..~ ~h. szphons prlm q. ~ckly .t, c. Io- ..... d on ,,.h..u:r ,.A ......... 
' ~ " " "I ~ "~,.- - ° ,...'l .~ , ~ ~-~, . ,- . ~" ~ , ,I .u .0 ~..,.r, -; ."4 . ; ,,-:, ..... s.t.2! .... , to ,., ~.t the foot of th chu~.. ,~p.~ '/~i~n. ,. ~o .p .... t. ,u: ,. 
i~:.~:.::i;-!':" :.-n0rmd:!-dis.ch~r~,~ of 950 second-f:;~t .~.d to :handh~ .a z,:~:xi:~-, ,,'.f :2, !Oi) ~.~::,r.d'.." • 
. - : , ~ .  -: .... ~ , ~ . ,  ... . . . . .  ~ . , ~ . i o n  . . r a r e  o o c , x r . r  . r . c  . . . . . .  n ~ t . ,  r b  d a .  r , . t l o , . o  . . . .  

::<: . . . .  . ,  ..:._. , .~hu ~, . . . . .  ~ i n . ' i . . l O . . . o - . % h v  radl .. .::e . . . .  ~ a n u  . , l ~ . , l o . , ~  . . . .  .J.~, , , n , .  . . . . . . . . . .  c .~, , , ,<.  

..... ,.,.. p~!~.s.n.,..d ~UC .... un u..u~a._], o, oble...h .... t.vm.s o ...... io ........ J..l... ~ to ~ ,.~ ........ 
~ " " ' ' : ' "  .... :~ ~ ' ~ " : ' ~ ' ~  * - ~ " ' ~ "  " ~  ~ - ~ ' ~ ' ~ l  ¢ * ~ "  : "  " 1 '  ~ . "  , ~  ~ • ' ~  , , ~ "  ' , v , , "  ~',:~] , ' -  • ~ : . n  ~ * ~  

i"" 

1 : .,"- " ~- ' 



• . . . ,  

The  discu~sion that ~follow~ falls ~m~arally under ttwoi~h~a'dil~..s~ " i t h e  " .'i. ::,:,:: 
~ate,.:sbmletu~, chute, and pc01 :~nves~i!:ation;'and :the ':Siphon ,In~,i~1:i,~a- . ~i,: :'.:; 
~ i o n .  ~.The f o r m e r ,  w i l l  : be  t r e a t e d  u n d e r  l ~ e h a p t o r  :~ZI, t h ~ . ' ; Z a ~ t e r  ' : i ~  - o h e p t v r ~  • " '~, .~i!,:~ 
: i I I ,  ~IV. -rid ,V. 

. 2 ,  ~:~.Laborator, v;apparatus. The model tests wore made ~:in rth¢ ~) ~hy~iratiqiic :'" 
laPorators.. ;in the basement of the Custol~house,,Denver~,C ~ .... • olorado, ,The:floor 
plan of ;.the laboratory its approxlmately~5Oi,by ::103 .,feet, if'and-!.the'.~mmxilmm. '"'- 

" a ~ r a i l a b i e ' h e a d  r o o m  is 1 6  feet. -Zhe,w~".~er~/system!is,of,:~the ~ . r 6 e i r c u ' h i t i r ~  ! , 
':,::!i type. Head ,is ,maintained by centriiMgdl~pt~ps, ~and re~rn to:: ~he :p~v,~s:i~Is ! 
...... effee~edl by channels under the floor. " " : " .... ';- " ' 

The ~etails of the ori~inal model (so~le'~l't2~) are'.~h~m in '~i:ure '4 
'-:!:'./ Th,, - " " ' ' ' ' ;' ' • . .-rater supply was taken from a .6-inch ,:conti-ifugal ..pump;to-.the ;h~a~::ibox ! :-"I: 

L :  

i!;'-i ~... i2-nd..s~i!llny.pool w,.,rc m~d,: of cypr.:ss "tb .r,.-.sist'.is, 
"" -.."mrpi:ag. The ~r z'iwe~l~ of the, ~,r~nsi ~' .,, : , , ' .  P , . . . . . . . . . .  Ion, apst, 

:L:  " • .- :.Lm.r,., : a n d  .JOW~..stre,zv. # r - , , .  ÷ h . ~  ~ + ~  11.~ ~ i ~. .~3 = , , . , ,~k . . ,  
t r e , . . m - . f ~ o m  . . th~ .: ; : 

..s.r..,r. fr.3 .... he st11!.im- poo!,-wc, r,:::m~,.of:a.mzxtu . . /.~.~ 
', ~ i n g  plast,:r .nr.d ccmug~t. The effluent c'l 
-~;s!phons ;~%~rem~de.of !ami~.~ted re~wood,, r .. 
:siphons .':ere =~de of 0.10-inch DyTalin ;( : q: 

. i'~.#l.eieovers of the reetan<ular ~)n~uits ~ -:~, .i 
:~port,', !in the walls of the "sni!hvay'x~rc . . ... 

~he t..sting.pro,-,rsm, it ~as four~l-neco~,sa~y .to,build~a. I. 8 .,~].~ .... : :-: 
~mC,le! of one siphon. Th$ construct ion ,,~as i 

:,.s.~ I • , The invert and .the crov, m were:made ,of ilaminatcd.redwo h . . . .  a _  c ...ode i. 

~!ayor ..being about :two inches thick with .the ~i! 
' ± ] k :  :~-rain [,in the adjacent :layers. The :cres i 

: ; ~ ' *  " . t h e  • ~f~t, .=o model crest length in the !* .8  
i ;gui're:i a'block of wood 9 inches thick wi~h 
~%h~ >o~c.r-all 'di~,ension of the model. From 

i ! ! ' ~ v e r t , : ~ n d  ithe crovm of the siphon. The t~.~o - 
. "i:bo~:h :"Cit~d .perfectly a negative t~:mplatc : m  

/ii~fac"~s O. ~th~,e . . . . .  ~ro,~ ~nd the ! : ! - ,  

.;.~t~.1:.cd, ,"moth blocks ~ro ~hen soak..)/ f0r:2.4!hours :inla~ba~hJof:% .] ...... 
,iSsebei,-Oil ~. ' After the bat . b th we.r- .~ " ~. :~i. : . . : :  . - h .  o . . . . . . .  : . . . .  " c  k o  d ~:a i=.~i n s  t : t  h 6  ,.~ , ) m p i a t  c . ,  

i:~-8~ling'or ,warpin~ w a s  corrected. The. bl.ocks<war~.,~ailowed'itO:i:drv . . . . . .  

-:~Lour.hlv" ~ then oainted with scvcr.~d coats <ofalumin~m paint,.-:All the - .:i .... 
:.::.'=<~l~.is .~,.,zrc :Provided v~ith~"iv:o tranop,~rq.nt Sides, with the ux6..:ption/i~'9_ tl{;~;: :-:- 
.... o r  ~ ,  . i n . ,  ~ l - o . n d  t h , .  f i r s t ,  r e v i z i o n ,  b o t h  o f  v . ~ i c h h a d  b u t  o n ~  t r a n s ~ o r . ~ : n t / ;  "Si":::i ~':. 

. ~..ese ~..,]~ o,. me. -. ,i I/4-inc I -- ~ c,. .- ,- - z ' -~,~- ~ " . . .  . . ,  . . . . . . .  h . p y r a . _ i n  t , . .  a . _ l l . N t i , ;  . . v . z _ u . a l . . . b  . . ,  ,. . . . .  .- 

.. S.~.~.t~on. an .~ .  pnoto,:raph.tc r..,cordxn~. ,'fr,~.n th,. ~ p-',~z:~ t,~.P..~h, cks .r~:-rc~ ~thor.- . • 

~c ru , ,~ , , .  to ~h, .... a.,~ m...a~r~i,.ht-~,~al:.-. : ~ u ~ ! l ~ y : i d r ~ , ,  t h , : '  t r a n s r a r e u t  w~!!s ,v,2r,. :  . . . . . .  ~ : + : -  ~ , ,  .: ' " " . , -  - - ,  . . . . . . . . .  ':' 

"eff-:ct,.;a:-:_.by ...us iP.~ o pi~e joln,, comr, o~tr.l ~a~:/,'.,.-:: %h:...i~:z h..,s ..a,-~!. ;~ ,:.:. ,::::,~o~,.~n >' I/:L). ;:!.!:. 
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blooms, ~fl~ model o.f the siphon va~s,,i.thon :ins~al:led. Sinooonly o ~ e .  of 
the four siphons was tested, the <fo~ebay.w~s so~proport:ioned !that -the 
:app~oach,,.vOiooity for the .one would bei:th e same as in the case whore a~II 
~four were operating. ,.. ~.. 

.,~...i. I/ 
" ~ Y~- 

Heads on the siphons and gates, -and ;tail~ter ~elovaticns :in :the . . i' : 
stil~.lin~ :pool, wore measured ~by:single-tubeimanometcr , " - 
~ ~ , , . . ., . ,gages. ~Dischar~es.,. . . . . .  ..r m~asur~,d b a - ' . ' . . . . .  = . . . . .  : . . ..... y 4 inch ~Venturi ,meter for. the :1:24 ~m~,.~~ ~ '~,, ,,.++~- " '.. '~:.' 
a ~ t - *  o r t ~ - l n c h  ~ ~ " ~ " . . . . . .  . . . . . .  - - - -  ~ . . . .  ~ ' ~ * ~ '  - ' " : "  .et~r for :%he 1.8 me - . - " ....... • - . " ........ " . : , d u l . :  .A ! p o i n t . . g a E  e , ~ q u m p p e d ~ w i . t h , . a  "~ .' " .~.  
neon glow lamp and noodle point facilitated.~.accurate wator:Jsurlfa-ce~mea. ,i' ~ ~ ' 
:suremcnts in .the chute. 

inmodel a n d  prototype, or 

V p  2 V n  2 " . -, . 

L i n g  .,.  - 

,where V, L, and g referto'velocity, iC' . ' --~.:". 
• ngt h,. and, ac cold, rat ~ on due ..t o . 

:.- ~:jgravity, r:espectivoly, mud %he subscripts ~p ?and ~;m ~r rpe ...,. 
and~.modcl~ "~ Since-.the acceleration ~uo ~to gravelly !.is:!~th 

~ ~whero N is the scale ratio. The former .condition geometric ...~; ~ . . . .  ::., i!!.[:! 

~ i s ! % h e : . ~ o u g h n e s s  factor . i n  . ~ r m i n g ' s  formula.. , T h i s  " ~ : 
_ _.Id ;d~ter- 

~i~.-:~mlnc ~thc~scale ratio! that is, if. the roughness .!faotorl..in.the:!prototype .... ":: 
,}.i ii . . w o r n  O . O 1 4 . a n d  t h e  r o u g h n e s s  . f a c t o r . o f - t h e  : m o d e l  ~is~o.oio,:.~::thon.itho'.!.sca-16 ..... '- " .-,i}i 

~ r a % i o ~ s h o u l d  b c  7 . . S S .  Such a scale r a t i o ~ w o u l d " - r o q ~ i r e i . a  ~ f a l ,  l ~ . o f J J O v o r , . 2 i . . .  ~ ~ : : . . : :  
-i: i<fect -in :"the model, and a discharge of 13.,4."second,feet, ~both ij6f;~which ~ox~" 
'.-:......cecded the laboratoryfacilities, However, i~.it :.has ~b~on~shown .~that-.~air " .i".~!~i: 

'~v~ll .be.. c ntralned in ~.t he ,wate r. of the prototype -who r~ '.~ve i o citi e s arc : above ~ ~' 
ii'i~i. ?l~."~feet '.per:s~cond andthat entrained alr.,inorea~eS,the .resllstanc c ". . . . . . . .  ..~i 

:i'flow, .resultin~ in - o  . ~ , . ~ , ~ - . . , ~ 0 . . . . , - :  ..'~,.:, . .... o . _ :i wer .velocities .and .:conse u~ntlv lower .~o+.a.1 ~,,~;~,,.. ' 
~ . e l o o l % l c s  as h i = h  as 6 5  f e  --* .... • , ,  a- ~ q  # -  # . . . . . . .  ~ ' . . . . .  '~--" ": " : " 

- - ~ -  • ~ ~ = r  ~uoona are"-.expoc%cd,at . t~  : :"~ " 
~%hc.~@~te.with'the stilling pool in Wasteway .No. •2. The a~ (~" -i:' 

,~%mO~ e ~ , o ~ r u d  b y . . t h e  a i r  i n  t h a t  v e l o c i t y ~ r a n g e  c a n n o t ~ b c  ~o " 
i ~ f ~ L ~ e d , ' " ; b u . t  : i n  . s i m i l a r  i n s t a n c e s  i t s  e f f e c t ,  . c o m b i n e d : . w ! t h  . ..":~:i::.:..;;..: :~, 
ii~esis.%anco of .the floor and the ~walls and::cxpresse,d iin:tor~ _ :- ! ! "  " : ~ 

• -0u~hness. coefficient, has boon s h o w n  to ; .be  ilequlvaient'~,t0!ia~lue , o f . . - n  
:.:-:~... ,:~fii~:about,~O.Ol~.. Assuming . . . . . .  

this to. be true ~in~tho"~case:~Ofi~.the.~rototypo.~of.. .,.: ..... ., 
> i ? , W a s % e ~ . y ! : N o .  2, the:value or roughness forithe:materiai : : . i n : ' ~ t h e - - m o d e i  . C h u t e . ! : : . : . :  ..̀  ~.~ 
;/:.riagr0es~r.ather:well for a scale ratio compatlble.with :laboratory ~facili- ' . ~,~ 
';i~i~S* i~Undor~theso :conditions a model scale:of . . . . . . .  :i~,24 ,was~aoOe~able :ifor ~the . .  'il 

ii!~~i~.m~, thew~tieal investigation of mi~-m~ei Size, wl'll be .tre~te'd " -  : '~ 



m.a'r.y and : c onc lu:s:~ons ::o f ~:S tew':.v ::stud i.e s. 
o-:'.condi%ions- ;in ~. the or i ~na I .~:des i.~n =..we re, ' 

i~us.ed:ne ••objectionable dlsturb~ee. :AlthoU~h .a ~hIEh.::~In~was ,,~ormcd :. /:.- 
',chut•o ..when the ~siphons alone .Were .discharging, ~he ".re%ult~ing-waves ' .... " 
ichute did not endanger 'the .freeboar-.d~nor c~use ~,unaue: disturbancO • 
roperation of the peo.l. Model-/.tests ~.indi cated -thht ':~h~ ~.ver~cal '"': 

:i~ "~'=" "!-i~' ~!Both ~.th~ ~ parabo I ic: wal i d e sign .:of ~:,the ~d ivcrgin g .chute ~i ( de sl gn"4") i"and : • ~ " .i:-i. :~::~ 
:'.!i%he : adopted design ~.using 'divergir~ guide ~ vanes, i~e effec.t:iv~-~in .spr~ad' .-::• .i 
.::j.~.:.% -~h-veloeity ,Jet. The design.~using,~%heidiVerging~:-gu e ..vanc~s~.~.,.: i : 
i,.~g.. a.imo~ :even distributiofl of water acr.OSS :%he.-~section:and~haa - " , 
:!~.if~her-ddvnnta~e of havlng "lower specific .:energy..~f ..water : 'i 
::" ,01.. iqta m~.in disadvantage was the .construetion :cost ::as ~., ., 
i!~C=s!gn:using~par~bolic~wa!ls, but after :iconsidering the ~'cost of " 
:i~rGJeet, ~t~was adopted because it allowed~shor~er.-~bmidge !slmns . i !!:~re:less...:.o~stly,construetion of the threei~s%ructures .crossing ::the 'v~.~Stc,-i .:':~: ' "ii 

< i.~From~the model experiments a ed :w~.ich ~is ~.30 ' ~ 

i'i'i~ :.orlginal de s.ign, r.e sultin~ in n ,.exeava.~ion .~ and .. 
~..i':i~on~re% . "!~hventy-five :feet of rock.paving ,downs%ream ~om ~%he '.war,pe'd. 
:~ii!~i ' .!.~l-:~cransition was demonstrated by the ~mo-del to ibe a~equate. .... '~.." " :"- i" i!i: 

i,<,"~-: i!i• ;.5. Summa z~ and conclusions, of siphon ,.s~hdie-s... ,., .An outline, . of :the de- _. 
:sign of anylbut ~he •.low-head type of siphon •~ls boyon~ :!the !,scope ~of:-~thls. ~I 
i".-.d~se.us sion~ . Generally, the :c onditions'.nt.~the~'./Site':!o f ~hb.~propos-ed~:iiphon - ~=~.:i~ 

..: :~IIi impose such ,~'r e stoic tions ~s: maximum ~ available iihead:i:?~ximum-~,~:idth of -!i 
iii"( ~crest, maximum radius.of ,.crast, total discharge.~:and'ze " ~'i 
i~.~!~i:~head, ..The designer must determine -thc..de.tails.~!o~ I~ !hhe/:s :~.: 
. .~:.m~~St effioientlymeet ,the conditions at:.'.the ..~i~imum ~cos 
:": :::.outline. is proposed, " :::~' .... . : :" " " .il 

~i/,":..::.<(~).:Eatim.~.te th6. a p p r o x i m a t e  number:-of~siphor~s.r,~qu~red/nnd the:!nPProxm--. :'~ 
~ 6  ~:~di scharge per. siphon. 

~)~Determ!ne the crest.radius ar~ the::doplth~:iof throa%,"~keeplng-.iln:mind ! 
~~:~hat :ifor"m.inimuan loss the R/D.ratio shoUi'd !bc:db6u%-2-'5-andith-~t~.~.the:,!erest " " "-:! 
....:r.~diu s :~det.erm~no s-the ..maxmmum .allowable ,dmschargc .except ~when"~the-?h eah is -! 

~y !.amall. .... /i ~- i:~ 

i'(.~)~=Assi~n ~. width to t h e  crc 
ial ~o .:.tWice the depth .at. ~the 
~~'~.fluiokly, iti: may.be, expedie 
~Oi~T" crest :i.le ..~h i~%o .threat - 

..%.. •~ 



" ":' !~-Howove~, ,i~ eozo ,~se  i n  b o n d  l o s s  .due  t o  : ~ n o r e a s e d  a s p e c t  ~r~.t~o::m~y' . . . . .  b e  o x -  " .. ,; 
.... : ~po~o!d~,below,anaspeot :ratio .o f  3.O. 

":-?'::-,;'i../i!:.(' ~) Cus tomarytpraotioe makes the .inlet "area twiCe;Jhat:'~'of the:~hroat, ~-~. 
~Experience has sho:rn~that the exact shape has ,:little ~e:ffee~ ~as L long ~as the 
i::inl'e~;,~:s reasonaB•iy go0dil:ines. 'The ~lip-of.the,h0o~ ~shoU~ld~be:iWe~l,l:subS: -~ .o ~ :"!•; 

i ii ;!.merii~e.di~bclow t h e  f o . r e ~ a y , e l e v a t i o n  ,at : w h i c h  , :~ iphonio  , a o ~ i o n  Shoula',:O:o'ase..", ",.- - i;~ , 
.i/~; .:~%ii~hould .not ibe-:plaoed ,at the elevation :requ:ired for !bre~Ming ~the:::-va'ouum. 
:i~i::i:ii~;Aip~ipe:<or air •.vent for ::breakir~ ~he action "of: the siPhoh imustibe :ipr~:i~ed-' :~ :' '~ 
~,. :: ..:~T~si'i!~. . l~rO. eedure ~re sul~s .fin :eliminating vibration when :,.s iphonio ~.aetion.  ;'is., 

• ,ar.d ia!so mda~imizes. ~he formation -of ~vOrti:ces. : ~The iamOUn~ ilo!f;air ~i 

i ~ t  n " "  : e c o r d ,  t h e  r a t t o  o f  ,~he , a i r  v e n t  ~ a r e a  t 0 !~he  i t h r o a t  i a r e a  v a r i e s  
:j~}'from'71~4.3 to .1/268. The~latter Value, !howev~r,,'iwas'~insuffic'ient to break : 
:i:i.~i)~hO~ic ,action. The value i•used . f o r  ~the~:siphons •:ofl-ytastov.m.y.~ N0•.;:2:~,was: ' i i :  " 
" ;~I~54,2. " However, it. is believed that the air~.v0nt ' area ;:is ~a litti~ ,':,too.:~_ • 
i!"~-;~sma'l.1 2for-safety c~d that ',it .should :be increased to ~about ~,t~i0e :that:~value~, 
-<~r ~f,r~m'i~a6- %o.a 9-inch pipe., giving-an .air 'von~ ':to throat~:~ratlo ,o~ ; ~- "/i: ../ 
:::l/Z4,ies. . .  .;>. . ..... 

!!i!;i,i~':,':':~e) iThe .radius of the lower bend .may .next.be determined.i-;"i.iAs demon- . ,:: .~"/ 
!:st~a~ed :by these t~sts. ~~ 
i:i~'~U~li~iO s :if', a sat isfaet ",. ::i. 
i J~icularly 16w heads a !a ~'i'~" 

~d:.iira~ius is advantageous up ~to an R/D-rattle of .2.5 :~o~.3~0. ; ~i 

;il " ..... '(if.) The outlet tube. when ~it follows a .right,angle::bend, ishculd divcr~a, 
:'i: : ~the ,amount of 'divergence being a~ba!anoe .between :increased, discharge and . 

..:'!incr~aas,~d cos~. In the Waste~y No. 2 siphons, thodi.vbr~(~nce ~was 8 ,do(¢~ecs ~ 
:i!i- ~and "30 '.minut~s. The exits .c6nneoting the' s~J nhon s,with ithb ' Chute v~rC four ::~ 
ii i •i i'• i / f e e ~  high,: so thio dimonsion ,was .al:Iowed it 6 :• cent ro:l.~thC, amunt o f; ~i ire r~- " 

' :,~nc~,,/maki%~ '~the depth at the.:outleJ; .II.L85 'tim6s. :the :.throat depth.. ?. 

":~:'" ""/(g) The 'w<locities at the cntreuAcq, ~throat, :.and.c×it may nov.; be computed". / 
.~7.i:and.,~l~l los.~us - .entrance,. upper .bond, lower bend., di:v~r.~in~. ,tube,,il.aiid-:: ,:;: _.. 
~('%ii%~r..~Jction- .exoressed in .,.term. of the -vel6city'.,head .c~t-:.t}ie. :throat. Tho "Suni 
~::~!:i:<:~of:i~h,.,.~e loss,s plus the ~ i[,Jlocity i~head -at th0 exit is ;equated ,,t0 }the totall : '~ 
• i•~/:i~,op0.ratin< head, From :this uxpr~ssion the~mean ,~vciocity<at 'thei~th~0at soc~.;. •~ 
~';.i .,!~i6r.~.can b...'~ found. This should bo ~compared with the -max!imum permissible ,'. . 

tY found from the equation *' .... ~ ~/: 

.. .r 

° • 



't 

i 

.:, • • ' 

= " r !- , , r z 

~where 

V -- average throat veloc:ity, 

:r~ -radius of~crest, 

:T 2 = "radius of ..crown, . ]I . . 

h -- .maxim.urn ' allowable ~vacuum .at the crest :i: 

;.i~i.-:i~! Ifthe :~ean velocity :at .the throat ~seotion exceads tha" ~e 
. .... - e qu~+Ji~n, the '.radius Of the crest must be ~increase~, 

, be ~<computed by multiplying :the m~an throat -veloci~¢ ~by ~ne ~nroa~, a~ea. 
~.,- -...If this e~r.puted discharge~i.S sm~'ller thar.roouired,.:.:~ithcr the .!osS,.:~ " 

.~...!~ " :r.,ust b.~; decreased or the cross-sectional ar.ea iincruased. .... : ,,., .~ 
:l, < . , 

s~a. ,at ~th,, 

'" ~..~ i.lowc r [bend ,.,is. beneficial, 'but the deDth O f .seal ~shou!Id be :sma;ll, !a~llowing. ~ ~ .... ~ 
,-,i,:~:' ii" ' ~  -i~he }priming jet to peno.tratc Zhe sea~ing ~pool ;and "i ' ; ; , ' ," 
....... " . . . . .  airdownstream-from ~he ?Io'~r noint of the lower .bend :crown1 ~.~Th~ !ower~•6g _ - :- ] 
IL:I'~I~ • mi~y :be either vertical-or overhangin ~. .As 
i!~i!:. .s, prin~ fr~ from,, the invert and cross the 'I .... i 

~ Iov~:r bond crovm will expedite priming at a --" "~I 
<ill ' ~ oat.-~ as it: the siphons of Wastew~y No. 2, ~ 

i.:-.-., Jet at ,th,~ ..-..ini~wln-,. priming head will :strikc ~;ii 
i•:.~ " a'-v,~rtical-'-~, .i~ tangent to•:th.~ !o,vcr ;be %]!i 

~i,';-~ ;J' . vice conzi.~ ~ing of a transverse slot in the ,t~ 
~~-~° ~ nested to the ,divcr~in~ tub,~ ~by a •.pipe may , .~ 

• >?!~',..: .,_ ~rther decrease he minimum ,priming head ,and the tim~.~to " 
. ssu~ time making, .~o sacrifice of efficiency b dccr~-a~in" " ~.~ .... , ~ ... - . . . . .  :y . .~ ~, . g  

.... Of the zlot '~hou!d :~be, "] . . . . . . .  _.o~,~, bond. The upstream edge 

!i!~'.. ~.. :point on the curw; of the lo,mr bend whcr~; ,it :'~:i:]! mo~St ~c:£~ect'ive%y~iC~X~clh 
<~"~ .? -the air bubble.~ as they rise from the ,.'b~ahiUg pool. ' . . . . . .  " ::i:,! 

,;;~i:! ~?:" ' . As a result of the inv~s~igatio n i':" ~ ;; 

ii!'~•-. ~ .-~talning to ~.piR, -Clew ar,~ applicable t ..0::~ . 
" :.~flow~ :Oal,l. ~'~-" " , ~o~s in siphm n- 

duits. The ,b.~:nd ~-Oss :'.- ~vernedby ~i ::"~:-.. , - . ~i ~ . 

: .... . . . . . . . .  "oth~r conduit.~;and iz a .function o~ the R/D ratio, .~ .~ 
?,.-.~ - ':: .and the sq,.mr,~ of th,~ v~locity. F~qere the bund !osccs can-be.,.~ti~m.tOd "- 
:~,,,.,,.L.;...:,... i; . . . . .  ,-~ĉ'ith a fruit-, dugrec of' acouracM.,-tho .discharge,, can be oomputodJ: Th-i:: value i!' 
,,,.:'""~ ~ ~can ~.hc. ~ ~be-compared with:the :discharge as ~computud by ~tho method, of ['r,~; ~. 

.i" ~ ,f ,: :L L f. 

. c~ •;." •',~.. , 

- L 



vortex :flow. I~' th. former exceeds the latr,..r, then the permissible 
":,cuur. a~ the throat ham been exceeded and the desi~,mu~t be revised. 

r/i:ji! ~ • 

The coefficient of discharge Is a confuslng ar~ misleading quantity 
z%,~n u~ed in "connection with siphons. The expression for efficienc~ a~ 
outlined in this discussion is probably :the ibest indicator of ~siphon :per. 
formanoo. I~ does not, however, consider :the priming qualities. 

Hich ~r&ming efflcienoy does not depend upon,a sharp curvatur~.O~ 9f 
t h e  lower bond. F o r  best results, the priming jet should~strikc th,~ c r o w n  " 
of the lower bond at an + acute angle, and as near the sealing pool~as ~os- 
sable, this may be accomplished 'by properly designing ;the spur ~,~nd us'int~ 
an aeration tube to maintain equal pressures iabove and ~below the Jet, in- 
surlng a normal trajectory. Good priming qualities are not ~n~cessarily 
incompatible with hi~,h siphonic efficiency. The priming devices presented 
in thir, discussion are simple to construct and efficient in operatlon. 

CI~ART~. II - ENTRANCE, CHUTE AND STILLING POOL INVESTIGATIONS • 

S. ~×perimental procedure. As it is planned that the radial gates 
and siphons v~i.{] not operate simultaneously, the fiow through,each was 
studied senaratoly. Flow through th,, ~ate ~truoture was investigated r ~ 
both vrith the' gates .maintaining the normal canal vmtor surf son elevation ~ib 
and for the condition of free f l o w  without the use of ~ates. All obser- 
vations on flow at the entrance to the gate structure were wisun], as w~,ro 
thos,~ oC the' flow conditions when only the siphons 3.Kere d iaoharcing . 

Since economic considerations dictated a stilling poo].~twioo the 
width of the waste~vay control scotlon, the pri~Ici!ml chute otudics con- 
corned thc .~thod of div~r~inK the :hi~h-volocity water as it passed through 
the inclined chute to the stilling pool. The criterion of good design vats 
taken ~s the flowdistribution at the bottom of the chute. This distri- 
bution was dete~,inod by cross-sectional ~nter surface profiles which con- 
Dieted o: ~lov,Jn r,~adin~z at ,~ach of the sovdral stations throu[~hout ~th,. 
dlvur~in[ chut~ for the first four designs and :C~xty-scven readings at ,~ach 
o r o = ~  z~otion for the adopted design. To facilitate th~.~se num(.ro~as ob.~,..r- 
~ations, a noint gage was constructed using an insulated n,-edlc point con- 
nected to a noon ~.low la~ which indicated contact of the point v~ith .th¢~ 
w~or surface. Thus the amount of divergence was m,.msured. 

The stil!i~ po~l @esignud for 950 sucond-f,~Jt is roqui~od~:o op:~.ratc 
satisfactori!y for 2,100 socond-fc~t, a condition of oporation~itha~ i= ox- 
~oted rarely and for a duz'ation of not bore :~than 2 to 4 ~hours. The ipool 
~metion w~s studied both visually an@ by point ga~o traverses. ~-Flow condi- 
~ons downstream from ~he pool w~re Investigated by usiuf~ d~: iu ~ho water 
~d also hy noting the position end ~xtont of scour. 

7 



."~ !:' ':'~..~Entrance :'conditions. The ,entrance"condi~ions'~were sardis factory - :~~/~ 
" ,;exce~ ,'.,for an ~ unsta e vortex iin Trent ::.of )each i gate.?-.,An,!~ttem~t :to ,ei~l.- .: -::; 

:~;: ::::iii::i~ .. .... :min~,¢~ '~%hese 'i,vort:£ces ';.v~s "made :by ~extendlng ar~ ~rou~Ing 'ithe ::noses of • ~,~. 
~ '~ "/.. .!~he ; : :~ I  1 s / be . twee r ,  i,t he , r a d i a l  g a t e  s an~  o ~he ' s i p h o n  s ,  "iThe .: ';~.proveme n t  :.v~s 

: . . / : on iy  i~sTight a r d  : d i d  : n o t  J u s t i f ~ ~ % h e  ~.expendi tu~e, :~,  2For ~a ' d i s c h a r g e  , o f  -il '~ 
i: ..~i:i';i."~: ~ o~..l(kq :second-re ,t ~ur~er  ,the radial gates, #.he"water :surface ~was ~above ~e 
: ~ ...... :~}~hor...:exl.ts nnd  ~here~was :little disturbance. ~When: the  Siphons :were 

:,~,:~'.opera~ing , a hii~h fin formed in :,%he center 'of~the'~aste~ay .,,channel '.but :., • 
, ~used no serious splash, iThe ~fin 'Anduc6d~ves which, ~%hough ::,refiected ~ ' ' 

~ek.ar, d :forth doxxm the chute, did,not encroachon ~he.ifreeboard :or;no- ::":~i, :i 
J:i:~.~ -~,.~e,a~ly-affect the pool operation, . . /.?,: 

::8. Diverging, chute design I ('orisinal?). Four :o~f ~the ~five:?de.~:igns 
}":i~:~: .-.:off%he diverging- chute tested in the-model are shown " i.,%o-, " - 
!:.: :::-.. Eether:v:ith the 'correspondin~ water :'surfiee)prof21ee; ~s .un- . 
;~,;:::'. ::satlsfact~,ry, as r~y be seen. from<:examinatib~, of ..the . .e pro- 
!~ :!files at stations II@00 and iI~50, figure :5 and'photographs•ifigure 6, " 

~)~~ <:": ..~ .:~sul%ed ~ir. a tu rbu i ant . poe i with i:high-:e fflue ~ . 

!!.~!~i/::::.' "~ :8. Diver~ing chute design 2..To. improve ,.t :hence :~in..',~he.~ori~g- ~" 
~..~.: ::::..:..ir~l-ch~x~e-; a l,-200-foot radius ~.curve .~s ~fltted ~to ,~the...:walls !:irlth :the " 
.:,.....:..:i~point of intersection.of the tangents at :station 

'..-.-,";.~he ::start of straight line "divergence 'in the oor,.i~ :at~icn":°f 
?:)~ isurface profiles sho~:ed but slight :improvement ~over,de :The i,water 

i::"i~~:%.i. .' IO, Divergin~ chute deslgn-~. Sin.e:~:It ,~s bel~evediposs'ible,~to,ac- 
:i~!~::.!~ :-:. ...!complish satisfactory. 'spreading ..of the wasteway :!flowi~by~')properly ~diverging 
:.:: ~./. .-:~the ,6hute wal is, an equation for ~.their alinement,~s.:.:de~eloped ~considorlng 
: ! ).{.ii.::~:the. do-n-chute veloclty ~and !the ~transverse :component ~:of !the ,a~c0elera~i6n' •<., 
/::i£i'.:,..:.of:!:gravity as -prime factors influencing ithe '.divergence.. ':Fri~ion :;~0r.ces ?~ii~" 
:.i/i.~: "~re neglected. .The •relation between-the divergence ,:andi~he down-chute ": 
:"?; ~. distance ~s derived,by obtaining expressions for the ~transverse ~component 
:<!....! of gravity,-the do~n chute andtran~erse distances that a.t.pa~g.'icle.~mo.ve~ 

• in time, :t, 'and making proper subatitutions. ."An i.expression .~for.,~the-!trans- 
i/~'.: ~ verse .comnonent v:as obtained by. resolving :.the,acoeieratidn!'iof.g'ravity, .ifor i 
?.:~.~:.i/, unit mass" into its down-chute ~and ! normal'to'floor components, ',.~hen/ireso Iv- i 
)!!ii:~ ;"~ ~g ,the latter into. components normal ;and~.para~lel '_to the ,i.~.ans.~erse ..water 
..?:.,~....~u, face.slope which was assumed'.oonstsnt between.,, he cent.er'.;~in~ei~:an~ :wails 
i i'~:->.:~°f"~:the Chute• The expression obtalned ~rom::figur~,s 7A~and~B is~. .i 

,'!:~;~:i: g = g cos a sin ~ .... ".-...-...-.-.--..-.. ....... -...-: .... -.i(!) i 

ii~ .... - .To robt~in, an expressio~ ~for the transverse distance, .iy, iin:fi~ure 7C., " 
i:.j," .,.~raversed .by.,a w a t e r  -particle ..in time, .t, .it .~s ,assumed.:t~t ,the ~trans- ' - ' 
.:~ ~verse:~velocity was due solely to the component of gravity given :by equation :! ~ 
<~ ~)~, ~that %he velocity at the origin or point of divergence was zero, and 
i/.: '/:- .~.~%hat ~.it !increased ,as ~the flow me~ed ..d~n~.treRrs. ~F~th ~thes,': :.assump~.ions,.-y 
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.-. .:: ,.. ::tmy."!be .expressed as the distance traveled .by .a freely falling body,with 
~:~:"i'..'i~i~;?.ao:~eil:erati.on, gy, or . . . . . . .  

! ?.~ii: :i: 
::~ : :  Y = g y t  :. . . . . . . . . . . . . . . .  . . . - .  . . . . . . . .  • . . . .  . . . . . . . . .  . . . . . .  . .  . . . .  2 2 

'..!i j'~:.:.. . .~, ~n obtaining an exDressior, for the down-chute di~tance: traveled on 
~i!.!//;"~ !':~ei~nc'.lined floor, x, in figure ?C, it was .assumed that the ~eloci.%y' 
i!~:'i~'/. ~hreugh .the diverging section was con~.tantl.and enual ..to the average ve- 
:ii~!ii.!! 'i !O,c~ity in ~he section. With this ksShmptlon, ~.. • • 

~..,- x = vt . . . (~) o ~  o o ' , o  o ~ D  o m e  o o q~ @ o ' o  • @ @ @"lD , .  o o qlO ql, e @ ~  @ @ 0~ Q . q l  o . o  o q ~ . ~ . o  @ e .o o ql o 

:?::~ ...... An alinement equation y = g cos c s'in ~ 2 
' x., , a  parabola of' the 

~i-: ...... . ~ " -= kx 2 2 v 2 ~' 
~. ,~ f rm ~ ;- ~results when the expressions for t and gy in e quatio:'s 
/ii ( T : ) . ~ n d  ,o) are placed in equation (2), 

'~i~-~.~ , ' An assumed transverse water surface slope of :O.lOi and ian .average 
!~/i ~/ .i~pro%otype velocity of 68.2 feet ,per second •at: ,station I0~50, based on the 
,,. ~:i:- ~model 'tests from design 2, were used to de~ermine the first :equaticn. By 
:!~~!~i~ Inspection, it ~s seen that the diverging section ~supplled by this equa- 
• ii:i~:~,:~i/ -fiend.was too short. The maximum instead ,of the average velocity at sta- 
'ii~'~, ~" .tien 10~50 %:ms then used to obtain a new alinement ecuat~,- 0 00024x ~ 
",.:':.:.- :l~r .aeslgn 5. The divergence, or r~ximum .val&e of...y, .:fixed-at".ll feet 
~ii!.}i:j:~by,t:he .pool and chute ~dths, limited the ler~th of/,thedlverging, section 
:~~.:'.::. ...:"~ir. !this_ .desiz.; to 214.08 feet. Although %he model tests ~ndicated im- 
)~<::.i.-~<.:pro,vemant over the two p.revlous designs, a eoncentration.of.flow ezisted 
~.'/i: near the center of the chute at its junction ~th the stils.ing pool~ No 
,,~"ii:~.:.4: doubt L~he assur, ptions used -in developing .or evaluating the.equation .'.~.re 
L ' . ,  ":?: ~ " v  

>;~:,, ,:l.,eo,,rrecL. Had correetassumptions been made, the flow,woui!d ha~e spread 
~.o<, mc~e/evenly and ~he measured transverse vaater surface slopes in:table I 
~i~:.~.%~'.nvou!.d :ha-:o been .more constant than these obtaiued for this design. • 

TABLE I 

.,,:~,~ WA~ER SURFACE SLOPES DETERL,q'~ED FRO)! MODEL 

. Wail ~ D e s i ~ u  No. 1 -------- 
D::sSgn t (Or! inal) 2 

!~!) • Origin at | 
i i ' : / ~  5 r a t i o n ,  S t a .  1 0 + 5 0 . 0 0  I S t a .  ~ 9 6 . 7 8  

.il ~94~30. O0 , - ~ - 
!: : : SW~SC..5i ! - • - 

o-50.oo i " ~ : "  "t " - - 0 . 0 5 2  
:.", :.!:..-2!I~.09.0 O -0.045 -0.042 

. !'I.50. O0 -0.042 -0.040 

De s i~'.n No. 3 ' :'~" :" :-: 1 

.,,rigir..at : Origin at 
Sta, 9~5c,.-51 :Sta.~':8@58.34 
-----r----_ 

- +0.007 

-0.01~I -0.006 
-0.0!7 -'0. OlO 
-0.050 -0, O!Q 
-0.027 - -0.01~ 
-0. 027 -0~0!7 

:The p~us slg~-.?indicates a slope u p w a r d  a n d  outward fro:r, t h ~  
certer ~ine; the negative sign indicates that the slope i~ 
d~:.T2:ard and outv~rd from the center llne. 

/ , : 
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faoe::slo~o of 0.011, measured at station !.c~,V8 .or..design :13,, .were used ,-,_ 
to establish a n~equation for ~he wall alinement. The length:of se c-~~ .:, ..... i '~' , 
tion ire~uir,-'d to accomplish the eleven feet ' of divergence ~was~proh'~bltive., I ~i 
~ndloabing r, he k value of O.000011 to'be too small, and:signi~jing;the ', 
equation %0 be empirical. A value of !0eO0011was then ,ohossn for k as 
a trial, ma~ng ~he alinement equation y = o.0o01.I~, whi:ch:~ave a tea -~ ': 
sonable length o f  diver~in~ section. Design 4, based on thi's'eguati~on, 
showsd r~arked ~mprovemsn~ in dlvergenoe wi~h satisfactory entrance condi -~ , : .... .' 
tions at the stillln~ :pool. This desi~nwas beln~ considered as a. flnal . ~ 
design v~Len a new type was proposed by t:he design section. Although a 
~reat~deal of data pertaining to the spreading of flow:in an: inclined ~ ~ [ 
chute was taken from this model, the experimental results indlcated no . " r ~ 

justification for the assumptions made in ,developing.r : ~ . ,. the equation for.. the 
wall alinemer.~.. Moreover, the model was small :anti,the data too meager to 
establish ~eneral law~ pertainin~ to the divergence of flow in inclined : 

chutes, ii 

!2. Diver~in~ chute design :5 ~ ( ~do~, ~,~ ~dre s'i[~ ) • Excbpt for ,~he In- 
.~or~oratio:. of vanes in .the floor for spreading the .was~eway f!oW, the. /, 
div~rgin~ section, including the wall ali ner.~nt.,, was ident£bal to .~hat of -~i 

desia~, i, figure 5. A comparison of flow conditions in ~hs~;stilTing p0ol. - 
fimares 5, ,3, and lO, and':water surface profi~es at stati~on ll@50, figure 
II, disclosed this type to .be hydraulical!y ~uperi do- 'i.ii~ 
sigr.s. However, construction of the vanes-.~ms bel it was ~ 
only aBter cor@arative cost estlmates'~cf bhis desi no!ud- ,.": 

inn the ~wo ~!umes and the bridge spanning~it, disclos ,.:/~ 
more c~s~ly because of the .necessity for longer spans . . . uc- , 

tur-.~'s, th~ the vaned chute was ad6pted ~for the prototype. ~,::~,i:i 

i!~, Sti!!inc~ pool studies. A~ter thee:studies ~ Ta#:'~'~ 

had beer. ~atiSfact'eri!y completed, attention~was dir 
8 r ,  c ~  of the z~:il!in~.~ pool, Studies o.~ :the ~ pool .embr ..: 
reTisio::~ -.-nd i.h~ a¢,opted desl~n. The orlglna..pool ..... 
revisic.n, design 2, figure 12, ~were .tested, u.sin~ only design or th~, ! 
~:iv~-~i ~: chute; the second revision, d esign 18, ..ei~u~e IR, .was ~tostea 
v:ith bcth.desi~ 4 and the adopted design rot the diverging chute. 

Both :'isual and mathematical examinations of .the origina!poo! iudi- ,. 

cated that "~ " . - - - ~h. floor should be raised and shortened. Accordingly, th=' 
floor wa~ r.~ised 7.68 feet and shortene~ ~:5 feet, ~igur~ :125. Tests dam- 
chaT:rated theft the charge' was too drastiC. In design.St, the floor ~.~ / 
10::~.red 3.0B feet srA l~n~thened W ~ #re c~ , . Chute block~rwere 'used whcn~ :i 
thins iusigr. '.~.~s te:~od with divergiug, chute design 4~ but the b!ocks.":,~zc. :~'~ 

omitted ',/ .~r ~o~i," -:,it h ~che adopted, chute dczic~. ~he comn~rative data ~!i ~no ........ Z 
~" d.-:zi .tested are compiled in tab!t~ II, i! for .the D o .  L ,-:.'-s 

IO 
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. ~  
S%ation a t  start of pool 11~73.78 
",-'l.lth of pool, ;V 

44.00 . 

Actual d£ scharg~ per foe% 

fret.: mod,:l ¢xpcrim,,nts, q " 46. 175 

Aw'ra~o d¢~pth entering pool, 
fro~ mod~;]., d I 0.823 

Av,'rng,, velocity entorin~ pool 
from model, V I . 5 6 , 1 0  

Tailwatcr ,~:'I ovation f o r  2 ,  I00 
r 

seco nd-fcct 1027.42 

Pool' Floor e.lcv~tion I010.32 

Actual conjugate depth, d~ 17.10 
LTheorotical d.~ from momen. 

'Actual length of pool L' 12.~87 

Lc~Tth of ~ooi, L= ' 75.00 

3.5 d 2 43.00 
,Aw~ragc velocity in effluent 
channel, V 2 

_ ] 4.887 

TABLE I I  
COHPARAT/VE DATA . igDrA.~ '" POOL S'P{IDI, E:; 

ii~59.46 

44, 00 

46.175 

0~'836 

,55.25 ~, 

1027,42 

1016.80 

10.62 

12.187 I 

42. O0 i 

A d o p t , , ( ~  I - . ,  , , ~ " . 

!i÷6~.:~I ~ i l~4":f,..dl. 
40, O0 -! ()0 

,50.7925 ~. ~ ~:~ 

0.~917 

55.40 

1 0 2 7 ; , ~ 2  

1014.92 

12,50 

12,779 

45.00 

I. 170 

44.87 ', 

I027.~2 

I014.92 

• 12.50 

12.552 

~ 45.00 

~hc. ~ater surface orofiles throu.h ,~ • c 
3. 1or both design 4 and the ad--~-~th~ °pt d pool design:and,pool d,:.~i:.n 
s~orrn ir fi~ur~',o~ ~± . ,~puuu ,~eo1~n oC the d • .... -~,~±~ ,* ~ ~ 

• " ~--- - ,~u, .A~ IS' O ~'~A~-~ ~-- _ . ~vuz-~,A~1~ ~CtlU~O :P.r!_, 

~pool d~slt~ n is superior. The-,,~ ..... , profl] ...... £hat the adopted 
o,.~.lunt: .,o a chart ~o __,_ . ~ r tn&s.superloritv were ~* - ,e 

• P . p~r.oa o o / n . p R r l n ~ '  + 1 . , ~  .__, . .  • ~ - 
, - , , v ~  v-ra~1:lon Of th~ hydraulic ulc.-~nts /'or the t~D designs, ~i ur 

sa:zc for both do~ .... . -  g o 13. zhe wctt.~d n~.~. ~ ~L 

,~,;m~ed P,~ri~:etor for the-a~a---~':~.~'~. ~nz~u !a~ station Ii+50,00 th~ 
chute d,:~i~n 4. This increase ..... ~u,,~n:Ay rwmco ::that for i 
:~a " " " ~c ~?~}°ss nd e ° r e "  ' inwottod..ncrim':tc'r rt~sults : I n  a n  i.norcasc ' " "'ii 

~im~,s t h a t  f o ~  * ~ , , - ~  .~"- ~c  e n e r g y  c o n t e n t  f o r  c~, ,* . .  =- , ,~__,  . . . .  
. . . . .  - .... maop~ofl design T +  . - ~  " _ " . . . .  '~: ,,u,~,~.~%n ,.± Is 1.:~25 
H u o J .  operation with th .... ,^_~ ~-:" ". ..... o ~O ~be exoect~d .i~k.i~ ~.L_~ ._ ,!] 

.charge is .tho ,mount nor~l.!y expected, and that :the 2 " ;~ 
discharge will occur rarely and f ........... ~I00 s,~oond-foo~ ':' 

~From these facts, it .~s concluded that ~ither of the two pool designs • ~ ~" ':- ~rzoa or not more .than 2 tO 4 hours. !ii 
would have ~un safe. , ,! 
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~ h e  ~,~:[l!ling ipoo~l: ::it w ~ s  .found thet the w n r p o d  
i:n~,Ulnr.:~0.%~r- :~'zoid~21 seo%lon .~as satisfactory 

.... ._': - • .t'lon se.~tion g..'~vc m, Cfl c~ont. :protection :%0 ~ho stru cture, .:::':i. ~ i<i :, ., : .<~i 

~Ci£~PTER III - THEORETICAL "CONS IDEKAT.IONS OF SIPHON~C FLOW ":/'< 
j.. ~ : 

• L~cn pru liminnry tests .on the ori~ilne.l i~i::2~ .,.modol indicatud ~h::t J:h,::.. 
,..iiii ~,.-:~:.• ."siphom, w~r~: inuapable of d~isohargln~ t'he reqU.~red•-quantlty :,t the ~,~vc.:i% ~'• 

nbl:. ho~d, nn invc,~tig~tion was m~de of 'the ~ondi..tlons :of :similitudi, ?bii- " " 
%w~,.:n.modcl and prototype..The losses iin the..s~'.ghon we.re oonsidor~d "...:i. :< 
.%nalo~ous %o simil,~.r .losses in'n bent pipo..or conduit, and other for.turos . ~ < 
of siphonic flow~re examined, including ~.vortex flow., ~th~ ~divorging .t'ubo, .. " 
priminc characteristics, the coefficient .:of ..discharge, :~and thc..effici6nc~ .~ 

: oi" a siphon. The discussion of the thoory::involv(:d :in'the flow of v~t(,r <~, 
through s:iphons,mnkos use of more or loss :sin~ular ~nomuncl~tur~. F'l~uru, i: 
L4 shows :the t,,rminology which will bc us,3d. . 

':"!' ~ 14. Vortex flow• ,It is g,~nure.lly nt~.,rco~. :i'hat' flow Over th~ crest ~: 
[ , . • , ,. 

: of ~,~siphor. nnproxime.tes fro.e• vortex flow• It h~s _bo~:n .nssumud :~hnt the 

,,:~"J; :~ J .str'3,~ml!ncs in "the thro,-,% Sf n siphon nr~; c.oncon~.ric ci:rcl~s, the bounda- 
ry: th.: oro:m n::d crust of the u~n~.r b~'nd,of 'thT,: Sinhon, and %h:-t 

:%he Vc~oc:iti,:s -~ • ~ • " "~ . - ' " . . .,-" .%ft. ent~-r~:!~- t,,n~ontmal.~,~ :For this:.i.ypc of flow the 

T,hos~ sr~d ,'-i! ,fo!lowin G 'notes .in ,this memorandum :r,-for %o :numbers 
listed in.t.~:" ~ibliogrnph~, in the order of their ~ c.~ir~nco. 

,foLll;)wing r.:lations me-y :he written: 

i 
• •Z 

-,. < 

.vr  : V l r  1 : v z r  2 : c o n s t a n t  . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  ( I )  

r 2 
' - • • • $ , • . o  • • ~e,• 4~6 :o~•,e • e •  • • .I*e~e.* ,o 

h ,2J7  (3) • • e ~ o . e q P e e e e e m a e e o d l o  o •  o . e  ~ o e . m  c o •  o e e • e o e a , . e e e • :  • , . .  . • • , ~ . 

r = %h: ~. radius .at any point, 

• -'-w= ~hc iveloci~y~at radius, r, 
-q --- ~ho ~maxlmum -e.:llowable dischnr~e.Tper foot o f crest -width, 

v I -= the: maximum pormisslbl6 voloci.tZ • ::t thc~ crest (r - rl) 
b,nsod on h, 

:h-= the maximum permissible .vaou,mn .at t~h~..crest, in feet of 
v ./~.tor., 

~r ! = ,the radius of' the crest, 

12 
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~..by :the..use or models :it-is .important to ~,asoer,teln the rela~ion between 
;the ,prototype ~and model data. ~When ;the most 

. , '  : ~ p o r t a n t  :factor., ~the ~Froude number for. . . . . . . . . .  st be 
:~ . ~ " ; ~ h e s a m e .  The :Reynolds number should~ibe the sams:ii:~in~both,model and pro- 

:~otypewhere ~iscosity is the most important i~tem. L I n  .cases ~where ~the 
! . ~:su~aoe ~ension :or capillary forces ibecome ~hemosLt i'impor~tant Considera- 

i~.~,~,~,~:.~,.~.: ...... , ,:, r~ .- :the .~adius of the .crown at -,the :throat section 
~ii~'~!i;~i~:,&:;:..7,:.,~i..;. ? g - = ; ~ ~ o e l o r a t i o n . , d u e  'to gravity. : :  
.,.'.' ;:'~;,.,,-~:-. %;-',7.?¢~'~i~.::,..; ,.~,. ~:~,,.: . . . . . . . . .  . . . . . .  , , < . .  . ,  . ' .  . . .  

U s u ~ l l y ' , ~ h e v a l u e  : fo r  h .is t a k e n  a s  .75 pe:rae~:/ . 'o£ "the b a r o m u t r i c  p r e s -  
.-. ~.~mure :a~ . the s i t o  •of t h e  s i p h o n ,  w h i c h  ~produoes ~a .isafo .workin~ p r o s ~ u r e - a t  
';~i~'!f'~w~oh %here will be no separation due to :r.omoval:~Or .entraine~ air from,~hc 

• 'w~ter which would 'cause a break in ~flow continuity. :in ithe do~mstr.sam water 
i : i  " l e g -  " . . . .  . '  : ,  

• 3 .  

" Thu theory of vortex flow over the siphon~:Oros,t:<.wn-s ~used in the ~hoo- 
w~tic~l :iinvostigation of the siphons or Wastow~y ~No. :2. The ~roquired,idis- 
chnrge per :foot of crest length-for each siphons,was o39,~58, s'econd.feet. .i 
From .equation ('3) the maximum penni ssibl, 

. mined~o_r h = 24 foot and used in equati~ 

~r~ = S '.'foot 4 inches to Ti.md q, the maxS 
: ~,of crest 'length. Thevalue ,of .q was 3( 

/./feet ~loss .thcm the required 'total of 950 :second-feet for'~al.l Tour •. siphons. 
:F.rom ~%hese computations, it was obvious .that ;even ~if ',the ~maximum .al~low~ble 
~negati~e pressure at ,the crest could be developed, the'd~soharge .wou-ld 
'.still 7.be -•only 7S percent ,of the desired capac:i:ty, :and therefore.i."the de- 
::sign:would ;have .to be revised. ' . ;:=:':~.~-. .~ .. 

'15. '.Conditions of slmilitude. .In s tadies :of 7.hydraul:ic s,truC.tUres 

'. -9 

'~ion,_ -both model and-prototype must have '.:the :Same ~,Weber ~number. i)/,q~ere 
i~! ii ,elasticity is'a primary factor, the Cauohy number should ~be the ,.~same in 
:- moddl ,and prototypa, fin a siphon ~flowing full, the ~last-.two considera- 

.- ~!.~ions r~y',be ,neglected. The two factors .that must ",be .,considered arc the 
" iF.,rou " :-...~:~"'"' ,~ .... ~ do,.. and Reynolds~ numbers. Experiments have Shown: ~that .in short siphons 
.-~ : th . . ,T , .ynold~ .n~mber  i s  n o t  e x t r e m e l y  i m n ~ r ~ . , ~  o - 1 ~ , , ~  ~ _  ~ ._^_~^  ~ _ -  
.::+:,,.-a,~:t~ ~-,'T7"- (the exprosoion for Reynolds number for,:pipe) should be the 

~/: ~sam.:~ ~f~or~:mode,l and prototype. Gibson 3 !has shovm :that for .coefficient of 
iiii:f ~isch~rg~ ~and :pressure-distribution ~moasur,~,mont the model ~].:I ,give c,l.o~c ~ ~ 
i~!i... ,.agro,~cnt v~th the-nrot~tvno if-the value o -~ -~ i;~^_ ~ ....... ~ __ ~;~ 
' "~nan~~l.-8. This • value, or vd " " " ~'- . .... " ,. " .... . ..... , . . . l~mlts, the ,~I .... of the mod~.l As Gxbso~ 

.. :P. pu~..in tn(, r~.~w ~n,tances whore-~su z. ,- • : -, -- • ~. .. ,, ..... : .... . . -~ ~b. of both modul and prototvoo ~"-i:: 
'...i. :Do;s~s.::~r~c -ava~i-.l,~ble. a~recment o ' ooe~'e~i ,~.~_ - o :X~ ̂  L ...~ ~., :- . .-", 

~:ii.: ~':A~!~ionou~n ~h~t-tho ve, luo of vd is gr~ator than 1,8. Ot .... 

:,-/ ~ t c i . r o :'~! 
~.~:.-~, . :'~:~: ~ons~id~ration_~.. in-th.'., choice .-of the model .:scale: :~hould :be th~ pr(.~- ~(~i 

!:i-['~:~Pi~lcd bY ' t h ~ ~  :.:.:i ~ ~.:Si~r,J.,'_... Th,~' he, ~ative.ooale.~ rntio ~pr°s sUrCmustinnotfOot o.f :veto:- in .the model, wh,;n mu !ti- /i!:ii~ 
"~xeo~d thu .alloweble .negetiv, pressure :~:~ 

i.::~-, i~:..t~c .Dro~. ~.~ ~y,<, .... A :-:implo oomnutation will indicate the minimum model .~ 

.t 

• , :+; 



!~,'& i 

:. 'i,: . .... A : :  " % %Z, I' -!~; - ,  ~:"'.,: • . :.,: .~. ,:." nether,Tac~or :~o ~be. ,,oonsldered ~in .s oaie me de I s ,:is %hat ot "f~r ic ti on, 
'iinC~:~or~e'r'~t~a% J~he modei 'represent ~he. prototypeas, closely as -possible,. ~ ~i i: ~:i/ 
the ~oeffio~ont of roughness :in ~the~modeLl-~shouid.ibo propOr~ional~to .,~he o,:: ~ 
coeffiolent of roughness in the prototype. It c a n  ibe Shown that the :ooef- 
ficion% Of rou~.hness in the model multiplied ~by ~he :scale ratio ~¢o the 
1/6 po',,:er equals the coefficient ~of roughness for the pro%0tMpo, Although ." -::' 
friction is,a minor loss in short siphons, [ ' f t '  iS quite possible, a s  ':~i 
Y.qlliamson 8 suggests, that the loss in :bends,-exo£usiv~ ~of frlo~ion, ~ ~may i 
he a ~Inotion of ,the coefficient of roughness.:: This point sh0uld bc ~t:ho ~':%:Ji 
subject of further'investigation. :. ~:~-. : ;"- ~ " "~ " '~-i 

Flov: under the conditionexistln~. ~Wten:the:: involves !:" • 
a consideration of two fluids of difforezlt i~Cihom~tio viscosities. Fur-. 
.thermore, the effect of surface tension during ;priming:~50comos /importamt. 
Per dynamic sir.iqarity it is required thKt .the ~kinematio'~viscosity ~',re- 
duc,~d ~in th,." proportion o£ the scaleratio ~o the'57 . . . .  ~ : 
sur~ao.~ t,-nsion of the t~odel should equal !that in %) 
th,~ scale ratio squared. It is o~ident,i~thon,-~that " :-';!!i 
model to the nrototype is impos.~ible, .uslnr.~ho.~:sam~_ .. ..... . 
e v , ; r ,  c xp~ , . r i ~noo  has  s h o w n  t h a t  t h e  iheacl  r e . q u i r e d  ~to ;prime, as ~ i n d i o a t O ~  :by ~-~': 
~c mod~l, .:i~ al~tays greater than the' actual :~.head :.requ~r~d.%0 :ipria%e %:he ' ',~, .i,::-:i;"~!:i 

prototype..Some....wrl.te~s!.~6 ::say -that the ~prlmln~ ,.oha~eteri'sti¢:s'of a: . : :: ""~:" 
. iohon qan::bo predicted ,by studyi~ throe ,modeis-to ~wldel_V different i' "'.'-<-.::, 
soalos. :Thgn ..by oxtranoiation o'f-.the .!curios ~lot@ed from'.~he :data obtainod:/i-': . 
.fromthe-three models, the .prlmin~ head and ,time :,~o prime ~for ,tho.proto~ypo 
,can .be closely approximated., ~1~ [4Li~ .Interestln~":,to ~oompare.",.tho ~,heads !%o: " • 
prim.(- as .extrapolated from:the ..:data ~i~n by ~VoroneseW B ~,The results .of ~ox- - • "i 
trapolation by four different methods are given .:in ,%he ..fol'lowlng tablc:, i 

• Siphon 

Ca.~zzoni 

Carron 

~. Catc~rina 

Extrapolation 
Method 

,, , i i i i 

A 
~B 

C 
D 

A 
B • • 

C 
! j )  

:'ic 
< .  . r I . 

• E x t r a p o l a t i o n  A c t u a l  " E r r o r  
iHead, ore. .... Head9 ~m. !Percent 

9.  i 1~. o - 4 2 , 9  
8,  9 " 1 3 . 0  : ~ - 4 6 , I  

1 6 . 4 2  1 3 ,  0 + 2 0 . 8  
9 . 0 4  I ;%  0 - 4 5 . 8  : 

18.8 18.3 

14, 2 18.3 
3E.56 18.3 
14.28 18.3 

,,-14,8., 5 
"28 , , 2  • -. 

42,0 40.0 • 4.8 
38.0 40.0 - 5.:. ~ 
48.57 40.0 ~17.6 
47.47 40.0 :~15.7 

.... 14 



.~<. 

!L 

:;..,:~pol~On .:~.~ho~s:((:~ !.!., ~ana.. I:B ' !:~?. re .]~t:h ,graphi.cal, :ibut :by :diffe rezt .> :.- 

' . " . ~ t i o d '  .C . i s  a n  a l g e b r a t i c  s o t u t i o n : ~ o o o ~ p l ~ s h e d  : b y  r u t t i n g  a ~ou ' rve  :~of :.' 

- h"J y- , ,os + .d  hro rh. h e::. h oe 
ther fle"f'~P]inz one end so t h a t  'dy/dx:= '0 '~h~:' x = :lJ'. '~'%ho 
siri!ar to' method C except that %.he equation ~as :of the ::for 
but with no li.~ti~u .end condition. The error lathe<amount ' "]': 

ar, y .  m e t h o d ,  t r i e f l .  I t  i s  a p p a r e n t ,  f u r t h e r m o r e , ,  t h a t  .'~he: . a cou r~o , . .  . y .  ~,,-i~:"'~re- : : . 
d i c ~ i . ~ ' =  t h e  n r o t o t y p .  e ~ r ~ r 2 n ~  h e a d ,  e v e n : : b y  e × t r a p o l a t i O n : . P r o m : t . h c  . , ; e , m i t .  ..... : : -  , 
of models to'three different" scales, c~mo%:!be rel:ied'upon-".:!,.:: 
close. Ertrapolation •from results of three mode~s anoears .to ~e%he.: ~ ~:':.: ........ " 
c!osest apwroxi~';:ation nossible that has y~t been ,~cveloped, a.~d, i , ~ ! ~ h o u q b  .-..~:':: 

. ,. ' .  , c  " / r  

Comviled. i:~ table IIl are the val.uas o£ the ~:inimum -scale ,.as d,?-~-:.::.i.. ;: 
.termined by t~.e ~rious .~.ethods. l~ftor conside.ra%~on of.,a].! :f c%ors,-a,:: :'?'~':~<C(~ 
model scale .'of' 1:8 vms chosen. - " :.i:: ..] i .... 

TABLE ~! I " : :: ' / ' .  .::~::i... ' : .  < " ' - '  " : :  J',j!j~./" :"!~'i 

?~E"I,'.TJ:" . ' ,CA_., PukTIO FOR < ' " 'm- '  "., " ~ - .  . . . . . . . .  .'~ . . . . . . . .  , . . . .  -~:' , , .: .)-. '  D,~:.'.:< ' *'~D " ~ :T~-{l.OUo % ~ O D ~ ,  

vd2 1.8 
' : : h e r e  

C,-nd':tions d = do c.th 
-cv,:rnin~ { of barrc" 

s i z u  :{a ' t  ~hroat to throat 
of m o d c ] j  :~ec~ior. ar~;a 

mod.n. ] { 
~:atio . J{ $ 

• 1 

vd .') 1.8 : { d -,fh~-~ :O.-'a' rim-: :mo,',~± ...... - < 

v r h c r e  v d  ~'!. ~: { w h e r e  . . ~ i rou,}~' i , .4s~-  " 
'J = diameter whore d - %he thro~.t ' ~ !  ..... r, ~ . , ~ . ,  : "  ' ' ~ ~ ' ' ~  

o f '  p i p e  d .= 4 t J r . e s  : d J r ,~h . ;  ' :~!{:r, ,:~:l~. .r .:r~L:' .:v:)  

h y d r e u ]  i C ' ' v ' ; , ' k i n ~  ' :0 ,  0 t4 .  ".. " :i... 

I 

{ 

16, Los~ ;s. ";i,th the %eta! availab!c O~urati~;,. h~Ja!] t'iX.:,d•by ~,h,~ , ?"-•• :•TJ 

. . >.w£ill .... ~.tr,,: ~ or not p.~r~,Is:'ib%c vo.¢'uum. Li<~:~,~;~i~,r~-~.! .-v;~.!] .b,y:..~.-:t~ .:!-" i..: h 
.J!?~ - o o o d c : t ,  The  ;lo~:' ,}.~ in t h u  s i ; ) h o ~  o('~c~,r .~t: . : : r t , . a , , c : . j  "-,~',,i:~.;i,- h..'::~.t, 1o;':(:i" " -, ,. 

< 

i!~i %:,~nd, , i i~zu r ( ; i r~"  ~..~!:,,;,, a r !~  d u e  t,,_ P.r £ c t i o . ~ .  . . . .  "~ ' "~., . .<"~;~..~ 
Z< ;~'i " : " - . w  

~.~<::<i.~... ~ z c o p , ;  , .n  : o - s  :.~ ,#hcr..~.-,th,': . ~ n p r o a c h  v . ; ] o c i - t y  t o  Lb. .  ::.i~r#~on i : :  }',jm".:;, ~ !:, 
~ p  , r o . , c h  r.,n b,~ , o n s i - b r . , {  ( i  ~ f i , ' . ,~ r , -~ . t  • u," th ,,".'~'o:~ i '(: 

. < ;  
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' ~  t h vr. ' . r i  ~u s t ~ i ' ~ : '  

!<'{!;:.: ,.; ;a'"~d~ ~u<.~si~on of :t..~s r, oint ~:~!I ,be !::~On 
~ ' f  ~': i :  . . . .  

7..:.:.-',l~rO.~ent, -:~im total opera~in~. :,headL~i~;~ " 
!;i. i": !het-.,~oOn %h&!~:forebay .~d ~ai,lwstof "s~e.v 
i ~" : . . . .  " ~o . :i; .,.mU:. of the :~:),.os ses DIu~ :%he ~<~'I0 ~ity 

i! k77i  ..... 17;'..5~.'-Cr:mce loss. ,',there-, tho 
'ine~. ar,~q .=o,-'narcd t~ %hn% 

• :"'" ~ssum:.d as 0.6 ,the 'veloc'i 
.?has,/.,.~Dhov~ ~h,~.t t.h,~ ,exact sha 

...... ..~o...~ficm .n .  ~ din~h~r~o .as ': 

• :,.~n. z.ipc bond,+., tho available ,data .of V 
.=:....,oon~i~,t ~nt, e~d .it is still :a .difflcu'~ 
-...,!'""..,bJnds ,~z~ a s:inhon. .The loss ~/ue to ,be: 

,:~!~ ~!o:!,~-~.~!,-~.<,.~ ~tho ~O~ooi~ hoa~. '~ o: 

ar,ad ..:subse,.lUOntl.y. For :~;heT>i"i.j.i: :'~,' ...'~. 
::ascsh=~d -tO be %he' ~Iffer.~nc~... 
~.nsi,,,.,,.~and. '.thxs mU,~ % :equal the -: .., ~..:.. 

,.., ~ :  . . . . .  • . . . . .  , , . .  . ~  .... ~ . . . .  i :  i :.ms , o o t l m ~ u ~ ' c h o d ,  and h a s  a 
y" .S ..... 
G i:b . '  ~"~" 

On,~ o'.~t~irc!.y on <90-de ~zoo ib,~n~:s ,. :usiu~,.i;a:: ~p:~po :.d!~:uu~or -of .I0,.'~: 

' .~-;i ,,, distribution appr~chin~-:tho ib~cndo ..-~y ;plottfU~-tho ",bOnd..::6, 
n~,...7:,~icb, iz .thc su~: of %ho. defloo%ion 
~t 'the ~r.':~io s n f th,~ ,~ a'diu s Of .%h6 ~.bon. 
s tshoi~, that th,.~ min~u,i: loss duJ-%o % 
'D :'i::.~b:'~c~.un 2W8 .cmd '.~.5. /~tt~'nUtS 

:m~t!:od, !I0 ~b.:.:rb~ult-s oft-this mothod .of 
' .~h~.r(~.'.~hould '.b,., minimum .~'-luos :of ;loss o 
".'6.~!; :16.0~, n.nd  so forth. :" e ..... ' -...- . . . . .  .low . v . . ~ r . ,  : i t  is 
" har.faetors :'~uld :bo.cO~ ..promiu-:n~ 
i: x~,.nt ~th~.t thu rosu'l%s "would be. u" 

.,'C " ' : , : * : t t  . ~ . - : : ' , .  : . . . ." : ;  ::'~ ~ " 

0 . ,  S ~ ~ ' ":':":~ 
:His " : turk • ~::.i 

I0.. '23 .~m. 

~.~,r.,~ll moe.mirod Ioo.,,.o in-6 inch .,b. nd .... ith ..n ,~/D .r,.%tlo ..of :1,37,,. . ..... 
k . ~ i : ~ i ' c . ,  .~,,ri.oUS ~an~,lOs o f  d o l l  ~ctlo:.t.~ Tho.  !o:ss~...': ~u~- tO: .%~o b o n d = ,  ~ - : '  : i:). / 
Ol~hivP: o f  friction, . cxp ros=ud  as  a cop.ffic!.:nt ,.~:? ~th,." ~ . ! o c i ~ y .  h0ii.-I : i :  :;:-,-!. 
~'~-~,O~uid :to.':~x~ 0.711 for ~. ~45-do~ro.:'..:bc:~d, 0,~5 .for ..,~.:90-de~rou ib,.iUdi- ' , 
.~ !  ! f o r  +?:.TBO-dogra~: ::bOr~ . o f  c o n t  : inuou ~ : .cu~v.%u t o ,  0,:.~! !:Tor:'~lSO,d:d~rc~J . !:: !: :i: .1 i ' i . .  ' i{:: 
nd - o f  ~ v , ~ r  . . . .  c u r v , . . h i ~ . ,  .and 0 o 4 0 %  o r  2~O,dcg rO~  b ~n. o,  ~.~0 .:r.,~W:,r.,>..,. • ... 
~#.~...o.~ ..th.'~ 180'd?T, ro,- ~bcnd v:ith r,~vo~s,:.~"L.our~va~ur.c r,.-ud .uni£orm ivb~loci~y :. ~7 : ::.7.: 
;:<~,pi%ro~=,c..h .znd~cg, t::,! that ~.bout hl pqro~nt of ~+~h<.; ~ o~.~ oco.t~rod, iu. t hu . ~.. 



~ - .  . ::," - . .  , 

~ . : : ~ s e ~ . :  ,e~p~ea.eed ~a s :a ,  ! o o e f f t o  i ~ a t  ,:of~: .i:~h, e ve~oot~t 

,,, • e a c h  ~ a n  e n t  ~h.e v e l o c i t y  b e r g  

i,•.~h'o ~!0ut o r . , . i s~de  ~o f ~the . a l ~ r . o a c  
, i a . . ~ l : ~gh~ ! y : , : i h i gho r  i o , s  ~le 

. ~:-~eakwood :bend~ .of var~lous :ao~. 

.~j~, 

[ 

a t i o  , .of  ) I . 3 7 5 .  ,Interpo,lations"~'tween,.~alues : ,o f  ~ h ~  b e n ~  : l o s s e s  , : f o r  • :::~ :,~,. _ ' ~ : ' ' : ' :  ~:.~.~ :" r " " , :  

:~hc d i r e c t  comparison, .~i~en in ,the f.o'l~o~ !~nb:le~i :!:%~ 
• , . . , - . ,,: , ,, - ' ~ .  

~glo ll . ,Loss  i n  B o n d  l " ,:.....,:Loss : i n B e n d : :  . : : "  - .  " 
o t  ,Bend, ' of " " : : O f  ::: - .- 

, : D o ~ r . e o , ~  ] "  -:" " ;! Circular Cross Section 's~U~,ro :C~oss :Section.:. : , :  .~. 

" 4 5  I. O. I I  .,v2 

90 

180 

2 g  . 

• o . 1 9  

_ on n~ous i ~ . : : "  ' : : ' : '  
~::.:. " , ;I . . . . . .  ' , , I  , . . . . .  ~:. - .. 

: i lUsvoctiom;.of .  t h e  ~ l u e s  r e v e a l s  t h a t  agreement  i s  v s : r y . c t o s e  :.bxcopt.::;~0r ~,  "' 

L . . . .  - 0 e  ~ - . . . .  . 

0.'!6 -- '- . : : .  : : ,  

.. :,,-,:. ?!::: . . . .  

0 . 3 2  - - " : -  . . . .  

- . : . , . ,  

r~ on ,  :~ - 

% ~ . ~ d i s o n . : a n d  : .Pazk~r 12 -:have. p u b l i s h e d  . t h e , . r c ~ u % t s " o l "  :" i 
~:loss~s kn':bends of .rectangu~lar .,section using.a:'ir , .as':: t  

~Siiit.s "of .thc~r cxperimonts :-indicate :that .the 9.~2D .ra~ : u~ loss i~s 

~ .-:,.~o .~icin~ity 0f,~,,2.!5 t o '  3. Thls'!s" a p p r o x i m a t ' e ' 1 ~ y  !e,,iaS : i ~ s  .~ 

~ ~ a n ~ u l a r " s o e t i e n  , t h e r e  a r i : s ~ s  a 'turmi.~which::~.adisoni a :nd~kr ,k~ , : r .  ~e.,i~l~ , the  ' , : ,  .... . ..... 
~a: '~-, ' , ,o%~mtio~ and  ~-~hcy d e f i n e - - i t  :a~ ,:th~~:~r~tio:i:,':Of ~the'~:~~d~-[-,~al on~. : . t l~" i : aXi : s .  ii: ::~,i,.:i,/:: ~: 
o I : - ~ C  : :bend. : to  t h v d o p ~ h  i n  .~h~..plan¢ :.of .:~ho :bcnd. I n  ~ j:siPh,;.~. ' thi..s":wo:.rld . . -;~:;~.:.: -~ i! I 
~.cor.r~pond~..t.<': " :  . . . .  " ~ . t h e " r a k i e  o f  t h e  . . . . . . . . . . . . . . . .  l e ~ . t h : ~ . b f  t h e  c r o s t  . t o  ~h~.:~ d e p % ~ . o f  : t h e  ....... "~:,~i:(":i!. i .  : . . -  ..: 

' " The -results of the.so ,cxpor~zou.ts -sno~i.:~tha..t .:id :th,:~::r,.~U,.~c- 
. : , L :  ' . / 

. 4  : • " 



m~t i l ,  t"or~-~tm aspeo t ,  ear le  ~o£-..0,~5 i t ~  Xoss'i.!~ 

!i~!O.!25.'i.ts , ~ 5 0  . : ~ r o e n ~  - o f : ~ h s t  w h m  ~ a'Sl~Ot , r a t i o  : i s . u n i t y .  : T h ~  :~1, 
;::/-: , i : : . e r e ~ 6 s ~ : ~ u i d l ~  ~U ~ho ~asp~ot r ~ t t o : ' i s " : i ~ r e a s e d : t o ~ ~ m i ~  ::mid"i~mre:ii!Sl 
" • " ~i~s '~tm : a s p e c t  r a t i o  : is  i u o r e a s e d  :beyond : u n t ~ y . i  :/~he: 

" " • . ~ h e  , ~ s p o c t  : r a t i o  i s  4 b~oomes '74 , ~ r e e n t  o F . ~ a t  of ."  

- ' o f  

" The Tesul~s o~ the mc~e~e~ts also i~ieat loss i n  ,~ 
bow!is  ~ractleal1~.~n'opor~ion~l-,to .,the ang le  o f  , ~ r n  ,up. t o  ,90 degreO~ 

"~ For  ,a 45-dogroe: : tmnd gho . l o s s  ,~as f o u n d  to ,be. fla.' ~roent ::of t h a t  ,f~ri: I 
i!!:i:i '' - . og re s  " e n d l  ,ar~ f ° r  a ::180"d~g~es bend  ~he l e s s  :~as found t °  be 165 ..... . , .  

~...~ ,.ee~t O f  t h a t  . f o r  :a ,:~O~iegree ;,lmmL These ~ i n d i n g s  .are  more .,or l e s s  

ii i ~t . tativcl~ consistent ~rlth ~ho :results of ~sts :by;Y~rnell~ " '~ 

~,~io ~t ~ thront :section of a siphon is .~about ,2, :,In o~ses;,~wnero~~ 
de ~,..~ o f  2.5 c~uno~ be ..obte~ned~i~ it:~m~y '.be .uossi:bl.e :to. Incr, eas, 

~:, : i " i .  eonclusio~ ~th~t ~ siphon of  : l a rge  :~spoot r,~t~o a~t i .~o:  cr0s . . . .  
ii~!:i :.: " p r i~o  m o r o . : q u i , k l y  t h a n  : m o t h e r  s i p h o n  ~of equal  : th rOa t  area~b~r~-sn~.ll~r,.!  - 
~i;~i ! ~spoc t  mxL-~o, boc~use,  f o r : t h e  so~e .~xtuc o f  tho : -pr iming  head ,  t h ~  i~r,o~:~Of 

- .o=e: Or   :ir :v :e r  :roo  orio  st:: ' ~he pri~L~n~ -Jot . iould .be lnr ,  ger . .and t h e  :,volume., :I . . 
• ~:-~,..~. length ~obe oxhaueted ~would °.be leas in the siphono, f ~the ~argoraspoot; ,, 
:~ ~!:i: ~:' ..: ~ t i o .  In  .n number o f  . : ~ s t a ! t a t i o n s  .~he ~spemt  r a t ~ o  ;has  :boon. . . . .  deor.o~Sed:.~ . ~ 
::~~L~:I : b e L ~ o n  t h e  t h r o a t  ~ s e s s i o n  e n d . t h e  l o w e r  bend  of  ~he . s i p h o n l  ! In . the .~ : l ig~  
i~:~;.i: /':. ,of '~he ~ ex~or imonts  performed u s i n g  : a i r ,  t h i s  p r o o e d ~ o  i~s- : ro :sul to .d  ~!~ i:ifi- 

. . . .  " • Adequate in£ormg.t ion o n  l o s s  . . . . . .  : : ~--s 1: ~ o  . ~  bonds o_f reot~rgutr~:~ross:~;:e~ o~ io~  
i:il; is wry,so.hr..~'~n~t little thermals a~ailoble ,.~t":tho."~pr:os~n~::::t.ime~ ._ 

• design ~ siphon':::spillway.wlthout ~the -~us,e or.~rauzlc; :J. 
ioonslstent. To Ootor    :  osso:sr -'*h e.r a our. t   
~modols, the ~ngineer must '~b.o ,nble ,to 

ill,.-: :floSSeS v~c.too.high~ .the permissible vaouum at:the throat may ~o.cxcc~ :, 

..;.," 



"~i.~.i~i;:'~ ::_ ' ,~ .: -. Ipnou"-~to pulsate.. On ~.he other hand, i~ the assumed :~nd " . 
!!!~/::lo:sses are too 10w ~'he capacity of the Siphon ~vil]. be 10~r than ~h:~t C0r 
..-":" ~whi-ch.. it Is,des~gne~. .:Y/ntil such time .as ado~uate.data ~n:be.~', Io~.,,.," .... arc -:: :i: 

available, ~ the des~i~ner .rest resort to model tests., 

18,. The diver~inE tube. An ingenious device for increa 
" ~har~e and efficiency ~o~ a low-head siphon is ~he divdrgin~ o 

from, ~he forebay level to the ~conter of the"ioutle%. The whole .siphon:m~ 
-then .be considered as :a distorted mouth to ~the orifice. 
discharges of two i"iii Ing orifices operating .~ndor the same~h~dj 

'.%he. larger area will have the larger dischar~.e.::Furthermoro,:~the.-ori,.-:. 
fiee ~having a constriction in its mouth :(which iis anal6:go6s %o ~a siphon -! 

.. ~ ~Wi~h.a diverging tube) would ebviously haw, ,a lower eeef~ei~nt th~ an 
!:i ii'i~//o~rlflc e . havin~ no constriction. When the actien of :a siphon/with a divorg- 
:J. i: ilng tube is considered in this light, the reason for the in'crease.in dis, " 
i: :charge is obvious. Furthermore, the reason-for oomputin~ thu d~scharge co- o. 
' .... .-efficient " - ' . ~: based on the outlet area is also obvious. - ..:~.~ ...... 

:i.,....., . . The diverging_ tub~ increases the capacity :of ~he-'.siphon with6ut-in- .... 
.:..%~ ' ~ crcasin~ the. cross-sectional:a~ea of .~ho ,~ throat ~section or. of. t'he lower ~i~:.. ~ . ' 
~.~ii ile~ iv ahiCh, in some designs, :r~sults in decreased • cost and shorter priming 
.' ~imc. By incr.oas~ing the outlet aroa," theeffluent volecity is decreased 
~.-/i"~. '.!which' .under c~r.tain conditions, such as in the case of ."Wasteway:-No. :~2, ,:ii. i ;°~i :.- 

~ma~ be an advantage. Th~ diverglng tube decreases the pressure at~ho : 
'~ii.ii~:,throat s~ction, thus necessitating a stronger crown. : : 

The optimm~ an~le of divergence ~ a tube 
bond .was .found .by Gibson 5 to be 8 degrees S0 mi: 
Indica~ that the less in a diverging tube, including Tric~ion, ist 

• . L" - 

~he~e 

o,17 (v I - v2) 2 
hd ---- ' 2g " 

:hd := loss due to diverging tube, 

v I = the: initial velocity in th~ diversing 

v 2 = the flnal~ volocity in the diverging tube. 

• ' c 

k 

"'L 

• •• i:i i 

k 

. k 

I~ ~ 

ii 
?..- 

J 

:::-/~i: I/i/i 



• ;,.', i.:':. = " i;,?,.,) ~ , • 

~',~:,.'i:::"•; ik':"":," " 'i'.: %" ":,i:~.i;: ' " . ' .':. " .~'."':'i 

,Y 

" ~h~ loss due %o. frierion inl,thc roach ¢m~sider~d, . 

.:~ .- mem~ slo~ of :h~drau.l~.c .~r~d~ent /inl, tho rn~ch, 

L " the len~.~ .ofire~c.h cons idern~, - -~ 

n ~- Coefficiont of rou~hnos:'; 

v = tho ,u~:~n ~vClociL~d in the ro~ch* ~ : /' ' 

r ~ the memahydr~ulicradi n.: ~ rnach,. := , 

~.,Th.'.'. t~%~l loss duc to .Ir!otion is the. sum of thc i~dividu~l loss '~s. in 

,i: 

, . .  
• " 'e~oh .reach, Th~ friction :loss Should .be. <computed only ..to ~ the. .stert. ~ , .... of.• . ~ :i.[;!i~.~!,, 

- f r ~ c  .... ' . " " !ii y ,%hi ~ :div.e)ginc tube.., sinoo th,~ loss,in-~he ,liv~r~ing ~n includ~:s' ' ,. .' 

• . ~:! 

'}i';, 2ot~l loss through s.iphon. The:kinetic ener~ a~ the outl~"t.: .4 " /)]ii"° 
b , j j, i ~ . • " - 

• V 

! " : / : ' . A . ~ i o s .  I f  a l l  th ,~  l o s s o s  nm4 t h o  k i n e t i c  ~ n o r & y  .~% o u t l e t ~ a r e  noW.:'x- . . : :  :.i, :ii-i I 

• .Section and their sum is so% o qu~l to ~/a,+ a~alaabl~., total head, the :: 

. ; ' ; ~ l o c t t y - z t  the ,  t h r o a t  s o c t i o n  c ~ n  b: '  0 o m p u t t ~ d .  I M v ~ n g  : t h , ' . m , . ' ~ n  v o l o o i L ~ r  .. 

: . -~  ~ -  * ~ - ~ +  ~ e s t i o  d t h e  d i s c h r u e : .  ,'. . - , . r  f o o t - o i  . g . . , . ,  . =: 

'"~  " °  ' ~ ' " " a t  t h r o a t , '  ~ ' f o r t h , '  ceaa . o • , : d . :  '.. /, i /-i- %7: :: . . ~ h ~ . a d i u s  o f  t h e  , c r . : s t  dr . .pth .,aad , so  b~ L o ~ n T [  ~ . i=:' : : - i . . , i ~  

. ~' " :~02. ~ri~ri~ -of siphon,idez.ign. In ~hb.~l-~,s~t ~lysis, .the. bos~% ~-": : ~: 

~,~ai~hon :desi~ -is the one which ~oe~ :.sn~is~ .t:h~" :i:ondi%ions of d,,'.sIcr21~at : .:. ' i, i 
.- . c  , . 

7 ; ; . . v e r i o u s ? : s i p h o n  . d o s i g n ~  f o r ,  ~ : p a r t i c u l a r "  i n . s % a ~ l l ~ . t i o n ,  i t " i ~ "  i , ~ . c ~ l  " " 

~ ~:!:~i'ifof :eomno.rirv~_ " t h ~  o p r . ~ . t i o n  o f  , d i f f ~ . r , : n t  ,s i p ! x o n s  :..duo ~uo4: o n l . y :  N • t h ~  . d i f -  

!=i!;(i:~eron~,.. ,conditions of desirn_ but. mlso go• .vn~r:in~ co~ts, in various 16e~,li-. ~ " ?:~ 



¢lel 

rc ' 

< • 

<:it ,ha S ,t he rere re. b~ :'~ 

"~'i" . ;:,'.., C :,.7. : " T, 

_ h~rge~. ".In",'o'Tp ~.~ ",the:4eoefflc:lent ,o~ u t ~ .  . ,  ,." -.: .,., 
• ' . . . .  ' - ~  ' "  ' i . :  ; • • 

metal 'f orm :of  'the equa~i:cm ~ :lie"i:! ;.' " . i.:. " ' 7;:::: . .; 

" -  .... : ' '::" " :C ~ 

• " 2~): 

,C- %P~ ooe£f ic ien t  of ~-disehm~.ge,, ., " 

:~,.- the ,%~I :di~sohar.ge.~in :,second-'feet, 

..:A .- ,the ;area i n  .sqtmre"feet, .: i . 

H--the ,operatin~ head .in .lee%. 

.7"~! ..... Thus ~.he e z  resS£on •should7 i r e  ~a relation .between .,the ,actual dis- ' -iii• 

LL~ :..;,i-' I ,~charge :a~d the t h e o r e t i e a I . i d i s o h ~ g e .  •'..There e r e  .two Tr:otn`ts,,7-however, . 

~.~.!!i~./;ii..iloropose s `tha`t %he outlet area is "`the ' ~ :~ <~!~ :~ :~ .which %he. ComputRtlon • ~ ~!~: 

.... ,,- ~should be :base . .:If this-praotloe /iz ithe 

!ii : ~neverbecome ,uni.~,.or~gr~a%er~. " . F o r ~ e ~ l e , • ~ : i n - : t h o  test:'~on ~%hc~•~Wastew~y " ".  
i ,  ::No..~- ~siphon, ,a : ~ o e r f i s i e n t  .:of ;0#S96 ,wa~ obt~ ined when ,~he :eoer£ i -c~e~ts  7 '  :.~.,il. . :..~!i 

i~:. -,~; '.were b a t e d  :.on ~he o u , t l e t ~ a r e e !  :but ~When.~a-sed~.on . . the -area  .:of ~ h e  t h r o a t ,  :~ 

.:V-_ the  o ~ . r r i c i ~ . n t  : b e o ~  i ~ O ~ S . . . ' I n  ;:a ~P~,~e,~ ~0n ~i~e ,,ooerr£oi, ent  dtSO~R.rCe,!of !.-~: ;: ':i~ 
iii:: ~siphons,. 'Soimeni . ,bases %he ,discharge ;oo~'££icient on ':the ~hroat iareai":In::?.Tc;. 

:: :.-:%he ,same paper he also' disousse,-~sever~i"';;siphon's., <.̀ the mos`t nota~;le.::of " !:; 

:i?~i:~i.:~,~IcH :was a type :reported.,by "A. :Weirloh~]in ~Sd!bs%at,tige Sau~ub~.rfallo" ii-!i.i: i 

~(~eu~sche Bauzc i~ung  !1917, iP-, 225)~.-.::Th~s"-Siph0n ~h~d an ove.rh~in~ • . "~ 

i'~:i:~ii!i :::: :i: o~est, a diverging lower.~le~., ~.~md '~ discharged ~,v~r~ioally :i~o ',a pdol. " - 'XD~ 

~;i:.'. ~ , : W e i r i o h  ~. d i d , n 0 t m  t h 0 d  mpioyed mupu~£ ~ ,the ; 0 o e f f i  end ~.-. :~; ention the rme. .e !.In o n ei ~:~ :'~: 

~!:".i~/~!:i:,i:Of ~d~.scP~rge:, :'but. gives values ir~n~ing~from 0,956 to 0.984. Scimeni ox, i 

!~:~ii !!i~!:i ~hls -.surpri so. at suoh.a :hi-~h . ooeffic£en~,.L Apparently :a :C.oe ffi- ....... 

i"": :~ 'i~ient~of .'~his :e=i'ze ~or ?l'~x.ger could :,be ~obt~ined •only if ,the .~hroat area . :~ :'-.i" 

2 .':; 
:+"•: •:~ ,, • .... •i~ • 



.: - , 

. . . . .  r ' 

.... was us~i adoi~ ~h~ :..~I.+ ~rea. !This example ihas i! - - ~ ~boen Q t . : t ; e d  ~ t O  illus- 

:'..;,_ l%s : f rom/having  :no .un~iverssS.~l.V :;standa~.d !meth- : 

o~t .tm~o~%u~te ~h~t'.thi" -conSist'ion should ": 

:: to ~be : s o  :slmple.. ., ...: 

,~!;"i::-%.3rhe i:see0~td-;.%e~m 'in the expressio~ '.:for %he :coefficient-of 'd£sahargc ,oi" " 

: " ;;~;~:',slphoa.:~Ich, b e o a u s e , o f  its i n d e ~ n i t e n e s s ,  'helps ~o comp:lieate:;%h~i~ " " 

)i "' ,.i ~¢XI:% ~:e. ~sealed :by :the tailwater, determination ..of .the .o~era~ing ,head :is .... i.... 

':i::'i /i" .. .'~: ~slmgle,.. !:~he hea~ is the dlfforence'.be%~men .th~ forobe~y-eu~d .,~he ~le.vel ..or ' ; :'"":'/:iii: 

!ii; .: ..,,. 'the .t~ilw~ter.......: .. When-the siphon ..discharges. :horizontally .,:emd.~Iregly :into 

'ii~,; ':' ':,the .~i.~, '~he exit section ':being .ver.ticai -and £1owlng :ful:l, .the head::~..s : - . ,. 

• ~"".,:.... ~measured %0 .the, center line of the jets. In almost all other .oases %he " ; 

!. >~/- •point itb which .to "measure the head is a ma~ter 'el' opini'on and theroby .br,- 
; :  . -~:comes an indePinl%~ value , ' . ~  ; . ~  • - , 

~ , ~ '  ~ ~ , .  - ' 

~Stevens 15 proposed that the, coefficient be expressod?by,a..~elat.io n 

'::}~:~i/"ili, i';"'":iwhich..... . does. not include the head and :~'vhioh" involves the ~roa. of :%he oht:ie%. 
i~i~'i')i'ii::i : ' Thus, he .dev~.l ops :thc ~ xpressi o n ,  . :  

.:~ ,whore ,. " " ' 

~..~-~.J:i::/'i""~..,.,:.. . C - co~I'ficient of discharge based on outlet area, ": . : : 

"~'"" " Q " dlscharg~, of siphon in :sr:cond-.feet, i~_i 

• A = ar~a of outlet in square.fn~.t, " ~ ! 

H - hf ÷ h I 

:~i i~, w h o  rc ' . , 

/:~. k. ~• • 

i~," , 

hf = hr:ad required to produce flow 
• v 2 Q2 

= 2  - -  I = f  = 

2g 2 gA 2 

22 

:i 



"" i . . '  

• ~e:nd 

? J =. ,:. 

..~.::'b. o~, e%o'. " ,eoe:f£1eients ~of ,loss 
Dri 'ot ton,  e%o, 

- - - . -  sum of  l o s s  :eoerf io len% , .divided ':by"~ .. " 
A 

C - "  ' .  : "  

A,. '2g ~ + .Bl \~I ~z ~ .A z .~ 

• , - 

~ . i ''¸,¸. 
e 

,,,, .... L ¸ i:ii ̧ .i ̧ 

:ili 

N ~ , - e x p r e s s i ~ n : W ~ s  proposed by Stnvens  ,for :oompuge~ion ;~t' ~h~ ,:ooe, f £ t o t e ' ~ t  ' 

i~'f~lelen%s d~vi~d ,by A 2, or B = ~ .  :Thus %he express~'~n ~for "%he ocel- 
ot:!: ~ .'..~ .., •. ... 

~'~i~/lent ,become. s ! 

~ '  i i  I . " , ,~ , ' ° "  ;7 .  .... 

• .in desi~nln~ the siphon. ~%his .c~resslon",m~.Y'::De~.usca,~: , • :.: . . -.,.~, ,:~..:~,~i~!, 

:K ~oan be ,dc~ermlnod , ~ ,tho assumed -Io ss~. ~ Howe~:" !. : i 

Ls £n %he form w h i o h  ~Soimeni proposed .  ::It i s  inbez~%i-ng  ~a!so ~to : ,  
. . - 

:4"de~l exp~esslon. :sinoe :it involves n e ~ r  ~the:Indefi~ni~e:,h ea .. 

~r.:area,  . throat  :.or o u t l e t .  In those  o a s e s ~ w h o ~  ,,~he/iv~lues...-. . col %he.~.i. ..~.. 

e s t l : p a r t s , o f  K o e t l l r b e . . d e + t ~ . d e i ' ~ h e r : b Y  ','~Ooi~.~;~'~'d;l~t~ersO's'O~*'~':2~:':, .. . . , . , . . . ~  . . . . .  , . .  

n,..ith~ ,.,-above expresslon,.e~n :be used .~o :determlnei%h~,...-::-,- ~ ..: ; ~f:, 



,~ . . . . . . . .  ~,~"~": :~,,';,1~ m O ~  8 i p h o ~  A n ~ l l a ~ l o n s  ,the preeaure  'or :ve',looi~v , .me~suren~nts ; n e e ~ ' : ' :  ......... 

. . '?at ' - n ~ ~  ::~otn~8 c ~  i ~ p o s s ~ l e  to  , o b , ~ l n ,  ,and '.t~,re~ore~, :the ~otA1 .:'~,, 

" " " '  . : ~ l ~ g ~ ' . : h e a d  ~ e t  b e  : k ~  "in .order t o  ~oo~u~e  the  , o o e £ ~ i o i " n t  ~'or :d'is- ~. ..'!!: 
;i? 

r'';P d~k:' r' ;.:" .+~ ' ;~ : "" "',.,~he~., ' ;,l~.%nma~ly, many :siphon; ins~all,~ions ,have uSa!ed "~o~~s !and,..:In ..... ', ' :L~' "': 

/'" :i" ~.t~oae ,:e~see, ~he,.o~er~Ing ,head '~,s 'derlni~. ::The iou~let ~area, ~as,ipre~ious~, : :i 

- , . : ' , . ,  * ,  • :~ahmm~ :1~ .,the : ~ ; I l o w i ~  .ohapter" , t~ t  t h e . o o e r f i o l e n t  : t s ~  't~.~POiie~l~ZeirOrA-" 

,,~0rton Of :~he ,offeo~ivenee s o~ :the' siphon • " 1 ' " ~ ''" " r ~ '~ 

'~i, ~'~, L~ ,. 

i,!i !, i:.~,,,.ii: :' 24,  ,F~IolenoY. .The ef~ io tc~oy  :of a~y :~aah.tno Is ;the ,:ra~to ~or '~he 
~'~';~),/'~, ,. :", . ,i I i - • 

!~,.o!!-{~,~,',-; , .  O u g h t  e~er~Y t o  '.~e , input  , 'ener~. .  :~.en a p p l i e d  ~to ;a s i p h o n ,  ' i 

~;)i'i!:"ii~';i:,:.?:, :~. .,.~,.ui~al~nt ,~ ~he ra+J.o :of .the .veloci~ head ~at "~the ,,;outlet to the-::total " ' .... .. 

i ; - ; i - ! . O p e ~  head :on ~ e  s i p h o n .  The e f f i o t ~ n o y  .would,be .,; '~~ 

. /,j., 

.~."," : b u t  

~,: :~ h O " ~ 

,and V2 
• . H , m . = ~  

2 J~hen V 
0 

" T 

- ~-q 

A V 
C m , 

V 2 .V :2 Vo2 

2g ".-~- 

~.~here 
,~ t e~fiolenay o f  s i p h o n ,  

h ° t - . v e l o c i t y  head a t  o u t l e t ,  

,~H I tob~l ~ o M r a t i ~  head,  

~V.," v e l o c i t y  .~:~t o u t l e t ,  
o 

",B 

.i. ~. 

• ° 

,': r~ 



'!,V .- '%heo~oal .veleoi%y ~eorr~sponEi~ 

• '.Q .- ,. aetual: dl seharge, of .. slph~, 

:'A o'.-.:area .Of ou~le%, . .. 

C - .  eooL'ficlen% of : d i s c h ~ r ~ c .  " 

:~f..~.~he ,::cmefflOlen%. of dl ~ oh~rge :is : mu~t~ co,i, 

if:i: 

0 

%, - : .. , ,, 

'~ = ,A - , , . ~  

i!!~~.~ ?, w h e r e .  

" .th:. ~ef~IclenoX Of .the. siphon, 

.- " :O .- :the aotual dlsohar~ 

:A t - ,  a r e a  a t  t h e  t h r o a t  seotlon, 

:hoed o~ one .:s~mosphere ~ ~.. -. . . ._ : 

~a~,= head eq~Lvnlen~.~%o on~ a~nosphe~e, . , - 

: ! .~1orl4"developed a :~imilar expr~slon,whloh ;he:.:d~fln.s" " o :.~ ~The ~ '/' 

:~.- %he.,area -of- the ~.th~o~C see%ion, 

.... ~ ~- ..vacuum ~ head.:l~ ~le~.t o f  water eq~Iv~lent-r.%O-~OXl~... ...:-~mo~here. 

~ t s o ~ r ~ e  %o t~h~-dieohar  ~ o f , a  .t r f e o t  ~ i .  h o n - o f  " t h e  ~' . . . . . .  ~ 

a sl~hon~i~h'a .pe~.f~.o% va'euum aoross-the" .throat, ,~ i:Thus, the. " " "-!i 

" " I: 

• :. ::! J... 

? 

:~ ' ,>~ " .... '?~i~i ~ 

? 

LOhl : 8 ~  15 d i so ' t~=e8  : .another  : eXpress2on:~for  ~ c r ~ i o i e l  

ia :.~S % ~ .  ra%io o f  e .e~. l '  :flow t o  ,, me~,imum,'a~'~l.~ nab!e :~flm 

:aeeur  w h e n &  su~tmospher:l.o - p r c e s u r e  o f  :on 

i " ~ r o a t .  seo~lcm; The e f f t e l e n o y  :in *,that :.ra~ 

a t :v t 
At /r 



Sf.. : 

%-, 

.i 

~nen 

a = 34 feet, the expression becon~e,s i~,i~ 

n ~ 47 A t 

This ~xpression eliminates the, indefinite head and definitely fixes the 

area as that of the throat section. B~cause it would be impossible to 

obtain an average negatiw, pressure of one atmosphnr~ across the throat 

section, the efficiency can never reach 100 pe~cnnt. Naylor further points 

out that "t.he 'coefficient of discharger div,~rts attention from the true 

desiderata of' a siphon. It suggests that the discharge is proportional to 

the s~uare root of the head available in any particular design, whereas 

it depends rather upon the vacuum a~tainabh~ at the throat section." The 

truth of the foregoing statement .may be demonstrated. 

The total operating head mus~ equal the sum of th," losses plus the 

velocity, head at the ou~let. Thus, in a low-head siphon with a diw~rgin C 

tube: ~ 

vt 2 vt 2 vt 2 
H" a 2V * b 2~" c ~ + d- 2~ + e (Vt " V°!, 2 

2g 
2 "j 

o 
4- - -  

2g 
or 

t 0 C 
v~,h~re 

H- the to~;al opnrating head, 

V t = the- nv,-r~e throat w'loc~t,- 

Vo = t~ '., ~,,'~'.r~.. ..<~-._, curl(,', w!(,ci,,,~,, 

n, b. c. d, and e = ~}.~r. co, 1"f'ici~ncs oi' Io:::; for ~::trane:, 
upF,-r b,.n:J, friction, lo-'r~r b~,nd, and div.r:-in~- tu!,, 

c t~v( ly. 

3v . . . . .  "%':in~" '" fir:;z derivative r}f th.-. h~ad, ~!, "'"'-, ~h r: u;" eL tc th: out- 

c ~ 
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let velocity, Vo, and f~,quating this to zero, a r,:lni~ion b,.-twe(.n th,- out- 

l,'.t .velocity and throat veloci~, is obtained: 

or 

dH 
= - 2e V t + 2(1 + ~,)V = 0 d V 0 

0 

V = V t o l+e 

Therefore, the minimum h~ad to develop the maximum allowable n~.gativ,- 

pr~".;sur, -, at the crest, ~vhich, in turn, will limit th(, allo~mbl~ aw rag~ 

throat w~locity and the maximum allowable disc)~rg, ~,, is obtain(,d by :;ub- 

~tituting. the value of V in the original ~quation so that; 
0 

V 2 
e ) t 

H = (a + b ÷ c + d + I + e 2g 

r 

Since q = Vlrl log e 2rl | Vl = yr~-~: 

br seen that: 

and n = (r 2 -rl)Vt~ it may 

• r I r 2  
Vt = ~ ~  r 2 - r~_ l°ge r I 

which, .-:hen substituted in the preceding equation, yields 

e ~ r I r~ 

± * e r 2 - r I oe r I " 

where 

H ~ the total operating head, .... 

h ~ maximum permissible vacuum at th~ crest in fo~ t of w~t,~r,. 

r I = the radius of the crest, 

r 2 = the-radius of th~ • cr~.0nu. 

If, at the upper bend, w~ 7- let R/D ~ 2.5, that is 

'h = 24 fe,~t, 

r~ = 1.5 r I, and tak~ -~ ~ 

i i 

r 
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,~o,.', if' ~ -0.10, b - 0.]<;, :; - 0.i0, d -~ 0.i~;. ~nd ~ - 0.17, th,, 

vnlu,- for th~ ~ail~Imul;; h~.,n ~ t,o,~om~ ~. ~0.,., ]o~t;. Thi:; m;,an;; the.+ 

radii of th,- cra.:t. ~:I cro~m rau:;t also be' i,. ~ ,,,-,a, ' 'th,, 
, L ¢ , r . , n .  d.! a]lov:n.bl., vr~,,'uum • 

it o.p!~ear~ thnt ,~ou.%tion m] = ~, , whli, ~ jr, ~,I0~'~ '.iot ir, c]t~d,' 

t:h, ~ primin C (:h~.raet,-r~:.ti,~:, .,:oul:! !,~ ~ ;~ti:i~',ator'." cr~[l;,riorl for er, n:?~r- 

in~, ;;iphon pe rl'or~;r~nc,,:;, ~'lthotl>r}: i:; ~n n~i.,~], d,,:~ i!':l, i:}l:-' conl~ Lr,:cl.i on 

cost m~.v he of much im:'~ortnnc- ['hr~ elq'J~ai,,ncv may b,, incre~.sed b,, i~, 

c r o a s i n { -  t h , '  r a d i i  o f  th,:, b, , ,¢ . , ,  '~,,r.., p r o v . i : l i n i - ,  m. Ion{; .  ,'I~ v . - ' rn in{ ' , .  . tu~.~ TM,, r.-,;~,,., 

by o t h , - r  m r a n z  ~ % i c h ,  ,~l,~.n c .m. r r i ; .d  t,:. ~ :x t re t ,ve ,  w o u l d  J",vo].xro a- , ' : , .~nmi i1~r-  '~'~ 

nbl,', i n c r , ' n s o  i n  c o ~ t .  

" I ] .  P r i m ~ n ~  o h n r a c t e r i  ~ " t i c s .  In inst~.!l~tions in which ,,-'xpn.'7~n~ ~ 
l 

nr~ tc~ h~' use'2 ns ;v".', r-lc, w'l regulntors, the, interesh is p articulnrly 

in t~,'o , ~,tors; the. head on th,.'- cr:,st nt which th- ~ :;iphon,,wi%J r, rim, , ." 

and th" tim.,:, rr,~uir.,i for the' Silk.hen ~;a prim~ n% ~hi.'; h~.~nd. Bo'th of thes,? 

c.u~.nti, ti,.~ ~.r; de?,-nd~nt uDon'Bh< size nnd shnn( of ~he siphon arid u?on 

the '.-s.tr of rise oi' th~ ~., fo:-,.~hny lew-'l, b~%ny invc.~tJ.c.~tors ,hqv.~ ~tt~,m;~t,-~. 

in mod~l tests, to d6t,-rmin~ t h  ,~ hoed required to prim:, wh.~'n ~h,', i'or~'bay 

l~vc, l we, s rising o,t ~. oons~z;i; rot" • ";'*'¢'y-... d~J'in:,. . zh,'- h,,~ ,r;~uiF~,4 to 

nri,~, for n specific r%te of f'orebny ris,~ ~s Zhat hend on ~bh~; cr, ..t at 

the' inst~.nt ~:h~n all ~ir is evncu~..t~d from th~ siphon. ' ,-~ '~ ~;~ To .... bll.~h t h ~ , s [[I 
~unntity, thre< 7-ri~bh, s, th,'. time, t.b,., forebay l~,v-"l, e,n~ the ~uan~ity 

• " 4- of di~ch~rg~ must ',:~ consid,,rcd .,lod~l da~a obtnin~d by tl;Js proe;~.dure 

is subj~ct t,o inaccuraclos unl~.ss olaborst- apn~.rntus is used. }!or~,ow, r. 

mod~l dat~, on ri~in--- e.~trn:;torJs~Jics coronet b~ sc~.i -~ ~ the prototyD,~.. P ~ . 

Thor,--fore, the only vqlu<, of"such d~.ta is for cornier, risen of prl.r~lng .qunli- [ 

ties oi' m.od( is of the s~u~, sc~.l~. A more accura~,- ~.nd a simp],,r exprdient 

is t. ~, dct--rmi.~ ~, th,- minimum he~.d romuil•ed to prir,~" ':.qth n ~:onmt~.nt Ir~cl 

of the f:'.rebny. This olim~nr.t,.n one ~arimbl,:,, th,, rat(. of' l'~.rebay rim(,. 
| 

• " w~ " 

e, nd ms nn~.lo.-cu~ t~ ~n," .citunticn i.. which t t~,,, for..bny nr.~e, ir l~r;5.o , ',;'lth 
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the ccnseeuent slow r!s~ in the ford, bay level re,~ultin C in ~h~ siph~:: ~r~:~- 

ing, for all practical considerations, at a constant }~ad o:" -ho ,.~r,%;',~. 

Some experimenters have exnres.-.e~ the head required to nrimP in c~:'::.~ 

of 4~.pth at ~" ) ~ ~n~ ~..ro.., se~.t£on. Thus 

d 
h ~ - 

k 

v t h e  re 
. !  
n = head on crest rec, uir~d for prir,:in[~, 

d = depth of throat s,-c<ion, 

k = priming constnnt. 

If the throat denth were 3 Cent nn;~ the head %o prime ;':('re 0.5 feet, 

d 3 d 
k = ° = 6, or h' =-- 

h' 0.5 6 

-]k 

r 

This expression suggests that th~ head r~.~uired tm prime i.~; a fun'.;t~on Of 

th~ denth~ at the throat section, -v~'*~-...._ ..., the, head, to prime acuua]~. ~" dP-~. 

p~,nds upon th: shape of the siphon and the method cmpl0y<,d to effect prim- 

ins. Considering the rate of priming, a better criterion thrun th~ time 

alone -:ould be th ~ mean rate at v,hich the, -_j~'.}r is evacuated. The.: latter 

va!u~ vtoul~ take into account not only the, tim,, but ~a].zo th,, volu:~':~ of :air 

"=o bc, ~xhauzt~,4. 

2~ . . . .  Prim/n{ ~,,-~,~cs. ~," in siphon ~n.,ta[latxon; " ~" "~'n,~ro" quitE" " prJ~/n~ at 

a io-: head is on ,~ of th,, f'or~m0st ~.on,,.d~': r.r~,~(,n~,~: ''" ~:r.r..ou~ - dev'~c,.s" h,qvr 

:) .... n employ:.; to d<,crcasr thr, ,head ~_nd th: ,) ~-.' :"',-. " . . . .  , r .... InF ,,~...¢. J.n one tl,'p: , 

the r~ffective er,",st ~as 1 .~ngt~.~,r., .... ~ D~/ ~l::za@"~- metal str!ps" ,mb~d~'b-d in th ~, 

concrr~te of the ur- r "~. ~. On.' inv ~-stiga~o,,. . 18 claims t h e "  ; prlm.ng" ~ - t;.~.u~ ......... ~:,..~ ..... -- 

duced 23 percent by use o] the b. zt type of zigzaK: cr,',st u~"" t,,-r.'"~l, an" eo:n- 

nared v, ith that of th, <.rest usimf no teeth. ~;.~ ~'a~ :- to state tne ei~,~,c.~ 

of' ~:e zi~zn, ff ,.:re:st on %}':~, ~ ~, '"" :,~ * ~' ., ~o f~icL, n~. O~ dischar~, or th' ,:.]'fJ.c~ency o]" 

th,. siphon. ~'' ~ ~" ,;oz~ou,,~,~, durin~ priming, ".,:it}: the .",am:, h,'r~4 on the: er,.;st. 

zuc~., a devlc~, v: ~'~..,.;, i.ncr,'~asc th< di:;cbarC,', as comD~.rr.4 v:~th a ..~'~'~;..['ht, 

smooth cry, st. and thrr,,fore dec~r,,as,': the' time to pr[.'-:., i[ov~-v, r, v~h~n 

flov'inc I%~Ii th, loss o':,r su,;h a sharp and irr,,rul, ar cr(..~:t would b,, hi;]~,.r 
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than the loss when a smooth crest w a s  employed. 

~nother device is ~he :priming weir. It is similar t~ the ~-ypc :':ith 
the castellated or zigzag crest in that it also has a crest of.incrc~,,s~ ,~. 

le.~.~h which discharges more water per unit head than the ordinary aiF, hon 

during primins. The weir is at the elevation of the crest; is cormecte,-~ 
to the cro~.: of the lower leg; and is sunnli!id with ~ater by a ch%nnc! 

which c~-~,municat:;s v,/th the forebay. Usually this ~riminF ,~i,~vice i~ u"','.: ~ , ~: 

in siphons ~.~orc the lower leg is not veriical but slopes do:^'nstr:~ar,. 

1'ho j~t from the ~,riminc weir cross::s tho lov:er le~, n,~a[inz the sir in 
the; crown. The air in ~ r" ,,h,; crovm is z.radua]ly evacuatvd and primin,: is o:'a- 
duc,.~d. IT: +h: Bear kiv~:r siphons IJ • • • • ' • a Drl.~l+l.,l~ WClr ",7f~'g ' ISO~, Eric ~tcsts/.o,l 
the prototype structur,~; indicated ~haSw.hsn usin~ this de~'A~ the he.ad r n  ,-i:'. '-~ 
to prim~: ',v~s r . ~ t  . . . . .  ' w h  • at::., to nhcut half thaz on a primic.:-w,:ir ' ~ s .  not usc-~. 
Neither the ori.-.:in~ ",:cir nor i.h,.: device, .~<,~-.r;'> s c~st~llated c r,~;:;t have n :L 
v;ith mmch a:)nrcval. It 4 s  l ' ~ l t  tbst the -i,, ~ ~.~ ._ - • a_,.a,,ta!,a ~.l~i~ to th.t lower prim- 
ing head ~r more itha-: of is..:± b?/ the: r/~duction in the cff'[cicne.V. 

L'.>[ 

On many o f "  the ~orlier insta].!ations romlirin;< a low pri . . . . .  [,., n ,  , m ,  a 
sm~l! auxiliary ~;inhon ~ ~- - , ~ - -  . . ~,~ used. The p u r r , . , , , o  of the ~a~.~liary s i p h n n  i:-~ to , . 
l'educe both the head nr:d the time o " ,, - r~qulr~d to nr~m:., 7his v,'~.'~, acco~.,plishe.i 
in one of two v/ny,~. In ±he firsT, the auxi] i~tr'v r.iphor,, dischnr~c;d an un 

or,.k.n j,,t oblinuc]y, across th<: lower le~ ,'.~f" %he main ~;inhor,,~ . thus produc- 
ing.. an -%irtight s':,:..l. The air trapped ahoy,: th,~ ........ • ,- I. :.';,:s ~:)..]ua]].y evac- 

uated by th , :  s h , ~ , , ' t  of v m . t c r  flowin C over ~ h , ~  cr(-~nt of i;ho m~,:,-sir~hon, qnd 
priming ".','as .,;ff,',ztc~4. It, the second case the suxiliar-~ slnhm~,:~4-.,~ .... 

• ~i , ; -| e. ,. i~ ~ - • . ' tn,n ,~ct . . . . . . . .  u -  ( . . . .  ctor d r a w  ~ e ~ ~ ., . . . . . .  ,. , .InC ~ir .tel, ~h,~ ~ .].~-~inhon un,:l]. Drain[,. 
; " ~ s  c o m c l , ~ t , , . , d ,  v n c  d ; z s . t ~ v a : n % a  , , s  . ' , .  " " r  .-~ " , , , "  ' ' • . . . . .  ~ . . ,  o f , . ~ t n u  fi,~xlll , , y  s x l $ 1 o n ~ - ~  , , ,  .t_r ~ , , ; .  ~ ,  

%h,~ e.dvr.,z~r.'~c,.s. .[ 'L.~y arm no±. only dlfl'icu }t but c : : n , , : n a i v , ~  t o  construct. 
Ucu, ,_ ,7 .1y  ~ h , . y  u c %  , ._~ ::u,t obstruction v,o f ' l¢ :v , -  i ' ~  l : h , -  " . ' '  - "' m~ ' ; i . 'A  : : i D h o . l l ,  "o.rvl b . . : C d ) ~ l ~ , '  

~h .y n,~c.~n~r'i.]y ':mnLl, t h , ; , r  is "~Iso tt~.. d:..nr<~:r t,~,.~,t th,.,v tony b,.~o~-.,, 
f%~:l ..i ,,.~-~ #;rr,.sh. 

A!thou~:h not ,,, Drifting d,:~vicc in ... rtr],% :: .ns-.:, ................ ,b':sin 

pl~ys ~.:'. ir.,mort:',r:t p~r% in the priminr, oy i,?-./ :~:iphon, ~, t~i-" ~o]~, <, i_ 

/:~,~,. mo:'L ~3•~. ,:ui-ho.-~ii<m aFrec. Af :.-;r~i th~ for b,~y i.'v,:! h~..~ r l s .  ; :  tu~d ,>,..w<.,r-~:] 

the <[r "r,.nl, i:" th,.~ siphon j.: oq,.:ip.:~c'.i vri'~.h ~,. .<: /'! in: b~sin the iut:,rior - 
e l "  t h e  : : [ .= . , h~n  l : :  t : h c m  z , : s l c d  c o : , ' ~ p [ c t c ! y .  ~:o air ~'~q:~ e n t . . ~ r .  A i r  bu: .d,~j . ,~t ,  

eT'; L,]'i,~ i"'iffri, ~ L~V/'.] ~ , y  <~C .i~'[ irl%0 Yl~tO :i' " } [~I," ~)~S! .ql "~'t , '~ ' :-f 'Q %}V~[/ 'I] "/, 

ru[',~l:p~.<i :r, :'i7"~. .~O'?,".IgtFO~m ['r~]v ".h,: I ~i-:,.}r [:~cr~.~ ;~rI ,%r,-- zhuE cx:r164stt~,[] i.,: 

"t,hO ~ . ~ m : ~ s p . h c r , : .  Z o r . .  ~ , , ' I e s ]<q: :  -:.~ ~ ' , s - [  : ~ : r  ',}:r~.t f ' / > r  b e s t :  p r i m i n . -  c u : . : [ [ t j . , : . ~ .  

%h~, r t ~ ' i : , . t ; :  " '~"  - ;  # ~ " . ' c r  ~=,'t~ti " . ' . , :z,  b.,. z h ~ t : ' i ~ . ,  "/~ ' .  "." ' ~  r~<,~]..,t ~ | "  D .  r : ~ , ; l ~ n  r 

a k n t f , '  'i<, . ? k  . £ ] s n , l v , m t a , - ~ , : ,  .~i'  a = . , , ~ l  i ,  :,- ~ . o ' . !  , , : .  t h : ~  i t '  t , b ,  r ; , : . _ -  

O f '  r i : ; .  . t ,  t h f o r ' - l > , ~ J  ~--:v,  [ [c : ' r t ; i : [ ,  ' } . , ,  : . i T  t . r u ! '  " [.'+. ~h,~ j l ~ i + " r l . : ~ . r  "~j" 

- . c.h._ ; . [Dh ,~< ' .  " : - - /  . . . . .  . ' F l i p  : ' - ~ ; ' " i ,  l ' : ; r i  ' I  , * "U ' : r  , ' h ' : "  '~ ]  ~.'.." F, o O . I  ,..>.:;,~r,=a~',..s ~, }: ,  

. , " f ' i , : ' ~ ,  r , , ' v  - , i "  '-~ : ; i :" ,h- ,n ' :o:r: . . ; , / !r~ ,,,,l ,~.] ' ; - . :r ' :~ . . . . . . . . .  t1, , . - : - - ; c i  , - ~  u ( ,  l ; .  

1;~ t n .  } i '  ~ ;d :,, ' .~ r ; r ] , -  i : .  i~ ,~. 

.i ": 
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i ! )  th, l.;:ad or. th.. siphon cr~est m.unL L,; iner.., -{ ..... , ,. ( ..... ; 

• • ' , , o r l , ,  ~ a l l , .  ?".t,',;' ;%1"t',] 
:'L ( ,2 . )  t h , .  ~ : i s c h - ~ r ! ; ~ .  m u : : .  b , :  k n c r . : ~ m . d  p . ' , . . :  v ' . r y i r i , -  ~ ' ' r l : '  ir. O ~ ' r i , , , - .  ~ O  [ . . . .  : . . . . . .  

............. L r n + ( ,  of' ris,,, in t}h; "e "" ' ......... "~ 
... ,.. ,, ~ ~rub,u/ vt'It :r 'l-:'J~: i. "[0 ' ~ " 

- ! o ]  l o w  ch~.:: p.r<- 
.,ur.. :'rith any d:4;rt:o of" ~-ccur,~cy is di?l'i :u! i;. 

d o n .  I Y  " ' • ~,.. i s  r i o t ;  : ~ C e u r ' P , : ,  .}~.l 
: . ,  th . . :  r,;::uLt ; : :  : : - ' ~ : : ~ : i n < ' l . s . ' - : .  I f  hr,.:: ";Lr,.r~,ly., .  . b , , , .  P' l ) O ~ ; i I : ~ : d ' O l ~ t ;  t/}~" .:; 
i -.v,.n ;vith thr.. n'o,b 1:.. "'t (.,~'+" - ~-- 

'" " - . . . . . . .  M~ : : c ' ~ i c n ,  t ,h  Drototy[,. l l i l ] . m i n l  ~ b , . , , d  c . . . : , -  rlot b pr, . ,J" ,~ ~ 
i t . , . . .  - c o o  r, c c t a r . : . t , . l : ¢ .  ] " o r  t h , : : ; , ,  r , : r ,  s o : : : :  i f . - , . ' , - , . :  . ' . h . c i d , . ( t  t :o , , - -  

: . ] o y  ,.~ : : i m p l , . r  , , , . o c  o !  d t ' J r : : : i : : i n r  ,rE..: : : . i r : i : : , u : : .  l ~ r b : : i r u  I b .e~ ' .d .  ! : h i . ;  i , r o -  
c , b a r .  r , . ; , i u i r , ; , :  ~-~': : '  r : ' . t i ~ . , ,  . ' I "  o n l y  5 r , ,  ,.,u" r i . J t ? f ,  t h  

.- .... : , e  ;; .  • ,.! [ n o ' h , ,  r ; -  . .  I : :  ' : h  , , ,  . . . . . .  . ~ , g "  ,,  ~o 

:. :'.'Y i r , , ~ r . . , : - : j , ,  ,- , h. [ .  ".u ~::, "~' , ' r . . : '  a , .  , , "" 
" • " ' " . i  : ; :P. '  . .  [fat;r p. l l ~  : !  ~,  / : ; [ :  i ' " l / ,  ~ }~- . , ,  

I 

. "  , m ;  k : ' ,  , j  , '.,:, b r J - " .  ; ;  . . . .  1. ' .  r ' "  i : - , . - - { o  [ h J  ; , r - . ) c , . , l  ; r ,  " . , ' r e :  , . , :  t , - ,  
:}'" ' ' "~.', ~.'." ::  . , ,  - t - ; ~ ' ,  

2:] 
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:b~t .".'iso ~rosultod in much .~rc~.ter ac~,urncy than could hnv~ been ,obtain,:d 
by. employing ,:.. :Zis~in~ water level. Furthermore, this procedure ~probably. 
duplicates prototype,conditions more closely than the others, sines the. 
rake of rise of the forebay,water level is ,usually sldw enough to be con- : . . . .  : 

sidered constant, e~eept inthe case where the forebay free water :mr['acc 
area "is relatively sm~l!. 

In determining 'the ti~..e to prime at the minimum priming h,;ad, the 
siphon was vented to the atmosphere to prevent primin~ durin~ the time 
flow equilibrium was being establ:ishcd in th~ model. %Then the, ~he~d on ~ : 
the crest was accurately set and equilibrium of <fqow ,;xisted, the air 

vents ~o the siphon :Y~re closed, The time requ'ired to nrimu ~s ,recorded 
'as the elapsed tim,~ from i~e instanz the air supply was .cut.off uuti'l the, 
~ir was ~],-,+¢ ] . . . . . .  v .... c=.y exhausted from the siphou. : ' 

In "Naste~,~ay No. 2 a bore-causin~ an 0.88-foot hqad on the, siphon 
crests will be formed if the ~turbines in the power plant arc suddenly 

shut off. It was desired to deCermlne the tLme required for priming und,.;r 
this practically instantaneous head, and this 'was accomplished in th,: 
model by raisin< the ~nter in ~.a~: forebay f~om norzml .elevation to the 
b ' " ore ne~ght Icw;l as quickly,as possibl~; mad ma~nt~.ining the O, 88-foot , 
h~ad during the priming action. The time required ~o prime und~r this 
condition waz recorded as the ~'laosod time fr~n the. ins1:ant ' ~, ~.,~,. the ~..t... in.; 
the for.;b~:v began to risu until th,~J siphon was compl,.,t,~.ly prim.:d. 

The minimum di:;chnrc-~. 'for continuous op,railo.~,, '" , •~;~' ~ consid...rcd" .~,~ :;~.n- 
s i r [ , , , ' ;  " -  " " "  ~ " ~ . . . . . . . . . . .  ] , . ,Z l c . ,  .nd ~ ; . ,  th~_.r, ;- .  . . . . .  ~ , , d . ~ , , : . o r  r ( : l a t i v , ~  . o  the priming e ~  . . . . . . .  , - = ~  ' - - , ~  . . . . .  , . 

f ' o r c  o b t a i n ,  d i n  m o s t  c ~ . s e s .  'Phc  ~ h e a d s  o u  th , : .  , ' , "  ~+' ~ '  . , .h , ,  s h ~ h o , ~  c o . r -  

"-:s:):~:;din.:. ,.- 9,qriou.'-: d[sch~r~,.~; throu!~h it wor,: ".Iso qc%urlnir~, d. 
T " 

2 6 .  ,~. , r i~: in- : l  m o d ' , l  ( 7  .... ~ . ! - i ) .  I n  ~',h, o r i~ - :L :~a l  , " i , "  t 

l S D ) ,  t h . . ;  }ir.~ of t h , .  ' ~ i p h o , ~ . w a s  p l r ~ c , J d  ,~,t: t . h . - n o r ~ , r v t l  f o r L , : ) n y : , - ;  t , , r  . . ! . . v , ; -  

; . i o n  s o  < h ' , ' ;  t h e  s i p h o n  " : : ' m i d  b r , ; a k  . i t s  p r i . ,  ..... v,t~.-~: i;h,.~ ...... . t c . r  vm:~ l o : v : . r , : d  .i. 
to that i.,~'.''~ A hump . ~., ~.I ~o.,d ~n th,L' .' . . . .  ,x~.,. tam: t o  ,. ::<~tblE~.:h n ",w ter 
z , . ,  ] a t  ,the; [o'~':,..~r b , : , n d .  T ; ; s t z  p r o v - : d  L h " k  !.b ~" *" . "  " ;-.  

f , : c t i v , ;  i -"  f " . ' , c ~ . l ~  ~ . t z n ~  F, r i m i n ~ . - . .  Tb~.: f t O w  l ' o ] l ~ w : . d  t h , .  i n v e r t  ]~ ro :  .bh , .  
{ 

cr,:uE t h r o u < h  t h , ;  l'~','a~r b u n d  and  r e m o v e d  t h e  , , ' :<Lot i n  Lhc s':,P.].[n;~ p o o l ,  

thu:; r'ar~J,;ring i t  '~::'..[-sz. :~lh.m ". hcnd o,', I ; } ~1'~ (~ r~ " ~F:~ ~; ,,¢u~Jvqler:. ~ i-o I.Z5 
f~.,:t nrototvpc w:'.s nttnb~.,,d, th.~ ,)~t ..,p...n.. f~ . .re.., ~h~. er,.,~t n~.d. 

"r .... " th,'. / '- 'C ';,'I .- . . . .  c ~, i, . i . .  - o...l:i:, l o w e r  , [;,~pin C on l;h< on:),.,zit , v,.,'ll, f'o~in~ ..... ~.'.-',, 
• ;","[. }"ri~:.inF quickly ~nsu,";~. 

,Yh.:F: th , ;  ~ i p h o n  ~ ' ,cdc l  w a s  f ~ o ' ; ; t n r  F u l l ,  th : :  , ~ c t u a l  wr , -  fTu- b ,~ low ':.h,. 

d , . : i : ' r . , . d  c ' J ; x ~ c j  t y .  T h , .  ' l , : , a i g n o d  d i s c h , ' , . r ~ - ,  v,,,~.~; 9 5 0  s , , e o t l d - f , . . , ,  I f o r  f ' , ~ u r  .~ 

: [: ' ,h '-~:; . . : ,  o r  2 5 7 . 5  s c c o r ~ d - f , ) , ~ t . f o r  , : t ~ o h .  q t  . h . ; , : , [  ( ;n t h t ,  , : , r e s t  o F  .{,)of!~! 

' " ' . . . .  " " ' " ' ~ '  • f rO; : :  t h ' ;  ;r, od. .~ l j  ' " . ~ ' .  A t  !:}',j~': h , . ' td  f ih.. d i s c h a r < , ; ,  ,u; ( I . ~  ....  i ..... ' w ' , ~ , :  • o n l y  

[Sf.E .;.:con']-f',,..t, or G4.6 p':rc,:I]t of" th,~ ::.::;iI...rLC.I vq]u,'.. 
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The efficiency, computed by the ~'quatlon 

O. • )| . 

'A ' ~  

was only 18.!3 ~ercent. At the desimned head, the mo,~,~l ~:howed a coeffi- 
cient of discharg,~, oF 0.365 as compared to O.B5 which :va:~ u~;cd in the: de- 

sign. It was a~par,.,nt that ~he hump in the exit tube wa:, t;hc source el' 
much loss and, since it was ineffective in produ.in~, a s,:alin~:-pool, should 
bc eliminated. 

A larce eddy zone do~stream and immediately below the crp.'~t of ~}~) 

bend. The ware:, could not fo].lovt the inner radius an:~ :¢n:l,~! to crowd 
against ~he ou~er radius forming the udd.~' " ...no.~'~ c~.~,, .... ,.rof"i[c ~f ~hc ~v~Lcr 
passage in tcst 2-1 (figure li]D) was d,)si!~ned to ~"olli~v ?,hu F:o~,0: path ,tad 
to, eliminate, Zhc. eddy zone indicated visually i n  t h ~  ori!~inal. 

The original model had a transparent face only on the freer, :,;hir}~ '~ 
was a handicap in photographing the flo%- pattern. V~zl the model ~%~u~ r<:- 
built for test 2, both faces were made transoar.u! t so th.qt li~'~ht coul.d ~,e 
reflected throu zh the flow. "' 

29. Removal of hum~ in orisinal desiz, n (Test i-2). ?,faun th..: h~unp 
~s r~movod, the exit tube became dlver~ing) as sho~m dotted [n figure 
15D. This change eliminated the double bend. The' priming ~ , .... ~ 

~, lltlU S "~vcrc 
not affected by the change, but the ~isckargc characteristics were ~r,- 

proved considerably. With th,~ outlet fro~:, the discharg(.~ va~s 187.O 
second-feet, an increas~ of 21.8 percent over the original modcl. The 
coefficient of discharge and ~ffici~mcy wore increased proportionately. 

;~]%en tail~%tor sufficient to submerge .the ~xit was ebtain~d by a control 
in the efflu~nt channeL, t/no discharge ~us inc'reas,.:d bo 205.8 second-f ct, 
or era. increase of S4.1 percent. This value ° was still considerably b~;lov: 
the required discharg,~. A new model ~%s then designed in v~ich attvntion 
wus given re r<;ducin~ losses and thereby incrcasinz the d[sch~,r,,,,. 

- ~-u~,. of ir~cr~asu of crc, st ~,nd !ov:~r bend radii (T¢::~ ~ ~ ~. 
Tests !-I and I-2 sho:':~' thr.t the entrnnc~ conditions coul-d 'b~ i:npr-~vcd; 
~hnt ~ho crest and lower bend radfi should be incr:a:~cd: and th,,~t :: :~.i- 

vet<ins tube ~,~.s a decided .".dv-:ntagc in incre.qsin~: the, d ischn.~'i- when the 

'~'x ~ ................. ".~ns ~u:"-o~ .... ~. ~hu,~,- f:~_~. ~.~ '~ "',~cro TM ~ Incorporated" i)) th.. "~'l"l (f:i<u:'u 
16D). The .,h .o, ~f . " " "'.' ~ ih,; crest is ~. el.so ~.pproxi.-.~<tio:,~ to %!i~. ~ ,)urvcd P~.th 
described b:/ the !o-':cr nnno~ as it z ~ - " - 

• .. or..n 5 fr,~c Iron the crezt of the 
o"~-~"~ nod,..~, 11ov:In~- under a 1.33-foot h~ad. A l-inch of'f::,.u ',;zs in- 
tro~ulced b_-[o~v The crcs-~ ~o c~.~sc the: jc~ tO sorin,* l'fuc fro:~ th,,: inv~.rt 
a~: ~h.':t point, zc fnci]L~at-, prizing, and provisio!~s ,sere z~:i. f'o/~, z~r[t- 
tion of ~h< le:,:<:r nnpp~- 9.t the oli.,c~'~ ~ by ~: vent to the e.t, mosph,,r,~.° ILh<. 
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lower legwas made in an S-shape t o  improve the priming characteristics 
aml increase the efficiency. Tests showed that with t'he outlet free, 
th,~ discharge, with a head on the crest of 0.88 foot, ~as increased to 
270.4 second-feet, an increase of 44.6 percent qver test 1-2. When the 
outlet was submerged, the discharge at the same head was 371.1 second, 
feet, or 80.~ percent greater than in test i-2 with the outlet :submerged. 
The dimerGing tube ~lid not flow full (Tigure 17A) when the outlet w~s :not 
submarged, even with adischargo of 317 second-four and a hoa~ on the 
ores~ of 4.10 foot, the maximum possible ihoad in the model. Figure 17B 
shows the diw~rging tube flowing full as the, result of submorg:ing, the 
exit. For this condition, the maximum capacity of the model:supply pump 
was reachc~ before the maximum head on the crest could be obtained. Dye., 
was introduced to show the stream lines. The prlmin~ uharacteristics for 
thi~ model, when the outlet was free, ~ra inferior to the original. The 
m in-,L~mmm head required to prime was 2,37 foot, with ~he :nappe unaerated, 
giving a priming efficiency of d/1.27, i With the nappu aerated and the 
outlat •free, the minimum priming head was 1.53 feet, giving a primin~ ef- 
ficiency of d/1.96. 

The nappo, clinging to the invert, can be seen in flgure 18A. F , 
" igurc 

IBB shows the aerated nappe springing free at the offset, crossing the 
icier leg and forming a seal at the opposite side. When a seal at the 
lower bend was effcoted by controlling the tail~tor and with nappa ~aerated, 
the minimum priming head was reduced to 0.48 feet, loss than throe-tenths 
of the value: found ~rith nappe aerated and the outlet free. With:the nappe 
aerated and the outlom :hnsubmergod~ the jet sprang fh-ec'from the .'invert at 
the offset,.crosscd.thu lowei log, and impinged ion the opposfte side, theru- 
by sealin~ the up~:,.,r part of'the siphon fro~:: the lower (figure 18B). 'The 
sheet of wqtcr flo:':ing past the crown of thu fewer bend and dropping to the, 
invert ~ms brokun 'tad ~!lowed air from the diverFing tube to pr.ss,through 
it, m~.int~'.'ining a pr,.,ss1~re of practically atmosp}~.~ri c intensi0ty in hhe r,[~'- • 
gion below the: nqp~c. The upper surface of the nqppegradually evacuated 

• air from. 'h,: sm c,: e.bovc it, and since thu ~r~ss~rc ~>~low the, nappc re- . 

m2.inod prqctica fly r.tmospheric, a dli" 'ferencc" in pro ssur~, botwo~,n the upper 
and lower :'~'ts of the ~inhon, thus divided bv th.:~ JDt 'w ~" . ~ ~ , .s grndu,~].ly 
cr(;atcd. ?~?.en this difference in pressure rc-.ched .n certain vr, luc, the 
nappe beg-~ ['lutt,: rin~, the int,;nsity inc.- ~.:~i~.%. ,- t, ntil sudd6nl[- the m.:'.l 
between thu upper and !owur . p a r t s  of the :'iphon ~s brokun ,m.d th<: pr~s- 
sur~s equr.!ized. Uith ~.n increase of head on th~ ~, cres~, th~} nnpp~-thick- 
nuss inor~,nzod, th: .~rqtior, of the fluttcrin~ .")etion became lon..'::r 'm~til 
at a he .... of 1.53 feet :the thickness of tht: un.pp~. ~.s suffici::nt to ~.'.,:in- 
fain the nr(:~::ur~: diff,:roncc~, and e.ft,.'r a short period of" nr.pp~: fl:~ttcr, 
the ~ Dhon pri.~d. %~¢ ith no sea!inF, pool -..e thu Lower bend, th,. miui~.um 
h,.'na req.:ired to prime Lbecom~.s that head :'~ich will produce n jet ~f suf- 
fici.~u~ ~.hicknc~z and velocity to :nalntein a s.:ml ":,~thout br,:~kinn. With 
suffici,;nt t:-i]w.qtcr, the sealing pool :.~.Intnin.~ Lb... pressure diffur,.~nec, . ~ 
• qn~ the: ..-.5r'iz~Ir h,:ad necessary Cor primln~ ~, is tl1,,.t which produ,~.::: a ,j~.:t of 
sis,: '~.ad v:loci•u.v sufficic'nt to penetrate th,~ so,.ling pool to .: poi~t wh,.:rc 
th.: un~.;rqin 4 ::it wi]ii ri~u downstr,J~.m from thu lowest p,:rt of uh:_ c~wn 

$4 
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o f '  t h , ,  ! r o v e r  b e n d .  T h , '  m i n i m u m  p r i m [ n o  n , , a d  b t ' t h ~ ,  ~ : n c o n q  c a , : , ,  i( '  ...... :.:: 

t } , ~ , :  i n .  V}l~ l ' i : - ~ t , ,  w h c ~ ' e  no,'J~;~l av,  the l o : v , • , r  ~,nd w,s:~ p : ' o v i d e L l , \ ,  I i  
sea.ling o,;c, l  proved a d e f i n i t e  advnni:ai:e in pr i  " ' -  l~lh~, nn(l was i~unrp, '~l '~t{,:d 
ilt the :nlbsequent test. k further increase i)l the radii of th,: crc:~ ,~n,i 
lower be:el, and n decrease.in.the ~e.pth at the throat section xnxs a].;'~o i~,- 
dicated, 

31. Reduction of t~'oat £epth and further increase of cros u ,m4 
lower bend radii (Tes't 3-~1~-The depth ,at :the tln-ost section was rodm.,:d 
from 3 fet:~ to " feet ~ inches, ma~king the ratio o' 

t . t h e  radius oi' 't,h~, 
D' center !iuo to the depth at the t~u'oat s~etion ~,/D = 2.345, as comported 

to an R/D = 0.~I for the original model an:l an R/D = 0.83 for ~,'~t 2 ~ 

At a point 6f' de,<rccs down from the crest a transv,;rso Slot w:nze,I to i:h,~ 
atmosphere, semicircular in section and with o • . 

a ,a-lllch dlamcter~ was in- 
cluded in.~t,:,ad of the off'act iu test ~.-I i.~ fact!irate aurt~,,lon c l the 

n a p m - . .  T h ~  ~u:~ ' [~.  o f  d i ' a ' r g o n c e  of t h , a  e x i t  tubi:." w , t : ~  : a a d c  8 d ' ~ . < r c . . , s  L~O 
minutt~s, t',!~ieh <.'-ibs,:~: considered the optimum f'ollo:',-h',,- a riml h-nu,,]~, ~. .... , 
olnq~ th.' (iepJ of Zb.: barrc~ at uhc ..... '" "i' 

. . t a .  ~ , th, d i : , , : - r F i n g  t u b . . ;  h a d  b, , ,~:n 
decro~st)~ %,0 :~ fv:-~t, 2 il:ch~s~ aIid h-, ~- 

. . . . .  ~ < , c a u . , .  ~h~' d , " p t h  a t  , . , ' x t¢  w a z  f i x , s t  at 
4:feet b.v i:hc size of the efflue!It conTiui,c, th,, ic~t}l of' th~ di .~,r, gin.,: 

tub,..., was ncccssari].y g:'~',qtor than prcvious]y. A s:;n! at t}:.> lot,:c:r hn:d 
was, cffec%<.d by !ocalin< t]l~. low point oF ~]:c. ,;rowr: ~f t.lc J.ow: r ~'..~, ~ ..- 

• " ' ' ! " , . . . . . .  u , . t  

t h e  sa:::~: -: i c v ' ; t k o n  q s  t P ~ . ~  of t h e  i n v . . : r t :  a t ,  t i l e  m,÷ 1 , ,~  ~ ~ ." , 
!9D). . . . . . . . . . . . .  ~ c t ~ o . .  ( . f ' i < u r ~  

I n  t e s t  ; 5 - 1 ,  .*,:h,.': d i w . ~ r g i n g  t u h c  ah ' ; .~ .y .~  f l o : v c d  ! t . l l '  ' a t  t h "  a < ' :  ± < n , . . u "  ' " 

hr;'ad of 0.88 foot, and tht: discharg., at t):is head was 33i.i s,.:co~., ,',...., 
a dcercp.s~, of 10.8 p0:rc.cnt as compar~.d'1,&i.h test 2-i with the o~:t! % :;ub- 
m~r ...... Because th~ throat ar,:r: o'.' this moJ:.! . . . . .  ;','an ,l,.c-,.n...cd,.. ....... .w q D,.'r".~:2+ 
~ c~:qoar,':d with "~cst o ~ ~, . . 
.... . ~ - a ,  ~1,~ d o c r e a s , , ,  i n  d ± s e .  .... .- -.",. . .  ,,-~., c x p t . , c t . , . ! .  

T h e  s,-~nl q t  t h e  t o ~ . r  b ' . . ,rzt  p r c s c n t , : d  n ) : . - : ~ - p r o t . l , .  . . . . . .  " "  :~.,~ " ~"uh.; ~ " " ' v r  

icv~:l, in th~ f~r~.'bav, rose above the lip el' ' 'h:-, heed, ",it trapp,::d in t:h~ 
slehon %tT.s corn r('ssc~ • .P - ~, with the - , , ~  . . . . .  r o ~ , ~ t  t ! m t  . . : i :  -.,~ . . . . . . .  

'- ~,'~*~ ± :V~:I ,IP.C "Al.# , #;~,Y.,' 
siphon ":;as less than the forcbay water l'.:vcl. Y~'ith this condition, the 
time. of primir.z, was incre~.sed.. ~A c.e:n~>rossi~n., rclic-f t "~'',u~.< (f1,,u.'~','v ":"i.~.,~) :':~qs 
• nstallcd connecting the upper part el" -~he sipno:.~ " ~lt}]" " " tn~:' dlvcrcl.u:-" " tuh,~ 

at a point such that its !o~r end would b,. s~ <l~.d wh~.~n th. }:c,c.d or. t}k 
cr,..st was 0.88 foot. With the compression rc]i,., f tube opt:n, ,,,,.~ ..... ..x.~x,.~,,.,-'~: ....... 
h~)ad to print: u~.s 0.96 foot; the ,-" ",.,,~' 

. . . .  l n L . t . , ,  h . • n d  "e~,.-. O .  G8 1 " ~ o t .  . ;" i .-n ,- . ~ C '  
is a view of tess 3-1 flo:'ri~ at the mi::ir.um disch::r<i. 9or con%inuou:~ )p<,r- 
ati on. 

SZ° "' ' ~.~ ",Iz,=c~ of stop in cro~',m, of' exit (Y. st 3-2). A z'~ud:,, of" t,h,:.:;,~.- 
.in,< r,ool showed that many., o" the air bubbles :':hich i~-d ~ac.-,~ ~ ~.~ ..... , .... 

pgi'.~t o:' the cro~.;~ of .the lower bend ;,a'.r,? carried hack- znto i.h~.' lower air 
zone o'? ,rq.~,.. s inhon by ~'a ~-~ cur-~ .... ~:" ~ by %h~'. . . . . .  • .... cr.,x .... the ,jen .,,-"~-" . . . .  , .... I)3." . f::ql : - 
i n . <  . p o ~ ) . ,  I n  a n  *" ~ , ,  . • a ~ , t  . . . .  v. t o  p r , ' v ~ n t  =h~.~ a c t i o n  ,, .;  , a . , .  ther,-ov d e c r e n : ; , ,  i ; h c  

- ~ ' ,  t ; : 'O i n , 2 h e s  : i~e.:~ ; ' . ' a s  , . : u t  ~r: , n v  e r o - v n  . o f  ' t h e  : ] ' . ' , , . r : - -  

.< 
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, , I C U l t  1 9 D ) ,  ' , ' l ie : i t ; , ' l~ W~Z n o l  " ' | ' l ' , ; l C l ; i w "  'ltG [ m p r o v i r i ~ -  t'J~,l [~ r i ,n l -  I:; " , ] t l q ! i l i t ~ , ~ .  

;~:~" A d , ! i t , { o n  ~,t' s,,ur abov,, l ~ c r a t . £ o n  ,~!<)t ( ' l 'c,~t. 3-3). i l ' t  ,~pp,.', lr. '.,t , " i  il 

,..l,tt [ !"  the.  i , , t  c ' ouh !  be made t o  c r o s s  . t h e  l ouve r  l,-IT and ~i~mpi.ii,,.; l ln '~l l  'lsh,) 
o p l , 0 : ' [ , . ,  : i i t l< " h , a t  . i t  %;'mild c l i n ~  t o  t h a t  ~ h l c  tt:l i i ;  d r o p r , o d  i n t o  t i l e  s , - , a [ -  
i : t -  l ,o~,l ,tel: i,.}~< ! ~r.b~.in,~. e h a r a c t e r i . , I t ~ l e : l  t v o u l d  hc i m p r o ~ , c d ,  l 'o a c ~ . o m o t i n h  
tic. t;" ,.m~., ;l s p u r  l',-a-', ir, stal [eel a b o v e  l',t~c a e r a t i o n  slot (fil]uro lU|::). Th:[f i  
l i t e r  d , ~ l ' l , " c t e d  l h , ,  .i'~'t o x e o , < t ' i l v c l y  Jo' Lha t '  1.~" " i inpi~lg,  od t h e  h i t c h  on Lii.J 
o}~p ~,.'i t~' r i d , ) .  

3.1. Ir.cr,~,~s~, of :~,ur, radius (Tc;:It. 3-~1). A r, vised s:,uy, with a 3o:u?,r 
r,u;iiu;; (f'i;:urc, ]fE) d,':flectod,th(, j,nt th~ ri,~,ht a~,,ount. I~y rLl',;renec to 
t h , ;  ,": tl :rz~,t r%, o f  pd.r ',- , , , ,  

l .  r,~.nc~ charaot,Jri~tics ,.)n fir.urc 19, it ,~'i]] be seen 
~hat th.~, off,,c± of the, spur usi~.d in te-~t 3-3 vmz to decrees,; i;h, discharge 
by only 8.3 ::,,co~.~d_fc, t, or 2.5 p~,rcont, while a~ the samt~ tilt, c,, the m.lni- 
n.~m he,~d required to ori~,~.) was decreased by 0.12 foot, ,or 17.7' i!orocnt. 
The t:imc requir~.~d ~o prim,~, at this m-inimum head. as indlcat0d by ~tno model, 
• a'i%s 10.550 ,';oconds or almost 3 hours. Although it w~s kno~al their the prim- 
ing q~a~i%ios in prototype would be better than indicated by th,: model, a ~r 
fhrth,-r imprev~ncnt :yes dosir~,d. During t,~sts on the longer radius spur,, 
it n, as observ~;d that prir..ing would start ~'ith s very low head ou the crest 
and sov<,r~l !arzo bubbles v~ru noted to he in motion in the center of the 
crown (figure 20B). After a negative model pressure of about 0.02 foe% of 
vrat~r :v~s dcv~!eped, th~ priming action would ce.~se. 'T~t is~ when the " " 
test :~s first started, a few ~tir bubbles would escape beyond the low 
point cO. th<, cro~l ,.i~ the lower bend, but after a few minutes, the depth 
of th,., scn[ w.-.s incrcr:sed duc to the negative pressure; insldo. A~though 
the :;-~xlin:- pool ~.u~.s charged with bubbles, fev.', If sr.y, could c~se--pc past 
th~-~ cro~r, of the. lo~ver bend because of the increased depth of se~il. It 
~s not until q head of 0.56 foot on the cr,~st %'as r~;achod that prim.inc. 
~etlc:: continued. A study of the priming phenomenon led 'to the developmmnt 
OC .~. ::.'v- prim/n~ device. 

35. Guide vnne in lo~r bond (Test ~-5). A guid~ vane sp~,ccd tv~o 
inch,.,s from :th,: crc~vn of the lower bend v~.s instal led in the model (figure 
!9F). The purpose of the vane ~ns to ~ivc the air-laden prim.in ~ jet a 
horizontal direction so th~.t the air released in the sealing pool would 
rise do~vnstream lh'om the lo:ver b~nd. The guide ~anc was very .qucc,-ssful 
in this respect. ~" 

• ig~res 21A ~,nd B show the ~iphon during primin!; when 
the }~ad on the c. rost was 0.51 foot and with air es~aplnc from the ~nd of 
thc :~ri~dn~ guide v~ne during flow at the minimum head to prime. There is 
a comp!cto ~/~sunoe of air bubbles in the left side of "the scaling pool. 
~hc ~bscnoe of f:ir is e~n mere striklr~ ;'.~n compared vrlth fi~e 20A or 
figur, s 2CA and B in which th(, 6aide vane w-.s not used. The minis.urn ho~qd 
required to prime was reduced ~o 0.15 foot. clvin~ a priming effielenoy of 
d/z4.45. At this head the siphon primed in 490 s,:conds with the compres- 
sion relief tube closed. At a head on the cres~ of 0.88 footl the siphon 

36 
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~:'!"~:,~d i::' iZO ~, cor+d~ v:ir, h the ..... '"~;" i¢ r, ub, o~,~,u nr.d !,5~.~ +:-:,,c- 

,-':d:+ ,':}:c:: c lo:;+],q. J 
, [; 

.... ~ ' " ,  . . . .  +' b v  2 8 , 6  "', ~ "  d '< " "  " ~ . : :  ! i  s z h , ~ r  :,'., e , f  t h e  s i p h z n  w a s  , , o r ,  . a . , ~ ]  + 
" , ' ~  , ,e  t h ~  i n + , u r r c r , : : n c u  o r  eh,~ p r i m i n g '  r e ' n o .  Th,~.r( :  , , : . n ' • . ,  o. '+ rc,.~eg.:.~t'lt . .  

~,.~ . .." . ,. I I ho:,:,'ver, r,,,i~d: ,".,~r,~ s2rious objections. It :,;as .... t that trazh .+.l:-n,.. f'+'; 
th~ ,~m..~l! spac: bc,~'vc+cn the v~uc and tha cro',;~, or that +ic~: mi~,}:t bund or 

br ; . a k  it,. 

36. ?rashrack 'in t~uido +van,: .,}ntranco (T<mt 3-6). To overcome, the 

obj., czicn =ho.t crash :night plug th,. soar< b,:t:,D',,.~n thu avid, .vquo and th(; 
cro';m, an~'c!,,,r vane v~s dczignod incorporating a trashra~k (figure 19G). 
~. ~ r~h-~r~ , .9 . ' ,  ~ . ,  t h<.~ p a s s a g e ,  b c ~ w o u n  th , -_  c r e t i n  a n d  ~h,.. v a n .  ~ m , ,  d l v u r , , ~ d  + 

z}.i:..'htly. 71 ith this dcvic,;; the siahon nrim,,d ,at :-the sara,,, head as it did [ 
• r~,q,u. ,~, timu. Thc disch,trc.c ":l;h thc: ori~nr.,.! v,'ulu, but it - , "-,-~ ~. :r, uchi!on[:cr 

ch%rnct,;r[atics ',,:oru :vors~.. than in th,.: ..errs Jr ca~, .... or tn~, r,,asor.o, { th er+..i.]c v::r ..... oz, considcr'-'d ~o s~, ,,ntircly ::ati:~I'actnr,/, nr.,l 

. . . . . . . . . . . . . . .  p , o < . c , .  : o  p r o b l , , ' m  '.'r,;:: t r i = d .  

37 frm.sv.:rsc, pri~.in~ s!o'~ ~ith air-cscan.'~. .tub~'. (v,,-+, . ,,. v). A ur~.n:~- 

-"-;rso ori:.~i':;" s',.ct cut in the cro:;m of the lower bend was conncct~:d by a 

~.;- by .~¢-inch air-escape tube to thu do;,,natr,:ru'~ ,m'a el th: ~, div<Jrzin~ outl,.,et 

=-a~c ("'-,.:~,..urc .19!)] Th< minimum h,,ad rucuircd to orim,:: :.:as ',3, I:;~ f~ot, th~~ 
' - .a . ' : , , • :u  ;.~',.. - u ; 4 , .  - - .... , " us{~ ,d  b u y  t : :  ~ e i . ~ i n ~ ,  " , i n .  ~,., , n ~  , , . , a d  

• ..--:] c o r ~ : ; i  i . + r ' . : . l . u  r d u e  d .  T h e  t i m =  " '~  p r i ' ~  r . t  r. h , . : a d  o t  D . ~ 8  f < ~ o t  : 'zas. 

r . . , t u ~ e d  ~o / , i  ; ; , : : e - . t : ~ s .  T~,, , d ~ , ' ~ c h ' ~ r z e  c h ~ + r . . c ~ _ . r ] ~ t ~ c , ~  , ,  +r~ . . . . .  .~" "+ " 

' - - , - , - .  , : ' ; - . . , ,  ' - : -  ~ , ' i d c .  ' re .n- . ,  :v~.s u s , : . ' d .  " & c a  ~l,:: s i p h o r l  w r t a  - . i , . m - [ , , -  l k a i l ,  i t  a , ,  . , a  , • .  • . ,  - " ~  " ~ " . . . . .  + 

v f ' t : ]  . i o , ~ . t  - , . . . . .  " c . n + ) r c  ".'..m.s ~; c i r c u ] ' : ~ l o : !  e , f '  ; ' : 5 ; ' t ; < : r  . : ) t . c ; t . . t ' r o r ' ~  i n , , :  d i v " r " : i > ; ; E  

" .. " " + i " , i  . . . . . . .  t - - - . u ~ ,  . . . . . . . . . . .  "- ' ,  " : ; ] . o t .  A t..-~.,,, ":;,qz tel:de;, i :  ~.. w ' : l i r : h  b ] ]  q i r - c ; ' c 9 . ~ , :  : t ~ l b :  

. . . . .  . . .  e ? . c ' . , , : , t  . . . .  " ' :">, .  . . ,  n z  t ' ,  a l l o w  . , , i - .  . ...<qo"',. b u t  i : n o o : t : ,  ; , : . q t c r  J ] . o ' :  b a c k  h h r o : t g h  

r.!l:; e , ; b , , .  ~ >  +, ~- . . d o  i n  ~ h ]"  " '  ~ " . lr .  r ~: ~: :~ r ~ ; O  ..+.. ,+f,,,c~ of clo.;in~ tb air-esc'mu ' ~ " ~ " "  ..... 
i n c r . " . ; : ,  t k .  , [ i : ; e B : . r C < :  ?..~.. p . . , r c , : n t ,  r~ . . , , . . . . . ,~  . . . . . . .  , ,~ 'q . . , .  t . , " t , , . - a . , . +  _ i'n:., , : I f . . - c t ,  . 

~ f "  t.:~, ,,  : : , r i " ; i ; ' : : -  :~ to+ .  o u  i n - .  . d m . ~ } . . r z c  . , . ~ t n  r , n . .  e . l z - , , s c ' , p ' . ,  t u b  t: oP. '+r:  ":.~..#, ~ o  

, ,  . . . . . . .  =4 i . t  ~ ' /  . . . .  t-,,, 1..2 porc.;nt. 

,-o."' i:,n" . . . . . . .  + . . . .  z ; - , : u L .  f p r i r : . i u . "  :~ t...ot .qn,•'~ "'.~r-~"',-,..,c .~o,... t :~c.= ( ~ - . , , .  , - 8 ) .  

7 n s  n r l m i : m . l  " ,r l? ' , : t :~.  - . . . . . . .  " 1 < ' +  . . . .  P P  . . . . . .  r - , ,  t o  b . J  i n , ! . d t : q u q t c ,  , , o  l i . . . . . . . . .  1 . + . [ 1  ,d .  I 
} , .  I , 4  

h , .  . . ~ , . , ,  ~ , .  , .  +;;,  , .~. , , .  • . . . .  , ~ ,a  ; " v r ~ l  " : u ~ a ,  t h  . ' "  " i ] ' - o S c  " p , :  t~u.~ / . . d ,  . . . .  • " ~ . . ' , C , , ,  rOU . . . .  ~,~ 

• . f i - u r , .  1 , ~ . j .  n z ; . . . : ~  ,.•~n~,.. i n d i c "  t,+,-} t - } l ' b  l h ' ,  : ~ i n h , ~ J ; n  ~ r i , - i n z  h+-q,:l  ,. . . . .  

"'; .i~-a ;,, , ; . , ~ h - , . ' , "  . '  v .+. ,.~,, i [.mr.: r , . , . , ~ i r , : d  f o r  : ) r ' L e ; i i ] / °  , - s  r , ~ d u c c , ' ,  b V  ~}1~,.7 . . . . . . . . . . .  j , J ' ~ i  C, , ~ a 2  , ,  . . . . .  " "  . . . . .  • 

~<. , - ~ "  r t ~ n u L r ' . d  f ' o r  . t h e  - ~  - :  , or -,.. I < C  .., e - , , . . l e  ,',~. : - ~ , , - , ~ = c , < l  w i t h  a f ) ? . . ,  . c . , . . , l s  

" ~ r " - i r . ' . i  r , , r i • : i : .  " a - : l o t .  ""~:,,. { ira;+., t o  p r i m ; ,  .~.t  ": . h ~ , n d  of f  (j~ti;..; f ' o o ~  "':,'.'+s r , J -  

z u c  . . . . .  / 9"  [ , , , r e  an, ' , , ,  o r  to 5 5  ;,  c e : u , ! : ~  ~ -  ~ " , ' ~  . . . . .  : i t h  7 " ,  . . . .  o . . . . . .  f o r  

. . . .  ~ r , ,  t . . . : - ' "~ ' ]  ~ : r . i - - ] : ;  +" ~ [ c t .  ,;,.'y , - ' o u n d i ~ : r - t h , :  ~ ,d : r , . : :  o~" i:h, . .  : > r i r . : i u :  :"!,". ..... , 
. . . .  , . . - - - +  + ' -  ' 0 . 4 " I  i ~ , , r c . . n t .  ~'}:, ,r.  i , . :L. ' ,Ct , '  r . . . . . .  . : :  1 , ' ~ C r ~ . . r ~ s . ~ ' J  o r i l ,  v 1 . 4  . , . ~ e O , r , - ,  . . . .  t ,  : ) r  

" : .  ' i . ' - . : - , ~ ' : : : -  ,ou-.':.,= : :  r '  c h o b : d  l ' o  D r + ; v , a W c  r , . t u r n  v r . t , . r  f " L : , " ' ,  ~ h  l i f t -  

- -  • ' r . . . - - e . r ,  c r  .... ~ . r '  " . , t L h  t h , .  o r L r ,  i ' " l  > r i ' : i r i <  

:" . .  >,.~ r ]. : :~:!, r ';}'.+.; :;'.~.'. ,'cnditi:mq. ' l h  -,e:,d.~']. : : h o w , ; , .  l~ l , , ' t l :+  r t l r : t  
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c:.ock ~mlves in the air-escape tubes to ,~ n ~ pr, . .v, ,n~ this return f] ow ri,r, ht 
justif'y the expense of inst~llation, ~ince by using them the dischar~;e 
~,~-,.~,~c°uld be increased by~ 4,2 nercent, or the t.ffzczoncy ~ '" " zncrease,-l' by, ~' :.r~ 

;~hen the priming slot ~ms used, the compression relief tubei~ms 
omitted. The spur, however, was considered quite essential, since it 
cauzed the ,jet to strike the side of the lower log opposite th,; crest, 
whore ittcnd~]d to clin~ to'the crown ~f the .lower bend, thereby [~ivin C 
the released a~r bubbles a downstream direct!or! as %hoy~passed throunh 
the scaling pool. YCnen the jet does not first strike the wall opposite 
the crest before entering the scaling pool, as :with the spur, a large 

portion of the entrained air returns to the air zcno below the under 
nappy, and h!ndors priming. The action oP th~ jet vrith and without the 
spur is illustrated in figure leD. By u.~ing the spur, ~hc area in the 
vicinity of th,, ~ primin~ slot is more dons ly charged with air. 

3D. P ...... ire onuali=or (T~st 3-8). :P", "~" , .re. Prl...ln~. of' a siDh.~n conr~i:-.t:~ 
oss..mtn/al].y oP <.;vacuarl.o n of the air in the struct, l r,.: a n d  re:;laJir4-~ it 
with a flow of' "~ter, :thich may be accomplished by some outsid,~ a~',mcv 

such ,~z an' air pump, providing, the entrance and exit are clo.~,,..-.,' by watur 
seal~. In. ].argo atnacturcs, under automai~ic operation this i.': not c, co- 
nomic,:i or completely practical; so the jet of wnt~.,r flowing over the 
cr~::;~ mu~-< b,. made ~o perform that function. 

. h :  prcs';ure '~uualizer (figure.. 19D)was introdue d to irle ...... ,, 4. . 
nff.;chzven...:-r, of' oh,; jot. The offset in test 2-1 and the 2-inch :se.mi- 
cir.n,],.r trqnr:v,.~rs,, ae:'ation slot in test 3-1 were introduced to di:~m.'r,t 
thq cm:'.}nuity of the ,ziscous force which caus.:d t],¢:, thin sh<J,.,t oF wqc,.~r 
to c:in~: ::o th,. invert and not break l'r,~c "co impinge: or: th,; oppo:;ito 
w~ll, r t::, f'orm -. seal. A~ the flow pas:~.d th,; ofl.;,~t'", or slot, an eddj vms 
~rm,. i vohieh brid~ed th,~ zap and allov¢,;d the water to cent!he..: to Cli::~. 
In th- f'irJt r. tt<m~pt:~ to rcrm~dy that condition th: offset or slot w:',:~ 
vented zo the :i ~o :; ph.J r, to r~li~w~ th,, ~:ubatmenph,.~rie prcs:~uro in th,c 
i.,.idy. /:r; the tests progressed, it bec~.~.,~- nnparenl that with ::ueh a6~}-a- 
~;ion the reduction in pressure in the upper air zone deflected the lot 
upward, ca'~:.'i~r it to i:;~pin~e at an adverse an;lle a n d  rebound. This 
t,:ndc! t~ .lefee~ the, p',Irposo of the jet clef'loot!on. Since the air ~tbovn 
th.: .:~,t h~tq [.o bc evacuated to pri~nc the ::[pho:i arid air w~z being, t,~k,'n 
it. ~'~ .~ ,':h,': .~tmosphcrc to rciiev,~ the low Fr,; "~ur,~ under th,: napp,~ r~i; 
th ~. ~=. rat['..m ~.loT, the idea w a s  advane,-;d ~,~ k,,t,,~ ., . 

• " . . . . . . . . . . . .  tn,~: alr n,:. ~'(t <;<l i n  t h , .  
a ~,=#.4-~i-: /:lot fro::. ~}'io u[ipO~" zont:., f'rr,r'~: wi':or,.~ [L had to b, r~,:n~v,~d ;,ny- 

vea V..~ ]'hi Dr :*-+ r ,;'q,J~]izer :'hm'm in fiFurc 19D :~tas instal [<¢i to p.:~.'i'or~: 
..... :,~....~ "1 P u n . , ' :  [+h- . .  i +  - . c u e !  i z e d  " '  . . . . . . .  

" " f, n t  ~, l ) r ~ ; O " l . l P t :  [ ~  t:,h<i two air , . o 1 , , . . . ,  
' ' ; ~ . '  " ; . , " . ' i : , "  f ~t", ; , , - :  r te ' - ' i  l { ~  [ O I ~ / i R t .  r, J . [  1 , 0  i f ~ l l . , [ : ' i l ' , ,  ft~l, l ; ] ' ! '  O D ! ] , i l t t l f ;  f l l  ! ' i , ' .  [ ' i - -  

• ; : • : e . . , .  r ~ i ' ~ p p , :  r t  '~Gr~','[l~l" I l k , .  :~ i ~" ,.i~!'ftVIr! [I% thp. ' . ,~31-1  t ; h . ,  t i , . r l t  I i ~ ]  

v , , . . , 4 .  F , ' .  r , ~  , < ' , ~ ; : i z t , . , l  t h ~ '  u T ,  l . , t . r  :~%liF,,, ~1] V ; i f ' t l "  ~l.'i,. " i , ! ' +  f i i  . "  [I! 

~.r. iF" : : ]  i ' l l  " '  . ' ' : } "  [; + h  ft" : r f i .  D [g r ' s  ! ~l~%;,, ..i'" r l O l  i i - : ,  .'< , t l ] r !  t, } i  -'f ~' (.,'i i i "~ 
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ven',,~a to t:hc armo:q~hcre, ~.h~..c iz n considerable rel,ouw.l, with th;., re:'u[:t 

that .h( ~,-,,",,r of ~.ravity of th, '~ air-charl, ed ar~;n in th~ so~,]&r,i, hoc~ 

! i , -  f , . r r h , m  P . r e v .  ~ h e  p r i m i n i '  s l o t ,  T h e  e f f ( , c t  o f '  t h i c  i s  ~o i . ~ r o ~  . . . . . . . .  h , ,  

D r i : n i n , -  f i r , .  ";~'-  . 9 , ,  . . . . . . . .  ,. r , , ' "  h ~ { , , .  ,4 i l , , u r (  . . . . .  A s h e  . . . .  h .  .... ,-r.,~m_,~ ii '"t, w i r ,  h t h c  pres:;u ..... ,.~,~ ~, 

by rho pr,].,c[|r(, c q u a l i z i n ~  tube, a n n  2 2 - 1 t ,  i ;h<,  c e T ~ d i i ; r i o f t ' w i ~ h  n diFl',,r,qw, 
~-I iu r.m-ssur.' i c~w,:cr. ~.v. Ul.pOr and lower nr.~rt,~ ~f the .qir~hon whun the ~,', c- 

. ~ : u r :  c e u a ! i z . : r  £.; : , c ,~  u ' . ;  : , . i .  

, t C .  ' " ~ " ' ~ o , . : . i : : u i i n a i  s l o t s  i n  ! o v : e r  b e n d  c r o v m  (~,",..,,~ , . - 9 " ,  ) .  :.~ ",,,...,,"~.,~,~" . . . . .  . '  

i o n r i t : u a i n n t  ~ l . ~ r z  i n  t h e  c r o v , n  o f  t h e  I o : ' : , ' ' : "  b,~.nd w e r o  c o n s ~ d , ' r , ; d  a s  a 

po:~.:ib!,.-:;c~ns of impro',inr, the ,nrimi:::" ch~ract;.::-LstLc: of th,~ ".iuhon by 

~n r*ctio:', sir.iiar *;0 thttt of the pri,'ning : " , : i : i , . :  v~nc. 3uch n .h,vicc [.~: 

sh,)v:n in l'i;;ur,.' IOH. ? h - '  r,;::.ults -v<;:-~; di.';ap,.oi~! jn~-., 

, I j . ,  : 1 ~ :  :~; in aeration sleu ( ~o:.~ ,)-. 

pr,2viou:: d,:S.~;';:n T. 0 ~ . . . .  ' . 1,~, :: ],i\: ~;o ~.X . . . . . .  ire " " ' "  ' "' ' " " ' D r L , , I , . P  ~zrx., Y'. ~ !:::;J :~:I i f :  ~ : ] ,  ] " - ' " "  

or;trait c v a l : : r C ,  i ~ . ' : .  ~f'. t h , ~  l o s s  du~. rn ~n,',.... , ~ , ' ] y  . i t  I i ,  ; ! a t  : : ' h , . . r  { 1 ' ,  .... ., i , h o f . } .  

w a s  ! ' i o ; ; ' i n ; "  ~L' .!], ~ £i~ure 1OE). '~h.,~ m o O :  : ) . : : ' ! i ~ : q t , "  ~' th,~ tn" . . . . .  " '~ 1 .~ !  i : ~ -  

. . . .  . . . . . . . . . .  ~ ]y th cr,Jas :d th:: ,'ffici,:r.cy .# a;wrnxLmat,'!y Or,,' ~ ........... . .~J[}bs,r.'q{i, 

s e ~ . , .  ~ c . : e & s u r e ~ " ' ~ n - .  -va: :  ,7 .ado . . . . .  , . . t  ~ - !  . _ . . . .  c o : - : n a r t C '  .... 1 . r < ' J u ] t : ~  ' [ ] " . . k~ .u . ,  

. Z 3 D ]  This fi ! ~ ± r , : : : ' ~ "  1 . ' "  "~ " " . . . . .  . c  in a : : l i F _ h t  i n c r < , r ~ s , ,  i : :  , : . . . { ' , e . t . t , , "  ,.', , - , , n .  .1", . . . .  ~,•.t, , ,  

• . . r m . . . ~ . y  f o r  the; j e t  t o  clinn Lc th ,~  s i n h c , ~  ; . . . .  .-1 , , , ;  ; ,," ; ~- 

".!oreow..r, r,. rrttion wo,~id bc m~rc dil'ficul~ .,±~h ,~n_ tt 

42. 5har[~,. n.~.,,~..,~ b~nd radius (Tust. 4-I). Son,: ut,,thc:'iti,:; r,.~ll wv 

tb;it ~,;h~ ",q~'; .... {' the lower bond must "'~. s"a] .... . . . . . . . . . . . . .  [~ .... L to ohthin <)~d ~,r].mir~:" 

char:-,ct:ri.~:ics a n d  that priming cfflici,mcy is rained ,:tt ~,hv , :,, ,u,::~ c:' 

t h , :  z i o h o r : i e  c f ' f i c i < , n c y .  A n o w  mode, 1. . . . . . . . .  .n%. ,  . 9 . , . , ' , . r , .  . . . .  ~+,,.~.r;,, . . z ' : . , r ~  i . , ~  ~,,. •s.[,.~','" ~ , . . "  

~.o th~ ,,..od ,'l. in %,.ct 3-I ,;xcuDt the c,'o-m of th,~ .o%,.r' "~ I .h., "n.tt . -,,~'.t,,tu~." 

Of'  5 1 , m h . . ,  l r . . ~ t  .... d o f  4 8  i n c h o s  ( f ' i g u r c  2 3 " > ) .  Th<, " ' ~ " " ,  } : m J  -"  l ~ " -  ; 

~,:c n r i - ~ , ,  vmn G . ] . , t  f o o t ,  o r  a d ~ r , a . ,  o f  o ~ , ] v  O . t ' ]  . c o . . . "  ' .~, ~ , r , . . ~  ..  a . . . . .  

~ :;hnw 15h'.': DFOC,3S~ 'n e DFi~;il]F,. ]'h,; t., i,,] ....... l, }. , 

~rt idv.:n in th<: ":vk!o and curv,;c, l'izur. ES. ';'h. t £,v Io I,ri,'. :~ " L 

mznz.,.u.," "'" " -,~l~.ir.,'" "" ~ h~;ud w&s _]65 seconds, ,vh[ch < " n : : ' J ~ . r . . : ;  £;;v<,r'J~![; ;':i~ }: ~F<" 

n,:o~r,q;;, th. ~; im<. ,',,-, "",. .... ~ul...~. to prim:: h~ t~:'~t .{,-8 :':h,;n u::i~:~ th< .~'- '.:',, ~ 

.~rir.;in/ sloto Th, ti:ru to pri~r;c ',;'illh .': {~ :nd nf' ;~. ~(-• ,;•,',,, %,;,;$ ,;:" :;,,~.,,:~<:~" 

[~s cor:;F~.r,.'~ ,l,.h 5.5 seconds in t,;st ~-8. 1..~ .... r.. ~,u 

for " : ' - "  of thi:" ,'i££er,:nce, but it :vouh! appv,~r t}:,,t th, l : r i . r i ' . : "  ,:,:,<[~ 

ti ,'~ [,". u:::t :~-;; '.':,:r, suo,:rior at th{ 0.6,,'~-.',,,)r h,,fld. ";.~ ':h, c,~, ~ , ,~'.~,J, 

%h<. v:'[u, o f  ,,n,~ :r;inim.um d i s c h a r g e  f o r  C ' ) [ ; t .  J t ~ , ' , . ' < l : ;  r t , . t  ; .  1 .  "!; t  - ¢ - t  

i s  S m " ! l  t h : • n  t h e  v ' ~ ] u .  P o u n d  }.:: t,,~, ,o i ~ - - ,  .:.+'1', , , e , : ~ - l ' , , . ~  F o : -  ' . h ,  

fOl~,":','F 't2 .m.b"rf ". ," ',';i']h "] " "" [~t~ ~,'.:'® . . . . .  ".-.7 :,uC,3:;;i-f't;,:t ~ :% 

?h': q]schr:r,:-, ch.r:rect.~ri:.~tic'.: i: t ,s t 4-! -: r. 1:~, e ,'io:- , • ,~.:):-, i{; 

t;.zt S-g, k55. I z.~.q.~>n,j-f....t f'.:; m~mp'~r,~-! '~,,'it;, .'::0.4 :: -o' i-!'.~ t ~ .... ,:. 

it. .... ~',:,, r w.y, +:h,: ~.ff~ct o" !.ncru~::;in.- ,h :-,;:,iu~- ,~ I I ,. }'~'r } '~ ":' :" I : ~ .... 

to inor':~.:;' th,. ,]~',ch,lrF,: b:l [:;).< ",~..;rc.a:t, ~'~: I~ b.V t,s.l.~.,, ~'~r. "~l-q,r,.~,'l.'..t 
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.::,'.:" l:.: ', v ALALYSI,%" AND l , , ~ E k * H . ' ~ t . l . ) h  OF }~ . . . .  L,~o 

Of" SiPI!O.)~ S ~ V ' ) T ' , '  

4Z. -.fi'c,c'. ~[' l.~a.i .... cr,•z.t radius. Th~ 'llsehn~ .... of th, .... .~ 

'.vns i::cr.,,,.~. !-?y ]~'ngth-2:{in~ the cr~i;%.'radius. Cur'v<'s 3, ,5, :~nd 6 in 

:'i.<'u:'cs l~:,C, IrC, qnd IOC ~,iv.~ the relstion bct.,ve.eln h::sd s.nd di;~chr~r~., 

['or thr.:.~, .-,,~.,: :,l :- ~,~:~r~..d unfi~:r ,",imilar con:h[tions. The dlv~,rginu, %ub,::., the. 

zr ;st !v:t::th, ~c'] the: ou~',l,t ar,:a "."at<, con;~t'~u~: i.n a]! thr~e %cs1:s. The 

thr~w. .'~:" ',~ f'r :'u:'v~,:; 3 ~n', 5 ~s ~Lh- zsm<:~ hut thu throat .ar.m fo:" <.u:'v.', 

~ :;u,; e'.':':;i'k'rn)~l 3" "edun.,'.:d because; of th,• tv~i~'ri.%] ine, r,.~asu of :d'i'ici,.,ncy 

du:-  t.~ ];n~:t?,<.ninr of the cr,;st v~dius .%n.,i the dosir-~bllity of r,'ducin.[ 
th,. si::~ <,f t~- rr~uc~:ur~:, The c~'-,st r~di] v.'re 4 !l. n4, • S " , "'" . , -. , . - and ~,. l:.chc. , 

rusp..;eriv, ly. "'y ~o,-.'.t~arison, curv~ 5 i:~dicgi:o.~ n much hit.her dinc h'~rr','~ 

:k',r rn. s'c.:: nc:,.z %h.m: '~'i%h~ r .)f the. oth~.r ~;wo eurv<,',', Th~ ]~.84-ir-.h 

cre.:-, rndlur -[v.:r t'}',~ bust r<sult•s. How v .)., Lh~ or ,'~ r,f th th~.~t~i ~'c- 

,~io).: for '.'vrv,..~ [< ,.,no i, ":~s !6 souar,~ feet, v:hlh, th throat ar,.~,, ~I' t~u,.v)., 

$ "~mn r:::duc ,! *:o ~, 3 so).:~r,, l',:c,t, in comp.~:'in- the ~,f'f'. c% of :;h,.• cr,=:~r. 

r~dius, ~'h,, -~v.pqr[sun should h :  on Oh.. bn::i:~ of ~,b:-oat tren. AJ'. a hue'}. 

o:i ~h,.; cr..:'< ., ': f.~:t, the Ji:mhnr~.. p.-,r sousre ~' ~ f' ~.h,<,,,+ -,.~o. " . . . . .  ' , 0 ~ 0 ........... 

with ~ 4-1nob crc:;'~ radiu:~ ;'.-,u: L;.] u,.~,~nd-f;~,ct; v.d,h ,~n l],84-inch ~.aJ}u~, 

~!.f' seco::~'|-f~,,.'t: and :'.Jth a 46-i~lch rsdJus, q7.8 s~::onJ-fu{~t. 9y i:.(.:-(o;~:~- 

in< th,~ cr..r.~ r~'~.i~)s -~'r.~m 4 to ..:~.."~,i. inch,.s, ~I', incro~:'; in dl" .... ...... h~)~.•, o~' 

~".0 per ....... ~ ..... 9bt~in÷,d~ ,,,~ !':y .... , "'" f~on, 4 9o d8 l..:.h . , -%.~ i,.:cruarin~ L},~ ra:llo,_, '- "~,. ..... 

1 
ar. incr,,~:~,- i:- "~i~:..h,a m~< of 1819.8 • -, - . ,, p(r~.~n. ~,~., obtsined. This l;:er,~:;n,:~ i r  
:!isehar<< was ju,. '•o d,:.cr..:a,'.in~ the los~,~s, luer,.,n~iu< the: or, ;:t ra.li:~ 

":ms n.or '.!on. ",~.~ponrib!,:, for th,.., incr,.;~sv..d discher~.v, fbr) i:~ .~.!I c,~:i, :: 

.vhvr,, t},,; crv:,~" "ad!us was ~nlar;.'_,.d, so else v:%.s th,' ra~IiUs of t,h, !o':~.,r 

.......... .. curves, in almost ~]I ca ..... , have . p l,~t .,. .°) ° 

.,nlch :~ z:~ idcn oh .~ :_l... t..: .... ... ~_- ..~.. of' ~:lop~. occurs. ~t is at this ",~',-t ~.-+ +~,,-~ 

;:hen co.~s'.~s to -~.rav" ,air. Th= h,;ad r:t ",':hich (:his oceur~ vru'ios"with th,=. 
D,--~;e</iSr d.~:- ,.... ..... n. The, siphons hn,l.h, th,..: h,;st hce.d-dicch,,.r~.<, cu:-vds q!so 

...,"~",. tz best ..;'~'~..~,,icnov. curves. Eff'ioi,,-o-., ~, :~s dofJn,:d in ~hi~ ~.iSru~:~ior, 

~n~," ,'.!'20 ":;. '~xl~r='ss.d .~.s the s~a~r~; root o~" th t" rnti,.) of t}l~., :~.ctu,'.] v&c'at:m 

tc a p,ri'. ~'.~. ..... , ....... ~ ;- a~ the, throat :'~:ctior:. A~ th,. disch~r~:,~ chqractcr- 

isties o f '  ,.~ :7'[~hon ~rc i.~.nr~ved so e,.]so :'ill th,; t, Pl'ici..nc or ÷ h  v,{cuum 

.qt th, "~}u',Dr~< b, ~ incrcasud. The increased (,<~cu:m:. n% th,, t.hroat r,~'.'m[tc in 

c .... ,. _ -t,.:l" ,.... .........':-.,:,_ v, [ocJty, eccomp~.niod ~v. r.. ~-,r,.ar,.~-_ drnw-do~m, e~;~v,.., ~';ith 

th,. u!.-.im,,.t-.', r£su~t, thr~t the h~nd on the errst nt which th'. .i I,-" ,h.n~ c_e,~,~ o-,.~," 
to 'Irr.w o, J r will b," hi.<her. 

f', ..... '!hA, !d,'-., ,,)~ ~?A i:.JierQ.., ~' "~ r.~ ....... l.N . . . . . .  . . ...q, . bV i:],'r..q~i)- t.h., oF,..;;~ ~:,,,, 
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from 4 r.o 11.84 i r : c h c s ,  t*,,~ di~ch~.rg,; e ' -  .~ 
-, , a . r a c t , .  r i s t i e s  w , r , :  ~ r . ' ~ t l v  i m -  

vrovcd; but :'then ~hc crest radius ;vns in .... , * " ~  
" c r ~ e . . , ~ . ,  to 4~ inches, ~ h ' :  :.is- ':i: 
ch,~r:.:,~ chv, rac~eristics weru worse. Such is not -,,h ~ cns.:, hov::,v r, :~;inc.: :: 

no considerzticn i:; m~dc of ~ho area. of' the barr,v! fror~ ~ho thror~t s,c- 

tion to tht~ buriuning of th.:, divergin~ tube. If, on t~ho oi:h¢r hr.,vl, ~hc ':: 

~r::: .  ~. of rhc =hro,-.z so~tiol~ is used in compul,in~ the coefficient.., v~.lu,. :~:- 
~.rcr.1:~r t h ' . ; n  ~ , ~ i  + - -  ' " --~,~- " 
. . . .  .~ may r~;sult. Thiz i!lus~r~,tos r.hv inhi~,r~;nt dif."icu!- • • 
ti¢~s in usin,z th~ coeffici.:,nt of dischar,-.c ~.~ a m'~asurc of ~h,: cFf,'~etiw~- 
n<:ss .~f t h . :  sii'hon. 

For -,,...o~h~r~- ' ,-:x.qmple, consider curves 4 and 5 on f'iqurc IGA. A!t.h,:4~irr~ 
the, disch~.r,.-...:, v,'.qs lo:~.rr in th¢: ease of curv:; 4 tbm.n in curv.~. 8, tL~ C.~c4'- 

fici:n~ ~f di~ch,qrge is larger. The out]~:t ~-.,, in the cas;; of -, -,. z 

;vr.~ the ,~n.-.,c as the thron.t area, while in curve 5 the Outlet ,.re~. . ,',~n.- o<,"'" 
pcrc',;nt :~r,:,,nz.;r. The head for curw: 4 was measured .~o ",Pl.ro~'i~,.÷,].. +~,,-~ " 

center ~f curv-.~urv cf the ~ower bend .~',~,;c,-:, th,,..~ ~,n~' - considvred ~h,:; "~,- 
' DOle, ~ 

::here aZmosnh,~ric orcssuru v~.s ~.ttainod. ??:: h:,~.~ used in ...... ~ .... ..... 

5 v:.qs mc~zurc~ re the surfe.co of the tai!':r'r~er, ~,;blcn' ." ' "7-.s, .. ~nn~.~,~.__._...., .,.,..'~y 

the elevution of tnc crown az the :rxit socZion. ~ecausc both the "~r.,~: and 

*.he head ::'ere smaller, the co~fiielent' " sho~,~: by curve 4 is Ir, r~(:r ~h:,.n in 
curve 5. Yhi-s serves to illustratv anothur u.c.nsl...~,~ncy" " n "~ - , o~" in" ,, .-~ ...... ,'f~-" 
cicnt ~.qs .n muasure of the effectiveness of' a ~.,Iphon." 

The cff~,ct "anon the efficiency of incrocmin= ~ h ,  - ~ ' ~ a  .... a ~ 

is sho~',~ by curves Z, 5, and 6 in figures !5}!, 16£, r.nd 19~. For ~, hL.:~d 
of tv:o four, curve $ sho~.,,~ an offioi;.;ncy or 25.8 o " -  ~ -  

..... c..~ for 'zhc four- 
inch ~,-~ ~f~c~oncy of 46,7 pc, rcun~ for r/nc !!,a4- c.,~ radius and curw=: 5 an ~ "" " 

inch 'radius, or an increase of 20.9 percent. By incr,:asinq th,~ Cr::st 

radius :o 46 inches, the efficiency -~s indicr.t-~d 'by curve 6 .,m..~ incrc'-~;;.,,d 

to 88.6 merccnt, mere th'*n doubl,: th.~ va!uc zivcn my curv.= 3. ~his 

cl .... ly ~ll~,.~r..t,.s th,:-~ advnnt~,, ~r, incd by cn}:'~rrin~: ~hc r~.dii of th:: 
bonds. • "'" " 

44. Ell'cot of the divcrr.in~, tub~. "r%. u". ~", "" 
c r , . r ; ~ u s  ~ ; - ;  , . . , ,  ~ ~ ," , " ? . . . . . . . . . . . .  ,#~? . r , .  l . , ~  . . . . .  I . , ~  ± , . -  

' - . -~  . . . .  ph,)n q l . ~ C . l , , r K ~ ]  , C ' | ~ ' V " ' S  4 " ~ " ~ -  ;~ ; " ;  , - , -  ' } ' ~ "  " "  

~oint. " , ' ; i ++ ,  ~ h ~  ,~ of B8 , . , , ~ , , -  . . . . . . .  r~._ O .  f o o t  o r .  t h e  c . . . . . .  "~..,~, d m z c . q % r ~ .  ; "  " , , , ~ . , , , .  - - ~ , .  

action~,~f,.,ici~fof th., divcr~inc tube ::,~.~ not utilized, .z~.s 2,0.~* ........ :'.,':t. 
t~i l:vr.t,e r to o':u .- .~ th,.. 

. . . . . .  " .... .- - c o  . . . . . . .  t ~  ~.._. i n c r  : -~ ,me  .~r .  i 0 0 . 7  ,~ ..,~-~ .,,~ _.,,,, ,, ,.~, ~ .," ,.:'~ . " . .  

~>-.rc,'..~=. The uivvrging tub( is f~'~ ndvnrt':<co,,~ f'..'qturc :~o ~.o.n,- -~:: tL 
p r : ; . z - u . , : , :  e . t  the cr..st do~:s not too ~ l n ~ . r , l , -  n . . . . .  ~ ,  ..u( , 

~'k coefficient of ~z n .,~ 
.... d_~ch.,.r~, r.~ sho~.zn ~n th.. '.~.bl,_ o..- ~"'.l,.ur, I.G is 

. . . . .  . .  ': !v. i n  T ~-,. -- r r ~ . ;  ~ u b . ;  Is a c t i o n .  ~, c ' ~ ; i ' f ' i e i , , n ~  v . ' i t h . ; u t  
~" , : i v  r , : ' i : : r_  ~ u ; - '  i ~  " " '  o p ,  " ~ i ~ "  :TL ; . . . .  ~ . 4  , ' ! ;  but ,.'~ 

. . . . . .  ~,.~ i t , ,  . , ~  e ~  f " i c i  ~..T~ i : . "  : 
. . . . . . .  - -  ~ , , , , . . l o t : . ,  c × r  [ : ~ i n - . d ,  ,~ ~, ,- ,. . . . . .  

i n  ~ ;  , ; ~ " ? u t " t ' i c -  o "  t ?  c o . . f f ' i c i ; : ~ . ~  ~ . r :  " "  " ~  ~ ! . l :  i - . ' . . e . ~ . : - ~  . ' .  

. !  l 
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Without the divergent tube action, the head was me~'.~mred t o  :the . p o i n t  where 
atmospheric pressure .... iret o c o M ~ r ~  , in : ~ e  m l ~ r  l ~g  I ;approximately the 
center of curvature of~the i lov~r ~bsmd, T~e outlet area-was taken ~a~ that 
of the lower leg at:the :same point. This : ~ . e a  the same as that of the 
thethr°at.'head But : in 'the . . . .  ease Where the diverging tube .w~s . m a d e  t o  "Plow full, 

~'ms measured :to the o~own.of the outlet section and the area w a s  
tha'~ of the outlet s e c t i o n .  A l t h o u g h  t h e  discharge lethe second,case w ~ s  
i00,7 seoond-i~et larger than in the first,~ the increased ou~let area and 
total head were sufficient t o  decrease %he coefficient. 

~ h e  efficiency in the sine ease ~m .inorease~:,from 31.90 .to 44,20 : p e r ' .  
cent by employing the diverging t u b e .  ~aus the efficiency ;is a much better 
indicator of effect of the diverging ~ube upon the performauoe of ,the siphon 
than is th~ coeffioient~Of discharge. The difference :in effloioncy~giv~s . 
an indication as to the 'amount b F which the negetive pPessu~e at ~h~ throat 
is changed. 

45. E ffect of rimin devices . . . . . . . .  _~ ~---~-..~_ P , g .... u on efficlenc . :0no of ~he, " purposes ~f tne D^.~ ~ ....... ~ . F ~ ~ ~princlpal 
• , ~  ,,=~way.sxpnon ~nvestigation ~v~s to det0rmine the 

relation between good priming qualities and siphonic,offi~iency. After an 
efficient siphon design was obtained a t  a reason~bl,~ cost, ifigures ISB~, 
16H, and 19B~ attention was concentrated upon the ~primin~ characteri.~t~cs. 
Many previous investigators have concluded that high siphonic efficiency 
is ~incompatible with good priming qualities and that for i'high priming effi- 
ciency the radi~i~ Of the lower b~nd should be very small, ~th ~a ~';~or ' 
scal in the Iowc, r bend. Curves 8 to 15, inclusive, fib, re 19B ~I~..o+ ,, 
the ,'fro . • ~o- , ~ ..... r..to _- ~.:_ e t  on ef f ic l ,~ncy .e f  progressively i.mproving ithe prim~in~ charact<~r- 
• s~o~. o~rve i~ snows that the efficiency of, the : r ~ d o l - t n  test"3;,8 is ". 
about a~ high a= that of any model tested. Furthermore,~tho priming char- 
acteristics of th~.t model wore as good .as any or the v~rious models ~,J~t,.~d 
which included test 4-1 :having a .sharp curvature at the owe ' .. ~ 
.18 repres;...nts the o f f i c i e n e y o f  a,.model wi th a sh~r~ ~ 1 ,  r be~. C~,r~ ~": 
co~ a e " - . - :  ~ .i ~r bend .ar~ Jh~,n  p r d vath curve io, the conclusion is a +~,~ ~,~..A _~ ~L" , '- 

bond does not k~ve to ;be sharp to develop good priming oharacter~st'ics. 
FurtheNnoro, g o o d  p r i m i ~  

. characteristics are not neoessarilyjincompatible 
with high siphonic efficiency, Results of th0 investigation ~o6nfirm the i 
isf~Ctessential~that :for ~-cod priming characteristics a water seal at the lower bend I 

46. SiPhon inlet section. The entrr:nce conditions in to~t S-l~ ~i.~:uro 
ISD, ~'~ro s~.tisfactory for all ~heads except those that allowed air tc ':r.t,.~r 
th~ siphon. Under thÙ latter conditions, 

the model ,vibrated. To ailovi~.te~ 
this conlition it wa~ reoommondvd that t~ lip of th~ hood of th,:~..siphon b~ 
oxto.~ed below normal forobay l~vol and c pipe for br,~a~i~: siphonie action 
be incorporated ~n the prototype desi~ 
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M01~L WITH SEALING POOL, Pv"~JCED TI~OAT DEPTH AND FI~TH~R 
I ~  ~RES~ AND'I~)W~R HEND RADII - SCALE 1:8 



: ~ 

...... o~,.uz t~O POOL. 

• r 

~. AIR ESCAPING .~0}.~ ~:D OF VA2~ PAST CROW?~ OF ~-.0;~ R~;D. 

AT ZII.~IL~, pRI~I,I G ~P-AD 09 O. ]~ FOOT. 

IN 
1:8 



m 

c 

,, ,,, 

~OI~E~ ~r~Z~I LO~INAL ~TS IN LOWER ZZHD ~OWN - SCALE 1:8 



: / ~ ' ( i ,  < 

,< J ~,4+, , .fJ 

j>:~}TD,~ ~,:. ; : ,  ,: c,  

I 

;' "..7 7,""' '~ ' : :~'~ ii~"i ; i~  

L 
J 

! 

" i l l  i ! ~ "  " " f - / I  

-- " L T ,  " 7  <' , . ' +  ~ V i ~ " . ~  " "" 

_ .  7 " " Z " " ~ ' " ' ~ 7 ~  

... g., y..~ 
~ i : , .  : 's ' {°  

2 

~ + -  . 

'.i .'7 .: .:~: ~ .: i l l  ~!<~!:~: i~,ei 
• . < . ' ;  Z. 

. . . .  I ~ l  £ R : l I l t i l " ' t i l i l # ~ i  ~ d { ' ,  

' ~ : ' 7  . + +' 

,. ~,.- , ~  l ~ l l l i I I A i i l l l i l  
,> , t . . L ' ~ l L ,  . ~ , 

7 - - - - . ' - ~ ; ' ~ v " ~ - ~  " - ~ , l i l l - "  ~:~ : . - =  

i-+, 
".". ', '. "-.i" : ~.,-~ ~.~" .-~" ~.'-- 

< ,~ " , - 7  ~ . >  ~ { . - . < ,  

, < : 2 k ]  ~+'~7" " 

, .  .. . . . . . . . .  : . , . ~ , ~  ~' i  ' : '  ' " " "  '" " " ~ " " " "<  " ' ' '  ' ' ' : '= ~ " ~ ' ~ '  

7 :  < -  ' 

!i,--~ !'~ I.~7 ,~ ~.i 

| . i t :  

N 
D~ ,~ i  ~ 

J 

i . . . ~  ~ I 

;~;~i!~,.',;..~,d~ ~ t~,~ ~,,~! 

m 

r~.:IU!'<~S,,~. 

~ " i t  &{7; 


