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Branoh oC D e s i g n  and  C o n s t r u o t i o n  
E n g t n e e r t n ~  and ~ o l o E i o a l  C o n t r o l  
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Reviewed ~ b y -  ~ J,.+I:E. Warnook. 
+ . .  . ~ +  

L a b o r a t o r y  s t u d y  o f  a 6 - t n o h  t k ~ e l l + B u n g e r  valve .+-Ross+. ,D~n;  
Cl,~y o f  Seattle, Washtng tono  

1 . .  Pu rpose  o f  i n v e s t l ~ a t i O n o  A o t i n g  ,upon +a . , r e q u e s t , o f  : the ,o+i~y 

o f  S e a t t l e .  a model  o f  :a  7 7  " : ' 1 2  

?~iii ~waa c o n s t r u c t e d  and  t e s ~ d  O f  

-ReoIamat i  on .  I t w a s  d e s t r (  

}tloa relatlv.e to the instal 

+ . . . .  s t r e a m  end o f  t h e  l o w e r  o u t l e t  o o n d u t t s  . & l  

~ :~tion o f  t lw  v a l v e s  : is  .shown .on f i g u r e  1+ o 
~:. " i n v o l v e d  the d e t e r n i n a t i o n . O f  p r e s s u r e  ¢oz  

• , :o len ts  f o r  , t h r e e  c o ~ t i t i o n e  o f  o p e r a t i d n :  

i;'hood, di  s o h a r g i n g  f r e e l y  i-n~o ~the :~bmospheres  o o n -  

,.." :. ~:Ttning hood i n s t a l l e d  d o w n s t r e 8 ~ ,  : d i : s o b a r g i n g  t n ~  +:the~ ~ : j : ~ ' d  

-va lve  w i t h o u t  hood .  d t s e ~ r ~ i ~  .submergede = -+ ~+ 
!i!:+ . _ , : ! : + ,  . 

](,~ The Etbove rthree . c o n d i ' t i o n s  o f  o p e r a t i o n : a r e  :undo . . . . .  , f o r  : , 

":~:2+:~+: -+the l o w e r - o u t l e t s .  . shown-on:-ff igure ,+lo .In-the 'fl,rst.:-.es ,.u~i~d " ' 

iii! . ~ .: . r . : : ,  +oN e a s e  e X o e p t  '+t~'t hoodB woul'd b e  i n s t ~ l l e @ o n  .the downai~troam e n d s : o f  " 

" ' ' ~ " . " 'r '" '~ v a l v e s .  I n  ..the-.third o a s e , c o n s l d e r a t i o n , w ~ s  glven:,,to,?ieli~In~,ti:ng 

>::~!~ ' ++':the rise : in  t h e  o u t l e ~  -oondui tSo  :shown ,on  ~ £ ~ u r e  +l:i +by e o n t i n u i n g  .thom~ 
+ - • + + - "i:~: :+- • : '  

i,','~: ,., i-,.i :On the  sLn~ g r a d e .  ,In ~thi8 ~oase t h e  , v a l ~ e , ; w o u l d : - ~ e - i n a ~ a l ' ~ e d  ~ e u b ~ r g e d .  
• . : ' • " .+  • - ~ .  - r , 

.!!4::,': : ,~w~t hour hoods ° ~ ,wl.t h .<oen~r lSne s a t  +&bout ,elevation _:,~l~li~. :::i! :~; 

--+:+ ~:+ : : 2.  T h e ? ~ o d o l .  ,The model o o n ~ i s . t e d  +of. ¢, , 6 - t noh  dl~e. .~e~+ b r o n s o ,  ?:+">:~ 

!-::..:::::g~aph or .the .rood;:-,valve is ,shown i.n k'Prtg~" r ~, : ~d "de~ill'+ . Or ValVe., .:.nd,+:):.::+ , .' ::,::: 

-- ,++ 
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hood are shown on figures ~.and 4. ~For"'observing ':pressure!oon'di~iOns, " 

three pieeom~ters were installed inthe valve.~eate,i eleven a "'L~'' ' long the,' 

' contour  o f  t h e  hood,  a~d o n e  t n  , t h e v a l v e  .:seat, as,,:~lhown ~iu ~the !~ha'~lf: ' 

h o r i z o n t a l  section of'figure 5° .~ _ . 

The d r a w i n g s  . - f u r n l  s. had :by. t h e  :S~/. Morgan. ~ '~Smlth-~ Compan~y~.~We~e . ~ o k l n g  

~4n detalis concerning the :~hape of~the 

:For t h i s  r~ason the d e t a i l s  o f . t h i s  par 

o f  ~:¢he shown on figure ~, detai!!:!A . The same'flgure ~shows<t 

: v a l v e  s l e e v e  w i t h  r e s p e c t  i t o  ~tbe ~sea t  : f o r ~ l O 0  p e r c e n t  

;:'cated by the drawings furnished. ' : : 

~ ,  R e s u l t s  of t e s t s . o n  ;valve., w t t h o u t ~ h o o d ,  i d t l o b ~ r  I'::I~ t 

:.atmosphere. A coefflolent-of.dlse}mrge ~.o~.ve 

gate opening, for the valve dlsoharglnginto.,i 

on figure 5. The coefficient-In.:eachoa~e~.wa 
z': 

C- ,.Q 

,.in whleh 

~, - discharge in second-feet. ~ 

A = area of the:i 

]i - t o t a l  head : (-~ 
w&ter) l i e  a ~ l r  

~'~i' rite %_he 

. : ,  - v a l v e .  In ca .~- 
: :~ v e l o c i t y  -head _ : 

- from valve, = 

:::, ,:.:: M o d e l  s c a l e  h e a d s , w e r e  dgnored ~ln .;ches~ ~i~te.sta, ' :  .... :-The ~.valve !was - 

.oPenZr~ t h e  coeffloient o f  d i . s o h a r t e  w a s . O ~ 8 4 3 . . . . U t e r a t ~ r e . , f ~ o m  .,the i:S" 

:~.Morgan Smith Company states th~t:ooefficlents.:is~hi,~h~.asO,96::have been 

: o b t a i n e d  f o r  ~ e l l - ~ n g e r - v a l v e s  o p e r a t i n g  U n d e r ! , t h t e . c o n d t t l o n ,  and 

• : . :  . : t h e  compmay recommends t h a t ; . a  ma~t~m.ooefflcientof~O,90:be,used f o r  : ~ 

~..- J 

!ii: 
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t h i  8 d o e s  n o t  e x p l L t  n ~the + large++dDt'£erence~++be~een t h e ~ + ~ d + l + ~ , r e + ~ l t s  +and 

++thos+ o laAmed by the  m u f a o t u r ~ r s o  ;Thete++mayL++bo++isome + d i : f f e r e n o e ~ b e .  + - 

~ o e n  t h e  m o d e l  and ~ the,++ p m t o t y ~ e  i n ~ + ~ e  + ~!downstroami;iO~ ,.O'f}~t.he~,~vSlyo + i 

/ g a t e l  h l ~ e v e r ,  any+varlationi+here..would,-no~:ohan~+e~+t.hei:oo+£fioi.ont~Gmore 

0.96. At + the present rimeit ++appears:that +there,:is ~xplana- 

l i o n  ~ o r  +the :all f £ e r e n c  e .  • 

The p r e s s u r e  con, 

! i n t o  t h e  atmo sphe re  w 

1 s h o w e d + a t m o s p h e r i c  p r e s s u r e  t h r o u g h o u t  ~the  + t e s t  o +: b u t  ++no +-'++~:+"":++! 
+ . • + 

• +. p r e s s u r e s  were . recorded+ ,  a t  p i e z o n ~ t e r s  ,+a ~and +'+be :++:indioat 

.... a. pro 8sure viewpolnt- the ~. valve was++~onti.re ly :sail 8£actory .. 

i !Jet  h a w i n g  a+ t o t a l -  c e n t r a l  +~+angle , + s l i g h t l y  ! l e  as  "L +~ ~ ~90 ~ ~+dO ~ 

£rom t h i s  ~ype~:o+~ ~ v a l v o .  p r o d u o l ~ + ~ e r y  

:~ The. disadvantage : in .us~ ng +the-valve 8 ; i n  + 

'~.the spray from the valves~-.~rf II ~:di sperse~intc 

~+~winter s e a s o n  t h e  f o r w a t t o n . ~ o f ~ l c e . ~ o n  V a r i o ~  

. :+l truo~+re8 .would + p r o b a b l y  present ,+a+?very+.eer  

:~ln a d d i t i  o n .  ~ t r a n s f o r ~  rs~.and ~ o t h e r  : o u t d o o  r,~ 

: ."  ~ +  

+, ++'+penlng Of 6 0  p e r ¢ e n t .  

+ , +~;+ :. +,~ . . . . . .  

4 .  • ~ . . l t . . +  oe. ,mats  +on +valve.++.ith+++hoo+, ++++c~r_+inS+++i.to+ii~ + + 
++ 

) h e r o .  T e s t 8 ~  l £ m £ 1 ~ + , % o + t h o s e  d + l O l ~ b e d  ~.tn++%he 

. d e + - o .  the  ve+l.o!+m+~+h ,thee-hood i . , ta l l+d,- . ,O.+i . t~  

t e e 2  B : l m d 8 )  ° +The: oooFfic ient~-ofedisOhau.g~O+~ , 

++of +:o~  r a t i o n  lee.  e h o w n  bY +,the..+ +Ful 1 +iline .on J f i  

o a l l y  c o i n c i d e s  + ~ . t h  ++~he +,one ++do+scribed - i n  s e c t i o n  i 3 ~.up !,to ~++a v a l v e  

From ~+t~ s ~polut~ on ,  t h e  i ~ . ~  +o~ ~,the +~+~r.+~ 

+i ++:  + 

+~,~J..~h "~t~ +'+ ) h o o d  + ' I n , p l a c e  .+%+wa s ~ 0 ++7.  ,-+ 
+++/+ • 

l l p  



1 i n d i c a t e d  a~mospheric  presto 

b,  2,  and 5 c h e w e d  eubatmosph~ 

of F u l l  opening:wlththe:~ , .most  

<60 p e r c e n t  o f  ~ u l l o p e n i n g .  L~ 

are ~ s h ' t h a t  t h e . v a l v e  should 

-reeervol r head exceeds .: I00 i fee 

and . the reeul%i~g,  pitting. '~T~ 

~the v a l v e  w i t h  t h e .  hoo~ .at :hig 

-opening~ sere  to  ~0 percent ,  or 

"In t h e s e  ranges :a l l '  preesuree~ 

- c u r e s : t h a t  do : , e x l a t : w i l l  not  b e . - s e r t o u - :  

2 , "  . ~ " 

' :: '  The m o d e l  t e a t s  have shcwntwo~idt  

- v a l v e  w i t h  h o o d ,  d i s c h a r g i n g  into~:the-.~, 

~:! t h e  c o e f f i c i e n t  o f - d i s e h a r g e . a t : - f u l l  o p e n  

i.%~.i'~ ~: "/'~. " , h e a d  t h a t :  c a n  b e .  a p p l i e d  ~.on t h e  !-valve.;wi t 

• ,i.~:.?:.ii:::negativepreesuree. A :..third. and i = p o r t ~  

":'" " "experienced. ~rth the ua~..or ~.the!.hood :Is :.the .unbalancd:n~-om-"~ 

':Thi s produce s ,an a p p r e c i a b  l e  ', thou st: .whi oh r-dote : :opposite  ~ ' :  i 

:.Of '~low • The ~a~nltude.  "O~"the ,:re roe.  has.been~::,~omputed~iby " :.~-i 

.the results of the .pre,~ure.maasuremnt,:. ~.Ln,!.the......val've.~and-~t 
u" . :. 

' '?These values have. been :. ~duoedto j the ! fo~oe ~:on :.a :.i l~Inch :~Va 

~.:i:/. .. .~one°root head, • %0 .elmpllfy ..the ~eo utatlon.iOf'.t~he.i~t~.on 

..any d i a m e t e r .  The prototype-t.l~uh.~waa(:obtai_mmd:fr.,om.the.~f, 

- , . . _ 

\ 

! 

. ' - . .2 

-r. o , , v a l v e  : d i a m e t e  r . . . I n  : f e e t ,  = = . 

. H .= ,:to t e l  ~ head~ ii~:In: f e e t :  o f : .water ,  ~- on , . . the  valve~ one 
l l a ~ r  ,.upstre~m f r o m . - t h e t v a l v e ,  " ; 

..... . tt~oular .valve  : p o s i t i o n , , ' .  .. - ':i 

::- .The =aximml~Ambalanoed .thruet : is ~q~:te:r l a r g e  ~. an~ ~.amounts ~t~¢approxl - 

".( . 

. 4 . ,  
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" :?operat ing  equApmm~t, ' :• ':++: '- .+ . :'- . 

..... ~ *  ]~lsu~te LOP ~08t8  led  ,a:ve,+,'wlthout hOOd, ~:disO~+p+i~:~+"~)~:r~ed : ,P '. 'S::' 

#--:.:+:+ .::,+: +++~'heoe t o  st8  wore,~  adS'+, with +++ +h~,+.::valve + ~mbmer~ed+i~_ rrio~ 

. .  +.~et from b r e a k l n g + t h e i ~ v a t e r  8m-faoe. / T h e ( o o e £ r i o i e n t .  

++ i ~ : :£or+operat lon  ~ d e r : + : . t ~ s  s e n i t i + o n  i 8  :s 

°- :.u~ 7..The o u r ~  near.l¥: o o i n o i d e s  w i t h  ~i 

., .~.In w h l o h  t h e .  operat ton~ i -d~£fer8 ,  on ly~:.in . 

,+f~eely-lnt~ the  a t m o s p ] ~ r e ~ i n ; t ~  ~ f~rst 

-.- ~ : tn : the  latter e a e e o  T h L e - ~ - ~ - ' - + - + , - - -  

?'!i:! The p r e s s u r e s  obta~:= 

G:,t&tt  o n  "L ~ t ~ : r e s u l t i n g  

.++: : +•.: + . l i l~ tod:+.~o  v e r y  "+low- headi~,++or:-ithe +gate::be~ o p e r a t e d  onl~  :)+ '. -" ++-.. 

~ m a t e l y  94 •250  p o u n d s  p e r ; . l O O : f e e t  o f  ~ head on a : 7 2 - i n e h ? v a l v e ,  

+dieate8 that In:the desi~:or;.tlm operatln~+:meo~ni+.+ -mmple+•::p~o~i-,si:+n 

• , should be..mmde ' for  t h i s  f o r o e .  
+.. +,ii 

A f o u r t h ,  d i s a d v a n t a ~ e ,  t o ,  t h e  v a l v e  +,and. h ::n~.++::thou~h •..+'"++~.. 

minor~ im t ~ a t  th i s  h o o d . i s  ,oant i  l e v e r e d '  OUtL:'f 

",OUt any o t h e r  s u p p o r t .  Vibration::oP:,the':valve'::woUld::be+,ao< 

::~he hood w h l o h .  In?-turm,:,•would t r a n s m i t  ~+the +:aeeentuated:+ 

:,.1;o the  v a l v e ,  o p e r a t i ~  ~ o h a n t  an . and ~ o u t l e t p i p e s .  L'lt+:a ears+~that  • ' +° . . . . .  +++ PP, i . . . . .  ~. 
, t ~ i  s ~ y  a l s o  . .be  d e + r i n e n t a l  - to  +::the s orews~ and?:the +:br+vel g e a r 8  :!: i n  #the ::+ 

/ ,  ,+'~ 

?70,+poroent  of~ ~ 1 1  gate+opem£ng•  :+in ~w~toh:,oaee-!:the!++bee +/, , 

o+':+ : :"  200: f l ee t#Of  wat~Ir + ( f l & n ~ r o ' : T ) .  '~•The p r e s s u r e  :~lnslde++++t+he :)~o~+~+~d~+!d~'+ 
. . +  

'~iiii+':+ :: +~l+rem +i:iPl"om ' t h e + v a l v e :  + t+8 / e x t r e l l y  ++low, +la~+ +: + o o n l i d e r a b l e  +no£ se +~d:-+di+s, 

+;+•+ :+: : + : + ~ b m o o e :  In  t +  l o t - s a n  b e + e X l ~ o t e d  rrom++.tm.s+.8ouroo.+ . , ~ +++ + 

+ :- +.+++~? i ++ +++,, • • It++ippoare t h a t + 2 0 :  f l ;et ,~of:++:mb+Pienoe +wil:'i be ++:re~ulr¢d ::.4~ ike+p++bo 

i'+++~:~i"+++~3'ot+fron:.+bros~:inl~::tbrough+theva,1~r_ e u r £ a o e . . + + T l ' d . s  d e - +  : : '  " .... ++ ? 

i:i)!::+~:ii.+++i~?~+e, not?p=aomoal :+  a t  !Roast:Dan. ~Howev6r+ :o~+++wl th  : t h £ 8  I • 

?~:?:~l~:,++~ot>.WaS::not +?lt~hle +,and thel~e++...were,?ob~oo~tonsble +eddie 8- wlzl. oh" Oould. oa~se 

i .. + + + . • + + + - -  + -  

+ . . . .  ' . . :  . + - 

: : - .~  : 2 :  

/ ,  
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be remedied by a d m i t t i n g  a i r  .to i t s .  lnner,por.~t .on~: however.  ::this~ aera~ 

v r l l l  n o t  r e l i e v e  t h e  n e g a t i v e  p r e s s u r e s  o n ' t h e  w a i v e .  "~ . _~i 

6. Re suits of tests on'valve, wl,th hood :Ins~aZled. dlsoh~r~in. /!:/ 

/eubmerd~ed. As a, m a t t e r  of r e c o r d  o n l y .  :.the .Vatve,iWith h o o d ' : i n s t a l l e d :  ' ~: 

.:~ 

ralse~ from 0 , 8 7  (figure 5)-ito 0078 :(rlgure .~) f o r  :the ~submer~ed!flow/on 
- the model .  I t . : l s  repeate~  t h a t . - t h e  ~ r e s u l t s  ,.o~ t h i s  :arrangement :-ha~?noi 

:value e x c e p t  as.  a m a t t e r  o f  reoord~ - " .. " ~ 

7 .  P r e p a r a t i o n  o f  the  dat.a on pre, s sure  and.d isohar~e?~oharaoter  

! i , ist ioso I n ' f i g u r e s  5 and :?' the  p r e s s u r e : £ a o t o r  ~F ~ t s ~ p l o t t e d  ? ~ a t n s t  

=~eroent  o f  f u l l  v a l v e ,  opening  ~ iThe pressuro:£aetorwas,~de£inedi~as i~t;ho ~ ~ • 

prooedure  reduces  F . to  a d i m e n s i o n l e s s  number. > ,: ~ 

, o b t a i n  the  p r e s s u r e  a t  a p o i n t : o n  ~the-,,valve :~bya ~ e . s  i 

.the o o r r e o t  ,value .?of  F a n d m u l t l p l y i n g  i t  i.by .the ~%otal!'headi:on/:.the ':::i 

~ v a l v e  one d iameter  :.ups%ream : from,:.the ilnlet 0 -: A-s: an example .  .to :~:fi~d -!'.the 
. • • %! 

p r e s s u r e  a t  ptezom~.ter a .whe~:~the ~to.tal ,head : i s  : 200~foet:~.of.water~and~ ~: ~, 

• he vaAve 18 26 - :percent  open.  ~fo l low~the~26 .~veroent  . l i n e . u n t i l : i t ! i n t e r .  

:.~he I @ ~  w h i o h . ,  i n  t h l  s o a s e , . I s  - 0 ~ : 5 8 , .  - ~Itlply 200!-ti.~i-40..~8~and~<the 

~'rssulti .mg.:preesure i s - - 7 6 . 0  Fee t  o £ , w a t e r .  ~:As ~.thls:~:pres~ure :i,s=.:un-... ..../..;~i 
mb " " " ".So. ~.~ :~ 

" r ~ ' f ' ~ J ~ : ~ t ' t a l  I ~  . ths  r e , u l t  I n d l o a t e s = . t h a t  t h e , ~ a ~ o r  pressure . lo l l  w a t e r ~ w ~ l l  " : " ~ ~ ~  ~:~-' 

, ' i- ' : i~Is . t  .i~i~:the:~... -prototype and. pl ttlng :due , i re / c~av l ta t lon  may i be,:ox~o~d- : .- !! 

: ~wtth he.ads . o ~ : t h ~ s  m a ~ n i ~ u d e .  :- : 

'ii. -- I t : h a s  been.t ie .hal  t h a t ~ t ~  the  .soaled-~value of-t.helpreseur~.:a%,:any . "~ 

:: : ":jibed :.to ' :: :..<:.!..,. prodlc%~wlth ~aoouraoy the  aorreot .pressur~-:~a,ti:,any. polnt-iln ~.the .~ 

.2" 



i ' 

~. - °  

F'":  

;> , 

@- 

However, this does not preclude the.used:clothe ,,data at any:other ,valve 

p o s i t i o n  or head where_ n o n e  o f  ~the . s ca l e~d  r e s u l t s  >:exceeds ,~the ?:vapor 
pressure of water. " 

The details concerning the method~£or 

valve are contained In,hydraulic l'aborator~ 

studle e for the. development,of the ho flow :J 

Dam. " 

8~ Conclusions. ~Poeitire-preesu~es wi:'ll:existion 

~the valve for free discharge..into the .atmosphere~withou.  

• ~;attaehed. For t h e s e  c o n d i t i o n s ,  ~the mr ..... ....... - 

' i s  0 . 8 4 ~ . a t  a p p r o x i m a t e l y  9 2 , 6 / p e r c e n t  

~rts o f  : 

The 8°verity :of the negatSve,prem 

- - k e  i t  i prac eal t o  use  the  valve  in this.   er, : 

t i o n s  a p p l y  when :.the v a l v e  ::~is~ d i  schargt  ng ~.sub~ 
/ p l a c e  • 

The valve discharging ~fr~ely : into  ..the athos .the :~hoo'd ~ " 

:.in pl~ee, should not be,~,?perated.:wlth heads -of"more.~ithan:125~.fee~ o f  

water between openings ::of ~...~O . to . 80 ~ pe roent of..Tull:gate, ..The vaive . . " 

.,,m~y be o ~ r a t e d ,  con~imuously..at/am~-head,_bet~een o p e n i n g s . o f  ::~mero!to~O-: 
, p e r c e n t  and FromSO to i00 percemt~ofifull . ~.o~.:.... 

.~.¢ient o f - ' d i e © l m r g e : i e  Oo~TO with the,:hood ,: .... ' ~ : 

.-:- L .:.at lpp~oximately. 920~ p e r c e n t  of ~ull.:~a%e :travel~::~~"? '. 

,.-,. The m a x i ~ m  unbalanced  ... thrue  t . for  :,-a ' ,72-Inch: v a l v e  _. : 

.i =.:" i n  p l a e e  -LJ~s approxim~.tely.::94,2$0 -pou~d~l per  lO0~£ee% of ::~ - 

;~ple pr~.vlslon, for~thi s~thrust shoul~ be,.embodled :in ;the -:de si~n ;10f-~he : -i.,iii~ -:: 

:::,: ~,alve ope~itlng Imchamiem• ..... .:..,~ ........ .. ..... :.:.._ 

" ~The J e t  emt t t tng , ! f rom. the ,  v a l v e  wtthout/th~.:~hoo'd sprea, 
/ ~ L ~ 

: .,~:~gle.~ ~-.~ -of .somewhat. less than 45-degrees :~d~.~h the~ oenter..:llne .. i 

7 ;:~T.alveo flgttre~:8, and causes a oonslder.~;ble:.~aount of spray:and~fog:~,.whloh " 'ii:?iii 

i would .. be .. _ if, the valve,i~re ,meat. tran~f o rmers,:or :": ,:othee " . . ./ . ~--"" ~. ~'~ 

! 

- -7 "- " 



~ "~  R~c" 

::'-.::.)~::;.~II..... o f  :*the '~P -_~ .;'(£1gure-(8-); :!:; i:.: :! .. 

";! . 

r~ r . ~'~. 

i:i'<,":'i~ / • " 

H . . i i ,; I,, ,, 
~: ~• ,, ~ ~; ~i ~ " ~ ~ ,~, 

.r~ I 

: "~ i?i ~ :: i~!~ '¸ 

,-, :'. 

,~!~. ~ ', ~.. ~.i:~ '~::! 

. ~ ~ :~".: .~ ri~. ' 

~ ~ :' S~'~" 

- . . 

-., ~i,~ ~ ' :~.,~ . .-<:/-/:~ !~ :~ 



~ " : i  " : ' : .  , ~ ~ : , i " . ,  
| i 

: ' ~ ' ~ ,  ~. : ! .  "~'. 

% : , ,  

' ~ '  . . . . . . .  : . . . . . . . . . . . .  : " " : : : -E~ ~ k" 
" ~  ,72" P i p e : : ) :  ~. : 

: , . f {  
: . . -  

, : , .  , 

/ 

/ 

.J 

. f  

, f - '  . ] 

, / H o w e l l ; : 1 3 u n c y ~ r  
" V4/~e,~::. " 

.ok.. 7Z':.. , .- ,, v , ~  p .  .. , ]  ! 
/ p e  E l  I Z I 6 ,  . , 

NormcH. El. 

- ,> 

;2 , , ,  - 

• ~ r )  ~ - ]  " . .  L 

2 Z  L u . ~  ~ - 

. . . . .  % i{ 

"-:,:C ' - : , ; . ,< '~ '  " .~ =:.~L: ~ .... 

!!i ii, - • ~-~ ~:'- .~ -.:,~:~! .,~-~::ii~,~ !-!i!L;~-,: ~i !i~d:i:~L '~!:"~I ,,. i~;, ": i "::),:n: ' ,  

: r . 

~L i~:ii ̧  2:~i i::ii!~iik:~ ! 

} 

¸!ii%iii 

~ k~:!:: ! i':i, ~ 'U:il, : % L i~:  ,~" :' ~, '=- 
. i k :  : - i , ; "  . , .  

~i-% SOI,:LL:~)[:] :Z! ' :;:;0 ~ 'i ~: 
~ ' ~  :~r ~ i  :~ U ~ ~  ~ i i : . : i ~ :  ~ ~:.4 i ;  ~!~,~:i " ~i"%~)!!~ii !~:~: i !i ~: %IL!~ ~ 



~ '!I 

Figure 2. 
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A -,Valve and Hood 

B - Hood in place 

6-1NCH HOWELL-BUNGER VALVE 
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