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s:lphon nlbow pwopouod ror
lant diaoha.rge linos - D‘olu.mbil

up to a receiving canal with t}m , _
Or & normal lift of 297 roet. l‘ho hsad on the puupa _vr.ul iuoreuu aa

the reservoir water surface oleva ovation moo:!oa. naah:lng a8 mximm or 887 s

foot at & reservoiy elmtion of’ appro:d.mto]y 1215, ) !l'ha pumpu 'illrbe
: hﬂad ot 30 fﬂct m ﬁhﬂl be ot e
1,800 mowé-# ‘&t the nintmn hes .

left powerhnula. The puw ";pa:lra, "esoh”
' “-pair to be driven by one o.’t‘ the ﬁrut nix l.mita :ln tho pmur ,pla.nt
The pumps will. take - “the . wa:ber diunt fmm the rgaamir
individual, 14-foot-diameter suation tubu*m rge
individual, 12-foot-dismpber Pipos, partly under
the surface, into the stilling baain
The . arrangement or ‘8 tyz:icu.l
~ the proposed aiphm: : :
in a aiphon olbmr that

will dinhnrga undar watar dn thn atilli.ng pool of the' 1'.00.‘1?111.5 me.l.
In the absense of eontrol valves in he dimcharge 110as propu. Atwms




Propossd that backflow, oaussd by -shub~down of ‘the punp, be - ‘controlled SRR

by admitting air at the top. of tho elbow to - diarupti : 1 essiphon aotion o

and thus stop the. I‘low._ An elaotrioal]y opor tod, soleuoid o.ir va.lvo SR

would provide the raquimd nir roliof. ST D
At the time the toatn o.ooor:lbad 1n ‘hh:l.a reportzwro undertakon.

consideration was being given to the uge . or pumpinsf unite as turbinoa,_p X

to provide power for poalc loa.da by rwersing tha di\reo'bion of i‘low.
‘The siphon elbow would than be roquiroﬁ 'bo aot\ "'as an of:f.'ieien' "mtake

The effoctiveness of ‘the aiphon 'ezbow, with ita wtomatio m vuva‘
in the performance. of. funotionu requirou of it undar the oonditionn
which have been aketohod. was invostigatod :I.n 'bhe tests dosor hodf 1.n =
this report. B8tudies of tha in'ba.ko portion of the pumping plant havo
bean desoribed in an oarl:!.or roport. : AR

*Hydraulio Lo.bora.tary Rnpor’b Nos. m'n-s« (m(-s).\ "Hydraulio uoaai Studia
of the .Grand Coulee . Punpin, H:La.nt Intake. A PR o

Studies with the model wore hmdioappod to’ the extont that' th
model aould not be. made to o:mot protoiarpe aoale f.‘or tha lmr'tmd
the disoharge line, inoluding “the p'mp. Only the siphon eib wiand 6
portion of the dlscharge line. :l.modiato]y 8bove the elbow,’as in
in figure 1, were reproduoed in the mdol. As eaoh .of ; tho 12‘ i'soharge
lines in the prototype will have e difreront slope and annomontj“'eoe.uao
of veriations in the topograplw, ona model oould supply only ganoral' %
information, ARRI EOTSIE A o 5 7
Throughout -this report the data a.nd obsowe phmomona will b,e’ di

cusged on the basis ‘that tho pro‘hotype p\mp ﬁll,m_ ‘bo"of the wiokot- e

gate type beoa.uae if it e altor en’bira]y the oonditd.om

that were studied. R T

2. Sumary, The i‘ollovdng ganeral points ha.vo ‘been aetabliahod

by this study of the proposoc iiphon elbowx _ e

(a) Bteady-ata’ce ‘hydraulie conditions indioatod 'btat the proposed

aiphon elbow oxpon.ded too rapidly at the diaoha.rgo end for efficient
operation as a discharge elbow,




(b) 4s an intake during‘-mﬂrSG?fiﬁ‘°°nditions.';‘=he sizsh.on'-,z‘sxbow.
was quite efficient,. : R : e

(o) The pressure i‘luctuntion that ocourred whan pumping was :1n1-"f i
tiated indicated the need for speoial ounsidemt:.on oi‘ at.rass raveraals
in the struotural design of +the eiphon elbow, = - ;3% Sh
(d) Most of the presuura i‘luc'buaticn during the star‘hing cyle 5
normal pumping was elininated by delaying the olosura of the o.ir va.lve
until the discharge line was full of wa'ber. S

(¢) The size of the air :ltrtaka ‘was' a factor only aa it arfuoted |
the length of time required to reach a'l:noapherin pmasure. hj‘iuvoq.'
case the siphon motion of ths elb0w was bmken in’ LR ma.‘!:ter of uecondu
after air was admitted through the a:lr valvs. T R S

(£) A1l the varicus sires of the air 1n‘balce, whioh had a.reas \of SR
1.5, 2, &, and 4 percent of the aren. of the disoharge lins. wore eft‘ao- h
tive in interrupting the siphon aotion. Othor conaiderations, uuoh e.a |
noise prevention, may indicate the use of the 1arger sizas. o :

(g) The nesd for further studies with e model, whioh would include S
all the discharge lines and the oompleta nuilling pool, wo.sLindioatad.”fﬁf"l

3. Purpose of tests. This invast;.gation na undercakan i‘or t:ha
purpoge of determining the hydraulic oharacteristius of ﬂtavfproponod”
siphon elbow with both noms.l and reverae f].ow. : In.i'orma‘hion wa.a alco
desired as to the qua.ntity of axr requirad to brea.lc the reverae flow,

as woll as the best location of the air inlat fnr brae.king the ﬂcm in_,
elther direotion. B N

4. Tutg arr g:n_ﬁemnt an.d Em oedure. The model scale of 1 ‘to
was determined to a large axtmnt by the spaee a.nd equipmant ava.ilaz.blm
for conduoting the test, I"hea ‘nesting arra:ngemont :Ls ahown sohmtioal]y :
in figure 2, Water was . sircxulatod thro\gh the modol frem a sump by a.n_
8~inoh, vaertiocal, oentri!‘upal pump ‘that; WRS . not intended to represon‘b' o -
the prototype pump. - This pump dieoharged through S G—inoh dia.metar
Pipe %o o 4-way plug valve. Oue line from this valve, which was 1n-?‘
clined to comneoct throu@ the ‘giphon elbow to an elamtad tailnatex' _
box, represented a portion of the proposed di scharge line and tho still-. '
ing poo.l. Anothsr line from the valve was oonneoted to & weir box,: ;




looated wnder the tallwater box, where ‘the disoharge w.s mn.aursd.; 'A'ho ."
remaining line from the valve was connaoted into '&m bottom oi‘ the rd.ail-;‘;
water box through & check valve. ‘bo supp]q/ nter “to _'bhe box ‘for ";l:hef
reverge~flow periods. During nor-mnl opomtion thh l:lxw was closed by
the oheok valve. From’ tha tailmbvar box the overflow could be amptiad
either into the weir box or directly into the “Eimp . iftd

tion of a dlveruer.

the tailwater box, then- to the ‘weir. box f’or mea.surenﬁent‘ andi'i nally bank

to the sunp. For reverse operation, ,the 4-way valve'”'na turnefd' h!‘Ough 7 (i

90 degrees without stopping the pump el.nd the watar ws.s' oirculatsd direo E

to the tailwater box {rom whence it. flcnred back through ths siphon elbo
and digcharge line to the émy valve, e.nd fins.lly 4o the weir box for
measuremsnt, During thiu la.tter operntion,“’;t_ﬁjy excess f‘low wau wastad_‘
over the adjustable gate at the ond of the tailwater bax and raturned
to the sump. The ra o of siphon fIOW'was controlled bv a gate valve ih
the line le=ding to the weir boxe - e

The de‘terminatiom of the atearv-atate ‘hydraulio charaoteristioa i

normal flow and with reverse- flow. 2 \ S ; : .

In order to determne tha transient hydraulm‘;conditions whlch pr ..
vaiied during the perlods when the a.ir valve wa.s .op ni‘ng or olouing, 1'b
was necessary to davelop. speoial measuring deviuea tha.t muld give 1n-
stantaneous values .of the quantities- ‘boing meaaured‘ The initial at‘be\mpta
to measure the rapidly chang ging - preasures, by pho'bographing tho posltion
of water mapometers and a tlming disk on: motlon pieture :t‘:l.]m, were uv-'*
satisfactory because -of - inertia. effects ths.t oould not be aagregated :
from the actunl, mata.ntaneous pressure conditions. : This indicated the
need for o presmarrranpoﬂsive slement whc.,e movement would .be- 80 small
that its inertia could be neglected. : : ﬂ . o T

4 study of the literature diaclos@d the work thﬂt ia being, dane in
the fleld of strain-gaging, by measuring with speeial bridge circui‘bs
the impedance changes in an ‘@ddy~curreat fisld 1ntroduced by very- sligh'b
displacements of the impedance coils, A& method for adapting this tvpe

4




of gaging ‘o maasuremanta of preaaure changea wasg, worked out. wit:h the e
cooperation of She Hathaway Inatrument (,ompa.ny of Denver. Golorado.""‘ W
photograph of this elent:-:.c gaga. with fits presaure unit is ehown in
figure 6. The proaaura unit- nontains u set of - 00ppar ballawn 'l:hat :
transfors changes of i‘luid presaure in‘bo slight mechanioal movemsnta
of the order of 0.0001-:lnoh, which are then oonvarted to magriﬁ. d
eleatrical changes hy suitable oircu‘lts. | Uaed in oonjunatio ﬁ
recording ouoillograph as shown iJ Zigur ne; rds ocan
‘be made of the phenomana. pioked up fby ‘
output of the e.wotr.ic gage mn'taimad analt
of 60 oycles, no timing wave was neoensanr” , :
5o Steady gtate cond:.tiuns. The hydraulic oharacteristics.
the siphon elbow wora determimd f‘ar steady flmr ocndi'biona by me
uremenis of velocity distrihutifm nnd pressure. : These meaauremah‘ts
ware made before the a:lr izxtako waa inatalled An the top oi‘ t:he elbcm
but a few cheok values made after inatallé.tion*y i'.%.‘tha intake‘f ord ied
the feot that it had no. meazu'rable effoct on the veladity oi‘ pﬁ‘aséﬁra
The veloo:lty tmvsrses vmra ‘L'al.en at th.rae wo‘biona. :
figure 8, The pmoadure that waa rollmd and tha.

ing plant intaka. -~ The data for both a normal flow and e Vroverae .flmr e

IOO. cit,

5X' 04671 second~faet are ahown ‘An the t‘orm of velocity 'oontoura in oo

‘tigure 5. The model diuuharge of 0.571 teoond-f‘eet oorresponds tog,;a_ o
prototype di:oharge of 1,600 seconddfut. The velooity pa'bterna I'or BRI
rormal flow lhow tha.t rhems the uater appraached tho elbow with %,a‘—'-. %

_ bend, the distribution at thg ;u!,' or saot:lnn C. m i‘ar from unifom. - b :'f’
The welocity varied at the. énd ueotion from. prnctically :e?ro to a Pty
maxinum of 2,25 feet per caoond a.a oenpa.rod Yo the avemge valo 1ty SRTEPE AR
of 1.6 feet per comnd ‘based on’ ‘the" dinohargo and the oroaa-eoo‘bional 'f""f‘,_ :
aroa. Apparontly the ¢iffuser, which bo;,an immdiately dovmatrea.m e
i‘rom the bend proper, as shown 111 t‘igure 1, expanded too rapid]y to




had passed the bend. Anothar fe.otor oontribut:lng to ra:bhar paor por-
formance of the curfusar was tha fa.o» 'l'hat :lt)rollawed a0 cxnuly a.m:'-
the bend. | na TR

Hy'dmzlio lnboratory Repor'h Ho. HY'D—Qa
of Grean llomtun Punstcnk (

ved ty 12 *ting a-short t
length betwesn 'i:ha end of tha band and the beginnj_ng of 'kha “

£l ow oonditiom. _was muoh better w‘xen 't:he siphon elhow was‘ f\mct;loning
as & transitiou entramae e.nd bend, a8 shom ;in fi ure i

All the p.nezovmater eonneutmna wore locu‘bed 1n‘a "ve_: '1oa '

the esnter 2 .me of Lhe elnow ﬂxcep‘b those for aactions A snd 6 ﬁuoh

sure for nonml flo« conditions oocurrad at pi»uomatar
model pressure was negs.tive 0.615 faet' 'i‘ };vatar i‘or i

negative flow conditions oacurred at the aamu piesumeter' whore, for &p-
prc:dmtvsly the gane . disuharge, ‘the measurod pmaaure imAy "boﬁ

ts min: ; luvel,
sorresponding to elervat:.on 1580 0 protoiafpe but the data am mt
becauss the only oh.mge wag that: all: pressurae deoreanad by an’ amun’c
equal to the ohange in tailwater alevatéon. 11 thm. ;tha protoiv,pa 1:
oporated with the low tailwater and with s diaohe.rge o£1,600 mevond-
feet, the maximum negative ‘Pressures for normal apd. raverno i‘lmu will
be greater than the values shom for high tailm'ber by the dii‘fercnsa

&




Bat might oseape

‘DOL100 6t the Iower

2fiolal effect “on.‘m.éwfggand;"ticn;-,ﬂﬁ e pier
to Btrengthen the ‘s‘h}udf’gure'; ~The lnvestagationoftransient
vhieh will be discusssed gy SOy, showed that  oopags.
and rapid pressure i£1not ‘
siphon albaw.tiqdexj;_
nﬁwasurementa ‘the o
tion. The top of




1n tailwater leye; ;,aigs';v_‘z"&ét or197 ﬁ'm;j-.ai‘
The higher nagative ;ﬁfaasgr@su shmm An .f'ig
of 0,910 580004~ fout bear nos:.gniﬂcance,

a o5 feot, “
ure ¢ rar

WPes It was tagten

in

“he struotura]
A'tabulatdon'of:ene
shown in .p4 fure 4,

rgyﬁlosééé”fbrbdfh;




amounted to over 50 paroant of tha volocity hnad tha loss to leotiou A ‘4'
for reverse {low was only ulightly more than 20 porcomt.‘»ThajsiphOn ‘: ix R
elbow was much more efficient aa an 1ntako than an‘aidiioharga elbow.‘L””Jlm o ;
6. 8tilling pool studies. ‘When this model study:was outlinod P
orlginally, it inoluded a aeeond,_amallor mndel'whic :inuld-re”roduoe i
all 12 discharge linss and would be. usad to study hydraulio ounditions
in the stilling pool. Theue‘tests‘have ndtﬁyét}bpen?mgdb
model was used to make a few preliminary tmsta of Htil in' pob

in figure 6, The 1nf1uenoe of the walls approximated condi*ionn that
would oecour downatream from the oantral one of thre ‘ad X '

totype, the s‘billing; pool nction wag qui'he smoth for normal opera‘bion,
even with low tailwnter, asg shown in figure 6 (EA and 33). There will . :
be times when the discherge. linen will- operate wathrthe air valvos opon.‘H_;‘ :
One such ocozsion will be during; the £1lling oyocle "fonowmg 2 ghut~down,

for the reasong diucussed subaequently. With th “air valve opaniwths“
stilling pool was mush rougher, espeoially with*low tailwater ai sh&ﬁh
in figure 6 (3C), The ‘effeot of lcwering the flcor or tha pool_to  1”
vation 1550, protatyne. partieularly whun the air valve was opsﬁ, is; e
evident in flvure 6: (lA ‘1B, and 10). The effeot un stilling pool ao-'f‘:‘ o
tion of operating the diacharge 11nes in varloua oombinationa oan be g
determined only when the _complete: model 1: built.' : i

7« Transient state conditions. Befora the;measuramnnts of trana~PT
lent conditions were made. w;th the electric gage and osnillograph At -
wag necessary to meke several preliminary tests of the oacillograph to
astablish the prnper method for- 1nterpret1ng the recorda.“ o

The epeed of response of the osclllograph unit was eatablishod by R
sudden application of a voltage diraot to the elemﬁnt._ The oacillogram  f
obtained in this manner is shown in figure 7 (B), with a tining wave ‘
having a frequency of 5046 . cyclas per second ‘The s*aopness of the traoe
indicates that the responge of -the elemsnt was faet enough that it oan
be neglected in 1nterpreting the pressure recordsg.,




The i‘requancy of the ‘pressure call was obtained by tupping tha a.t-- o
nmature .and allowing it to- vibrate a.t the natura.l réquenay. 'l’he ranord .
obtained is shown compared to the tining weve dn rigura 7 (A)j F?om-‘{vk:}

this record, the natural i‘requency oi‘ ‘bhe cell wag' 150 cycle per seo- P
ond with the bellows full of air. It waa anpnrent that the
‘heavily damped. - ‘

Ag the oparation ol the instrumant waa based on tha modulation oi‘
& 60-oyale alternating uurren'l: this frequanoy was the lzunlting faoi:or.:,-
The cell being heav:lly dumped, it 15 estimntsd thnt the pre 'ure TFeao da '

it was aalibratad for praasux'e in feet of' mter ar-alnst def‘lactlon uf the:"‘
galvancmeter elemsnt, Starting w:.th zero presaura ! A
ohanged by incraments -of 0 2 I‘eet of water by means !

water gage attached *o one’ side oi' the pressu oall,,
was taken. The reaulte, ag ahown in, t‘igura '? (G). nd
linear oalibration, A sca.la mde up from +his rao«:rd

cwrant by the moveman‘t of an arma.ture undar the J.ni‘luanod'_lf iﬂ‘eranu*- T

tial pressures applied to it by means of ba1 lows. That ""--‘v.‘vaa imterial
whether the cell was. 1oa.dad by putting a: preaaure on ‘one sida or b'y put-*'-ﬂ _b
ting an - equivalent vaouum on the other aide hnd been astabliahed "pr s
viously. The. mgnitude of any prassure w&s indioated by thé ohaxigo
amplitude of the basic 60—oycle trace from its value {with,_‘ >
the scale for wa-luating .th'e-u.pre,ss‘ure.,is.-_shom, _;bn“,éﬁch-’;:ﬁé,éo;'d_',- “Ph o
2 peculiarity in the trace" that is explained a.n follom." The 'output':_f,‘-_f". .
the power unit wiich feeds the. OEQillograph was ot a purs. 60-gyole wave};”
but contained some distortions that give 'bhe pazoulia.r double-axpoaure '

look to the recorda, When ‘the output wave Wag - examm@d with 8 oathode-'

ray ose:illoeoons, thara was A *ooothed appearanoe at the pas_cs, whioh
accounts for the doubla line in the rec'rds. Thi

a doee- not interrera



with the mtorprotation or tho:-,y rda lu long u tho sm point or tho aj

sppliad o tha bollm of tho pmuure unlt. B Ir 'hhn gnlvmmetsr ,mt‘ #

of the nuillogmnh had besn’ umitiw -nough, 'bhe’ prnsurt rooorda mld e

have appecred as t!.'n.gla uncn i‘allo-ing the
as those nhm in ﬂguro a.

o “"Pluy ﬂh ou‘bput-g .'L‘l'u o.npli.fiar u;ad

from the gage mre mnpl‘.lfied. g Thn amplit:udo of %mna olcillutiou m“
proportional to the ‘Pressurs we &emmtmtod by the' cnlihru'bﬂ.on 'raoord
in figure 7, but the rocorda of tnnaimt prumre nn d:lffioui ‘to” /

Fe

read in those ocases where dotormimtion ar uctml pruiuro way deaﬁ.rﬁ.,’f.'w

With recent improvemsmts in the ga.ge and a ‘moTe. mdern onillograph it i

ia now possible o obtuin rmrdu that m muh oa-iot tn xj‘_«d,f? sinno
they ahow on],y B s:lngle linc whou nbauiua ia pmportioml‘:_“:bo' ‘bhn p
sure buing meagured. o o

!:ranaiant prouure oondii:im nro rtudiod ror the follmd.ng eondi-;f
1o Pup smrb.a u'ith dhehlrse lim ful.l or :.ir md thayaxi%f Sty
sealod by mxntor. with -:u- ﬂ.lm opon lnd clond. G L

E. 1::5 atoppod wi'bh limltmnous oponing ot tho a.ir va.l‘ro. o

Se Rvurw tlor 1n ‘the d:l:ohnrgo line. alr valve opmd 123 brenk
siphon and a‘bop flow, S :

Bo Gomdition } - Pumping started with dinoharge line empty ant
the exit sesled by the tailnter., Although this test was not originally -

0




plammed it beocmme evident . during operaticn ol ’cho mndel tho.‘b whenuvor}‘;j“ -"}1‘
the pump was started with the diaoharge .‘Line ompby md tha emd of tho_f
siphon sutmerged there, s a aarioua preasure fluotm.tion whioh oallo

for investigation, - ‘I’he aotian is. ake‘bched as, fol].owu Whan the_ ptmp L

was gtarted, the air in the line wag oompreued by tho"fwn‘bar L
started to fill the &4 aoharge line.

Aa the preuurq of tim tr

Lo

air escapsd with an oxploaive aotion‘ The prussure wau imnh J
lieved and the tellwatey nraaauro i‘oroad tha mtor in'bo the
leg agnin and the uycla was repeatod. ,‘I'he v*olmoo of th
fluctuation is shown in fipure 8 (A) wh:lch ia a reoord ‘of tho pressure - .
at the top of the siphon elbow from the ti:na the pump sts.r‘ha_" :until the:’ﬂ o

air originally f£1lling the diaoharge lino wo.c sensibl.y oxhaurtod.
7o relieve th:ln pressure fluotuat!.on. wbioh rould require spoc

provision in the struotu.ml deuign !‘or ltreaa revarsals, a: time lng}ns"‘ : |

air orifics, Two sizen oI‘ orifioes were teste

The mximm premure reache

water into the line. th thi
wes less than tailwater presaura o thare was‘=n usnn‘ of
the exit of the siphon alhuw snd the ent:tre 6peration wna Bmothlyﬂ a0
complished. In tne case of No, 8 oriﬁoe, .ylhole aren. w.s only one‘-hs“.lfi{ = i
thet of No. 1, the pressure did bulld up high emough so that some of tha";_i BTN
air escaped into the tailwater. and set up & fluotuation. similar to the E S A
action with the eir vnlve closed 'but much ls-s severe. I'b would a.ppoar -
that for oondition 1 the No. 3 orifice wa.s to0 ‘small ‘or in. other tam :

the resistance to flow through the air valve was too luge. '

The time for which the delay must be dasigned oannot be obtained
from the pressure reocords beceuse the model included orly s _portion of

11



the disoharge line nnd ‘aid not uttmpt to a.uimilate tho prototype
The time lag for the prototype’ oan be- oomputed from the known oha
istics of the pump. and the volume of the ainoharge line_

5. Condfition & ~ Pumping stopped with: ainmlunoou o‘
84 valve, The oondition wharcln pumping muw-

first, nomal 'hut'dm of P‘mpins wi‘bh 'bhe‘u.r_valv"_ .,OPmﬁﬁr
1{. desired and second, pwar !‘tilure to ‘the: P\mpsﬁwitﬁ | u‘bonat!.
‘tlon of the air nl‘ve. rm model wua design.dito e

held elosad for mormal Owration bsr moana 61‘“ 2 “s0len
the pmvor source of ‘the Pump motor, Whﬁ.n tho Ponr”"upply 'bo |

was interrupted to assinilate power. I‘ailure the. ,;solenoidwn "demrgiud

and the: atr:valve. opemed: under the foroe of the spring.
Fressures .wers. mnured at two pio:ometera, one _juit duwnttrem
~from the inlat. orif:l.ce of- the air valva, and ‘the tﬁer a.t the ‘_crowx;_ £
the eiphon elbow, as shown 4n i‘igure 5 (A) The proasura ‘a.t ‘i:he";f:l:‘-at
plesometer wasg less tha.n s.tmspher:ln preuum by a,n amcunt wlzioh:wn a
knowz funstion for esch orifise, of ‘the', d:lacharge of‘ air. ‘}‘11.‘_“ ) .ss00nd
pleconster served to indica.te the pressura “im the aiphon a].bow
The records. of Fressure: d.mp norou the oririoe fo""th ”‘m ri- .

fioes Nos, 1 and 3 are. nhow:n in. figure 9 (A) B-nd (B)-j" Th dirterential

preasure reached its poak in s rraotiun of a neoondkund 'hen dropped to
prastioally sero which- indiaates that the. aiphon flowhad: be;m bmlcun
‘and “the water. wee pmct:loally motionleu. Vary ahortly theruf‘ber the
-water mrtad to. ﬂow baok" through tha pumps a.nd the orifioo differuntial

-inoreased as: ' the roverss flow. increued. Then u the hend oreat:.ng flmr -

5huk “through the . pumpa deoreued u indioa.ted b_.r ths drop iﬁn'th froo A
‘water uurtaoe in the digcharge line ‘the ravaru flow deurund und\'ths
“erifics differentisl gratually roturnsd to sero, . Gnly the :1ut;pu-£

of the- pruturu record:is valid for: tha ruuon explainod pm-wioualy

“that neither ths pusp nor t.he dimharge l.tne wu ropmsmmti'ro l.n the
:_mdol. The prouuran durs,ng the latter .part of the: oyole which ape net
o eritiul oan be mputod from the pmtatype ohuaotoriatin.
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-beomue at‘ the highcr bnek‘ pﬂﬁuﬁr a th oxﬁ of ithe »phm ubem, :

Tho prusuro ohugq-u‘

1 5. 1&."& snle
Tho testmtere all mde w.lth- igh’~ ‘lutor: ecause: with :low
: tn.iﬁm-r thu drw-dmm at tho untranaa :
%o break 'l‘.ho “aiphon. lotion.

The - maximym valee. of the vammn depcnded mpcm thp
the oriftee uiza but the" liphon. c.etion waa &sﬁnitaly
Gﬂ'!ﬂq

Here again the time. required fOr 4he- pru-ure tn boooms wro

was not. aignit‘iomt. ‘Ae soon. ns- the. mgativa preuure bega.n to deeraue
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= 0.393 c.f.s. - Air inlet orifice No. 3
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(D} Q= 0.689 c.fise - Adr inlet orifice No. 3
coNpITION 3

Reverse flow - air velve opened to break Siphon
orifice differential




