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CI~%PTER I- INTRODUCTION AND StYMMARY 

Xn~roduction 

+ 

+ ++ 

1 • D e s e r i p t i p n  o f  Grlnb~r pump!.  P o u r  IXmps w i l l  be u t i l i z e d +  t n  +++ +++ 

the  G ~ u b y  pumpizg p lant  ~o r a i s e  water  f r o m ' t h e  Granby R e s e r v i e r . t o  
• ii . . . . . . .  ~ + : / :  r "r "i +~ii: ~ 

the  8hadow~+Mountain Reservo ir  f o r  d i v e r s i o n  through t . . . . . . . . . .  i,i!~i: 

plant is shown in figure 1 s~td profile of the. pipi N is shown on figure 

of a 78- tnob ~ r o u l a r  b ~ d u i t  approx imate ly  3 .000  +feet  ++ l o ~ .  : F l o w  - . 

t h r e s h  the  l a t t e r  w i l l  be , o n + r o l l e d  by a : h y ~ r a u i i o a l l y : o p e r a ~  -but~ 

++ 

w i l l  b r e a k  any b a o k - l i p h o n i e  a e t i o n  deve loped  b y  sudden s h u ~ d ~  o f  

a pump. 

. + 

r . p ~ a . ,  +he speed d e p e n d i ~  on the head to be o v e r c o m e  a t  ~ :pa~n~iOunlP +' " 

ular  t i m e ,  Due to  e x p o s e d  f l u c t u a t i o n s  i n  %~~ wat;er : s u f f i c e ,  e l e v a t i o ~  

i n  Granby++Reservoiro i t  w i l l  b e  neces sary  for  ~ the-pmape t o  +operate 

I ~ a i n l t  h~ade rar~img PP~m 96 to  2 O l r f e e t e  , E~oh pv,,map~ I~-proposed.  " 

w i l l  d i scharge  240 s e c o n d - f e e t  o f  w a t e r , a t  162 ~ee t  io f  ~&d a t  m a x ~  

e f f i c i e n c y  and 300 r . p ~ .  s or 180 se.oond~Peet at  210 f e e t  + o f  head a t  .... 

n e a r l y  maximum e f f i e i e n o y  fo~  a speed o f  327 r . p ~ e  The perfOr~lmOl ~ -  

curves for  th~a pump are shown on £i~ure $.  The pump i m p e l l e r s  w i l l  



~ e a s u r e  about 88 inohes in d iameter  and w i l l  be dr iven  by two-speed 

synoh~onous motors of  approximately 6,000 horsepower s a s h .  

2 .  p~P]C)081 O~ t e s t j ,  Tests  wexN~ ~ d e L t o  determine whether the 

undes irable ,  oondittons  e x p e r l e n o e d  at  s i m i l a r  pumpl~ i n s t a l  la t ion$ . ,+  

when the pump8 are started: under load .  oould be a l l e v i a t e d e  +These 

large  motors would require f i v e  t imes the normal -runni~  o u r r e n t  for 

, s t a r ~ i ~  under load at  f u l l  vo l tage  ~[hloh"would be+euPf io l en t  to ~ u s e  

.41~ Of lights on .the eonneoted system ~d +. under eertain eon(Lt-+ 

tiP.+ ~hO Pate oF increase oP power input required by the motors 

would exo4~ed ~ e ~ t e  ot response o~tPs generators  as l i m i t e d  ,bY 

penstook or turbine  governor o a p a b i l i t i e s .  Four :remedial: methods - 

two e l e o t r i o a l  and two hydraul ic  - wire proposed for.:theee.  oOndi t ions ,  

In a l l  four  oases i t  was planned t o  fores  the water: o u t o f  the 

v o l u ~ l  by ad~itti~ oomprossed air. Thus on startin~~ !the, impeller 

would ro~te in a i r  requiring only  a fraotion o £  the power neoemsary.  ,, 

? / , ,  , + + - - - -  + • . . . .  - ~ - - - ~  + - -  ~ --win - .  

~ynohl~n~P-ed wl~h t ~  l i n e  vo l tage  and t ~  main switch o l o s o d ,  The 

remainder of  the s tar~in~-prooedure then would be  to s l o w l y  exhaust  ::~". 

t t~  entrapped a i r  £r~a tho v o l u t e  a l l  owin ~ gradual  submorgen~~ .... . .. o f . t ~  + 

i m p e l l e r .  A t  A~IZ submer~eneo. 

Thus t h e  load.would be appl ied  progres s iVe  

of  p O ~ r  ~ l m t  would-del 
' a ~ ? -  o P  :Inorease 

sooond method :q in _: 

the first o u e  With the + 

el~tn~d mad the pump 

volt~e to  the matm~motor to br i~  i t  up to e ~ e d ,  i A t . r a t e d s p e e d .  

t m  = t o r  w o u l d : +  .yno+ronlzed~'wl%h the  + + " + " +oSi++.tho 
+.~  . + + 

Pleld swltoh at which ti~ m l l  v o l t a g e .  .... With mis . .+' +:-+ 

method, the shook  to. the  e l e o t r i o a ! ,  system would .be r e d u ~ d  to  ~ , S ~ k l l  "'~ 

+ ' " i " • ":" +' ;~ " " + "~ •"-" '+~ " qu~ntlt 7 slnoo the.power input v rles ~ th  the square,o~ t ~  v olt~ee 

The two hyd~ulio mothod~ obnsist, oi" brln~ t h e  + 
• • .~ ?.+ +,: 

ope~tin~ speed by the use of hlgh-v91oolf ,  y +~tS Implm~'i~ on:a bus~t 

" + ' "  ""  " :  i 1 2  
• + + .  ~ , . . ,  • : .  . , + • • , • . . . .  . + . . + .  ~ .  + • 

.L ..~;+ 
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~sembly connected to the pump shaft. The remainder of the starting 

proeedure would be the same as for the other methods. : The first method 

would be to  mount a Pe l ton  wheel on the  pump s h a f t  i n  a ease separa te  

from tha t  of  the pump i m p e l l e r ,  w i th  %his arrangement, the re  would not  

be any i n t e r f e r e n c e  with the  i m p e l l e r a c t i o n  s ines  . the  buckets would 

r o t a t e  in a i r  under normal opera t ing  e o n d i t i o n s .  The :.second a r r a y s -  

s e n t  would be to  mount the  b u c k e t s  on top of  the  impe l l e r  behind  the  

sea l  r i ~ s  .but inside of the im~ller e a s e ,  

f i lM with  t~m l a t t e r  method o f  e t a r t i m g .  
This r e p o r t  deals  • prima- 

: - L 

3 • The 
starti and shut-down -;oles with buoke~s.,on the im~ller. 

The procedure - " - - - - - -  
developed f o r  s t a r t i n g  t h e  pumps by t h e  use of hydrau l i c  

J e ~  impinging upon bucket  s cut in  the tops ide  of  the impe l l e r  w~s s a t -  " ' - 

i|faotory as far as reduoir~ .the shook .to the electrical_ system,~ oon- 

cerued. As shown on figures 18A aud E, the increase in power ~~grad- : .: ,,: 

ual a and the time required for the~power to increase Rs suffi olent:%o;':,i ,,i'i, i ;~ ': 

allow the generating apparatus to respondtO the Anorease: in-load. A 

l i m i t e d  amount of  comtrol man be exereAsed o v e r  t h i s ' r a t e  of pe~r i n -  " 

~rease by regulati~ ~he rate at which, the"eompressed:, ,air is released 

from the pump v o l u t e .  However~ the b u c k e t s : i n  

d l s tu rbanoe  when the  p ~ p  was operatlng. ,, under load-.tha,~ redU;ed ~:he i i: ~/ 

over-all efficiency about four percent. The test data shred abotrt 

two pe rcen t  decrease  of dieeharEe , f i gu re  22, a n d s  th ree  

e~ease of povmr i n p u t ,  f i g u r e  !14. a t  the.maximum dieoharg  

arra~e~ent impraetieal,, .... ~ 

In  the shu~-dO~ eyele, where the power was redueed from f~ll l o a d  ::.~ 

to  ~ero load ,  f i g u r e  188, the r e d u c t i o n  in  eurren~t was 6 r adua l  ~ d  ' :~ 

t he re  wore no o b j e c t i o n a b l e . h y d r a u l i c  p r e s s u r e s .  The f ~ u e t u a t i o n s  i n  

pressure  a t  the. i n ~ k e , ,  as shown by the  t r a c e  of NO. $ p r e s s u r e  c e l l  

• (Ire. $ p . o . ) ,  .are :cb.az'aotertertto oz" al ly 'pUmp, and the f requenoy  i s  " " 

re la~sd  t o  the  speed and the number of  vanes o n  t h e  i m p e l l e r ,  l~w :":! 

cur ren t  is  not  a r e l i a b l e  index O~ .the power a s s a y  be seen  by 



@.I " 

~omparin~ the current traoe of figure 18B with the power traoe o~ 

f i g u r e  lgD.  I t  is e v i d e n t / t h a t  whi le  the ourrent  showed 

reduotlon, the fluctuation in po~r w~a ~onsiderable due k- 

tl~ of the port through whieh the oompressed air:entered the p ~ . !  

volute, figure 7B,  ~ • / =~: • 

la neoesoer  

l e s s  of t e m p l o y ~ d ' : i ~ Z i " a d e  ' 

~ i ~  is Ua~ 1~lere~y ~uoketM are" out IIlto:the A m p e l l e r .  t h e  b ~ e e ~ ,  

o u t  p r o d u o ~  a ~ y  'eonslderable smount•ofihsed to be established:In 

the pump v o l u t e .  , I f  an a u x i X i ~  P e l t o n  wheel:  is used as a 

unit e .& d r a i n  will be. neoessary t o  remove the .Jet water-and 
• . / 

tion, a b y p a s s . m u s t  be p r o v i d e d  . f r ~  t h e  d i s ~ a r g e  a i d e  to~it / 

intake. If an auxiliary motor o r  the low-volta~e, so.heine. Is ~h 

the regular motor o a bypass is neeessary~althou~'. 

have it smal l e r  in the latter three cases , .  . , , .  ,~ -  

The looation-of the air-suppl 

u e a 8  o f  o p e r a t i o n  and t h e  f o r ~  o f  

eyole. With the port losated at t 

~ro definite po~r s 

to the Intak~ e figure 

l ~ ,  From this it wa 

the in,take side and p 

before i~ e n t e r s  the 

the system such that 

when the main disoh~r~..~v. A= ~v-~e . . . . . . . .  /, .... 

I ~ - A  ~ ~ A  

t _ 

value where~s 0 with water Inthe 

o l o s e d p  the power  r e q u i r e d  to dri' 
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of full load. Sinceit is desired tO reduce th e shoek to the @leetri, cs~ 

8ys~;em when the motors ~re star~ed ~the useof oompreesed':~r W~II •'be & 

material ~aid .regardless of the method Of startiz~, •. ~' i~ ,".i', '" . 

r "•/L • " • 
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the pump .disohargeto the tank .-esePvoi~ in whioh was installed a slx..i- " ,~-+~ 
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p h a s e  

po~er in:the three 
%he poWeZ' :ia .one ~Pb. 

use :t~ l:Ime-%e-~meumd ~ol%~e 

u .  shown on:~;ure  1~. 

1 ~ h  t o  d e ~ e  m i n e  . . . . .  : "  . . . . . . .  ' . . . . . . .  " " ' "  " " 

volute as £ar .&e oont 

I n  order.%o o ~ t e d n  a 

IS,, a • llae::~re, rheo: 

" - • 4 ' - . . . .  

P o S s i r b l e  .~;O:n"~.llUally l ' o l l ~ w  the w a ~ % e ~ -  i ~ d i  

wire .:and ~h~by,:.obtain a-defleetl~ 

. I ' "  ~ ¸ ' ~ "  L~ ~' J 

"<, i 

m 
T 

• , L , " . 

t h e  ~olut..e ;~.o' a l l o w  o o m p l e t e  d r a i  N o f  ;~he lJ ,  g ~ r ,  I f  ~ i . @1 I "n~" =" : ' r " " '  4 
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ele 

~ w  of  p m m r . ~ r  e t ~ r e X ~  ~ e  motors .'/i h:' . ; ;  

~ e  s . '. S . r ~ 

en~.~-~'--d.~,~.~ ~.r. t~u'~ the ou~r- radium of the ~m~w 
!- 

~,.. xr ,.~b~,,,. - ,~'~ ~ ~.a. t~. ,~.r n ~ . ~  ~, ~+.- ~, 

. "  .L 

lOttomore i ~ t e r ,  o u t  .o f  t ~  - ~ t ~ l l e r .  e ~ ,  : i ~. :.. : 

In%he sh~-~mra  e ~ o l e ,  %he b y p u s  i s  a lso:  eesen%tal: f o r  a l l  f~u~ 

water :f~:t,~ v e l u ~ : .  A e m i l  p o r ~ e n  b e ~ s  t r  

1 

m r e " p o ~ r  ~,e turn ~cho impe l l er  ~ would be.%b~'..oue ,were %~'~ ~ r  

m~A~re o f a - ~ , g r ~ - , - - ~ s r  ~ the ease ,is 10 end g~peroen~"res lx  -. 

of--.tl~ -~11-1~I vs2ue. .-"In of the_~..; : ~ r  ~ . . 

w ~ r  ~ t ~  produeed very . ... - re r ' ~ . - t h e  " 

. m 

:,oeeur u 5ra~L%lT. as p o s s i b l e  d u r ~  ~ e  .e%~rtl~: . and ..I 

. . k  

• . O v - ~ -  " 

for  e o n t r o l ,  ~ h  the  pteap £n operat ion .and %he mann.valve in  t , e . ~ -  



,. 

& oylindrloal pitot,tube as shown in figure 7A. The velooity:a~ 

measured on the center line wu ashamed ~ I.~S times that o£ the 

";  L o 

, - . : ,  - 

turn of  the b ~ s  valve ~ ' U  u ~ e  ...... : ' 

out the ~ests~ is plotted on f~ure I0,- 

I 0 .  E f f e c t . . o f  b y p u s  .on , impel l er ;  sp~_~d., - 

m~de to d e ~ e ~ n ,  e t h e : ~ . s i ~ e ~  of  Byl~SS~ 

line valw~ closed and the bypass valve o~ 

& definite water pressure ~ applied to the Jets amd~%he 

speed ~e&~ured. The impe l l er  ~ , ~  + ~ . _  . . . . .  'L~ . . . .  

e igh~ t u r n s ,  e t c . ,  down olosur, The 

above .procedure was repea~ed f o r  ::.. ~. 
: . , ?  i ~ 

pound8 per square i n c h ,  snd the r 

• It:is evident from figure 11 th&t~%he .... to 

obtain-900 r.p~m. ~ for the Jet presw ...... 

m~del ns &pproximately 2 inches. 

~ s  oould h~ve b e e n - ~ d e  somewhat 

Uee:hi~herl pressure s with = oorrespondim~ly !~, 

The - aoOom~y~ t a b l e  th~ m~nltude of  %he t~am .~. ,~. .... " 

for the four ~et...the velocity Of the ~ts'.: ~m~ the ' ' 

eher~es were masured thro  - - ' 

The .walues-.In the t&ble, are~.~independent Of .the ass ! 

Pressur~ above ~.: ~ J e t '  '. :~ ~ii -~ ~: 

suotlon, pipe# ~ ~ pressure • ./~ 
feet or'water Ib,~r sq,in~:-iseoond:/ " - - ~ 

: 9,0 ~"~llO -~_ 98o4  ~. 61 ~ ~ . ?  , :~., 

: 4 ..', 
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11, Elf.cot; of buc~.~'et~ rOn~iL~,__! I~L~ - ~_erfonnm%oe, 
i m p e l l e r : b u o k ~ s  o n  the 

h y ~ a u l l e  mad e l e ~ - - l c ~ 1  

.dis charge 

meter '(fig' 

l o c a t e d  imme, 

e f f e ~  o f t h o  , - : , .  

the. t o t;o .;.o. 

Impeller,: ( ri~urj ~) anal-four ~mes ~ t h  t h e  

buckets filled with Cerro Bend. metal (fi~ure'8B),..: ~ 

each four runs ~re averaged ~d the lhyda~aulio res~ :, -- 

ure 2~. There is a maximum deviation between/the I 

two peroemt in the discharge /Or th:e l a r g e r : ,  the throttle "= 

valve. This would indicate that the buo~%s ,itional~ %ur., 

bulenee in the volute Which i~terfered ~ .  

tioning of  the pump, This was further evidenced by the fact.thAt the 

about six feet of water when the  bucMets .~re"incorporated in'the. :. 

impeller ~d less than a foot Of water after the buc~ts'were:ellml- " 

nated. These fluctuations, at pressure cell No.2, ~m-be 

%he oscillograph records (figure 18), .i i - :  ':: ~,~ .- '/- . . 

.... put m~del s ~ l t ,  em~o ly  with the ...... ~e po1~r in measurements, us wate~ , 

dis charge measurements, indicated that @he 

increased materially by the presence  of  the ~, 

four runs with the bueMsts and four runs without the'ib~eke~s~e " . 

• ~'er~ed ~d the ~esu~ts ~e ~)~otte~ ~ ~fi~e 14~@ The/dat~ o. ;'f~~ 

O.S to S p~roent wi~h a maximum of ~ l ~ r o e n ~  O°~ri~g at m a x i m ~  ,dis- 

Ohaz~e. This is' also the poin% whe~ hyd~mauli° ~eaaure~ts |hewed" 

t h a t  the  b u c k e t s  ~aused a two ~ r ~ e n t  r e d u ~ i o n i n  t h e / d i s c h a r g e .  

I t  i s  apparent  from the a b o v e - r e s u l t s  , that  the  over~al l ,  e f f i c i e n c y  

of  the pumping u n i t  was reduced ap~rselably~/by the buckets  Combining 

the e f T e o t s  observed by both ydraulie and electri~imeaeure~ents the 

total loss in efficiency for the pumpir~ unit amounted to about four 

~ercent at the ~im~u~ d~schar~e. ~is loss when aPplied to the four 

",i 
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. ! ._ &.~,,ps would be oonsidem~le over a period of time ~%ho 

• uoke% i~,sta~l ,%ion as used on the  t e s t  l~m~ i s  no% f e a s i b l e ,  

Auoth~r m m t ~ .  o f  de%ermimi~ the  fr ie%ion l o s s e s  4 u e t o  the  

to the at ho-d th, 

.':~. OUt t~m busmen, With the discharge valve oloeed, power measurement8 

wol~ made wlth:*:|er~ oeae. %we, mad three %urn8 open on the  bypass  v,lve. .. 

:' Xmsmdlately?e..d~w these values were obtained air ~ admitted ito't~ 

p t t ~  v o l u % o ~ d ~  power ~ m e u u r e d ,  By sub~etim~ th~s value ~ 
thg  fOUF obtained It U p o s s i b l e  t o  separate  the motor !~d  /'" i 

~ a ~ i ~ i l L o J s u ~ ' k ' ~  t ~  l o o s e s  due  . t o  w a t e r  ~n t h e  p u s n p e o e  f o r  ~.he®e ~ . ~. • 

~ %he bypau v a l v e ,  Them, by e e m p a r i ~  ~heme water 

f~ie%le~ .1088o8 ~ i~h sm~ wlth~t the buokete. ~e l~Nw,..due t o , h e  . , 

l~eMe~ ~tTO obta ined .  The, moaults on f i g u r e  ~IS show that  the  l o s s e s  

due ~ the  buok~t8 ~ u n t  to~.a~ou% l ' S  pereemt. 

Wi~h .alr ~m~he ~ ease, the ~,~mr inpu~ %o the m~tor-dee~e~ae~ 

.erase eoneee~tive tests ~hi~,/II~:. pro~ly - 

due and ~la~ ~rio~ion, Although n~ter 

and w~%or%em~, ~.~l~aturee v a r i e d ,  ~ e i r  e f f eo t*v~8  l e s s t h a n  t h e  error8 

:in .obeewW&t~on and t h e  sheave from 1,470 to  990 ~%'~a over • period ~e~ 

a~:~2 h ~ r e ,  eel 8h~ on f ~ l £ u r e  16,  eould me% be a t t r i ~ t e d  to th i~  ~ 

s e t t e e . . T h e  p e ~ r  i n ~ , t ,  ~ l t h  water in  the . seas ,  d e e r e u e d  d u r i ~  t~-, 

test~ ~bou% the s~e amount ,s dld~ input to the m~'~or~with:-it in 

t h e  v o l u t e .  ~.Th~ref~re. the dlf~er~neo ~e~ween 

buokets  w~th~"O.8  z ~ r a ~ .  

in a 8e~:~e.wate u a ~  ,m~ ...%hO sum she~f% d o n  ~ppear feasible, Pr~viOiea8 

mu~ be m~e ~%e remove ~ae dleeha~e f~ the Pel~n ,~eel ~md drain 

I.J 
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the case after the jets are closed, thus allowing the buckets to re- 

volvo in air durin~ normal operation of the pump. 

12. The st~rtin~ oycl.e._ In an electric motor th~starti~ our- 

rent' is several times the full-lo~d current and wlth the large' motors 

on the Granby pumps, the starting current would be sufficiently lares 

to momentarily reduce tAe ordinary line voltage. To minimize this 

condition some of tl~ previously mentioned starting devises were used 

iu conjunction with the pump motor' The laboratory studies chiefly 

concerned the method v~ereby the rotor was brought to operatin~speed 

by the force of hydraullo jets impinging on the buckets out in the 

topside of the impeller. .... 

The procedure for brin~in~ the pump from a standstill to speed 

under full load w~s as follows: With the discharges valve: closed lad 

the bypass valve open, compressed a~r was admitted to the discharge 

side of T~he pump until the water level in the intake h~d~ depre, sdd'%e 

• point ~P;roximately eight inches below the impeller, Then with the 
use of hxdraulio jets impir4~ir ~ on the impeller buckets synchronous 

speed was attained with the impeller rotati~ in air. This was follow- 

ed by olosi~ the motor switch, closing the ~alve~ in the supply to the 

Jets, ~snd gradual IT releasing the air at the discharge ~ side, thereby 

allowi~ the ~ter to enter the pump slowly and the pressure i n  the 
discharge side to gradually build upto ~ut-off head. The disoharge~ . 

valve.  ,~s .  then opsued slo~1¥ and the. bypass v~/ve .closed. ' Thus t h e  

motor operated at full load. oompleti~ the starting cycle. 

1S i T h e  stertin~-~Aole ~.osoillo~r..amp_ A g r a p h l e  r e ~ r d ,  f ~ u ~ e  

18A, shows ~he magnitude of the c~rrent, v~Ita~e and the related by- " - 

draulio p~eseures durin~ t:~e star~ing cs, cle. lt~Will be noted that 

the  : . r o t o r  was brought to-speed j e t s  and the . . . .  - 

motor . s ~ i ~  closed before the this point in ~ ~  ~: . . . . .  ~ 

the cyole., the current oonsumed was lO~peres! the head on ~el imta~ 

Xime ~ts 9 feet of water, which remsined consf~nt; and the air oressure i~J~ ~ A W ~: ~ 

ap ro . at  y Zh, pr,,s=e in the di,o , 
li~e (No. I pressure sell) represents the static head m~intained by %he 

closed ~alvee 

14 
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. , .  ' . -  . : .+ ,:~:. .~,  • + . , _  + " +  - + "  "" " + . ~ v ~ + , . ,  +++~+ 

. . ' + i '  + - , + : + + ~ + . : ~ ,  
;+ , ,  +,,~++,,+. , 

" • +-".  ,, [,++..~+ . 

- :' ' i ,.: +.' ~,+ .... J'++'/~:! 
. , . ' " . . . . . .  - + " ~  . :  . + , : + + + ,  +~++ 

a. tl~ .air ~ .  released from+~he pump-Volute and ~ho +Water~:e i: .~,.+~ 

ed++'a very rapid f luo~a+ion ,  i n t h e  h~draul$o preuuree oo~r~d.i,~+: :+ ,+"++~+ 

+ + . '  " . . - - - : : -  - ' , - ~ - - r ~ . , C . - " '  + '+" .  

~om in p r u u ~  at %~"+++.+1+ rm+lln~+ (He. S pressure ~ I I )  n ,  s : i+~  
m t ~  t m S O " "  0 "in + " " " + 0  "+' t ~0 d i '  O h ' r e '  + ' i S  (+tO. #'m r W+ ' 

~ 1 1 ) 0  ~ oorrespondi~ tnoreaee +~m pressure.+. ~he d~ooh~rKe 

amount of time that oould be allowed for sash sA~p in the .oyele,: :Shoo" ::++,+ +,:, ''+'' , :",~+,.-, ':'~ 

the ~In ~,~v+ -a, oo~pl~tozy o.mm, t~ press~re-up,~r,~ aropNd:,~:i/'~;~+/:"+'j~i 

then tn@~ased as the bypass was olosed. An inspection st  t~& ':',"J~'++~:"" ~: 

to 44 smperes ~ s  su i~ to lont ly  gradual to a l l o w  the, gemratin&;appar+a~, ,.:,:~+': ~5:-: 

ordinary staNim~ current as oom~'rld. ~O the m ~ e t i Z i ~  o~Pm~n~.'+ ': ++I~. ~+"i:~:i +i::+'>-.~ ~ ' + ~ ;  0 ,  

was the  First  @urrent used with t h i s  s t e a + t i ~  d ~ i o l ,  ~ aPl +' +:'+~+++"+ ......... 

f ive  a~d omo-h~lf times . grea t .  Thls wmld bu ~ apl+eO~abi, i + ~ , + i ~ + + - + .  /ii:+. 

t ien  in tho proto+ype current ~here %he ms+ors willLbO + : l l + : ~ r l l 0 l , ~ / P . i ~  " 

p o ~ r  e~Oho " '~: " : 
+ • ~ J ~ r + / ~  ~ ++++-" . :+ +i 

~ ;  

Figure laE i s  an osoil logram of :the motor de~d::durl~ +/,- 

~o~e whore the diameter of the bypu0 ~ l ~  deoreased ~ 1.3C "=" 
• + . . ' ~ '  ,+ .+.~ + 5 ~ + ~ ++~- , 

thora~ of a ir  re lease  was slower.  In t h i s  tnstanoe the lo1~1 tmOrel~l~- +!,:.~ .", +' 

ri~ : +:. ~ ®~ no~e , l o , ~  requl ~.Z as ~ m m r e d  ~ o  S.S , , o ~ d , :  for  the  : e o ~ r .  :. :~,~ 

This indloated t.~t the s i z e  of the + ~ e +  and the ram at~hfoh me: '+ " 
, ~ • . . - . ~ ., . . ~ ,  ~ : "~, 

a~r ~ releuod,determi~d, wlthln oer%~n Slants, the ra%e &%:.~lhioh/, .+ -"::': :++",':+i 

In~ I n o r ~ e  In power on the osol l logram. " : + . - ) + + / - ~ Y ~  

.... .i+ ~?.: , :  
to reduoe the po~r  gradually from f u l l  load to sere o are appl ieabie-  

to  the stopptn~ of any v e r t i c a l  pump regardless  of  the s t a r t l ~  d ~ l m O  
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employed, as the shut-down cycle is independent of the devlee 

attainin~ synchronous speed. The discharge valve was slowly 

the bypass valve opened. Air was forced into the volute, causi~@ the 

water to be depressed allowin~ the impeller to rotate in air. Thus ...... 

the power taken by the motor was reduced to ten percent of the full- 

load value and the fluctuation inthe line voltage was very small 1~hen 

the motor switch was opened to complete the cycle. 

15. The ~shut'd°wn'c~cle. osoillo~r%m. The shut-down-cycle oseil1~ 

gram, figure 18B, is divided into three step|! (i) the normal operation, 

(2) olosin~ the discharge valve, and (3)foroi~ air into the volu~e. 

At normal oper*,tion under..full load, the c u r r e n t  consumed was44 ~ 

pores, the pressure in the discharge line 27,5 feet~ofwa%er (No, I 

pressure cell), the pressure, at the discharge side of the pump SS feet 

of water (No. 2 pressure cell), the pressure at t~m intake 2 feet of 

water (No. 3 pressure cell), and the head on the intake waeg.0 fee% 

of water (No. 4 pressure cell). 

As the dischar6e valv e was closed and the bypass valve opened, 

the current consumed ~radually decreased to 31 amperes when the dis- 

increased to 42~ feet of mate pro sure at the discharge valve r, the s- 

sure in the line became negative for 0.6 of a second, then inereaNd 

to the static head of 6.5 feet of water. The pressure mt the inta~ ~ 

increased to its static value of 8.0 feet of water, md the head oa 

the intaMe line remained constant. ~ e n  the'compressed air entered 

the discharge side and depressed the water, the pressure at the Inta~ 

fluctuated with the frequency of the impeller vanes and for an isaiah@ 

reached a maximum value of 16 feet of water. As the alroontinued %e 

enter the volute, the water level gradually lowered, the s~t-et£ head 

de~reased %o the static pressure at the disobeys side, and the suttee@ 

consumption dropped to a minimam value of 20 amperes for the Impeller 
rotating in ~arre 

lS .  The r e l a t i o n  o f  the bypass to the shut~Jown eyole, Durt 

the course of the studies it ns found t h a t  the diameter of the bypu8 

16 
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affected the power ~rve durin~ the shut-down cycle. For instaneep a 

bypass with a large diameter caused t~e power to decrease mush more 

rapidly than did a smaller bypass (figure 19)e Without a bypass i the ~- 

power consumed with the impeller rotati~ in an air and water m bxture 

was 50 to 60 percent of the full-load value, whereas ~th &~bypass it ! 

was only IO percent of the ~ll-load value. Without a bypass, the air 

did not force the water out of the discharge side 

and water rs~ained trapped around the outside of 

the line upstream from the discharge valve. As a result, there wa~ 

sufflelent'trapped water to cause the .pump to create a 

percer~ of  the shut-off held. ~Then a small-diameter b:~..o ... ~ , , , , -  

vi~ed~ fcom the dis'charge side to the intake the trapped water and air 

flowed slowly out of the discharge aide and the corresponding decrease ~ 

in he~ and power were gra~aal. If the diameter of the bypass was 

large thewater Iof~ the pump ouiokly and the correspondin~ decrease "~ . 

in power was rapid. The rate of decrease in power is shown on figure., 

10 for the,bypass diameters of 1.30 in~.es and 0,67 Inoh. ~The, curves 

also show the results obtained with different location| of the air ra 

por~s, mbich are dlacussed in the follcwin~ paragraph. 

1?e The location of the air-supply ports+ The location of the •:~ 

air-supply ports affected the rate at ~ahich the load decreased and the 

mLuner in which the power decreased. This oa~ be seen by oompari~ 

• he l~wer-tlme curves of figures 19A and C with figures 19B end De 

-former curves show the decrease in power related to time fcr bypus 

d i e ,  t a r s  of l e 3 0  inches and Oe~7 inch with the airosupply p~r~ l o c a t e d  

a t  the  intake (figure 7A) whereas the latter curves show. the resul~ 0~., 

rained with the port on the discharge side (figure 7B). In figure 19~ 

the drop in  power was quite rapid, 1,8 seconds, with the air-supply 

~ a t  ~ the d~scharge side of the pump, end it ~s m~ch slower, 6.| ~ i: 

. a s c e n d s ,  and more g r a d u a l  w~th the  port  l o c a t e d  i n  the i n t a k e ,  f i g u r e  i 

19As The difference in the results for tl~e two locstions became more~ ~ 

l~-onou~toed.a,e the diameter of the bypass 1~s made smaller (fi~ures~19~. 

and D). ~ The total time required for the po~r to decrease 4,500 ~at~@ 

~md ~ e e o ~  s t eady  at  1 ,500  wat t s  was in  both  cases  s a t i ~ f a e ~ r y ,  ~3.9  

17 
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seconds for the former and 28.6 seconds for the latter, But when the 

port "a~s located on the discharge side, ~i~ decrease-in pow~ r ~s not 

Eradual and would cause undesirab! "n the ~ prctbtype• In 

the ~est pump, these fluctuations . h a d a  def£nite/period, 

were ~radually damped to a steadydemand at 1,500 watts. This ~ due 

to ~he fact that the air and water did not mi~ when:the compressed elf 

was suppilod to the disohar&e ~ side. As a result; lar~e, eoncentratioM ~ 

of air escaped ~intermittently through the bypass or impeller and sudden- 

ly relieved the shut-off head which again built upto some lower value 

than previously obtained. The process continued until all of the w~er 

was drained from the pump. %Lis fluctuation ,n pressure caused the 

corresponding fluctuation in po~r shown graphically on, figure 19D. 

With the air-supply port at the pump intake, as shown in figure 

7A, the power decreased steadily e~id the total time for thereduction 

to occur increased, This improvement was due to the thorough mixim@ 

of the air and w a i s t  b~ the impeller before it entered the discharge 

side and oiro l  d back through byp s, j thus no large ~oon~nt~- 

tiona of air could escape rapidly and cause the head to fluctuate. 

As a r~suit of this ch.e. it w~s evident that the~mostidesirable 

looatlon for t}~ air port was somewhere onthe intake side so another 

..s the o  ressed at caner or th, 

poller hub, %~e data obtained showed no appreciable difference be- < : , 

%~een the power time curves as compared to t}~ee of the previous ~rran~e- 

merit, Hommver, from visual observations, it appeared that the mixin 6 / ~ [ 

of the air and water was more uniform and the~e ~ little orno vlb~- 

tion of the pump due to the mixing, ~his indicated ~th~t thel air 

disperse~ throu~hou~ the fluid, makin~ the mass torerouniform ~hen,it 

entered the impeller, If this l o c a t i o n  of the air port i~sent, me'an- 

ice/ difficulties, the same emoothnes~ of'operation eenbe obtained by. 

Iooatin6 several ports on equal spaces around the periphery of ,the In- 

treks. A summary of the data for the three conditions is shown on fig- 

ure ~0~ 

18 



The exhaust port should ~e located as near the discharge valve 

as possible or in a place such that there will not be air trmpped ~ in 

the system v~nen the main valve is opened. The rate at which the load 

is applied to the motor depends upon the openin& of the exhaust v~/ve 

and t1~ diameter of the bypass. For the small-diameter bypass, 0.6," 

inch, the rate at which the air is released seems to have little effect, 

but with ~ , p_ , the 2-inch diameter byoass there is an a pzeo~able difference 

A summary of the data is shown on figure '21. 
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CHAPTER lII - C~CLUSION~ 

18. Sumaary. 

(&) If the startir~ devise is jet-propelled with huskers on the im~ 

pellet, the sise of t~ bypass is governed by'ithel, dis~rge fro= the 

Jetle The buckets reduee the efficiency of the pump approximately four " 

p e r e e n t ,  

(b) If the startin~ deTioe is an auxiliary motor, a Pelion ~4~eel - 

h o u s e d  in a s e p a r a t e  e a s e ,  o r  t h e  l o w - v o l t a g e  s o h e m  i n  o o n n e o t i o n  with 

the r ~ ; u l & r  m o t o r ,  the d i m t e r  o f  the~bypMsz~ed n o t  be 1 L r ~ e r  ~ h a n  ~ , ' !'~ 

is noses,dry t o  oiroulate the ~ooling w a t e r ,  

(e )  The power r e q u i r e d  t o  d r i v e  t h e  i m p e l l e r  a t  r a t e d  s p e e d  i n  a i r  

is a b o u t  10 p e r s o n a  of the full-load-demand, whereas  w i t h  w a t e r  i n  t h e  

v o l u t e  it amounts  t o  abou t  53 pee eent. 
" !  

(d) The starting and mhut-dow~eyelessiam p r o p o s e d  in o h a p t e r  I I ,  

• eotlon, lZ 14. redu  shook ,  r oaZ,ys m 

eiently to mmkn the method praetieal, 

Co) The eompressed-lir-supply port to the pumpshould be~ 2 o ~ t ~ l L  , 

on the intake side whereas the air-exhaust port should be on the dla- 

shares side at a point where all of the air in the ~ system oan be ex- 

hausted. . , 

( £ )  The ~ t e  a t  wh ioh , t ,  he a i r  i s  e x h a u s t e d  f rom t h e  pump d u r i ~  

~he  s t a r t l e ,  c y c l e  i s  a m a j o r  f a ~ o r ~ i n  e o n t r o l l i m ~  t h e  r a ~ e  a t  w h i e h  " ~ ~ 

t h e  l o a d  i s  a p p l i e d  ~to t h e  m o t o r ,  " ~ . = 

(g) The rate a t  ,w~oh the a i r  , , enters.. . t h e  pump, snd t h e  d i am~er :~  o f  

t h e  b y p a s s  c o n t r o l  the . r a t e  a t  w h i c h  t h e  l o a d  o n  t h e  m o t o r  r e d u o e 8  ~ : ,  

d u r i z ~  t h e  ~ h u t - d o ~ :  eyel~e. " " '. 

(h) The test data indicated that the diameter of the~bypass was th~ 

most  i m p o r t a n t  f a © t o r  e o n t r o l l i ~  ~he r a t e  a% ~which t h e  power .doorea~ed 

d u r i r ~  t h e  s h u t - d o w n  e y e l e ,  
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