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‘subjuut: Studiea to determina luitnblo mothoda for °‘bll'ting nnd FtOp-fT-:'

ping the pumpn .'m tha Grnn'by ptmping plnnt.

cmm 1 - mmovvcnon um srmw.mr

: ‘ : Introduc‘bien ‘ : . ‘ ,
lae Dnoriprtion of Gnn‘by m. Faur pimpa win be utiliud j.n
the Grmby pumping pluut 'ho ra.iu wn.tar fram the Grnnby Reurvior to
- the Bhgdow‘llountn:ln Relemir for divarsion through tln Colo!" sig
Thompson trl.nmountnin tunnol. "R plan and alovntiou of the Mpi
pln.nt is ghown .’m figurc 1 u\d prof'ilo of tha pi.ping is shmm on fj.guro

2, \‘ilter ull be lupplied to, Gloh punp throu‘,h a Ss-inoh nquu.ra luot:lon""‘ e

tunnol approximltoly 750 feat Iong. Eu.oh diunhlrgo hm will oonsiut
. of a 78-1nuh circular nmduit approximately 3,000 fect long. Floy

through the latter will be oontrolled by & hydmlieally operated bute

terfly valve locatod in cloce proximity to ‘the pump An mtomtiro,"'
electriully operated. eir vnlve nesr. the outlet of the disuhnrg,”“lm\.w-
'will bruk my blok-liphonie action dweloped 'by oudaen‘ hut—d ‘of

It le: propoaad to opeute tha pumpa lt tno |pooda, 800 lnd 521
TePole, tho -peod dapending on the hsud 'bo bo ovo ,oome nt my pa.rtio-
ular time. Due to oxpeutod ﬂuotuationa in- thu uto:' ""?nurflm olontion

in Grnnby Resawoir, :lt will bo moouary for tho punps £o opaute 5 i
| against handa ran,ging rrnm 96 to 201 reot, : Eioh p\mp, u propoud
will dilohargo 240 aeoond-toet of nter At 162 feot of held tt mimn
effiaicno:,r and 500 r.pm., or. 180 sooond-teot st 210 fuet ot‘ head c'b
nearly mlximn eﬁ‘icienoy for a speod of 527 r.p.u.‘ 'The porf‘ommuo
ourves for this pmp are lhm on ﬂ&uro 5. The ptmp 1np011ern 1111




-measure sbout 88 mohen in diametor md will bo drivon by two-cpud
l;mohronoua motore of upproximo.tely 6, 000 horsopowor noh. e
Re Purpou of tests, !’uts wre mdo to datemino vhether th.

“unduin'blo oom!itiom exper:leneed at aimilar pumping 1nstn11rbions,

‘when the ptmpa nrs atu'ted under Ioad oould be nlloviLatod. Th!lﬂ
large motorl mld require five. timu the noml nmning current for LR LR
Ftarting under load at full voltlgu mich would be’ sufficient to m-e_ RO
"?dimilg of lightl ‘on. tho oonneotud syutum Ind, under oertnin oundi-
'tionl - the rate of .’mereau of nmr 1nput roquirod by the mtoru
nuld omnﬁ the nto of reuponse ut‘ tlf-o gonornton u limited by

'penstock or tur'bino govarnor MP&bilitisso Four romad:hl methodl <l

“two eloutrioal and t'o hydrmlio - were- proposod t'.or": hunu oonditioxin . S
Ia 111 :[‘ou!' mos 11: Iras plnmmd to furoo thﬁ watsr out of tha |
'volutu hy admittinb mmpresled air. Thuc on stnrting,, the inpoller
- would ro'bnto in’ air requir:lng only a rra.oticm of the pmr naeeaury
%o start it rutlting in. nter. - In the firlt sonono"' tho' impoller
‘I'ould be star'bed in air md brought to rnted spoed by m n.unliu-y e
N‘bor. Wu:h the eorrnt npood ntta.ined tha mi.n pump motor would ba |
_ anno!m:nized with the llno vothgg nnd tlw main ﬂdtoh cloud. Tho
remindur of the ltarting prooeduro thon muld be to slowly oxhau_st
_ the . ontrlpged air fm tho voluto allowj.ng grudual submargen ‘
'inpollor. - L'b 1\:11 suhmrgonoo, the butterﬂy valvo would uutuuti
: Vully bo;in ﬁo epon alwly ndmi.tti.ng n.ter t tho disohnrgo l_ma

‘voltcga to tha uin motor eo bring it up i:o apead. At rnted spud
the mtor wuld bo lynohronizud ui'bh the line voltage by olosin,g tho
field switoh lt vhich timo fhll voltngo would Yo nppliod , With thil LT
method, the - shook to tho olaotrionl aystem would bo redn d to a smn LT
qunntitw sinoo tha pmr 1nput uriel vﬂ.th tho -quare of tha valtugo-
The two hydraulia mathodl oonlilt ot bringin; tho wmp'funita %o v
-opoi-atiné speod by the use of hagh-n:oou,y jata impingug ‘on‘"u bucm-.' S
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uambly conneoted to the pump shnt‘b. The ramn.indar oI‘ the ltarting
‘Prosedure would be the am b8 for the othor methc.ds. The rirst mthod "
would be to mount a Pelton \vhael on the pump ahl.ft 1n l oa.ne noparlto
from that of the pump 1mpo11er. With thiu armngemnt thoro would no‘b
be eny Lntarfaronce wﬁth the mpollar antion ninoa th.o buaketa would

rotate in air under normal openting oonditicns. Tho aeoond nrrango-

went 'a'ould ba to mount the 'buckets on top o:[‘ 'the 1mpellar behind tho
seal rings ‘out i:nside of' the impellar ouoo. This report denh prima-
rily with the lattar mthnd of atu'ting. ' o ol

i

Ss The -ts.rting and shut-dom ayoles vrith buchtl on the impeller."ﬁ; L (I

The prooodure duvalopod for starting tha pumpa by tha uu of hyduulio

Jots 1mpiu¢,ing upan buckets ut in: the topside oi‘ tha impaller ns ut- B

1lhotory &8 fer as reduoin;_, the uhock to the eleotr:.oal aystem wag

cerned. Az shawn on t‘igures IBA and E the inoruse in po'mar m grul
usl, end the time required i‘or the po'er to inoreau wn aurri oiont to
allow the genarating appara'hm to reapond ta tho inoraluo in loud. ‘ lg'

. limited amount of ocmtrol nl.n be eurciued ovor this rnto or ponr 1n- j .

crease by regulating the' rnto lt -hiah tho compranned air 1- rolouo&
from the pump volute._ Hmver, the buoksta 1n thn impollrer cruted

' dinturba.uue whan the pump’ \na opor-ting undor lo-.d tha‘ red"” od tho s

onr-all e!‘ficienoy a‘bnut I‘our peroont iy L d A
two. peroant decreuo o!‘ duc*arge fi;;,ure 22 and a three pareent

oresse of power m!’“t Pigure 14, at the. maxinum diaoha.rga. Thiu 6,0- ;

oreme in affieienog iu 8 hrgo u:nit would ba sufficient o mlkertho
. ':a!'ﬂngemnt impnotial. e L e T
| ) In the shut-down eyole, .whore tha pmr ru reducsd from mn lou!
7 -Jto uro load, fié,ure 188, the reduotion in currant uu gra.dull md |
" there wore no ob;]eotionable hydrauliu pmuurea. _ The ﬂuutuuticma in
‘ “preaaure at tha intake, as ‘shown by the traoe of Ho. 8 prauure mll

L ,(go, s p.e-), tu chlrtcteristic of lny pump, and the rraquenay 1. S
rolated to thc apeed nnd the number ot’ v&nu on the 1mpeller. m, Loy

- .ourrent is not a relio.ble 1ndex of‘ the power ng ,ay bo seon by




&ommrmg the current tnoo of‘ i‘igure IBB wit:h the power traoc of
figure 18D, It is evident that whlle the ourrant showad a gradud
'reduction, the ﬂuctuntion in povmr m oonsidorable duo to tho lou-
tion of the nort through whioh tha oampreused air ontered the pump
volute, figure ‘7B. e T gt , _ : RO
™ Thu ‘n;rpnsa md tha a:l.r ;port. The by’pﬁan is nauauary ragu'd-"fy.'*::f : O

lnla nf

jets- It munt be la.rge mough to al low the :]at water to esoupo
. out produoing nny considerabla unount of head _‘_ )
| the pump voluto. . If nn mzilinry Pulton whael is usod u‘f & ]

ness cf operation and tne fom uf tho ) 1P
' oyole. il'ith the port Iooatod at tha diuharg

-when tho u:ln disaha.rge vn.lw u apemﬁ.

5“ Eleotrioal pmr Nquirad at starting. Thers:is s decided e

nntlge ’ !‘rom the ltm&point of the initial moﬁﬁt of pamr roqhiud
in starting the pumpth tho nter deprused bolw the ‘impellers”
Figure 17 shaﬂ thut the pmr raquired to’ rntsto tho 'impn:;_lor of ﬁu

" tent punp ﬁth elr in, the voluto uarabmt 10 porunt:uf. the fhll-loul ;‘f.f'

. value whenu ’ '_with mter in the punp uo'md tith tha 4dilahu’go nlvo.;“"




n'f‘\

~ot’ full 10-.&. Sinoe it ia deslred 'bo rsdnco the uhoak 'bu the elao‘br'lnal "




CBAPTER II - PUHP TESTS

l.lboz'ltory Arranganen‘b o!' 1‘ l'bi Equipmnt g
Tho teat punp.; The test punp(lhoun in ;i‘igu!ru 4 5 6'

lm Of l'ﬂﬂtiﬂﬂ lim, !q.ftoa
'_,;“.'Dimtar st discharge flange,: :
e E T '."D.“!l..ll.‘o.l..‘Q.D:"'m‘;-::‘",."'l'
_ . ‘Dismeter of -impeller, ft. eess
, ‘Dﬂpth of impeller passege ot
S pariphery, fts l.ﬁ.cb-.’l.lln"_ LT
',-Oaploity of‘ motor, hp- -....u‘__

.;_':.f-Spo.d of pumpo I‘np.m, """".:.:.

':,-Uu.puity of pump@t mnximm L
- efffieiency, sece=ft. ........L‘j_}

~ “Haad develcped at mhwm e

- "_f!'.tcioncy,, ﬁa o...o-oo-ool

- Paripheral apaed o!’ Mpeller,";._‘,;.-
: ﬁc Fﬂl’ :!909 oo-.oono-csoo. ‘

fi‘ooﬂn. dia.metur ‘of
08318.. fto aoaaooo«.o

Yelocity of  jots, Bt 110»
Ane preuure, ft. per 890,




od to the intnkss oi‘ the singlo-suution,
_;'rinrtiul taat pump. An eight-inoh tee

f BA by eutting int:o 1t thirty abuokeﬁs

;din.meter lt in lngle o!‘ ZO deéree ""'“l'li

- ’openu | _"peuer

. 7,6f "/B-;lnah inside-diamoter copper ﬁlbea mserted tz ou

of the volute at m angle. of:20 degrees (figuro 5)., Short inserts’

_fvith 1/4-1noh bore were . noldered 1nto' he‘ ends. mma‘t, the :buolmt:

'forn the Jet notsles and 3/4<inch hos oomaotéz#a were. fified o the-
‘oppusite Qndl. Faur 3/4-1noh c;arﬁun lhaso‘a"‘ (figuro 68) ure corneoted

| fm tho 1&%01' to'e m:in header 1n I‘!’lich mter pr -saaﬁre' ‘f‘rom 86 to

’ 110 pmmdn per squﬂ.re ineh oould be d«svoloped

| S A m-inoh b_,rpau pipa md nlva are mstal]sdf,betﬂen the ‘ight-_',

. meh toe nnd tho t:‘&nap&rent uuetirozi lliﬁe_ 14 -
8B, 71 l.ud tB tha mnin purpou of ':mch”na to relievo pru_qu_ ‘-‘:,‘

e ‘-m.m in “the. volute by the water discharg;ng frot the

L rotntion of tho inpeller. G 'rhe bypass samd a mcoxﬁdnﬁr I :rpou ot‘
‘Illlouing a nmafl amount a!‘ oirculatlon f‘or ooolin,g during ‘bhe inteml
when the' pu:np would be running under lond mth the butterﬂy valn
"oloned. This ciroulation is- very usential in tha prototype
mo remaindar of tha lpplu‘atus oonsisted of a return piﬁa from

7 "i:hs pump disuharge to. the tmk “eaervoir in’ whzch wns instslled . six- g

'—1neh venturi meter far masurinb the dischawe (i‘igure GA).




K 7‘-_;‘ourrent bridge.\to whiuh an o-oillogr-.ph elemnt
S indieating dmLm. The 1




- follom 3

'H’attn ,—,

' slide 'nire w.a oo:mected to an elamsxxt on th J‘.‘:ouillog_ h it was
poss% ble 'bo mam.ullly I‘ollow the mttmeter _mdmator :d.t ‘

..lf‘ter & little puctim.

L Toat Pz-oosdure aid Rewy Its

Purposa or_by_pe.u. It mo f'ound by:"testa that hoy bypnl
essential to- aucoeasﬁzl stnrting and s'bopping‘ of tha punp for both’ﬁxe
-'-‘:-eleotrioal and hydrsulio methodn. ) In etu'ting, by my u!‘ the !’our _
metrods, the bypaas should be opex prevlqua to the ldmuion of nir into‘
the volute to’ allaw eomplete drainin;, of ‘the lp.ttor.. I8 thi"‘in ok
-“'done, preaaures nre oreatad :Ln the voluto wtnah rotu-d thoj‘.‘tmflm




e ei.reh.

‘ lpud. ‘rosulbs ‘ _ 3 _
' .hatriodlyznr tln nﬂunity f'or tﬂ.glur Jot pnumol 1‘ﬁt.ho wdmuc
: : : | i the ;":ulio m‘hhod‘ to anrry off

| ma punping ution t.hut oooiu-l ﬁhyén tho mpener h"rovolvmg,~=

f;tmdn to thruw u:y entrtpl”"ﬂ mtor toma the outnr ndiu- or the volute i G

: m ﬂsw frun e oyc or ﬂw mpelhr anly nfur lurriciant i
| m m devo].apad 'bo foru 1t outs  In the nbnonoe or [ hypns,; |
' :Mhod of aturting l.ppronnhu u. vioious

. water, tho hi.ghor tha prelsura mus'b be m:ntainéd on the .m-. f to brinf,‘;

' ‘ths i.npoller to spood; -nd a8 m" 1norauo 1n jet preuum 1; nnturtllyg;;‘-,__h

‘ annrmpmimd by an incrouo ln diselm'ge, 11: thon beccmes nocuury ta"g:‘ S
.f'rom mnore wa.ter ont of the mpan-r oyo. & L I

In tho lhut-dm eyole, tha bypus is ﬂso euen‘ci‘l for 311 mur |

mthodao I’ithmt it ths s&miulon of air 1111 not foreo _all of the -
ntar :t‘m ths volu‘aa. L nmll porhion beooum trappod“ and mntimu"’”
to orelta pranure :Ln the a:lr nd mter mntura- Thi- 1n turnwuquinl
B ;j?}'ponr to turn tho ﬂ.mpellor uw.n muld be. the' oue were tho ;am
- t‘hloﬁ'b. Figuro 1'7 lhm that the powr requirod ﬂth either nir or

Hnlth of B and; -atnr m the ono ie 10 and 68 peroent rospoctivo_

- ot tho !’ullwload *nlueul In udai*ion, thg insmility oi‘ tho nir :.nd

inﬂr ni:tuﬂ; produud vary notimblo %urge: ‘whien az- ;""_rcflootod in tho _"_li‘

povur roqulmmnt. The min purpou ﬂurough'out.'t.bs_uf

‘ dmlw l.mrhhad in vhioh chwgaa 1n preasures ‘end ehmgos ed. wou
fuom (LR g.ro.duany u pauibls du!'ing ‘the ‘starting md ntopping .

Calibration of byp Convincodr’_‘_ het tho bype.u ia ui ‘esun-“-

1;“,1 131'1: oi‘ the' pmnpﬂ.ng instlllntion”'the_:next ltep oonaistad d’deter-}j” |

Cmindng tho st emmmiul sue. _ h"provioully -tsm. ‘tha bypuu

‘consisted of a tw—lneh insido-di-mter pipe with . m-inoh gate valu-ff’: ,. e
for sontrols-. with tho pump in- operatien 4nd the mein- valye ‘in the du-

charge line cloeed. thl wlocity of.‘ flow ws mauured m ﬂw oontar pf
the bypus plpo f'or onoh turn of the bypaaa valvo. Thil s doue with




a cylindrioal pltot tube u shown in i‘lgure 'IA. The Velooity as

) maasurod on ‘the center line m asmmd as 1.25 tmes that of the i _
average, ‘and’ the dischs.rge ocmputed .ooording,ly. From thia :.nfomation'yf"‘ “3
""--_.tha equivalent Bige’ of by'paes pipe s computed to correspond tu oaoh

'turn of the bypus valva. Tlus cnlibmtion, w}uoh was uued through- e

- ‘out tha toets, is plotted on ﬂguro 10. AL L
' ‘ 1 Effect of 'bypus on impellar speed. A saries of tsats wre
“ mde to detem.no ‘the. minlmn aizo of 'bypus, whioh woild Te
‘ ;preuure in the volute surﬂciently to not deter the. spoadﬁ of o 3 -
| -pellar, whsn propelled by the water jets. With ‘the'. eightninohk_min
- 1ine valve elosed ard the byplaa va.lve opened oompletély ten: um,

‘a defimte water preuure ms applied t’ ;}the Jets l.ndv_(thf‘iim'peller
R speed maeured. ‘ The impoller speed ms‘then measured for nine' t:um
c:.ght turna, eto., down to complete cloaure o*“ the]"‘by—p‘ua vdva " The

‘-.bova prooechu-e waa repented for hna pressurea of 1.. '-»_‘.m “‘md 35

: .‘pounds per aquare mch lmd tha rem ta are plotted on:‘ﬂgurfl,. e
BER XY svident from fibure 11 thet the minimug w - ~e 3f ‘:r_vpt'h s to
K 'jobtain 900 rypeme for the Jot. presmreu anci ‘dischar, -zse‘_‘in“{:hia .
! 'model was approximately 2 ind:eu. e Jet perfor‘;__ 8 def‘iuitoly tho
Jgoverning raotor in detemining ﬂthe aue of bypu_ 3 The aiu of by
Pess 0ould have boan mAde somewhat emaller ‘had 1t been possible to
‘v.uae higher prensurac with oorrespondinbly lomr disohnrgo 0! the jetl._r‘_"“
o - The' accampanymg, tnb1a shovrs the magnitudo of the :totul disohurgo
for the four dota, the velocity of ‘the jats, ond the _pressure "on itho
| 1/4-inch Je’c noules for throe differont line pre_' ur’ola. ot

' Preuure above

. oomr-linl velod

. suotion pipa. . praasure, o Peet
root of mtor lb.per aq.in._"

Rl '9.0 : '




.11 Ei‘i"ect uf buu!:ctu on. pumarf‘ormnoa. Tku effeat of tha
impaner buclﬂats on thu et‘!‘ioianey of tho wup wn dataminad ’by‘ »'both.‘_‘v |
hyduulie sud eloatriual mn.suramantq. In 'hhe hydmulio uthod "._tl'n '_ o
dicoharge dalivared«‘f-‘by the m mumd through e oiz-inol; wmri |
meter (figure k) for'eno £ nf ‘the. eight-inch throttlo nivo, h
loot’ced imdm;tef_ downstre‘ from the mater. : The. '. ‘ |
dnuliu n.nd eloetr ao.l taken amltanaoualy, were ‘yrepcl'bod rmr" t:

‘with the. buclcets ‘on tho impsllar (fig,'urc a&) Ind‘rour timea Ilth th.
‘buokets filled wj.th Cerro Bend metal (figure €8). The resdings of
_each four runs ware avernged and ths ahydrnulio reaults plotted_n i"ig-
ure 28, Thers is & maximm deviation batmen"the two mms of nbout-
two’ permt in the disuhnrge ibr the 1arger oﬁanings of 'l:he thrott].-
'nlva- Tlus WDuld indlcata thnt the buohatn c:roated additional ture
_bulenoa in ths volute Whish interfered slightly with ths mormsl tun.o;-
tioning of the pump. . This s further ovidenoed by the fsct ‘chl.t 'bha e
gago at pressure vell Nu. 2 (ribure 'TB) fluotuated over a rlnga of

‘sbout six feet of vmtor whsn the buckats ware 1ncorporated 1n the - .
impeller end lees thap & foot of wuter nfter the buchuts:waro_ellm- “
nated. These. fluctuat:.ons, at pres-ure uall 'No.' 2 em 'Be obibrvéd on
‘ the oaoillog,rn.ph reuords (figure 18)e R " i
- The pmr input measurements, m.ad§ smultmously with thc mtcr
diaoharge meaauremznts . 1ndiaated thnt the pcmax‘ input o tho punp m
inoreased matenally by the preaenoe of the buohta. 'Ihq ro-.dings o.f
four ruons mth the bueimte and four runs nthout th- hu_, WOr
Javeraged snd the results a.re plottad nn figura 14. Therdatn on fig -
re 14 showa that the losa 1n pomr due ta the ‘nuckntn &mounts to fran
0.5 to 8 pnruent vdth . muixmm ‘of '8 poroont oeouring nt mxinmn d:la-
~ charge., Thu is also the point whera hydra.ulic mnuromnta shmd |
th;t the ouokn'ba oe.uaed a tvo percent reduc‘bion in thn dimharge. AT
' It is apparent from the u’bove resultn th;t the overaall efﬁoicnoy
 of the pumping unit wag reduoed appreoiu‘nly ;by the buckets. COmbining
the effecta obsemd bv both hydraulio and" alectrical meuauromenta the
totsl loss in eff; oiency for ‘the pmnping_., unit amounted to about four o
perosnt &t the maximum discharge. Tnis loss when mpplied to the four

12




P8 mld be oonsiderl.ble mrer a. poriod of t:\.m md tho

. :.'W‘tmukut inlmlttion es uud on the toat pump ia not; !‘euible. L e

Anothur mthod of" do'bemining tha rriotion louos dua to the

e buohtl m to muure the ponr :anut nt -hnt-oﬂ’ ho-.d u:lth and ﬂth.- I
e ;‘out tha bneh‘h!. With the dtuohu'g- vulvo nloaud, pmnr uuuramgnu

: wn mndo witb. lcro, m, two, nud threc turns opun on, tho bypuaa vulvn."

Imd:l.n'buly -ruz- these values were ebtaine& air wms mma o tb G

‘bh pmr uu muurod. By au'btrlcting this ﬂlu. 'fr’
ths rou,.'pu-Mmslv obtuinud 1t wag pouibla to l.plratg ‘l'-ho notor m d

bau'ug louu trm the. 1onu due -to vnter in the pump mo for thaaoa_;‘

rour pniﬁ.ou;;cf f.ha bvpns valvn 'I‘hen, by nomplrirg tlun mter
. frictian louu ﬁ.th md u!.thmt thn bucketl, ,'L'he lol-u dno to ‘chn

 bucket m obtained. m ﬂmltu on- figuro 15 -how tm tha 10-.“ .

o duo to the buokotl lmunt to sbout 1.5 porcmt.

. 'ith a.’u_' 1‘. tha p\m euo, the pm 1npu'b to ‘che mtor”doorouad_'"‘;;_

‘-ounnidari.b*.ly dm"ing 1y nriu of‘ ocmleuutivo touta mioh m probt’bly
dus to nrintim in. th- 'beuring nnd 51;::.:1 rriotion- Althaugh n?tor
- and ntur tempcraturu miod 'hhlir offout m leu thn.n the crrou '

in cbaervation and the change from 1,470 to 590 watts over & pericd of

""’“’ 2 "‘“"‘- '.' 'hm an ﬁsur- 18. ‘oould not be attrituted to this 5

: :sauree. ‘The powsr 1npnt with water ELY the - ouo, dowéu‘ ‘d} during th._3_ o

tests sbout tho ame munt u did thu mput to tho m% wi_th uir 4in -
the volute- .‘!heaﬂrm, the ditromm bamm theu two quntitiu-“‘ o

- ‘uhich unulmt the 1oueu due to tha 'a.tar, u furly 1ndop§ndon£"mdf |
‘, oonamt. !o mh oomi.n th&t ux ncm‘u valuo of lou dun to ttw T

_buckets’ s °Wimd, tmmenmwa.th tha buohtu ead tan Pans’

P out thn buehta nre m snﬂ tlu unragn of oauh plcthd on';?__igm 15- -

N It is bolim tht.t t‘tlfly mnto doterminatiom ot povnr mo nldn
~ due to’ tho faot th&t wﬁ;h ni.r 1n tha voluto the powr 1nput sverlgc,
‘wuh buckets on the mpanor, uhoelmd tho pour mput without tho
bﬂmtl within 0.3 P@T‘“ﬂt. R I S : : St SR
She hydraulic etarting mgmnnt of hounin.g s omall Psltca vheol \

P i e aopurnto unj.'b on the uu ahuft dou lppalr fctsiblo. ‘ Provtaim

must be mdg ‘bo remo the dioehargo rrm the Pelton ‘hool wmd dnin

13
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~ tha ocase af‘ber the jets are closed ’chua allowing the buoketu to ro- .

volve in eir dur:m° normel ope.rauion of‘ ‘the . rmmp. :

- The star'b;.nb cycle. In nn elactrio motor tha stnrting mr-“‘.‘ "

'ren't is saVeral ti'mﬂs t}w I‘ull-lcad rurrent an.:i With the lnrge mo‘bora“g.?quiji_‘f‘ S

on the Granby pumps the startin{_, curren‘b would ‘be suf‘fio:lently lu‘gow.\
to momsntnrlly raduce the ordina.rv hne vol*ube. To minmj.ze thia i

oonr'itn.on soma of the prwiously mentioned startlnb deviooa were usod»’, S

in conjunction mth the’ pump motor. ‘ 'l'ha laborttory atudies ohlef].y S
conoerned the method v.rhereby tha rotur ms brought to operutin;, speod;‘
by the foroe of hydraulie" jets impingn.rg on. the buclmta uut in the - i
‘topside of the _mpeller. SR .' : R e :

The procedure for hring_,inb the pump f‘rom a- atandstill to epaed

under full load was as’ follows: Wn."h the diachar«e v&lve olosad u.nd g ki

tha bypass valvo opcn, oornnressad o was s.dm:l uted to the diachargo' o

“'uide of. the pump until the: water Ievel _n the intalce hnd deprea‘s ) to

." point upproximatel,; eight muhes below the impellor. Then with tho,‘_‘_ . :

use of hydraulio Jets impinginﬁ, on the impeller buokets synchronoua' o E"'h"

-speed Was, u't‘bag.ned v;it‘a the 1mpeller rota.tinu 1::1 air. This wus folluw-

ed by closinb ‘the. motor aw*‘tch, olorlnb the valves in: the aupply to the i

Jetas, - und gradually roleasin{; tre air a.t tha discharge s:u:lo ;s thereby

’a.llowing the water to enter th— pump slowly and the presaura ‘in thc
' ‘dia charge’ a:!.de Lo g_,radually bulld up to shut-off‘ hend. Trm duuharge F
'mlw t'as than opened slowly and the bypasu vslva olouod. 4Thus tho
,motor opemted at full ioad, oompleting the " ltl.r-t:ing oyele. Sty
13 “The atarting-c;,rcle oso:llo'rram. ‘ A gra.phio reoord figure .

j 1., shm the magnitude of the carre*;t, voltabe,“md tha related h L

'drﬂulic px‘essurea durin;_, t..e stnr'ting cyclef" I't "wil.l be notad that_“‘
£ he . hydruuue jeta snd the.
" motor switch olosed hefore the reoord w’"“..startod. At thia polnt in

the cyole, the current oonsumed was "20 amneres; the held on’ R intu:a

fline was 9 feet of water, which remained cnnstant md ’che &ir oroum'u
~in the vulu’c.e was appro:umately the same.‘ The preesure .’m the diaohp.rg »

lino (No. 1 pressare oell) representa the static head mintnmed by th.a--“
'_j_cloaad valve. ; S




‘tion in prouuro nt tha intaku (No. 3 preauuro oell) wu simltm:
vd.th the inomaae m preuure lt the diachargo lido (Nn. 2 preitur&
oan). The oorruponding inorelsa in pressure. 1n the diooharg. 1ine

* was due to openiné, the dilehﬂ-!'56 valve' befom‘ oi;nhut-ofr he‘ _hag
attained ita maximm mlue. : In tha prototypo ’ thiﬂs wnuld not oo_

‘ 'becnuao onough time uould be allomd bctwm tho ralonﬂng of fhe al
and the nponing of the vllve to allw the head to lt&.nili:o. wharcﬁ
in the tost pump, thc ulpnnity of the ow;llogrnph oamora‘lim‘:ltodw b
amount of tims that could be allowed for'each step in tha'oyole.' Whan
the main valve wu eomplately onen, tha greasure uputrem droppod lad;_
“then incrsaued ns. tho bypau wao olond. | Aa 1mpoetion or the ourrent

five and one-hn.lr timea m g,reat.- This rould ba m app:’ooinb,
tiom in t!u prototypo cx.rraut whero tho notorn -111 bo 6,000 hor
Po-ar n.uh. o SR R ,
| Figure 18 s an ouoillogrnm of the nwtor demand during s starting
uyelo vhore t.he dumter of the 'bypun m deereued to 1.30 mchcl ml
the Tate of air roleau was alower. ‘In tHc imtlnuo the lond 1neru__f' ‘
ed more slowly requlring 9.1 aa comﬁ#red to 2.5 saound' for thn formr
Thie indioated that the .1.-.9 of the byplu ‘and th. rato at mioh ‘the:
air was released determined, within oertaln limits, the rate at :méh,,_
the Iond was lppllad to tho motor and we.s signiﬁad by tho oarrupond-
" ing 5.umuo in. powr on the oaail].ogrm- L : e
14¢ The shutedown oyolo. The’ fnlluwing atopn, thioh were tnhn
ta reduce the power grl,dunlly from full load to zuro, are cppliouhlo

to the stoppin: of any vertiod pump ragardleu of the otnﬂ::&n‘ dwiul

16




~employed, as the shut-down oyole is mdependent of‘ the devioo uaad fur
attainlnm synchronoua speed. The diaaharge valva wlu c’owly oiuued l&ﬁ |
the bypass valve opened.‘ Air wne forced into thn volute, oauaing tho |
water to be depressed allowinb the 1mpeller to rotate in air.; Thua"'”
the power taken by the motor was reduaad to tan peroont of thu full-

load value &nd the fluctuatlon 1n the line voltlge ns Very amll !hﬁn L

the motor Bwiteh was' opened’ to oomplete the oyolo. i SR
15+ The shut-down-cyolo oacillo rum.- Tho ahut-dawn-cyals ou:l].l.c-a“-'w

gram, figure: 1813 is divided into three atepn (1) the noml opention,
(2) olosi the disch&r g valve &nd (3) foruing air into the volutou ﬂ,f ﬁ.f*
ng E .

At normal Opal‘&tlon under I‘ull load the current consumed m 44 ll-
peres, the pressure in. ths discharge line 2‘7.5 i‘eet oI‘ wa‘ber (No. l
pressure oall), the pressura at the discha.rge n;tde of tha pump 53 tut
of water (Iao. 2 pressure coll) the pressur- nt the intnku 2 fuat of
water (No. 3 pressure. cell), and the heo.d on tho 1ntake wns 9.0 foot
of water (No. 4 pressure oell)» o R S

As thﬁ discnarba valve wau élosed n.nd tha bypau vuln opamd '

the eurrent consumed sraduullv deorensed to 31 amperes when the d1s- o
chnrge valve was oompletely cloae:! then it re:nnimd oonatmt until

*4r was foroed imto the volute. In the meantine, the hydreulic. pre--igifff-gj
sure at the discharge valvo inoreaaad to 42.5 i"est of nter, the proll-'-:,f

sure in the line becama negative for 0.6 of o. sooond thon inoruud

to the autia head of 6.5 feet of water._ The preasure ut tho 1ntlh K

inoreaaed to its statie value of 8.0 feet ot‘ mter, md ths hoad on
the mtalaa line remained cmatant. ﬂhen the oomprauad air entorod RO
the discharbe side and depressed the water, tha presuum ot the intl.b "

.rluctuated wlth the I‘rgquenoy of‘ the impeller nnea md i‘or an: 1nltmt..] SRR

reached a max:.nmm value of‘ 16 I‘eet o; water. Aa the air oont:lnuod ta

enter the volute, the ul.ter level gradunlly 1“-3“,1 thg lhﬂt-otr hotd:«‘i' B

- devroased to the atatio preauure ;t the diaohu-go sido. lnd tho mmnt
oonaumption dropped to l. minimm ve.luo oI‘ 20 mporu for tho :lmpolhr
rota’cing in elr, : e ' : o
18+ .The. relation of the bypua to the thut-doun oyale.‘ Durin;
tha courae of the studiea it was !‘ound that thn dimotor of tho bypass

16
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.affec'bod the pmr curve durinu the shut-down cycle. For instanoe, a e

‘bypass with a large diameter cnused the pmr to decrease much mnre
rapidly than did a smaller 'bypuss (fi&,ura 19). Without a bypasu thn
power oonsumed with the hnpeller rotating in ‘an uir and water mixturo':_. e
“was 50 to 60 peroent of the full-load value, . wheraas mth o bypnss i'b';;.g_j':.:__:.“ "
was only 10 peroent of the i\:ll-los.d va.lue. Without & ‘bypau, tho n.i\ “
-did not foroe tha water nut nt‘ the discharg,e side and u. mlxturc ot n.n"*"
ond water rmined trapped around the outside of the mpellar and 1n o
the line upstraam rrom tha disoharbe w.lve. F.s a result thnra m
auff‘ieient trapped wntar to cauu tha pump to craata npproximntely 60
percent of the shut=off hend. Whan Y mall-d:ameter bypaas s prcoo“ e
vided, from the diwharge aide to the intuko ;.he trapped wator end nir:‘:.'.*;“
¥ ‘ flowed alowly out of 'the disoharge aide and the oorrenpond:\ng dacmsa*ﬁ?_f..s':.
~in head. and’ powwsr ‘were. grs.:lunl. : If the dlameter of t:ha bypus ms
. lnrge tho water 19)‘"& the: pump quiekly and tha corraspondmg dacreasa
_ .in power s rapid. The rato of docrene :.n power 15 ahown on rig,uré
© .19 for the bypess diemeters of 1,30 incbes a:nd 087 inoh. The' ourves
" also show 'hhe results obtainad with r'i"ferent 1ooa.tiona of the o.ir"'
‘porte, nhioh are dinousaed 1n t'ﬁe fcllcwing paragraph. . FU
17e The location of_ the airampply Dorts. 'fhe location of the
air-aupply portn affec‘tad the rata a.t Hhi ch the load decretaed and theg
nb.zmar in uhich the ncmar decreased. ‘ Thia oa.n be seen by eomparlng : _
' 'hhn powor-t:s.me wz—ves of‘ fig,urel 191\ and c mth f'iuurel 193 end. D. m f,‘-':;.-
- fomr mms show the decreue .’m power related to time for bypun © e
‘dsamptors of 1430 inchee and 0,67 inch with the alr—supply port. 1ooatad
“at_the 1ntake (flgurs TA) wheraas the 1attar cums ahmr tho rouults ob—
' "blintd '1‘bh the po!'t on the discm\rge uide (!’igure 73). In f‘igure 1935' . |
the drop in pouar was quito rapid 1,8 saconda, uith the air-cupply

- port at. the disoharg,e side of tha pump, .gmd it ns nunh slmr. 6.2 RO
) socemdu, and more gradua1 wit": the port located in tha intnlm figuro
19&4 Tho difference in the reaultu ror tw two locstim beoo.me more T  RN
. pro'mmoed s the dinmeter of the" bypasa wAs mde nmller (tiguru 1!0 L
© and D)+’ The total time required for the power to dearease 4,500 mtta'f.-“

" emd booon. steady &t 1, 500 ntts was in bot1 cases utilfaotory, 85.9
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saoonds for ths formcr amd 28.6 seconds 1or rhe latter but when tha

port was located on . uhE ducharbe Bide,.ufli doorease in pomar \ms not

‘graduesl) and wculd seuse undesire.bls power surges m tho prntotype.':l Ip.

" the tast pump, these. ﬂuotuatlona_'.m powor, ,w“t_‘_/ch had a d_eflnito'
were graduclly demped ta LS steady demand at 1 500 wnttu. _ Th:.s m dua
~ to the fact that the. gir. nnd water did not, m:Lx when tne oomprosaod air

- was. supplied to the dlso‘w.rge slde. Aa a rasmlt large ooncentrltiom o AT

of air esoapad intarmttently throwh uhe bypaas or mpelle:f_'_and suddon-» e

1y relieved the shut-of‘f head’ whioh aé,un buxlt up to smne lovmr vnluo
than prevmusly ob't;uned. l*h- prooess oon’cmued untll all of the ua'r.er
was draimd from ‘the pump; x'his fluetuatmn m preaaure ouuuc‘i the g
aorrespondlng f]uotuatlan in power Bhown g,raphioally on. i‘igur : ,QD.’

With Lhe an.r-supply port Gt the pump 1nwke, a. shmm in figure _
A, tne power decreased. stead ly and t.he total ti-ne i'or t,he reduqtion
to coour inoreased._ Thm 1mprcnrement wa.s due %0 'Lhe thorough minng S
of the alr &nd water by the m.peller bef‘ore lt entered the diacharge
side lnd circulat:ed baok throubh tna bypuss ’ rhua :no large oonuentrt-
tions of air oould aauape rapldlv a.nd c,ause the head to I‘luotuate. SR

is result oi‘ this cha.nge ’ 1t wds e'\"ldent that thj__‘imoat deairn’blc
looation for.the air port was. somewhere on the _1ntake side ao another R
test was made with the cm’npresled air entering':at tho oenter "of"‘the :un-
peller tubd. . The deta o’btained 'showed. no apprec:.a'ble dif‘farenoe no-"j

tween the pover time ourves 86 Gompared to thoss of the prnvmul arrnngo-' )

ment ., Howver, f.‘rom v:.aua.l observatlona ’ J.t nppeared that the ﬁnixing ’
of the air end wateor was. more uniform ‘and there ms little or no vibm-”'- |
tion of the pump due to ‘che mix;n{,. 'l'hls mdio&ted that tha air w ST

~ dispersed thrOUghout the’ fluia, mkin,, tha nass mre unii‘onn whon 11;
entered tha impaller. If thu looation ot‘ the nir port ;presenta uoohnn- 1

ioel diff:l.cult:.es, the aame smooth.neaa oi oper;tmn can be obtaimd by
‘looatlug aevera.l ports on aqual epaou -.round tho penphory of the :Ln-w
take. A sumary of tae dete for the three canditions is uho-n on rag-, |
ure 20, . ' L




- The exhaust por‘t should be locv.ted as noa.r the diseharg,e valvo 3
es possible or in a 31&09 such that thare w111 not be air trlpped in

the' system vihen tne main valva is. Opened.- "’he rata a.’c Mxich the 1oud

is mpplied to the mouor depende upon the openznt, of the exhnult va.ln ' ‘
and the dlame‘cer of the bypass. T‘or tha small-dimeter bypa.ss ‘0,67

inch, the rate et which the air is releasad 8eems to huve little BffOOt,”-'""‘:'f- 2

but with the Z-inch dla:neter bypa.ss thare 15 an appraozable dirferenoo.

A surmary of.‘ the data is shown on’ nhure 21. ,:'3 '




~ CEAPTER III - CONCLUSIONS ~ -~ =

18 Summery. | ‘
o (e} 1r the ettrting denm ie jet-propellad nith huclmta on the :un-
| *pellar, the site of the bypus :I.a govormd by the disohargo i‘rom tho o

C jetas The buolmts rsduoo tha a!‘ficiency of the pzmp approximntelly i‘our
peroante e i P i e

(b) IF the surting dovioo 13 an nuxilu.ry motor,‘nj.Pelton whool T N
~housed in e eaparate olso, or tha Iaw-voltage nahann 1:1 oonnaution tith
the regular motor, the dimtor of the bypns mod no‘t be largcr th.an

‘ is necessery to circulate the eoaling utor. R
(o). Tha power rBQui.red to drive thn impaller lt‘rated apood in nr .

‘48 sbout 10 percemt of the full-losd: dm.nd whzrea.s wlth uater in thc o
volute it Imounts to about 55 mrmt. i g :

(d) The starting and uhut-e.od:? oyeles, s propoaed in ahaptar II, : Lo
'aaotionn 12 end 14, rsduoa tho nhock t:o tha clocrtrionl syatem sufri- ’:'jj", g
'oient].y to meke tha mthod prnctinnl. ‘.‘. S L 7

(&) The oompresacd-lir-aupply port 'bo the p.mp should ba looatod e
:on the intake aide whoren the lir-uxhaust port ahould be on the dil- e,
sharge side at a point whsre all of the aﬁ.r in 'bhe ayr!:en uo.n bo ox- _' -
hnua'bed,"-‘ S T R SRS R e

(r) The mte at which thn air 1. oxhausted :f'rom the pump dur:.ng
-the ntarting oyele ia e ma.jor flotor dn- oontrolling 'bhe rnto nt ﬁzinh
| the load is epplied to the motors . Lo Do
o (g) The rate at -mm the eir enters tho pump. nnd th. diaa-‘te or' S
. the bypass. eontrol the Tate at v ch t:he load on tho motor "uduoba ;
--~dur1ng the shut-dovn: eycla.\. 7 o ‘_ N ,‘ e T
(b)) The test dats indicated thet the disaster of the' bypau ms the
mt importmt fo.ctor oontrolling the nto a‘b mich the pmr doar ucd F
| -,during the shut-dom oyula. B : ‘ : ‘ : "
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B. PIMP SHOWING TRANSPARENT SUCTION PIPE AND ELBOW,

GRANEY PUMP TEST ARRANGEMENT




A,

B. PUMP SHOWING BY-PASS , AIR SUPPLY AND EXPAUST CONNECTIONS.

DETAILS OF GRANBY PUWMP TEST EQUIPMENT




B. PIMP IMPFLLER WITH BUCKETS FILLED.

GRANBY TEST FUMP IMPELLER
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-*GRANBY PUMP TESTS:‘
" 'BY-PASS muemno;\;

EQUIVALENT SIZE OF BY-PASS *
FOR VARIOUS OFENINGS OF |
| BY-PASS GATE VALUE

i
I

NUMBEH OF TURNS ON BY- PASS
é I 6 | 8




_FIGURE 11
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GRANBY PUMP'M:O“DEL TESTS
DIAGRAM OF ELECTF\’ICAL CONNECTIONS
FDR THE INSTRUMENTS!

*4208 VOITS hne fo:.lrne

/
|
i
o
}
!
|
I

3 Phase L
power & ===
source.. Vi

o Ourrenr ) Shum‘- 3

> "’Osclh‘ograph 0 6)
elemenrs 1050
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~ GRANBY PUMP MODEL TESTS. =
CURVES TO SHOW THE RELATIVE AMOUNT OF
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FIGURE 82
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