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Model test for the proposed ~hi~h-he~d,radi~1 gates .~or, Davis 
Dam, Davis Dam project. 

I. ~snertl. The Davis Dam is located o~the ~;0olorado!~River~a~- ./! 

proxlm~ly 67 miles downstream from Boulder end about 29 relies / ~ 

west of gin~mRn, Ar isona.  The ,d~m powerhouse v~ll oontaln four  o r  

five ge~wrat~s to a~rat the Boulder Dam output. :The 'dlsoharge 

r~gulation will be provided:by two outlets and by:an overflow spill- 

v~y constructed-near the ~powerhoUseo 3 outlets 

vrl l l  have a reotangul~r  :bellmouth entr~ _ .  . . . . . .  t , r a d i a l  . 

gates inst~lled in them. These ga~es wi11 're'late sluice ~water whio~ 

w i l l  d i s c h a r g e  onto an oo~ee :apron :having a ~ 5 - f o o t  aok~t. 

In the ~st, rad4al-type gates havo been :used for :~surfaoe-v~ter . 

:ii, i 
r e ~ l a t i o n  only; in  t h i s  inst~llati~ f ~ y  ,are t o  ; o N . r e  ,under ll~ :~%, 

feet of he~d. This e~used considerable uncertainty ~d apprehensiaa ..,: .i~ :~i:~: A 
J ?: as  t o  t h e b e h a v i o r  o f  t ~ i s  ~sype .o£ ~ t e  ~umter..a :.high h e a d ,  e s I ~ o ~ l ~ v  -- ~::., 

at  ~ a l  : . , o p e n i n ~ s . : -  I t  , w ~ s  t ~ e ~ e f o r ~  des ired-~o  ,determine the  o h a ~ -  " : . ' . : :  

aeterisNoe ,of ~t~>e gate from, an.h~Lr&ulio. : m o d e l . . : ' . : ; / ,  

2, Deserl .rich o~ . ~ e  model. To ,obtain ~ e  !best possible ire- ~ 

sulte~ the model was o~n~trueted to ~s ledge a scale as possible. Th~ ,-~ 

~ ~im~Ing facilities i n  ~he labaratory  Permitted a lmS0 s c a l e  r~tie. ~: 



The model of the  g a ~  was o sml t ruc t ed  , e n t i r e l y / o  f s h e e t  m e ~ l  .~d  as • . 

near a facsimile of t he  prototype as possible. ~estruetn~al mere- ~'~ " 

betas, diaphragms, and s~in plates ~ere ~mmde ~to scale, this result~a~g ~ ~ ~1 

in a mechanical model of the prototype with the.~ss ratio closely re- 

lated to ~he prot~e, Mos.t of the rubber se~-s..~ere" ~ ~ > eliminated .in . . . .  1 ~" 

the  model beoause t h e  f r i c t i o n a l  f o r c e s  due t o  ~the sea l s  ~ou ld  have 

been d i s p r o p o r t i o n a t e  in  ~he model, I n t h e  t e s t i n g  for  v i b ~ t i o ~ s  ~ r ' ~  . . . .  

" , ; - [ (  ~ i  the g a t e ,  all ~e s e a l s  R ~  z~moved a n d a  clearance of c~s-slxteen~ 

of an inch alsng the sid~s of the skin 'plate ",was made t o  gate 

completely from restraint by the outlet st~U~eo 

out le t  oo==-  ed o f  , eet ( f i b r e  

one side of ~ich was faoed with pyr1~in so ~at ~he aotiml of the 

water pass ing  the g~te ~ould be .observed~ ~he p a t h  of/imome~ent .e~ ~ - 

the gate and the d ~ t a l l s  of  the pro to type  i n s t a l l a t i o n  are  s h o ~  in. . .  

figure 2. " 

3. S o o ~  of the  t e s t a .  The s t u d i e s o f  the  model of  t he  r a d i a ~  ~, " 

" , L  

gate  ~ere  m~de to determ_ine the  behaTior  of ~he ~a~e under h igh  heads~ 

wi th  p a r t i a l  ~ate openings,  the  presenoe of  any v i b r a t i o n  in  ~the g a t e  

du~ing o p e r a t i o n ,  end the coefficient o f  ~LaeharEe of the ~te. 

4. Test procedure_ The radie.l-~te model w~s tested under hish 

heads, variable disohar~ee through the strue~tre, and at Partial g~te ~~ 

openings. The model ia~icated satisfactory oper~ion of the 8ate at 

all openings and heads. The flow up~ leaving the lower lip of the -~ 

gate cleared the remainder of the ~ete and followed ~le parabolic !~ 
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floor throu~h to the downstream portal as shown in figure ,3. The sha~e 

of the vems-contraeta w~s @~araoteristie of the f l o e  under .ga~es 'of 

similar desi~n vhere the gate has been used for re~lation of surfaee 

flow. 

The next step in the test procedure was to in~est!~ate the possi- 

bilities of vibrations of the gate during operation. The control rod 

used to raise and l~ver ~e gate ,m~ replased by a very fine wire v~nioh 

allo~ed the ,.ate to move in shy direction. Two Ames dials were at- 

e, ached at the sides of the top lip of th, 

vibrations other than ~hose ~from the gate would :not be r e o o l ~ l ~ d .  The 

dials did not show any vibra5ion. It ~as noticed ~hat afar each 

che.n~e An head, the corresponding change .in discharge .caused ~a .d@,~- 

ward movement of the ~e.te. This moti~ was ~due'%o the increase in the 

downward force of friction between the water and the eki n plate ~%~e 

gate. The motion stopped ~enthe flow became steaD° 

To study ~he possibility of the existence of vibratlons more 

thorouDh!y, the ~ate end cutlet •structure were moved to a diffemDnt 

local.on so th-t a hi~bsr head and a m~e ~solid' mounting for ~the ~a~e 

structure could be obtained. The gate ~d~as!attaohed to an indue- 

%4on-type pressure cell ~dap%ed ~o the measuring of ~vibratlons. This 

@ell records movements as small aJ one-millionth of on inch on an 

oscillograph, The ossiilo~raph records of the vibrations of the gate 

are ~own in fi~r6 4. 

The first record, figure 4A, shows the vibrations due %0 a light 

tapping ms the ~te with no wa~er flmwing and in4ule~tes %he natural 

S 



frequency of the apparatus in the vertleal plane. The other records, 

figures 4B. C, and D, show the vibration record with flew under the 

gate and do not indicate any movement in the vertical dlrectlc~. The 

small wave in figures 4C and D is .due to a lateral movement of the 

gate of the same frequency as the natural lateral ,frequency shov~ in 

figure 4E. This movement ~ae about 0°000004 to O.O00005/inoh and 

probably vms due to the gate being 
free. to move laterally wheri.the 

entire structure vibrated. Figure 4B shows the gate movement in a 

vertical direction with the gate out of the. line 

The lateral movement of the Gate was obtalne, 

nor. ~he vibration record is shc~non figures 4 The 

[ 

records show a periodic lateral movement of the inve6tl- 

o~ation revealed that this movement was tr-usmltted to the gate from ~he 

.j, 

draulic forces acting on the gate, This was evidentfrcm..~he oscillo- . 

grams, ~hich sho~ the lateral movement of the~ gate increasing, in ampli- 

tude With an increase in gate opening and flow, until the maximum 

amplitude of lateral movement was obtained with,the ,gate~ out of llne 

of the flow and no hydraulic forces aotin~ on it. figure 4~", /::: 

Tests w~re made to determine the coefficient of clischar~e of~he 

~ateo The curve, figure 5, shews that a% large gate openings ~ the .so-i 

efficient approaches i. and aw-the low openings drops-%o about 0.665. ~ ~ 

6. Conclusions_ From the tests perf~d onthe model of t/~e 

radial-type gate under the high-head conditions the following oonclu=, ~ 

sions were made, 

4 



Durinc operations of the radial-type ~te under high heads the wa- 

ter springs free at the l~.ler lip aud clears the remain~ug part of 

the gate as sho~ in figure S. 

The g~te will close by forces of gravity alcme 

tae use of a cable fc~ hoisting if desired, 

No critical vibrations were ~esent in either the r 

vertical planes on hhe model, figure ~. 
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