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designs. Besides‘aciingl_.g“

due to the nresence of negatlve pres;ureiii Uthe bell ntrance




o FIGURE 1

LR UNITER S TATESY ) T vl
DEPARTMENT  GF THE INTERIOR:..
-8 UREAV, OF RECLAMATION &7 !

C'DLU'MBIA“HBAQJN PROJECT - WASHINGTON .+ ;
o, GRAND -COULEE DAM: - -
IS % 2865 PENSTOCK COASTER GATE.

. \GATE INSTALLAT/ON PERSPECTIVE -

. L UBMITTES
TRACEL. KA o RELEMMENDEDR
EHECHED. NES . AFPROWED, . )




"{"oreover, the time to close it would e of snch short duration that o

no damage ShOU1d result.‘ From this standpoint tbe oresence of near G

: absolute nreseures woulo not be objectionable.: However, should they;ﬂ““‘

'.d contribute to vibration, their rednction or elimination would become:““7“

‘imperative. It was. for the purpose of investigetinp the behavior ofeec"

‘Ithe coaster getc functioning under emergency conditions that hydrnulio_’i

‘fmodelretudies were made in the Bureau of Reclamation hydreulic lebo--”“'”

= f_ retory._ The fact that cavitation was of ninor consideration, resolved T

'-’[fthe problem into one concerned mainly with investiyating the nresence ;qu{

‘wdof Vibration nnd evolving a means of reducing it to a minimun,;ﬁn
W EﬂE.ﬂQQEl ‘Because: Of the Simllarity between the designs of the _
",Friant cnd Shesta ontlets at the: time tnese tests were instigated it -

‘:ﬂfnas oossible to utilize en ex1sting 1 17 model of the Shesta outlets,-‘f-fF‘5"

f.Fiyure 2. The model wcs comprised of a ‘head” tenk fabricnted fron‘““

”ksteel plateo, ¥-1 bell entrance mnchined from a brass ccstinp, and sec-: :

:tions of six-inch pyrelin pipe shaped to the outlet profila. g ”Yiﬁd:“
The" bell entranca was fastened to the outlet end; 3the head tank5nncf'?if

furso that a. steel plate An the tank represented the face-of the dam.ﬁddffﬁ

tl_The coaster gate of galvanized sheet metal constructed similar to theawﬁf‘

- preliminary deaign for the Shaqta Dam Penstock Fipures 3 and A,‘xjﬂ_}ff.“‘

‘ QGOnnrcted 1n elide erooves attached to thls olate. ﬁ pioce of th eadedj% -

dﬂ“bresa_tubinv, festene:\loosely to tho’eate and connected to a duct

“‘tythrough the gete, provided a’ peseag ”uor adnittinp air to the bell

"}fgentrence and a menns for ralsing ‘an onerinp the Fite. Flexible con

_f_fnections between the stem end gate ‘lowed free movement in case the

',_“gate v1brated Location of the vent eystem:in tne stem permitted
*initial studies to be mede without elterine the bell entrance used
ﬂintermittently for tests on the ohasta outlet and tube velve.icTh -

-supply duct size was varied by placing 1/8— to 7/8-inch telesconic :

“”tiibrass tubing in the gate stem.

A pressure gage, reading in feet of water and attached by e f _:'*“7”

: .short 1envth of. oipe to the oownstream end of the head tank, was used f
‘f-to record the heed on the outlet.nﬁ.fjt‘gj'”‘“ SR S T '




'13‘?roreovsr, the time to close it would be_pf such ahort duration that ‘

, ﬁ?;no damape shnuld result From this standpoint the nresenca of near

7 gbsolute pr would ‘r b owever, should the'
‘h9¥contribute to vibration, their reductio Co” e1imination would become‘»
:iiimperative. Tt was. for the purpose of inveétigating the behavior of
 §the coaster gate functioning under emergency conditions that hydraulicjﬂ
.Ejﬁmodel studies were made in the Bureau o ’_eolamation hydraulicﬁlabo--

'::iffxﬁFigure 2
"];‘steelxplates,

'fj?gate vibrated.‘ Location of thl:

sused

‘"7  !to record the head on the outlet. ff;}fv‘”’“7'
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| Pressures in the outlet conduit were recorded by manoneters atte-'.
'fched by rubber tubinr to. piezometrlc openings in: uhe outlet wull.**uncer-'
" tainty concerninr the outlet control wvilve design at the time these‘?i |
theste ‘ware. conducte : nde v desirable to perform them without the valve.cﬂ
fﬁMoreover, At was felt thet the reduced 105u due to lts omisswon would B
| linduce a’ f&rtor_o,oeafety. '

ﬁydraulio‘ 1militude.  Nuc could be sald concerninp model proper—*'

| ’Tfties whioh are essential to ettain eyact similitude._ Iany of these pro-iv‘;;“”

'jjfpertiee cannot be controlled and othere ere\ "mlnor imoortance in hydrau-f

L lic: testing, so thewsubgectﬂwill J'fdiscuseed_ n) y;briefly in thls report;

Exact sinili Jde is ‘never: attalned whellthesliouldfused on the model

'”f}is the same as ex1sts on the prototype, mainly:beoause of the incorrect

H‘?[}relationship existing oetween viscous,

R 1ittle: concern in open—ohannel models where ooreciabl dupths ‘are- used

"*_}fand the liruid has a 1ow viscosity.4 The same holds true in closed con—‘f-='

‘idnit flow mhen botn the model_and prototype ooerate with values of Reynolds'

”uj;number above or oelow the critio_l ranpe’f»The case is different, however,,ﬁ'*

“*ifAReynQTds' number on the moael*‘ below the critical range and that for
he prototype is above. To assure similar flow when; hisocondition

. 'Inebility to
'Eliquid ﬂith

V'prooedure assured operﬂtion at valuevcof Rpjnolds‘ number beyond the

.x'ﬁfcrltical renae and in adowtﬂon provided a more reliablefﬂeans of




tablishing the relation between head and critical flcw conditions.,_r;-f g
Vibration of. model " The’ model vas irst operated without aeration.i‘r'ﬁ

"1}A1thouph vibration was cresent 10’ movemc t'of thc gate was noted.

':ﬂgyAcparently the prcs,ure differential on' the gate was sufficient to hnld fﬂ_‘h

"‘wffit firmly against the plate renreaenting the face of thc dar, L' «re

ic”hventing any movement.‘ Vibration of the antire model occurred at all

;fgate openinps, becoming ‘moTe intense as the head increased. This ccrn-

:WVFdition was attributed to the 1arge negative pressures in the bell

“ﬁcntrance, which also varied as the ‘head, VAlthough the gate did not

”"fseem o be dlrectly affected ‘{t was believe”'aesirable “to eliminate ﬁfc_‘lﬁi-‘”

fas much cf the vibration as possible.a‘Aeration of the neyative prec-k '

' f;sure region seemed the only practicable vay:fiﬁaccomplish this.‘ Lcre— P

:.ﬂﬁiover,,relievin' the negﬂtive presaure uould reduce +he downstream force

“fon ‘the: gate‘.nd”facilitate its;_peration._ ” "' Ll ‘x‘.:-' Tﬂuu .
Effect of aeration on. model vibration.‘fThe admission of air to o

Ta.fthe bell entrance was found to affect the vibration intens.ty. ‘BYC‘

'”f‘using supuly ducts up to one " inch in diameter\lt was: ascertaine;fthafVﬁiri‘Ekﬁ'

'.f the" inten31ty increased sliphtl_wfor fuct sizes un to cne-fcurth inch,

- then decreased7rapidly ‘as’ the size" ncreased being much IESa for u.e cne-'ﬁ

" dneh duct’ then vhenino- air wes. admitted. ‘This indicated that conslﬁ-‘~w

e erable damping could be accomplished“by aeration., However, % more

| H'.‘detailed modelzlrranpament includin e rariable vent system ~and a kf

.:1frmeans of recording the vibration intensity Lwas needed to determinc

e the duct size wcs critical. In order that this model be of the;

‘{fégrentest value it was als" neceesary to determine the most desirnblc

. poinmts for. admitting air.‘f,;;gh re distribution 1n the. ‘outlet w
‘ @ootained for thc_ : :

Vent 1ocnticn:governed bg conduit pressures; Sincefthe flnm ofi _?Tf;fif"

'cfair between two points is proportional to thefpressure drop hetwean
7%them, the mnst desirable place for admission of'aif;:“j '

'szubatmosnheric pressure would seem to be that at which the negntiva."'.

‘fpressure is’ the greateat._ Howeveriu hls is nct necessarily true wher:

“the pressure in all parts of thﬂ region is cu*ckly equalrzed hy the

e ff*ad 13310n of air Under this conditicn it would be essential.only




)  ﬁthat the vents enter at. some point within this region._ This conditlon i

‘qf{beinE anticiputed 1n the Friant outlet downﬂtrpam from the coaster gate

 5f5made it esqential to: aqcertaln the ettent of the aubatmnspherxc ragion

"‘7 ;under the. various oweratinr condxtlonq. Accordmngly, piozomoter

‘Nj"eadings were taken for pate’ openings_of 5, ;O :and 75 percent at
“3heads ranginy from 10 to 68 feetQ i(Gute oneninr being defined as the

‘:f*fjratio between the distance from the bottom edge~of,the gﬂte o' the outer *;V

f‘ kfedge of the ball entrance and the maximum diameter of the entranccé)

o The 1ongitudinal 1imit cf the negative presaure region, whichr -
ff\encircled the outlet jet in the be;l entrance, was found to vary directly§ j,
ffas the’ head and inversely as the eate openiné Changes from nepative to’: ;

';positive pres*ure on the cromn anu invert of ; ; ' red’
::f:at 0. 8 and O 6 conduit diameter downstream from‘tﬂe face of the entrancé :
Hltfor 0 5 gate opening and a 10-foot head (wodel), ! :
'C ‘pate openings and smaller hemds the negatiﬁ ipre su

| afthat venting for these conditions was

J  ‘prroper1y located vent° vould ‘se -aerate; :
L limits for O 5;gate oucning and a’ 10—foct‘head wer; ;harefor

e crltewion 1n establishing the lonpitudinal vent location;bnjﬁhe model, it,
“ithe" distance from the upstream end being arbitrsrily.chosen as half of

S f:the conduit diamrter. < That 1t would ‘not be necesss.ry o limd

'”““?fﬁto the crdwn was ahown by the enual distribution f gati“e,pressure

*1”1 ;on the circumferenCe of the outlet.‘

w  ;rsion of air at more than one point on the clrcumferenc_ of; w;

k'ﬁﬂallows the DPGHIDFS in the wa‘llto’be muc : raller.:

entinpu n this manner vouldAbe more\ifu

From the pressure studi

| 3$ jtory po;ltion for the vents woulﬂ.be in the wall of the bell_gnt;ggce ;ﬁfij

‘  9»one-ha1f conduit dianeter from the upstream end. i.,g,uﬂE ,a_

_ New bell-entrance desig_ Vocn completion of the initial tests _
-:it was decided that a: new hell entrﬂnce, with a variable supply duct,
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’,a manifo“; and variable vent openinyg, vould pive reaults of‘a more s
a,reneral n“ture ag well as UPOVidE'“ meanv of detcrminlng the nrooer air
: 'sunmly duct uize._ Accordinplv 8’ flexible?beT wa
*:ﬁi re: 6 | SRR ,
_ The njr sunulj duct cf thi%nsyatem Was‘formedmfrom Stﬂndard pine : _
?Einnd flttlnps to: facillt te rapld ch@nrea-from onc arrinrcmont to another.".'

With' tnis arr:nrement ivqnas noa;ihle to*te,t5duct ulZ“S up to 1_;incheywx‘J"

’;1n d*amcter. Gy
' “An’ anemomcter placed in a meaqurtnp tunnel attnched_f“f'
‘ldrct recorded the air flov through 1t Lo ﬂthe various oneratinr ccn-*5 5*n
'ﬁditions. _ &y S e
- Tha- soe01al hardrood clano, deaigncd to aﬁ port strain g&rea and.ai :V

"f’:netal reod for meﬁsvrinp the vibrptlon intenaity,qwas fadteneﬁzon the

:nvralln pipe immediptely dovnstreun'fron ‘the ent"ance castinp.,,g
o Plezometers were installed in the entrmnce;“a71'fcr ascertainlng
'fthe degrea o;.aerat¢on. s ‘ E

§Effect of snnnly duct aize on necative “ressurelin bell ntrance.:~'

-;‘Reccrds fron the a:evometers in the crovn of the entrance for various'"‘
1;ffheadb and supply duct sizes di closed that afrapid_ iseﬂin oressure

'occurred Vnen the size was incru“sed ”rom one-halfﬂ“nch to one inch and

"”;:that the change berame more graaual w1th§rurther”1ncre’se in size.3=Th;sf?

st111 qu te'ranid when;;“
ting the latter to be

""should be more eff'01ent than 1ndic~ted and supply duct,glzes :
jthe one inch pine should prove satisfactory. Curves for obtalninp thé:

_proper air supply duct size for any given outlet conduit diameter werefnf;;f":

: fpreoared. These curves, based on the model szzes of l and 3:l inches, f







bnf;vere obtained by asqnmiﬁgftﬁélm5ﬁé1f$6x§éﬁfégéﬁtxbdfléffcqﬁdﬁits of

.”Pj 5out1et, the resul*s from the iess élaborate‘nodel.‘hould

; oaster-vete Droblem.

 ch1s reﬂson strazn-pape fecords Vere u°ed only to check the *ellablllty
H'\of & 31m01er method the measurerent;of the disnlacementfof v1brut1ng

7'  ¢vcd A ﬁxece of tqln steel measurlng thpe Was fastened to tne clanp




(LS
i iy

SRR

R e

Ry
Sy T

A

i

o ENES i 34

1

B i




yew. of modsl gate bell-entrante

nnd‘\{ibratiun"_:)lﬂ-mp. R

Yiaw, of ivibration .lamp-ehowling ‘reed,

- and: Do Foreot:atrain gRge. .-

AND VIBRATION RECORDER -




o







AT

e




T
R iy

y @
. ,,.'..,.,. e 4.,4; .p,,

e

B

e b

4_..“.,

ik

P

e L» e

s

)
4_4....Im.u.p

] ﬂf»-l Frn

2 B A

.4.",_,“,1 T

PO
insiia

T
bani

4

[ T STVt B
S
e L e

»b‘-lv'-r“ -

NI T

)

e

o

e e
P - L
I PR IR P
FRCSTI ER S I ot
ool * -
AL AN BT,
AR IE N e
(TR o

I

{4338
—

™ -~
i g bt e

R

e

rrionn st el P, s

,A-rvﬂ 'Tf A meant e

st g

;fr;.:i

i

s g sk
oy i g

wf e e g

P

- - -

b s

T I B
Tt

Bl v -

o IS e
L
+ e

v an

i st
it

; _:‘.;.Q ,7‘ i_,.:::‘j

i) Gt s 115 e
: o [ROTEE. pad e ..t B N e
i T T - ey = :, ST FENREY N SN
LIRS SPAT RPOFIE i g
3 il e F ! . .
prp v r -
E . 3 o | EESa
BRI :t bl T e
DRaEArT A L el T

5n 4 = ot

e

Do o g e

. /;/f fz&ﬂ

au. F‘N

3 Ry

AT

STy

- w.sz ,..‘.,ﬁ'w..

i~

PR IOTEIX

RIS

&

-*

g oty

.ﬂWA Y.

&7.:;2; Jfffﬁ, - usw..

e

S Lérzrw.&*;‘f:

vﬁﬁ'ﬁry&ﬁm

,,{'ffwf /m

L o e g

ﬁvrf,.xm

et

i PRI
- X
PR

dagy e
T o
e e gt et

5 i Ao e o, B st

L ey g i

i g

ROSEGR

8 R

i




inltial te tS '1SCl0de the

lball entrance *mr‘

‘;Would not be harmful to the.mechanlcalg Deratlonhof the;gite,‘lt was’
Fthought}desirable to "educe it” s’much.'§ pos34 le ‘he &dmission of

'n}alr to the neﬂatlve erSJUTG reglon a5 found danmp: the-vibration




: : _w@manifold with proviaions for hangzng‘
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