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w i s  f e l t  t h a t  no s;Llq~e con t rac to r  would b i d  On tlw~ontLr~,;~Job~:.eo~:,.tha?,~la~. 

• 2 ta t i~ns  f o r  bLds:~wero s r r a n ~ d  :such tha t , : /~Y:~ to ros tod :  flrm: '~o~d~b&d4n r 

sons  pa r t  or. ps r t s : ,o f  the~valvo, 'IPor:tho. ~ : ~ L r ~ a ~  •a~d~:~to 

shops a t  Boulder O~n. 'The r~uv~Lta~ons, for ,  bids w e r e  

19~,A to va~9ous coa/~em~:throu~hout  the re&ton, 

during tha t  and the fo3~.owing nontb~with ,the latoat'~do14v 

January 22~ 19~J~: thLe "dato.:~g app l ied : to , :  the,!eaotJal~e 

th~ naedls ,  the n~odlo eupps r t j  :~andthe oontrc~L~atlmd.~,- 

Most of the u t e r i a l  ,.was dol£verod according , t o i ~ h  ~ 

f o r  the valve body,": noodle, needle aupport,.and~cont:r.~l~..S~ 

wore eas t  and ready forJJ~spsc t ion  a t  tbe~, foundrT, , *:On 
. i ,  ~" : :  , / ' ,  ass t~ngs  were Inspected,  and accepted by,an, a~'" 

Zt was not u n t ~  ~ February, ~ j  1 9 ~  t h a t ,  the  

foundr7  a t  ~aktms, llashinllto~, :TheT~arrivsd 

of  Jh~rch 1 9 ~ .  The mach~Ln~ of  the ;valve, coverod!~thal,pe r 

to  the  ~ d d ~ e  o[  Jua~e 1 9 ~ j  8 t  w~ch t~me the 

~ l . l o d  :! , t n / e e p ~ ; : i e i f .  L ' ~ ' ~  

:~he :eont rMt  

LYe"7 ':da~ ~ be,t,n41 

d 

  ,The 

~tbe 
Denver off:Lee that .the valve was ready:for tes t : l~g .  

The u r i t o r  a r r ived  in ~*Bouldor Ctt7~ h~.tina~, 

was Inspected and a d d i t i o n a l  work requet ..... ~ 

valve  bod~. Tl~te work .was.perforaed and~the~vJlvo~Was~etaLledi~rO~jfor-~ 

t e s t ~ g  s t  1:~0 p.m.,  J u n e ~  19h~. The ~ t e s t s  u e re  in  

p.m.,  Ju ly  9~ 1 9 ~ *  a t  which t~ne  the Regtonal lYlroctor 

be discontinued because of~tho u r g e n t  need o f  c o n s o r v ~  

the time the t e s t s  were:d:Lsoontinued~ t h e  valve had-bean 

o . . . . . . . . . .  -v ~ , ,s , , .uwv~ms 61pu .~  6 I o U b l L J .  ! 0 ~  

acre-feet of reaervo:i~ storage. The ,valve was operated an addltionai2.iJ2 

hours while photographs wore made:of the J e t  and: for  a demons t ra t lon , fo r~ tgo  : ~ i  
enS~ee re  f r e a  the Port landp:  Ore lion D i s t r i c t  kz l r~ee r  ' m OffLoe. *~ 

2. The mophanlo~, e n ~ _ i t t ~  o f : t h  e v e r v e . b e f o r e  tgmtLne, An 'i ~ m s p o e t ~  

• o f  the  valve before i t  waa I n s t a l l e d  revealed t h a t  the *: sxPer~senta l  s a t e s  -, ! :  
l l n e r  (a prc4ao8 where tobJ~ b r o n s e  was sprayed on the . eas t . I ron )  on~.t~o..vo~!~=.~ 

• 
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bod~ dLd not "bond Prepare7 at the upstream,and downstream ,ends of~theiil~h~er. 
Th~ wax DO Tls ib le  

oeparat /on 0£ the two h o t e l s ,  abut!the ~absenee o f f h a n d  
was detested by tappi r~  the metalised surface with a. humor.  ~n!addAt4on~ 

the l a s e r  would not f ~ l s h  to a po~Lahed eurfl  

Porous t e x t u r e  whieh w a s h e r  conducive zto eas~ 

on the other  where water was the on17 l u b r i c a n t ,  i :~ i 

The eas t  surfaees of the~vaive bed7 were~ qultef~l 1~ 

sue slag pockets and evidence of nLh~ l n t h e a o l d  due a l  

( f igu res  2 and 3).  Other a reas :o f  t h e : c a s t i n g  ohow~ 

l e a s  hand.LAn K of' the ~ l d s .  l n t h e - u r ~ a e h i n e d  areas a:l~ 
/ 

amount of the roughness wee el iminated by  hand g r ind ing ,  iHowevor~ ~-t~wae~no~ i ~ 

poss ib le  to obtain  a smooth aurfsee without e~eesa:kve g r l n d i n g . ~ , d o a t r o y t ~ , ;  

the designed Contour , s t t h e  valve.  :The,ma©hined surfsees~or~the,  v a ~ v e i ~  

J~lnlehed down to sound meta l  exeept the: regtonrat~ the upstream ~lan~e:~where 
the pockets were de.  t , .  ; 
charac te r  of the Junct ion o f  the vanes with ~ the:  valvelbody b e f o r e ; : ~  !:after 
gr inding.  The abrupt shoulder at  t h e  upe t re  

r e s u l t  o~ machining. This condi t ion  ( f igure  

va lves ,  and i t  should be spec i f i ed  t h a t  this!:part,!:shouldbe:feathered to  th~"e 
valve contour as shown in flgure 6, 

The bronse seat r ing on the valve body we ' 
of the  bronze seat rang to the valve:be. 

flame harden and ~,ade it very difficult t h i s  

particular valve, the finishing work on,-the se !r!Waa 

done by hand. The workmanship at  the ~oundry ~8oe 

was o1' an i n f e r i o r  na ture .  There was leakage ~he 

bronse a~d the c a s t - i r o n  body. There were a l s o  POrOus areasi~in the~ bronse 

• whleh per&treed Passage of the water through the sea t .  An attempt was made 

.~ f~ the porous areas with silver solder, ,but this ,was not entirely sue- 

ease fu l .  A good bond was not  obtained between the solder  and the b ronae ,  and 

An addi t ion  the eo~der was too so~t to withstand the pressure d u e t s  seatAnK 
the needle. 

The metal An the bronse seat rAnK of the needle was also porous and re- 

sulted in leakage through the rAnK. Silver solder was placed in the porous 
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areas, but  for reaaona previously explained it ~waa not aatlsfa0torT. 

3. Thruet On the needle. Xt waa antlelpated ..... 

holee eonprieing the balaneln Kports would~eauoe a 

balaneing ehanber than would be;indleatedb7 a: pies 

t i o n  ~epreaent in~ the.eenterl ine.o:t"~ 

me~t8 were taken  on t h e  n o o d l e  and 

the  e ~ n i t u d e  of  t h e  unbalaneed thrus~ 

ob ta ined  on the  n e e d l e  of  the  ~ - i n e h  ~ 

ob ta ined  in  p rev ioua_ tea to  on the  6 - i ~  

0£ the  ba lanc ing  w h a l e r  was h igher  t ~  

noda l .  The presaure :  in t he  bal~meing::¢ 

to that which would have o~e~red at~a 

by t h r e e - f o u r t h e  of  the r a d i u s : o f  t he  balanc~ 

would have occur red  at~ a p i u ~ a e t e r  l o c a t e d  

c e n t e r  of the  valve to t h e  eemter  l i n e : ,  

The a i g n i f i c a n c e  of  t h i s  waa t h a t ,  

e a a e n t i a l ~ v  the  ease as was determined [ro~ 

f o r c e  had i n c r e a s e d  eona ide r ab ly ,  wi th:  the  of~0bt 

ealllr@- 

Lob 

:on , : the  n o o d l e  ewe 

max~nna unbalanoed t h r u a t  of  9 , 0 0 0 p o u n d a a a  a n t i c i p a t e d  i n  t h e : d e | t ~ ,  i t h e  

fo rce  was actually lOp?O0 ~ pounds l (figure!?). 

 atea  ot o  the  ba o,di 
equal  a t  20 and 200 p e r c e n t  o_r: tul l  , open  ,,~ap- 

p r e s t ~ t e l 7  1.48 t imes  t h a t  a t :100 porte owa 

t he  t b r u a t  va lue  as redueed to  t ha t  f o r  ~neh 

d ~ m o t e r  va lve .  When the  r educ t ion  ~nheadbotwee~i~ tho  o l o ~  

poaltione due to friction lo8~a In~,the eupp]~7 ~e~iwaa eonalde 
i nc r ea sed  to  2.A~8 as 8ho•  i n i f i g u r e ~ 7 .  T h i s i ~ d i c a t e d ~ t h a t i t h a  t ~ J d : r a d A u s  

o f  0 . ~ 0 ,  b a n d  o n a  unit Anlot d l a ~ t e r ,  t o : t h e  c e n t e r  l i n e  o f ~ t h e : b a l a n e ~  1 
port  c i r c l e  was too m a l l ,  In addit ionw i t  lwae~ap~rent that~- th ia r a d i ~  

ahould be v a r i e d  according to the  p a r t i n u l a r  va lve  A n e t a l l a t i o n t o ~ o o a p e n a a t e  

fo r  t he  d i f f e r e n c e  in  t h r u s t  r e s u l t i n g  frma the  v a r i a t i o n  t~ a v a ~ a b l e  head  

between the c losed  and open p o a i t l o n a .  The unba]a~oed t h r u s t  on t h e  n e e d l e  

a t  t he  Boulder A n e t a l l a t i o n  can be unders tood  more o lea r ly :  by the  f o ! A o w ~  

computation° From the eurvea of figure 8, the maximum unbalance oooura a t  

4 
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20 percent  of f u l l  openAng and asounte to 8,1~pounde~:per Toe t of~he~l~on a 

2~-Inch valve. Since +the total heed , P~op~ 

was 330.89 f e e t  of  wate r ,  ~and'the tra~ , 

T - n 2 H t where T - t h e  t h r u s t ,  n~ =~r~ f e e t ,  

t o t a l  head on the va lve ,  and- t~-.  unbalan~ed'.thrusti~aeleeted/if~ro~ ~ f ~  

the  t o t a l  unbalanced t h r u s t  on, the 2A" openA~,wae~ 
C, . ~ . 

T= 4 X 330,89 XS; )  

At 100 percent opening, the  t o t a l h e a d  .ve wasi~196:6 

of  water,  and the unbalanced t h r u s t  wee 

pounds. I f  there  had been no frictAon~A 
t~he 

)1 ~300 flat 2 0 i p e ~ e n t ,  : a n d ,  

peet~bY ~ t h e ~ i ~ t e r ~  o~ the  

valvej  the values o f  the t h r u s t  would i 

7,680 at 100 ~ r e e n t  opening. 

To adjus t  the unbalanced t h r u s t ,  which .was upeo~ ~ 

balancing por t ,  such t h a t  the waluee  a t 2 O a n d l  I00, percent  of~ful l<o 

were equal with a cons tant  head on:~the~valve, r e q u i r e d  chanAim : 

dAaaeter to the center  l~ne of the :ba lanc ing  p g r t : c i r c l e / f x ~ a  

0.8278j or f r ee  19.~J. inches . to  17 .87  inehea on , the  2 ~  Aetthere 

usua l ly  i s  an appreciable  d i f fe rence  i n  the a v a i l a b l e  ~ va lve  be- 

tween the closed and open poeitiono~ a~othor:correction~inlt~;d~aseter o f  

the balancingport circle wee necer . . . .  * " the aa~tude o f ~ t h 4 ~ ~  

force  the ease at  20 to i00 pereenl ~Thla~eorvectAoniva~£ee~iwlth 

the ra%io of  t o t a l  head a t  ~ the valvemhen ~lt i s  

on the valve when it is closed. This is shawnee 

An diameter of the ~ eenter, llne of the balancing_ 

againe t  head r a t i o  a t  c losed and open pos i t i on .  ThedAasetere ~ g l V i ~ i ~  
un£t dLtae~Aona. • 

I f  o n ~  one valve i e  used o n e  conduf t ,~ tbe  ratAo: of ;  head at~:the~valve 

wide open to  the  r e s e r v o i r  head should-be used i i n ' d e ~  the loeatAon of  

h a v ~  the 14set conduit loae wi th  the r ~ j ~  veSTee oloeed~/i'~Tb4 rad~ua 

t ~  o b t a ~ d  free t~ure  ? can be .oed tar alZ o f  the valvee of the : p e r t , e ~  

£ n e t a ~ a t ~ n .  The thrus t  w i l l  not be o f  the sale n u t ,  rude at  20 ~ .]DO 



el  ~ the v a l v e s .  However, . . the ~Ltudo~,6f~the~,sutx:bnnn~.unbalus e ~ t h r ~ t . ~ u i l i  

not exceed O. 125 ~A* where', N ~ -~: ~ ;*4, ~:fl'~ -:'reee~volr ! head !(abeve i ~ the !~e : ** .... e n t e r  , ~ L t ~  

of  the  v a l v e s ,  and~A . . : . e f fee t ive  ' a rea .  o f . : t h e ~ b a ~ A n g , - e ~ r .  ~ : i l f l th '  
above proeedure.  £a Tol lowed~ 
port elrele, the aa~nitude o 

proomare in t h e  balan~Lng~ oh~ 
u n i t  ~dlamoter o f  0 .0208 .  

The. ~ - ~ n e h  valve-~ ueed 

/. permanen t ly  a t  Jaokeon Gulch Dam whez.e, ~the ~'oett . "~i. 

one v a l v e  operat : tng wide:open wa. :O;606.  Th:Ls: i~i 

~neho8 f o r  t h e  e ~ , t o r  l ane  of~:the::ba~n0jj~g;por :i~ 

:[J~chos : :Ln t h e  N t i a l  de s ign .  ,ThI8 charge  ;w:U.~ " 

i t  i s  :Lnsta]-lod'at~daekeon Ouleh. The~tlu~bal~o~ ~ 
:Lna ta l l a t ion  wi th  the  new i l o o a t t o n ,  ~] 

7.  The ourve ohows ~unequal, magnttuc 

f u l l  opon~ng, and :Ls duo to  l~gher::lc *~: 
ant:Lelpated to  .ocour  a t  da~keon. Oulc 

h.  Proooure neasurm~_-ts~,onith.  

the  va lve  body-and  needle  ::as.:shown::o~ i 

were plaood o n  the  l a r g e  ~v~no8, :,and o 

Otl~am o f  the  noodle.  Prooeuree~woro ,~. 

opeaAng, The r o e u l t e  i for ,  -.the needle ,  i i 

10 and 11 a l o n g  w i t h  p re s su re s  obta:l~ ::i 

p i  b o m l o g o u a  . ::~- ; " o s ~ t a r s  t_~ . : , l~att .ons.  . . . .  • '~' 

I .  8 a t i s f e e t o r y  a g r o e l o n t  b e t w ~  ~,the~-p:£esonotrie ::.preasure ~,on ~the : n o e d l o e . - .  ~ i:: i 
of  the  6 and 2k-:Lnoh va lves  was :ob ta ined  D 0rl th{tho exaop t ion , :o£  * 

the  f u l l  needle  t r a v e l .  ',The~'dev£at£on,~atii:piesometer o 2A~,:, u - - ~! 

£nab l l :L ty  to aoeurato~y~machLne ~tho: va lve  ~.bo~Ly, 1~ ~ t h e  ~ dee h ~ h  

d ~ £ f t c u l t y  w ~ : b o  explaAned~la te r .  The ~::J~aeeuraey o f  thebodT~:lontour~L!d4d . ~:~ 

not  r e f l e c t  on the  p r e e e u r e  a t '  the  8prJd~g po:Lnt o f ~ t h e  noedlo,, U~t:L1 ;tllo:.-valve .~i) 
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approached  the+ o l o l e d  pesi t ionj~+ a t w h ~ h : : + ~ o i n t  +* tho+++do~roalod ourvatOPo~:f~m+ , 
+-+,,...,~,.++:: ,., ...... :++! -+ 

the deail~+,bod~.oon~o~p Olulad an ! ~ncreale :L In pPe|mxre +at |)le+~r,++:~++.. 

va~iat :£on a t  p~osomotor: 17 'was duo..,to a ~ lOt  ~ +, t h e  noedle-nuL+:~w~ehliluss. 

d~Peo t l7  u p l t r o l l +  and , in,, ~Lno +with thei+,p$olometer.  '":  

In  tlW+ e o n a t r u o t i o n  +L 0 f t h e v a l v o . r a  tob:i~~bron~a:, s e a l  +vmelded+:=ia,to:+~a. 

Sroove o r  the~.valvo body. ~+As:,a~:ro~t,+:+.conslderab~o f l ~ h a r d e n i n K  ~:i+:i~, ~ . o c o u r r l d  ++ 

i n  t h e  eamt+.~rou uhLoh, suldo++th~o :+area: + < d i ~ l c ~  +,to + machine ~: :*++,Severely! e a r b a l o  3, 

t o o l s  w e r e  broken- ~n:,the*: a tempt :  t o / c u t  ~ t h e : r l a m e - h a r d e n a d ? + l u r f a ¢ o  , • an~',+:+the 
f i n a l  f ~ l h i n  s had to  be-c~no b~+hand .  "Cona~qu®ntly+/lt:++waa+inot?.~os8~ble:,to 

obta~J~ t h e  t r u e  c o n t o u r  o f  t he ,va lve .  ~at ~thLs:*+po~t.+ .+.'~i.a~d~tion~:~it ,he/ i~:+~+'+ + 

laoh~J~ad a twfaoe  was  f e a t h e r e d + e t a  £it+,,the+ r o ~ :  oastlJ~:,:Just,.:upetre~lm,!iOf 

s p l ~ t t o r l  CaUl ing+a .  f u r t h e r  • d e v i a t i o n !  Prom: t ~  contour,+ +. ~ h ~ l o ~ . t h i s  d.tdi,not 

a ~ f o o t  t h e  o v e r - a l l  p e r f o r m a n c e  of+ + the*,+ v a l v e  , , the  

a b r a d e d  on t h e , b e d 7  Nora + no t :  i n  aKree~ent-+with', t 

C~iKttre 3~) .  Ho~sver+ i n  view o f  t h e  ~ s c r e t ~ a n e i s s  anaErooment,++was+++hot,:,lx- 
p e l t e d .  . . . .  

P io~ometer  +, 8. on t h e  v a l v e :  bod~+~uas :,neEstiv+ +:: for+, mall+: opon in  

~ r r o ~ d a r L t y ,  : , +  + , ! - - -  , . -~ *+ - ~++ . . . . .  due to a lo~al in:+ " 

w i t h  a era oa th  e u r f a o a : a l l  proaaur  

The piesometor,:  ~0estod:. i in~t~ 

8 h o s e d  a max4,aua+no~stive+ p r e sau r  

f u I J~ ,  open a n d  t h e :  t o t a l  hoad,:~ on 

The p i e s o ~ o t e r s ,  l o o a t e d  + o n . t  

10 a n d 2 0  p e r s o n a  o F f u l l  + open ing  + 

of :  water.+ a t  20 po r~en t ,  opon~u~ wh  

Those n o g s t l v e  proesuros-'werg.probab/7+~,thoi, r e n t  .~ot; i i n  

..the P o ~ h  eae t Jun&and have no p a r t ~ u ~ a r ~ e ~ f + i o a n c e .  ++~ 

5.  C l v , i t a t i o n  T e s t s .  l t : l las: ' r :Fel~Lsod -~ at?.~the~++:,timo.+that! t h e ; l a b o r a t o r y +  +. 

• t e l l t S . : w o r e b l i n S  oomductod t h a t  J r w o u l d  netS:be p o s s l b l e  t o  +ob~a~+~ho,:++qlla~t~+~+.~ill *m:: 

-+ O~P, e ln ' f aee  f~.nlsh, o.P~ t h e + l i t e r  pal811~ll/:Ln • t h e  p ro to type~  u l o r e  obtll:l~ll:l:~i~Itl .. • .~ 

t h e  " :i:: :+ 

For  8 L r u e t u r a l  r e a s o n s ,  t h e  r i b s ,  i n n e r  s h e l l ,  a n d - o u t s i d e  s h e l 3 ~ + f ~  -} + 

t h e  Shady.  o f  t h e . v a l v e  were c o s t  ~u one p l e a s ,  This+made~it;4u~r~L~oa~+~+to.  + ~+ 

mash:Ins tlmo Vllma8. o r  :+.the dolnl l l t rO~l  p a r t  +of +. t h e  ,+water +++paolll~Ol.~Ol~ ; . t h O + . ~ .  

7 



The oherae~4r .o~ the  8urface:  that~:.wou~d ~b~::obt~ued in,!,the prototypo~ d u e  , ' ,  

to t r r e g u l a r i t i ~ e  In". the::~olde~ 

l o c a l  c a v i t a t i o n  r o e ~ l t ~  .:from 

i nhe ren t  i n  t h e : e s o t l n ~  prm)ooe 
~ r  JII __ - -  t -  ~ . " . . 

When aa~itatlon oxlsl;s~: 

by v~bration-,and e-~oharp:~ta~ 

pleoe a~a~net  a s  

~nds  ooour ult~ 

u~IJ.' be apparm~t :- a f t e r  o~1,y.: a 

c a v i t a t i o n  io  148¢. oe~ere~ or 

. . . . . . . .  w v  

~ t s t s n t  or: of m~lj~oi~ili l ~po r tan=o .  

":heads between :3&~ 

to ta l7  he,re.: Our  that*- t Mithere .ae 

J t ~ O l ~  I ~ O t ~  oounds/from:~the~:valve:~,:nor, anT:i ~d:Lcations~iO~;~l~:Ltl~Lu~ . --::,:. 

£ I  has. beeda<!aleotlonQd!!plwvlo~lo]~y 

oo -e~ . lod .  ~LJal:~: f e n %  ,i so an,,, iaoooloreto 

t he  l a t e r  l~ll81~r~e wore 'g lYena: : ,ooat  . 

add~t£on~ 1 6  rr l ~ l l ~ l r e .  ~. ~ E I ~ L ~ g  . t ~  le ,: t ~lm 

t he  head o n  the:~valTe v lw :Led ,wt th~ tho ,  

the  oon=lulhton o£: t he  ?, Le l t  :~the, 

.a~r: eTickmoe o f~eroe lon :  o f : t h e  
c 

e r o d e d  o r , ~ r n  sj?otr .  ( f l S u r o e  1: ~,, :.:-~ii::i 

1oOal : o a v i t a t l o n d n o . , t o :  s~rfaeo.!,Lr~llularitio| .~'O.~. ~ot.~:pr~llont. ~ ~'r:,~ 

under . the ,~eab~.ivaL18ble:, f o r ; - ~ t h e , .  . t~et,-. , f o r  hadi?~there?:boen ~;eavltatlo 

e m l o n  pr~mlzt~::~.£t-- ~ hsve duMlaed: the~ p a i n t  with£n a~fow;,-hom-e : o f  : :  : '  ~, " 

opera t ion .  

pl~loletrle...  ~ 8 o u r s o  mere~ poeltlve.~., or:. oo:~near17i:po s I t l v e .  ~-.that.~:.the. 

|e l~n'a1.:ool$tour o f  ..the va~LVO ean:be.oone:Lderod.~eat:l~lfaetoz7" This  ~ ~0  r. ~ P " :~:: , 

8 



f~ 

! i  

i 

ss~o ~ conc lus ion  : t h a t  '.was..drawn, from ~.the : ~ea t  e :,on: t h e  ~!,,elx-lnch~/modol. 

d i f f e r , m t  

ec<hLl in  t 

t he  l a rge  

dowaetrcam 

the Jet (fi~tre ~) whleh was:not n o t i c e a b l o l  in, t he  :eix"inchmDdei;a~d,~W&e 

probably due to Insufflatloa of air. 

The Jet,  , . ur ,m t ed.itsi.lah.  .re 
( ~ w e s  15 and: 16) shedding :a ~]Amtted ~ 

o f  t r a v e l .  This wae n o t  o b J e o t i o n a b l e  a n d  

water  t r a v e l l u g  

7. The 

o ~ t h e  cc~f f ic iq  

oondut t  about ~ 7! 

dur ing  t e s t s  of  

d J ~ h a r a e  agaim 

As t h e  v a l v e  d t eeha r sed  2 ~ i e e c o n d - f e e  

to, cheek the  c o l f ~ t c i e n t  :at~,]~O peroe~ 

ehock:-wae made a t  oaoh ton  :pomen t :  o t ~  ~ 

The r e s u l t s  8r~.~ehown o n . f ! s u r b : l O a  ~"~W 

p o s i t i o n ,  t he  r a t i n g  e t a t l o n  Ind lca ted  

ob ta tned  wi th  .~,he s:Lx-tneh~mode~i" Due 

t h i s  was ~ p e e t o d ,  and: i t~app®ars  t h a t  

va lves  ~ i s  s, more r e p r e s e n t a t i v e  value~ 

.inch sc~el. 

8. ThQ mchan!cal~.co .n~t. tion.~of~.the~valve~,~i~ft e ,.. ! 

~ n e p e c t i o n o f  the  Yeteo~ pro~ose ~l~ner in  t h e  :valve~bodT~ she 

where t he bond b e t w e e n  t he  i two  a s t e r s  L ~@ @:W~8 ~ . ~" Se~orO -. 

t e e t l n ~ ,  o n l ~  a ~ band ~at ~:the UPStream and:downstream "an 

d a n c e  of~/impropor bead.  :Aftor~t~etLu8, o t h e r  areas~nesr~the  

l i n e r  e a i t t e d  a ho],1ou sound w h o n t a p p o d : ~ E h t ~ y  withies-hammer. Tho~earfsce  

appeared m o r e  porous ::than be fo re  t o 0 t i n g .  , ~ e v e r ,  thie~was ~probeblF ~ t h e  

? 



I I  

result of~ t h e  w a a ~ t ~  f r o m  tP,,I~ ~ l l ~ ree  ~+ o f  ~ t h e  !' f i n e ,  e u t t t n g e , ; d e p o a i t o d  ~ t ~ e r e A n  

dm'.tng nachining., i!Tho*+porolity+:Ofi,~the~.liner ,te!~showni+oni/flgure 1 7 .  i~ ~* + + " 

The s~pray set  ~e+°*used+++to ~doteraine  
£ f  a . s a t i s f a e t e r y . ~  ,_~. + ,.,.__- . . . . . .  :+ 

bo~ castings, were aedo.+ 

FAgure, ~and 19 

r e . t i n g e  k ,oone lderab :  

o ~ e u r r e d .  Xt  t a b e l i e ~  

eurfaeee, should be pa~ 

paint to preserve"tbe+~.~ 

r 

bronH eeat~r~g.:and:~ - (2 

on f i g u r e  1 to ,  t~at:~ of  

t h r o u g h  t h e  a e t a l , o c  o u r  

For future valyes~,,s~o. -i+in~eetAgating 
hardening a t t h e  Junction ~,:o£~+the+weId!, ~!ina~eriai~with~.~h~ ~,-~-' ~ -="-~" 
b inat ion ,  o f  a ' 

A - -  

w e l d  f o r : t h e  a, 

produce, a ~aeh! 

- - .. , s l~ .I~ev,~eion,s ,  ,' ~:~ ln~ ,aecordance  ~,with ~ . t ~ h e : . r e c o ~ e r ~  ~ 

dst lone ,  of,!~thl,  seat+:+.was ial+tered *+ias eho~ 

IL+'IW'° f o ~ d  (1)~thst~'the ~ e r t ~ ° n  rofilthe ~C'$t" b r ° n ' ~  theuYal ,  e ~i, ~ 

bod~y e ~ t e d t h e , J  ~endeney; o f  i~the:needle .;to~ ~ band, ( 2 )  '.that"~+tbe+:comblnatlon 

fmr~-.weld I J ~  2~12~e t s ln l eoe , ;S tee l~eea t~  rinsuon~j~ho.valve, bo~lYwss~,satls'  1" " ~ 

tac t  o~urT~ ,and. (~):*that the iunhala~od~.-thrust was~morO noarly  ~oqual~to 20 and + .~,~i+~ 
~ ~ 

I00 percent  o f  ~ u l l  va lve  travel~+,wlth. ~he,,new-.balanclns+ - port ~.Iocation. . .!:~.ii:!:J 

10 
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++.+ . , ,  • 

5 

co~binatAon f e r r o - w e l d  a n d  st.alnleseilteOI:+valve:bod~+++lleat + was u s ~  

in the ~-inch+~valve, ,bee ..... 

inch deep and would ~ have 

f i l l  the groove, l t w a 8  

o f  flame harder~ng~ 'An~the~calt ~Aron. 

be conebructed of  K mortal ~ ~t] 

have shown ~o. appreciable ~ hardeni~ 

believed that thla ~T~ of  oeat uil~ 

eeating area. 

At the c onc lue io~  o~ the ~tast  ~eptember +:of :194r ~ ':!~i ~ t  ~ 

that  any further ~chani~al +:i~mwnta in ~t~e'.vLIVe+,, wereine 

i t  was genera l l~  agr~ed~:that at  i~som future  idate~a:~hUi, i~ebe 

l .  While +it +18 &eneral~T lOCI! ~+++ 

I~ar~emen~a on:it~e va lve  ~ave+ served +to ioata~ahi ! ;  
of  t h i s  +-eoi~ept. This+ re~stAonah:Lp+wLll+eXtllt +If !c 

t o  

I t.O' 

neaeureaente are:made .+fin :both 

t h e  two s t r u c t u r e e : a r e  exact l~  

a varAation of+a ~few~tho~s~ndthe~of ,an i n 0 h  i n l t h e  e o n t o ~ o ~ f / t h e  

water ~ paeoage i will+:c ause +a/~ticeabie ' ~ + ~' 

b.  The" 

valve ..,ehould 

equalA, e the 

Jackson Gulch-~/una~allat£on. : 

:ii~( ':~ 

d. The !Jet emit t ing  ~tFom the . v ~ v e  :reaalned :SJit~mt ,for the  
f u l l ,  graJectory. ~There wa e i no + undue ,raveling ~or) ev£denoe ~ of, 

dispers ion a t  ~a~  .: open;Lng,: : +: :: 

e .  The  c o e f f i c t e n t  ~', of  :dAscharge :at f u l l  open :poeit lon~ean i) ~;: 
be*aomme~t~ be:~0.70 :~n-.,vAew,.of itl~ ,fact .that meagRremo~a ',~.,., 

eared a a l i & h t ~ :  h~+ her ivalue : .thln u a a  obtained from-the llL~inoh/~.. 
model. 
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FIGURE 3, 



FIGURE 4 

UPSTREAM END .OF VALVE SHOWING SLAG POGKETS 
IN FINISHEO.SURFAGE OF FLANGE 



FIGURE 5 
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UPSTREAM END OF,LARG1Z SPLITTER SHOWING JUNCTION OF 
SPLITTER WITH BODY BEFORE HAND FINISHING 



FIGURE 6 
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FIGURE 14 
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FI~=~ 16 

A. Valve opening 50 percent 

B. Volvo o p e n l q  100 peroent  

t=1~OIi P~-.XNG'~ HOXJL.,OI~-.Z~ VAEV'Z 



FIGURE 17 
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NEEDLE ASSEMBLY 



FIGURE 19 
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CORROSION OF GAST IRON SURFAGE OF NEEDLE 
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