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Sutjeet: Hydraulic model studios of the Grand Coulee pumping-plant
intake R . : o ‘ .

1. Introduction. ‘The normal reservoir elevation at Grand
Coulee Dam is 1288,0 and ‘the minimum elevation is 1208.0, meking a
maximun draw-down of 80 fect. The maximum receiving canal elovation
is 1585.0. Thus, the muximum head on the punping plant will be 377
fect. The normal 1if+t, howover, will be from clovation 1288 to clo-
vation 1585, or 297 feet. The pumps will ‘be rated at 295 fect head
with o delivery of .1,600 C.fes, por pump. . Thore will bc twelve pumps
in the plant, each constituting a scparatc unit with its ‘own inlet
and outlot conduits 14 feot and 12 feot in diemotor, respactively,

The tests doseribed: in this roport have to do only with
the inlet conduit from the reservoir to the pump inlct flange.  This
inciudes the xrashracks,'thq'entrancc,through:ths‘gates, the conduit,
and tho olbow undor the pump.  While it is understood that the hoad
lossos in the various componscnts of ‘the inlet structurc-arc import-
ant, it is bolieved that the voloc.ty and the prossure distribution
at tho inlet flange of the pump arc also important. to the efficicnt
porformance of the unit as a whole. For this reason .considerablo
attention was given to this point in the tosts. . - coee

2e ‘Suﬁmary. Hyd:uulic'model studiqé on.a scale of 1.217.3 -
werc made of . three types of elhows and two types of oniranees 'in .con- -
nection with the design of ‘the.intakes for Grand'Coulcc'pumping,plnnt.'

It was found that from the‘Standpoiﬁt'of.dnorgj loss thore .
is vory little difforcnec, for most_prnctical‘purpOSos,‘amongnthc"l“V
three olbows and botween the two ¢ntranccs,.. R .

‘The total loss in the inteke obtwincd by cxtfdpolgtiag,‘ )
model values to the prototypg,R¢ynolds'fnumhgr~is-ustimatcd to be

0.20 V2 | e |
g _ o ‘ . S
This total loss is made up.approximatuly\as'fdllows;

0.04 V7

where Vo is the mean #éincity-in thCLléffqotVdiamctgrﬁbipe;

' ' ‘ 0,10 ¥° '

in the struigic pipe, and 0e08 VZ iy g
o 2g : ‘

“in
the contrancc,

clbow with its dtfaéhed reducbr.'




From the standpoint of velocity distribution in the conw
duit, the ecircular entrance was slightly superior to the rectangular
one. Krom the standpeint of distribution at the inlet flange of the
pump, the vaned elbow wes definitely superior to the two converging
Glbows, ' ‘ ST

3 Purpose—cf.modelzstudies.j‘ThESe-studies were under-
teken for the purpose of investigating the behavior of various elbows
in the pumping plant intake line as proposed, : By intake 1s meant the
entire conduit from the,forebay}to-the_pump'suctipn"eye, including
trashrack structure, ontrance, stfaight-conduit, end clbow. “However,
as tho work progressed it was thought desirable 'to ‘include studics of
other types. of entrances for comparative purposes, :

Information was dcsired*as-to'thafhydrauliq losses ‘to be
cncountered with the soveral differont installations, as well as the
velocity distribution'at.SOVGral;pqints-in the intake ‘system, par-
ticularly at tho inlet flange of the pump. B : : :

_ Spt-up and test procedure,  In the test set~-up, wator
is drawn from a forebay through_the m0dQ1 of the intake by moans of
& vertical, single-suction, centrifugal pump. - The -pump discharges
back into theLforobayfbehind-suitable bafflcs through a 6-inch dia-
meter pipo”fitted-with.anzcnd‘cap orifice which is usecd to measurc
the discharge. For the-difforent runs, the amount of flow was dotor-
mined by adjusting the valve so that the height of a mereury column
attached to the discharge: orificc was sot to a dofinite point. This
setting of the mereury column was donc visually, und,with‘reaspnablp"
‘eare, could bo sot so thet different runs ‘at the some flow might' vary.
£0.025 inch in setting. 'Thc pump'isgnot to bc,cbnside;ed“purt_of‘thcm
model studies. A general view of the seteup is shown on plate A. ‘

Upon conmsidereation of the various;fdétofoinvqlvcd; a_modol‘
scale of 1 to 17.3 was choscn."Ihc3intakc'opcning‘was”mude‘of wood ' -
and installed in ‘such Loshion that.phqngqs‘cquld"bé-made‘cnsily;1'Thc"
roest of the intake from the entranec to the punp was mado of pyralin
to permit visual obsorvation. Provision wis made ot suitable soe-
tions in this part of the intukc for making the neeessary physical
neasurements. R : e R

: ‘ The tost proccdure consisted offﬁogsuring}hydraulic”losses
and moking velocity travorscs. The lossusiwere noasured in the con=
ventional mannor, by installing piozomctdrﬁrinis‘andﬁconnecting thesc
to open manomctors. Thc'vﬁlbcity;tfaversos_woro‘firat;dbtnincd through-
the usc of 2 sphorical pitot‘tubciknown‘us‘thC'"Staukugcla“_'This‘tubc
has five openings on the portion of +he aphore facing the stromm low.
The five openings arc so placcd thot thcir*rnadings'pcrmit‘computnu'
vlon of' the velesity voctor beth as t dircetion end magnitude. Howe




cver, upon .investigation and anvuttcmpﬁcd cqlibration}of-this_ine
strument, it was found to huvefdbjoctionablonchuructaristics for tho
use to which it was put. Itrwaé'thoruforc-dOcidad_to‘use a'cy1in—
drieal pitot tubc which calibration showed to be froo from tho wa-
desirable Charactoristics'ofgthcgpitot'sphbrc. This tube was built
‘on the bosis of the studies”quo:by-Foohhuimcr."It‘hus‘only throe
openings lying in o plane porpondicular to the axis of the oylindor.
Thosc threo openings cllow o dotormination of' the dirvetion and mup-
nitude of the volocity in thut planc only.  Howcver, it is "possible,
by the proper location of any number -of* traverses, to set the actusl
dircetion ond maguitudo -of tho vcloeity voctor at any point, It vms
obscrvod thet the flow at tho sections shosin did not-devinte from o
direetion purpendicular to the plonc of the section sufficiently to
warrcnt the toking of morc than the two traverscs in ony piven svo-
tion. This gave only the conter point (vhoro the two traversces in-
terscet) es the ploee where thuﬂdirnction‘of'thc‘volocityﬁcouldqbo
deturmined in threo dimensions., 0 - : S

In lieu of nctual moasurcacnts of dircetion (execpt in
onc planc) visual obsurvetions were relicd upon to study any sbnormal
conditions of flow within the conduib and c¢lbowss . The usc .of gir ewd
dyc in th. fluid flowing throush the modol showod: up thoe -objcection-
ablc characteristies ‘and the desirable fonturc -of the vorious sct-ups
tosted. Thesc obscrvations hove buiun relicd upon: to tomper tho wie

rious deduections drovm from tho 'date.

5+  JAntrances tosted. “Two ' types of entrances were studied.

One, vhich will hereaslter be called'thewrectangulgrfantrance,‘is the
original design. ‘This entrance is ‘rectanpular at the face of the dam
end has e transition section to the circular portion of the intale
conduit, The intake up to the elbow is on a slope of |10 degrees.
The second entrance studied was a circular bellmouth entrance desirmed.
according‘tosinformation-obtainad*previously in the laboratory. fThis
entrance is horizontal for & short distance and there turas by mecans -
of & l0-dogree bond to meet the normal slope of the: intake pipcs, -
Other cOmparativc‘fdaturostof thcscfontrancqs-may.bc‘obtaincd-frbm*.'j
- the sketch on figures 1and 2. The 10-degree slopc of the conduit ro=-
- Quiros that the olbow turn the watér 100 degrees instead of 90 dugrocs.

This should be borne in mind when studying the results proscatod here- -

G Elbowsftcstcd} 'Ih?cc‘types'of clbows were tuétod,

The first one, Subnitted by the desigm scotion, had a cireular cn-
trance which changed prosrossivily to an cllipticel scetion at the
outflow c¢nd, thi winor axis, which 1ius in the planc of - the bend,
boecoming shorter and the major axis rumaining constant, The sectional
arca and the redius of curvaturc change in such a menner that the
product of the vilaeity times the rodius rumains constant., 4 transi-




tion scetion, changing from the clliptical o a circular section,

was necessary bowween tho eleW'outflow-&nd:the pump'inlet_flangc. _
This elbow will hereafter ho referred to as tho ¢lliptical clbow.,

Tho second olbow tested was a mitor bend with a scetion
containing vanes insorted st the intorsection of the two segments.
A rother sharp4convergenco_was;roquirod-betwaen the elbow and the
pump inlet flango to reduco the full ‘intekc dimmctor to that re- .
‘quired et tho pump. This olbow, which was designod in the labora-.

tory, will hereafter be referred te s the .vane clbow.:

: _ The third type tested was o constont redius olbow with
& gradual eonvergoace from +the intako Pipo up to the pump inlet .
flange. This elbow, which was submitted by the design section and
modified slightly in the laboratory, will be rcferrad‘toihcreafter
as tho converging elbow. Photographs of the verious elbows are
shown on platc B. : T R

© .. An cxplanction of the choice of measurement scotions -
would be aporopriate herc., The scotions woro locoted in such a

mammer that the hydraulic cflects of' tho various parts of the intake
could be observed. Section "D" was located immodictely downstrcam _
from the entrance and soction "C" immcdiately upstruem from the boe
ginning of the elbow. Thesc two scctioms are common - to all tests.,

. The locaticn of soction*“B“‘vuried'acnprdiﬁg‘to'thc_clbow'being R
testod, but, in meneral terms, it was located ‘2t the outflow cnd of
the elbow proper.  Section "A" was loented os closo. to the pump im~
peller oyo as physical limitations permitted. '

During the progress of the test it was decided, ‘on the
basis cf tho promising results obbained from thé*vana-albaw,.to,study_
the possibilitics of decreasing the size of the whole pump intakc. .
-As this could bo donc vory casily by use of the vane type of elbow, a
8-1/2-inch diameter intake was built of pyralin with a corresponding’
vooden bellmouth'antrance,-‘Thefsame:seriGS’of;tesﬁs,wanaonductod '

on this set-up as for the othors.. '

. An interosting deviation' from the main program of tosts
consisted in Investigating the offoct on cntranec less of the various' .
components of the trashrock ,structurc;f‘Eiozdmotdr‘fcudingsiwere o
taken ot soction VD" sgr various discharges, with the complete in-
- stallation in plece.. The next step cbnsistedtin‘removiﬁg portions R
- of the trashrack and measurircg the losscs throeugh the -same rangs of -
flow. UNext, the trashrack picrs and bars were romoved and the losses
measured. This wus curried throush systemctically wntil the rectan-
gular entrance wos olean with the tasc of the dam, os shovm in plote
C. Thosc results arc given in table 1. - SRR




. Attention is culled to i foot that all
ere for a condition of‘minimumuruscrvoirus1evutien.
as the worst pussible operating condition 1ilely to
was made to sec if the tost results wore: influenced
but it was feund not tc have
sults through o variotion of
All subscquont tests

results given
This was used
Jocour. A cheelr i
by suction head,
any measurable: effuet on tho model ro- -
‘about 18 inchos (26 foet prototype). _
were made with the minimum reservoir slcvatien,:

- 7.. Results. Since it was decided bofore complotion of 5
the model tests Thot Tho sizo of the intake conduit. in the prototype’
would be 14 fect in diameter, the tests fap the warious olbaws and =
entrances aro compared on the basis of' a .convergance from 14 foct to

9.5 feet at tho pump inlet flango. ‘ ‘ BRI

‘ A‘comparison:of'the-volocity‘distributidns,ﬂor'both types
of ontrances is .shovm in figurc 3 in tHC~dimonsion1§ss,p10t.':Itfis'r
apparent that the v0100ity”distributiqn:is morc nearly -symmetrical
in the bollmouth ontrance than in the roctargular onc. It must bo
remembered that by bellmouth ontrance is meunt the bellmouth prooor
plus the 10=degroe bend, becausc the measuring scetion is just dovm~
- stream from the bend, The difforence botweon the distributicn of
flow in the two entrenees is -quite small and even this small differ-
ence practically diseppears before the slbow is reachad. = o

in order better to predict the velacity distributicn in

the prototype, the medel discharge was doubled, The distribution
of velocity remcincd the seme ot the scetion tested (ses dimonsion-
less plot, $0ce D, Pigurc 3).  For this inercased dischargo the =
veloeity in the medel was five feet per sceend, The wvelocity in the
protetype will be 10 feot -por sucund,l'SinboﬁthC-scdlo;ratio”is 17,3,
the Reynclds! number in the protetype will be about 35 times that in
tho medels  Theroferc, the effocts of fricticn will be relatively
smaller in the prototypc,‘withfthQ fesu1t"thdt~thc~protgtypc will -~ -
tend toward omore wniforn. distribution provided the distribution is .’
symetricael in the model,” If, hewevor, the distribution is not syme
metrical, as in the casc of the rectangular entrance, conditions. nrc.
likely to be aggravated at higher Reyholds' numbcrs, The measure-
ments were taken without tho‘trRShraGKHStrunturc.E'It is believed :
that the treshracls and picrs will be & sbabilizing influence with-
out affeeting the flow pattorn, ' P ; R

_ The losses in the two types of_entfunces_drb';hnwngin'9
Gable 2. The relative merits of . tho diffﬂrcnt‘sctéups‘tcs;bd'may L
best be determined by koeoping in mind the cxperimental orror ine |
heront 4n the individusl velues given. In obtaining the lesses ot ‘
the various scctions,;water‘manomctcrs‘wcrc‘used.toprcad the proes--
Sures. Thesu.mnnometcrs_wcrc-rpad with an aceuracy of £0,001 foct.
The loss in haad from the hedderter to any secticn is obtained by




~Subtract1ng the velocluy head :at that sectlon from the difference
in pressure as detormined from the water manometer readings,  Due .
to the pessible varimtion in settlnw the flow, the veloeity head
mey vary 0.001 foot and the pressure readings from each manometer
mey also vary #0.001 foot.  The determination of loss would ‘have

an . acouracy of £0.003 foot (51nce two separate manometer readings
are used in the determlnatlon)  Exprussed in percent of- velocity
head, the maximum . vuriation would ‘he of the -order of ‘magnitude -of
22.5 percent at the lowest model discharge. In gencral, the loss
“in the bellmouth entrance is Ilower thon in the rcrtangular ‘one
when the gates are. nmot in pluce, A comparison botween the two on-
trances, with their respective . gatcs in place, 15 given 1n,table La
In this case the bellmouth entrance ‘is ‘superior hy from two to five
percent of the velocity head. The loss, expressed in terus of ve-
locity head, will be less in the prototypc than in the model so that
the values obtalncd in thc model are -on +hc safc side.

The. 1css in tho trashrac“ structurc Was Just baruly por-
‘¢eptible in the madcl, being. of the order of -0,005 foot at:a veloe~
ity of 5 feet per socond in the conduite. Since the. veloclty in the
prototype is 10 fcet por’: second “the loss will bo of the order of _
0.006 foot at o vcloclty of & feet per sacond-in the conduit, Since
the veloeity in “the prototype is 10 feet per sccond the - Tos: will
‘be of the ordor of 0.03 foot, which is neogligible. By far thc most
significant factor in the cntranco losses was shown by the effcct
of the gate slots. A conparlson of ‘¢olumns 4 -and 5-in table 1 shows
the effoct of fllllng in the gate slots., A4s thesc tosts worc made
 with tho roctangular. entr“nce the logscs, of cour 6, are uppllcauxe
to thet entraicoe only. . : . :

The vulueq of u, lr thc formula for IUbS in thc oﬁtranco

o wwe ‘
B LS KZ ,'may sufcly bo ta en as O 10 for +hc bcllmouth and O 12
for thc rcctmnvulqr ontranco.‘

o 8. bleWS.‘ A conparloon of thc Lhrcc olbows u51ng thc
bellmouth entrance, is shcwn 1n flnure 4. - As p01ntcd ou+ prcv1ously,
it was found that the type of entra“cc hqd & very minor effect on -

the flow dn the . clhows, Thcreforo ; comp&rlqon ot the ba51s of*
" either ontrancc is wvalid, N : ,.m‘ ‘
. From the utaidpclnt of vclﬂ01ty dzstrlbutlon dn tho cross‘
seetion Lmzedlat_lv proceding the pump, the c¢lbows in the order of
‘their performiuice are vanc leo“'1corvcrvlug wlbow, and elliptienl.
clbows The cenverging ond the ¢llipticul ¢lbows Show their influe
‘cnee on velocity dlutr¢hutlo in acecerdance: with previous exnerinon-
tal work, Therc is o 1ncrcn ¢ of welocity alo*v the inaor radius
untll the oxit suctlor is rauchcd (SGCtlU) B). At this point there




is- separa+1on with corzesponulnrlv lower. velocity. ”he dlmen51on—
‘less. plot of distribution on figure 4 brings .out the severlty of"
the separation in.the elliptical elbow compared with the .converg-
ing elbow. :This tendency in the elliptical €lbow “is no doubt ac- .~
centuated by the . proportxons of the- tran51tlon uectlon requmred.

‘ ‘The vane elbow exhlblts very dlfferent characteristlrs

and, sinece this type of elbow is just bezinning to claim. ettention,
- some additionel discussion is 'in order, This tvPa of ‘elbow has been
used for some time in the ‘merodynemics laboratories for ‘the. purpose
of turning ailr with &' minimum distortion of veloclty dlstrlbutlon._
Hore rccently it hes been found by other investigators that Ty a
careful anc suitable design of ‘the vanes this typc of .elbow can bo:
made to give losscs comparable tc “the bost elbows of . the eonventional
types The design of tho wanes in the clbow tested in thc laboratory
followecd the suggestions. proposcd by Krober in technical momorandun
¥o. 722 of the F.A.C.A. ‘Nine thin vancs werc 1nstalled with a shape
approxzimeting those proposcd by Krober. More cxperimentation could
be donc in determining the most offiricat type of wvanc, but it was
fclt that in this study it was not justificd beeausc of thc rclu~
tively low volocltlcs .and cor:cspondlnalv 1ow losuus. o

The losses, ‘as -measurcd” bv ncans of plczomntcr rlngs, are
shown in Tahlc 2. Thosc are total lesses from: forebay to the moas-
uring sectlon indicated. Tho elliptical clbow shows an approciably”
higher loss than tho othor two clibows.  The vane -and converging ¢l-
bows show practicully the same loss. The 1OSoCo mcasursd in this
menner arg dopendent upon . the veloclt" distribution and. tho: burvaﬂ'
ture of tho stroam linos. Thercfore, it was decided to cvaluatu
the losses by intograting the pitot-tubo mcasurcments of total prus-
sure. At ony point the dliforcncc betweon the potontial of tho foru-‘
bay and the total pressure is the loss in cmergy to this point, :
These encrgy losscs are prosented in f1¢ur B, To- gct the averase
loss per pound of fluid, those 'lossss arg multlpllad by the velocity, .
intcgrated ovor the ceross scetion 'and ‘theon divided by the dlschurﬂu.

he losses obtained in this way differ maturlully from the- 103303'
obtained in the .usual manner. £ totelloss per pound to scetion
AN for = lad00 c.f.s. arc as follov -~ Venc, 0,055 feot; 6llip
tical, C. 045 foot; converging, 0,039 foot.: Considering the fact that
the probable crror may be four or iqu pcrgbnt thf thrcc clbows show
~ very closo agruvmunu.' e : - :

In compering thc»u 1OSnGo with the losscs derived from o
the plezomster measurcmcnts, several differencos may be’ noted,  The
loss in the ellipbical clbow has boeon mate riplly reduced.: This re-
duction can be cxplained by. raferrlnr te the! vuloclty distribution.
The distribution is distorted to such ctn extent that thu plvzomctrlc_‘
proessurc mcasurca at tha wlpo Wall vlll vnry nround thc clrcumfcr—rA




enco. Tho avorageé prossure is thcn more a iunctlon of the ‘piczomctor
locutions than of the actunl mesn pressure in the oreoss ssetion. 'In
the case of the converging elbow, the distribution’is better; ‘there-
fore the .¢closer agrcpment obtained is to be expected.. For. thc vane.
elbow the agreement should be very eclose, since the distribution of
velocity is quite uwniform: both in magnitude and dlrectlona There is -
a discrepancy in this case, and it is felt that: more we1gnt can be
placed on the loss from “the: plezometer readlnbo. Therefore the true
loss in the vane' ¢lbow set-up will. be in ‘the n01ghborhood af 0,042
foot when the value in -table'2 is corrected. Trom:Q = 1,426 c.f.5. to
Q = 1,300 ¢.f.s,  This: adgustmcnt*brlnvv the thruc ulbows into oven
bettor agraement. R : _

In summary, 1t can be’ statcd that on thu ba51s of anergy
loss, es determincd by thesc tosts tnorc is very 11tt1c dlfferenco
among the three - clbcws._

The chango in the pcrcentagc loss with 1ncrea31nr dis-:
charge is shown in table ‘2.  The -percentage loss in ‘the orototype .
will be somewhat luss than in the model because of the hlghor _
‘Roynolds! number. ‘On:the other hand, if the relative roughnoss is-
greater in the urototypc, thu percentage loss will tend to te hlohor.
Tho range of discharges din the model was not oufflclcntly wide 'to.
sorve as a basis for extrapolation., A rcasonable valuc for dLSlgn
‘purposcs would bo.g loss cocfficient of Q. 20+ "The hoed loss from
the forubav to the Dump inlct would then be 0.20:V2. rWherC V

f-—Eg—f—". _ ‘

-Vblocltv in the l4-ioot dlamutcr Pipec. Thc magnltude mf the lOSa- :
would be 0420 xv1e6:=0,32 foot. : This Jloss amounts to. only 0.1 por-
cont of the total pumpltg ‘head and can be rcn51dcru negllglole

S, 6—1/?~1nch dlumctcr 1ntuks modul. Slnce ‘tho resultsl

‘_-obtalned with the vene olbow .showed . considordble promise, 4t was de-

cided to construct.an inteke which had a -constant dlamuter cqual tao
‘that of the pump 1nlet. Because the vane elbow rcqulred only slightly
o more depth than -the conduit dlamuter, At was -possiblc’ to makc tho in-
sbake horlzontal. The ‘bellmouth was ‘formed: tc apororlmatoly the same
‘shapé as the larger bcllmoutn cntraucc.- Thc d051:n of the elbow was
changcd so ‘that there wore- only seven-vancs. as. ‘contrasted with ninc
~vangs in the larger clbow. - The - ‘voloedity dlstrloutlonn at the various
- sections are shown on- figure 6. The distribution is not as zood aS‘-‘“
in the larger vanc elbow. Thére is ‘o broaklﬂg awey -of thc ‘flow at

- the .inside. of the miter. One ‘rocason for. thls is the . smallor Jember

of vanes -and ‘the corrcspondlng larger PASSAges.” “The drag induecd: by
the vanes shaows - up very: clearlv in thosc tostsy: hnwcver ‘the “varia-

- tions 'in velecity caused by this. drap arc only of - »hc ordor of four
pereent.. The velocity d1sir1hutlon is not'as S&tl factory as -that

-ebtained in the larger. vano elbcw, and it servcs brlng out the need




i

for more exnerlmental study before ‘B ba31s for d981gn can be egtab-
1ished. : :

Thp head loss from forebay to puﬂp is higher. than in. the _
larger installation, due to~ higher velorities, - 'The loss in the pro= .
totype, estimated by lowering the model values to takc acrount of

0430 V2

2B _
8.5~foot diameter pips. The. magnluude of . this loss would bc 0. 50 x
Te94 = 2.4 fbbt Whlbh 13 0.75 perrent of the total head.:‘

- the hlgher Reynolds’ number, is s whcre V = veloclty 1n the'

‘10, Gonrlu31on3. Buforc dramlng any deflnlts conelu51ons,
1t is well to - review Dirst the’ partlcular factors involved in the '
vroblem and, scnond those whlnh are peoullar to ‘the model sct—up.,

Flrst the 1bows which turn the wator through 100 degrecs end
a short.: dlstanro from the eye of the pump impeller. -The choice of .
diametors for the ‘pump intake end.tho conduit makes it necessary to
have a fairly sharp convorgcnro bGuWLLn ‘the olbow and ‘the pump Anlet
flange. - ‘ :

Second, “the punp used in the nodol study is not an homolonous
model pump and docs net simulate the prototype. threforc ‘any offact
‘of the laboratory pumn ‘on “the model - intako is peculiar to the moacl )
study and cannot be transferrcd %o the nrototypc._ This effcct mlght
boe a distortion of tho flow pattérn as a result -of unsymmetrlval flow
through the pumn.; :On the- othcr ‘hend, the model puap mey. have s sta-
bilizing effect,. Whatever tho efrect it would ‘be small, and if
secondary disturbanccs are rneglectod, this effcct of tho punp mll1 bo
cancclled out in a comnaratlvo study o

Thlrd thc losses determlncd in the modcl havc an - acruracv o;
iﬂ 003 foot. . : : :

Buarlng these Lactors in nlnd thc follow1ng conclu51ons L
are dr&wn frow tho nodel studlcs- :

B TS

The bollmoutp enbrance is sli vhtlv betuur *han the rcctanpular By
cntrance from the- -standpoint of vclorltv alstrlbutlon and loss ,of .
heed. The differcnec in loss. cocfficicnt "KW ig of ‘tho worder of two. -
to three purount Ain ‘avor 0" thc bcllaouth d031ﬁn. ”hc mlnlmun en--

.trancc loss mcasurcd-ln the wodcl was _Q_EQ;E_“, whcrc"v s thc
vclorlty in thL vondult. Thc loss in the prototjpo w111 b' relutlvc_y'
smallor becausc of ‘the hlgher value of Reynolds'! nunber.. A valuo of
72 - o
loss “taken -os _2;2;_1___wou1d bc safe, consldcr;ng_the;magnitude of
‘ ) S o e : SR .




the velocity head in the proto+ype. The losses in the trashrack.
structure were of the same .order .of magnitude as the observation
error, so that no-definite figures can be given: for ‘design data.
The loss due to the gate slots is the vreatcst factor in the total
logs in the rectangular entranre..

On the ba51s of head lost'in pa551ng through ‘the e1bow, there
is very little difference among ~the . three elbow°._,Th1s is not sure
prising because in the usual installation of an elbow: the ‘major por-
tion of the loss gttributable to the elbow 'is developed in the: d own-
stream tangent, due to maldistribubtion of ‘the velocity. In the.
problem of the pump intake, there is no downstream tangent, but
there 1s the pump Whlch may be affected by the velcclty dlstrl}uulon.

From' the standpoznt of dlSt”lDutan, the ‘vane clbow‘ls defl-
‘nitely the best elbow,-w1th the ‘converging elhow next best. No
“attempt was made to'find ‘the magnitude and direction of the effect

of the elbow on ' the- pcrformance of the. pump. If this effeet is ap-
preclable, the. vane elbow would .appear to be the ‘most desireble
olbow. If the effect is negligible, ‘the choice of elbow is mercly
one of cost. In:othor words, ‘the elbow which. can be bullt most.
-economlcally is the qut deszrable once :
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