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intake 

1. Introduction, The normal reservoir elevation at Grand 
Coulee Dam is 1288.0 and the minimum elevation is 1208.0, making a 
maximu�'ll draw-down of 80 feet. The maximum receiving canal elevation 
is 1585.0. Thus, thG maximu� head on the pu�ping plant will be 377 
fe0t. The normal lift, however, will be from elevation 1288 to ele­
vation 1585, or 297 feet. The pumps will be rated at 295 fe0t head 
with a delivery of 1,600 c.f,s, per pump. There will be twelve pumps 
in tho plant, each cons ti tu ting a separate unj. t with its ovm inlet 
and outlet conduits 14 foot and 12 feot in diameter, respectively, 

The tests doscribod in this report have to do only with 
tho inlet conduit from the reservoir to tho pump inlet flange, This 
includes thG trashracks, tho entrru1co through the gates, the conduit, 
and tho elbow under tho pump. Wnile it is understood that tho hGad 
lassos in tho various components of tho inlet structure aro import­
ant, it is believed that tho velocity nnd the pressure distribution 
at the inlet flange of the pump a.ro also important to the efficient 
performance of tho unit as a wholo, For this reason considerable 
attention ��s given to this point in the tests, 

2, Summary. Hydraulic model studies on a scale of 1:17,3 
wcro made of three typos of elbows and two typos of entrances in con­
nection with the d0sign of the intakes for Grand Coulee pumping, plant. 

It was found that from tho sta.ndpoi:::.t of energy loss th.ore 
is very little differenco, for most practical purposes, among the 
three elbows and between the tvv0 entrances. 

The toto.l loss in tho intake obtc,incd by extrapolating 
model values to tho prototype Reynolds 1 number is ostimn. tod to be 

0.20 v 2 

--,,---- whe:rc V is tho mean velocity in 
2g 

up approximn.tdy n.s 

the 14-foot dirunotor pipo. 

follows: o. 10 v2 
in This total loss is mado 

0.04 v2 
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From the standpoint of velocity distribution in the con­
duit, the circular entrance was slightly superior to the rectangular 
one. From the standpoint of distribution at the inlet flange of the 
pump, the vaned elbow was definitely superior to the two converging 
elbows. 

3. Purpose of model studies. These studies were under­
taken for the purpose of investigating the behavior of various elbows 
in the pumping plant intake line as proposed. By intake is m0ant the 
entire conduit from the forebay to the pump suction eye, including 
trashrack structure, entrance, straight conduit, and 0lbow. Howover, 
as tho work progressed it was thought desirable to include studies of 
other types of entrances for comparative purposes. 

Information was desired as to the hydraulic losses to be 
encountered with the several different installations, as well as tho 
velocity distribution at several points in the intake system, par­
ticularly at the inlet flange of tho pump. 

4. Set-up and test procedure. In the test set-up, water 
is drawn from a forebay through the model of the intake by moans of 
a vertical, single-suction, centrifugal pump. The pump discharges 
back into the forcbay behind suitable baffles through a 6-inch dia­
meter pipe fitted with an end cap orifice which is used to measure 
the discharge. For tho different runs, tho amount of flow was deter­
mined by adj us ting the val vo so that the hoi ght of a mercury column 
attached to the discharge orifice was set to a definite point. This 
setting of the mercury column was done visua.lly, and, with reasonable 
care, could be sot so that differc:mt runs at thG so.rue flow· might vary 
+0.025 inch in setting. Tho pun1p is not to be considered part of tho 
mod8l studies. A general view of tho sot-up is shown on pln. to A. 

Upon considorn.tion of tho various factors involved, a model 
scale of 1 to 17.3 was chosen. The intake opening was mn.dG of wood 
and installed in such fn.shion that changes could be made easily. The 
rost of the into.kc from th0 entrance to tho pun1p was made of pyralin 
to permit visual obscrvn.tion. Provision wc..s mo.de at suitn.ble s0c­
tions in this part of tho intake for making:, the n6cessary physical 
m0asuromen ts .• 

Tho test procedure consisted of moasuring hydraulic losses 
and mo.king voloci ty tro.vorsos. Tho losses v.:crc measured in tho r,,m­
vontionn.l manner, by installing piozomote:r rin···s and connectini:\ these 
to open manometers. The velocity traverses 1:rorG first obtained through 
tho W3C of a sphoricEcl pi tot tubo lmoirn o.s thCJ "StaukugGl." This tube 
has fi vo oponings on tho portion of tho sphoro f::,cing tho stro::u:n flow. 
Tho five opo::iings arc so pln.cod that their n.c,ding:s p0rmi t computa­
tion of the voloci ty vector both as to direction ,!nd magpi tudc. How-
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ticularly at tho inlet flange of the pump, 
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is drawn from a forebay through the modol of the intake by moans of 
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back into the forcbay behind suitable baffles through a 6-inch dia­
meter pipe fitted with an end cap orific8 which is used to measure 
the discharge. For tho different runs, tho amoun.t of flow was deter­
mined by adjusting the valve so that the height of a mercury column 
attached to the discharge orifice was set to a definite point. 'I'his 
sot ting of the mercury column was donG visually, and, with reasonable 
care, could be set so that differcmt runs at thG sarne flmv might vary 
.±0,025 inch in setting. Tho pu.'11p is not to bo considered part of the 
model studies, A general view of the set-up is shown on plate A, 

Upon consideration of thG various factors involved, a model 
scale of 1 to 17 ,3 was chosen, The intake ope:;ning was ma.de of wood 
and installed in such fo.shion that changes could be made easily. The 
rest of the into.kc from thG entrance to the pun1p was made of pyralin 
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The test procedure consisted of moasuring hydraulic losses 
and mo.king vcloci ty traverses. The lossc,s v,crc measured in the r:on­
vontiona.l mari..nor, by installing piozo.motc:r rin:-s and connecting these 
to open manometers. Tho velocity travorses ,·rorG first obtainod through 
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has five openings on tho portion of the sphere fu.cing: the stream flow. 
The five opo�ings arc so plo.cod. tho.t thuir n.c,dings pcrmi t computa­
tion of the voloci ty vector both as to direction ,md m::i.g,ni tudc. How-
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ever, upon investigation and an attempted calibration of this in­
strumcmt, it was found to have objcctioi1ablo characteristics for the 
use to which it was put. It was therefore., decided to use a cylin­
drical pitot tube which calibration showed to be free from the un­
desirable characteristics of tho pitot sphere. This tube was built 
on tho basis of the studies made by F'cchhcimc.:r. It has only throe 
openings lying in a plane porpendiculo.r to the axis of tho cylindor. 
Those throe openings allow a dotormino.tion of tho direction and mac:­
ni tude of tho velocity in that plan0 only. However, it is possil:Jlv, 
by tho proper location of any number of traverses, to g:,ot ths acti.1,,l 
direction and mo.gni tudo of tho velocity vector o. t cmy point. It -,recs 
observed that tho flow at tho sections r�hosc.n did not deviate from o. 
direction perpendicular to the plane of th,::, section sufficiently to 
warrc..nt the to.king of more tho..n the hvo tro..vcrsc,s in any gi v0n sec­
tion. This gave only tho umtcr point (\•.·here; the hvo travorsos in­
tersect) as the, place where tho direction of the velocity could be 
dotcrmirn,d in thrGG dimensions. 

In lieu of actuc,l moo.sur0mcnts of direction (oxr.Gpt i:-.1 
one plmw) visual obse;rvations wore relied upo:,1 to study o.ny n.bnormal 
conditions of flov, v.rithin the conduit o.nd elbows. Tho use of uir 1-,nd 
dye in th,:; fluid fJ.01,vinf thruugh the modol showod up th(; objection­
able r,hr_;_rr.cctcristics r.u1d the desirable fco.turc of thG various set-ups 
tostcd. Thcso observations h[,vc b,;u1 r0licd upon to temper thu vo..­
rious deductions dravm from tho dc�ta. 

5. Entrances tested. Two -i_;-�,pos of entraJ10es were studied. 
One, v.:hich will hereafter be called the rectangular entrance, is the 
original design. This entrance is rectanp:ular at the face of the dam 
and has a transition section to the circular portion of the intake 
conduit. The intake up to the elbow is on a slope of 10 degrees. 
Tho second entrance studied was a cirr;ular bellmouth entra..--ice desioned 
according to information obtaim,d previously in tho laboratory. This 
entra:'.1ce is horizontal for a short distance and there turns by me:ans 
of a 10-degree bend to meet the normal slope of the, intake pipe.. 
Other comparative features of those ontranc0s may b0 obtained from 
tho sketch on figures 1 and 2. Tho 10-dogree slope of the conduit re­
quires that the elbow turn the water 100 dogro'°s instead of 90 degrees. 
This should be borne in mind when studying: the; rcsul ts pros en tcd ho re­
in. 

6. Elbows tested. Three types of 0lbows were t,.,stod. 
The first one, submitted by the:: dcsig:n section, had a circular en­
trance which chang;cd progressively to an elliptical section at the 
outflow 0nd, th� 1i1inor axis, which lh,s in the plane of th(, bend, 
bocoming shorb:,r and the major o.xis rumainL1g constant. Tho sectional 
ar0a a;_1d th<; radiu.s of curvature change L1 such a manner tha. t tho 
product of thG volor:i ty times the radius n.mains cons i�ant. A transi-
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tion se ct ion ,  changing from the elliptical to a c ircular se ction, 
was necessary bo'51,\reen the elbow outflow and the pump inle t flange. 
This  elbow will hereafter be referred to as the elli ptical Glb ow. 

Tho second elbow tested was a miter bend with a section 
containing vanes inserted at the intersection of tho two segments. 
A rather sharp c onvergenc e was required between  tho elbow and the 
pump inlet flange to reduce the full intake d iame ter to that re­
quired at the pump. This elbow, which was d esi gned in tho labora­
tory, will hereafter be referred to as the vane elb ow. 

The third typo tGsted was a constant radius elbow with 
a gradual convergence from the intake pipe up to the pump inlet 
flange. This elb ow, which was submitted by tho desi gn section and 
modified sli ghtly in tho laboratory, will be roferrod to hereafter 
as tho convor .?;ing elbow. Photo graphs of the:, various elb ows are 
shown on plate B. 

An oxplc,nation of tho choice of mc asuremont sc cti ons 
would be  o.ppro priatc hGre. Tho sections woro located in such a 
manner that the hydraulic 0ffects of tho vari ous parts of tho intake 
could be  observed. Section 11 D 1 1  

W8.S loc ated immodiL,t0ly dovvnstrea.rn 
from tho entrance and socti(m 11 C "  i1mno dio.toly upstrorun from tho be­
ginning of tho elb ow. The so two sections are common to ·all tests. 
The loc ati on of section "B" vo.ricd o.c cord ing to tho elb ow b e ing 
tested ,  but, in general terms, it was located at tho outflow end of 
tho elbow proper. Section 11A" was lc co.tod as close to the pump im­
peller oyc as physical limitations permitted. 

During the progress of the test it was decided , on the 
basis of tho promising  r osul ts obtained from tho vane elbow, to study 
the possib ilities of decreasing tho sizo of tho whole pump intake. 
As this could be done vory easily by use of the vane type of elbow, a 
6-1/2 -inch diruneter intake was built of pyro.lin with a c orresponding: 
wooden bellmouth entrance. The same series of tests was conducted 
on this set-up o.s for the others. 

An interesting d0viation from tho mo.in program of tests 
consisted in inv6stigating the effo ct on entranc e l oss of tho various 
components of the trashr ack structure. Pic. zomotcr readings were 
taken o.t section 1 1 D11 i' or various discharge s ,  with tho complete in­
stalln.tion in place . The next  st0p cons isted in remo� ng portions 
of the trashrack o.nd mGasuring, tho loss0 s thrc'ugh tho same range of 
fl ow. Next, thu trashrack piG rs and bars were romcvod crnd the losses 
me asured. This w-c .. s carried through systemc.tically until the re ctcm­
gular ontra..".lce WE\S clean ·with the face of the dam, as shown in plate 
C . Those results aro given in tnb l 0  1. 
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Attention is called to tho fact that o. 1 1  results g;ivon 
are for a cond ition of minimum rc:;scrvc,ir clevo.ti()n. This was used 
as the worst pussible operatin g. c ond ition lil�cly to ,'.:'ccur. A che ck 
wo.s made to se e; if the test results wore influenc ed  by sucti on head, 
but it 1-\ as f0und not tc have any mo asurable effect on th0 modol ro­
sults through a variati on of ab out 18 inches (26 feet prototype).  
All subsequent tests wore mado with tho minimum reservoir olcvati on . 

7 .  Results. S inc e it vms denidod before completion cf 
tho mode l  tests that tho size  of tho intake conduit in tho prototype 
would be 14 feet in diameter, tho tests for tho various elbows and 
entrances are compared on tho bas is of a convergo.neo from 14 foct to 
9. 5 feet at the pump inlet flange. 

A c omparison of tho veloc ity distributions for both typos 
of entrances is shown in figure 3 in the dimGnsionlcss plot. It is 
apparent that the velocity d istribution is more ne arly syr.1metr i�al 
in the bollmouth entrance than in the ro ctangulo.r 0no . It must be 
remembered tho. t by bellmouth ontra..rice is meant the bo llmouth prl.'per 
plus the 10-degree bend , bec::rnsc the measuring section is just down­
stream from tho bend. Tho d ifference be tween tho distribution of 
flow in tho tvrn entro.ncos is qui to smC\1 1  o.nd evun this small differ­
ence practico.lly disappears before tho elbow is roached. 

In order bettor to predi ct the veloc ity distribution in 
the prototype, the model discho.rge was d oubled . The d istri bution 
of veloc ity rei,w.ined th6 s umo at the.. se ctic•n tested ( S 8 G  dimensi on­
less plot, su e . D, figure 3) . For this in0roascd d ischargo the 
veloc ity in the mcdel was fivo feet per soccnd . 'l'ho velocity in the 
prototype will be  10 foc..t per sc cwnd. S inr:; o the sea.10 rati o is 1 7  . 3, 
the Reynolds I nuinbor in the protutype will be ctbout 35  times that in 
the mcdol. The ref ere , tho effe cts of fricticn will be rola. ti vely 
smaller in tho -prototype , with the result that the prototype will 
tond tov,:0.rd o. more uniform distribution providud the _distributLm is 
sy-ri..metric al in tho model . If, hc·1Hcvcr,  thG distribution is n :)t sym­
motrica.l,  as in the case of the rectungulclr entrance, cond itions arc 
likely to bo a.ggravatcd o.t higher Reynolds I m.m1bcrs .  The me o.sure­
monts were taken without the trus hrn.ck strur:turc . It is belie ved 
tha.t tho tra.shracl:::s and piers will be o. stabili z ing influence with­
out affecting tho flow pattern . 

The losses in the UNO types of entranc es arc shown in 
table 2 . The rolo. ti vo ;:;writs c1f tho different sot-ups tostod may 
best be determined by keep ing in mind the experimental error in­
herent in tho ind ividu:.,l values given. In obtaining tho losses c.t 
the vo.rious sections, water mru1omotcrs ,voro used to roo..d thu pres­
sures. Those monorn.otors wore roo..d v;-ith ru1 o.c curucy of .±0 . 00 1  foot. 
Tho loss in hoo.d from tho hoadwn.tor to c.ny secticn is obto.ine d bv 
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subtracting the velocity head at that section fro:n the difference 
in pressure as determined from t.11.e water manometer readings. Due 
to the possible variation in setting the flow, the velocity head 
may vary ,±0.001 foot and the pressure readings from each manometer 
may also vary .±0. 001 foot. The determination of loss would have 
an accuracy of ,±0. 003 foot ( since two separate ;nanometer readings 
are used in the determination ) .  Expressed in percent o f  velocity 
head, the maximum variation would be of the order of magnitude of  
.±_2 ,5  percent at  the lowest model discharge. In gene:, ral, the loss 
in the b ellmo_uth entrance is low-er than in the rectangular one 
when the gates are not in place. A comparison between the two en­
trances, with their respective gates in place, is given in table 1. 
In this case the bellrnouth entrance is superior by from two to five 
percent of the velocity head. The loss, e xp ressed in terms of VG ·· 
loc i  ty head, will be less in the prototype than in the model so that 
the valu0s obtaiac d in the 11 odel arc on th<:: safe s ido. 

Tho loss in tha trashrack structure was just barely pe r­
ceptible in the, r.i.odGl, beine; of the order of 0. 005 foot at a veloc­
ity o f  5 feet per socond in the conduit , S ince the velocity in tho 
prototype is 10 foot per second, the loss will bo of the order of 
0. 005 foot at a velocity of 5 foot per second in the conduit. Sinc e 
the velocity in tho prototype is 10 foot pe r second, the loss wil l 
b e  of  tho order of 0.03 foot, which is negligib le , By flar the most 
s ignifica:nt factor in tho entrance l os sos was shoV'm by tho effect 
of tho gate slots. A comparison of columns 4 and 5 in table 1 shows 
the effect of filling in the gate slots. As those tests we re made 
with tho rectangular e:ntro.ncc , the losses, of cour s e, arc applicable 
to that entrance only. 

The values of K, in tho forr:iulo.. for loss i11 the entrance, 

h KV2 
safely be taken 0. 10 for tho bcllmouth and 0. 12 = , may as 

2g 
for the rocto..ngular entrance. 

8 .  Elbows. A comparison of the thre e olbo·ws, using the 
bellmouth entrance, is sho-vm in figure 1± . As pdinted out previously, 
it was found tho..t tho typo of entrnnco hctd a vory minor e ffect on 
the flow in tho elbows. Thereforu a com.p.s.r ison on th0 basis of 
e ither entrance is val id. 

F'ro:m tho sta::idpoint of ve:loci ty distributi on in tho cross 
section irn;nodic.tely proc6ding: the pump, the 0lb ows in tho order of 
the ir per formo.,_ico n.rG vane c lb ov,, converging olbow, and ollipticn.l 
elbow , The convorgini,; and tho o lliptic c..l elbows shCJ1i1.c their influ­
ence on voloci t:y distribution L1 a c c crde.nco with previous experimen­
tal •N(1rk: . Thero is an inc rease, of veloc ity c.lon.�· the in::10r radius 
u11til the exit soction is reached (se ction B ) ,  At this point there 
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i s  s e paration with c orre s pondingly l owe r vel oc i ty .  The d imen s i on­
l e s s  p l ot of d i s tribution on f i gure 4 brinrs out the s eve rity of 
the s e paration in the e l l i p tical e lb ow compa red wi th the conve r g­
ing e lb ow .  Thi s  tendency i n  the e l l ipti cal elbow i s  n o  doub t  ac­
centuated by the proportions o f  the trans ition s e c t i on r equ ired . 

The vane elbow exhib its ve ry- different characteristi r, s ,  
and , s ince thi s  type of e lb ow i s  j us t  b e rirn1ing; t o  c la im attention, 
s ome add i ti onal di s cus s ion i s  in orde r .  Thi s  type o f  e lb ow has been 
us ed for s ome time in the aerodynam i c s  lab or ato ri e s  for t:ie purpo se 
of' turninb air with a minimum d i s to rt i on of ve l o c i ty d i s tribution . 
Mo re recently i t  ha s b0;en found by othe r inve s t igators  that by a 
c ar eful and s ui tab l e  de s i gn  of the vane s thi s  type of e lbow can b e  
ma.de to ftiv.0 l o s s e s  co.:npa.rab le t o  the be s t  e lb ow s  of the c onventi onal ,, 
t;vpo . Tho d0 s i gn of tho vane s in the u lbow te s ted in the labo ratory 
f o l l owed the; s ugge s tions pr opos Gd by Krober in t0 chn ic al momo ra.ndu.'ll 
No . 7 2 2  of t:1c }J ,A .C ,A . Nine thin vane s v.cro ins tal led with a s hape 
appr o�dma. ting tho s e  propos ed by Krob o r .  Mo ro ox;:ie r imontati on could 
b e  done in determining tho mos t cf f i e  i c:1t type- of vane , but it was 
f e l t  that in this s tudy it was not j us tified be caus e  of tho n la-
ti vc ly l ow vcl oc i tics and corres pondingly l ovv l o s s o s . 

The l os se s , as measured by moans of pic z omo tor ring;s , arc 
s hovvn in tab le 2 .  Tho s e  are total l o s s e s  from fore bay to the me as­
urin g s e c ti on ind ic ated . The e l l iptical e lb ow shows an appre c iab ly 
h i gher l o s s  than the o ther two e l b ows . The vane and convur g:ing e l­
b ows s how practi cal ly tho s am0 l os s . The los s e s  me as ured in thi s  
manne r a r o  de pendent upon tho ve l o c i ty d i s tribut i on and tho c urva­
ture of tho s tream l ine s . The refore , it v:-as de c ided to e valuate 
tho l os s G s  by inte grating tho pi tot- tubo meas urements o f  total prc:: s ­
s ure . At any point tho d iffe rence b0tvro G11 tho potential o f  the, forl:­
bay and tho total pre s s ure is tho l os s in ene r gy to th is po int . 
Tho s o  ene r gy los s e s  arc pro s 0ntod in f i g,ur-o 5 .  To gGt the avora;7c 
l o s s  per pound of f luid , tho s 0  l os s e s  arG mul tipl i0cl by tho ve loc ity, 
inte grated over tho cro s s  s e c tion and then divided by tho d i s charge . 
Tho l o s s e s  ob tained in this way d iffe r m:.i.tcrial ly from the l o s s e s  
ob tained in tho usual manne r .  Tht tutal l o s s  pe r pound t o  s ect ion 
1 1A11 f o r  Q = 1 . 300 c . f . s . an., as f o l l mvs : Vs,,.10 , 0 . 0 5 5  f oot ; o l l ip­
t i c c d ,  0 . 0Ll.6 foot;  c onvc, rging, 0 . 039  foot . C ons idering tho fact that 
thG prob :::..b lc e r r or may be four or f i  v0 po rc;-::.. :::1t, the throe G l b ows show 
vr., ry e l o s �  agr c -.::mcnt . 

In c ompu ring tho s e  l o s s e s  with the l o s s E s  dorivo d from 
th6 pio z om::tor meas urements , s eve ral diffen,nc .s s  may be noted . Tho 
l os s  in the e l l iptic al elbow ha s b e en mah- r ic"lly roduc od.  Thi s  rG­
duction c :m b e  explained by rofer rine; t()  tho vo l o c i  ty d i s tribution •. 
The, dis tribution i s  d i s torted to su ch CcJJ. extent that the pio z omc tr ic 
pre s s ure me as ured at the pipe wc, 1 1  wi l l  vary nround the circu.TJ1for-
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ence. ThFJ average pressure is then more a functi on of the pie z orneter 
locati ons than of the-: actual mean pressure in the cro ss secti on. In 
the case of the conver g_ing e lbow, tho distribution i s  better ; there­
fore the c l ose r agreement obtained is to be expe cted. For the vane 
e lb ow the agreement should be very c l ose , since the distribution of 
vel o city is quite uniform b oth in magnitude and direction. There is 
a discrepancy in this case, and it  is fe lt that more wei ght c an be 
placed on the loss from the piez ometer readings. There fo re the true 
l oss in  the vane elbow set-up wi ll  be  in  the neighb orhood of 0. 042 
foot when the value in table  2 is c orrected from Q = 1. 426 c. f. s .  to 
Q = 1 . 300 c .f. s. This adj usunent brings the three elbows int o  even 
better agre ement. 

In summary, it can be stated that on the basis of energy 
loss, as determine d by those tests, there is very l ittle difference 
among the throe el bows. 

The change in the pcrcontago loss with increasi ng dis­
charge is shown in table 2. Tho pcrcontagc loss in tho prototype 
wi l l  b e  somewhat lo ss than in the mod 0 l  bocaus0 of the higher 
Reyno lds I number. On the other hand, if tho rc la ti vc ro ughness is 
greater in the prototype , the percentage loss wi l l  tend to be  higher . 
Tho range of d ischarges in the model  was not sufficiently wide to 
servo as a basis for extrapolation. A reasonab le value for design 
purposes would bo a loss cor; fficiont of 0. 20. Tho head l oss from 
the forebay to tho pump inle,t would then be  0. 20 v2 where V = 

2g 
v0 locity in tho 14-foot diameter pipe . The magnitude of the l oss 
would be 0 . 20 x 1 . 6  = 0. 32 foot. This loss amounts to only 0. 1 per­
cent of tho tota l pumping head and can be consi dered negligible.  

9.  6-1/2-inch diameter intake mode l. Since the results 
obtaine d with the vane elb ow showed cons i derable  promise ,  it was de­
cided to construct an intake which had a constant diameter equal to 
that of the pump inl et. Because the vane e lb ow required only slightly 
more depth than the conduit diameter, it was poss ible to make the in­
take horizontal. The bel lmouth was formed to approximat0ly the same 
shape as the larger bel lmouth entrance. Tho desi gn of the e lbow was 
changed so that there were only sev0 n vanes as contrast0d with nine 
vane s in  the larger elb ow. The vel oc ity distributions at the vari ous 
sections arc shown on figure 6. The d istribution is not as good as 
in the l arger vane e lbOvV. There is a breaking away o f  the fl ow at 
the inside of tho miter. Ono reason for this is the smal ler numb 0r 
of vanes and the corresponding larger passages. Tho drag indu r,od by 
the vanes shows up very c learly in these tests; however, the varia­
tions in vel oc ity caused by this drag are only of the order of four 
percent. The vel oc ity distribution is no t as satisfactory as that 
obtained in the l arger vane elbow,  and it serves to bring out the need 
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for mor e  expe rimental study before a basis for design can be estab­
lished. 

The head loss from forebay to pump is higher than ii'l the 
l arger instal lation, due to higher vel o c ities. The loss in the pro­
totype , estimated by l owering the mode l values to take acco unt of 

2 
the higher ReJmolds I number ,  is O • 30 V , where V = vel ocity in the 

2g 
9. 5-foot diameter pipe. The magnitude of this loss wo uld be 0. 30 x 
7. 94 = 2. 4  fec,;t, which is 0. 75 percent of the total head. 

10. Conclusions. Before drawing any definit6 conc lusions, 
it is We, l l  to review first the particular factors invo l ved in the 
problem a.,.�d,  se cond , those whir. h are pe culiar to the model  se t-up. 

First, tho elbows which turn tho water through 100 degrees end 
a short distanc e from the eyo of the pump impel l er. The choice of 
dia..'Tteters for the pump intake and the conduit makes it ne cessary to 
have a fairly  sharp convergence between the el bow and the pump inlet 
flange. 

Second, the pump used in the model  study is not an homologous 
mode l  pump and does not simulate tho prototype. Therefore any effe ct 
of the laboratory pump on the mode l  intake is peculiar to thb model 
study and cannot bo transferred to tho prototype. This effect ;night 
bo a distortion of tho flow pattern as a resu lt of unsymmetrical flow 
through tho pump. On the other hand , the mod e l  pu�p may have a sta­
bilizing effe ct. Whatever the effect, it would be smal l, and if 
secondary disturbances are neglected , this effect of the pu"11p will  be 
cance lled  out in a comparative study. 

Third, the losses determine d in the modo l  have an ac curacy of 
..±.0 . 003 foot . 

Bearing these facto rs in mind, tho fo l lowing conc lusions 
aro drawn from tho model  studio s :  

The bol lmouth ontrance is slightly be tter than the rectangular 
ontrane e from the standpoint of vc loci ty distribution and loss of 
head. Tho difference in loss cocffir-,icmt 11 K11 is of th0 order of two 
to throo pe rcent in favor of the bo l l:nouth design. The minimtun en-

trance l oss me:as urod in tho model was O . lO V
2 , whe re V is the 

2g 
ve locity in the conduit. The loss in the prototype will  be relatively 
smaller  because of tho higher value of Ro�olds 1 number. A valuo of 

loss taken as o . os V2 

2g 
would be safo , considering the magni tudo of 
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the velocity head in the pro totype. The lo sses in the tras hrack 
s tructure were of the same order of magnitude as the obs ervation 
error, so that no definite figures can be given for design data. 
The los s due to the gate slots is the greates t factor in the total 
los s in the rectangular entrance. 

On the basis of head los t in pas s in g  through the elb rn�, there 
is very little difference among the three elbows. This is  not sur­
pri s ing because in the usual ins tallation of an elbow the maj or por­
tion of the loss  attributable to the elbow is  developed in the down­
stream tangent , due to maldis tribution of the velocity . In the 
problem of the pump intake, there is  no do�mstream tangent, but 
there is the pump which may be affected by the velocity dis tribution . 

From the s tandpoint of dis tribution, the vane elbow is defi­
nitely the best  elbow, with the c onverging elb ow next best. No 
attempt was made to find the magnitude and direc tion of the effect 
of the elbow on the performanc e of  the pump . If this effect  is ap­
preciable � the vane elbow would appear to be the mos t desirable 
elbow. If the effect is ne gligible , the choice of elbow is merely 
one of c o s t. In other words, the elb ow which can be built mos t  
economically i s  the mos t des irable one . 

10 
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TYPES OF ELBOWS TESTED PIATE E 

E llipt ical Elbow 

Vane Elbow 

Converging E lbow 



SOME STEPS IN THE PROGRESSIVE DISMANTLING OF TiIE 
TRASH RACK STRUCTURE FOR HEAD LOSS DETERMINATION 

( Numbers corre spond t o  c o lumns on t ab le 1 )  

1 .  Fully Ins talled 2. Trash Racks Removed 

3 .  Trash Ra cks , Piers , and Ribs Removed 6 .  Comp letely Dismant le d .  

PLATE C 



,6c 
r -�· : .,-: : • C • .  

,Normal  1 ' · .
· • • · 

:���r �. . -- ti] • 
, El . 1288.0 i 

. (

J

. '. · · _ ·,>\ · · . c)  �:,> :�·1·�.1 
. . 

' \ . � - . .  , . 
. . . \ .  . . . ' ·  . .  

. o. · \. 

\ . . . , .  ·, 

.,. 

.
. · <::J .

. 

. _ o . 

. (J . 

. · _ c:, . 
o ·  

. .  _CJ 

.
. <J 

. 0 

ril . . . 
. . . .

.
. . . . . . . . . . . C, . • 

';;;;"' ·-·.- - " :M i n .  h ead  water · · 

-

i....., . 
. 

. El. 1208. 0.' · . · . . . 
- . . . ' . 

{]J . . .  - �  

. ·o 

Et. I I  3 0, 

.\ 
_ 6 . _ . 7 . 

. \ _  

I> . 

0 

F I G U R E I 

Jl
i 

I I 
I I 

, -El. 1203. 0 /f f1',, 
� / -C�=-�� �E] ��=--�� �S7- f - - --- -; '-i ,  --1----- - \I 1 6 l 1f I I ,  

\. -- _ _ _ _ _  ,...,,,. I I t I --,���-==---� - - -..... --;:;" I L _____ \) 

1
- - -- -- Y. �--

L--
�;=:;:;:;==tl - �  -<- - 10° . � 

µ.u....,.u+--->-�{i [ . ---1-------f-�)l_ 
1 
I 
I 
I 
I 
I 
I 
I 
I 

�� -· 
• . - • . o • 

0 
· . v -· E/. 1 1 7 1

.
0 

�:l;��,1 ! :r:. -=1:/f-� �-------·_.o_·_. _· __ ._._. ---------'-·-·�c,'-', ---'-'---'--..,_;_-'-- :o.:...· _: ·.:...· __ .,;._c_·.:...:o.:...· ·_. --'-'--'--'--'-'I 
. . . . ' ,  

U N I T E D  S TATES 
D E PART M E N T  OF THE I N T E R I O R 

B U R E A U  OF R E C L A M A T I O N  
COLU M B I A  B A S I N  P ROJECT- WA S H I N G TO N  

G RA N O  COU L E E  P U M P I N G  PL A N T  

M O D EL STU D I E S  O F  I N TA K E  
T Y P I CA L  S E C T I O N  OF R E C TA N G U L A R E N TRANCE 

T E S T E D  WI TH E LL I P T I C A L  E L B O W  

DRAWN . .  _ F. T_. . . . . . S U B MITTED . .  

TRACED_ E._M ._W. _- H_. s, R E COMM ENDED . . • 

C H ECKE D. _c>. J, I f . . . . A P PR OV E D  . . . . . 

lDENVER, cOLO - MAY ,a. ,93912 2 2 . D - 4 1 1 2  



47 l�I A''\�:: _ _.·_ · · . - < - : · ·. · .  ;-1: -
,Normal Ha't, ·_. · : ·_ () : · . . · . .  ·. · . ' : : 

head wc
i:::=:i..:-

_· . 
: _�ffi-. • .  . . . 

\ water ·c·. : � . 
: El. 1288.0 · . · . ·  . · · . ,· - : . · · ' - � - . 
y i:.·. ·-�-

. • · .
.
. ' \,/� : 

. 

i-= � -- - - ·  . \  

ct�=��==j. o 

e,· 

... 

0 . . 

. \ . . 
' \  

(J . . · .  \ . . . 
\· . ' .\ 

• 0- • •  

. · . · . .<J · . ·  

. c ·  . . . .  
. . 0 . 

(} 

_- .' _- . .  G . 

I'.¢ • • 

c. ·. 
/ . .  

/ 

• • • • •  - • • • • • • • •  0,' • :.., :" --. - Mi n. h e a d  water · · · 
· :  · . .  E l .  1 2_0 8. Q ·· ·. ·. 

. , · ··\ . 
.
. 
·_ :� <J: ' ·. 

FI G U R E  2 

U N I T E D  S TATES 
D E PA R TM E N T  O F  T H E I N TE R I O R  

B U R E A U  O F  R E C L A M A T I O N  
COLU M BI A  BA S /  N PROJECT.- WASH I N G TO N  

G RA N D  COU L E E  PU M P I N G  P L A N T  
MODEL STUD I ES OF I N TA K E 

T YPI C A L  S EC T I O N  OF B E L L - MO U TH EN TRA N C E  
T E S T E D  WI T H  V A N £  E L B O W  

DRAWN . .  _ F. T._ . . . . . S U B M I TTED. 

TR A C E D. E._M . w_- ; H. S._ R E COMM E NDED 

C H ECKED. _D. J ._ M._ . . .  A PPROVED . . . . . 
lDENVER, COLO. MA Y 1 8, 19391 2 2 2 _ 0 _ 4 1 1 3  



D I S C H A R G E  

C . f. S . 

I . 426 

I . 6 97  

2 . 0 1 6  

2 . 400 

2 .  603 
I 
I 
I 

I .  426 

I , 697 

2 . 0 1 6  

2 .  400 

2 . 603 

P I EZOM ETER 

S E C T I O N - A  

ELL. ELBOW VANE ELBOW 

ht  %V. Hlf 

h t  
* %\/. H .  

. 1 0 4 8 6 . 7  .0 4 5  37. 5 

. 1 4 1  .83 . 0  . 0 6 2  36,5 

, 1 8 4 7 7. 0  .0 7 5  3 1 , 4 

.247 7 2 .9 . 1 0 0  29. 5 

.270 67, 5 . I 1 4  28. 5  
I I I I 
I I I 
I I I 

. 1 0 0  8 3 . 3  .0 4 5  37. 5 

. 1 3 1  -77. 0 . 0 5 4  3 1 . 8  

. 1 6 5  69. 0 . 0 8 2  34. 3 

.2 2 0  64. 9 .I 0 2  30. 1 

. .  246 6 1 .  5 . I I 5 28 .7 

T A B L E  2 

M EA SU R E M E NTS O F  LOSS ES ' h t' I N  F E ET OF W A T E R  
B E L L- M OU T H  E N T R A N C E  

S E C T I O N - C  

CONV. ELBOW ELL. E L BOW VANE ELBOW CONV ELBOW 

h t  %V. H.* h t  %V. H :f 

h t  %\/. H ." h t  ¾V. H .�f-

.0 4 2  3 5 . 0 .0 3 0  25. 0 .027 22. 5 . 0 2 7  22 . 5  

.0 6 3  3 7. I .0 4 1  24. I .0 38  2 2 . 3  .0 38  2 2 ,3 

. 0 7 6  3 1 , 8  .0 5 5  2 3 . 0  .047 1 9 , 7  .0 5 0  20. 9  

.0 9 5  28.0 .0 7 3  2 1 . 5 .066 1 9 . 5  . 0 6 9  20.3 

, I  0 2  25,5 ,0 8 3  20. 7 .075 1 8.7 . 077 1 9 ,2  

R E C TA N G U L A R  -TR A N S I T !  ON E N T R A N C E  

.04 4 

.0 5 9 

. 0 7 9  

.0 9 7  

. I I 5 

36.7 , 0 3 0  2 5. 0  . 0 2 7  2 2 . 5  .0 3 0  

34. 9 , 0 3 9  2 3 . 0  . 0 3 8  2 2, 3 , 0 3 8  

3 3.0 .0 5 4  2 1 ,  3 .0 5 1  2 1 .3 .0 5 6  

28 .6  .0 68 20. 0 .0 7 1  20. 9  . 0 7 4  

2 8  .7 . o  8 1  20. 2 . 0 7 8  1 9 . 5  . 0 8 4  

·>:- Percent of ve locity head a t  Sect ion  C 

S K E TC H ES 

S H O W I N G  
LOCAT I O N  OF 

S EC T I O N S  

25.0 

22, 3 

2 3 .4  

2 1 , 8  

2 1 . 0  

S E C T I O N - D  

ELL.  E L B OW V A N E  ELBOW 

h t  % \I.  H�� h t  %V. H .�f 

.020 1 6 . 7  .0 2 0  1 6 . 7 

. 0 3 0  1 7 . 6  . 0 2 5  1 4 .7 

.040 1 6 . 7 .0 3 2  I 3.4 

. 0 5 5  1 6 , 2  . 0 4 7  1 3 , 9  

.065 1 6. 2  ,054 1 3. 5 

I I 
I I I I I I I I 

. 0 2 5  2 0 , 8  .0 2 5  20,8 

,0 3 0  1 7 . 6  .0 3 4  20.0 

.040 1 6 . 7 . 0 4 4  1 8. 4  

,0 5 3  1 5. 6  . 0 5 6  1 6, 5 

.064  1 6 . 0  .0 6 3  1 5. 8  

S EC. C .  

B EL L- M OUTH E N T R A N C E  R E CTA N G U LA R  E N T R A N C E  

I 
I 
I 

CONV. ELBOW 

ht  %V.H.�f 

.0 1 8  1 5 .0  

.02 6  I 5 .3  

.036 1 5 . 1 

,0 52 1 5. 3  

.054 1 3 . 5  
I 
I 
I ,  
I 

.027 2 2 . 5  

.03 3 1 9. 4  

.048 2 0. 1 

.059 1 7 ,4  

. 068 1 7, 0  

--i 
l> 
CD r ,,, 
I\) 



I i 

• I 

• 

S E C. A 

S E C. B - --0-

3 1 4 

\\ 

I .  I I '\. 

I . O t""�-

. 9 1 

I I 
V 
v 

. 8  � 
I ---- ... 

. 7 

. 6  
I 

. 5  
0 . 2  

°E L L I PT I C A L  E L B O W  
D I S C H A R G E = 1 . 3 0 0  C . F. S .  

S EC. C 

�----
----1-----.... --- '\ --- - t  \ 

\ 
\ 

11 

I T RAV E R S E  2 w , r n  

:· B E L L - MOUTH E N T R .  

T R A V E R S E  2 W I T H  
.· - R ECTA NGULAR ENTR.  

f • -j 
I 

1 1  

v --,.,.--+-
7'; o

<?. 

I 

I 

1 .2 

I . I ,-

-- � -- � -- -tL - - -1 T R AV E R S E  I w I T H  I 1 . 0 
B E LL- M O U T H  E N T R .  

V 

· - .  T R A V E R S E I W I T H  v 
. ---- . -- � +� 

t-11 
R ECTANG ULAR ENTR . .9 

I -

I -
. 7  

.4 .6 .8  1 . 0  0 

S/o 
S EC T I O N A 

S EC T I O N  A 
A R E A  = 0 . 2 3 5  S Q . FT .  

I N S I D E  

M I N .  W. S .  

T R A V E R S E  2 -

I' 
T R A V E R S E  I I 

6 

o 5 --- - � T R A V E R S E  2 
w 
Cf) 4 
'--. 

·- I 

i-: j 
T R A V E R S E  I 

Li.. 3 - --
_j 2 I 
w 
> I  --·· - -

t 
0 

S E C T I O N B 
A R E A =- 0  2 9 5 SO . F T. 

I N S I D E  

T R A V E R S E  4 

·1 
T R A V E R S E  3 

5 

� L � -4 - 4 
Cf) 
'--- 3 r � +- .f.-
Li.. 2 1 • - -- +-
_J � ' I  1 t 

0 
<t. 

3 5 0  

, · • T R A V E R S E  3 
r, 

--i--__ 1; ·  � - - T R A V E R S E  4 

T R A V E R S E  6 ;  

u 3 -

tr > 

' 

S E C T I O N  C 
A R E A = 0 . 5 I 4  S Q . F T. 

T O P  

�
1, .1 � 

i 
}. -

/ 

I 

-- --- -- --!-
- -·- ·�- --�� ---�-

i 

4:iO 
_'1,' 

--� 
T R A V E RS E  5 J " ·T R AV E R S E 6 

T R  A V E  RS E 3 W I  T H  
R ECTA NGULAR ENTR.  

I . 2  ,-------,-----,---,------;---7 I .  I ,------,--------------------, 

2 

'' 

.4  

S/o 

t" t"-

6 . e  

S E C T I O N  B 

� 

'fl T R A V E R S E  3 W I T H  
B E LL- MOUTH E NT R  

\

� 

T R AV E R S E  4 W I T H  
\ 

.
R ECTANG U L A R  ENT R

_

. 

� .  T R AV E RS E  4 W I T H  
\ B E L L - M OU T H  E N T R  

1 .0 I 

V 
\I 

I . I  

1 .0 

.9 

.8 

.7 

I 

I 

I 
I 
I 

,,--,,..- -____ ,,,,,. ...-.

- -\ 
/ --- \ 

/,. ... 
I ,... 

I 
I 

I 
/ 

+ - - T- - � - � 
I ,, 

I 

0 . 2  

I 

I 
. 4  . 6  

S/o 
S E CT I O N C 

" ' ' 
\ 

\ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
L 

\ 
\ 
\ 

'( 
. 8  1 . 0  

T R A V E R S E  6 W I T H  
B E LL - M OU T H E N T R  

T R A V E R S E  6 W I T H  
R ECTANGUL A R  E NTR 

T R A V E R S E  5 W I T H  
RECTANG U LA R  E NTR 

T R AV E R S E  5 W I T H  
B E LL- M O U T H  E N T R .  

V 

v 

1 / :. D I S T R I B U T I O N W I T H I TRAVER S E  7 < RECT. 
1"/ \;f_/2 j _,

-.

·-
�

� TR AVE RSE 8 W I T H  

I I , D ISCHARGE =2.500 C .F.S.  I · .. , E NTR. 

·
9 1

:r��O I ST R I BU T I O �----; , T H  . - · .. • 
r I DISCHARGE : 1 .300 C.FS. 
I I 
I I 
I I 1 8 � t· � - -

I ' ' 
I 

. 7  . -_ _.. --- - --+- - - - --1--

. 6  j 

0 . 2  . 4  . 6  .8 1 .0  

S/o 
S E CT I O N D 

N OT E S  

T h e  c u rves s h o w n  i n  t h i s  s e ct ion o r-e t h e  

g r a p h i c a l  p resent a t i o n  of t h e  va r i o u s  

v e l oc i t y  t rn v e r s e s  s i m i l a r  to t h o s e  

a b o v e , e x c e p t t h a t  t h e  p l o tt i n g i s  

n o n - d  1 m e n s 1 o n a  I 

V =  A c t u a l  m easured ve l o c i ty at the  po i n t . 

V =  Mean  v e l o c it y  a c ross  sect ion from V = � . 

D =  To ta l d i sta n ce ac ross g i ven  t r a v e rse . 

S =  D i sta nce f rom i n i t i a l  po i n t  of t ra v e rse  

to  po i n t  of  m e a s u rement . 

l s o - v e l o c i t y  l i n es  fo r the  va r i ous sect ions  

a re p l o t ted  at  i n t e rva l s  o f  0. 2 5  f t per  sec .  

A l l  va l u es  g i ve n  o re a c t u a l  mo d e l  v a l u e s  . 

S E C T I O N  D 
A R E A = 0 . 5 I 4  S Q . F T .  

T R AV E R S E  �- -·;¼' T O� 

( 

f-)0 
q,· 

,_ . - - -

F I G U R E  3 

5 w --�-=---.: - - - • - - - T R A V E R S E  8 
0 f,-,r-::.-::------::.• ·-.. . Q = 2 . 5� 0 C5:S � - """�f- -T R A V E R S E  7 W 4 -- · - �- -
Cf) 

',

3

�- · 
-- -- · - - �  

i
· T R AV E R S E  8 

� \.. - . ._T R AV E R S E  7 . 2 --� --
Q =  I 3 0 0  C .F.S  _J 

W I 
> i 0 

O E P A II T M E N T  OF T H E  t M T E A I O A  
B U R  E A U  O F  R E C L A "'1 A T I O N  

G R A N D  CO U LE E  P U M P I N G  P L A N T  
M O D E L  S T U D I E S O F  I N TA K E  

M O D E L S C A L E  1 :  1 7. 3 
VELOCITY DISTR IBUTIONS  W 1TH  E LL IPTICAL 

ELBOW A N O  RECTA N G U LA R  E NT R A N C E  

C R A W N  . • pr, °!• S U B M I TT E D .  • • • . 

T A A C E O . '?• ! .'-.• • . • . . R E C O M M E N O E O  • . • • . . . . . • . .  

CH E C  K E O . .c>·.-! · .� ·  . . .  A P P R O V E D  . . . . . . .  
i o EN V E R , co 1..o. - F E a. 7 ,  1 939 1222 - D - 41 14 



V 

S E C  A 

S E C  B 

SEC. A 
SEC. B 3 

9 

8 

6 
0 

.. - .... 

E L L I P T I C A L  E L B O W  
O , S G H .l R G E  • , 3 00 C .  F S 

VA N E  E LB O W  
O I S C H A R G  E = l . 300 C F S  

SEC C 

C O N V E R G I N G  E L B O W  
O t SC H A � :; E  =- L 3 00 C F S  

3 

� .., 
2- VA N E  
2 - ELLIPTICAL 

2 - CONVERGING 

l - VANE 

I- ELLIPTICAL 

I - CONVERGING 

4 S;o .6 .8 1.0 

'-J S E C T I O N  A 

'- 2 

70 

M I N  N. S. 

M I N  W S 

.4 
SI D 

.6 

S E CT I O N  B 

.8 

T R A V E R S E  2 

u 

"' 
� 

... 
> 

' "  
5 1  
4 

3 
2 I 

S E C T I O N  A 
A R [ ;.  - O  2 3 5  SO FT 

I N SIDE 

T R A V E R S E  I 

JL 'i. 

S E C T I O N  A 
A P � .:. - 0 2 9 5  SO F T  

t •. 5 1  D E  

T R A V E R S E  2 

T R AV E R S E  1 

TRAV E R S E  2 
T R A V E R S E  I 

.J • .__ _ _ _ _  L_ 

3 
0 "' 
J 

3- ELL1 PT1CAL 
3- CONVE �G 1 N ;  

'- · CCN\ EP'J I N J  

4 - VA N E  

1 .0 

S E C T I O N  A 
.Hn .:. ,: :., r:, r ·  

· .  '> .; E  
W '  35C r�_,,,. __ , 

,,'c'> 

�"
� 

5 r 

so,,1, 

T R A V E R S E  2 

T R A V E R S E  l 

. 2 4 S; o 
6 

S E C T I O N  C 

.B 1 .0 

T R A -J E R S E  

S E C T I O N  B 
A R E A - 0 . 2 9 5  SO. FT. 

I N S I D E  

T O P  

3.25 

T R A V E R S E  4 

I 
T R A V E R S E  3 

� ;rt ff 

T R A V E R S E  3 

t 3 _ _ 
T R A V E R S E  4 

� 2 -

> I 
0 "' 

I 
T R A V E R S E  3 

"' "' 

g :f 

TRAV E R S E  6 

S E C T I O N  C 
A R E A  - 0. 5 1 4  SO.  FT. 

T O P  

2 75 -0- -

S E C T I O N  C 

::?5:J=

f R AV E R S E  6 
T R A V E R S E  5 

� A R E A - 0 5 1 4 S 0 . FT. 

� :r: 
-sf TRAV E R S E  5 

T R A V E R SE 6 _____ ___, 

TRAV E R S E  4 -

"' 
0 "' 
J 

6- C O N V E RGING 

- VA N E  

5- CONVERGING 

0 6 "' 
� 5 

t 4 

� 2 

I 

1 .0 

. 9  
V 

. 8 

.7 

0 

' 
T R A V E R S E  3 

I -

? t::---"' 

.2 
.

4 

S; D 6 

S E C T I O N  D 

T R A V E R S E  3 
T RAV E R S E  a 

.., "' 

� 
!(! 

t;: 
_j 
> 

----� :;; "' 
> 0 
� � 
I- "' 

I---

.8 1.0 

{
ELLIPTICAL 

8 CON V E RGING 
V A N E  

l
E L U P T I C A L  

7 CON V E R G I N G  
VA N E  

S E C T I O N  C 
A R E A  - 0. 5 1 4  S O. FT. 

�E:::: ---=t=
T R A V E R S E  6 

5 

4. 
T R AV E R SE 

N O T E S  
The curves shown i n  t h i s  section a r e  t he 

graph i c a l  presenta t i o n  .of the v a r i o u s  v e l oc i ty 
t r a ver se s  s i m i l a r  to those o bave , e x cept thot 
t h e  plott i n g  is n o n- d i m e nsi o n a l .  

V • Act u a l  m e a s u r e d  v e l o c ity a t  t h e  p oint . 
I/ •  M e a n  velocit y across sec t i o n  from \/ • � 

D • Tot a l  d i stance acro ss g i v e n  t r a v e r s e  . 
S • Distance from entrnnce to point of measurement. 
!so-velocity l i ne s for

1

the v a ri o u s  s ect i ons o re 
plotted at intervals of 0.25 feet per second 

A l  I v a l u es g i v en ore actu a l  model  va l u e s .  

0 

> 

0 "' 
� 
.J "' 
> 

0 "' � 
t 

"' 
> 

F I G U R E  4 

B O T T O M 

SE C T ION D 
A R E A  - 0. 5 1 4 S O. F T. ��::::::::::::::::::::::::::=� T RA V E R S E  8 

j T R A V E R S E  7 :r l 

T R A V E R S E  7 

:r 

�r 

S E CT I O N  D 
A R E A  - 0 . 5 1 4 S O .  FT. 

::,==-

T R A V E R S E  

T R AV E R S E  

'i. 

SE C T I O N  D 
A R E A  - 0. 5 1 4  S Q. F T. 

� 
�

T R A V E R S E  

T R AV E R S E  

D E P A R T M E N T  OF  T H E  I N T E R I O R  
B U R EAU O F  R EC L A M A T I O N  

8 

8 

7 

G R A N D  C O U L E E  PU M P I N G  PLA NT 
M O D E L  STU D I E S OF I N T A K E  

M O D E L  S C A L E  =. I :  1 7. 3  
V E L O C I T Y  D I S T R I B U T I O N S  W I T H  V A R I O U S  

E L B O W S  A N D  B E L L - M O U T H  E N T R A N C E  

DRAWN . F. T. . . . . .  S1JSMITTEO . 

. .  RECOM M E N D E D  . .  

CHECKED . . . .  �· .J:�:. . . . . . .  APPRO V E D . 

DENVER, COLORADO JANUARY 24J939 
222 - D-4 1 1 5  

f \ 



. 4 5 1--+----f'� 

CD . I 0 
Cf) 

lL O  
0 _j . 0 5 
� 0 
LL <I: 

I 

S E C T I O N  A 

Q = l . 3 0 0 C. F. S . 

Q 

I 
T R AV E R  SE I -

S EC T I O N  A 

1 . 3 00 C. F. S. 
CJ) • I O .----,,----,-------.-+----t--t 
(f) 

u... O  
0 _j 

I 
TRAV E R S E  1 - -

. 05 1------T---r------

0 '--------'------'---......_-__. 
0 .2  . 4  . 6  . 8  1 .0 

S /o 

SECT I O N  A 

Q = I .  3 00 C. F. S. 
. I O ..----.....----.-----,----+---...,._, 

CJ) 
CJ) 

LL O  
0 _J 

T RAV E R S E  1-
1 

. 0 5 t--"------��--4----+-----t-T7"'--1 
I- 0 
LL <I: 

w 
I 0 � __ ._ _ _.... _______ _. 

(f) . I 0 
CJ) 

. 2 . 4  
S/o 

. 6  . 8  

S EC T I O N  A 

Q =  1 . 3 00 C . F. S . 

� s T R AV E R S E_2+t), 
T R�V E R S E  I -

. . 0 5  
I- 0 
LL <1 

w 
I 

. 2  . 4 . 6 

S/o 
. 8  

1 .0 

1 .0 

S E C T I O N  B 

Q = I . 3 0 0 C .  F. S .  

E L L I P T I C A L E L B O W  

R EC TA N G U L A R E N T R A N C E  

S E C T I O N  C 

Q = r . 3 0 0  C. F. S . 
S E C T I O N  D 

Q = 1 . 3 0 0  C. F. S .  
. I O ,----,----,-----,-----� 

. 2  . 4  . 6  

S/o 
1 .0 . 2 . 4  . 6  

S/o 

E L L I P T I C A L E L B O W  

B E L L - M O U T H  E N T R A N C E  

SECT I O N  B S E C T I O N  C 

Q = 1 . 30 0  C .  F. S.  Q = 1 . 3 00 C.  F. S .  

. 8 

. I O .----,----,-----,----,-------, 

. 2  . 4 . 6  

s;o 
. 8  

. 0 5  

1 .0 

T R AV E R S E  

. 2  . 4  .6 

V A N E  E L B O W  

B E L L - M OU T H E N T R A N C E  

S E C T I O N  8 

Q = I .  3 0 0  C . F. S .  
S E CT I O N  C 

Q = 1 . 3 0 0  C .  F. S .  

. 8  1 .0 

. I O ..----.--------�-� 

. 2  . 4  . 6  

S/o 
. 8  

. 0 5  

1 . 0  .4 . 6 
S/o 

C O N V E R G I N G  E L B O W  

B E L L - M OU T H  E N T RA N C E  

S E C T I O N  B 

Q = 1 . 3 0 0  C .  F. S . 

T R AV E R S E  

. 0 5 l--------'f----+--_,_----1-------1-� 
�--iT R AV E R S E  4 

. 2  .4 . 6  
S/o 

. 8  1 .0 

. 0 5  

. 2 

S EC T I O N  C 

Q = I . 3 0 0  C . F. S .  

. 4  .6 
S/o 

. 8  1 . 0  

. 8  1 .0 

1 .0 

S E CT I O N  D 

.4  . 6 
S/o 

Q = 1 . 3 0 0  C .  F. S .  
. I O .---------------

. 0 5 ,....__ _ __,_ __ ___.__ __ __,__ __ _,__---L-1 
T R A V E R S E  7-

.2 

T R A V E  R S E  8 � - - -

. 4  . 6  . 8  
S/o 

S EC T I O N  D 

Q = 1 . 3 00 C .  F. S . 

1 . 0  

. 1 0 --------------

. 2  . 4  

T R AV E R S E  8- .... 

S/o 
. 6  . 8  

S EC T I O N  D 

Q = 1 . 3 0 0  C. F. S .  

1 . 0  

. I 0 ------------.---

. 2  

T R AV E R S E  7- - -

T R A V E R S E  8---

.4  .6 

S/o 
. 8  1 . 0 

. 8  1 . 0  

SEC. A 

SEC. B 

F I G U R E  5 

. 2 

S E C . C 

S E C T I O N  D 

Q = 2 500 C. F. S . 

.4 . 6  
S/o 

. 8  

D I A G RA M  S H O W I N G  LO CAT I O N 

O F  S E C T I O N S  

U N I T E D  STA T ES D E PA R T M E N T  O F  T H E  I N T E R I OR 
B U R EAU OF R E C L A M A T I O N 

7-

COLU M BI A  B A S I N PROJECT- WA S H I N GTO N 

1 0  

G RAND COU LE E PU M P I N G P LA N T  

M O D E L S T U D I E S  O F  I N T A K E  
M O D E L  S C A L E  = I :  I 7 . 3 

HEAD LOSS  D IAGRAMS  FOR VAR I OUS ELBOWS AND 

ENTRANCES FROM PITOT TU B E  MEASUR E M ENTS 

D R AW N  . . .  _F. T_. . . . . S U B M ITTED . . . . . . . • . . . • . . .  
T R A C E D.�·1:·C?,-_ q.�,�- . R ECOM M ENDE D . . • • . . . • . . . • 
C H E C K ED • .  D: .J·.� : . .  APPRO V E D  . . . . . . . . . . . . . . 

DENVER, COLO:JAN. 30, 1939 2 2  2 - D - 4 1 1 6  



S E C . A 

"-,----- ------ ------ . --- in --- - -- 6 

SEC. C 

ID 

6 .  5 11 D I  A M E T  E R  VA N E E L BOW 
D I S C  H A R  G E  : I .  3 0 0  C. F. S .  

S E C. D 

· - - - -- - - - 6 .  5 0" - ----- --- · 

k- 1 _ 5''...>j � . ) 
. 

' _/ 

'y 

3= 
0 � 

LLY 

--r--��- -�t:-���---� I ==:==t-- j�----- �.:-.:-.:-.: -�---� 
--t�i.:-.:- ==t=-=--=--=-=========-=� 

I 

- - - - - - - - -------

6 5 4 3 2 I 0' I 
V E LO C I T Y - F t  PE R SE C. _l<- - --- ---- ---- a .o "  . - - ------- -- -- >l 

I .T R A V E R S E  I 

V 

V 

M I N . W. S .  
�.......:- _ -:_-:: - ---= --=--:_  - - . 

S E C T I O N  A 
A R E A = 0. 2 30 S Q. F T. 

T RA V E R S E  2 - _.,_.u -L 

I N S ID E  

- 4.00 

� : V _.--c:::=«>='7 � 
---- 4 1-----

T R AV E R S E  2 

� 
-

LL 3 

.....J 2 
w 
> 

-
---�'{"-,I -T R AV E R S E  I 

Q ....._  _________________ __. 

I .  2 ..----.,....----�-- -�-- -�--- --< 

I .  1 I I / '\. I / \ / I\ ;,*" I \ I 

_ _ ,_ TRAV E R S E  2 

1 . 0 �  I 

. 9 f--------------------4--+I 

. 8 1-----+-- -- -+-----l-----+ 

. 7  
0 . 2  . 4  . 6  

S;D 
S E C T I O N  A 

. 8  

- .., - T R AV E R S E  I 

1 .0 

V 
v 

1 . 2  

I .  I 

1 .0 

. 9  

. 8  

. 7
0 

I 
--

I 

.2  . 4  . 6  
s10 

S E C T I O N  G 

T O P  

S E C T I O N  C 
A R  E A : 0. 2 30 S Q .  F T. 

TRAV E R SE 3 - -> 111 I \ ·---- -L-----+· l \ I I 

. 8  

6 

(.) 5 w 
� 4  � 
LL 

3 

I 
· 2  .....J 

W I  
> 

0 

\ 

\ , 

,/r 

-

·T R AV E R S E  3 

1 .0 

V 
v 

I 

I .  2 

I . I 

1 .0 I -

V 
. 9  

I . 8  

. 7
0 .2  

'� 
T RA V E R S E  3 

,, 

. 4  .6 

S;D 
S E C T I O N D 

I 

. 8 , 

F I G U R E  6 

S E C T I O N  D 
A R E A = 0 . 2 3 0  S Q .  F T. 

T RAVE R S E  6 > I I ---+-1· 

. 

-
.J � .  

, 

� :e - 1:::::::: : 
u... 3 1--------------------7 

· 2  
_J 
w , 1---------------------, > 

O L--------------------

-T R A V E R S E  5 

"-T RAV E RSE 6 

N O T E S  
V = Ac t ua l  measu red veloc i t y  a t  the  po i nt. 
V = Mean ve loc i t y across sect ion f rom  V = i . 
D = Tota l  d istance across given t rove rse . 
S = D ista nce from i n i t ia l  po in t  of t ra ve rse 

ta  po i n t  of  mea s u r e m e n t .  
! so - ve l oc i t y  l i n e s  f o r  t he va r io u s  s e c t i o n s  

a re p lot t e d  at  i n te r va l s  o f  0.2 5  f t. pe r sec .  
A l l  va l ue s  g i ven a re act u a l  mode l  va l u e s . 

U N I T E D  S TA T E. $  
D E PA RT M E N T  O F  T H E  I N T E R I O R  

B U R EAU O F  R E C L A M A T I O N 
COLU M BI A  BA S I N  PR OJ ECT- WA SH I N GTO N 

G RANO COU L E E  PU M P I N G  P L A N T  
M O D E L S T U D I E S  O F  I N T A K E  

M OD E L  S C A L E = I :  1 7 . 3  

V E.LOCI  T Y  DI STR I BUTION W I T H  6. 5" D I A .  VANE 
ELBOW AN D B ELL- MO UTH  E N T RANCE 

1 . 0  DRAWN . • •  F, :r .
.
. . . . . . S U 8M IT T E O. . .  . . . . . . . . . 

T R AC E O.�!:C!· -.1?-:"! �: R ECOM M E NDED • • . •  , . . . • . 

CHE.CK.ED . .  0 .. :-'� �: . . . ArPROV ED . . . . .  . 

DENVER, COLO.- JAN. 30, 1 939 1 2 2  2 - o - 4 1 1 7  


	^^^^^^001
	large pages_1
	Page 1

	^^^^^^002
	large pages_1_20170825175100879
	Page 1




