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:INTRODI ....... 

In,nearly all:river outlets~d, 

Friant: ando Shas ta: Dams, :each :: outlet ~:condu 

;or=.valves,:.one!.forregular::o 

es 

in~'case:~the first failed'~to ' ~ : : : ..: 

This ~ arrangement limited : the::;duties <of ~_ a :coaster ;;gate ':,to ~,those ~of 

a': bu D:head, !Its -purpos e ; being ~ to ~seal ,:.the ~ outlet ~ . : . c o n  

'.-end, thereby:~making';the, entir, " : .... ' 

repairs, iThe gate:, was :':never 

/ :The '?function • of ~ the<:coaster 

~.ency:. 'gate ~'~or-valve ~ was ::omitted, 

: ~ This. condition, ,representin! 

pos ition,:,~ was ~ cons idered:i the, wors t under 

,operate; the:~velocity(in'~hhe conduit :and ~ 

~ate:: being~:a~,(imum. The Lfunctiom, was ::s 

~gate: nsed !in~emer~ency~closure ~:ofo power ~penstocks, ?~Figure ~i.:: :~ 

:U .... se of the ~.coaster :gate under ~ these,: conditions ~'was,~ exDected:i:,to~ be 
, ,:.. - . . • 

: Infrequent, ::thus ~ the outlets~': would~..rarely i.be ~::subJectedtto 

due ~ to: the i~ presence of -negative/, pressures in ,%he :~bell !'entrance. 
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lJoreover, the tlme tocloseit would be of such short duration that 

no damage should result. From this standpoint the presence of near 

absolute pressures would not be objectionable. However, should%hey ~i~ 

contribute to vibration, their reduction or elimination ~would become 

imperative. It was for the purpose of investigating ~the behavior of 

the coaster gate functioning underemergencyconditionsthathydraulic 

model studies were madein theBureau of~Reclamati on hydraulic labo- 

ratory. The factthat cavitationwas of minor consideration, resolved 

the problem into one concerned mainly withinvestigating thepresEnce 

of vibration and evolving a means of reducing~it t0aminlmum. 

The model. Becmlse of the similarity between the designs of the 

Friant and Shasta outlets at the time thesetests were instigated, it 

• • r7 was oossible to utilize an exlsting 1.1 model of~the Shasta ! outlets, 

Figure 2. The model was comprised of a~head tank fabricated from 

steel plates, a bell entrance machined from a brass~casting, and sec- 

tions of six-inch pyralin pipe shaped to the outlet profile. 

The bell entrance was fastened to the outlet end of the head tank 

so that a steel platelin the tank represente~ the face of%he dam. 

Thecoaster gate of galvanized sheetmetal, constructe d~slzAlar to the 

preliminary design forltheShasta Dam penstocks, Fig ures 3 and ~, 

o,~erated in slide 2Toovesattached to ~his plate. A piece of threaded 

brass tubing, fastened loosely to the ~ate and connected to a duct 

through the gate, provideda admitting air tothebell 

entrance and a means for r~ ~e gate. Flexible~con - 

nections between the stem a ~ movement incase the 

gate vibrated. Location of the vent system in the stem permitted 

initial studies to be made without alteringthe bell~entranceused 

intermittently for tests on the Shasta~outlet and tube valve. The 

supply duct sizewas varied by placingl/S-to 7/8-inch telescopic 

brass tubing in the gate stem. 

A pressure ga~e, reading in feet of water and attached~by a 

short len~th of pipe to the dova~stream end of the head tank., was ~sed 

to record the head on the outlet. 

kj 
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Moreover., the time ~to close .'it ~would ~be of. ~,:such short dilation ~that ~ ~ .... . " 

no damage should ~result. From this ~standpoint/the ~nresence of ::near 

a b s o l u t e  o r e s s m ' e s  w o u l d  . n o t  . . . . .  ) w e v e r ,  : s h o u l d  they.-~. . . . .  ~ ,  - 

contribute to vibration, thei_ ~tion woula ibecome ~ 

impera~iv e. It ~was i for the ~purpose Of InvestiNting the ~behavior of 

t h e  , c o a s t e r  g a t e  f u n c t i o r z l . n g  ,un- adi~t~ions  t h ~ . t  . h y d r a u l i c  ~ 

model studies were .made •in the ation:ihydraullc~labo- ~ " . . . .  - 

ratory..The 'fact ~that icavitation was of minor ~consi~erat~ion, "resOl~ed ~ ..... 

The ~del. Because• of the similarity. ~between the •designs~ ~ ~of the i I 

"was poss~ible to ntilize an existing 1~:i7 model 

Figure 12, •The model ~was ~comprised of~a ~head tank fabricated 'from i i i 
• .~ ~ ~ ~:" i ' " • :ii I 

steeL~plates, :a ~Jbell entrance :machined-from ,a 'brass ~'casting, and ,sec- - • -~ 

tions of six-inch ~pyralin pipe ~shap ed to ~the outlet profile. ~i, 

,The bell :-entrance ~was ~,fastened ,to?~the ~outlet ~end of iLthe hea~ ~,tank ' 

! 

o~.~erated in slide ~rooves attached ~to"this plate. ,A piece ~of ~threaded ~: i 

brass .tubing, f~ gate~and,connected ~to..,a •duct 

entrance and ~a ~means 

nections ~between ~the ~ 

gate vibrated, Locat 

initial ~studies ~to ~!be 

)~ne ~oel± L 

eon- 

in case ~the 

ranCe ~used i 

~ / r ~tests ion the valve The ~Intermitten'cly fo 

supply duct slze~iwas varied i:,bY placing~i/8"-~to "~/8,inch itelescopic 

brass tubing in ~the gate ~stem. • 

A pressure gage~ ~reading. i,in ~feet ,of. water ~and attached iby a 

shor~ len .~th ~of pipe to ~the.~down~tream end of ,.the head ..,tank, .~was :~,used 

~head n the outlet, ~ • •- ~ to record the ~o ~ 
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Pressures in the outlet conduit were recorded by, manometers atta- 

ched by:rubber tubing to piezometric openings in the outlet wall, [!ncer- 

ta~nty concernin~ the outlet control v~Llve desi~ at i the itime these 

O ~tests were conducted ~made i~ deslrable t ~perform them without the:valve. 

" Moreover, it was felt that the reduced loss due to its omission would 

induce a factor ~of i safety. 

~ ~ydraulie Similitude. Much,could, . ~concerning model proper- 

' V any of ~these pro- ~ ,tieswhich are essential~to attain exact similitude. 

perties L cannot be ~contr011ed and others are,of ~minor importance in ~hydrau- 

lic testing, sothe subject ~will be discussed <only ibriefly in ~this report. 

Exact simili~de is never attainedwhen the lieui dused~°n~the model 

~is :the •same J as exists on the prototype,~mainly ~because of the incorrect 

' n relationship existing oetwee viscous properties. ~This relationship is 

of little concern ~in open-c hannel~models where appreciable d~pths :are used 

! and the licuid has a low viscosity. The same holds i~true in,closed con- 

duitflow when Lboth the model and prototype~operate with values of Reynolds' 

• , number above or ~ below the ~critical ~ran~-e. ~The ~case ~is different, however, 

i~, if i Reynolds ' number ~ on ,the, mo~e i'~ below the•. critical ~range an~,~that ~Tor 

, : the ~,prototype is ,above. ~To assure similar::flo wwhen~this ~condition 

obtains, ,it is ,,neces:~ar~ .to ',increase ,~the :size ~of :.the L .~or-:!in some~ 

manner, increase'i Reynolds ' number above "the ~critical~ran~e, ~Inability ,to 

utilize a larger model and imPractic h 

le resort 

operating. ~ heads on ,~ the ~,mo~el to ,,values !~ us . . . . . .  

much _~reater than 'those Tepresentiz 

~ number ~was near the critical ~range ~wher I, ~ outlet 

:~de] ~these studies ~as 0Perated:at heads ~reoresentative of ti~e 

prototype. For~this reason 'itwas deemed desirable ~to conduct the :tests , 

ii~ ~ ~-:~" • :with heads ~greatly fin excess of ithose representing ~the prototype. This 

~ procedure assured operation at values of Reynolds' number ibeyond the 

":~ ~ ~ criticalrange and in addition provided a~more reliable~msans of 
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establishing the relation between head~andcrltical flow conditions. 

Vibration:ofmode!" The m0delWas/first:operated without aeration. 

.-- vlbration:wasuresentrnomovementof~thegatewas., noted. 
Although thegate ~as sufficient~to hold 
Apparently the~pres~ure differential on: the da~,thus ~-~re- 

it!firmly~againstthe plate re nresenting;theface~°f 

venting any movement.~ibration °ftheent~rem°del__ ~,~o~a £ncreased.°ccurredThisatal!c°n ~ 

4 ¸ 

~ntrance~,whicnalsu,,~ -- 
directlyaffected,~itwas~ilbelieved;deslra~le to eliminate 

seem to be , . 
as much of ,the vibration is possible. ~Aeration,of'~%/le negativethis, pTes-~ore_ 

[: 
sure.re~ion ~ d the°nlYpracticable~zaY~~acc°mplish 

seeme, ~ ...... downstream'fore 

L~ 

o v e r ,  . . . . .  ~/ 
on the gate:and r facilitate its <operation. 

~ n  model vibrati°n" The admission of air to 

the bell entrance was found ~to affect ~. i the  vibration intensitY. By 

using supoly ducts np ~to one ~ inch ~in diameter it ~was ascertained that 
for i!duct sizes ~ uu 1 to • one,fourth inch, 

the intensitylncreased s]d ~. " , ,, ' a ed-being ;muchlessr for t:.e one- 
then rdecreased rapidly as :'~ ze incre s , " 
inch duct than when no air was admitted. This. indicated that co,sld- ~ 

.. be accomplished ~ by aeration . However, a more 
era . . ,ement including a~variablelvent system and a 

det ..... intensity,' was ~ needed to determine 

m e l :  b e  of ,the means of ~ ~n~order that ~this ...od r~ m~ 

~if t h e  ~ d u c ~  ~ ..... . ~ _ ~ . . ~ o  ~.he most desirablo ! 

p~ n÷.~ for admitting a i r ,  
Pressure distribution ~ In ~ t h e  o u t l e t  , w a s  

0 ...... c~,~,~ the f ~ o f  

a i r  between~t~° ~ i n t s  i s  proportional to t h e  pressure dropbet~een 
of ~air~to a r e . o n  of  

them, the ~st desirable place fore, admiSsion 
at which t h e  ne .g~tive 

• subatmos oheric ~pressure ~ould ~seem :to ~be that 

pressure is the :greatest. i However, this is not~ necessarilY true whe~ 

the pressure in~ all ~ parts of :the zregion ~is cuicklY equalized by the 

admission of~air. Under this condition It wo~id be essential only 
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T~Th~s ~ Condition 

the vents enterat some puint:withln:thisregi°n'-~ 
that downstream being a ntlcipated~in'the Frlant:outlet fr°m:the~°aster!gate 

• e extent of made it esse ntialltO~aseertaln th the,subatmosphegiC:regi°n 

under the various o,~eratingconditions. Acc°rd[n~lY'Plez°meter 
.... ~n .~a:q6~oercen t:at 

readin~s~were ~aKen ~u~ ~ ..... , . . . .  as the ~ 
heads rangln~ from I0 to 68feet. ~(Gate o~ning~being:defined ~ 

. . ~  ~ e:g~telto:the ,outer 
the distance from the:bottom.edge of .th 

raliolbetween 
edge ofthe bell entrance and the maximumLdiameter:°f the entr ancc~i)~~ i 

The longltudinallimlt Of the~negative pressure region, which ~ 

enclrcledthe outlet Je t:in~the~bell~entranc ~:~as~foundtovary:~irectly 

as thehead:and:inversely as the gateropeni~ ~::~Changes fromnegative ~o 

z e on the crown and i nvert0f~thebell~entrance:°ccurred 
oositive pres.ur . . :~,,-~:~.~faceofthe entrance 
-- : diameter:downstream zru~ ~.~ ~ . i 6.conduit .... r .... ' 0.8 and O. . < , eate~ at .._ , ~_~.~ .. For ~r 
for 0~Sgate opening and alO-foot nea~m°ae~;' 

the!negative~presa~res,,were:s°ismall 
gate openings and smailerheads i~oreover, 
that venting for the se~c°nditi0ns'Was:n°t~deemed~necessary" 

..... _^~+ ~ ~hese~,cases. ~The 

. . . .  

limit r e, oocnin s for O g~and a!lO-roo~n~ ~ • 

a crit eri°n!inestablishing~the:l°ngitudinal~vent:l°cati°n°n:the~-'~ ^~ 

the dist ance~'fr°m therupstreamend!being .... ~_arbitrarily'ch°s_..oo~.~v!to 

thecon~llt diameter. r n a ~ ~ " ~ ' ' " 7  -~ 

t o  t h e  c r o w n ~ a S  s h o w n b y  t h e , ~ e o u a l ' i d i s t r i  

on the circumference of the outlet. 

S sure 

6~m~ s- 

: allows the op~n~,,~ ........ ,,would%be~more " ~/~ii~ 

~.:com~lete Lthan : a isingle opening .... 

. invert • :: " 
From the pressurerstudies ~it was:rc°ncluded~that a ~ery':s&t!sfac" 

L tory position~for :the vents would be~in the wall of the bel ! entrance 

one-half: conduit diameter from the~upstream: end. 
the ~initlal tests 

New bell-entrance design. :Uoon:~completi°n:°f 

it was decided ~ that a: ne~ bell.entrance, iwlth ~ a ~ variable : supply duct, IIIL~'I~ 

: i: ~ 
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J 
a manlfo!(], and variable vent openin£s, v" " • .ould give results of a~ more 

r.eneral nature as well as provide a means, ofdetcrmlning-the proper, air 

supply duct size. Accordlnglv, a flexible bell ~" • ~ entrance was~ constructea, ~i 

~:i~ure 6~ 

" Thea~r supoly duct of this svstem was formed~ifrom standard pine 

and fittings to facilit~.te rapid chan~'es from'one arran~-oment~to another. 

With this arn~nrement it was possible to test:dUct ~Sizes up to:l~!,-iinches 

in diar~eter. '. ~ /iii I 

An anemometer placed in a measurin~tunnel~attached to Lthe supply 

duct recorded ~the ~air flow through it TOr~the Various operatinc~con- 

ditions. 

The special~ hardwood clamo,~ de~igned to support strain ga~es "and a ~' 

metal reed ~ for ~ me~surlng ~the vibration inten~s ".~mas ~ fastened mn the 

thedegree of aeration. 

~'Effect of supply duct Size~on negative pressure 'in ~bell~entranc~.. 

Records from ~ the piezometers in the ~ crown ~of ~ the ~ entrance ~for ~various ~ 

heads and supply•duct slzes disclose~ ~ressure 

occurred when the size was ~increased ,ne~inch and 

that the ~change i! became ~ more .gradual with ~nrther increase~in size. This 

characteristic, which, became less ~ oronotu~ced as i the gate iclosed w ~ 

similar for allLgate openin~s•~ and ~definitely~indicated the size of '~theL,~ 

air s~pply duct to the•critical, ~'i~ure 7, ~This size~was found'to be 

abo~t one inchl on the model, and did not~ vet-/ with ~ the ~ model head, How- 

ever, in some ~ instances the • Change ~in pressure ~ was still quite ranid ~L~hen 

the duct •diameter~was ~increased ito l~-~ inches ~ ~dlcatinz the ~latter to ~be 

the more desirable~crlterion, especially for ~smaller 

Considering the,i relatively greater friction~ on ~ the ~,model, 

should be more efficient than indicated ~and ~supply 'duct ~sizes ibased i/on 

the ~one-inch plpe ~should I prove i satisfactory° ~ Curves i for,ob~ainin~ ~the i 

proper air supply duct ~size for~any given outlet conduit diameter ~ were 

preoared. These curves, based on themodel/sizes of ll and~l~inches, i i~i ~ 
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by s del:to repr were,: obtained ~a suming "the'me ~ esent,outlet conduits '.of 

various diameters, <L~re'~' ~ .... t. 

L Effect: of .~ su ~plY'duct: Size .on Lvibratlon, Of the .:model. Lit i had ,been 

definitely ,determined lin'.the.Initial"studies~that, somerelatiOnl/exi~te~ 

.between:the.s~ e.andl,the:vibratlon'ofthe:~m6del. Since~both 

the-pressures varied.-as 

~the 

Examination o[' ~the-model!In 
"'. .. '~ 

,tlon other.than ithat,due to 

sources of :,vibra- 

,et entrance. :,To 

n then~t 

:tO 

believed .,that"..the ,~ critical ,~uct.: s: 

of such an elabor:~ ,me( 

Assumlng i-.the perle: 

e 

to be>slmilar " 

Vibration oulsations 'in the pyr~ 

from".the: entranc~ tvis ible, :A s pecia!ly: built clamp ,. of 

hardwood with,.ex~ or ~ mountin-c.:!De ~ Forest strain 'gage s , • ~. ~ .-was 
, -, , " , .. , , 

olaced, on/this ~:Section of-pyralin .pioei:i r Igure 8. < '~The :~iocation-,was: 

close to ,the subatmospheric region. be!o',,-i, the i~coaster ~ate where.~it .~as 

believed '. the. apparatus ~ woluld : record.•principally "the:.vibration ~ from 

this source. " " . "  

.ownstream 

I t  :was :fc s~ra~n 

gages. Withou 

the inertia oi ':ith the ~pipe. 

Increasing the i]tension on'the: clamp spring to:remedy this condition ore- 

" S vented the recording of, vlbratlon ofonly slightly~'less: intensity, iFor 

this reason, strain-ga~.e~ records, were used ':only ~:to,. check ithe reliability 

of. a simpler method, the measurement, of .the displacement-of ~ a .vibrating 

~ed. >i. piece of..thin steel neasurin~ tapeiwas fastened to .the.clamp 

i the strain 

mntens ~ t h a t  

7 

• > 
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.... ' : . : : , i tes ts  ,::the : r e  

:: " ~, i ~,~ , ,over :a  ~wiaer 
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• tion"was ,:noted', _ 

s 'ass~n ~.various ,scale ,ratlos ~',for~the ,mod 

~,Location :bf 'i~.vent:,q~n~n~s ~ in :, ( 

:from the:air 

:': and 

t e n "  

: : : :tio~51e if.:they:~x'ould 
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.......... '~.that: aeration 

would,be most~effective and nnlformi~with~:the:!iowest.,,vents ~;pia~edi!~36 .~ 

is :believed ': that aeration should be-made at ~ more 'than on ~ +  ~ ' ~ o  

giving more equallzed~pressures-~this."method ~b,,':~+, ~a.~ ..... 

throughthe will,:.of ~the :outlet, :!becomes :iesS conducive :to 'ilocal ~,~.cavit'. 

ation. ( malle~ holes' cause less disturbance, and are ~less ~lik@IN to 'set ' '~:' 

up "conditions .'.resulting .,in cavitation .... - ~e :marilfold. • " 

through the wall ,:;6f '.the- outlet :.~should ~se ,.'onen~n~s 

should have,.a combi ~f ~,the supply ' "- 

duct • .'to offset "the 

de .~rees : o if the ~invert, 

"i RESULTS ,"A~D 'CONCLUSIONS 

.'I nfre~.uent .: operatioz 

and the short period of 

conditions ...made .:.the elim~ 

Lin ".the :bell .: entrance .'~a ?m! 

inter, one dea!Ing~ malnly,~._ 
_ , , .. ......... 

The :,use. of ~the::"same liquid" on ~.%he , m6~el,,.as ~-exlstz 

el 

been 

;i 

iln excess by~ the . mo'del : 

dition as muc 

~values ,_of ,Re~ 

of 'i the ~mod el 

h' was operated in ~,t ~-: manner. 

Initial te,3ts~ disclosed .i:tlie ::presence: of: negative:,:, oressures ?in .,.the ~: :..: : 

bell::entrance ~im~odiately,do~nstream ,from the C0aS~e~ ,,gate':~for. all-beadS 

s ure :,was ~; found:~ to .~. be. a~ sohrce, • of .i.v~bration~ 

but ithe ~model as ~a whole., Althouzh :it" was 

.~would .not ~be ~ harmful to Lthe mechanicaS ts 

thought desirable to :redu ce ~it:ias- ~uc~ -of 

~. air -,to ~ithe : negative pressure region :: was ,,found ~to~damp '~the ~vibration 

i 

kq • 

'wlth gate~ openings ~of ~"54:percent ,or !:less. ' 

£ 



I 

i' 

::materially, 

b 

thus ~ testing.{reverted'~to '~aeration~ 0f ~the~ bell <ent~rance. 

i :~effective~ piezometer ~rec0rds wer~.:obtain~ 

~ ¸̧ ?̧ 3̧ 

. The " • "phe~cJ.re inimum ~iongitudinal ~ limit c of ~the ~: subatmos ~On ~recorded ~ ~ • 

:.•on ~the~mOdel~:was ~ 0.8 land. 0,6: conduiti~dia~eter/from ~.th@ ~ upstream::end, on . . 

ithe ~crown: . ,.., :.~ Lbellevedtthat ~L~loc~tin~ ~ the 

~air..~vent~D , vide ~aeratiOn .ons ~ ~ ' 'L~I 

,arisin~, from ~ ~ in}~'head.~ ~i[It is i,therefore,i~i recommended ~! that ' 

.a distance., of . . . . . .  ~ ~" " "~ .... ' ~ameter ~"~be ~.used ,in ~ future design~ ~vents ~iin 

this i ~ !ocation~ s ~ curvature ~on .the~bell::ient~rance, 

thus ~' less ~dist ~ation would ~ be ~i, less 

_ _ ~__~ng ~in :'~the "wall.. of the .: outlet 

Equal ~idls tribution 

• entrance, without,~aerat: 

venting ~ to ~the ,~crown ,of<the o~ 

a manifo!d ~,,with ~ ~s everal~!,o penil 

the ~i"of~the/outlet 

Aftertthe~initiai-tests~:.l 

pressure,.,regionlbelow'~the~coa 

.tion'resultin~.therefrom~and, esi~able 

.~i ~ ¸ ¸  : "  i~ 

of • 

was cons~ 

the.. size and ~ number :of oor.ts':ijfrom 

";Three: vent ports i fromtthe/a:ir:Lmaaifold to ,the o: outiet ,-~two :.- 

placed 45 degrees ~ from L the: vertical axis i:and::one ~ on 'the .vertical axis i :, ., L : 

~roduced :desirable~damping effects. :Pie2bmeter;,.readings,:.however, ~ ~ ~ '  

showed less reductlon:~ in pressure on the ,invent i,t~n-lin.ithe ..,crown: so ~ " 

two more vents mwere placed 90: degrees~'from) the;~ver, tical~.:axiS, ~No i f u r t h e r  
reduction in-pres sures ~on the' inve rt ~,was: note d j ~':signi fying' i.that ,iwents 

s h o u l d  be p l a c e d ,  n e a r  , . the :~invert  : t o  

pressures° The :effect of 

obtain~complete equalization of ~ 
i 

providing~.additional ~,~ ports nearer ~the ~!invert 



:was ~not '~investig.ated:since th@ir 'location ~in %his ~.re~lon~would .!be ;governed 

more by .ithe ~ oOsslbility, of becoming plu~ged::iby-.se~iment ~.or Toreign imat%er 

!in %he.!water. 

wotuld 

more.a 

should 

e v e ~  

under 

.on %he invert ire:~ained ~constant ~ith three an~ ;five 

ng 

upper,half of -the conduit, !.Figure ll. The s@le . :~: 

por~s is ~lef% %othe aesi~ner.~ }~.owever, the.er. : ~ 

should be taken into account and ~their area ~}inc 

their combined ~ . . . . . .  ..... •ii:ii!i 

Vibration : 

and De Forest s" '~!: 

:obtain a! maximum damping :on !~the ,:mOdel. '..This islze, ~o'ne~haif 
• ., : .~, ,j . . , , ..* :.~ 

did not ~increase • with .increase .~.~in i head, in if act ~It ~was :fo~d'-to i•decrease 
in :several ~:cases, A :relation betv:een ,the ~prototype,~o~tlet : diameter, iiand 

the ritic~i:air supPiy aUctsize basedion'this conClUSlon..was~obtained i "ii':~ 

by assumlng,~that the .model ~ rep !...~ 

When using.~these.data it. shoul ~ ' "~ 

be :1~sed Ezten~Ive testing...on aS .lea:~t 't~o, but ,,preferab].~ .~:th~ee;,:ielabo : 

_.~tely constructed ' models i:would .be necessa~to accuratelyiestablmsn.:l~tnis 

~relationshi p :.over a. wide .range, "i~. 

" n  * • a. Urgent work z the ~ laoora oory and!the ~!imited ~:time %o obtain :results 

:prevented :the conductin~_ of such an.extensive p~o ~m. .... ~oreever0 ~the ~ ~ gr . , ...... ~ 

current croblem ~ had been tre and the ~ d.'~ta ..were :.believed 

to be •sufficiently ofa dimei~sionless nature.-toform .~ 

desi~n~...It is believed, 'however, that additional stuc i~ 
~h 

made at :the first ~opportunitY. . . . . . .  ~! .,~ 



i l ;  Jr ,- ' 

L L 

!: i I ~ 

Pressure ~reeords."for,.:varlous..~:gate ,,~opehings ;an-dihead,~ disclosed : 

a ~ critical duct: g i z e  a ' , " i r e l i e v i n g  ;the :~negat ive pressures iso, existed !fox 

,~in:the~ entrance. :This. ~si~e : was ,:~ 

t i o n  studies,-,~hUs~"i, the  ,'. ~ e i a ~ i o n  ~' 

: and ~' p ressure  ,was .nOt:as :}'had been -, 

k ., k , % H .  x 

inch diameter":.modeLduct nroved.~,to,~be size ~ for relieving 

~,pressure obtained "b.v 

~;for ~head's ,,re 

lar~_er :S 

pressure conditions !.autoz, 

~- designing duct sizes for, 

"gate,  .one ~.need ,nOt ~ e : - c O n c e r n e d " ~ I t h ~ , ~ I b r a t i o n .  "..-.,. 

Vibration 

 eCt i - 

between :.negative pressures on :the. m6de!.: and prototype:~:W6uld J.seem ::to 
i [ ::favor:designs based:on :pressures. . 

T 

i 

~'.Ji 

!i~ ' . • 

i/ ~reliable .~ " ' Ho~ever,~ for 

. . vibration;d1~e to ifactor_s other %han,~t~ 

,~: - • . remain Unchanged, 'thus ~indicating ~ t h ,  

' only : ~' ~~ 

t~at.comparison :of~!the vlbratio~ " ~ ._ .. ~ " ~ ~ ~ ~ ~ .... " zntenslties L~for -,various heads :'is ,not 
- i 

[ 

ze :should: 

camplng,:due :to duct ,'si~:e 

tlie :results ~of "Ah J' . • ese, ~es ts ~,should ~1 ~ helpful in ~.determ~ning ~the ,-vent 



i: ̧̧ ;~•i 

Sizes~neeessary!for co 

Measurement~of ai 

practiealvalue, showe 

gate Openings::of ~~ -- 

In: ~these ites 

;forthei~bottomed 

',vious ~e~,~one,~aleng:~that~llne in'~'connectlon 

At;the'~comoletic C 

~ancecastln~ 

'able, unless 

larger than 

Should 

:~the prellminary~stages ;to ~!enable~ 

by ~the model, -~t ~i :~suggested :that 

.tests 1 ~ + . . . .  ~ ~I . . . .  . :A:system~with:air ~ manlfo: 

i •: ' . :  

11 ~-~ 

• ........ •~ :i! r•~•/~ • ~i•i 
• ̧̧ i̧ .̧̧ . ~. . . , 

i ;ii 

• :- ~- ./ "L r . 

i:~ ~ !: ~ 
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