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' ?97*35-;CQ1o.-Big Thompso"Project
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Hydraul;c Machinary Lahoratory o

..Denvar, Colorado ;V'ﬂfnf_fiﬁ ;_”Checksd by: ket
'February » 1941 f‘ﬁ; ;-ﬁ;i - jSuhmitted by G. J,

,Subject;‘ Hydraulic model studies of Green Mbuntain“penstock

twhloh W111 offset the effect of the diversion of water frum Grénd“'””

“Lake through ‘the . Continental ‘Divide ‘tunnel, Thi's storage and relaase :

of: water Wlll requlre a drawdown 1n Green Mbuntagn‘reservoir of 135

L TWD 15 DOO-hnrsapower turblnas and two:ﬁo-inch'outlet valves
will be dinstalled in Green Noumtsin .power plant.. Bach turbine will
be supplied W1th water by 8’ 102-inch d:ameter penstock‘iﬁ

K valvas. Thﬂ pr:ncipal features'of tha
,figura 1. R

2 .

'-,__,;However, the : shape of ‘the ' pier 1'bself ha wery little effect, and -

it is ;suggested that: Btruutural eons;derations ‘be ithe basls for selec-‘gf‘:

“%ion of ‘pier shape.ff,

‘ Three daszgns ‘of thranches were studled and 1t Was ibund that
.. the " stra‘ght 'Y -has minimum-loss :at ‘zero dlver310n ‘whereas the conlcal
" Y has minimunm loss ‘at ;100 ‘percent’ diversion. Since the difference -
An’ these two is’ very small at 1ow diversions, the oonlcal Y is the




" better: des:.gn, cons:.dering all condit:.ons of operatlon. -

R T Purgose ‘of 'studies. The hydraulic ‘model study was’ under-f ‘
"talcen initially for ‘the : purpose rof ‘selecting ‘the most: ofx“ic:.ent
_ design of bend which would satisfy des:.gn requirements. B -

‘ hen the bend stud:.es were completed, tlwas deo:.ded ‘thet .a?-‘_ e
study ‘of ‘entrance conditionsiat: minimm water surface : should ‘be..
‘made. because ‘of ‘the 'possibility thnt vortioes rnight i‘orm and draw B
air mto tho turbine penstook. PR PRI R

In. order- to supply hydraullc.design infomtlon. ’.three ‘I-branch
das:.gns, inoluding 8. new type with vanes, ware"tested.

4., ‘Bx erimental a' aratus and '!.:os*bi rocedure. A model_

‘The - raservoir was simula.ted by a meta.l-lined wooden box , fﬁyia‘mple siza :

to .insure :proper- porfomance 6f “the : ‘entrance. The’ ‘bellmouth:ent ranoe

was-machined from-a’ bronzo*‘oasting “to the shape *rooo:mnended ‘.;in ‘Ligb-

oratory ‘Report:No. HlM=1:0f the Hydraulic Machinery Laboratory; Bureau

of ‘Reclamation. From this point’to a: :point 34 diemeters. downstroa.m
from'the bend, the model, _including 'I:he VAP us' 6 lhow models, ‘WaS

‘made of transpa.rent ‘pyralinito allow: ﬂsual sbservation of: Llow . oon-
ditions,  iThe- remaining portlon of ! the ‘model’ oonsiated of ‘an’ almiinm

~ pipe 7.19 inches in diemeter. in: orifice: 6-1/2 ‘inches ’in diameter = .
-was pla.cad a.t the end of his p:.pe to par'tially restriot *the i‘low. L

: .vater WAS de].:.verad 0 the hea.d box ‘I:hrough sultable pipingfby
an B<inch- oentr:.fugal prump, and, ‘after: pasaing through the ‘model, 11:
emptied into a:teank which® ‘had -a: shavp-edged orifice ‘in:one s;l.de;; :..
"This :tank was. equzpped with: suf'f:.o:.ent bafﬂes o give proper flow
conditions for the orifices A .water oolumn, connected fothe tanlc
,served to :.ndloate the head over the orifio o ’ :

‘ 5. Elbow teats. : In testlng the var:..o
was. made %o maintain: opera:l:ional s:.m;z.litude \was
~ .performance of ‘the varicus: ‘designs be'.comnared:on the ‘

_ discharge under 'the 'same ‘head, In order. to obtain : ‘significant
. ferences :in’ d:.scharge ‘for ithe: varmus elbOWs. the model se: ting
‘designed - for the. maximm capacity :the oirculating pump. The

- -sulting velocit:.es were, several bl es the wvelocit =f
‘prototype. <dis: 4 ; : _
“erease iin :Reynolds!; numbor ‘which: makes ‘the. ftes“cs more 'bruly ind.i.ca-
“tive of the - prototype beha.vior. An orirme ‘was. ohosen_ 0 measure

‘discharge: because of q.fts : relatively h:.gh sensitivity-' to change in S L

~dis charge.

The :’ceﬂt’_-i.ié ;:_F?"édﬁfégff °11°'”é¢_:*5 ,{g mpie z:flih’cﬁé'ifn?_ ‘ ?'ﬁT?'é-?f‘;iiSiéhﬁﬁ?ﬂgé ey




o

, of the pump was adgusted untll the level 4An the head box reached :
" a predeterminsd level. Vith: the ‘head: at this level, the: dlscharga !
was ‘measured ‘by means’ ‘of rthe orifice” box at‘the'end of ‘the models:
.The 1evel in‘the ‘head box and the head ‘over. th 1measuring orlfice,“

.were read simnltaneously at 15=secand’ intervals ‘for atotdl ‘of tem .
‘readingson each. It was: very: difflcult o set tha level iin ‘the
‘head "boxat the exact ‘level’ desired; so: ‘A set ‘of ten: raadlngs was '
taken: slightly ‘above -and . one slightly belcw this 1level: !The .dis~ R
charge at the desired haad was the 'obtained by interpolation.,,,”"‘ ‘

: These discharge taats were,run succassion andfln as hort_
a time as posszble 8¢ @that all thﬁ elbcws ‘were: teated unde '
. wWere mada.iuq_j;;=;-'

The veloclty d;strlbutiOn at orltacal Beotionsvwas obtalned by

means of ‘a’ cylindrical pitot tdbe. “This itibe has thres ‘openings in f-'”" “

Ca plane perpendlﬁulnx-to “itsn axls._ These»three openings ‘are .con-

 nected . to manometers which are ‘reed to give the magnltnde and - diroc-v"¢w‘
 tion .of ‘the velocity wveotor:in the planﬁ :of the, holes.5;The ‘direction. RITEE
- is .obtained directly by balancing the - pressures ‘on‘the outside ho]as'~'f-*

end ‘the magnitude is computed from tha dszerentlal between<the cenr

+ter hole:and.either of ‘the- out51de onaa. Veasuremants ware taken
_across two. dlamsters at rizht angles to each other.k At the seme’

- ~bime, the energy 1oss was ‘obtained by reading the dlfferentlal hea
‘ébetween the cente ole and the haadwater. EORc B

Pressure measurements were takﬁn atn e
ing ‘a1l sections where veloclty Lraverses were’ made.‘
.sures- wera obtained by means of'plezometar«r1ngs

for the intake studisse ' i
strzctly camparative, tha dstharg

essentlal that ithe" dlscharge be 1n”the correc
To accompllsh thls the 6-1/2-

._0perat10nal smmllitude was maxntalned..

sents “the " control of ‘the : system malntalnadf y~

'1ntake tests were: v1sual and: 00nszsted of: trylng varlous ﬂhapes of
piers and'a tralnlng wall of sneclal d931gn. oda] structure 15,
shovm in plate 1. S ' T L

T ‘Y-branch tests. ~nft§rxconélndingfnhé¥éibbnnnhéginggké;f?fo”t i




ﬁ,‘tests, the alumlnum plpe was replaced by a sheet—metal plpe of equal :- :_: 
diameter flanged ‘so ‘that: the Y<branch:models cculd ‘be placed betwaen f[yrf

o ‘the pyralln ‘and sheetqmetal pipes.{ "The entire: model, including~the

'.Iheadwater ‘box,”was:moved to. & mnew location under an: elevated V-notch ~ﬁ t?f T

‘welr box so. that the water could be: metered as . 1tventered the model.

p-fA ‘free. dlscharge orifice was 1nstalled ‘at "the end of‘the .sheet<metal

 ;}pipeft0 ‘measure the’ dlscharge through ‘this ine.ﬁ Ths difference ‘Pe-

" ‘tween:the’ dlscharge measured by the V-noteh: weir and that: measured

' {fby tha or1fioe%rave the“dischurge.divartad th ugh they ranch'“

L A valve“atfthe end‘of*the?branch 1ine 5erved to contrel the,per-
“oentage of “tatal ; flaw diverted- by ths - ‘branch’ withinﬁtha Timits of

. i‘the ratio.set by- the ‘size’ cf‘the orifice ‘at the ‘‘of ‘the : dzreot

_'pipe. ‘This 'retio was varied by ‘changing ‘the :size of the diseharge :
”*oriflce. Por 100 percent diversion?ths direot lineawas blankad off.-*

_ In testing the Yabranch msdels éoperationa isimilitude was

- agdin dlsrsgarded and maximumzmndsl diaoharga'was used. The' 1evel
_in the ‘headwater:box was ‘held “high as ‘possible’and ithe total *
.;discharge over the 'V-noteh (Qt),and “the discharge. ‘hrough ithe ‘ori-
fice Q were maasuredki Pressure“readlngs ware*takcn at fsur ‘seoc
tioms, gocated a5 ghown - 1n;fhgurerﬁ b

' .and manoneter : tubes.(,

‘these seotlons.

's

_ Elbows.--The elbovm tested were all 90-degrae hends and had‘dpproxl- g
mately- the.same radxus of curvature, 9 302 1nuhas % k.

shown in. flguresgz;‘S and 4.‘
- .charge tests:are. ‘shown in’ -
accordlng to the;value:o_

Bend No.  ‘} }ﬁ"

e fatraight ‘
'“ﬁnﬂonatant dianeter
i ostraight’ oo
.:f¢Couverging-el_iptical e
. Constant diexmeter. - w1th throatjfﬁ
" Converging lliptzeal o, 1-1/2 D?
oo ooatraight. : .
‘*ff:Converglng-double conical




P 3 Canerging-s:.ngls conic 9.1
s ‘Constant: diameter-n rfstraight
-‘,Vanes = 5 'vanes : :
Comrergmg Lo spire.l :elliptiual
Vanes --.‘0 vanes Gy ‘

: ,The foregoinf; table g;:.ves a comprehensive plcture oi‘ 'l:he uompara.tive
- :performance of the warious ‘elbowss  ‘Itiwill'be noted: tha‘b two dig--
‘charges are ‘listed. ‘for: eadh elbow. arrangement.-; The first disoharge

‘listed ‘is the wwalue- ob‘bained direutl ﬁ-om *the tests by Anterpol tion;‘  ;~ ‘

-85 expleined previously ... ‘In ‘obta; hese values the varmtién dn
~the 'length of ‘the:elbows: was: neglacted., ‘Any variation in this 1ength
results in’ ‘the séme variation in over-al length: of the model e
‘sause:all other model leng;ths jweref-':fi‘ixed,. In order that ‘the "reaults
. ‘be sbrlctly comnarable, this - change was - correoted bv add:.ng - h:,'po-
thetical length: of: 7.4 2~1inoch- d:.amater ‘pipe - oi‘ suffmlent' length‘tn .
‘ccmpenseate /for ‘the variations. . The 1oss An this added lenzth was com

- puted by proportion (i‘rmn the mensured loss"in 23 d:ameter -of | 7».2- S

inch diameter pipe dmétraam from the Adong: radius elbaw.

erease .in di scharge resulting from this: add:.tional‘ ‘1088""‘5’(1‘&11 ‘the: same o

total” head was .then cmnputed by tha relation .
p S e s T T L e
 Qeorrootet) = aﬁ‘:zw_asw&) b e

where"

oK H(‘bOtﬂ-l)/ and V Q(mea.s.)/A

,che two. dlfferent leugths of tangent. 5 '“'5 L
~..oreased by. addlng ‘the length .0f” smaller p1pe “for: the longer tangent”‘“
“'the ‘net" effect is only o sllght lowerlng in dlscnarge. “This is un
‘idoubtedly -due to an offsettlng Ancrease” 1nvthe¢efflclency’of the"
-diffuser. - ‘There is.an optimum’ leng+h oft tangent, but no ttempt wa
~mage to fiind it ‘beceuse the . change in perfcrmance of«the ‘elbows. 15‘

- very slight. ‘Tt can'be stated that the length of the tangentls mot =~ '
crltlcal between” 1-1/2 and 3-1/2 dlame‘ters, and twe I‘mal des:.vn can :




>';§¢be amy lenpth between these tonvalue

. _1/? dlameters and ;1
,_of 1-1/2 d;amsters.4‘;f

8 Qnacassary to consider valoolty istribution beoauae%of ‘the lang Tun’

: : : 3 % : easuraments

L of veloclty ‘distributio 'were takﬂn"qfoomplate” he todt of
¢ elbows " These’ tests?ar‘,_ i T onsmdaratlon'_n ‘
~}Tfu§ure ‘designs. - e vf

. «from the: dlfferentzuls"msasuredi
";means of! the relatlonship«f 2

o and 4.“

"~ 'the: measurlng sections ,j
fls shown 1n two ways,w

’;around each elbow.. Theﬁ

: nondimenSLOnal plots ngeﬁﬁ 'M““ny‘.fvc"s tribution et each seo-‘77f‘ﬂ”

.-'tlon for dlfferent elbows

"-‘.some 4. dimintérs of' tho 16
Coverbticals plpe.
“wpreceded this seetion,‘

V'The vaned elbow A4S clearly superi ; 5" fromthe stan
'pOlnt of dlstribution._ The aocelaratlng elbows aretfair up to -the’




"“"minlmmn sec'blon but from'-é' ore - on: the d:.stnbu‘bion becomes d:.s’corted-” ey
. 'in‘a‘short: distense: and “then’ gradually improves ‘up. °.seotion 6o
':It 1s apparant*’that 50" mlang a.s the water*is being "ncc erated ‘“the

s igtopped, secondary i‘low dovelops.
-‘.actually develops before‘ff"b

The ncndxmens:.onaT ;pl‘ot
‘ --?for dii‘ferent albows. :

P : : Ae ‘ame shape of ta:.l
.3the moaei' was bullt w:th -that part of the jp:.ef- i‘:l.xed ‘in ac

The J_'l:rtak.e model 'WE.S f;
‘ :ture. ‘

: nta}ce,‘- :-.they wére :
‘held ‘to . such a: size b:,r the piers_"bhat air Was dra.wn in.only ‘& 3
".vals and then only a: few bubbles. '

B fthe 1ntake. ThlS _eddy would .grow in Size until it was . mﬁﬂenly ’damped
 out by the plers.‘ hen the" trashr_, ks were ’installed'?tha tendency to
'form vortmes wa.s agaivz"reduced ‘,;Thef resence oi‘--th‘ ‘

‘ "in the - prev:.ou et-up,*f
ey smnll eddles ms ree.ted behind the ’crashr'

Vith, regard: to the';:- c‘tlon of thﬂ_ ifferent:pier-nose desigr
merked;difference: .-could ‘be: deyected by )v1sual cbservatmn. vk
orifice, 4 inches iin.diemeter, was substitited ifo e"'2,52-1nch
orifice :at ‘the end of :the mode 1'.“f;in.;,.or_'de'r‘ -:,to "'vinc,r,ea's'é; ;-t:h'é *-_‘ﬂlow 'throug
the model and. t.hereby maquy any differencess :There .was. “still po’
‘-e.pprecls.ble dlfference Ainithe 'flow: ¢haracterlst1cs. No a-btempt was
-_made to ‘measure losseq becausa they are of suc}- small magm.tuda that




"they‘ were almost mpercep'b:r.bl in 't:he model.- Tha chome of ier

4.e.nd trashrack bars in place the vortiues Ware small and only occa—

S .‘_'fsionally ‘reached ithe . size: necassary ito-take: in airve:’

- -;mtaly 3R large ‘single: vortex such-as fomed -over tha inta.ke’“mthou‘t
:'plers and trashraclc ba:r ' FyR e

G order to stop 5'11?‘7' rtex =i‘ormtion it Z.Wouldibe naceasa.l‘y'-; o
.'.'.'.'drop ‘the ‘bulkhesd gate: ‘and 1lowiit to float on” the Suri‘a.ce when he.
'-‘owa:t:ar leval 1s low : i _

"'-,were undertakaen prlnci.pally to datermine “the: eha:vi <of .8 mew type .. G

- of:branch’ (the vaned~Y) by - compar:.scn with “the staz;”ard types. Tlus
‘ Zcomparison is gi've_;r?in i‘igure ‘Te i

are- plot‘h d aﬂ'ainst peroent o*‘ flow diver‘hed,‘.bhrongh the branch
j'-loases were compu’ced :f‘om ’-‘-the_ pressure measure )

. "The dlscharges"’ Qy

: ~with the V-mtch i

“‘Jto the section Just ahea.d of the end o"if:.ee. : Thls :Eun oi‘ ;-'npe‘ ish
. long: enough end. suff:.nlently emoved downstreo.m togiveia:
o Tor: the i‘r:.ction eoei‘fla:.ent : 3




- loént- d:version, ‘it has ‘the: minimum oss'a'?lOO pereent.“
. faffeut‘theﬁturbine effioienoy_onl 1ig

ch s omly
”it does not take 1nto ancount the exoes’ loss ig

 [D0SeS 1t is: felt that thls methodilﬁia‘ceptabl_ G
,‘gcomplicated method of computlng the . 1osses was_carried:

-~ Y=-branch =
~ostraight. oo
- ostraight
T:,stralght
;. conical -
.3q;van9d(round).-t1 [ER L L T R
";:vaned(sharn) 0{3253f31;‘f 33
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omspe Do INSIDE T T T e o ‘ o :
CCTRBVERSE QY. ST TRAVERGE: B :

o YBEND SN
: IOCUBLE SCONICAL .
[ FDISCHARSE = 52:989 B.F.5,

SR
(MAJOR DIAM, . o
78.238°IN ALL SECS,: .-

. YBENDINGI2
L FELEIPTIGAL
CHARGE « 294070

ECTION ‘4
~-01REB"SE,

- ENLARGEMENT
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TaavEnse
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“{BEND ‘No. 8 X

GONSTANT DIAMEYER WITH I—x.D. STR_AIGHT_

(DISCHARQE = 3.ﬂ17 C.Fe

‘SECTION -3

JAREA - 0.2119.80.FT.

SECTION :5

LAnea

0;2061. 90, %7,
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