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a s  

water l~i~el in ~,the r~ f~ ebay ~at ~@h 

or the head,that:~:is~:O;reatl,..:. ' 

~ The ~ll evalua'~ion ~ ( 

study-of 'the self-pniming ~.8iphOn. l~A~s~, <oecause"!i~t,.~is:~an l ~1: ' 
.. : ~ o f :  

L ~ .  ~ - x ,  " " .L 

the sensitiveness ,of i.~he ~:structm 

it is:neEK~edl.,~o tLI~deP, st~8~ddl~t¢ 

of any: works .:.contiguous ..to i~-siphor, " 

relationship ~that ;:exists 
: .~ . : = - -  ; 

a i ( I / ~ ' . )  m o d e i : s i p h o n ~ l a ~ d ,  - " : .  " ~ ,,the ~, primlng ~. he ad 

prototype siphon° . . . .  

The experiments-~were i.pc 

ent .types. ~Their :internal :outlines ton'\,w~i.ch .... ' 'k~ " '[ j : ̀ :" l .' ~ J ~ ~' :~i ' ~P:' i " r:" ~ "  " 

0 m, el % ~ . . . .  : : j %' 4 r:. J 4m " , ~ ~,;~ "~ :' " l :pl : ' : " 

retype priming heads, ~"(-he,)/, ,are igiven ?by~tlze "figures "i, "-2~ I ? N  ;'~:' ": ~: 1" ' " : 

.... • @ 

For .:each ' . t y p e : O f  ,!siphon • ' : l ' '~ ~ ' " ' L : . . . .  : '  :" ' l l " "  

~ t . ~ t ~ w a s < t e s t e d  ,l { l ~ th~e  ~dil~a~e~l.lt 
7,. '  , ' ,  " ,' 

s c a l e  ( I /  ~) m o d e l s ' w e r e  u s e d ,  . l l " L i . 

Model .I ( C a ~ m l e  C~uzzoni) 

.A.= 20, i0, and 5 " " 

"A.S TUDY ',0F',iT~E REZ~TI 0NBHIP 
r" 

AND 1 OF THE .!PROTOTYPE ,i 0F ..~#A ~SELPiPRIMIN G :.SIPHON" l ' " " 

': "/}i 

,The : priml . . . .  

the. differ enc e ,: o~ ,.e Aevamion 'I" b ...... 

Model. II (Carton) :" 

~-"  2 0 ,  12, a~d  8 
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"i, 

: Mod el :;III (S • ~,:Catsfdr_~') : .:: 
. . _ J ' , 

~The: rood els ,we: 

through-whiCh ~one could,:O~ 

period of:prLmin~, ~iEur_e 

The models ~df ~,the :sipho~ 

canal '.that'was supplied ~hrough:.::a 

inclined to ampTify,~the:movement~.o~.:~no !A!~qu~, 

the ~ elevati on~ of '.the ~water ,~~i eVel ~in ~the"~fozeb~ 

of the pres sure 'or ,',:of !the :~.vacuum ~in:i~the:iup, perl 

These, dlevations are ~reforre~ -its :~t 

s 

ipeotl,vel,~, -:- 

The elevation-,.(h,:) ~is ;~~~ed , i~fir, s ~, !~to:'~b~~!~ i.~t~e ~i'i~e~ges. ~ ,j 

, • " " ~ : " ~'. ,~.,.... , .... . " ',., ,~.. ' i . '~: ": ~'~'~"~~ ' ' ~ '~I~', :i' : ' 

in the internal pzessune.~.of ithe ~siphon-~'d~:~ing ~the."~pe~iod~;:-~Of:jp~ii~,~ ......... 

and second, ~e ~determlne -:.the .:exact ;~ipoln ~ ~Of)~.cemple~e;.i~pr;imingi~ich:,~£. ~ ~:~ 

indicated by an.~!ins t~utaneoUs .i~cz ease ~eD~i h",~)ii.!. ' ~::-i~i~ ii!~ i':!~:!i',!, !i! ~!i.i!: i~i:iiS~":i.~.i~ i~i, . :~:i:,ii.i:i 

ing: perl od ~ have. Shown ~the ,.~_ifferent!i~Imlng;;!ch,~ac~e~i:st!:Os 

, s u c h  ,a i -per io~ ,  t h e . c h a r a c t e r t . s t f e s ~ S h ~ , i o ~ e :  ' : '  ~~"!:"":" :-::::: ' ii: 
: > ,  ~,~ ::i:'ii: ~ . . . .  

:(I) for :the~type., .: .... : .... 

'.(h' ) was : . less  -:than ((,~);.", ;This  :~fact i i n d l ~ a t e d  ~h~t .:~:thei~hpper, .,; 

throat :press~'e...was •greater ithan ,atmospheric :,pressu~,e~ . : " ~: , -' '- 

(2) for the :~ype.~.of .siphon ~,!S.,.Caterlna,, ' .- .: ~:.- . 

(h ~) was .grcator than .(h) whioh is an index of a ~essure 

less than atmospheric "~essureo 

2 
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(S) for ~the ~ siphon ~type, "Cart on" ~ ........ " 

: . (h '. ) w~s .appr oximatel,y ,eiqual itOi~,( }~).~,W h ich %i~i4 • 

• ~ I~ 

the P~ essure ~ was ::a.~out - eq uze. 

It follows~that 

ated.~that-.~,~. : -.; 

~els~ 

had different pri ruing ~char acter, i S tic s ..:~ ~:In~ each~mod el, ~ohe i~df ithe ~: 

three possible "condl.tlons <of ~pr.essure~'.i,~ ~.f0rii lHe. p~imlng~ '~ .."~ 

period is noted. ~ "":' '" ../ i l i . .  i -  

were used to start ~;the• experiments • " : : . ;~After ~it h e'~f or eb ay ~ le ve i ~i~wns 

allowed to 9all~ below ~the ,Lelevation,.ioT~the i!Overfiowii~si-il,~ ~the~"~:expeni- 

ment  was c o n t i n u e d  b y  .i i n c  t e a s i n g  ~ t h e  %:d~sCh-~ge ~ve~~ ~ : ~  ""~-~ ~' " ....... L ~the 

on~was~ r 3 ~ .... 

elevation was 'considered f~as I ~tho ;imini~i:e 

Subsequently, " "~ ~': ...... '~ : ~ ...... " exPeriment s ~Ith .~!ar g ez::i~, dilsc~g e S !,~were ~ p c r . - i  ~i ~ 

f o r m e d  t o  d e t e r m i n e  t h e  ~riming~time~for~iincrea~ed~me~n~velocities . . . .  

of r i s e i~ in the £or ebay. ~The ~ob s ervations ~showed.~ 

head  was aiways ~ . l a r ~ e r t t h a n  ~.~he ~min imum,  ; . , i~Th!s .~ increas e ~ ; i n < t h e  : i p r im~  ~ 

ing head when oomps~ed~to ~he minimum~glves:faotBr/s~WhiCh.~ean~be 

used either to ncrease or.to~decrease,tae~dimen~ons,of~the~model 

or the value of (~-). ((DiagramT!B, appendix). 

The readings 7from the ~two ~ipiezometers ~which ~ are taken ~at 

short intervals~during the period, of ~riming show ~the.progress :of 

the experiment. These~values are reproduced in,the %ables and/dla- 

gram B of the appendix, 



r t 

= 

.The+results ~Of;~%he ~:exper.iments •performed '.on'~the '-moddls -s 

i 

lated in tab)'e+l. " + ....... : . ~, .i::.- ~ + 

In:the~pr0bl'em:'under i i n v e s t i g a % ~ O n ,  ~' the~,  • : '+`; ' ~ i 

tween .the .priming heads ,'01f +:,the +;'mddel ?and !:Of i;the+;~prototypei~+sho81d :".+'be + L::! 

Howeverc T~Iiis : iS .,nots~ef.i£1ed ~ by•*.the :~r, esliit:s i~:~6~:~e~ble fill .whi&hi:,gives 

the v~lues rsho~11~in : multiplied +:by +, +, also/*see:di~ r :++~ ,~ 

+ 

:iTable :i~l + . +. 

. .  + . . . .  i~i 
+ : . ,  + + 

. ,' % k ' q : :1 . . . .  : " +: :: ' ' + ; 'L 'j: : '1 __ I 

= '- jYhln ' -+ ~ mn!m~,, i:+pF+ iI~i!~.~ ~:h~!L!. : ;+. /~'~.::: i'!:il ;' ::': : 

F o r  : : J 2 5  + : 3 2 0  -+ : •+:15 ~' : i 1 2  . . . .  i O  + " ' . r  8 . . . . . .  * ~ ' : : ) I "  
+ - -  . - - _ % % - -  + 

. . . . .  -- , : ' " : = . 1 ~ : l ~ ; + ~ + ' ;  " . .  "11; : . ~" r+; = .~..+ " . . . .  

Cmmuz zonl *,siphon + : • - - : +'~ ;r65 : . . . .  A + : ,+-'+ +2; 81 :+5,.+ ':i i3+;:37, :T~I+ 10 . 
+ . +  , • . c  . , . + + ': 

• • , , ~ e  , + . #  ~ 7  

: :  . - -  ,"+ # 3 7  : " - -  -7;~+33 : r ' -  .++7~+45: + . . . .  + ' , : 1 8 " 3  +=;+: Carronsiphon 

S. Caterina. siphon 

L I  J " i 3, M . . . . . .  

.. . . . . . . .  . . :  ,+ L , m  . . . . . . . .  

_ . . . .  • o .  + • Fo'r i:~__ -: "~25 ::20+-:_.:15 ::.~12 ~.,~1 , .: .8 :. ::8 

- ;  : :  : ':Z - : ;  : :  _ .  . . . . .  . . I 

C.~nuzzoni .siphon +: .... -:+~53;0:.-- :: ..... :28;10: :-- :IG~85:13LO 
, ~ +  .e • • • ~ :  . :  : : |  '.... ~! • . ++ 

Carton siphon : -- ..:147J4: -- -:87.86: ,- .-:58.60: +-- .~18,3 

S .  Cater~l~-siphon:120.50: - - . : 7 4 . 2 5 s  - -  : - -  : 5 5 ; 2 0 :  =40~+0  + 

. .  : : : " :  : - .  : |  

An examination of %he experiments/ results above shows 

that t h s  equation, h o " f x h m, is not llnearo 

4 



.,Ther.results:of ,,the experiments :.performed • on!,~he' mod~Is "as '" 
- L" 

compared rio ' the ,*.observations ~zmade ":on ~the, ~ i-ginals ('.<~ = ,~.I) ~are ,.,tabu-:, 

lated in table 7]I. il 

r" In":the, pr oblem<iunder -: inves ~i~ati •hi 

tween .the pr im~ug ::he ad~ .., ofl the ~'model-~,and'.Ldf%the i;pr O~otype ~~shofild;~,.be ',:!;::::.- ',:: .:: :.,~:i 

acoofding: to"the ::~.lawS ,:J~f j~ge'ometr.i'C' :-~gi~iitUde.i:::,~,:.~:!:, /L ,.-. ?~ i: ;"~:~F'd:~ ~ ' . n ~':~J '" " '~ ' '' 

~Ives ;.!: :, However, ,.thi s 

the V~luessh, - a '  - ' 

* i  iiri! ¸II! 
• 1 , -  " "  r * • . . . . . . . . . .  " ' " , • " r , .  , 

~ ~. Table, I - , ..... ,~ - .... ~ ............. 

, , , , • - ,  

C~ r~ "~:~', : ' " r:, "PL ", + d 4 d :Or" drr, "m~ 4 i' ": L Z 

2~ ~.~L-.~ ~- L ,,,~.s .,~. .... ~ ~..~. ~ ..... ~o~. ~ 

Camuz.".oni :siphon :: .... ,:i2.65: ........ - ...... ;.2i81: .... :,~.3~:':13.0 -.-.. - ...... ' 

Carron;*siphon ; . . . .  ; l e ~ . J  I , ; " , - - - - , +  ; I o t J t . J  ; : ? . - - - - . * , e  l . f * - - J ~ t J  ;o - - - -  . e ~ % b f J ~ a  . ; j .  

S. Caterina~ siphon .:.. :~.62 ::,-- *i~-'~'95::~,--i:: ~.-- i:6-~90.:: !.i__ i::~iii'~.0 - "" 

• " ~Values <h :,x "~J~h ": - 

• , , , i~i l " -  _..For ..~--?~-:__ .;,:25;~:.20_ ~:.15 ::~12 :::_.LIO ':-i~,8:,:: '~5 ::.: 

C~uzzoni.siphon : -- ::L.53.0: .... :-. -- =28.I0: ..... " ~:16. 85~ . 

Carron siphon : -- ::147.4: -- -8?.96- -- :59.60~ ..... ~::18~'31 

. . . .  ~' / ~| 

S. Caterina siphon:120.50~ -- :74.25x -- : .-- :58;20: -- .z40~O 

An examination of the experimental results above shows 

that the equation, h o " f x hm, is not linear° 



.. "3 

P~ mlng, head.,:depem~s:~ l~Imerlqy :.on.~he.~form ,'~6f !.the .::~si~hen 

end on :.the ~..p~iming 't:' ' - - ' "  

C,. 

of being oonste~it.:.:anc 

tion of "'.~" This:.~] 

siphon. This .f~'.~ctic 

of ~"hm,, ~ ~. i- are ~,obtai~d ;,fc 

the same, type :,oT/sipho~ 

The value : Of i; 

that-wereobtained 

field is " : " - • 

Therefore, as:~eviously. 

the siphons whose mOdels"~i 

• A: study.~of :,.%he-:: 

diagram A, shows that "the 

form for each type i: Of:-siphon:i.t~, 

gives "he" 

previously stated, ,the ,~:only~w~,y • i ~ 

practical use isto-::build.~,and~ito • ......... :, . . -.i 

of ,different -~scales~.:ef ~ . . . .  • • " " : __ ~ . a a ~ e ~ t t y p e ~ e f ~ s i p h O n .  ~ . ..... • • ?:.'~i; .~:'~ ~'.i"¢ , , . L ~  

• Oa . . : t ~  :. o t h e r  ,~hemd, ~.:oase s : ~ i s  e ~:where ~i.one ,: d e s i r e s - ~ o ~  ~ ~ :. ' !~ ~ 

.,~ncLLo a l ; i o n  cof.~ t h e  ~ , :va lueSof  ;;: h e .  ? '::This : p o i n t  ~i,s ~ t l l U s ~ r a t e k i i : i  : . ,  

for : example" .bY -some~proJects-i.that~,have .,the 'design~fiXedo ,~:So given.~:a ' " 

certain proposed internal", outline, ,one can- ~etermine from-:.the ~.~eri- 

mental i.lnvestigation '.of. a~eingle model a. value, of h o :that. Should .at 

least indioate the advisabilit-y of. eontinuSng the studies or:of 

changing wi~kou% further experiments, the designed form of the siphon. 

6 



This approximation :.of ;the ~. value ~16 ~e-,~value: 

Of "hm" ~ found ?from. a ~ s in~le'Smdd~l. :',.~ }~!i; ::i: :' .--~ • -" ~.,: 
. .- • ,: ...... ":. ' : .". ; :- . . .... . ~?..,:- ~: .:.-;;.,~:" .... . ...- ... ,::,,..,,,;-~;::.--~.:'i?:: ;~ :" 

.5 

priming had "hm;" " 

. ' i . :  i . - . . : ' . - . : ; : ; .~".  

i The i:primln~ %t in. 

fined as '.thel.in~, 

overflow. ~ud ~.;the 

es ent ~,investi 

a period is 'divi, 

i ° " :the .ti~ 

and t h e  m m m ~ a t  aC~,..wnic~the'~ater~:elev~tion~ r e ~ c h e s  '~,t] 

I: 

L~ 

velocity :of:rise Of~,the , - ~ a t e r  :. in~?~the !) ii:iiii 

t h e  p r i m i n g ~ h e a d . .  ; ~ :  • . . ; . . . . .  : : . .  :~ .~ :i!~; 

The .experimental~prooedUre,iwklc h ~i~as {Pr e~i0uslyl-noted!~ ~s ~! 

firs b, ~to,.make - t h e  iinflow-~:%o-~:,the ~for~ebay~,of ~the ii!model~df ilthe ~siphon - 

a ~constant ~ quanti.Sy " ' " " " " • which ~io an :be ',:c lear.ed:i~%hr.o.u~hi.othe :;siphon ~.without 
¢ 

priming it; .', second., to :.continue-.the ~ expenim~nt i - b y  ~sl~wly !in, teas ing 

the .dis charge,.unt il : the ,minimum ~ pr imin~ head -! i S ',reached o ~ , ~ d ~ r  ~%hese 

last. eonditions ithe ~im~n~ :time ,Tm" of the mod~l !Is~a:quanti%y 

t" 

~6 



U. 

This approxlmation: o~ 

of " B i n "  f o u n d  ;~'from' a 

on " ~'" a n d ~ o n  ' t h e  

priming ~ head,:::,~" :"  ' ~ :: " " 

" " . . . .  ~" PRIMING:AT .'IME - -  

: ,The  : priming ::.:.time, ::"T,,~ 

fined as t h e  i n ~ e ~ v a l c , : O r ~ t i m e t % h  

overflow and ::the !~point~at :~.whi6h~.~: 

a period is ~divided -into.~%~o ~'I 

' " <  " ' "  o ! 
.I ° - the time ,that:,~elapses :~:' 

and the moment .at-.which~the,.water-:iei'~i:On.~r_.e,~aheS ~.t] 

II °~'~ -:that" ' '" ' "" :"' .... ...... " " ' "~ ...... ,'~: ' .... .: : " .the. time ,, ~elapses -:between ~.the'.~:moment a.at.5..~iohtthle : .:-?~ 

w~ter r e a c h e  s :~he: : l~ imlnE '~ head ,and-: the 

becomes c ompletely pnlmed. . .... ..: .. 

s econd ,. phas  e ,  I I  ° ,  ,.,whiCh :t i~ ~l~ery ~shor.%,.~ 

few s econds, .i a~ ?,.,~hich ~Is 

velocity, Of :. rise of :.thei~water ~in ~.the ~-for eba~ 

:.The Tirst ~phaae ~ii-s • ........ : 

. The . exper imental ~.prooedure .. whither.as ~previousiy:~doted:~is i ~ 

first to make =the:~inflow~,to the / oreoay~of.:the:model~of ilthe~;~slphon .- 

a constant quantity, which ~oari ~be. oleared-~through :the, ~iphon~.without 

priming i t ;  seoond, td, continue :the experiment ~y,,slowly~i~re~ing 
the discharge until the minimum ::priming !head is ~reached. !Under ,these 

| 

: .:5" 

last eondltlons the ,prlmlz~ .time ,Tin" of .the model is a :quantity 

.6 



U 

t~/ - , 

that is defined ,and d~'termIned 'by :bhe.Lprocedure followed" :in the ex- "~ 

periment. /,,.,, . . . . . .  : : . -  . . . . . . . .  :: :..,. 

The minimum ,Drimiu~,-~ne ac .'.da~dea -by-.,the .t~me.., T_. ~ves ,,; ;,,,:.., -..-.~ 
• o 

the value of 

permits the p 

the water should %e " i h t r o d U c h ~ ! .  

evenly distributed so..as ..~o ob 

that obtained by :~he inai'cated 

priming el ovation Should ,a,lways 

not be primed at a lower:head, The.±;ime .., 

from an experiment :~h~t is.conducted !2 
,,) .... 

.fore, the minimum F~-ir.~nz itlme b~oause 

the ~tinimum elevation.. 

On the other :hand., an increase in,themean.::.velocity~!of :r~iise % 
. ~ - . , , , ~ .~  ", h'i~"~,~",-'"~'i ~G" '. ' , ' , '  

i n  t h e  f o r . e b a y  ~ ~a ~ r e d u c t t o n  . i n  

as  has  a l r e a d y  b e e n  o b s e r v e ~ ,  t h e  

Mult ip I yin g ~th e ". prJimi n g 

ments f o r  e ~ . c h  s e r i e s ' o r  ' ,modois "wi 

mately: 
. . ' : ~ ~.~.'~~ ,~..- '.'. . . . .  1 .~ 

• ; ' .  . . . .  . - . - . , . . . . ~ . . ; . , L ~ . . ~ ,  . . . . . . . . .  : . .  

T h e - t a b u l a t e d  r e s U i t s  l a t e : : . . :  . " - . . . . . .  - - . : ~ . : . ~ , : / i . i -  12)2,. :;) 

I. 

2 0  1 7 0  

l O  1 2 0  

5 80 

S 

Average in round numbers = 37.00 

7 



2 O  

12 

ri ..:~ $ 

• " ' • • - " .  7 " 

II. "Carzon"~t . . . . . . . . . . .  " . . . .  " . . . . .  " " :  '~: : 

" 2 7 0  
- . 2 ,  

8 170 

Aver age :.in.~ roun, 

III. ".'S. Cat 

25 ;~1'65 

] 

I J" 

hypothesis, it was ~possible ; : t o  ;:~ 

original siphon '!oarr0n" :for wh~ 

e - e q u a l  " b to ~u ~average,:of ~ 60 :secOnds. • 
k 

Since in praeti.ce;.the }Tin .~ 

const°~ut for o~ single !:type.)0f:a:slpnon,:-::the : . ; l a w  i : ~ h ~  

stancy of the- expression_ _~,~:w~s accuratelw 

= From the recorded !:time, ".Tm'~., !,that :)is : o b t a i f i . i d  ~from tthe =ex2~ 

periments repeated on:-a ;single-model:, .an~:,approxxmate f~ r~,~la ~hat : 

gives h o in terms of :•h m; )A :;, Tm:of~the ::single model ~w~ i:::determi~i~.: 

Placing =the -equatfon: 

h o J:f (~. ~) 

in the form: 

h o - X n : ~  

L t  

• • L ~'1 



in whio~i-'%ho values of "n" :.for eaoh model ,investi'gated~are 

Siphon type .>~ hmi.(~n~.) -: -:~n.,.=..-- , .... -: ....... - :,--' ~....:: 

C ~ . m u z  z o n i  2 0  -12 ; ' ~ 5  <: .: 'i. " "  
h o = 13 om. 'I0 : 2 , 8 1  . ~0;67 ~ " " : :  

- .i - .... ' 
5 , 3.37:: ' :' ;;. 

F 4 

~verage ! r i m  . " : .  :~0.68~ : - ,  :: . - ' . 

Carro~ 20 7;37 " . :,.] ] ...!:0;~30 o r ' : / , "  . ~" Jr " . ' """ " 

h o - 18.3 ore. ::12 -7~33", ..... • :< 0 . 3S :: ::: :' i .... : " '~; 
"i 

8 : - 7 ; 4 5  ' : " : ; ' O " A " z  ...... 
"; . : ... .:- " ". : Average,:.n i . ~':; r. ~ . . . J . -.: " m "  ~ .0 ;:"3 6 @: ' ~ .' :~": 

f " , /  . . . . . . . .  

S .  Caterina : : 25  4.82 -.:,,:i . . . 0 . 6 6  ..,.~:....., .,.., ~ , 
h o = 40r'Cm. ,;15 ':~4;"95 1 .,,''; ~, ;: ........ - 

"1"8 ~6 ; 9 0 "  :i :" :-: 

, --- , / 

. : :  I [ .  . . . . . .  ,. : . ,  : - 

An inspection, of the ' .values ,: of::"fi', ~shows-}%hat ~this,)exponent :': ' : 

not only vat i es from: siphon tO~. siShonL,but :/~Iso ~':~vs~ie s (from:mo'dei'~2ta '- 

modal ~ of the same siphon. . •:: : : ," •~ : ~ : J/i ~ 

Now, :-knowing .that .the determ/nation-,of :,. hocoan ~be.~ only<ap, 

proximate, conaidcring %he average value ~.of3 ,~[,n,~ ,': : :": :,.~:and~troducinc °';': : ;; ........ ":,in 

the preceding equation .tho ,,value ~of !;Tm;:~.the ~:value ~.Of ,i:avera e ~,"n" 

b e  o a n  exy~ ess~ -- -~ as ca function :of _T m,,- . . . . . . .  : . 

• F r o m ' . t h e  o b s e r v e d :  s x p e r i m e n t a l ~ d a t a ,  ~ o n e J d e d u c e s  " - - . :  i,.,- 

Giving for: :~; 

Camuzzonl siphon = 37 x 0,68~--25 

Carton siphon = GO x 0,36 "22 
. ! 

S .  C a t e r i n a  s i p h o n  - 3 2  x . 0 . 7 6  = 2 5  

Average in rotu~ numbers " 24 



Fr ore.the : formula 

I t  follows that, 

. :  , , . • 

" o-f~t, ~'h m -:~. '~: ..... " :! ~: :: 

; n ' .  . 

- m  

To illus~rate the appr o x l m ~ t i - o n s . :  o b t a i n e d  f f r o m i t h i s  : m - * . ~  : " : : :~ :~  . . . .  :: .. - 

preceding formula is  applied "Tor~ each~,value~.,of:.~, ,~T m 

d e t e r m i n e  t h e  v a l u e s  o f : ' h  o ( , t a b l e  : ' , I l l )  :~':for ~:each..moadl:Lofilthe: ~differ- 

ent siphons under investigation, " - .... .., .- . 

• i..!:!/: 

~Ta~le:illll :~.:"~.. ".. ,"! ,-: ,..... 

; : ~ t  " : " ~ : 1 "  : :  " ' " ~  ~ !  ~:Z . . . . .  . ' ' " ' " 

: !  

Siphons :~ ~( ~'J, ,,"~:, -:.~m ~.~ ,(:o~.)..~: .,::ho 

z"20 I:~2.'66. z::38~03-= .0.63 :.=,. . • ..... .~17..7..:.. ,~: •~:. ! :~,. 
C~muzzoni i : l O  : : . 2 ; ' 6 1 - : : ~ : : ' 3 7 - : 9 7 : . .  .... , . 0 . 6 0 - .  ~-: 

: :/5 : 3 , 3 7  ::'35:71~:.:..,~0.67 . . .  ' 
: : :. . : - . , .... 

, 20 : 7;37 :: 60. 0 : 0~40 
Carton :.~12 :'7.'33 ; : : 6 0 ~ ; 6 9 i . :  - ~0.40 : i~18;'3 -..- 

z :8 : 7.45 : : ~ : 6 0 ; 0 7 , :  ~ LO, '40  -:::'/:::!:~:.. : 

• J , "  , , : 2,5 : 4 . 6 2  . . : . 3 3 ~ , 0 0 , .  . , O . ' Z 3 . . ~ . x  . 5 0 ; 5  -.. 
S. Caterina , 15 z " 4 . 9 5  ...," 31~O0~z : ( . 0~ ;77  :z , ~ 3 9 ; 9  

: :.8 • " 6 . 9 0  :" 31 , ; '80  ~= " 0 "  • .. ,75 .~, : 3 2 . 8  
B I m I I I 

• .. ,, ,, 'c 

The application :of ,the :formula ~shown~ above /gives, only~an 

approximate value for the::types)having:the form and".~the~:dimensions 

analogous to those usodin the:model. The preceding table shows 

that much closer values of "n" are obtained for models in which 

" " will have values between I0 to 15, inclusive. 

I 0  



THE ~ VELOCITY~DF ~RISE,<OF :,THE~iWATER ' /ii; " . :i ~ ,: 

IN~!.THE ~:FGREBAY " ~ 

An inspeeti on,of ,dia~ram.~:.B ~shows , ~as .! pr, e~ousl,y.~.obsor.~ed, : . .: 

that the pr imir~ head .~inereases <with, a>~reduc 

or, %hat which.!is ~the ~'aame, increases~.wlth,~'S 

velocity~ of rise, of ~the ter ~i jii, e,~: .... :~: ~ 

diagram C shows that the~equation !h "~f ~ear. ~(,Xlso:~isee ~ ~ i 

Hebert H. Wheaton, ~,Siphon-. ,'iSpiliway ~,M6delS o - ~En~ ........ 

-It was ~ previously stated:i.that :,the ~valt ).:.i: " : ::~:;"i 

for the prototype should:..be.equal~'~to~..56,.-~!60, ,~amd 

tively. Therefore, ~the~ minimum !.Pniming.::: he ads ~.~ if,: .'~ 

to IS, 16.3, a n d . 4 0  :cm. 'The::maximum'.velceitles - 

bay at which the i prototypes :pzime;~At~the~ mi~:~eieva~i, on:~.arle ~re ~, "::- 

to 

~.~ re latively, rare and, s e Idom ~oc curi~in-nature.. "iGenerally, i-:itHe ~!siphonsi?: ~ :- • i:: 

in natur e. start..at the,.minimum elevations.~ ::.!!oniy:i'for irate con~itiensi: i. 

does the mean velocity. Of,rise :in :%he ~£oz.ebay~eXceed ~,~the~minim~iiii~t 

which would create a marked increase ~in :the !priming-head. " " :~ ::i. ::.~:.:!7: 

~.:The .-..equation -h~ = -f._ (V)~.is ~ graphically :shc~n. ~ .. :,.:.-i'in ~ - ~:dmagr.amm" " .,: . " " ".:ili 

C. From these;-eurves, the important:values~.of the.i!tangentS ~.hm/..~ :-- - ~ : 

tangent 'Tin- ~: : ~ • ~. ~: 

When the value of tan 7o in:the prototype:must ~be deter- 

mined, such values can be deduced through extrapolation from. diagrams 

D 1 that give tP~ tsnzent Ym as a function of ~, or better fr~ 

the diagrams X~ 2 that express the log tangent 7m as a function of ~. 

11 



Havin~ determined the minimum~primlng~elevati.on, ~the;~r.irAir~ :~ime 

correspondin~ to ~h~t of the prototype, ~~.the ..va~ .!. 

Yo, it is possible totrace a.dma~ra~,of ~the :%YP,e..C~even~fcr-~.the.: :~ " ~: 

!,~rthermore, int•ensive,sCudies ,were : m~de !to •~.aetermine :~ ~ ii :.• : ::~ 

. . : .i., C ~ ~: ~ .-~, - ~ .  

value of tangent 7o :from~'-sin~le~walue;:of'itan~en"t ~:.v±!:. ~. •i ~i:2 !;~ ': .i!:':i ~' 
" -;. ,': , - "  ~"' ' '. i" './~, ," ~ . ' " ;..'--:! 

experiments |mve~ sho,vn::thet a ;im-ao~ioal!;:f6~mula 
. . / i r.. 

will give data. even. of '.:.th e .~ accuracy of :~%he.'.-,V61U, 

on at least three:different-scAle 

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

The results of !the 'lw.esent ~i estigation:confirmi:~.the~ov~ :.- 

geometric, kinematic, a~d-dynamic ~rel~tfon~ ;i~,Sf ~.~~ I ~.+,,-~a~~~i': " 

7 k 

-~ .~"~A-'-W~'.,:-, '., •V ~' ' ~' " 

elements of .%he ,:model and :of ~the ~.pro,to~ty ~ 

or i ginal, which,., ere ~ to ~:be ~-determined -' from.: 

experimental: model :sxe only. a ~f.uncti-on of 

into the •expression of the ~s~me ~,relations~ ~-'.~- 

~hen this- does not, occu~, ithe ~:relations ~ are,not ~ -pplicabie i 

ms in the case under ~investigation. , ~ . . . . .  i ~ " " , , ; "  

For ~this condition, withoutdoubt, there exists ~a speciai ~ :. 

law of similitude9 as :fc~ example that found ~by-ithese ~studies. 

12 



"~This iformula ~in ~,the :majority,'of ~c~ges ;should ~not:~be ~,use~ 

cerned o 

.Therefc~ 

aults from: experim 

O~Se, 

!1! 

. r 

~i~i~! ; ~ ~!i ~ ~ !~i!~ill i ~ !~i!~ 

.... ~ li~iiii~I iI!p~ ~!~!ir~ ¸ i r~ i 

~ .~ ~i~., ~/~,/~ 

~ ~ ~ • • . ~. • r, ,.i 

~i~ i ~!I~I !~ ~ i ii' ~i~/• ~i~iii~ ~ 

• L~" L" ~L'~, ~.~k I~i~ 

~,~r T Irr~ ~- i 

"~ ,.~ "~ , ,~ ~;~ ~" ;~'~.~!, i "~, 
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