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above 

tlon % se~ w u  e~fe~ed: .~ 

l i n e  .apProxtma%ely 22 fe~l; .ion~ kr°Q ' :  ~ 

the. horizontal..' i A~Agure, I i ,?he 

e h t n s d  t o  ~ i r V e  ~ .  ~ ; , ~  _ " . . . . .  

gate was a l so  ,,~ luminum c a s t i n g  "bu~.-"i:~:-.~ 

= , t , d  c,te re:doof ::l.:ir~ t . h e e ~ m e l a a l ,  i- = ":. 

..otot:m,. 
, . ,  ,. . .  , ~ : , : . ,  , . " : ' : " : , )  

w ,  On:y .:repr.,,e t: oi 

to obtain ~,~,o/4; ":e:~,la.:.' ~'~, r~1;y':.:,1,n *he::~/i%:~6. . i{eo; 
. o u l t y i n o b ~ l n ~  : ~ h e p ~  e~::iner~ia:::~,elai 

was oonsidered ~of mo:-,.conseq~ S%e i~ 
". , ' 5 ' ,  

~u~ed very little to ei~er reducin~ ,or inOi 
~ ~ . U :::~iii: ' from the gate closing. ~ 

'3. -T~n~en%at-l.on; : :?o 

• , a • ,  ' , . 

;ii{~::.~:;:,. ...... " " °These ooourred .qui~e ~ p i d l . y ,  ::some, "ibm', 

' aeces  sary, :.'t;herefo~e2 ':.tO ~.Ob,4in;!a; ir~,. i} • 
. 4 % ' " . ~ /  , J , 

:,~.,...~ : , . " . :  ~ha% ~ould de f ine  ,~he o h ~ n o l o g l o a l  ,oI 

. A sei~ i i l o g r a p h - w l , -  

equipped in the labor, a~ory,wtth the: ~ 

71:1 } :r~ ~ ':~:;" 

'i :%~.• ~ / i  :-~:~i :'~ ':. % ' / . !  

, , ,  : . ,  g ,  

, v  i " ' ' 

. . > : r  ~ ; ,  Z':" ' : . ' - : ' ;  "~ "~:  " :.~''." . , .  :i'-'°--':: : " - ,  ": '~."::,'7"r . '  7~. :'~'.~" " ':o'i':'~'".'" 

• e.: The Preesu~e...i.o.ell ~}¢ :. 
Was plaoed"-:.in the ga~e go r e c o r d  t h e  t r a n s i e n t . . p  " " 7  - '  " '::i. " :7:::!,,.::~:. 

" " resSure  during .a"~ ' "  " : " '  

clostng c y c l e .  :The:accelerometer ~ t s  a t t a c h ° a l t o  the g a t e  seat  ~o~,  :i:: :.::: . .!:.!,!e, 

F°OOFd 
. o f  J G h O  . . . ' ( ' :  t h e ' ~ g n i t u d e  shook.. ~ the t n s t ~ t ,  i~  oco.ar~ed.. . , T h e  . i  i~; : .  ~ " 

• : : 

. . . . .  2 . . . . . . .  -ii. 
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ga~e timing device indicated the position or ithe Eate i: a$. any : ~ 

~he ~ime required for olosure,:and als~ ;possible to deter~ne" 

 to. • ::' ; 

4 .  Initial t e s t s .  THe initial ~e .-~ ....... .-- 
' ' ' "  -- -' D ' ' "' :*~ ">" i .~ 

to  obtain general Anfonnation oonoernin~he.:beha Ld A -- "~: "* 'L ' 

I:0 s e 1 ~ n t t e  an(l a n a l y z e  t h e  I £ a o t o r s  o ! - ,  iii "L . .  "~i~/* . 

model was equipped with an acoele 

a prLeSsUre oell .in the discharge 

. ~ t e , . a n d  an indieator tO show wh 

instrumentswere oonneoted to an 

~o.yole of  the  g a t e .  The reoor, ds o~ 

figure 2 .  The upper group of 08oJ 

with the gate hinged at the ,bottom, .,The .lower. ;group ....... ~; ~-;.::":"~=: ' ~; "" '.:'" :'r : :~%:~: " ' : 

It .wa~-api~ren#: :from ~he records "" :•: :: ::':!'i -,.." j. " ..... ..,;" ;i".., :::"~: . 

imparted to" the  s t r u o $ ~ x . e . : ~ r l t h l n  0 :c iosu . . . . . .  "r . . . . . . .  " ~" . . . .  d ": ' "~ ~ 

- _ ) • 

the ~te, At first ,It was .;believed that the"ine~i&,..:fSr~e~ -- '~ 

,this, the vel#e~y~.of the: g a ~ e  wasde "~or f r e e ~ o l o s u r e ' . i n , a i : r : : ~  
' • ..... ~:~:!~i ~ , :: ;!'; i:~ 

.... ... ..:..~. . . . . . .  pe~,~:s 

-~:. - . .... •/: ..=- 

:- --foroeo~' ~ae ~ e  ,due to i.tjPee " ~ i l l ' r ~  air':ltra8 



~,, , - '.'.~ -.. ., 

;. ' . , '  , " • , ,  e '  , .  

kQ~ 

, . ,hook,: ~o' :*~ ~ ,  :~o~ --nts - e r e : ~ '  ' : " : ' *~: :~ 

" ':/~ ,. " : : --:i,~. : ~.': 

" .... " ' ~c,..ded f~ 

' o p e n e d  w h e n : a  

:~,~:~he 

""'" .:.i-. :',,'~" ~ . i /  ' "~'I 

, :*- ~ < .. "- ~ • . ,~ * , ~ - - ~ L ~ , L - ' - w ~  - 

am b ~  * ~ J ' /  . . . . . .  *-- ' ' " 

i ~  - .was o b ~ t o u s  % . h a t  : a ~ r  . u n d e r  a ~ n o ~ t p h e x ~ o  

• h e  p i p e  U . u ~ i i  ~ a , ~ r  t h e  s h o ~ k  oo~%arre~d~, :' 

Wi%h oompressed air oonslsted iof oappln~" the ~hFee'Inoh 

4 /i -~ 
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" .~, i :' :''/ "' 3. -: a'tmiosphe:rlo vent :and appl:~in~ sufficient .air. t o  lower the w~tsr !~u r a = o ' " :  

in the v~nt to th~ top of the oonduit, l~nis ~redueed 

the shook oonslder~bly below that'ob~, _ wlth'~ei.th( 

etallation or that ~i~h the yon" 

6A, and 6C. ~m~ever, the  .sever. ~ :.~,~ : 

throughout a number ,of oi.osu~es 

chamber did not improve the per~ 

partially ~illed wi~h air ~ave r 

j~ 

t i o n , ,  figjAre 6B. 

~h~ n e ~  group o~ 

?.: 

-q 

points alone the diloh 

at 12~-ib. pressure a short' ~r.e.~he:igatesea~edj:;~ 

connection was =de mldRx, be%wemn the:pumpan~ :~: ~te. 

a i r  at  th is  po int  reclueed the  v~ ,bra t iO~ i i , ! f i ~ : :6D; :bU~ .n  

o lent lyo  ~he mlr por~:was -~ved to~:~a..!.~,:):i.nti '20 i f ~ h . s  :i.Up~t: 

the ,oorwect instant for%he:admleelon of.,i~i~he'ii'r~i - If'the.,.. 

if the :a~misslon.,,:c~ the air wa~ l a t e  .~h, 
. - .. 

ably worse .. 
- .o 

~ the  s e v e r i t y  o f : the  shook was redue 

' : " '  , .~he a l ,  r .  ! p o ~  ms~i,,~r: ~ h e - : . : : S l : ~  . s ~ t ;  - i%.  ~ s " m  

. ~: . . " . :: ¢:,i.~::':-:j:::. . . -  : ~" ."' :- 

,. - . " . 

? • . 

:%1 ' _ ;- . _ 

,- ,% : / :- :, 

- : • .:::') 
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changed with this arrangement, figure 5A, but the,instant at which air 

was admitted to the conduit became less critical. 

The air port was again chan~ed to a ~oint on%he lower part of ~. 

the gate itself. %Then tested with this arrangement the shock was less /' 

~! ~ . 

than with a n y  of the prev~ " requlred~ 

was reduced considermbly. As a further improvmnent admission of air :~ 

by a manifold was tested. Two locations for the man4~nid= ~A~ ~, .... 

The first was on the gate seat and the second was on the lower pars of 

the gate. The former location gave satisfactory and the lat- 

ter was a further improvement, figures SC an 

7. The design for Gila pumpinQ plamt No. i. since 

tests indicated that the shock to the structure was .~r~ h~ 

the use of compressed air to a mmnifold on the ] gate 

additional tests were made to determine t~e sise 

proper location and size of the ports aadi ~h, 

required. The arrangement p-eigure I gave the most sa 

cults. This scheme would require an air receiver for e~ 

least 50 inches in diameter, 5 inches long, and a pressure of 50 

pou~4s per square inch or more. The receiver would be connecte~ ~ ~ 

the gate by a flexible coupling and controlled by an automatic valve 

which will release the air to the manifold at tie pro~rtime, In the 

. model,~the proper instant for re leasinK%he~iair wa.swhen the gate 
. - . • . .  

reached an angle of 45 de,ross with the horizontal. :In'the orototype, 

provisions should be made such that the ~ate angle at which the aim • 

valve is opened can be vayied between 40 and 80 degrees and remain 

open until the ~ate is closed. When the gate is closed the valve 

6 
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supply an adequate, amount of: ~ir to: ghe~'~oomd~t:!~d':!~ 

:~.. to a ears v~lue, i~ ,mall: d~,h ~t ofll :i:~f£ici~n 

• ......: . the rite .clOsed Was-designed ~nd in,~lied t i~: th~ ~:m~e~:~ :" 

When; ~.ested ,under -~heSe i.oondi~;iOnS, ~he s~iock $0 t.~e.::'~ 

• ~.." 

~t&r~ed ,to rep 

pr~lciple Of fhe '::Smole~ki,.~heok Viive),!;and ,:the. ~.1 

w~s tested in the.model. ..... The..arr~nge~" ~"~"'~ '~ ' .......... " """ "~"~ 

the gate attached % o a :sprim~ :wNioh..,~C~ 4a i..oloslng ~z#ed ,,• e~.£Ort 

gates . ,  ll~. this ~rinotpie w~rk,B '~ell:', In.,'%~.~Smoi~m'i~;'::i 
.; ...... ~:<!/ 

little e r r e o t  i n   eau.in  :the :shook; ~ ::In.additi!6~;ia'nv.;grea~i" , 

efficiency of the plant.,' flgure:i:9, i 

S. The comblrmtion dash:. ?ot: and_ alr::iven~.: i'.k. d~sh!!:'pa~ , 

t n a t e  completely ~he shook ;in fla: ..... ':s~'r~otUr.@s '~ ..... ' ....... : the'~:d 

ever, a dash-pot design appeared ;Cut; i; i[:na~~i:~[~ 

":.:~ 

%".. 

.... :.,;. 

/7 ,: • .! ;~ :! 

;k~ r .I ~ ~'" ~ 

. - .  , . . . .  . . 

• . L'. 

• . . . . . . .  ill 



that the 1,5-inch distaste 

with the 1.5-inch ven~ ar. 

out the vent and d~sh pot 

compared v ~ t h  the prevlo~ 

and better equipment was d 

The arrangement was suit~ 

not necessary to hol~ a prime - -  ~ 

charge conduit. To make the d 

flap-gate installation an air 

~igure 4, design S, was de.veiop 

flap-gate spring loaded to keep itopen.,when~i~he 

tion. When the pumps, are ,topped ia~ a i,vac~forms lin the pipe, air 

rushes through " "-i " • :~ ",,~i :~ ~~ ,i.~:i 'ii..,/i ,-~ _ ./~i! 
the  mder !alr  lap valye ilr aucing 

sure on the under side of the flap causing ~it to~cIO~ '/ 
~ J'< ~ The i:quantityi!!~i ! i i i :i! ::ii 

of a l r  passing throu~jl the ~entbefor~ ~ " ~ '" t!/. 
8.U~ 

duee the shock but insufficient to ca~e J. " 

For prototype installations the ~ratlo 

vent to the conduit diameter should be D.I5. the ratiobf~ ~ the :dash~ ~ iii~,i ' • 

pot• diameter to the conduit diameter in the modelwasO.17S ~.th 0.o~8~i~i _ 

of an inch (model) difference in diameters .Setween..the plun~r amd i~e " 

case. The amount of clearance and the dlame~er of the dash pot will ;~ 

have to be determined for each prototype installatlon..~ - ri~e type Of ~i~ ~ 

dash pot design proposed for the prototype ius~llations is similar 

to that shown on figure ~, design S. 

c,. i :~ 



i 0 .  ~Conclusioz  

£ a o t o r y - i f  or  reduoin~ 

of the gates. The ,~ 

n e t s  a r e  b e l o w  ~the 1 

Compressed a i r  

sufficient quan~it~ 

safe value. 

Air vents o p e n  t o  ~.~le a ~ o e p h e r e  ! a ~ e ~ i m  

c o n j u n c t i o n  with a ' r e~ard ing  d a s h  ~ 

P r e l o a d i n g  o f  t h e  g ~ t e . t o  o a u s e  i ~ i t . t o , c ]  

o f ~ f l o w . r e q u i r e s  a l o a d  o f , s u o h & / l a r g e  

t iea l .  

The ~uee of closed vents .under/~!ow ~, 

.of water was not setisfactor~,i ~ ~L '~ 

r~  

¢ 

. ~ k ~ i i~ ~,~'I~ 
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