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URIT~  STAT~S 
D ~ P ~ T ~  OF THE ~ T I ~ R 3 0 ~  . . . .  

B ~ A U  OF RECLAJ~/AT.IO~ "+ 

Srm~eh o£ Design and Oonetruotlom 
~gAneeri~ and G~ologieal Control 

e~d R e s e a r c h  D i v i s i o n  
P~mver, Colorado 
~ a r o h  l ,  194~ 

Sub J e e r :  I~d~ulie model  
Coulee pumping p, 

l a b o r a ~  

:compile ~ i ~ r  

R e v i e w e d  b y ~  '+rG. 'liT. ,~O~b~ 

~d ~o~ 

1. Z ~ t r o d u o t t o n .  The G~Vand Coulee,+ ~ d  

a t  t h e  l e f t  end o r  t h e  dam a d J a o e n t  t o " t ~  +.:,be ~de- "-+ 
signed to lift Wate r  -= ~ " * ~ "  

f rom th~ normal r e s c r v o L r ,  level ~,at ~eleva~on 1288 

up to a reoelvin~ oanal with %ks mzAnn~ water, surA~oe !at ':elevation 'lS85~ 

o r  a n o r m a l  l i f t  o f  297 feet, l~e head on  %he ~pumps, w ~ l ' l . ~ r e u e  ~a8 ' 

the reservoir water sur~&oe elevatlo~ reoede8~ ,re~eh~ ~a'-~x~ oF 867 .... 

f e e t  a t  a r e s e r v o i r  e l e v a t i o n  o£ a p l n , o x i ~ e l F  I~I.E~, ~2e.~,ptuipe~wil~ ',be ' 

~ e  p u m p i ~  p l a n t  w i l l  o ~ p ~ e e  +12 ~pumps'~ oL" : ~  + ~ * 

d ~ e o t - o o ~ o t e d  to a 6 5 , 0 0 0 - h o r e e p o w ~ r  i -~ehronou-e~  

will reoeive t h e i r  power  f r o m  six o f  ~.he ~ u r b o - g e n e r  

l e f t  Powerhouee .  ~ P ~ p A a g - ~ m i t e  WL~ll~beommmo.~d i n  a i r s  + + + 

+pumps w a l l  + " +:. + + •"!+ ..+ •. 
i n d i v i d u a l ,  take the w a t o r  . d£mo~  ./from ir~tO ~:X.eSe~Lt. 

i n d i v i d u a l ,  12-foot-dAaae~er p l p e e .  • " " I~I' 

puRp.Lu~ unit An ;£1gnre Z.  ~Oh l l n e  t e r smlna to8  i n  a . s iphon  e~bow~%hat " ~ " I " 

will dise~r~ Umder m ~ t e r  An the ~ . ~  POol o~ .... ':+"-',* - . • . ,+ :;!!.i! 

~ absem~l  oP OOn%rol va+~,.,.+_ ._  .,,.. _+ • "~e  :,1'loel,7,,~.~ Osme~l. **' '+ 
"--"+'+ ,,~ , ~ e  d111ohaPl ~ I.I.n~8 ----+ --  .-" 

-+.. .  /~ i  

+ 



propond  t h a t  bae.kflow, oaused by :shu t -down,of  the ipump~ be:oont~oi~led 

by a d m i t t £ ~  ai~v a t  the  ~op of the :elbow~%o ;disrupt '%he~isiphon,.aotion 

and thus stop~t.~e Plow, a n  - e l e o t r t o a l l y  opera~od ,  ~ :~": 
. s o l e n o i d  ,air ~ va lve  

would provide the  requ i red  a i r  .-relief~. ~. 

At t he  ~ime t he  tests ~ e s o r i b e d  An ~:thl ' 

cons ide ra t i on  was being given t o t h e  u s e o f  s,.~ 

to provide power f o r  peak lo~ds, by revers~An~ t h e  d~reo t ion  of  f low.  . . . .  '~! ~II 

The siphon elbow would then be requ i red  t o  a o t  a s  ~an e f f i c i e n t  .~'Antake ....... 

elbow, and the so leno id  a i r  va lve  would have  

o f f  the  f low o f  water  when r e q u i r e d .  

The e£feo t iv~ness  of  the stphon,elbow~ 

in  the  Ferformanoe o f  ~,funotions ~equAred• ,of  i t  u n d •  ~ er  ~he oond ' i t ions  " , ~ :  

whioh have been aketohed. - - ,  hve. igated i n  ; the - ~ s t s  ~desoribed iJa ~ ~" .... 

this ~port. Studies  o f  the Intake portlon o f  : thepumpim~.pi~Euthave 
been desor tbed i n  an e a r l i e r  r epo r t ,~  + 

÷I~ydr~ulio L~bora tory  Repor t  No. H1~,64 (HM-~). " ~ y d r a u l i o  Model S t u d i e s  

Studies with the model ,were ha~eapped to the ext~ ~ :-"'.~"~~: 

model could no t  be ~ d e  ~o exaot ircoto~pe ,soele rfor~,the )f '= 

i n  f i g u r e  1. were reproduoed in  :The model. As~ea0h~of*:th e/~2 ~ d i s o ~ e  : ~ 

l i n e s  in  the pro to type  w i l l  have a   rere.t s l ope  aud ;al inement  b e o a ~ e  
c ofinforn~tion.Variations i n  the  topogx~phyj ,one model e o u l d  : supply ;on ly  genera l  i ~ i I~" i~ 

: ! )  > . : :  

Throughout t h i s  r e p o r t  t he  :data azd observed~phenomena w i l l  :be di~e- :i: I~ 

ouased on the basis ¢J~t  the p~,ot~ty~e ..of .,the w i o k e t -  

gate type beoause I~ I t.,w a l t e r  : 0 ~ i ~  ~ r ~he ,~OO~,i~O~ 

that ~mre s tud ied .  ., :i-/:!..i! 

2. ~ Th~ fo l l owing  general po in ts  -have b e =  ,establ ished ' " ~ ~il 
by t h i s - s t u d y  o f  ,the propose~ ;tphon elbow; !:::::i 

(a) Steady-state ~hydraulio oundltions :Indioated tha~ .the proposed ..:~/:: 

siphon elbow expanded too r a p i d l y  at  ~he d ischarge end fo r  e f f i o l e n t  :~ 

opera t ion  as a d isoharge  elbow. 

2 



(b) As an intake during reverse-flow conditions, the siphon elbow 

was quite efficient. 

(o) The pressure fluctuation that occurred when pumping was ini- 

tia~ed i~ie~ted the need for special oonslder~tion of stress reversals 

in the structural design of the sll~onelbow. 

(d) Most of the pressure fluctuation during the star~ing o~ 

norm~l pumping was elAmiz~ted by delaylug the closure of the a~ 

until the discharge  line was full of water. 

(e) The s i~e  of the air intakewas a factor o~ly as . i t  affected 

the length of time required to reach atmospheric pressure. In sve~ 

ease the siphon action of the elbow was broken in a matter of seconds 

after air was admitted through the air valve. 

(f) All the various sizes of the air intake, which had areas of 

1.8, 2, E, and 4 percent of the area of the d i e o h a r ~ e ! i n e ~ ; w e r  e~e f fec -  

tire i~ interrupti~ the siphon action. Other considerations, such as 

noise prevention, may indicate the use of the larger sizes. ,~, 

(g) The need for further studies ~ith a model, which would iinclude 

 sohar e  ines complete stln  poo , was ind 0 t. . 
C2= 

3. Purpose of tests. This investigationlwas under~O~enlfor;:tt k 

k 

desired as to the quantity of air required to break the reverse flow, 

as well as the best location of ~he air inlet for breaking the flow in 

either direction. 

4. Tes t ing  a r r a n ~ e ~ n t  a~d pro eedure.  The model s c a l e ' o f  l to 24 

was deter~ed to a large extemt by the s ~ c e  and equipment 

for eonduotin~ the test. The ~stin~ arremgement is shown 

in figure 2. Water was circulated through ,the model from a sump:~,by; an 

8-inch, vertical, centrifuge, el ,p~p ~hat ,,was not intended to represent 

the protot~e pump. This pump discharged throu~ha 6-1nob diameter 

pipe to a 4,way plug~valve. O~e line from this valve, ~hioh was in- 

elided .to oonueet through .the slil~hon elbow t o : a n  elevated t~ilwater 

box~ rel~'esented a portion of *~e proposed d i scha rge  line and the;etill- 

ing poo l .  Anotbmr l i ~  from t~te valve was oonneeted to a wei r  box, 

5 

;<! 

,i 



d 

5 

,"i ̧'̧  

located under %he tailweter ~)x, where the d . . . . .  ' ~  

remaining line from the valve was oonneote~ 

water box through a cheek valve,, to ,supply I 

reverse-flew periods. During normal ope~ati, - '** 

the check valve. From the t~ilwater box the 

e i t h e r  i n t o  the r e a r  box o -  " ~ -  - ~  . . . . .  

tion of a diver%er. Durln 'wate~ f* : ~ "  
ram,~',the 

pump was circulated throug ~ ~si~en,elbow i~uto 

the tailwater box, then to the weir box for,,meas~em~t "~. ~a1~d !finally ~baek 

" " 't '~ to the sump. For reverse operation, the 4-way ~l~e~was : urned~thro~h 

90 degrees without stopping the pump ~md.the water i~s circulated.direct • 

to the tad lw~ter box from whence it flowed ~baak t~ elbow i I *' 

and discharge llne to the 4-way valve; ~ and finail~ !for ~* 

measurement. During this latter operation, :any excess- flow was 

over the adjustable gate at the end of the tailwater box and returned 

to the sump. The rate of siphon flowwas eontrolled~by a ~ate Valve ilm} 

the line leading to the weir box. ~" " 

The determinations of the stea, 0e 

of the model were made by the usual ,laborato ~trav- .~::~! 

erses and pressure measurements +w~re taken f , v~ith ~,+"".~i,~ 

normal flow and with reverse flow. : , ~ 

Lu order to determine the transient hydraulic conditions whic 

vailed during the periods when the air :valve~was openlng'er closin 

was necessary to develop apeclal measuring devices ~tha give ~in- 

stantaueous values of the quantities being measured, tial attempts 

to measure the rapidly changing pressure~ Lg the ,position i 

of w~ter manometers and a timing disk:on ira, were un- " 

satisfactory because of inertia effects that could not ,be segregated 

from the actual, instantaneous pressure conditions. This indlcated the • . ~ 

need for a pressure-responsive element whole,movement would be so:small 

that its inertia could be neglected. 

A study of the literature dlsclosed the work that is:being done in 

the field of strain-gaging, by measuring with special bridge circuits 

the impedance changes in an eddy-current field introduced by very slight 

displacements of the impedance coils. A method for adapting this ~rpe 

! 

4 



t ~ 

of  gag ing  to  measurements  o f  p r e s s u r e  ohsnges was worked o u t  w i t h  -the 
r 

o o o p e r a t i o n  o f  ~he Hathaway I n s t r u m e n t  ~mpany . .o f  ,Denver,  Colorado 
• + • 

photograph of this electric gage, with i!ts pressure unlt o is shown in ~ ~: 

figure 5. The pressure u~It aontalns ~A set of copper bellows that 
• J' 

tramsfers ohanges of fluid pr ssure Into slight:meohanloal movements : 

of the order of O.O001-1noh, which are then oonverted to magnified 

eleotrieal changes y suitable cirouits. Used In eonJunotlon ~wi tha 
/ 7  - 3 '  : ~ " 

recordin~ osoi l lograph, as sho~ in !per~uent::ireaords o a n '  :i 

be of  the piok, d up :by    pres,ur,:=it,:::Sinoe: , he i, :: 
output of the eieotrle ga~e contai~ed :~:alte~ting-o~ren~ oompon~t ~) ::'~ := 

of 60 oyoles, no timing wave was.neoessary. .... ...... 'i 

, Stead~. state ,oon.ditlo_ns ,; The :hyexaulle oharaeterls%ios "of -- 

steady ditl " : . . . . . .  the siphon elbow were determined for flowoon one ~b: 

uremente of veloolty dlstrlbuti~m: and pressure. Thee e measur 

were made b e f o r e  the ¢ i r  in take was i n s t a l l e d  in  the~top of -- .... 

but a f ew  aheok values made ........ 

the fact that it had no.mea~ -f pressure. 

The velooit~r t~verses vmre.-%aken at i:.three seo%i:.onB, as ..shown~on 

figure St The prooedure 1~hs.t was followed ,and 

used were  the same as t h o s e  d e s o r i b e d  in the mo~ 

i n ~  p l a n t  i n t a k e °  ÷ The d a t a  f o r  b o t h  • a normal..-flow ~snd :a ~ r e v e r s e  ; f low 

• Leo. Olt. - 

c£ 0~571 second-feet are shown in the form of velooi'ty.:eontour.s in 

figure ~. The model disohar~e of:0,571 ee~ond, fee~ oorresponds toga . . . .  

prototype di loharge of  1,800 second, feet. ~The Veloelty ip~%terns ,for 

normal flow show that..whsreas the ' ~ a ~ r a p p r o a e h e d  the .elbow,wlth~ai ,. :; 

uniform veloo1~y distrlbu~Ion: a~d developed ~the usual .pattern in :.~he : .... ~ .... : 

be~d, the d i s t r i b u t i o n . a t  thei!e~d," or.iseetlo~ C, Was :far.from.tu~Iform.; 'i: . 

ma~im~m of  2.25 feet :per seQo~d~as ~¢~a~Ped %o the avere~e ve loc i t y  . . . .  :~ 

o f  1,51 f e e t  pe r  s e o o n d b a s e d  on ' . the : .d l~ohar~e  and t ~ a . o r o s s - s e o t i o n a l . .  

a r e a .  A p p a r e n t l y  t h e  ~iffu~er, ~ i o h  began immedla~ly d o , ~ t r e a m  i•:.il ' i ! • . : : 

from the bend ~oper, as sho~ in  f i gu re  I, expan4ed t o o  'rapld1~v to 

& 

+ :i 
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-- . > : . ; . .  : .  
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had passed  the bend. Another 'factor %o ,ra%h~ poo~ ~ :"/: : ;';;:! :! 

t~ ~se~ ~. the ~ot L~,~.0 "~: .•- : fo~ns~ce of 

the bend. Previous stud/ea+,.:of a di.i~.user lu,la .... ~i:?: 

- ~  , ,  , : , . . . .  ~ - -  - ~ ¢ J ~ @  W ~ u M ~  @ ' ~ ' . . ' . ~ " "  

that the deoele~.~tion action ~ . '~ & - , : 

le'~g~h be'~reen t h e  end of  t h e  :fW'~,:o;!'/ ::: :. ::'!' /'!(i~:'.:>:';"! 

The velooi:~y dlstrlbutloz .... '" ,,:"J/::~£'."~ ::':)}i: 

f low oon&itians, wss much •better when .%he siphon'elbow ~ s ~ i  

gurel ~. ., 

two seotions. A and B. the distributions_..,were ithe./s~ ,:for :.~.N nOmm~.. '/~:i~'~:,:, '..i..,.., ':~:i:;,... '~ 

masurements of pressure at the critioal.:':seotibz~ am~.iish~i~n :i!!i.:~i~:,,:i ;',:" ~:..~,~',; 

figure 4, with a sketch showing the 'location of:,.the,v~io~' i :'~"'":*~" 

wore located in ,a ve-rt$o~l. ,~.'~. 

the o , n ~ r  line of the elbow except those for se'c~io~:A ~d'~C~oh ' ...... :"~ "" ", 

~ere ring p:lezometers for ~asurlmg average 1 ~-~: 

:m~del pressure was ne~t ivo  0.61~ f e e t : o f  :v~ter ~ _ .  

sure of 14.7 feet of  waSsr in "the- -- -: .prototype. :~e ,~mmm~ .~UUm" . . _  , e~- :.~..~ T ~ m 

n e g a t i v e  f low o o n d t t i o ~  ooeur red  "a%:the some : p ~ e s ~ , i ~  .!: ;,-~ :-' •".• ,' ~") 
: f ° r a ~ T  " :~°i ::":;'~ 

afire pressure of '16.5 feet of ~ato~. in t he  protety~.~.1~ese ~ e s e ~  ---:;"~ 

measurements were also made .with the tailw~ter a~ "r ~Li~'" ~ ~ : Z ~ .  ,,~ = ........ "+: '4:" ~:~ "" :~'i~ 

oorrespondin~ %o elevation 1580,0, :l~oto~l~ , but theda~a ,ar~ .no~% 'iS'h~wn...:::.~, ~ .-.ii}( 

because the only ohange wa~ tl~t all-: ressure$- deoreaa~d ,amount " '  "" : ' 

operated with the low tail~ter and with a dleoharge .o~. i~600 se~n~-, , ' :',.,,. :~:-: :: 

Feet, the maximum negative pressures for normal az~ ~reverse/flows ~i~_ 

be ~ater t~ ~h~ - ~ , ~ s  , h o ~  for h i ~  t~i~te~ ~ ~h~ ~ e , - , m o  



i • 

J 

I 

r 
l .  

/ 

l 
J 

i n  tai lwater level of 5 ::.~fe@t~ or 19.7 and 2 i  
h l g h e r  n e g a t i v e  cz 'e - . . • • 05 f e e t ,  respeo-~tve ~'~ ' '"~' 

• . , es ~shown .i ..... ~ ...... .- ~ "  
of 0,910 ~eeond-fee%~:bes~ - n flgu~4:for.a.mmd~l~.a~,,~_. - 

W~11 neve~ =tour An ~he 

%0 ampllfy an~ . effect ,tJ~ 
d~oha~ge. 

Al%hoU~h no ~pecls~./r~s~.wa~. made'In th l  
o f  %he mSloo i ty  azz" --- / - e. 

pressure OOnditione iz ~ 
on %he e e r i e r  Line. o f ,  ',e e~ow~ f rom~  !!,; 

water end of ~%he ,iphon/~ e l b o w ,  WOuld ~i 

the Rme manner %&at .I_% improves ~ndl 

addition to its effect as a guide :~vmne ........ 

eec~Idai~, f l ow ,  the P~Ler .wOUld redUoe..1 

that was aPParently .%00 hlghln the des 
I ts  expeoted b e n e e ~ . ,  . . . .  

. . . . .  "= Anvestigatlon of 
~hieh W~ll be dlsotv~sed Ubse~uently, .~hOw~d,t~ S , • t 

mad rapid Pressure/fluotuatlons could ~.0ocur in ~ ~ 

siphon elbow Under~ certain Pumping operations,- 

measurenents the  Plastic model supplied vis~l.~ 

%1o~. The top ofthe diffuser, coul~ be~see~...~_~ - ..... . 

sor t  of breathing, actlon, when .the pump .was 9alr.valve • d~ .ou t i  n a ' -  

olooed, The aame a c t i o n  in  the  P~to tYl~ .~OUld  :, ~-,,. ; . . .  : ~ .  

...... ln~roduoe stress, re~er- 
B ~ e  which w~Uld require special considerrich ..'in .the.structUral.design. 

A central pier ~uld reduQe ..the span by~50:~peroent~and would vir%.USlly 
eliminate the structural problem. 

A tabulation of energy losses for both normal . . . .  i . 
s h o ~  in  f i g u r e  4.  The ~ e r ~ j . h e a d  _and reVerse~'flowo "is 

referred to the e l e v a t i o n  'of the 
~ailwater was obtained by adding the pressure head and the velooityhuad= 

breed on the ~erage v~looity for a glven discharge and ureas section, 

Since the ene~ F level in the tailwater was represented by the water sub- 

face elevation, the enerF~r, head e llsted,in the last columnof fi~re 4 

r~Presemt the emergy leases between ,the given section and the tailwater, 

It Will be noted that ~hereas the loss from section A for noz,~al flow 

7 
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~he hl~her negative pr~s~ure~ shown i n  figure i~ i~r~a :m~del d l=eha r~  of o. zo  2i.s fee , 
aeeo~-~ee%~ bear =oi.s.18mi~loance, ~si: ' '~  ..... 

rlll newer occur An the protOtype., ~Zt was te~ 
%o a m p l t f y , a ~  effect t h a t  ~tgh.% e~cape~le e 
d~aoharge. 

Although. no ~pecAa~ 
of ~e velocity and pree~ 

on ~:he ee~ter l!~e of  -~ ~.~rumee the elb°w;"~- -~o 

wa~er end of the slphon~ei~, wOuld r i~p : 

~e Serum manner .that i~ improves eondlt£( 

~d~tlon to its effect as:a guide vane ::I~ 
seoonda~ flow, the n~. . . . . . . .  

~$e expected bene f i c i a l  effect~ on flow oo~ 

%o Strengthen the str~c%ureo The iuves~&~_.~., vz urans l s~ t  COndi~lonE 
w~ieh ~iIl be ~'.scussed subsequently, showed ~that a c 

• severe 
slphona~d rapidelbowPressureunder ~certain fluctuatlonSpumpingCOUldoperat~on~OCcur In the'~ e~u-port~o~ of.the. :i, 

measumementa the pl~stlc model,supplied v~sua i'~ 

%ion.. The top of the diffuser.could be s ee~ ~- '~ 

¢oPt of breathin~ ~ct lon when ~the pump ~ss ~ t i n  e 

eloled. The $~me ae~lon in the prototype wo 

sa ls  whioh ~ U l d  r e q u i r e ~ p e e i a l  considerat ion ~in . /:,, ~ i  

A central pier wOuld reduce ~the ,span bye50 percent . ~ral i desi~. 
eii~imate~ . . the structural Problem. v~rtua~lly • : 

~s FepreQsnted by the ~ter--.~- face alecrat~on, the -e~ergy~heads~> listed in the last column of figure 4 

~present the ~ergy iosse~ between the given seotlon ~nd the tailWatep. 

It will be noted that whereas the lOSs from section A for normal flew 



amounted to over 50 percent of the veloclty head, the loss to seotlonA 

for reverse flow was only slightly more %hart 20 pereemt. ~ The siphon 

elb  was such efflci t as ai/dlso rg i:,ibO , 

6. Stilling pool studies,. When this model s~udy,was outlined 

originally, it included a second, smaller model~whioh,iwould r, eproduoe 

all 12 discharge lines and would be use one :/ 

i11 the stilli~ pool. These tests hav~ 4~ 

model was used to make a few prelimina~ - - -----o.~ ......... ~i- 

tions. Side walls and a movable floor were insta!led in !the~mam~ r ~ho1~ 

i n  f i g u r e  6. The in f luenee  of  the  w a l l s  a p p r o ~ t e d  ! c o n d i t i o n s ~ h a t  

would occur downstream from the central • 
e 

lines operstimg simultaneously. With th 

retype, the stilling pool action was quite ~:smoo~h fornormaliope~ 

even with low tailwater, as shown in figure 6 (~A and ISB)i ~There will 

be times when the discharge lines will operate with the air vaivss open, 

One such occasion will be during ,the filling ~ c  ...... 

for the reasons discussed subsequently, iWith th, i 

stilling pool was mu;.h rougher, especially ~with ~low tailwater, ~as ~:$hown 

in figure 6 (3C). The effect of lowering the floor,of:the pool %0 ele- 

vation 1550, prctoty~, particularly when~th~ air valve was open, is ~ 

evident in figure 6 (IA, iB, and .IC).: iZhe effect on stilling ~ool ac, 
tion of operating the discharge lines in i~variou~ oombinations:~!cam be 

determmned only when the complete model ~-.~-~,~ 

7. _Transient state conditions. . B, rements: of trans- 

establish the proper method for interpreting the records. 

The speed of response of the oscillograph unit was established by 

sudden application of a voltage dlreot to the element. The oecillcgram 

obtained in this manner is shown in figure 7 (B), with a timing wave 

having a frequency of 50.6 cycles p~r second. The steepness of the trace 

indicates that the response of the element was fast enough that it can 

be neglected in interpreting the pressure records. ..: 



I 

The frequency of the pressure eel! ~ " , ar- 

mature and allcwin~ it to v~brate at them ~cord 

obtained is shown compared to the ti~ing wave :in figure (A). From 

this record, the natural frequency Of ~le ~ell was 150 oycles~:~rseo- 

end with the bellows fUll of air. :It vms apparent that the ,~oell,:wae 
heavily damped. 

As the operation of the instrument w~s based :on the:~imodulation of 

a 60-cycle alternating current# thls frequency v~s ::the limiting' ;i ~ . factor. 
The cell being heavily damped, it is estimated that/the pr~ 

should bc reliable for pressure fluctuations of as 'short a: 

one-thlrtieth of a se~o~d, which is one.has ^ ': 

the SO-cycle current. 

After .the dynamio characteristics ,of% ere de'Sermlned, 

it was calibrated for pressure in feet of water azainst:de£1ectiom Ofth e ' .  i :~:~i~i-~, i 

galvanometer element , Starting withe.sere ,pr ....... ~ ~,~ 

changed by increments of 0,2 feet of waterby:means o ' .~ 

w~ter. .gage attached to one side of the pressure Cell. and,a short., remord : ~: ~ 

Operation of the electric gage :is .base 

curremt by the movement of ,an armature unde 

tlal pressures applied to it ~by means ~ofbe 

ring an ,equivalent vaoumn on the other side had -been ': 

viously, The magnlt~de of any :pressure was indioatec n ~ 

amplitude of the basic 60-mycle trace from li~s "- • '" ~ 

the seals for evaluating the pressure is shov~ 

a peculiarity in the trace :that is explained as follows: The output. Ofl 

the power unit which feeds ,the osoi~llograph was e wave ~ ~ 

but contained some distortions that give the pe ~e,":'" 

look to the records, When the ,~utput ~wave was.examined w~-th, a. Cathode- 

ray oscilloscope, there was a toothed appemrance at the peaks, which 

accomlts for the double line in the records. Thi~ does not interfere 

~.k :! 
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. . . . .  " + "  , 

-+. " + ! ? \ + . ,  * . . . . . . . .  

~mve i s  used ~ mea~re:~e oha~ .,No +Linen 

n e o o s s i ~  mt ~e p r e s s u r e  rooa~r~s qpe~e o ~ r r  

serve the+ ~vpose. 

JUC'~o~r oo~pl~tc~ o f  t h e  tel~s i t  n S  F:'~O~ ~ at  I~ ~ 

l is r i+ ios  oP the omeAllogrx~s vere +.~i. i~ t~e.W~Pw~tlisri~ 

tmr im=l~r I  ~ I th  this type ~ • 

gage ~ s  rectified .ourrg~t~ wh~ 

a ~ l A ~  ~o 'the bell~s OE i 

of ~e ooo111ogr~ph h ~ t  be, 

:+ 

resn=e  ,~reoord, ~oul~ 

as ~hose Iho+m ~n :lPl~m-e 8. 

'l;i,we enow~ ~o r e ~ o t  ~ o ' . ~ h ~  ollr~pl;t~ ..c$ 'l;he. e loot :  

bo u n ~  t h e  ou~im4+, +The s . ~ l A ~ i e - -  - +" " . . . .  

t ~ p e  'P~h~+c r u ~  . . . . .  

o n ~  nom~le..~ 

r 

~ r~ 
~mn t h e  ~ . g e  .. +':+ 

. . . .  ~ ....... ~, 

re~d  h i h O l l l  , o&le l  whe~'e ~ed;ez.z1:L13~'t~.o]]," O+..:I&OiXliI~:;~IImN ."+I;I408IFI4L+ , , 

tYi '~  r e o e n t  :li~FrovesiiICbli. ~ +,,he ma~e ~ i l ' i t+r l .  ~ o d e ~  . o l o L l ] ~  

~ e p  show ~ a ,,:t~r,.1.e ~ whose +s+so+++a 
sure be~ Ia~mroS. 

1, P i p  e q ~ z ~  ~I.'t~ ,~mehaa.~ 1 ~  ~u11 .o£~ s~z. m 3 d - " k t w  e x : L t  " 

e+I~o= m~ +~op f lo~ .  

. . . . .  + ~ - -  - , . , , . . • • - _ 

1;he ..eXit + . le .d  t 7 .the. ~1~i~a~r .  Al~ho~h ~hls 1~eet wu  nol; o r l ~ s l ~  



p l a z ~ d  i t  became ev iden t  ,during ope~,a~ion o~  the model t h a t  ~whemever 

the pump w~s 8tarred ~rlth the discharge line empt~ and the end 

siphon submerged t h e r e  ~v~s ,a s e r i o u s  p r e s su re  f l u o t t ~ t l c n  which  

for  i n v e s t i g a t i o n .  The a c t i o n  i s  Sketched as f o l l e ~ s z  When t h e  pump 

was st ,After ,  t he  a i r  i n  the  l i n e  was compressed b y % h o i ~  

start~.~ to fill th~ discharge line. As the pressure of th~ 

i n c r e a s e d  the wa te r  m~l~ce in  t he  downstream ~ leg  of;,the, e:] 

was depressed against the pressure of the ~il~ter untll s~e of ~he 

. ° a p e d  . th a c t i o n ,  , = ,  re -  

l ieved and the t ~ l l ~ t e r  ~ r e s e u r e  to rsed, the  ~ t e r  i n t o  the  i l d ~ ; t r e a m  

at the top of the siphon elbow from the time the pump staz~ed unti~ ~be 

air original~y filling the discharge llne w~s semeibly exhausted. 

To relieve this pressure fluctuation, which would require spec: 

provision in the structuz~ design for stress reversals, e time lag was 

introduced into the operation Of the air'valve. The air valve w~s left 

open until the air in the discharge line had been ~b ~the 

aAr o r i f i c e .  Two sizes of  orifices were tested, ~z 

which had an area equal to four percent of that of 

the pressure increased until the flower air ~out e, 

w~ter into the line. The maximum prese, ure roached 

was less than tail~ter pressure so there was hoe 

the exit of the siphon elbow and the entireo~ration ~s smoo~hl~ac- 

oomplished. Y~z t,,e case of No. S orifice, Whose area w~s onlyl i~eTh~ 

that of No. i. the pressure did build up hJ.~h enough so that some of the 

air escaped into the tailw~ter and set up a fluctuation simil~r to the 

action wi~ the air valve closed but much less severe. It would ~ppear 

that for condition I ~he No. 5 orifice was too small or in other terms 

the resistance to flow through the e.i~ v~ive ~s too large. 

The time for which the del~y must be designed cannot be obtaJ~ed 

from the pressure records because the model included only a portion of 

• k 

ii 



'4" 

the dieoher~e l i n e  an~,dLd ~ o ~  a~mp~:*~o, anin~tla~:e the proto~e~itnnnp.  

The L~me IS~ for the proto~l~p e, osn,be *oomputed.;f~vomi~e known~:bharacter. 

~L 

~ ~r 

sat valve. The eondition.whcrein 

ou8 epenLng of  the aLr v a l v e  may, o 

first, normal ehut'down~ of p::~npLng 

l£' .destrod and eeoond, pmrer .~ai l~  

~ iOn of  ~ho a / r  ~ l v e .  ~te  m o d e l ~  

e n n d l t t o n .  The a i r  v~lve ,plunger*l 

held e loeed for  normal o p e r a t i o n  by, means~ o f ,  

~he power 8ouree o f :  thept~np motor o~ ~ , t h e  

was ~n~err~p4~ed ,~o ~asaim~. ).a~c~ ~ power, fal lure: 

and ~he e£r  ~ v a l v e  opened, ~mder, ~he ,~ foroe of~i':~ 
Pressure8 :were measured ~ 

from 1~e :inle~ o r L f i o e  of * the 

th~ s iphon  e l b o w ,  an s~o~n .in 

pluome~er  was 1e88 than  atmospheric " " " pree~mre b y  ,an.~notmt. whiP,was ~a ..... '~ 

known f~notLon for e~oh o r l f i o e ,  .of "the ~:d/sohar~e ~:of e d r .  J i r ~ f l e  ~ . e r e O 0 ~  d .~ • .... 

pLe~ometer  served ~o £ndtoa~e ~the~: i~ressure/~ - -  . .  : ,~ 

The r e c o r d s  o f  ~p~essure drop aoroe8 :~be , . : o r / -  ~ ii 

£'to08 Nee.  1 end,~ are ahomn i n  flgure~9 (A)and i ( B ) .  ; ! T l ~ e l d L f f e r e n ~ l a l  

p r e s s u ~  reaohed t~s  peak in a~:fr~ot:~on.ofa::eeoond~and~hen:id=opped/to 

• p ~ a o ~ / o a l ~ ,  sere, wh~oh ind ica te s  . ~ha£  ~ h e  sLphon. ~lo~!had:been:br~ken " " ~ 

,wa~er s~ar~ed ~o £~_ow baok ~heo~;h  ~the ,-pumps:and -~ t h e  or.i.%oe ~d i f£eren~Lal  

tnoreaeed.  :Then :as • , ~ e ~ h e a d , ~ e r e a ~ ; ~ f l m r  ~ 
~baek~th:oui~h ~he l~np8, deore&eed:ae~Lndtoa~edlby~:itbe~-drop~,/n,ithe~!~e ":i~ 

-oz'i£1oe d i£~emm~lal  gradual ly  ~ returned ~,to z ero,  i ~ y  ~tI~ :~tLr~ :! par£ ~ ~, 

0~.: ~.~-.~wee ~ .~oordi:j~ 8 .val id:  for  the reaeon~ezplatned i:Prev£ous~v " ::,: 

r't~]'J~'~'~l~er t h e  ~ p  nor  t h e : d L s o h a r g  e l i n e  wae. r e p r e e e n ~ i v e  L n ~ h e  

. ~ d e l •  The ~n~ees~res d u ~ n ~ - ~ e  i l a t t e r ,  ps r t  of  ~the o y e l e  ~whleh:--are, not  

. , .*  O r l ~ . ~  oan be L aomputed £rom ~ peo~$~Fpe o h a r a o t e r / s t t o e ,  i~L~ne, m ~ l l e r  
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FI GI~E 5 

(A) Siphon elbow with electrically-operated solenoid air valve. 



FI GLPS~ 6 

FLOW CONDITIONS IN STILLING POOL. 



FIGURE 7 

(A) Frequency of pressure cell 

" * i] 

• f ,  

(B) Response of~oscillograph un_ 

........ ..... -0.4 

-0.6 

-0.2. 
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(C) Calibration of pressure cell in feetlofwater 
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[A) Q = 0.393 c.f.s. -Air inlet o~94.A ~ I 
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(B~ Q = 0.393 c.f.s. - Air inlet orifice No. 3 

e ~ 0 e 

(C)  Q = 0 . 6 8 9  c . f ° s .  - A i r  i ~ l e t  o r i f i c e  N o .  1 

p 

(D~ Q = 0.689 c.f.s. - mr i~et orifice No. 3 

_C0ND~Z0~ 3 

Reverse flow - air valve opened to break siphon 
orifice differenti~l 


