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Subject: Continuation of stud1es to. datermlne suitable mathod for f,
starting and stopping the puups- at Granby Dam numplng plant
~ Colorado-Big: Thompson projact Colora‘o.

1. Purpose of investiggticn., The tests described in this rep0rt

oonstitute & continuation of: thoae previously describ_ *n ydraulic
laboratory report: 115, "Studles to determine suitable methods‘for e
starting and stopping the pumps at the’ Granby pumping_ lant,"" o
Bradley, Fred Locher, W. A. Morgen, andnTwcF fhammett _June 15,

Ag the pumping plant and the uroblems involved have been described in
the ebove report, these will be treated briefly here b

The plant ultimately will house four pumps,:of approxlmately 6 OOO

horsepower each, which will be aubJect to discontinuous operation re- ‘i~~

quiring frequent: starting and stonplng. Fhe starting or  he:stonpln
of pumps of this sizs under full load would oause dimming oflliwhta and
interference. with the operatlon of automatlc equloment throughout the
vicinity, as the rate of power input’ to the’ pump motOrs would, 1n aome

cases, exoeed the rate of response of ‘the generator: a» Green hountain

Dam. The teats described -ath here and- in the prev1ous report were per~ﬁt‘ i

formed in an effort to allev1nte this conditlou. f-

The purpose of the tests dascrlbed hereln wus to- study the feasi—7"
bility of starting the pumps while. throttling the flow in the intake
lines. The mdin objective in this case was to- eliminate tne purchase
of valves for the discharge lines. The 1nf0rm4t10n desired is best
stated in e memorandum to the Chief Electrical and Mechenical Engineer

by Mr. I. A, Winter, "Propesed laboratory study of starting the Grunby




punps while throttling flow in the tuntion pipea - Granby Pumping

Plaxt = Colorado-Big Thampson Project,” dated May 2, 1944.‘ Inveatiga-r3-~* |

tion of the following points was requoatedx,“f [_;_,

(a) Surging in the dilohnrge line 'han the inflcw 1n £ Ty
1... tm the noml Olpﬂ-ﬂity' Of the p\mp under he!ds ms- j" T e
ing frem the minimum to the maximum. L

i._. i

(b) Observation ‘of the tandenuy of the pump to'cavi‘\[
tate excossively during the starting cyole.]3 4 :

(o) Qbuervation of tha behavior of the water entering
the suotion- tube of the pumps at high velocities.

The initial pump houno valve layout ia shown on fivure l, HYD 113;5_:“.

For the valve and the pipe lqyout uged 1n this aaoond aeries of

studies, shown on figure -1 of this report thn diacharge valve origi-“”*T‘J[,
nally used was eliminated. and two intake valves were“‘rovided instead i

of one., (ne valve ‘WB.8 to he used. for throttling and :_ei ther was to

provide for emergency olosure._ It was proposed to ‘start a pump. with ,_7;“_ﬁﬁ
ene intake valve closed and the discharge linﬂ full o"'water. Wlth the . -

pump up to srsed, the intake valve would“be opened at
witil full load was. imposed pu: the pump.‘ Theﬁp:qgadura

versed when stopping the pump.

2. The te:t oquipment. Arrangememt of the teut aquipment for“ LR
these studies Waa e-sentially the same as for tne initial investiga-" :
tion, ns is evident from a ocmpariaon of figures 6 and 7 HYD—llS

and figure 2 of this report._ The seme 8- inch vertical pump was used
in both oases., In the former tests a tank reserv01r was amployed to
supply water to the pump, while in the 1atter tests S booster pump was"x
connected in series with the intake line, ma}ing prototype presaures L
possible, The model approximated a general. scale of 117 (table 1, HYD-‘
113) except for the discharge line. The confining walls of the labora-
tory restrieted the height of the discherge pipe to one-third of its
soaled valus and the length to only a fraction of the scaled distamce
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to be traversed by the prototype conduit

Instrumentation consisted of 8- voltmeter. an ammeter.‘an a watt- -

meter connected as shown 1n figurs 15, HYD 115, aetween a single'phnseﬁf.

end the ground, . Three electrlc, strain-gage type, pressure cells' : _
(P.C. 4, P.C, 5, and: P c. 6) were located as shownﬁon flgure 2 of thisﬁ‘:‘”'

report for. recordlng pressure changes in the intake, the pump sucticn if'

tube, and the discharga line. In. additlon to the abova 1nstruments,fwiL:
electrio taﬂnomet°rs were prov1ded to measure the speed of the motor  A,;
and the rate of openlng of ‘the- intake valve.r Instantaneous records off '
the pressure oells, the motor lpeed the valve position,_and the elec- 

triec current were: recorded by the laboratory OSclllograph._ An attemptﬁf,::g
was made: to record the voltage, ‘but, -due to the fact that the osclllo-f

graph contained no shlelded cnaﬁnels, “the Sﬂ—cvcle frequencj was super41

imposed on the record of every channel Aftar dlscoverlng that tha
‘voltage fluotuatlon amounued o no more than 5 percent this measure— 

ment was not consldered 1mpcrtant A recard of the,power requ1red by

the motor was also des;red buu a watt element was

T_,t availaole for _
the ascillograph, . The . prlmary 1nterest 1n thls study concerned surges L
in power rather than actusl values, and these‘araLclearl
the ourrent trace on the OSCllngr ms.;_It]‘ 1c _' 2P L
ever, that the general shape of he power r@cord would Vary donslderablj
Trom the curre“._»race.' nlthough the voltage remalned relatlvely con-'” it

stant, the power factor during these . tests varled from.zero to 85 per

cent, as can be ooservad from figure 3. Thls curve qhows the powe.ﬁ,&;V'

factor plotted with respect to the rated Gapacltj of the motor fo"-ﬁhe

actual range over whlch lt operated during these tests. In no- case

did the motor on. the: test pump operate et grester th&n half of its rated
nacitj. : R

, Tne pressure cells were a tyne used for fhe first time in the lab-"
oratory, and the will therﬁfore be dascribed hera as a mat ter of rec-
ord. A cell (figure 4) consisted of two steel arms, one stationarj-and‘

the other movable, The movalLle erm wns rigidly connected to a disphragm
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whish flexed as- pressure changee were: applied to - its opposite side.;;yUf
Iwo colls of. wire, one consisting of four loope and the other ofzfive
loops, were strunw over: peraelain inuulators mounted betweenuﬂh :
arms, The coils were. utrung to" oppose one another in suoh_maonef'fhat;T
a movement of the dianhragm wnuld increase the tension on aﬁ jandlre-";o"
duce the tension on the other. Hovementrof the diaphragm1 n‘£h OppOf?}i
.slte direction would reverae the strain,tmahlng the 1nstrument_adapte
able for. the measurement of intormittent positive, and negatlve pras”‘
sures. Piano wire, 0. 0025 1noh in diameter, poasessinv e fa1r1} high

strain eenuitivity, gave - most satisfactory results of a number of w1res

investigated. ‘The - dual cail: sorved to oquallze the varlation of resisife 3

tance produced in the two wires by temperature changes. Upon flnal

essambly, to limit temporature change the ooils were enoaaed in Oll.

The output of these cells was- suffzclent to_make possible the" elimlnn-”_

tien of vaouum-tube amplifiers a+ the input toutbo.osoillograph

3. Test prooedure. Referring to. flgure 2 the'rlrst test wns
performed with the '2-inch bypass valve 0pen,f he 8-*ncn:disunarge valve
open, the 8~inch intake valve olosed, and both lines filled mthi‘water.;.

opened at a sbeady rateo‘
valve was clossd, coleeting the starting oycle. ',

constituted the same procedure in reverse.

It was desired to ivvestlgate thls procedure of oper¢L10n, bot.
with and without aeration. . Alr could be sunnlied to- Lne suctlon tube o
of the pump through the 2- 1noh vent, shown ‘on f;gure ihls would
oorrespond to approximatoly 8 14"1nch vent in. uhe pro otyoe.. A plno_
of the same size (figure 2) served as 8 bypass between the suction end -
the discharge lines of the puap. The purpose of the bypass in tnese
tests was to provide C1roulation for 0001115 Nhlle the intake val e}

was closed.




Three variables were involved in thia method of operationx (1)
the atstic pra-sure on the 1ntake line. whioh varied from 10 to 120

feet in the Pfﬂ"DWPes (2) the rate of opening"and closing of ithe in- T

take valvo; and - (3) the aroa of ths nir vant. As ltated previously,'

tha discharge line was not to aoalo; however, the rosults showed thisﬂ_'“

faotar to be unimportant in. this eaae. Teating was performad over 5   '

the eomplete rangs of the threc_variables. In oompiling the resultsiril.

it was found that two tasts sufficed to nhow that throttling of the; -
flow in the intnke line was. not a deairable msthod of-operation.

logram on figure 5 shows : ‘the- eonditions 4n’ ths startingwand”the stop‘{_ N

ping cycle with. the 2- inch air vent (figure 2) open to tha atmosphere;fﬁ .

figure 2) was 83 feot of water, the suotion-tube prsssure (P.C.;Sl¢ :f
10.5 feet, and the pressure. on “the diauharge line (P C. B) was 9.5

feet, The starting of the tost pump is. indicated" by the ourrent trace- 3;”

on figure 5 and also uy the motor ttohometer whioh registared aach i
revolution of the pump. The fraquency of the osoillograph galvanom-hﬁ

eters was not sufficient, upon atlrting of tha mntor, to produce an -['1[.3

aocurate traoe of the ourrant from the atandpoint of &mplitude.;

Approximatalj one . sooond after the teat pump'wau atarted (figure j ‘

65), a positive pressure gsurge: nmounting to 52 feet cf water oacurred‘?ff‘”f

e
in the discharge line, which was. likewiae refleobed in the ourran

trase, the latter registering e uurge of 36 to 25_am

negative in sign, a oorrnsponding prossura aurge of  ‘faet of W&ter Ey

wan recorded in the suction tube of’ the pump. The second nurge, the:
peak of which ooourred at a velve opening of about 18 percent régis-u;:‘
tered a positive preassure of ‘26 fest in both. the suction “tube: nnd thQ  
discharge line. Aa the lntaka valva was opsned at & uniform rato,g
repetition of the surging ococurred in the disocharge line and the suc-
tion tubs of the pump until the intake valve raachad approximately 40;

peroent open. Far valve openings of 4C to 100 percent the pressures
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at the three sells ba ame- quite steady with 'ittlle changa in magnit‘ 8.,
For thig reason, the oacillovraphio records have not bean raproduce

for the complete start:ng and stopginv cycles ;]The lower portion of,.‘5“”

Tigure 5 shows ‘the. reccrd of tha pressures and the currant for the
stopping eycle,  ‘In. thls caae the operating proeedure wu&i

of the starting oycle. The pressure surges far this case‘ ]

gBevere as for the starting cyole; however distinct surges in the cur-v
rent ocourred . throughout both cycles. Fcr the valve partinlly apen:‘
surginb was audible in’ the model as air was 1nterm1ttently pulled
through the air vent plpa.'A ) case was: th

steady. :

& short oscillogram was mada with thqfintak'
operating point, Thls is. shown as the low
indicates prassuhe surges in the discharga
water, with correspondlng current aurges )
o ._ _ ‘”. R ,
Thc condition. shown- on- flrure 6 persisted

valve opeqinvs oa 5 to 50 parcent

With pressure*surge indlcations such as these manzfes:ﬂ

having e discharge line much underscaled it i‘;,

chenges in the prototyps would ue mora sevare than those 1ndlca ed~oy
the model. As the pressure. cnangas are accompanled by correspondlng
fluetuations in the ‘power requlred by the motor, the abova plan for ih[;h

starting and stopginb the Granby pumps is not con54dared faasible. :

5. Starting and stoyping qycles withcut aerutlon.. The oscillo-

gram on figure 7 is g record of the instantaneous presaures and the
current obtained for oneratlon similar to that auova-described excepu'
that the valve in the air-supply vent was closed. With the pump at
rest, the pressure in the inteke line (P.C. 4) was 82 feet of water,

the pressure in the discharge line (p.C. §) was 9.5 feet, and the

11
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presasure in the suotion tube of the pump (P C. E_jwas 10 feet., Upon
starting of the motor.the pressure in “the euction tube dropped‘to A
negative 22 feet of- water, while the pressure in tha discharge 1ine =
fluctuated from 3 to. 28 feet A corresponding positive surge‘was re-cfj‘
fleoted in: the suction tube of the' pump us,ﬁhe intake valv_;was an~ i?i".)

eeated,a.loud c:rec:]a:l:u:ur noise occurredawhich'pereisted, although’de-  f

ing along the 1nvert of the suction tube.f‘E fk ‘ smaller velve open~¢
ings, water WE.S supplied to the teat pump at o defi unt,rate, thue '

producing an 1nitial negative pressu‘efin the suction tube‘

tion, the- hlgh*velocity jet isauing from under the gate leaf(iended toii‘@*L

-ekip over the invert of the suetion tube beoause of,gate-sloifinterfer:i
ence and imperfections in the aurface downstraam sproducinwilocalized
negative pressures. The addltive effect of these‘two:nctions eaused

the preesure along the suetion-tube invert‘to be fe&uoe"tf‘the vapcr

pressure of water, thus developing corditions conducive to eevitation

oate" pressuree this low.. As‘the 1nteke valve continue he
static intake head droppéd{ i;lS feet of positive pressure'at 50 DBTCEnt
valve. opening, the preseure in the bump suction tube reversed to it
slightly positive, and the preeeure in the dischurge line increased s
approximately 7 feet: uver the original pressure in overcoming friction
- caused by flow in the 1ine. The oscillogram reproduced on. figure 7 was
cut at a valve opening of 50 percent, 85, pressure fluctuations beyOnd g

this point were insignificant.

The preesure reoord fer the stoppiﬂg cycle is snown in the lower 8
portion of figure 7. As the valve opening reaohed 10 pereent the'
pressure in the pump euotion tube fell: to- a negative 28 feet or the.e
vepor preSsure of water at this altitude. The low. pressure was accom-'
panied by a crackling noise whioh is indicntive of the pregence ef

oavitation. In addition to the crackling nolse, the fluid pessing

i4




through tha punp ‘was a mixturn of air and wuter, tha air

fron the water by vaporilation._ This nir.,nu dumonstratod _tha pre*é;
osding aootiun, ‘would ‘be: very undeuirable in the prototypa ﬂ Following;f

complete olosure of thn intake valva. a seriea or uurgen ooourred“in' e

Navortheloau, this type of operation il not reoommendod for the Granby S

pumps ,

To ramedy tha above opsrating dinadvantages, it is suggested hat f""

the throttling be . aooompliahed by a valve plaoad 1n sach diaoharguuline“f:

as proposed originally. It is felt that these valves" will more.

pay for themselvee in raduced maintenanoe oosts and ‘er 0perational

difficulties, to say nothing of the advantages tb‘ ga;ﬂed 1n the ra-~5

duation of power and praesure surges during “the utartlng and the stop-Lf

ping eycles,

relenieds

6. ThrottlingAwdth diaoharge valve. éihoétha.BééiilogfﬂﬁsTaho-n e

in HYD~11% were wade, the laboratory oscillogrnphic equipment has been
greatly improved. For this reason the tast shown on f;gu:e 18 A gnd‘B
of that report was repsated, In that test the pump wasﬁbrought.up?to
speed with auxiliery water jets, whilo in the present tests the bump '
was sterted electrically, with the impeller rotating in air, Referring

15




to the photograph on figuro 2 and the osoillogram on figure 8. of thﬁ.
report -~ with the 8- noh dlscharge valve cloued, the bypass valve open.:
and the intske v&lve open, comprassed air uaa forced into._he suction
tube of the pump, thus’ unwatoring the pump;:mpeller. Tho tﬂsu pump f@i
was then started in alr, electrically, &t ﬁhlch polnt the oscillographlo”
racord on figure 8. oeglns. The entrapped air‘than was etpalled stoadilyugfﬁ

through a small valvo on the dlsoharge 51de o o‘
suhmorgenoa of the impoller._ The timing of this

on figure 8. Upon completion of the aiioramoval, the sudden rlae in allff;‘

fully primed. The stopping cycle, shown in‘alt’

was the reverse of the starting oyolo and;:FﬂJﬂ’n

for both cycles were simllar. The stopping

the discharge velve at a oonstant rata. VUpon complete
pressed air was forced 1nto the suctlon fube of “th I s
rotating impeller at 8 -toady rato. Whenjfullyﬂunwato}ad the motor on A
the test pump was deenergized., Presaure fluofuafions can be_controlled
to & large extent, in ‘this case, by deor9331nggtheJ _w" o

cloeing of the diaoaarge valve and decreasing ﬁhe rati”_ ) :
pulsion of compressed air +o the pump chamber.; In the case of the modol' ;
pump, the operatlon was carrled out at a modarate speod in order that T
the record would not be too. long and cumbersome to reproduce. here ‘ig

no lower limit to the apeed of" thls prooeﬂs in the pzototype.

In addltion w0 stabilization of Dressures, th1s mothod of operatlon
has the outstanding aﬂvantage of requlrlng less power when starting and
stopping., Fipgure B shows that it requlred 20 amperes to turn;the pump
impeller in air against S0 amperes to do the same thing in Watar (flf't
ures 5 and 7). Starulng the 1mpeller in ai r. should thereiore reduoe_'f
the initial power demand by‘perhaps.one-th;rd. Fowever no oonclusions
oan be drawn from tho’instontaneous current trace at the beginning of
each test, as the freduency of the galvonometer éiements was insufficient

to record correctly the larger amplitudeo.
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Although‘_th‘if_‘ s ’_dlacussad inHD-
113, it will be mentioned again for emphaais. Theibypass is anﬁaaéen- :'”’

T The‘ﬁypnﬁa‘vnlfo

tial factor for smooth aperntion 4in the atarting and the'atoppin B
During the starting cycle tho hypass makes possibla‘oirculation fb
cooling, During the ntopping ﬁycle 1f aorvos as. e - wati

trapped on the disoharge aide of thé pump and as;a:regulator for
trolling the rate of unwatering cf the impaller. Wlthout the bypass‘it

is not poaslble to relieve entiraly the prassure daveloped on“the dis-

charge -8ide of the pump, which if not relleved will raflect in,surges

and an incraane in' the: pcwer requirement to the motor previous to*ﬂis-"ff‘

engagement,

Provision of. an B-inch pipe with gate valve should be conserva4-”v¥‘:‘

tively adequate for- the byPASs 1n the pratotyne. hf valve can be set

to unwater the impeller at tha desirad rateﬂon the shut- E
Upon determination of this: po;Lnt ‘& stop o 1imit switen _can' be 1n~f“ o
stalled on the bypasa valve “to . limit its travél. 1
to determine in the field tha maximum ﬁlve
compressed-air praasure -and the ‘rate - at which air‘
the suction tube of the pump. fr 'P

down cycle.:ﬁ‘

ettln

8o Summary and conclusions. From.anihydraullc
tling with the intake valve is fundmnentally un*ouﬁ

tandpoint, throt-
1 aéitfémély';‘
low nressures are craated unneceaaarily this is

to be avoided wherever Dossibla, for past experlenc 5   “ownvthe re-5" .

sults to be either unsatisfactory or unpredlctable} 7 &épplicatlon of
venting to relieve the condltion, unnecas-arily creatsd by low pres-"
sures, meraly complioatas the problem in: this case,as e mixture of alr
end weter is en unsgtable fluid and - pressuree throughout such a fluid

will be found as unstable as the‘fluid itself, “In the case of the Granby‘;

pumps, where surges in pressure are directly affected by .the power re-
Quirements of the motors, neither cavitation noriventing should bs- tol-

erated, &s both produce en unsgteble fluid, ‘ B .
In conclusion, the followlng recommnendations are suggested in
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in cornestion 'ith tho starting and the stopping of tho Granby pumps:

(a) Throttling of dilaharge throughmthe Gr:nby Pumps Mi :
by use of valvee on tho inteke - linoa 1B“inadvisab1g e

(b) Th' 'ﬂat "ti'f‘°t°ry nnthod, to data,gconltitut-s:;;
starting and stopping the pusp 1mpollars in air-end throt :
tling tha rlow vith diuehargo vnlres, as. discuused 1 [ G
tion 8, b '.'. | . L ." Ry

(o) Inntallation of ths bypaggx L "‘ l‘ '._ .
looked when a valve is umi in the“'"‘”" args ‘line, as

period that thn dilahnrge vnlve
turnins 1n wntlr. Also, it wil




