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I.. THE TEST

. 1. Purpose of test. These pumps were first tested in:Sep-
terber ‘1939 to determine whether ‘or not  they met 'the conditions: = -
.specified in the contract as to head, discharge, efficiency,  cavi-
tation, and'genefal.performmnce.hf(See*lﬁboratory rep0:tQNQ;jHMJl!)
~The results of that test indicated that certain ¢hanges in the.
:'impéllerfwouldThave*to‘beTmaﬁelbyftheTmanufgcturér before the pumps
~would meet ‘the ‘specified conditionss..  The changes were made and a
- preliminary test madebeetheffieldfOfficeﬁindicuted_thatfthéfpumps'g
~were ready_forfthe,official,acceptance:téstspj\The acceptance;tests_‘-
are CDveredFin;thiS‘report.‘ T S e SO

i 2, The pumping plant. -The plant”is.&ocated'on'the\north bank]:
' of.thc'Yéllowstcne'River-aboutrthirty miles upstreem frem Glendive
- and ‘about ‘two miles downstream from”the;village,of}Fallon;]infﬁbn—‘
“tana. It is%a_ﬁypipal'irrigationfpumping[plqnt'cdnSisting;_at‘tﬁc.
time of tests, of ‘two installed unitsuwithﬁproviSion_forfa‘third;‘
rsimilar“ﬂnitr:gThejunits;are-cflihe‘vortical‘typq:consiStingﬁpflaQ
”IQSOO-hOrsepowé:,12,200-v01t,j60ecyc16,-4004r;p;m;;'$ynchrondus]‘
motor direct-connected to a SG-incb?sihng¢Suction-éénbfifugal‘ -
volute pump.  The pumps are rated at 110-cubic-feect-per-second . =
discharge at a dynamic head of 103 feet, “The motors are reted at = - ‘
95,7 per . cent efficieitcy at 100 per cent power factor.and full losd, =
g and_thegpumps}are_rﬂtedﬁat389:perjdbntrefficidncy3Etfréted%dynnmic" S
“head end full discharge.. The rated over-all-erficiency of the units '
~is,‘thcraforq,f853parﬂcgntsxjig: T T e e

-~ The pumps have individual inlets drawine through rack ‘structures
from & common inlet canal. ‘Bach pump discharges through-a 36<inch
sate wvalve and ‘& short length of 36-inch steel ‘pipe into s légof
. thé three-way comnoction, then through.a 7-foot diameter concrote
common;delivety}pipoﬂleadingtintofthc-main cenal’ ot the top of the
hille At the point wherc.the delivery pipe discharges inbto the ..
L warped-wing transition to*thc,égnal,thorc‘is;an‘84~incHHSWingichgck; L
'_or,fl@p‘valVefgtqvpreventfreversal!of;flowﬁinccgsc of emergencye. .
‘The complgtg'arrahgementﬂis‘Shown’on‘figurb;l.'J“”, N Ly










3 Teut procedure.; The horsepower 1nput to the mutors wBs
. weasured by means of: electrlcal test 'instruments. ‘connected s, .shovm
~in. the W1r1ng diagram, flgure 2 ‘The ‘motor: field rheostat woas ad-
justed 'so-as to ‘bring the. power factor: ap to- 100 per cent as. indi-
cated by balanced. readlngs on the two: wattmeters. The power factor -
meter on the switchbosrd was: not used (see "Notes on Test"). The
power: input ‘as - ‘mepsured by the wattmeters ‘wes checked by memns of ‘an
_ammeter and :a voltneter, each of ‘which could be: sw1tchad from pha“e
‘to. phase of the motor leads, - As a further check “the rotations . of -
the watthour meter :disk were counted £or each run. The electrlcal
“input. to the motors thus mﬁusurod VIES ﬁransleted bv means : of curve,
figure .5, into’ oh&ft horsepowar output to .give the horuepower 1nput
“"to the pump. The dynamlc ‘headon the pump was: ‘measured by means of .
amercury. column on the. dlscharge 31d and e water column on The '’
‘suction side. As thc Bourdon-type te: t ‘Bage, proved to be of ‘no
value. in the prov1ous test, it was mot. used in this' tests  As the
“dlscharﬂo Pressure wes, ‘measured: from ‘the! canter 1ine of the pump vnd
the suction was measured from & polnt 2475 ‘feot below thlq 11m, the'
total dynumlc head H wus detarmlncd as’ follows.{ :

= dlsuharge prossure in’ feet of nercury,

. suction pressurs.:in Tect of water,
=-discharge. veloclty in’ fbot ‘per-sccond, and
= suctlon VLlOClty 1n fect pbr sacond.-¥3

S -he plpe aroau in. the nlane Yis thc plezomcters bo+h the suc-?
:’tlon and discharge were carofully’ ne&qured. Tnb set-up 1s shown -
: dlagranatlcally ln flﬂur d-‘ oot R

The‘di charge WS neasured ovor e reir de31gned in strlct aecord-=7’u
ance with Standards of Hydraulic Institute Codea’ The hend over the . 7
welr wes measured by means of o ‘hook- gagc readlng to thousandths :
of a foot.  The hook BOES zero vias dbtermlnca ‘before and after: cach
‘test by the method ‘showm in flguro Be A dlgcharve curxo flrurc 4,
'-was plo tted accordlnv to the Hamilton Smith iormulu, as shown on the
‘eurve'sheets | The photogr&ph, platb I, ShOWS tho nb“surlﬂg‘welr 1n
~operations. " o, : L SR

Tho caﬁal seapage and Welr le&k&go Wbrb found oibu insigni=
- Plcant.‘ - U e e T

'Ea@h ﬁeét\consisﬁed of five runs. The first run was with the
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‘ fvalve fully open for maximum dlﬂcharge. For succeedlng runs “the o

“yalve ‘was ‘set for discharges af’ appraximately .95, 80,80, :and -105 -

g ‘cublc feet: iper second in -order. :The: shut~off head WRE - also deter-;}"'
- -mined., The. Teason for going back o the 105-cublcafeet-per-second .

" discharge was. ito check for any- ‘M4rift" ‘orgradudl ‘chenge ‘in per-: ... .

‘formance ‘of ‘the unit ‘or’ accuracy ‘of “testinstrumerts: whlch may haveﬁf.fi -
“taken place-during ‘the test. "Each: runconsisted of the average - of i

. ten readings ‘taken at one-minute jintervdls; ‘except ‘the ‘motor ; r.n.m.f"~“ “ 7

| which’ was ‘takenat ‘the -end ‘o reach test only.- The follow1ngﬂread- =

‘j’ﬁlngs were taken for each run-~

e ,,{A Eleotmcalx-il-"_37*:; o

Amﬁeter, phases A, B, and C.;‘Tf Sl
Voltmeter, phases. A-B ‘B~ -C,. and C-A. DR
Wattmete;s, l:and 24 B R T
Watthour mpter, dlsk turns. L

Hydraullc.-L j7\ﬁ

Dlacharge mannmcter, msrcury.,su
Suction- manomeuer,.wuter.; L
Welr hook gage.g;w:ﬁ;‘y54,4 L
Inlc+ staff gages ot

| f,;gi' 1enpcratures.‘

VVPunp roon.» . PR
o Inletoto: motor..
woo Motor -stator wzndlngs. R T
‘-JMbtor, .o operatlng, room..’yg‘f‘
'*.;Wﬁter at pump lnlet. "-‘ SRk

- Itis: ful1y rcallzed that some of tnese data are‘not GEuPntlal
4o the- test Thut: they are on file ln the laboratorj 1n'qasa any
;;questlon arlses requlrlng th01r us T . o

Rcsults of tests. Due to the fact that the ﬂotoru|warcfj'bfﬂ"

‘]d951gned to ‘operate.on 2, 200 wolts: :and “the tranaformors supplledggV;[
. ~the ‘power at:2, »400 volts, itawas; ‘decided to makn a tost of ‘three.
" runs-on one:of the -pumps:at full dlscharee and 2,200 volts- This

“test was made on unit’ No. 1 -and ithe'" rasults arc plotted on': per-*".:;q”; R
. ‘formance CUrve figurc.6; tosh is: noted ‘as"2,200~volt. test.? Thls S
'1zjtcst w1ll be d1scussud 1ater 1n thls report._ *h;_f' : Eur

Thn results oi est on,unxt No. 1 arc tabulated in. tabln 1

- 3Aénd plotted on- performance eurve figure 6. The'; results of -tost ‘on P
-_'éunlt No. ‘2 .arec . uabulated 1n tablo 2 and plottcd on pcrfonmance ' '




. eurve flgure 7; The water 1nlet temperatur fbf:tésf'ﬁh'u{iﬁuﬂﬁ;‘l*u'
';‘ranged from 9.45%C. to 10, 5° C., and for test on un:t No.‘z ranged
\ ‘from 20, s c. to! 11 5° c._ L S _

:VIfWII NOTES om THE TEoTS

o 1. Performance of the‘pumps.‘ Tha pump performanoe<showad S
- west 1mprovemsnt ‘over thet observed in the ‘provious tests. The'x;‘ZHHW

’t”cav1tatlon N0ises. nppea”ed 4o be completely ‘¢ leared up.and: the‘:[fJ f*1”

‘1.operutlon wasrsmooﬁh ‘and quigt. 'The ymter . seal in: the>stuff1nw“{‘**

‘1Tf zlands works " satlsfactorlly when- the pumps are. operating.; The pumns
'”mAare sometlmes slow in, prlmlng, especlally after belng ddle: fcr some ..

'?}Ntlme., This is .due to the Taot! thnt sealxnv water is supplzsd to: the f"*

 =Lstuff1ng gland only when ‘the pumps are operating., -Thi's condltlon
- could-‘be" 1mproved by connectlng 1n the sprlnr watcr supply for przmr f
”[1ng purnoses only. : : ‘ ROy _ ‘

2. Pump viear. rlngs. The wear rlngs on unlt No. 1 had bean

, :[fdmnaged ‘and. later~repalred ‘by: bulldln up: with babbltt and machln--’
. dng. In.order 'to ascertain -whether or not this condition hed’ again’

‘fdeveloped, or that: the repalred rings. had been’ improperly fittedv'-
. ceusing ~the - dlfferance in performance between the units ‘tested, a

‘*caneful check of'. the‘runner clearances WS made on ‘both - unlts.t'j;ifffﬁ:

:'”he menaurements were made at the quarter p01nts both top and:
“bottom on’ both unlts.; In plan, :point -A-is ups tream, p01nt Bis

.ﬂ ‘1eft poznt Cis downstream, and p01nt D sfrlght Thbse measure-lJtpf'

r”ments 1n 1nches are shown below

"Top 204033 7 f
Bottomfa‘I 6.

'Top S
“IBottom,-

o 3._ The outlﬂt tran31t;on. Thls structure h&s contlnued to
‘fsettle somewhé% ‘but.no;serious: breahs thave' occurred. A‘cut-off
collar has’ ‘been " bullt around;the :conduit’ hetw&on the. elbow. and thn
;transxtlor -and. ‘the wings’ of_thc transxtlon w1ll be bullt up to Lha
gorlr’nal elevatlon.hn‘ﬂuf' R : L . i

_ 4.‘ The~motons.m,noth motors start, come up +o spaed, and s"n-?f‘*
'j;chronlze normally. The: collecﬁor rlngs ‘are smooth except in spots .
witich appear o be. burned. There is sa-definite. line of dﬂmarkatlon
;bctwecn tha :smooth and the rouvh portlons -of -the perlphery., The '

"temperature :rise in: the‘motor w1nd1ngs appcars to e exces31ve.: The

.foperator :states that during ‘the operasting season the motors became _
-.s0 :hot that: it wes ‘necessary o - ‘reduce <the" pump dlschargb materlally,,

"”sometlmus ‘RS much as 85 percont. The observed temperatures durlng
;the tests are shown in. tublos and 4. T : :




4"=3T33LE 1

Unit No. 1 -‘Test No.;l_”7;

5 75104'4¥j

t
I
e
S

shut-ofﬁ

1 i?fiékéff;h:f 1085/ 15192

105;%2;‘ﬁ’

TABLE 2

. 137."132 .t

Bl

'”"?7Va%‘Vg*:**“-*'";ﬁﬁi
Hd

Head

T

95 44

F‘lcéé?a
'ﬁ,iii,sd
}'1;9;45

11597}69

101, aa,
109tse?

iié'éO;

122 ss,f:‘f‘T"

103 eo: 1304 -

 hss.orfiar.




mOTOR ‘I‘EMPERATURES
Unlt No ﬁlf-gTest No.ﬁ

é,:LﬁTémpératﬁrcé;”Dc”re‘c"s"C'. 3

K Pung -Under | :Stator : Oparatingffi _,'f;f,,;- S
~Input RonmEMbtcr'Wlnd1ngs ‘Room’ t;tﬂ_ﬁﬂ‘fse_ﬁ:'VRémarkSH .

| “'{}Iiﬁ?;@iiﬁ:bu'{"s§’;64 5ff ;uéﬁié*;é“ﬁTemporaturas taken near the .
B e | TR S R ) R ST B completlon of . each Tun ‘Q“.
,:1101:5 1s'q S| 8s.0 i esa \ e

506.7 1. o‘rf;fig ens | eear |

'§;1131 9 Lisid i e,

IR l‘.ﬁOTOR TELEPERPTURES
”:-  Unlt No. 2 - Tgst Nb.‘3

,;_‘tfieﬁnéfaﬁuféS,'Dé fensﬁc;\";. ‘
{Pump:Undey,| Stator Opcratlng _; ‘._7!“__
, Room Motor Wlndlngs &Room. ,‘;Qn_;_wl Renarks

_ 2 315 O 18 Df§ g -_ . l”'-;j‘ Temperatures taken ncar thc
i R R completlon of oRCh run

11-’52 4 15 .0 18.7 ‘ -

i 1071.8 15 0]19.5 ;| 68iC

94u.6 15 4;19;5 1 7240

1154. heialerodl
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S : 1r clrculatlon through tthmotor seems‘to a ; .

it slug 1sh due”to tack:sf 'fan wvanecs on’ ‘the ‘rotor and o :he}large_,f
]31a1r dnlet . ‘spece blocked off by tho n'u:Lc‘.e bearlng and supportzng
'=astructure under the<motor. ' :

I 4Q- “The” '2 200~volt" es’ ZThlS testgwas runron unlt Wo. l'
“iThe: motor -was startediat 2:45 Belle, - Octobor 14 ‘and : allowed to run

":untll 7:00. a.mJ tot brlng “the. temperaturs up o normal.‘ At46530..

.8eMms “the voltage ‘was 'reduced” to :2,200 ‘and ‘the test: started. Three

"-hcomplote ‘TUnS ‘Wore:made ‘in“succession: ‘at ULl dlecharge. The ‘ro=

_.sults werec averagod and’ plotted: oneurve iin‘figure B Comparxson‘$‘
'show ithat “the discharge for“ﬁhls,test“wasg hree “cubi '
“second: morp’ han ; for test Noy n

fUnfortunately no means of - :
re and tho'speed icounter and . i
:mg'thn spced*was;not ‘suf flclcntly o
: accurate ‘to- msasure thls small differonce. “Thorefore it iis. suggested
o ithat-din- futurc tests & portable’ frequenuy meter ‘be ‘used “to. detnrmlne.
‘rvtheispeod{offthe-unit.'hComparlnﬂ thc 2 200-volt testvw1th tho test i
- won unit:Ne.. .2, ‘curve.figure- B, it Wil ; %
almost. exactly together."
~+tical, "being made «off ‘the s ns .
- ‘the'; purformance 111 be 1dentlcal.~ﬂ 1S v ,”:1s not always brus _
due ko’ varlatlona dns handllng inthe- found*y”f ut tho:dlfferonce scl-‘s
~dom amounts to. &5 much.as one por . cent"lus ‘or, mlnuu‘ ‘ ‘
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