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Denver, Colorado, June 17, 19~7. 

TO THE C EF  ESI ING E GIBEER 

•SubJeet: Model studies of the mechanics and h~aullee of large 
control gates. 

l .  Purpose o~ t e ~ e .  The o r i l i n a l  purpe8o of t h i e  s e r i e e  

of  t e s t s  was ~o make a qu~lJL~ative s tudy  of t h e  perFornanoe Qf  ga t e s  

l oca t ed  a t  the  fase  of  d a m  o r  i n  penetooke ~ad e l u l o o e .  I t  was 

l a t e r  deemed noaeesa17 to  make a s e r i e s  of  quan~ ta t ,  ive t e s t s  t o  do- 

teraine hoist requlreaents and pressures exerted ea gates due to 

hydrodynamic conditions. This inforaation warn espeeially desirable 

An connection with tractor gates, ring-folleqmr gates, and c¥11nder- 

follower gates. 

2. Operatla~ vrlae~lee of sates. The general design efa 

gate  h o i s t  provides  for  sufficient eapaeity te eleee or epea,~.t~a 

gate under ~ epe~a t iag  b~ad. The usual ~thod ef computing the  

r e q u i r e d  fo rce  t e  epera to  a gate~ t h a t  i s ,  n e e e s ~ r y  h o i s t  ©apac~ty~ 

is to ~a up the frletAe~al reslstanee8 of the gate plu the welght 

of the  ~ l n g  p a r ~  f e r  l i f t i n g  t h 6  g a t e ,  and s ~ a u  t h a t  w e i g h t - f o r  

lowering the Kate, ,  The w~ight  o f  the  moving parts In water Is equal 

to the J dead" we~sht of those parts ainu the effeet of buoyaaey or 

uplift of the water. The frictional resi~nee varies for the dlf- 

- :  / f e r e n t  types  of  g a t e s .  In  slldlag ga tes  t h ~  f e t e s  i 8  equa l  to  from 

• 0'3~9 0.75, depending on ~he material in the ~af and seat, of the 

water load onthe leaf. In the ca~e of flme~ ~heel gatee~the frle- 

t i o n a l ,  r e s i s t a n e e  i s  e q u a l  t o  t he  ~axle f r i c t i o n  p l~e  the  . r o l l i n g  

frictlonof the ~heel~ pl~ a resL~tanoe due to the seals. If roller 

trains are used in plaee ef wheels, the agle frlet~on is ellalnated, 

but a l i n k  f r i e t l ~ a  ~ a t  b e  added. 
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T ~  f o r e s  o f  f r i e ~ t o a  p lus  o r  m i n ~  t ~  w e ~ t  of t h e  gate.  must 

be cons ide red  i n  e ~ r y  h o i s t  d e s ~ n .  There a re  a l s o  h y d r a u l i c  

• f o r~s s  p resen t  whtah may i n c r e a s e  t he  load  ~ ~he hoist to  a point 

where the above dos~n~ oven with the  c u s t c ~ . r y  f ~ t c r  c~ safe t¥~ i8  

n o  l o n g e r  safe. This f ~ e  i s  caused by t h e  ~ a b a l a ~ s d  w a t e r  pros- 

sure8 above and below a leaf when it is in a ~hrottlAng position. 

The water passing below a flat bottom leaf eze~s no pressur~ and emy 

even c r e a t e  a p a r t i a l  vacuun on t h ,  under side of t h e  l e a f .  Ae ~tbere 

is a pressure above the leafp water pressure if the leaf is submerged 

and atmospheric  ~rsssure  i f  i t  has a f r e e  wat.er serface, the  down- 

ward f o r c e  i s  equal  t o  t he  d:J~ference of the  p r e s s u r e s  above and: 'be- 

low the ga t e  i n  pomlds ~ r  square  inch mul t ip~hed by the  a r e a  of U ~  

bottom of the  l e a f  i n  square  i n c h e s .  By C ~  t h e  shape of the 

bottom of the  ga te  ~ cf t h e  approach,  a p res su re  may be b u i l t  up 

on the  bottom Of the  ~ which w i l l  p a r t i a l l y  or  emnpletely e l i m i -  

na te  the u n b a l a n ~ d  ecnditlon. I/ the leaf is in a housing i n  the  

l ine~  the p re s su re  a b e ~  t h e  loaf~ t h a t  i s  the  p ~ e s u r e  in  t h e  upper 

hous~u~gj can be c e a S e , l i e d  by c a r e f u l  s e l e c t i o n  of  c l e a r a n c e s  bo- 

t ~ n  the  l e a f  and h o ~ L n ~  both on the  u ~ s t r ~ a  a~d d o ~ n s t m ~  

s ides°  R L n g - f o l ~ r  Sa tes  are  s p e c i a l  c a ~ 8  ~ad ha~e a d d i t i o n a l  

' fo rces  caused b~ wa~er p ~ u i n E  through the  f ~  r i nE  which i s  

a t t a c h e d  t o  and i s  a p~r t  o f  the l e a f .  

3.  ?r tor 

(a) De~z~p~Aen of gate.--The "trao~ ga~" was developed 

to  meet se t  r e q u i r e ~ n t s  f o r  an emerEency Eats f o r  t h e  ,power u n i t s  

a t  Hor r l s  Dam, t he  ~ate open ing  be ing  16.5 f e e t  by 2,,8,5 f e e t  wi th  a 

max~om head of 176 f e e t  ~ t h e  c e n t e r  l i n e  ~ t h e  Kate.  I t  was ~ -  

s i r e d  t h a t  the  Eats  and h o i s t  be of  such d e s ~ n  t h a t  t he  g a t e ,  when 

not  i n  use ,  cou ld  b~ r a i s e d  above t h e  wate r  8u r faee  f o r  s to rage  and 

~Int~nsn~. This p~a~tleally eliminated the u~ ~f a s~em holst. 

As a rope hoist oannot ~rt a do~nward t ~  t ho ,~ga te .mus tbe  co~- 

ple~el7 l e e r e d b y  t t ~  ~ J ~ h t  al~noo ~To ~}o t h i s ,  the. f r i o t i o n ~ t  
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be reduced to  a m i n i n g .  111is was aco~apl i shed  by mean8 o f  r o l l e r  

t r i n e ,  the  f r i c t i o n a l  r e s i s t a n c e  of .tlw ro : l lors  be ing  only  about 

O.O1 of t h a t  caused by s l i d i n g  s u r f a c e s .  Due t o  the  f a c t  t h a t  ~tho 

ga te  must be lowered by i t 8  weight  i n  .waterp I t  was r J c e s s s r 7  .to put  

t he  sk in  p la to  on t he  d o u n 8 t r e ~  face  of the  ga~oj a~owJ~ g tho watoF 

to  o c o p l o t e l y  f i l l  t he  l e a f  N o t i o n °  

Tho next  problen to  be cons ide red  was the  ~L~.tJ~g Of the  ga te  

under tho 176-foot  hood. " The o ~ o n ,  f l o x i b l e  n~s~e~ or  rubber  s e a l  

could  not  be used b 4 e & ~  o f  t he  h igh  head and because o f  the  drag 

o f f e r e d  by. 8ueh a areal d ~ A n g  the  r a i s i n g  o r  ~ e l " ~  ~ the  gato .  . 

:~alln~ by a ~ta1~tal contact 8~ilor to the 8~aple slide gat~ 

was dee~d a d®~le feature, so a movable ~ mounted .on ro:l£ers 

was inco rpora t ed  i n  the  r o l l e r  t r a i n ,  t h e w e d g e  ~o be ac tua ted  by a 

togKlo .mechanim of  8ush a deeiKn as  t o  insure  proper  N q m n e e  of  a l l  

moveswnts i n  r e l a t 4 e n  t o  t h e  gate. 
| 

The sequence of the  movements o f  the  ga~e, s t a r t i n g  f r ~  the  

abova-m~ter-aurfaae posit,  i on  i s  as fo l lows :  The lea f  ~o ].owored on 

r o l l e r  t r a i n s  u n t i l  4 t  i s  d~r~ot ly  i n  f r o n t  of  the  frame o i~Ang ;  

a t  t h i s  p~ in t  the  ~.~e~ .r~t~ on s tops  and ?.1~ ,tO~ a l l o w  t h e  n o v -  

ab le  wed~  t o  be i o ~ r e d j  msnwh~.Is, t he  l e a f  moves i n  t h e  d o w n s t ~  

dlroct ion~ t r a n s f e r r i n g  t h e  w a t e r  16ad f r ~  ~be ~ e r s  t o  the g a t e  

-seat .  Sealing is then aee~apliahed in exactly the sane sumner :as in 

the s~ple allde gate~ that is, netal-to-~etal aentaot. To . o p e n , t h ~  

gate the movable wedge is raiNd first, this ~ve b~iag ~ado posltAve 

by the design of the toggle mchani~. As the wedge is ra i sed~ the 

gate  moves upstream away f~em t h e  s e a t ,  t h i s  t ime t r a n s f e r r i n g  t he  

water  .load from t h e  sea t  t o  t he  r o l l e r s .  ~ : t ~  i:Le~ l ~ r a i s ~ d  
"7; 

on p u r e l y . r o l l i n g  sm-fao~8. Xn short~ the  gat~ : i s  r a i s e d  or lowered 

as a "roller" gate aad Nolo as a "slide ~ gate. 

(b) Deserlptic~ of ~del.--In order to oheek the nechaaics 

the gate under wo~klag condltlons, a 28 to i ~el woe eozm~rueted 

i 
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(see  photographs on f o l l o w i n g  page) .  The p ~ o t ~  ga te  was to  ope~- 

a t e  on the f e e s  of the  dam under  176 f o o t  of w a t e r .  Am an exa~t  

d u p l i c a t e  N t - u p  f o r  mechan ica l  or  hydraul iQ ~ a t s ,  • yen a t  the 28 tO 

1 s c a l e ,  would have requi rwd a l a r g e  tank and overf low and would have 

made i t  a lmost impossible to  observe the act£on o f  the lsafp a houo- 

f i t t e d  ~ h  ~ s  was used. ( ~ e  d r a ~  No. ~ - 9 - 8 1 7 ,  page 5 . )  

(c) F l a t  bot%cm g a t o s . - - A f t 4 r  t e s t i n g  and o h e e k ~  the ~ o h a ~ o s  

of the leafs a number of t e s t s  were made on the  h~aulAcs of the gate. 

In  o r d e r  to  d e t e ~  t h e  p r e s s u r e s  and f o r ~ e s  a c t i n g  on t h e  g a t e ,  a 

ser ies of piezomto~s was attached in, below~ and Mack of the l~af, 

and a spring sca le  was attached to the stem s the rope hoist havana 

been replaced by a stem for the tests. As a renlt of the testsp the 

f o l l o w i n g  general oonc lus tons  were found to  ho ld  f o r  gates of th~ 

t y p e .  

The gate  as  shown i n  ske tch  on page 6 has been r a i s e d  to~':a 

p o i n t  such t h a t  the  d i s t a n c e  from the  b o t t ~  of  the  ga te  to  the  

bottom sea t  i s  s l i g h t l y  l e s s  than  o n e - t h i r d  t he  t h i c k n e s s  of the  g a t e .  

At such a p o s i t i o n  s t h e  emot ion  under the ga te  i 8  s i m i l a r  to  a Wsho~ 

tube" in e£fect. If t~e head on the gate is z~latlve~ low, lees 

than ~0 feetp the strea~ leaving the back edge o~ the gate ia aKitated 

and d i v e r g e n t .  Due to  t h i s  "b reak ing  up" of  t h e  e t reaa~  i t ~  for~e  i e  

quickly dissipated. As there is practically no fl~w along the ~p- 

stream face of the gate, the water pressure above ~nd below each "~ 

cross bean, except the b~tt~m one, is very nearl.v balanced and As 

equal  t o  t h e  s t a t i c  p ~ e s s ~  head a t  t h a t  p o i n t .  There fore j  t h e  p re~-  

sure  above the bot1~nn beam £s very n e a r l y  the  s~atic w a t e r  p r e n t i c e  

a t  t h a t  point~ M~fle t h e  p r e s s u r e  be low t h i s  b~a~ i e  l e ~  t han  atmos-  

phe r i c  (8ho~tube effect). This pressure dlffe~eaee applies a doun- 

ward force ~n the leaf ~f eli~htlF more tha~ the operating wa~er p~e~- 

sure on the botton be~n in pounds per square Inch multiplied bF t~ 

a rea  of  the b o t t ~  of  th~ gat~ i n  square inobeSo 
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~:; of .the s ,t, an,tLo ;'B ;IU, s 'boon' .oonvert4d, l=t,o Ve].oc:~Lt~r' ,hsad. 

t h e  h e a d  ,on t, he ~ I ~ .  ; ~  ~he Zsa~ 18  r a ~ ) .  

at  :B :and .A C I ~ p  f ~  ~ ~ ' ~ I ~ t o  :val~s at  ~ I ~  ~ o s w . ~  t o  2 t ~ .  ~> : 

I u ,,,horn ,and m ' t ~  ~ : ~ r  ,1 ~to '1 u t,I~ Ea~s ~.m,eos~)~te1¥ o p e ~ .  

' -  ! ~ , e  ¸ , " 

if" 

L 

b e t t e r ,  ,'du~ the :£1s~, b o t ~  loa~', but a s  ~a r m ~ - M m  , ~ e e  awst of '  ,- - 

,s~to o p o ~  ;Z8 2s~Se ~ o ~ s ~ s d  %o :the :operas  o~ ~.~e ~m,,r end ~ 

b u k  .prossuz~ before t,hs iloa~ .£s c:np).ete~.y ~ . t m d .  ~ : ' ~ a ,  ~ t.ho 

: 1o,m  ] , - , .  ' /I 
The p ~ u u . o  ~oathe ,bot, t~= of the l e ~ '  =s~ be L'urt,~r 

:b~ c l s n ~ , ~  ~th,, ~ ~ t h e  bot_*.~m :o.* ~ e  ~ end ~ I ~ a ~ . . ,  u ~ /  

shown ~ ~ I S I ~  !~. 
~-~~ oue8 :L~, ~ IN) not,:i.oo~ t h s t  ~ho :sres b s c k  of t.bs e~ao. 

8u~s~,o  :ha.n b e r n  la~ ,e ,me~.  The &Juapu.~ A ~  t o  :.mbelsneed 

i p.-'em, u.~es ~ t  s~y ~ t o  o~ud.n~, m 7  be apprmd.mte1,y ~ . ~ u 3 ~ , e ~  m tbs  

ba~d.8 o f  v , w ~ I  ve:b~LtT" ~ be:l.n ~be 'S~ I s a t .  

• b ~  ~Lth ~t, be s k ~  !~1.Ste a n  the Wat ."e~  ,s£ds. *,~..  ~ !p~o.,. 

amroe w'LZ.1. ~be b e t w u  t ~ e  top  8rid b~tt~m of t.he g8~Oo :L~ t~o  gste 

8 i ~ o j  !'~he i a ~ u u e d  .oon~d.t..'Lons f o r  tho ~h~ll~t,,eB ~ ;~L,U, st, A,T3. 

£c p r o u u r o  :sat~ on ,~,ho t o p  o f  the  p t e ,  ~ ~ ~ b ~ b e ~  

s h o ~ 4  ett~m" ~be , ~  ~m', xhe.psd io .ao to  ~pu.eve~ s ~ e o  ~ strum)-. 

i 

. . . . . . . . . .  ~i,,;i,; ~ ; - - i  



h a d  on ga te  about  35 f e e t .  Note the  type  Qf d i s c h a r g e .  

° 

// 

Figure 6 

5 0 - b y  50- foo t  Regu la t i ng  Gate - Gurnsey Dam. 

(e) Test data.---The follo.lng data ~as taken during tests o n  

t r a c t o r  g a t e .  I t  . i l l  be n o t i c e d  t h a t  t h e  p r e s s u r e  above the  

bottom beam drops sharply in the model tests; actually this pres- 

sure in a gate on the face of a dam should drop by about the amount 

the gate is raised. In this set-up the pump was so small that at 

~-half gate opening the llne pressure had dropped nearly 80 per- 

cent. Such a test, to get prototype scale, would require a large 

constant head tank. 
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Movement o~ : 
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Note :  The 

o f  t h e  2m~.w~ 

TEAOTOR ~ GATE *M~ 
~ORRIS DMJ 

T-Sbaped Bottom .~ba= 

: Average  Preanllqs: 
P r e n s u r e  hi,  Bye ,,; B o t t o m  ~ d s  .of ~: D.tt ' ferencen o f  

Bottem .Bum : ,, Bottom ,]~m s Pressures ',in 
Xb, p e r  o q ,  i n ,  : ~b .  per  SOl. i n ,  s l b .  ~per .=q,  i n ,  

! 'S 

6,X , 6 ;1  s 0 

5 . 9  ~: 5 . 8  : 0 .1  
$ ! 

5.5 ~: 5 . l  : O.h 
S ,! 

A.? : 3 .8  : 0 , 9  
; :  :t 

3 . 7  ,: 2,]. = 1 . 6  

2 , 9  ,= 0 , 7  = ....2,2 
I ! 

2 . h  : 0 = 2~h 

2,0 ,~: =O.Z : 2 , 1  
= = 

1 . 7  ,= O , h  = Z.3 . 

1 , 5  = 0 ; 7  s 0 . 8  
= ." 

1 . / ,  :: ~ 0 . 8  = 0 . 6  

1 ,35  ~* -= .0 ,95 = O,h 
: $ 

l , 3  s ~1,05 = 0 ,25 
.Z Z 

). ,25 ~ '1.2 : ~.0.05 
t t 

i ] I i i  i i i  

ga~e was  . r a i s e d  , o n o - f o u r t h  i n c h  b e f o r e  ,the Mottom 

even  w i t h  ~the t o p  ~ , t h e  b o t ~  fraam s e a t .  

E 
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4. ~ - f o ) X e w o r  care. I 
Ca) D e s c r i p t i o n  of  g a t e . - - A  r i n g - f o l l o w e r  gatep as i m p l i e d  b I l the name, c o n s i s t s  of  a l o a f  with a fo l lowing r i ng  having the same 

i n s i d e  dimneter  a s  t he  condu i t  and a housing of s u f f i c i e n t  depth t o  

accommodate the ~,-ng. Ttm l e a f  nay  bo r a i s e d  and lowered on e i t h e r  

e l i d i n g  or r o l l i n g  sur fsoe~ and may l'~ve any of  a number of t ypes  of  

s e a t i n g  a r rangements .  When c lo sed ,  t he  r i n g - f o l l ~ e r  l e a f  i s  e:Lm.~u" 

t o  any l e a f  p laced  i n  a given  hous ing ,  but when f u l l y  opened the 

r i n g ,  which i s  e s s e n t i a l l y  a s e c t i o n  of  c o n ~ a i t ,  i s  brought  i n  l i n e  

wi th  the opening and p r e s e n t s  a mnooth, con t inuous  wa te r  p a s s e s .  

Such a gate Is particularly well sult~d as an emergency gate for a // 

turbine or needle val~e, as there is practically no loss or turbulence 

when it is in a fully open position. 

Ring-follower gates, when used as ea~rgency gates, are for the 

protection, inspection, and naintenance of valves or turbines. The 

gates, under normal operating conditions, are to be opened and closed 

under balanced preseurese but in the case of an emergency might be 

opera ted  under t h e  f u l l  o p e r a t i n g  head .  R i n g - f o l l o w e r  ga t e s  m y  a l s o  

be used as regulating gates, whore the degree of regulation is li~ted 

to one gate in a battery ef gates, as is the case at Grand Coulee Dan 

where sixty iO2-inch gates are proposed.  As the ga te  is bei~ raid 

or lowered, large forces, due both to dynamic and static water re- 

actions, act on the leaf. Tests were run to determine the extent of 

t he se  fo r ce s  and also a ~ a n e  c~ reduc ing  or  c o n t r o l l i n g  them. 

(b) D e s c r i p t i o n  of s ~ d e l . - - A  6- inch  r i n g - r o l l - - s t  ga te  s~de l  

(drawing No. 222-D0i752) was made for this purpose. The water load 

Qn the leaf was carried on roller chains, the leaf never actual~ 

s e a t i n g  aga in s t  t he  hous ing .  By use of  t he  r o l l e r 8  the  f r i c t i o n  be -  

tween t h e  l e a f  and housing was reduced  to  a a l n l m m .  Sprang oea l ee  

were a t t a c h e d  to  t h e  s t e a  and i n  t h i s  way t h e  stem loads  were r ead  ~ k -r 

d i r e c t l y  i n  pounds. P iesomete rs  were p laced  in  the pipe and housing 

f o r  pressure reading8~ and the  uw.~nt  of u a t e r  pass ing  tbrough t h e  

eyot, e~ was ~ u r o d  by means o~ a V-notch wel~'. 
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~'igure 7 

Above is a photograph of the 6-inch ring-follower gate model 

in line with a 5-inch interior-type needle valve. 

Ring-follower gate is fully open, :needle valve is 20 percent 

open, and the llne pressure is 28 pounds per square inch. 

{c) Hydraulic forces acting on gate.~The effect of the dynamic 

pressures will be discussed first. 



The ohe~ch above shous the  l e a f  i n  a h a ~ - o p e n  p o s i t i o n .  Due to  ~' 

the  s e a l e l l i p t i c a i  shaped ua tor  passage  and t he  odd s h o e  ~'  the  
co 

approach seot ion~ I t  i s  a l n o s t  i m ~ s s i b l e  t o  es tablAsb accura te  Flow 

l i nes .  The f low l ines  Aa~toa~ed are ".hose of s r e c ~ a ~ l a r  j~ipe s~e- 

tion and leaf havlag a relativ11p high line p n s ~ u r e  and dlschar~Ing 

into a short pipe. With a lower pressure, thQ strea~ leaving ~he bask 

edge of the leaf toads t~ be "hro~. The flow lines ~y ~ consisted 

quake s i m i l a r  t~ this a t  the oenter~llne ~sc~ion of the ring-follow~ 
gate. 

The ~ l e r  forming a par~ .of t h e  approach h8~ ~ t t t l s  or no e f f e ~  

on the vez~ioal fo~e8 aotiug on t h e . l ~ f .  The upper sumacs ~ thla 

stream has the sane t endency t o  break from t ~  upper h a l f  of  the r i n g  

as d id  the  s t ream from the  b o t t ~  of  the prev ious ly  d i s cus sed  r ~ l l e r  

~ates, aeaniag tha~ the ~essum on the ~per half of the ring ~ 

either ataospheri~ ~ less, depending on the head on the ~te and the 

discharge  conditAanSo The roller above the Mottos ~alf of the ri~ 

is rotating at a rate which is determined by the fricti~ of th~ eats~ 

pusing above the ~sller and by the resistance ~e ~ati~n of th~ ri~ 

and s i d e s  of t he  hous ing .  As the r o t a t i n g  fluAd~ due t o  c ~ r J £ u g ~  

f a r e s ,  e x ~ s  a ~ e s s a r e  i n  ~ ts  r a d i a l  ~ i r e c t l ~ n  ~ ~ ~o~inAag  

s ~ f a c e s ,  i t  causes  a domward p r e s ~ e  on the  r i n g  a~d t e n ~  ~e 

raise the lower surface of the streaa. D~ to the ~aet that *.he ~ m  

As not e n t e r ~  ~ e  res t r i c ted  opening s ~ e * ~ . i ~ v  abo~t i t ~  ~ r i -  

S o ~ , l  cente~ lin~ a ~eooud force ~s ap~lie~ to the leaf. At ~a~ 

a portion of the s ~  makes a s l i g h t  turn as it enters ~he ~ate a~ 

i t  has ~n e f f e c t  s i m i l a r  to t h a t  ~ o d . ~ e d  by d i r e c ~ i ~  a s~r~a~ 

wate~ or~,o a flat plate~ The vertlc~l co~psaent of this fore ~AII 

be a function o~ th~ velocity and vol~e of th~ ~reaa a~d of the 

angle that it makes with t~ plate. The aua~unt o~ force ~ ~  b~ I 

~e abov~-~ention~ fact,s could ~ ~asur~d onl~ by ~an~ of th~ !i 

spring scale on the ga~e st~. This gave the ~o~a~ do~! cau~ 1 

My the  c~n~tned f o r e ~ s  on a 6 - ~ h  Ka~e d i r e c t l y  i n  pounds. J 
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.,Tee.: f o l l o m d ~  t e e m s  ~,~iv+ " t ~ .  r a t i o  mP ~ p ~ l ' ! t o  + ~ ~ i o ~ , ~ o ~  

• v a r i o u s  p r e c e d e  ~ ~ a d e ®  Xn :'th~s~':cau ,.,the ~ e ~ s  +.I~ ~ & d w a e  :+~n~iaed i 

b y - ~ a n s  of a 3 ~ ~ o e l ~ x ~ e z ~ m : L n u t e ,  c e n t r i f q a l -  p ~ p +  ~ , £ v e n  ~: b¥.:a 

v a r £ a b l l ' e p e e d ~  7 5 ~ o P e e ~ r  ~ ~ o r  o 

2.4.5 feet; cadS. 5~ ~.O~.£eet (~e '+teat ~:da~a:.:~ge. 30).  i 

" This force, ati~he s ~ :  ~iat, :!Is eq~al,to..approx~a~l¥: o n ~ .  :i 
- ,quarter  ,+-of i+th~ + operat ing . :  head i n  =-pounds ,per ~qumee .:~nch,. m ~ t i p l i e d  i 

by: the projected a~ea of: the flag; In,~:l~.u.e .'A~,~bee ( ~ , ~ k ~  dAmmter)o 

How ' c l o s e  t h i s  +z~te ~ .~:~  h o l d  ,."for a o t ~  ~:ga~m + ~  t o P ,  i c e  .,can 'be + . t o ~  " : 
+ 

oalp by: r u n n ~  ~emte en s~+ gatem under  m~leld +eoa~i~l~ o i 
• ~!~ 

The a~ev~aea~ieae~ ++f~ee. ape • d~e to:~ater~pu~L~g t~e~g~ :the 

. r i n g p o r t i o n  ' ~  . ,t~o.~+le~. ~e~e ~ie a eec~z~+:eet :of forces ~ l e h . + ~ t  ~: ! 

: r o l l e r  t r a i n + .  : ~ h : f ° ~ ' + ~ P ~ : c a u ~ . + b y .  p P e s m ~ u  of~ r e l a t £ v e l p  

:Re+erriag to +he ~ .'L~'t ~ ring+fol]~r+ga~e+ i+,~ .:18, it i: 

can be:seen ~that  the wa~er Anthe +lower: h o u a ~ i M e l e w  +t~e lea~ is +.o~ ~+ 

+ of !+~he ~. ~tz~am :and :::is: ~acticall~ ~a~ic. ,::l~; le: a~e~ed + t h a t  ::t,h~ 

• ide. clea~aaeee :'M~ea :~e leaf ~aad :+ housi~+ e~e: s~iclea~, close :~ 

+ r  +and I m r  + k ~ + .  + ~ .  pre+er~ :+in . the  + + , l ~ r ; h ~  +::ie aMe~ !i 

"the.+ pressure, in :,the iAae ~er:+ aay given :sate ,- q~Lag. ::a~ c l o ~  ~A~ ~!~ 

:+1~;~Ird el" the ,:].lJ~e :~[~eee~ at>-:a I0-pe]r~en~,?~+ :then :lacreaeu +:i 

: :' • 
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c l ea r ances .  Xf~thor~ ~8p as ~hown ~nLthOsko~eh,  a r o l a t i ~ l ~ . ~  

elo~-ance be~w~an t he  l e a f  and ~the u p s t s ~ a n  houa~ag © o u p a r e d  t o  ths  

o l e a r a n e e  on t h e  d ~ ~ a  8fde~ the!~prossure :Ms i the  uppQr h o u s ~  

u ~  be  w r y  a e ~  equa~ t o  t h e ? l ~ e  l ~ o u u ~ o .  I f  the  two c l e a t - - s  

are equal ,  the  pFeosu~e above  the loaf  w i l l  6pplwuctmately equa l  the  

a~r~rage Of-,,th~ l~StPOmm-and+downst:.~lm p F e s s ~ a ,  By a a k t l ~  .the 

~61eLraace ~ on,he ~st~umaide ~nd rela~Ively)lar~ on+.~hedow~ 

~re~ ~i~e, a i ~  re,he ea~ of the lea~ ah~ en d~awi~ ~I?~2~ 

~ e  pz~a~u~ : tu~ .~  ~ p ~  houaing w i l l  be g ~ v e r ~  by the  preasmw 

i n  ~he d i~eharge  eoadui~.  In t h i s  o a ~  the  ~ e s s u ~  i n  ~he ~ upper 

h o u e ~  ~1.~ r a ~ e  . ~ : ~ s  ',tb~n a~l~nsp~er~e ~o b ~  a "few poun~ 

p P + ~ S ~  o 

The # A ~ c ~  o f ~ h ~  p~o~e,,,u'~ i n  th~ upper and l o ~ r  h c ~ s  

~aay. ~omb:~ P+o. fo r~  a ~ dowlw~rd fo~+~c~jtm~?to two.th~Pds Of 

t,o &. ~ ~  up].~.l'~, ~qu~i. ~,o..:oa~-~.~' ~h~ ~ e  + p ~ u r ~  .mul~p].ted 

by ~ha~ ~ a r ~ s .  Zn ~ h e r  case ~he po~n~ O f L ~ U n  f o ~  on+the 

leas 'ocour~+wh~n the  ga~ ~i8 n~a~ly ~l~se~ aadthe l.~ne+preuu~e Is 

practically +~ual- +o th~ full + ~ad on the ~te. ?~a~refo~e, by ~ a 

+ o~x~f~l ~eloetlon of clearances ~a ga~e nay ~be desi~d fin ~ much~*a" 

w ~  th~t~+~ho s t r iae  and. ~ c  +~forces presea~ w h l l e . . o p ~ r a t ~  ~the 

~eaf ~ l~ : . tead  ~o oppe~ .~oh  other,  thus+ of~eet~n~ a .gre&~, + ~avtnE i!~ I 

o~ ~ce=~ary boas t  ~ q u A ~ n ~ m .  

++~be sta+Ic and dTnanAc!Torces mn~ioned abo~e ac t  on a+r ing-  

follower Eat4 ,whe~h~r it i8 raised or +lowered e~ el+her +roll~ or 

sliding s ~ t a o e s .  On*+r~l.~ug a~r~a~ee ~ t|~+® fo rees  ~+~ lAr~e ~c~ 

pared ~o the  ro l lAag r e s i s t a n c e  plus  t h e  ~ e ~ ' r ~ t  ~f~th+ ~ .  

L,~ s~h a©ase ~ I  bala~olagi~.requir~ i ~  r~h@ SaV~ ~.~:~i~ 

~Ztdtn~_ e ~ o  a ~  t~ the ho i= t ,  b@tn~ ~e~sa~il~ o~:such 
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4 

(c) Altera t ione  and r e s u l t s . - - A f t e r  t e s t i n g  the  Kate with the 

r ~ l a t i v e l ¥  large elearanoe8 between the l e a f  and upetreaa mid# of 

the houein~, the l ea f  was reversed;  tha t  ls~ p~aeed 4.  the  pos i t i on  

shown on the  dr&~tl~g. The to l lowiag  data  was obtained with +.he 

leaf in ~his positloa. With g~te hslf opened, 3-Ju~b gate opealag, 

and the motor ¢on~l ee% &% No. I, No. ), and Me, 9, the stem load 

was 18 pounds, 15 p~, and 0 pounds, r s s p e c t i w t ~ .  A% %he No° 5 

x t t i n g  the  hoi~t  was ,wm~w~ and %be gate r ~ a ~ d  &t t ha t  ~ -~ch  

op~n~g.  By ~ n c r e m s ~  the hoad on tho gate m con t ro l  po~ntsp No. 7~ 

No. 9, and No. l l ~  the opeaing was inez~aeed %o ~.~/& inches, 3-1./2 

inches ,  and 9.-5/8 incheom r e spec t i ve ly ,  th~ l e a f  ~ r ~  ra loed  and 

held in  poxi t ion  by water preeem~e only .  At ~oo 9 ~ t o r  con%~lp 

42-pound ~ hoadp a d ~ a r d  force o f  appa~lju~t~]~T 70 powtd~ 

on the s t ~  w~  r ~ L r ~ i  t a  clo~e the  ~ t e .  

, The tests prow~d that %he stem load 0o~1~ be ~ont~al led b~ 

varying the c le~r '~e~  b~%~een the leaf and hous~W~ o ThereZore, a 

Nrles of att~ts ~er~ ma~ to ~ta,~o a ~e% ef clearaaces ~d~i~h 
/ 

would gi~ a fa~rIF ~l~-balanced load %hro~ho~% %he travel of %he 

gate. The disk ~c~ on the follc~r/~ pag~ wa~ Amid .in the opace 

provided in  the l~af ,  do--%ream ~ide~ and the following results we~ 
obt~dmed. 

8 

i 



i . , .  -,- 

)i, . ; 

-o  

: i ! . i d l  " 

, v  

. °  

;11 

! 1  i 

t 

! 

I 

, [ * , .  Do~ns~ re !': -~_7.~r%r_~4.. __-, ___~___ ~ 
, ~ . . - -  . . . . . . . . . .  - - - 6 ,  D i a ~ r - - -  . 

L • 

')10.'.' 
//4511 ~; 
: / ;; - ° 

, , ] ' ! 

< 

I , '~ !  i 

~@i" ' 

L~ 

~ : ~ . 4 ~  '~  . , , . 

W 

m 



~D 
~-z~cH ~ N o ~ o ~ m  ~ (~ -zmH ~ )  

~ ~ch L" Pipe D ~ = ~ e / m ~  tx',,~+Gzte +- Grand C o ~ e e  Mo,~e~,+ A~. 5, 1936 

: ~ p e r  s ~ r  : ~ : Dl=char~z tL~:: 
Gate ; Hems. = Hotm.  : ~ , r esam 'e :  L i n e  : ~ = ~~ 

Opea lags  F t , o f  = F t .  L ~ :  ~ .  o f  : F t .  o f  : B e i ~ ! s  
Percent: ~0 : ~20 ! l i=20 : 

: $ = 

I00o0 :;I.A2 ~!;= ;i.~2 
¢PA07~:,0;57 : 0.85 , 
83.3 : 1 ,70  , 2 . ~  = 
75,0 : 1o56 : 3~0 
66.7 : 1'o8~. = 4°25 = 

$ 

0.85 : 
1.A2 : 
4082 : 
6.23 : 
7;79 , 
8 . 0 7  , 

50.0 : 1~98 = 5010 = 10.91 , 
A I , ?  ~ 2°OV : 5.$? , X2o~2 : 
33,3 : 2.97 : 5,95 , 13.7& ' 
25~0 : 2 .69 : 5.67 , 15.02 = 
1607 : 3.~2 : A.96 , ' 1 6 + 2 9 ,  

803 : 6.3"/  = 5 , 2 ~  : 1 6 ; 8 6  : 
0,0 : 9 ;07 : 6.37~, 17 '71 , 

- ~ . 3 : 1 7 ~ 0 0  : 17,00 , 17,85 = 

i 

=Stem Loa~ 

q , o f  Movi== 
~ 0  : I ~ .  :See. F t . ,  . Far t=  

= : = 
0.~2 = 2 1 . 5  = 3,02 : 0 . 0  
0 , ~  : 3 3 . 0  = : ~ . ~  ~ 1 1 0 5  

= 0 , ~  : ; 2 5 . 0  = 2 ,60 : 3,5 
-=001~ : 22.0 : 2.33 : 0:,5 
"0.IA : 2~.0 = 2.02 ~ Io5 
=0.Z~ , ~ . 0  = , I ; 7 5  •, 205 
-O,Z~ : 21,5 : I,~5 = 0.0 
"0 .1~  = 1 9 , 0  = 1 , 1 8  : - 2 , 5  
=0.1~ = 2 1 . 0  = 0.92 , - 0 .5  
"0o21 ,~0,0 = 0.:6.5 , -1o5 
=0.&2 ~.2.1.0 ~ 0 .59  : ....0,5 
=0.0? ~ 2 9 . 5  , 0o18  , 8;0 
0 " ~ : ~ "0 = -- jL : 1 6 " 5  

0 . 0 0  : ;U..5 : - ~: 0 , 0  

mOtOr Cr~t r=~ h .  2 -  ~ead on Ga~  a 2 = . ' , o ,  

100.0 = 1.a~ , 1 .8~ = 1 , i 3  , 0,6/,  = 2.1..5 = 3 .56 = 0+0 
91.7 , 0,28 , 0 .71 = 1o8~ : 0 . ~  = J~.5 = 3 . 5 1  = 15,0 
83°3 = z . 5 6  = 3.1~ = 6.09 : -0o lA = 27.5 : 3,07 : 6;,0 
75 .0  : 1.A2 = 3=9~/ = 8 . 2 2  : =0,57 = ~ , 5  = 2 . 7 3  : 3 .0  
66.? = 2.27 z 5 0 ~  = 10.62 : "0 .57  t 2~.5 = 2039 : 3=0 
58,3 : 2 .55 , 6 . ~ / ,  X3.03 = =0.57 : 25.0 : 2 ,05 : 13,5 
50.0 =2. ;69 t 6.94 , 15.30 : "0 .21  ,, 23 .0  = ] . ;69 : :1 ,5  
& l . 7  : 3.26 , 7 '65  = X7.O0~,  = 0 . 1 ~  , 22.0 = 1~36 ~= 0o5 
3 3 . 3 : :  3o82 : 7 0 ~ 3 . !  XSj~K) : = 0 . ~  z ~J~*5 ! 1=02 : 3=0 
25.0 p : . 3 " ~  : ? ' ~  = ~ ' ~  : ~ ' 2 1  =' Jr" 2 j00  ; = 0 , 7 6  , +1o5 
1 6 ; ?  : /.°:LI , 6 . ~  , 21 .11  , = 0 . ~ 2  = ~ . 0  = 0 o ~ 6  : ~2.5 
8,3:8.22 = 5°~/  , 21,25 , =0;~ =36.5 , 0,19 , 1,5 

0 . 0  CL2.19 = 7 , 9 3 ,  ~ . 6 2 ~ :  0~00 = : h 4 . 0  ~, - : 16 .5  
-~e3 | 2 0 . ( ~  | 2 0 e ~ |  : r ~ ; l O  | IOeCO | ~Zl.e5 $ ' "  : OeO 

s 
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6-~NcH m m o - ~  o~ (~zmce mom~) 
6 . - Z n c h  Pipe Downs lb~*eam.fx , , em* Gate+- . Oran~ +C~ MO~I~ A~. ++SJ~ 71936 

+rMO++or ̀. O(mt.Pol No. :3 - Head qn+C~te m 23 .23 '  ~ : 
: Upper, ++, ~ t ;: = Load : ~; 

Cttte = Houmiag s 'R~u iz~= t ~ e  = D ieehmr~ ,  ~on 
O p e ~ :  ::+PPems~= : P ~ = = ~ :  "]P~aau~m= + { f ~  t 'HoLmt = Q 
P e c c e n t : F t . o f B 2 O l P P , _ . o t  }~0_ =Ft.  o.~'..m20: F t .  o f  H~O.| ~ .  :SeC.+~!%. 

I I  I 

I { 

3.]~2 , 3.12 , 1+70 = 0.85 
i . ~ . 7  , 0.5? = 0 ,85  = 2o97 : 0 ,14 
83.3 , 1.70 , 4.(~'  , 9=+35 : -0.~ 
75+;0 : 1,13 | 6+09 s 13.17 : -i~ 
66.7 : +2;83 = 8°22 z 16. /+3.~:  - 1 .06  
58.3 : 3.5~ = 8.78 , 18.~ ~ -0,99 

r 50"0  : 3 " ~  = 9 . 6 3  , .20,l+O z 
ZI;7 , ~.~ s 9 , 9 2  , 22+10 : -Ook2 
+ 3 3 . 3  : 4.53 , +9.07 ++: 22.95 , ...0,42 
25.0 , 4 ,11 = 8.0~ , 23,09 : 0.0+~ 
16.7 : A®53 = 7,0~ s 23.23 : =O,~rl 
8.3 : 8 . 9 2  I 70212 z 2 3 . 2 3  = + - 0 ~ I ~  

• 0 . 0  , 1 2 . 9 0  s 8 . 3 6  t 2 2 0 9 5  : 0+~t  
06.3 = 21.82 = 21.~2 = 23.09 : 0.00 

s ~ + 5  = ko~:) 
&O.O , +++AS 

8 3100 ~, 3 ; ~  
,2+o5 : :.3,42 
, 25,0  ~, 2+Y'W 
= 2 3 ; 0  = 2 . A 6  

• -O,~P = 23.0  : 1 . 9 9  
+: 2 2 ; 0  : 1 , 5 8  
r S 2 8 ; 0  : :1 '22 

s 2 2 , 0  = 0 . ~  
I 23,0 : O , k 9  
, ,37.0 : : 0 ;20  
= A~.O s - 
z 21.5 , - 

Mo¢or CeeRaeo~: ]I~;.. ~ - {lead o~ Oet, m+:= +60.1+p' 

1 0 0 o 0  : 5 ,52  = 5 ,+~ = 3 . 2 6  = 
0 1 . 7 1 :  ~ ; 2 5  = .5o~-J+ , 1 0 o 2 0  

+83++3 : 3.26 t 8 , 2 2  t 17.57 = 
7 5 . 0  : 2.12 s 1. l .05 = 250(; ' /  : 
66o7 : 3 . ~  , l h . 5 9  , 31+73 = 
+~,3- :  5.67 , lT,J+2 , ~ + 2 5  , 
50;0 : 6,23 , 18;0k , ~3.63 ::  
~Io7 : 7.93 = 20.~ +: AS,SV , 
33 • 31 , 

2 5 , 0  + : 

~ . / ~  I 2 A . 5  = 6;J+5 
-O .k2  , ~ 3 . 0  = 6+04 

.+-1,27 : 3T,0 : 5.+j3 
~ . 9 ~  a 29+5 : 5.00 
• =3<,@@ = 29;5 = /++~ 
- 3 . ~  +'28o0 : 3+69 
- 3 . / + 0  t 2300  , 3 , 0 3  
• - 2 . 5 5  i + 2 3 = 0  t 2 . 3 9  

9.35 + 19.83 = 51.99 , .++2=69 : .~..5 : 1+76 
8 , 0 /  ~8 1 ~ . 5 6  t 5 5 , S 2  : - 3 + ~ 2  : 2~. .0 : 1.23 

- . 1 . 9 ~  , 2 3 ; 0  : 0 , 7 6  
-0 ,~2 + ~56;0 = • 0+36 

0 . 0 0  t +72;0  z - 
0 . 0 0  = 2 1 ; 5  : - 

1 6 , 7  = 1 1 . 0 5  = 1 6 . 8 6  = 57.91+ : 
8 , 3 + :  22.6'7 z 17.99 s 58o-51 : 
0o0.+= 33J+3 = 29+94 ~ 59+78 : 

-6o3 = 58°22 , +58,22 t 6 0 ~ 9  := 

+++ 
+: 

+ i+ 

+~ ~ O t o r  C.eutroZ ~ IQ.  T 

- 1 . 9 8  s 4 3 , 0  z = 
• - k ; 2 5  t + 3 2 , 5  : - 

- + 31o0 z - 
- 5 . 6 7  ++:25,0 + - 
. ~ = 6 2  t 2 1 . 5  z - 
- .~ ;25  s 2 6 , 0  : - 

8303-:  +4.53 t 1 1 . 6 2  s 23+23  , 
? 5 , 0  : 3 , 2 6  = 15 , ' /2  s 36 .28  = 
~ ; 7  + : - , - I - : 
58+3 = -8++~2 s 22,3ei +s ~ + 5 5  : 
5 0 , 0  = 8 . 0 7  +: 2 3 . 9 4  = 61+91 : 
~1. ,7 s ~10.20 , : ~ . 1 9  = 6 7 , 1 5  : 

.~+, - 
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ahow~ a ~'a~h®r well-balaased ~e~i, ~ ~,~ ~ berg fo~ ~ 

about I0 percent gate op~r~. The reason t~r a ~ a ~  e~ loa~ 

is that at this point the downstream cl~a~a~.e~ h~ b~n ~ m ~  ~ 

as ~,o equal  abou~ Che s~ or l e~e  th~n ~h~ up~a~ ol~r~A~. 

Next,, a ~e s t  wa~, ~ to  de~enain~ ¢ ~ ~f~ee~ of ~ a ~ r  ~ i ~  

through ~he risg ~ot£en a~ the l~af i~ ~Ai~ ~ l ~ o ~ d °  ~y 

~l' a ble~der line f~¢~ t~ p~p ¢o %h~ upping" h ~ u ~ g ~  ~ae p~s~v~s 

An the ~pper and ] ~ r  hous ings  c , ~ l d  be ~ 1 ~ .  Tho ~ ~  

fo~'c~, Chat, oaA~4  b.~ ~e ~ . t a r  p a ~ i ~  ~h~ou~h ~ e  lea~, 

~ a ~ , ~ d  41~eo~ly by ~ a z ~  of  a s p r i n g  ~oa le  a~t~mhe4 to  t h e  s i v a .  

~ ~o~¢md.~  reaul~s w~re ohC~im~4: 

Motor Cont~@l ~o. I - ~ c~ ~ s 20.67' H~ 

@~¢~ : Houain~ ~ L A n ~  :liais~;:i~~, 

I00°0 i 0.28 T s 
91.7 2 B a l a ~ ¢ d  : 

75.0 , * : 
65°7 : ~ : 
56.3 , " s 

33.3 : ~ 
25 °O : . o 
16.7 , * , 
8o3 : 1°70 T , 
0°0 : 3.40 T 8 

-6°3 : - , 

5°67 : ~ ,  

13.d~O ~ 3% 2 
15o00 : 38 
16,28 : 135 
17,AI : ~ 8  
lS°?O : ~3: 
20.10 j ~ : 
20.6/ : 22 : 

6 : 
9 

19 8 

m 
@ s 
~. s ] ~ e d  on 10 o q . i n ,  az,oa 
0 ! a . ~ a n ,s 

0 Z 



A~% 3,3~ 1936.  
~ e ~  ~ 1  ~ ®  2 ~, ~ a d  ~ 0 ~  m 2 ~  ~ ~20 

: T o p  & ~ , t ~ @ ~  s : .... s 

Percent : F~. of H20 =~, .  of ~20 + Lb. , '~J~. 

i00°0 : 0.I~ T~p ~ 1+13 : 22 t • @ t 

83.3 : " , 6.52  ' 3& : +I+2 
75.0 , ~ ~ 8092 , 35 : 13 
66.7 , " , 11.61 : 38 = 16 I 
5803 : " = 3,4.02 : 39 : 17 = 
50+0 , " t 16o~ : &O : I@ 
, ~ l . 7  , " , 18.28 s 39 , 17 = 
3303 : " ! 19.70 : A5 : 2;) 8 
2 5 . 0  , " s ~.1..&O : 38 : +16 = 
16.7 : " ' 22,,67 : 33 ' ii ! 
8.3 : 2 . 2 7  T ~ 23.&0 : 39 : 7 s ~ d  o n  i0 sq.+la. +a:~a 
0.0 : 3.&D ? , 23.&0 : 38 : 1 : " " " 

- 6 . 3  : = ~ 23./+0 : 22 : - s 

MoOr Coz~ol ~ .  3 - ~ o n  ~ t e  = ~  

I00.0 : 

'91.7 : 
2 3 , 3  : 
75.0 : 
6 6 . 7  : 
58.3 : 
50.0 : 
~I.7 : 
~33.3 : 
25,0 : 
16.7 : 
8.3 : 
0.0 : 

-6.3 : 

0.28 T z 2.13 : 22 : 

= : 9.28 : 41 : 
" s 1 2 . 6 7  : /+3 : 
" : 16o0+,  : 42 : 
" s 19o00 : A@ : 
" + 21.25  : ~1.5= 
" s ~..&2 +: 43 
" + 23.@0 : &8  

" , ~ - 5 3  : 37 
" , ~ . 5 3  : 31 

1.77 T m PA.3@ : 3& 
3.W T : ~.08 : 37 

+- : m%.3@ : 22 

0 3 

s 
19 = 

20 
s 

3.9.,5 s 

: 2 6  s 

: 1 5  : 
: 9 s 
= 5 s ~ d  on i0 eq.~.~.az~a 

= o+ 8 

+ .  ,, + 
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Mortar Control Me. 5 - Head on Gate = ~1.95' H20 

~a%e s HOV~JA,~ s ~ :~ola% :Dyna~:t 
O p e r ~  : Pr~msur~ sPremm~z'e : Loa~ Foro~ g 
Percen~ :F%. of ~ I [~ .  of H20s Lb.s Lb. I 

I00.0 = 
91o7 , 

8%3 
75.0 : 
66,7 

8 

0.21T s ~.kO 
Bal~i ~ lO.&2 

" e ~5o93 

50=0 : " , ~A.Yl 
Al.7 , " ~ ++9.75 
35.3 : " = 5+.~ 
25.0 = " t 56.90 
16.7 : " s 59,50 
803 , 6.66 , 61.20 
0.0 z 9 . 0 6  s 6 1 . 9 5  

-6.3 : - ~ 6 1 . 9 5  

S ! $ 

: 2 ~ :  0 s 
, ~7: 25 , 
: ~3, 21 = 
= 65 = /+3 = 

7 8 ,  56 a 
, 78 : 56 

, 7 3 ,  51 

, 6+ , 15 ~a~ on 10 act. in. ar~a 
, 6 6 :  5 . . . . .  " " " 
: ~2, s - s 

~ s  d i scwss lon  of  ( . ~ s ~ c  f o r c e s  on p ~ r ~ :  g~t~s .for curves~ 

page 19. 

5° 9 ~ 1 t . ~ e ~ 4 7 ~  xAt~. 
Ca) D e s c r i p t i o n  =f  ge, t~  and model°--The ~¥1 i~er -~o l lower  8a%e~ 

drawing No. 222-D-175~ d~i ,ves i t s  name f ~  %he movz~la c ~ 1 1 ~ o  

~ i a  c¥1i~der  may bo pla~®d on e i t h e r  t~e u p ~ r e a ~  ~ d ~ . ~ a ~  

a ide  of ~he l~a£ .  Z~ lm m~red- into  p o s i t i o n  by =manB o~ ~ = '  j~g'e=,- 

=~.'e. In t h i =  p e ~ i e u l a ~  ga t e ,  e t t h  %h~ I~ ~a a r ~ s ~  p~=i~!on~ 

t~e c~ l ind~r  ~ ~ m o ~ t  ~pst~eam, z~ki~g  a e o a ~ o u =  mater p a u a ~  

%hrou~h t;he hot~Im~ ,~M~ e y l i a d e r ,  ~hen moved ~ %hi~ pOSl%iOn~ 

al~o ~al~ the w&%e~ ~r~ ~h~ ho~a~ allow~ ine~ect iom and maln%~- 

~e of %h~ ~ats  +,m"i, th, ot~:, %h~owlng the ]L3n~ ~t, ~f ~ v i c e .  Tae a~.,+, 

~a~la~ pho~o~raph l l I ~ r a t ~ e  ~ha% fat%. ~ o.v'lin~eP.-follower 

ga%®, 6 - ~ c h  aodel~ In llne with  a z ' i i ~ 4 o l l o , ~ r  ga%e and n~v~le v~iv~, 

has a lln+ p r ~ s ~  of I0 ~und~ per  ~ u a r ~  laek. By ~In~ %1~ c~l~ 

i n d e r  u p s t r e ~  %he l e a f  ~ be ~ m o w ~  from %h~ h e ~ l n g  wi thout  

\:i 
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interrupting the flow of water. The needle valwe was throttled doom 

u n t i l  a pre~s~s  of 35 pounds per equate inch was'recorded without 

leakage into the h o u s i ~  

F l&~xe 11 

~e seating surface of ~he leaf is set at ~a sllght taper, i/A 

inch to 12 inches, the matching seat on the hous~ being set at 

the same taper. By tapering the seats in this fashion and by ca~r~- 

ir~ the water load of the leaf on roller chains, the seats do not 

ccme into contact except when the gate is ccmpletely closed. Sealing 



:+ 
+ 

+I 

in  ,the model was a~eosapLi~md by : ~ a f + t o ~ ~ / ~  e c ~ o t +  ~'i~tla~ 

t o  a e l i d e  g a t e .  The p r o ~ t y p e  ~ S A  have a e p r i s ~ .  +or r u b ~ r - l o a d e ~  

PAng ~ e a l .  

(b) Oisc.asioa ©f +~V~m~ulJ.c t m ' c ~ e . - - ' ~  f o r ~ e  c~ ~thi~ l ~ a f  

d, tu'ing closing or +-opening ~p~rat, ions wer~ q~'l.t~ '~11 ~ o e d . ,  ~An 

" i u p l i f t  was cauee~ .by  %1~ u ~  ~ a s l o p i ~  b o t t ~ . O a  t h e  l ~ a f  and ++be- 

c a u s e  c£ .a square-8a'~m, + @ r a t i n e  An a round  condui '~ .  Tni~ up3JXt ~ 

balanced by a p m ~ s u ~  ~ ~he u p p e r  h e , s l a g ,  ~tMA~ p r e s s u r e  b e i n g  con- 

t r o l l e d  by clea~ane~ i~en ~he "l~a~ and th~  h ~ u ~ ,  a~ in the 

case of ~he rinE-~llcm ~ ga%e. The d~ms%~e~ ~lea~ in thi~ 

case is. iahere~ "~oam~ ef the ~le~ of t~e ~t~ ,ma~ the up- 

atre~ clearance ~ae c o ~ ' ~ l l i n ~  fa~to~. A~ ~he ~a~e is .clo~, 

%be p~ssu~e ia~e h~usi~, that i~, above aad+Melew the leaf~ i~ 

e q u a l  t o  t h e  head  o n ~ h e  g a t e .  Due to  ~he ~ L ~ f e ~ e s  .+of t~he e f f e c -  

t i v e  ar~as of the ~ep and bott~ of t~e ,ga~e ~he~ is a ~owapull 

equal to ~ha~ ~iffer~nee of a~ea~ in .sgum~ i~e~ n~ltiplied by 

the wa~er pressure i n  p o ~ d ~  .mop ~ t m ~  inch. If ~%he elearaac~e 

~t~en the leaf a~d h o u a i n g  are ~operly pz'~,~r'Cto:s'sd, the d o ~ -  

pull at closure is ~he ~ ~  h~dra~lic for~ to be considered in 

~he desiEn c¢ a hoist for ~ . s  +~.ype o f  leaf. 

(c) Test da@a'~--Te~t data f P o ~  b-.Anch .oyl.~d~r.,,. foLlower g,~'~ 

i~ ~hown i n  the f o l l c m i ~  table. 

: t ~ 

b-X~H C ~ R  ~LLOW~ ( L ~  

,.Jurm 12, 1 9 ~ .  

s .P:noesw,~m s ~ m + e +  + ~+~d:,'bm.of + TL, oad, 
~ t ~  Op®mt~  s a t  Pump , +P~eaUL~ ~ ++~tm~Lng ~ +ore 
_~:+Z_~he+.. _s !b.+_+ +_~. ++. l + , / + m + ~ .  .: ~ ~ ~ +  Smm ~ Ib+: 

+| ~t + : 

6 : 5,,0 + 2,,0 : 2+0 : 15,0 
A.1/2 s 5.0 , 2.0 : 2.0 s 15.0 
.> -3 /4  : - , - , 2 .0  : 23.0 
3 ...' 5,O +: 1.5 : - ~+: 27+5 
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• ( e e l , e , > )  

. l l  

, , ,  l t p p a r  " - -  - 

" Qate 0 9 e n i a g  : ~At I ~  , l ~ , e H i i ~ t  i ~ l t ~ . e t t l  : eil 
in laclle. : b . : ib . i a .  , " in. , ~In.lb. 

11 • 11 

2-i/4 , 6.3 : 1°5 
1-1/2 , 6.5 : 2.0 
O-.3/h : li,O : 3.5 
0 : 8.0 : 8.0 
0 - I / 8  : 12~3 : 9o0 

, 3 .0  ~ 28.0 
: ~ .0  : :17.5 
t 6 . ?  , 28 .0  
: ? . 0  : 35 .5  
: , 8 , 0  : 3111,O 

L 

6 ": 9 .0  
I+.i/2 : 9 .0  
3"3/h ,: - 
3 : 10,0 

.,~-1/~ : 1o.5 
1- :~2 , l o . 5  

:0 ~ ~ 0  
-o-i/8 , 1T.O 

: h.O , 6 ~ 0  

: 3 , 5  , / ~ 0  
, 3,0 , ~o3 
: ~o0 , 5.5 

: 5,5 : % 0  
: 12..0 , 1,%0 
I 12 .5  i Z~,,O 

6 : l l i ~  , i l .O , 6 .~  
A - i / 2  : ] : I . 5  , ~ .0  i ~I.0 

3 , I % 5  , 9.5 , I I ~  
2-11/+ :.: 21o5 , 7,0  : '%0 
1-1/2 : t , 5  : I 0 , 0  : ~ I . 0  
O..31h" , . . ~ . 0  , 1~oo , I~ 

.... 0 : ;M~.O : ~ . , 0  : ;;12,g 
~:- -4~-1/8 : ~.'11,.3 , 2610 , :~®O 

, I ~ 0  
1 2 . 0  

: 2 5 . 0  ° 
i 3 3 . 0  
: 3 7 , 0  
: 35 ,0  
~, 3%0  
: 52 .0  
: 6~.5 

: 15,0  
: 26,0  

' ~ . 5  

: 50,0 

: ~0~0 
: 96~0 ' 

• l i  I~ 

~ o r  S s t t i n a  go. "? 

6 
~ 2  ., 26.0  
~ / 4  ~ : - 

3 
2-1/.4 ~: ~ . 5  
I-1/2, " : 

0 : ~.5 
. ~ - 1 / 8  , ~?.5 

, 26.0 : i~.5 , ,12.0 
, 3.1,,0 , 11,5  
1I . -  | , D  

: ~ ' . 0  ~; 11.0 : 15o0 
: L l . 5  : .iS.Ill 

32®0 , 1A.O : 16 ,5  
: 18o0 ~: 22°0 
: 29 .0  : 3I!o0 
, 3AoO : 35®0 

: 15,,0 
28,0 

, 65o0 
, 73 .0  
: ~6ft°O 
: ?3 .5  

~: 95.0 
: 116.0 

Y 

i ~ i 



% 

+1 

.~te Ol~ning , at P~,p : Pressure : .~m~ ~ 
in Inches : l b , / s q ,  i n ~  , ibo/mq.in. 

- .~_k~.~,s~ ~ Z b . _  - ~: 
t : : s ~i 

: I 5 . 0  
: 29.0 
, 5 ~ . 0  

: a A . 5  

: 80.0 

, 130 .0  

6 ~ ~2.0 ~ 15,0  : ~d~o5 
;+'1/2 , 32.0 , I;+.0 : 15o0 

3 : 33.5 : 11 ,0  : ; 1 5 . 0  
2-1/h , 36.0 , ~,0 , 15,0 
1"1)/2 , 37.5 : 17.0 : ~0.0 
o=3/;+ : 3 9 . 5  , 220 5 : 2~.'5 
0 -~ hO.O : 32.5 : 3300 

-0-1/8 :: ~ . . 0  : ;+0.0 : ~O;O 

: 15,0 

: 6,200 
~3.0 

, 8605 

: 1 2 7 . 0  
: i~6.0 

,~ : ~ , 0  : i~o0 : I?.0 
;+-1/2 : . ~ . 0  , 16,0 , 3.7,,0 
3-3/A , - , _ : . 

3 , 39.0 :, 12.0 , 16o0 
2-I/;+ : AO.5 ..: 16.0 : 17.0 
i - I / 2  , ~,2.0 , 2 0 . 0  .: ~2.0 
0-3/;+ : ~A.O : ;~5.0 : ~ . 0  
O , ~ , . 0  ~ 3~.0 : ~A.O 

- 0 - 1 / 8  : / ~ . 0  : ~ . 0  , ~,S.O 

6. Genera~ ~ .  Hois t  r ~ q u i n m s n t s  +~o epurat~ an~ t~pe 

of  a r e g u l a t i n g  as~t Price, i on  p lus  cr ainu~ t h e  weight of the  aov-  

ing  parts+ minus the  e f f e e ¢  of  buoyaney,  p lus  +~hs ~ a t i c  or d~namio 

~at~r.pr~eaure..a~ting on h~he leaf. The ma~.pemeiMle ef~aet 

of  p ~ u u r o s  a c t i n g  e r i e , t r a c t o r  8a~e Qn t ~ e f a ~  ,:~' a damp h~v-  

ing .skin pla~e on~he ~wne~aa side, is the sum ~.tMe water 

pressureAhead au ~he~bot~ ~a in pounds ~per s q ~ v e  i n c h : a n d  thG 

14-pound per ~ inch atmospheric  pressure  mul~Aplied .by the area 

of the bott~ of~the ga~e .in ~ua~e An~hes. ~Zf ~he skin pl&te ,i~ 

on the upst~e~ face .~.e~ ~tke gate, the wa~er pre~m~ is aeuured @n 



~he t op  of the ga t e ,  Tai~ h~lds f o r  : e i t he r  ~ r p d : o r , f r e e  wa~er 

surf~xe t ~ a  of gat~eo. Thie preasuro et.~eo~, "meTbe p ~ r t ~ , ~ y  o r  

e~!et®ly elAPSed by proof ohaplng or v~u~h~g of ~he bo~ of 

~he gat~ and approach. Y~ ~he gat~/is to be ua~d In a press~r~ llne, 

the  pressure  above the  ga~e .my  b e  c o n t r o l l e d b y  careful seleotion 

of clearances between Kho loaf and housing, both ~ the upstream and 

d~mstre~ sid~. ~ ri~g-follo~r ~ate i~:a opeelal cue of th® 

grac to r  ga~e in a presauaw llne and it has four :~=ee ~whiah s~ be 

anted upon by wa~r pre~su~e~ ~, giving a po~elble d~mpull of two- 

~hirds  of  ~h~ ~ e s e ~ e  h ~  i n  p o u n ~  p~r ~squa,~ i a e h : a u l ~ t p l i e d  by 

~he projected ar~a e~ ~ho "~mp of ~he leaf in ~a~e inches, or an ~p- 

i l i f ~  of one -ha l f  of  ~h~ : p ~ s s u r e  h~.~d ~in pounds ~ r  square  inch  ~ l ~ t -  

p l i e d  by t h e  e a ~  ~ea .~  ~ proper  s e l ec~ ion  of ~ ¢ l e a r a n ~  these  

~o~ce~ ~ay b~ M a S ~ e d  ~o as to .produc$ but a slAgh~ effec~ ~ hols~ 

~quirea~n~. 

Another f~a~e ~o be  considered in the ~eA~a of  ~wo ~ s  

in a liae~ c~e ac~ing as an operating gat~ ~ ~,~he ~g~er as an ~ergenc~ 

ga~e~ is t h e  .~Istam~e between ga~e8. ~8 d i ~  ' ~  !b~ ~ a t  

enough .to allow a "~u!A© jmpu to f~a he, wen ga~es wi~h ~p- 

sta~a~ gate at a thr~t~ p~ei~ion, or the d ~ ~  Kate, which 

Light be a need le  v a l v e ,  must be designed ,~o wi~aar~l th~  foroe  of 
! 

~he "~tf center" ~e~. 
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Denver, ~elo~aao, March 9, 1938. 

"L~. ~oonan~ 

~ub~ct~ P1eld ~e~e'en d~wnpuD, on 16;5-foot;b1~,5-~oot_Korr:l~ 
t r a c t o r  ga~e b ~  lowered under e ~ r ~ ¥  conditions, and 

a c.mapa~$een of ealculatod loads f o r t h s  ,,am c~ition~. 

M ~ r a ~ , ~  ~k~ OhAef DeaA~tng ~ w s  Model ~..~Lee 
of the MechanAee and Hyd~aullcs of Larse Control GAtes-,~un~ 17~ 
1937o 

Test Da~. 

~ o f  m n i n s  ~ m i n  a i r  ( e s t - - ) .  o . . . ' ~ , O 0 0 1 b .  

Uae 2 1 0 , C ( X ) ~ - , ~ t  in  , a ~ r .  

F r ~  o ~ r ~ e  b .  l and 2z 

~hAr~en ui~tta r ep ro~en t  p o ~ r  ~ ~  l ~ t ~ n S  t ~  S~be 
undor balanced O O U L t . ~ U .  

under balanced o ~ ~ .  

~ a f ~ s  
p 

~0#~0~ ,~ £ r i c t i o n  ~ 13 uni te  

F r ~ i ~ a  

35~- 11 

lwa~ 

- 2 2  e n i ~  

- 11 unAt~ 

" 8,750 lb. 

- 96,25o l b ,  - f r ~ t ~ .  



For a l l  e ~ e ~ a ~ o ~  t h e  f r i c t i o n  i~  : a ~ o d  t o  be pPopoP- 

t i o n a l  to  the  l o a d .  Zn ~ t e  ~ u ~ A o a  2 ~ ~ r f ~ ~  ~ 1 ~  or 

o.++58+ ot t h e  l e a d .  

P r ~  eu~e-~ib .  ]9 +power develop~d~ ~ e ~ t  .~a~ee blooked open 

duping Icwerlag ~ gate (Qwergency oon~i~le~). 

Y o u r t ~ a '  matin - lo~d. ~ h o i s t  before  ~a~ r~aehe~ ~he open.,. 

lag. ~aer~fo~, ~he Inereased l~a~ o ~  the ea~e~+~r " d e ~ p u l l . ,  a t  a~F 

~altion Is equal tO# ( r ~ l i n +  An uaite at ~a~ pee£tloa minu~ 1A) z 

]..458 x S,7~O. 

See curves f o r  l~a~e a~ va~io~e~gat~ ~enin~. 

Ga~ openA~--m ia ~ e e ~  a r e  ma~e~ oa e ~  t lo .  3.  I t  

be noted t h a t  the euFve o r ~ s ~ s  the  l l + - ~ i t  ~ &% o~e f o o t  ~ ~  

or one foe~ f r m  ~t~ ~ a ~  +~mit. .Oa the " d ~ m ~ . - S & ~ e  oi~sAa~ c u r s  

t h i s  p o s i t i o n  i s  o~JP~t~Ped.zero g~tm o p e ~ ,  ~iP~xie c~e f o o t  ~hou l~  

i n d i c a t e  ~he d i e t a n ~  fPem t h e  s~+~l t o  +th, e t~p .  Ae tua l l~  t ~  , i l l ~  

elgh~ Inches a~ ~ stop. ' ~ : J , e - d l f ~ e ~ e  ~dL~e~lb~y~l~ S ~  

~tfferenee in the+p~si~ea of t~ ~ i a u a  " ~ ,  ie probably  due ~r~ 

~he e tPe tch  A a ~ t M e , o ~ ,  

Q i v e . :  

Water el~va~laa.. ..... • - • • ,+ • . .I~I.74 ft. 

O~e e ~  e1~a~ie, . . . . . . .  • - • • • • 852.78 ft. 

Sill eleva~m ... . . . . . . .  • • . o • 853.~5 ft. 

N o ~  t~kil-water elevatlen..... ~ ,.. ~33 f~. 

Load en ~Aa, , 55~300kil~at~e. ( l~'~l~) 

~mae 85 pe~mm~ ~ftie£eney. 

Q B ~ . . ~ . . .  4 . ~  o.f,°ao 
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of 1.0 - 

Area of wicket gate baeed on coef~ioi~& ~i=charge 

Tnls gabe a~a+and a coefficient of dieeharA~ of 0;90 

~hrough the tracto~ ~ t ~  oponi~g were used :in calcul&tlng the pr~s- 

eure drop through the t~aetor ga~o 

"Downpull" is defined as ~he difference An holet loed Me),- 

~en operating th~ gate under balanced con~L~ and under emergency 

or f ree ~Lscharge eon~i~ien~. T h ~ s d i f f e r ~ . ~ e  eau~ed by a - ~ u c -  

&ion-of water p r e s ~  ~ t n g  u~ard on t h e ' : ~ t ~  of ~ e  gabe leaf. 

Ass~ the be~ l-.bea~ of  the ~a~e i~ perfo~&te~ a~ 

shown, ~hen the full e~&tlc head will be ~rted a~ (i). Lot (~) he 

any eectlon below ~he gate leafo 

Then ~riting ~no~'s theorem f~ei~Aeas (i) to:(2) 

~ e r e  

2 e (1)"" h~(2) *V~: (2) *F  
2g  

(2) 

t 
<:  

q 

H (1) " the u n i t  pres~uro: :ac t ing downwwd~ An f e e t  o f  w ~ e r .  

h (2) B the u n i t  p r e e m u ~ : ~ t ~ g  u p z ~ t  s ~n" fee t~o f  ~ t e r .  

V (2) u the v@looi t¥  ~ o f  the  wa&er fXowiag u m ~  &he ga te  i n  

feet  per  8oco~.  

F (2) " the £~ictAon fasces, In feet of water. 

F r i c t i o n  l e a s e s  are  being l~nored i n t h i s  c e m p u t a t ~ n ,  t h e x w f o ~ t  

or the: differenee in ~tlt pressurem is then eq~ i~t.O the veloelty 

head of the water psseAng below the ~ate. Then the e~tlon of t~ 

~~-~ velocity heads belew the gate leaf is equal to~the "4ownp~Ll.l." ~on :.tJ:m 
"-" - ~a&e. 
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:. DXII~NSIONS OF I#0RRI~ TRAG~OR~GATE !~I 
I 

I 
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I 
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i 

I 

! Bounde ry: Ll.n~!,  

t=; 

I 

1 

I 

I . 

] 

i 

i ¸ 

t 

,I 
I 

i 

r :  ! 
t !  

w: (%;i "1~,i i 
t H 

/I 

I 

I 

I 

I 

i / f ' - ' -  "-" <'" " ~ - - ' / r  . . . .  / " ' ' ~ " - ' " - " - m .  # / . I . . . . . .  , .: / "/':'","~ 

~Sio; 

R "'ge te :opeutn~ . in , inches  
~1 ,.10 1/2. inc~®e 

K - -8::inches 
Slop!fo~ Case.<i " (m)" 0A~02532. 
Slopo. for Case II " (~) = 0.~61904 
n - 45o,Slgpi.~ 1,00 

I co~,~rolll,~ ee ~ion) 't/' • 

t '+ 
I 

>,1~t / ~ ' " 

J, t l  . / 

! 

r / l  

: i .  

' !  
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O a l c u l ~ t i o ~ ,  O~e ..I:Z,'+ b&~d :,on: bo~,~Py:Z:L~ ((.T.Z) 
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~PI=~ . . . . .  

L a ++a.mo + a 

• ~x~mpl~: i:~]a~t:R-- ~ +inches= 

T i ,  576 x':o,o~8~? =;:16,&3 i.~¢hes. 

Downpull - P,x:O.h33 x:T= ~x,W. 
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v a r i a b l e ,  e s p e c i a l l y  ~:Met~.e -~:and,: a f C e r : t h e  ~peaaCeeM i ~ : ~ i l l e d .  ~ ~:(3) 

Regain of v e l o c t t y i h e ~  was ,neg lec ted~  t h i a ~ a i p ~ b ~ b l y  ~ e : ~ e a t e s ~  

s o ~ c e  ' o f  error .  ~ (~) : AIl'~calcUla~ion~ are :.baNd on ,a ,StaMAliNd i~ficw 

• f o r  .each p o s i t i o n ,  but 'in, a e t u a l  ~::condi~ions :the e ~ e c t  ,:of ~ h e  ;gate ~be- 

':lng c o n t i n u a l l y  . l o ~ r e d  ~ mak~ ,scsae,dlffe~e In~the::~~l. 

..... :, "'• .. Y~n spit~ "l ~ , {~ a b o v e , l i s t e d  ipouAble  ~ se~es: ~ .error., 

~easisteatly wlthln"15 ::~e~eat of the :actual ~'de~Y", = 

o f  :the c u r ~  ~ u n t i l  a b ~ d  c c n d i t i e n  ~ p ~ e d .  

A ~ ~ preasu .~  : ~ a d i n g ~  taken  d ~ m ~ t ~ a  f r ~ m t h e  g a ~  

would ~ vorTi h e l ~  ::tn e ~ c u l a ~ i n g  ~he : r e s i n  : e l  ~veloci~y ~he~d : in  

the p~nsto~k.  :" 
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