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In conneotlon with the installation Of 'the power ~mits 
at Boulder Dam, it was thusnecessary ito~equip ~each ~such installa- 
~tion~with one ~of these ~deviees, In accordance with %the specifica- 
tions, th~se were to be designed ~ and ~ installed by ~thc, contractor 
under the supervision of the iUnited,States Bureau of Reclamation. 
~Durin~ the,opcratin~ test conducted ,on ,unit N-l, wl~ich !is ~similar 
to~:units N-8 and N-8, :excessive vibration,eund:.watcr-h~mer dis- 
turbances set up by,caVitation in the ~disdhargu ~passaco wore :toted. 
Upon exsmination of ~the absorber unit after '%h*. test, 'the ~platc 
vanes supporting tho~baffle ~,plato vmro ~i found ~to h~ ,failed, ~uld 
~tho unit was ,rejected ~by the ~Burcaul of ~RoOl0mation. ~Thcsc ~,~o de- 
signs are shown:on fi~/res i and 2, ,For'~thc~first motel tests, 
,the ~type dcs i ~ncd "for, units N-5 .and ,! N-6 ~ was','~i~cst~ed with ~p io zom- 
~oters install'cd as shown:on ~fio~uro~3. Alters:this test, :it v~s 
su~.ested ~thnt i~ would be ~dvisnblc to ',builda model 'of i~thc ~ori~- 
in~l unit (N-I) to dctcrminc ~ ..... , if pOsslbl~, the e&use ~i'or ~this 
failure ~nd ~ tm nu%ko sure that the 'unit~dcsi~ncd for replacement 
would ~be satisfactory, iFrom and~upon i thu-m~rits of <~thc results 
from ~ these~ model frosts, i:i t was ~ reeo~mcndud :.thor ~the :other !t~poe 
which-were • proposed 'to, aecompcny~thc ilstor power-unit ~insta~lations 
be tested in the same manner before ~they'~wcrc buil.t. ~It !is~upon 
this ~basis that this rcpo~rt ihas come to order. 

2. Personnel. "!The i hydraulic model ~studi~s <on the Boulder 
Dam energy ~bsorbers, ~sdesoribcd in this ~rcport, L v~ro mndc :in ~the 
hydrsulic ~laborRtory~of the United StRtcs Bureau of Rccl~m~tion Rt 
Denver, Colorado. Those studios were bogun~undor ~tho direotionLof 
J. • E. Warnock, Rcso,~rch Engineer, and ~complotcd under G. J. Hornsby, 
Engineer. 

-- Tnc construction ~nd testing of'the modol:~wurc .done under 
the super-rision of Harold D. :Briloy, Junior Eno~inccr, assistodby 
Frnnk i,~essitor, Junior Engineer. 

T-hose .s~di~s.worc..m~de under the general super.vision of ~. 
.J. :L. :.Savusc, ChiofiDosi~nin~:Enginccr, c~nd .Ar, thur ".Ructt~ors, :Senior 
Engineer, -a_,l engincorlng.v;urL:of thc:Buro¢.u of'iNcclt.nmtion.:is under .~ 

h " • " % the direction of,R. F. Wf~itor, Chlef Enc,~nuur, and all aotivitios~of ~ 
the Bure:~-u .%re undur 'the direction of Jolm,C. ~ P-.g,~, Co~iss,ioncr. ~i 

.were s.¢uazcc ..quaAz~;¢zvoJ.y r.na guanCz~%1~Jly .In oruor ~¢o,::cetorm 
the -cause ~for ~the: failure, of .the origin~l tu~it o~urJ :to .verify ~-thc 
antioip~tod, results of ~,%h~ now units,'; 

-C" • 
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• wa~er. ThereFore t.~e air p~pe andva~ve provided 
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i!, -" +_Summary 

i!~i 4. Results and conclusions. (a) Elbow Kzld bowl typ~s,-- 
'.Tb.o results?ob%a~ed from, +the first model tested ~.,ro very .enlight- 

~il +. ening, and furnished a basis ~for comparative study, ,1~+hen ~the second 
~. model of the original ++design w~s teste, d, it was possible,:' by com- 

~+~, parison ~of pressures and i.'flow conditions, to expl~in + the -cP.usos for + 
..... +~<conditions which had existed in the field. Althou~)~ the prcs- 
~, ,~,~ sur~s recorded from the :second model did not exactly check with the 

ones from+the first model, lit vms believed that the differences wvrc 
• /due to the imodel designs. 

++ The model of the ~!r~placement+.unit (bowl=type), as tested, in- 
dioa%ed more nearly homologous flow conditions and dissipation rof 
energy ov~r tho~ original elbow-type design, ~s.nd it was well +be- 
lieved, from the model %0sts, +that t~is type+~of energy absorber>was 
an improvement over the ori~inal design, ~+snd this fact has been 

!~.~ verified .by la%0r field tests. +" 

Field,•rcports indicate that the +operation~of +the ,'rebuilt typc 
used for units N-I to N-4~aro now rsatisfactory and superior in per- 
formaz~e %0 the type used ~for ttnits N-5 Rnd N-8, the difference in 
design of ~tho m+tWO typos of~absorbers being in the design of~itho 
baffle plato, .the supporting ~unes', and +.the relief-valve chamber, 

Although+~the recorded modul pressures,nays'be+ excessive, it. is 
felt that they are quite .closely,related ,~ thatmay 
be expected in the prototype, and, £f used y~+may be 
of great value in future design. The +flow condi+tions that existed 
fin the bowl-type energy absorberi~vo+been carol 
uros i0 and Ii. It + is boiicved that~ by intolli 
indicated flow lines, the measured pressures, end .the + complete re- 
cord of moving pictures, iitwill be possible to,uxplain +cor%ain 
conditions and %o foretell other conditions which miEcht possibly 
• arise. 

+,.,, 

<¢ 

Af%er tho~model +and field tests on the remodeled elbow type 
(bow1 +type) had indicated that the chan~c~from the elbow-t0 the ~bowl 
wouldlnot entirely remedy the condition which existed, ~t was sug- 
gested by the m~uufacturors t~t+r. ~choJ~go bc made immediately below 
the relief valve. This cho.u~e ~-as ~brou~htmabOut by +their obsurv~- 
tions_ +~dltosts_ ~. in'the field+~'cmd+consistod of installing a steel 

occupied by the baffle plate, +~Iccordinglb[, a.modol, on~a+scalc of 
1 to '12, was constructed end tested in the laboratory. This.model 
+indicated without doubt that it +wus necessary +to +admit air 'tOm'th~ 

4m • area bolowL+the relief volvo and thc.t the inlet provided+was ,+uf~1- ! i 
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eien~ly large. The throat liner acted, in par'.:., as a lone tube 
which ~revented a reversal of flow from the ~bsorber chambur u~ 
to'the valve seat. The revors,l flm': inherent v:ith the first 
design caused alternate vacutm~ and pressure at the valve seat ~' it}: 
resulting violent vapor explosions. These t~sts also indi~.ut,id 
that improved flow conditions and dissipation el energy, could be 
had by allowing the throat liner e.xtend into ti~ large main 
chamber a short distance, It ~.~s .e.lso found ti~at th,~sc !flov, cnn- 

ditions could be duplicated, if no~; impro:~;d, by a much simpler 
~.'-^ ^~ ~,.~.~,.~ ~n?. These t~'o tvn~s off roofs are shuvm on 

figure 14. 

L 

~g 

Hor:;eshou-oh~.~pcd e~It. It l.~ (i) " ~ ~ --" -- "~' f(.It th:'.t the results, 

of these~t~:sts mr~Y be constru~od its b(.ing more' nc&:.rly adnpb~n 
to the conditions that will result in t~c prntotypc th~u', t.h~ 
results form.3 in the previous mod.clu. This iiffcrunticlti'Jh 
can bc made although the scalQ, r~.tio u'.;cd w~c r.?::.,llcr th:~ 
that of the previous models, q~is m~'dul was n full sccci(~n. 
%vhurcas the other modc~is wore, with o~l~ .~xccption, only n:.rt 

,, .,5 oz y,~.t b(t:n suctions. Since no definite rul~ or f(~rmul~.~ h ..... 
devised whereby, the ~,~,luos dcriv:d f'ro'4 scctini:'.'~l mudcl'J c~-:~ 
be trr_nsl'-~tcd to full-section ,,)rot')hvpu dim~.n."ionn, :~om,. 
hesitancy in prcdictin5 prob.qblc prca~';urcs or flea', condi t[:'n :~ 

is to be noted in the matori:-I orc:~(.nt~d oi. t~:c:-~ scc,.,un.A 
models. Althou~ some of the recorded n,..~c,t~ ".'~ pr.rtotvp,. 
orcssuros arc u~nistekably ,.-xcusziw~, ~ t ,  i:s b~ licvc~ ~thc't, 
by careful use:of both the positive an,.! nuEati'.'~ V~luos., *.h.'sc 

* - . ~- -~ -ic d~si,~lwr. To :~ul;st "~.r~- data can bc ~rcoly Inturpr.tcu b~ t .... 
..u, <,I ~,}_ so'Fred I'!~7,'; 

tiatc those r~:colacd v,.luu~, ~. 
lines u/~d~r the v'Jriou~ w:Ivc sctting~ is ~,;h~,',':~ on ]'i[[ur~:u I'/, 

1 8 ,  1 9 ,  a n d  2 0 .  A l s c ,  ~hi~ , l o , ~  p~l~.~,,~..~n, ~ . . . . . . .  
by us~ of the slow-moti'?n movin?~-piotur~ c.:.mvi':'~ and is .~"~.fl- 

abl : for ~ ~udy. 

Thus,, tests have or~'~v@n conc.lus:iv~Iv the n<cd fur t}~,~ pr~., 

~used w i u d  ch: .anbors  t o  ae r~- t~  c<;rU~,)( ,  i:}rc::.s :,,.I. : t h e  u n i ~ . .  ] t 
Z.. = ~,^, , . , .~ : + ~ , = ~  ~ , < ,  ,.,r.c,'~oc,~¢'] ' L~,'o ch:'.:t'ibJ~i's v:oul~ b~ . ~ u £ f i c ~ ,  r'~ 
,.~a ,~,+ ;+ ,~,,~,,id n"t ,b< n~c,.~s.~rv t~. !~i.rovid~ ndditi,.:u.l ",,Jr 

vents, c 

T}lo co,#fficlcn~ e l  - ~ ' ; , ~ - r . .  . . . . . . . . .  .~- : ' ' " 
. '  , , ,  • ~ , • . t , t [  ~,3 

constant :u'~d didono~ d~pc:'.d upc'.,; t n~ ,  ~.".i'~.~ , ~ n ~ ] . ~ E  ,,t ~h~ ~. - 
• • s " uq6 ',,h:~t th v, l(,citic ~" charge. At the s:..m~ time, it ~:..- [, 

in the bottom of thu dr:;:ft tube ¢!id, :~..~. ~ ul,! b< vxp¢ ctc t, d¢~- 
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But even with a high discharge, the "~eloci~y, which reached a 
maximum of only 35 feet per second, wos not excecdinzly high. 
These conclusions have been verified by soundings in the tail- 
race opposlto the relief-valve discharge opcnin~ where erosion 
of the sand and grawl backfill has reached a depth of only 
three feet. From these tests it was found thet the main cham- 
ber of the unit could be shortuned, cffcctin~ a material sav- 
in.~ ,in rook excavution, construction work, end cost of the tulit. 
From and upon the merits of t~csc tests it is r~commendcd that 
the wind chambers be installed cs designed, that the spider 
guido arm b~ aerated at all possible points, and that th~ main 
chamber of the unit bc shortened, It is also believed, from 
the study of these tests, tlmt a definite and sufficient dis- 
sipation of energy will result and that there ~,ill not result 
any adverse flow conditions. It is again advised that caution 
be used and that enroful interpretation be made in the use of 

these data. 

(2) Circular exit,--The tests of this type of energy ab- 
sorber hnvo indicated that it should operate effectively in 
the field. That is, as far as can bo determined from the model, 
the shook to and the vibration of the unit will be r.t a minimum, 
The pressures recorded from the model parallel very closely the 
values found in the previous model while operating, under the 
ss~c conditions. As commented upon before, those values are all 
within the design range and represent, with one exception, con- 
ditic,~s of stable flow. This exception is in the area immedi- 
ately bel~v the circular v~ivo. In the sot of check runs mado, 
v~lues quite different from the previous ones wore found to ex- 
ist in this area. When this condition wus discovered, more data 
were taken at these points, and it was also found to ~ury, which 

indicates unstable flow. 

The observed sndlmeasured velocities in the draft tube varied 
slightly in this case. Visually, the flow appeared to be more 
overtly distributed throughout th£: draft tube whereas, in the 
previous model, it hnd cppoared to be concontrcted along the 
bottomof the tube0 Sli~tly hi~er average measured v~ioclties 
were recorded from this model, which wore duo, no doubt, to the 
sm~ller discharge aro~ from the rosin unit, 

Model Tests  o f  E n e r g y  Absorb,ors 

5. Description ~of ,the models. (a,) General.--Six ,models 
of  the  e n e r g y  absorbers  wore c o n s t r u c t e d  i n  t h e  Denver h y d r a u l i c  
l a b o r c t o r y  which i s  l o c a t e d  i n  the  basement  of the .Customhouse bui . ld-  
i ng .  The wntor  was . supp l i ed  t o  the  models by pump, t h r o u g h  a c i r -  

? 
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mulcting system, and the flow was controlled bya gate valve (Cir. 
4). The tail-~mtor level w~s also controlled by a get~ valve be- 
low the tail-wnter box, 1~e discharge was measured oven-a 2-foot 
sharp-crested weir located in the return flume to the pump sump. 

a h o o k  l o o a ' ~ e d  in a The head on this weir vms measured by ga~c 
stillin~ well connected to tt~e return flume. The pressure in the 
supply line was held constant for all tests on th~ models. In order 
to have the t,~st material available for later study and demonstra- 
tion, a complete record of each test vras made jy use of th~ slow- 
motion mo,~d~n~-pieture camera, which, due to the scale ratio, re- 
duced the model velocity to very near that of the prototype. 

(b) Elb~:' type.-- 

(i) Two-inch section model,--This model was built on a 
sc,~.le of i to IZ .Ju~d wo s onl~, two inches thick, ti~t is, one 
inch in lthioPanus~ on each side of the vortical plane in the 
dmvnstream direction. Duo to this fact, it w,~s possible to 
for models by cut ng a 2"inch the !outline of 
the enor~v absorber and then covorin~ both faces with 1/4- 
inch thick p.vr~llin to form the closed section and to facili- 
tate :the vic~Tln~ of the flov' phoneme.ca (photograph A, plate 
i), The bafflo:~nd t/~o controlvavlo wore also made of wood. 
It ~s possible to regulate th~ disc tin~ by moving 
this control v~Ivo with a screw arra Piczomotors for 
pressure n~asurcmonts wore installed ~del, as shc~ 
on flo-~Aro 3. 

(2) One-half scctionmodol.--Thc models of th~ elbow and 
the bo%'l type wore constructed in half section on a scale 
ratio of 1 to 12. The back and the upper pert of the model 
wore formed of wood in semicircular section, while th~ face 
and the lower pa~t or elbow section wore formed of pyralin 
(plwtograph iatm I). By use of the pyralin on the back 
.~nd the lace the mode!, it vms posslbl¢ to 11~ht this ~ren 
for photographing ~d visual s tudy Of the flow conditions. 
The control v~iv~ and the baffle wore cunstm/ctod of wood, as 
wcrc the six vnnos v:hlch support the bafJ~lo. Movement ~-f the 
control valve end olovution of the tail~:[c~:tur w~ro controlled 
ns in the previous model. Piozomcturs for pressure mcnsure- 
monts wore install~d at th& sc~n~ points ~:s on the previous 
model (fi C. 5). 

(d) Bowl t~/po.--Thcl only portion of this model that differed 
from the previous type vms the removal of the baffle and the re- 
placement of the elbow by a circular bowl which was also con- 
structod of pyralln (photoc~raph C , plate I). The rein, tinder of the 
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model was left, as used~.in .the-,previous [test,~and the .tail-w~terele- 
vationwascontrolledasbefore.~The!ipositions of the niezometers 
as installed !in this model are shown on fi~are 6. 

(d) Modified bowl type.--iThis model ~s ~constructed in ~full 
section on a scale of l to lZ. The~entire model, with :the exception 
of i the ~bowl which vms of~wood, was constructed of pyralin. LiThe air 
chamber and the iinlet i~nediately belm': the "relief valve ~wore icon' 
struct~d so that ~tests could be run cither with or w~thout airJbeing 
ad~aitted at this :point. Provisions were ~also~madc ,for ~changing ~%he 
length ~of the throat protrusion ~inte the~in ~chamber. Two types of 
main ci~mber roofs were also ~tcsto~. Pressures in the model were 
measured bymeans of piozomotcrs, the locations of whinh are shown 
on ,figure 7. 

(e) Circular chamber ;typo.--~o~modcl ~of tho,oner~y~absorber 
designed for units A-6 aud~ A-7 ~s constructed in full section, as 
v,;as the modified bowl type, 9:horcas t/ie previous onus tested wore 
only part sections. 0nly one model was constructed, but it ~us built 
so that it could be tested wlth the. bottom ~in four positions , a s  

~hov,~ on flguro ~. Azcale ratio of 1 tel20 v:~,s used for this model, 
The i unit was constructed cntire!y of p~rralin, ~vith :the% oxcqptlon of 
the ~valvc and the w~ivo chamber v~hich ~;orc cast ~, from ~brass (pl~te 2). 
The entre.nee chamber was formed from wuod snd connucted directly to 
a 4-inch supply liuc fed by an S-inch centrifugal p~mn. The flow 
through this circulating system to the model was control!led by a&- 
inch gate valve, while the tail~water ~ms controlle~ by an 8"inch 
gate valve in the discharge;line (fig. 4). The dischcrgc v,~smeasured 
~as in the previous !tests. The pressure in the supply line Vras held 
constant and rcprescntod a hoa~ on the prototype stn~cture of 408 feet 
above the tail-watOr level. Fiuzomctors ~erc instal led :ih the model, 
as sh~/ on figure 9, and all pressures referred ~to in the accompany- 
ing tables arc in f~et of water above or~bclov ~thc :rJspoctive piezom- 
ctcr openings (photograph B, plate !3). 

Thu only difference bctwmcn the design acceptcd for in- 
stallation in ~mits A-6 and A-7 and th~ design proposed:for installa- 
tion in units N-7 c~d N-8 is in the shape of the draft :tube which 
connects to the vortical chamber of the unit, This draft ~tube is 
circular in cross suction at the junction~point with the vertical 
chamber and extends to the comqcction wit/~ the concrete draft tube 
which flares to :~ filleted r~ctangle at the discha ,- 
zom~ters iinstalled in this model were in the s~me the 
previous model and their location is shc~n on,figure 9. The pitot 
tubes for velocity measurements in the draft ~tubc weru also inst~llcd 
as shown on th~.~ figure. 
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~DISCUSSlONOF RESULTS 

Ori~imal and Replacement ~Units 

6. Tests !I and ~2. Two-inch section model.--The first 
model of the orig-'~a~"~ to!be constructed consisted of a t~o- 
inch section taken on the center line. This sllco~of ~tho:umit 
yielded some vury interesting data and ~flow :~oharacterlstics ~or ob- 
servation° Pressures asmeasurcd~on the model:~and transferred ~O 
'.the prototype ~in'.feet Of:r~1~ter aX~ shol~1 in table 1 and ~the points 
at which these pressures w~re !taken are ~indicatmd ~en figure ~3. 
No~tive values in !%he table Indlcnto le ss than a~aospheric 
sures at the respective>points. ~ SoriOs :I ::of the tests- was made ~iith 
the  . b a f f l e  in  p l a c e  :and w i t h a  :normal t a i l  ~ , a to r :  a t  o l o ~ n t i o n  6 4 3 , 0 0 .  
Series 2 ' of 'the tests w~,s ~ made-wlthout . the 'baffle and with ~tail-water 
elevations of 645.00 ~and ~1625.00. 

Flow conditions around.~-md bolov, tj:ebafflu.:c-banKed ~%~rY 
little v,~i%h different valve ,openings , but when ~thu ~bafflc was.~ro- 
moved .a considerable o}m/igc"vcas noted in th~ ~,area around ~d~b01ow 
the place formerly omcupiod~by:it, du~, ne doubt., to tho~tmstable 
condition i~nodiatcly bclov; ,the valve. This condition ~.cculd be ,,~.n- 

. 

.suros would'be shown:at,vents ii ra~d i12. and :the )Jot~bclaw~the ;~gatc 
• would swing m~y from the ,sid ,at which tho~nir'was ~being admitfmd. 
This condition ~ could ~bc reversed ~by:plugging vents ~9 ~ ~ud ~I0 and .ad- 
mitting air at atmospheric pressure to vents iII and~J~!2o !Frossuros 
as read an the tachometer:board wore ~roversod _--nd,,~worc-approximately 
of the some magnitude :earths opposito,sido of ~thc~moddl. ~This ~con. 
ditiom existed at both normal ~and low tail-voter olcvutions~_ud :was 
most pronounced vrith:an 0.8 gat~ opening. ?After a study:of ~,the ~flGw 
and pressure da%~ :it w~s:'decidod to build a now model which~wus;~to 
be a full half section on the s~mc scale'. 

7. Test 4, Half-section modol,--As~w~ll~be ncted~from 
a comparison between ~nbles land 2, ~.thero iS~a ~onsidernblc dlffor- 
once,between the prossuros.whlch are in feat,of, water, as obtained 
from the t%'o models, lit is l~lly agreed t~t~tho~prossu~s :%~kon 
from the two-lnch seotionmodel should be Interpreted as beln~only 
indicativ~ of ,the :pressures ",%/~:t arcto be cxp~eted ~h, ~/~e ~pro.totype, 
while those taken'from :the !half-scctien~ model may be :considered ,s 
more the orote o pressure. , atheu h,   o  ros- 
suros are oxcessl~ at some points, they furnish : an  ioxoul!ent basis 
for/,study and should be used only in tha~ cap~city. 

The six vanes  , w h i c h  supported the baffles wore ~Installod 
with piezomotor,oponings in the do~.stro~un cclgc of ~two only. The 

% 
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tail-wste~" box, piezomet,~:- boaI'd. 
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.',0Penlng in the ,: dc~vnstre~m .~ne ~was : ' d e s t g T m ~ d / a s  ~number i~15, whil:e 
#,the ~ :open ing  in , t h e  ~,. t h i r d  ~ ~ n  :. 'downstream-. v a n e  ~was i, k n o ~  .:: a s  ~ n u m b e r  
~!~,14 =;, ~The ~ p o s  i t i a u s  io£~ t h e  l / i e  = o m e t e r ~ : o p e n i n g s  ~in " t h i s  m o d e l  ~,are 
s h e ~  on , " f i gu re  ;'[5. ~Positive pressures were : recorded ~for 'all ;•posi- 
t i ons  o~ the ;gate with,'a ~tail=weter'; elevation~ of;;64~,00, wh£1e~:wi~h 
tail-water elevation~:=o£; S25;00 ;negative values were :recorded ~on ~the 
vane~ at the back o£ the model. 'Low. ;positive :pressures'were,evi- 
dent~on the vane next to the:£aoe o f ' the?mode l .  Thiswas'due, ~no 
doubt~ "to restricted:flow at this point. 

Observed i~flc~v conditions .in: the t~'o models' wer~ ~ al so ,. quite 
idifforent~ ¢,spccially:in ,the are~'~below~:the baffle. Flow eddies in 
the. t~- inch section,;mode I :v:c re qui to '..violcnt .. and. rotated ', in:!~tho 
vertical piano, while ",in ~thc ;,half-section .model this :'direction, 0f 
-rotatioz~-w~s i n a-~ight:handod,:do~stroam, direction, itending to ilm- 

agitation,due to'boils ~::or ~,whirls ,.which '~ might ~vc' bccn :amittcd !from 
the :.draft tube. ~The sketches_on/figure ~i0 ;indicate ".the- general di.- 
-rection of fl~,r throug~h _the .dis s ipato r. 

Included .in ~table ... 2 .is - a .col~nn hc~ded "Hea'd ~, Los s above 
T. W. El.,~ which ,indicates the • loss ~betwocn a point near :the ~uppor 
part of':the rolic£:valv~ ,to the tail-water ~iovel. iThe column headed 
,C" is the coefficient derived from ~theso, data ~by use ~o£-%he :£oll~w- 
ing formula: ~Q = CAV= ~which may~be~,written C~=]~/AV,!~and sin~co 
v = - 2k/~-wc may:'substitute and obtain 

,C = 
A:'x :8.0,3 " : ~  

• i"~Substituting real ".vRluo s 'in~:the, above ' formula, ~we have 
q , 

' 1 5 2 3  
C - = .  ' - ' - ~ - ~ - - . , - - ' - . , -  ~ - : 8 '9  ; 2  

"#Rich is the .coefficient " s ..... o£ los -~.through .the unit,. 

The.pressures in':table 2~ar~ the ..~luos .ns ~ta~n~.at--b/~e 
. points ~,sh~vn on.. figure ~,5 ,:and arc as~ moaourcd m-On ~.thc model .land i.tran~- 

~latod to ,the prototype, The ~valu~s iindioated in"~thc 'tab!e ~on,ifi~urc 
1 arc the so ,.valuos.~.avoragod~ ~nd '. renumbcrod ~to ~:-corrospond-,to ~ho 

,~.tablo on. figure ; i~ and ~;r~fer ~ to ~ the ~:pos i~ions ..shown on ;:this ~fi gure ® 
L' 

From ~ those, t~sts .the £ollovting ~nc r~l doduotlons :,may bc 
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made~ ( a )  A p o s i t i v e  pres~.ure  e x i s t s  on t h e  u n d e r  s i d e  of  t he  b a f f l e  
at :polntsl P-1 'te P-~. ~eept i:at'.Iow ~ail wa~er ,  .when ~low'nc~atlve 
proil~uroa.ooour tov~Pd ~hO ed~s of ~rthe b~'ff l :c,: This ~.Id~-~r:"+~ 
I nd ies to  ,+~"tat +the ;p ipe ," and v a l v e  ~rov idod . f o r  ~ ~C a~ Im iss [o -  o ~ - a ~ e -  
pnerlo alr to the under sldo,of ~ o  : b a f f l e  are not r o q u i r e d .  (Tests' 
~I ~C LfiOld havc v~rltiod ~hoSo oonolus1<~s.) (b) -~.pos!tlw+pros- 
s u r e  is mintainod at the outlots f r m  tho annular air : e h ~ n b o r : a t  
P-7, oxoopt: at,t.ho I ~  ta l l  wator. Agaln i t : i s  indloatcd, thorcforc. 
that the air plpo and .tho valve provided for +admisslon of a~nosphori~ 
alrto the alr.ohamber are not~roquirod. (o) A nc~atiw pressuro 
exists for praotically all e~ndltlons of fl~ a n d + e l e v a t i o n s  o f  tail 
water at P~5, which accounts for-the cc~fflcicnt of discharge of the 
relicf valve boln~ greater than ~i~ i. .~With the a~mlssicn of ahnos® 
pherlo air itls expo@tcd that the coefficient will romaln at approx- 
innately 0.90. ~ n c r o f o r c ~  t.he air pipe and the valve . p rov id~d  at 
this p o i n t  ar~ neeossary. (d)  ~ h i g h  n ~ l v o  p r o , s u r o s  ~intalned 
at point P-6 f o r  all esaditi~ns of flow~ cl~vatlon~ of tai l '  w~tcr 
indieato tho ~eoossity of aora'tion at this ~oi~t+:,to avoid hydraulic 
shook duo to ~: o a v i ~ a ~ n ,  and formation of v a p o r .  :~ 

. . . .  8. Test 6.  B ~ l - t y l ~ - m o d o l , - - T h o  ch~gc  In  d o s i ~ a s  t e n -  
~ a v c i y  agroe~ upon be~en the ~ f a o t ~ o r . o j ~ d  the ~ l ~ a u . o f  RC~ 
lamatlon consisted in removing the baffle plate and .:in ~he, n~Lug~tho 
shape of tb~ low~r porti~ or olbo~ near the ~xlt. This n~w aesi~n 
is shown on figure:ll° i~¥1~w oonditiaus in this model wore quite sym- 
metrical and indicted, a, ~ o d  i~provoment o v e r - , t h e  ~., o r i ~ I n ~ l  +:design. 
Ra~hor.  than a t ~ t  ~ , ~ w a ~ e  a do~@~ip~ion o f ,  ~hc ~£1~w ehar~e to r -  
istles under the-various oan~itlons tested, sketches of-~ho fl~ ~lines 
w o r e  o a ~ f u l l y  made by  E* B.:.Moso~, rusd ~ o  ar~ r ~ p r o d u ~ o d  ~ f i ~ -  

: u r n s  12 and I ~ .  

~ e ~ s s u r e ,  e ~ i t t o d  :T~om , tab le  .~, wor~ : ~ x o ~ s s i ~  n e ~ x t ~ v o  ~pros-  
_~__sur°s . . . .  which, could, . no t  :~¢ . . . .  moaem~d ca  r~hO m~nom~.~or -bo-~ i :w i~hout  a 

+' , 

i 
I • 

! 

The p r e s s u r e s  i n  ~ b , o  .3 a r e  : the v a l u u s  as  ~aken a t  : the  
p o i n t s  ~hown on = f igu re  ,15 ~: and i r e f e r r e d  t o  t h e .  e l e v a t i o n  ~ f  t h e  : r e*  
speotivo o p e n i n g s ,  and t h e y  a r e a s  m e a s u r e d  i n  tlw model  and  'trans-. 
la%~d to t h e  p r o t o t y p e ,  The ~ v u l u o s  i n d i c a t e d  i n  t h e .  t a b l e  o n ~ f i  
I1  a r c  ~Icso ~luos a ~ o ~ d  and~nmnbored  ~:~ ©or~spond ,.to tho ple~c~- 

• , - - ~ u  ~u zn ~no roA/~Ing,d~sousaion are of %he ~uluos :in t h i s  ,table 
on figure ii and l~for to.the po, ltlons shown on.thls flguro. 
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From thos~ ,t~sts :the followin~ gsncral doduotlons~ay~bc 
,~do~ (a) A positivo pros~,urc oxists ~for'-all oondltions,of f low 
and elovations of tail,w~tcr at polnt P-~.~wherv ~n'annular.ai.e 

harbor  i s  p rov ldod  ~ e r  ~tho s d ~ i s s i o n  of  a t ~ o s p h ~ I c ~ u i r ,  Tho re -  
foro, ~he air pipo and :the valvo :provided at this point.are not :,ro- 
quirod. (b) ~Anogativc prossuro oxlsts for a11~condltlons ~o£ ~£!~ 
and clevationsof~,tnil water~,atP.l, which may accou~nt ~or ~.the ~o- 
offioiont of,dlsohargo of thc~ r o l i ~ i '  valvv :,boing.-Eroat~r.~than-unity o 
With the a~issio~of a~osphcrlc air it,~is oxpset~d that ,~h~ oo .... ' 
,o££ioi~nt mill: r ~ a i n  a t  a p p r o z i m ~ t ~ l y  0 . 9 0 ,  ~crofor~, ~,thc"air 
. p i p e  and t h e  v a l v e  prowidod a ~ . t h i s  p o i n t ~ a z ~ n ~ o o s s a r y .  (0)  :Tho ' 
high nes~tiv~ prossurv~i " maintainod a~ ~ p o i n t  !P-2 ~or'all ~:eondit!on~ 
of £Io~ :and ~olowtions, of tail w~tor~:~i:~dio~.bs :tJ~e neoesslt-a,-o~ no,a- 
tlas a t  ~ h i s  p o i n t  ~ t o  a v o i d  h ~ i r ~ . u l i o  s h o o k  d%w to  e ~ v i t a t l o n  a n d  
~ o r ~ a ~ i o n  o~ v~por .  :(d)Up to 20 ~ r o c n t l o f  v a l v o  s~roMo, ~he : o n o ~ y  
absorbor £unotionod approxi~tcly as dosigned, but ~t ~:~reatcr ~.l~x, 
oponinEs: tho ~r~c :o~ InSlow ~ to thc : horizont~! "d~sohnrg¢ Imssa~o ~,is 
suoh  thnt t ~ o ~ w ~ o r  doos not f l o w  av~y :from-~the ::flbsorbo~ bowl ~ as 
rapidly ~S roqulr~d~for.satisfaotory~opcration. Thero~or~, ~tho~watcr ! 
l v a v i n ~  tho r e l i o f  v a l v o  :cr~anot ~ f l o w  in tho  d e s i ~ o d ~ e o u r s c  b u t  i s  
d e f l o e t o d  t o  ono s i d o  by a l a r g o  ho r i zon t~ , l  r o l ! e r  a v ~ i p a s s o s  :ou t  o t  
tho': .dAso~mrgo,passag~ ns i f  ~throu~h a simplo,, vlbow° : F I ~  llr.o ob~ 
sorvod~ on~tho p a i n t o d  s u r f a o o s  i n  ~thc p r o ~ t y p o  shc~" t h i s  o h a r ~ o  "~or- !~, 

. istio~.flow and pio~ometer.,ro~din~s at~various points :in~tho~bowl ~:-sho~ 
a : Oo~stzmt p r o s s u ~ ,  ~r'W~I,O h ~i~_ t o a t o s  :no f l o w  in the ~bowl; .i;In ~this 
~ eo~o~'tion, it may ~b~ :~notod ~ that the, eono tip ~ (nitr~dod ~ a~inst or0- 
slon 'd~o to -high- v~l~ity) i i n  tho bowl. on a si~i!~r iins~allatlon at 
unit :A~8 showod~-no-:sign of :,£1ow. on ~tho p~intod surfaoo. .Th~ ,~ hori- 

~zon~ l  r o l l o r  : i nd i ca ted :  a t  : po in t  P.oeour~ 'undor.  c~nd i t i on~  of  ,~ ro-  i 
l o n g e d  discharge. ,At,oxtromuly.l~v t r . l l  w a ~ r  and~:.hi~ :dlsoh~ge~ -i 
an a i r  •poeko'~ ~ forms a t  ~ : ~ s  point, and i s  ~ntn~ppod ~by the ~ m~in  ~et~ ~' 
eauslng-=__. --a :suddon. ohnn~ ..... ::,In~ prossure. ~nd vlolont, shoJg~g .o£ ~.the. s,~ruc- i 

f r ~ o  passa~o :,f : t h o w a t e r  around :tho mnin ~oto 

9, Tosts '13 to:2~. Modifio~ bowl-typo:~delo--Tho,ch~n~_o 
i n  dos i~n  as  f i n a X l y  a g r ~ r U p O n  b c t ~ o c n  th~ ~ n u f a o ~ r e r  ~nd t ~ c  
. Buroau o£~Roelamntlon oonsi~tud of ro~oving tho bafflo : p l a t o  and 
,supporting ~anes,-,, rcplaoln~ thc olbow~wlth a~ oiroular~bowl~ and ~,tho 
p laeAng  of  a OyllndriotL1 ~ t h r o a t  liP.or ~throu~h ~tho a r c a ~ f o r m o r l y  
oe~upiod by tho b~fflc.plato~. This linor:cxtond~d'from~a:~point hoar 
~tho rolief-wlvo,.seat ~to slightly bolov: the ~1o~-:~r~ air ~inle~. 

Tho,modcl. of this design @rod :the ~tust sot-up,arc ~shovr. un 
~flgur© 14. The loor.tions o£~,thc piezomotcr openings ~without~tho air 
~ e.hambor cund vrlth it,:in :place arc ~.sho~ ~n i fibre ~15, i~Thc ,vrcssuros 
shown on tables,4 b):13, ~i, inoluslvuo v-~crc ~Jcon~fro~ ~-thc:fu11-sootlon 
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1 .to 12 model~ of :the unl% and :h~ve b~en .enlarged to ~the prototype 
d i m e n s i o n s .  :i~:They,~: a r c  ..in. feet::O~..wa~or above ,or bolow the  respective 
p i e  s o m ~ t c r .  /.~iThe.~:n~ativ~ : v a l u e s  ! i u d i o a t e  ,a .vacuum "a t  ~ the pic zomot~r~ 

o ~ w h 2 o h ~ a r o  far in excess of .the nog~tiv~ pressure obtainable 
at :.this altilx~o~ ~.r~hich "in~Ioa~oe .the ~.amount~ of: energy/ to be :"dissi- 
pa~od~:~y SJ~o ,~ne~tlon of ,a~oam '..vapor with '. rosultin~ .hydraulic 

..~Poundlngor,..noiso.~:o£.oavl~ati(mwh~n t~ v a p o r  . ts :~condcnscd in~.a 
r o g i o n  o f : - h i ~ l e r  p r o s s u r o .  ,~ 

1~':tho .~ flow :.' oondltlons ::observed in :the model ' and the 
: r e c o r d e d  . d a t a ,  ,',film ~! f o l  l ~ r l n  ~ : ~ n @ l u s  i o n s  ~ a r e  q u l  to  : e v i d c n t :  

(a) The~ amount , :o f  alr.:.cnt~alnod !~hrou~h:.~hc ,12-1n@h,alr ~wnt 
is n o t  m a r t i a l l y  a i ' f e e t c d . 1  plaeod...raround :.~ho 
. low~ r end-. of ~.~ho v o r t i c a l  d: ~ x ~ n s  i o n  . o f  the ~oT- 
lindri@al "di~oha~.~c ~ubo into the disoh~r£e .oaseage, nor t ~ e  :olcva- 
ti~'-of %he ~,~ail.~iwalmr, " ' _ 

(b)  'The p r e s s u r e  i n : t h e  c y l l n d r l o a l  ' d i s c h a r g e  t u b e , w h o r e  a i r  
e n t e r s  f r~n:~ t h e  :~XZ*Inch v e n t  l l n e  • i s  ' - a f f e c t e d  : ~ l y .  s l i ~ h t l y ~ : b y  a 
o h L u ~  i n  e l e w ~ t i o n  o f  t h e  ~ a i l  w a t e r ,  The ' f r~e  surfa@e~:of ..th~ 
w a t e r ~ s u r r o u n d l n E  '~ t h e  J e t  ~ . f r ~ . t h o  m l i e f ~ v a l v c  ~.(v:hlch i s  : a t : . , a  p o i n t  
a p p r ~ i m a t o l y . h a l ' l h w a y  up the  t u b e )  . r i s e s  ~.~sl lghtly when t h e  , t s i l -  
w a t c r . . e ! e v a t i ~ ; ~ i s  i n e r c a s e d , f r o m : 6 2 5  %o~,655. ~ I t i s  p o s s i b l e  . t h a t  
t h i s  r i s e . ~ i s  i : I n : p r o p o r t i o n  t o ~ t h o  r o d u Q t l o n  .! I n  t o t a l . h e a d  o n  t h e . ~ r e -  
l l e f  v a l v e ,  ~.~hloh i s  r o l a t l v e l y  s m a l l ,  , :At :no t i m e  ::does ~%he : f r e e  .::sur~ 
f a c e  o f  ~the~..,Water.~roaoh t h e  v a l v e  .~ S e a t ,  : ex@ept ?.for m o m e n t a r y  . s p l a s h e s  
o f  ~ t e r  ~up :.~to : t h i s  .~ p o i n t ,  

(o )  ~.~ho : a t t a i n t  :~line cn  t h e  mode l  ~z~s c o n s  t ruc ted : o f  ~ g l a s  s ~ ~o 
e n a b l e  : T i s u a l  ~!~:s t u d y . ; o f  ~tho w a ~ r  o o i ~ . ,  wt  th ~tho ~ a l v c ,  o p e r a t i n g ,  
NO:.. e v l d ~ 1 o o  ~!Of,: o e @ l l l a t o r y ~  f l o w  - i n  ~ t h e  ~ h o r i z o n t a l  : p o r t i o n  ~of . t h i s  
l i n e  ,: was o b s c ~ d  ~ a t  any  ,wLI~ ~ c l o n i n g ,  

t he  adm~ s s i o n  ~ Ot ,~ a ~ s  phe r i o  ~.al r ' t h r o u  ~h ~.:the 1 2 - i n c h  ,~ at r - v ~ n ~  - l i n e  
much. ~ m a l l o r  ,nO.~ativo p r e s s u r e s  :~re. ~o a s u r e ~ ,  : : o f ~ n  .b~oomtng_ p o s i -  
t l ~  in. va1~o, :--wht2e . ~ h o  I~s l t l~  + p r e s s u r c ~  .wo.r~ ~ o n ~ r a l l y , i n o r o a s e d  
and wore m o r m ~ s t a b l ~ o  : ~ i ~ h , ~ l w  ~ i ~ - o f : ~ i r ,  t he  f l o w : w a s  mu@h 

m o r o - s ~ b l o ,  ~ a u d i : ~ r o  w a s  l e s s  ~ o u n o t a z g "  o a l d ~ p o ~ d t n ~  '.Of ~the 
w a t e r  in .  be th ' s , the ,  am~l l  d l s o h a r E o  t u b e - a n d  ..in :.the l a r E o  d i s c h a r g e  
chamber ,  'Fl~.:~.~bro~h-.~.o ' h ~ r t z o n t a l  : d t s o h ~ r ~  t u b e  was  a l s o :  ~uoh  
quie ter ,  as~,~s'!:th~isu~faoe Of the ~ 1 1  w~l~ro 

" (o) !The..~.¢~ni~l reo~.(so@tlon i, fi~..;.14) ar, otmd~the lower 
end, o f  t h e  s m ~ l l  ~ d i s c h ~ r ~  : tube  gave  • rood  ' . : ~ e u u m . . e o n d i t i o n s  for~ o n -  
t ra in ta~E air~,when::%ho a i r  I z l o t  v u l v o s  w~ro i :o losed ,  T h o : a r o h o d ~ r o o f  
( s e c t i o n 2 ,  f i g .  ~114).did not , -por for~ as sct ts~n@~or l ly  ~u ~thts 
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respect, which iis undoubtediy due to,an excessive loss in velocity 
head at the point of sudden expansion. This would indicate %h~t 
t he  :eanleal ,reef ~is the more :logical design ~s :it.approaches, in 
principle, . the expandin~ seetion '.of ~the :'.Venturi ~tube" and doe s • not 
direst ~e .return ~Jet up toward the valve seat as w~s first ~be- 
l i e v e d ,  T h e r e  i s ~ n o ~ a p p a r ~ n t  a d v a n t a g e  f o r  e i t h e r  typ~ o f  roof when 
the valve Is'~..fully.aerated, .It is believed that the :12-inch,air- 
vent line is adequate udder all conditions of v~Ivo: opening and ~oleo 
vatlons of fail, water. 

A~.tor':theso ~osts h~d 'indicated that the flow conditions 
would be s a ~ i g f a c t e r y ,  t he  ma in  u n i t  was a i t o r e d ,  and the  s u b s e q u e n t  
f i e l d  t e s t s  a h d  o p e ~ t i o n  r e p o r t s  ~ v o  shown t h e  o p e r a t i o n  i n  ~the 
f i e l d  t o  : ~ a ~ l e l  v e r y  c l o s e l y  t h e  mod01 t e s t s .  

/ 
t 
i C~lindrical Ty~c with Hors,~shoo-S}mped Exit 

IO. ~st 6. The first test wus m~dc on this unit as 
ori~Inallydosi~ned (fiE. 15), and although tho performanco appeared 
to bo fairly smooth, it w~s bellev~d thnt improvements ccul~ bemade 
(pho~o~aph!D, plato i). The cooffioientcfdisc~r~v~,th~a high 
tail water wns~er~nearly oons~,~ut, vars, ing~onlyiO.Oll throughout 
the vnrious val~ settings, whilo..with.tho lowor tail-wnter level the 
coefficient v~ried~O®O38, which v~uld tend toindie~te that %he :flow 
is less s~ble at th~ lo~r level. 

The ~locities measured on the bottom of the d r ~ f t  tube in- i 
creased as the disehnrg~ incrcascd~ vurying from6.50 to 33.50 feet 
per second with the high t~il wutcr. The flow was fairly evenly dis- 
tributed..acros~ ~he bottom of the tube, ns shc~n'~by:thesc pressures i 
(tables~14 ~nd~lS) and ~ho flea, lines on fi~uro°l~. The ~v~gc of ,. 
the velocities .v~ith-a full v~iv,~ opening. ~-s • only ~i .i0 -feet ~pcr see- i: 
~nd~ being the !lowest aver~&~ velocity of ~ny of the bottom positions 
tested. ~ith i~e ~ow tr, il~t~r :level those velocities increcscd 
from ?.00 .to ~.50.fcet per second, but the.average .~locity across 
the bottom ~ of -- ~o drnft tube with ~ full ~.vn~ivo opening.was only $2~9~ 
feet p e r  s e c o n d .  

!1. ~Tos~ 7. This tostwas m~dc on th~ same unit, the only 
@hnn~o h~Lng t~at the bottom wus raised to a point midwny between its 
orIEin~l pasition ~and the bottom :of th~ draf~-tub~ opening. The ob- 
served flcw~lin~s =are shown on fiEures 17 and 18 for both hAgh and 
low ~il~wa~r levels. The mlnim~uu to m~ximum v~looity range w~s 
idonti~l,with ~tho previous t ~ s t s ,  but the ~v~r~go velocitywith full 
valve opening was slightly hig~or~ boin~ 52,58 feet per second with 
the high t~il:wator a~id ~.17 feet ~r second at the Io~" love1. 

The T a r i a t i o n  i n  the  d i s c h a r ~ o o o e f £ i o i e n t w a s  0o057 f o r  
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~k18 '  ~ŗ  i~ ~ ~  

~i~;~, ~ ~ii,~,,~,,~i~ ~-, ii:~i-i~ ~ii~i,~i~:i~i~ ~,~ ,~,,~ ~,~,~?~ 



,/ 
the high tail water, while with the lower tail wa~r it was o n l y  
0.012. being-very nearly oonstant throughout ~nd ~i~aln provlng that 
there was but-slight baok  pressure due t o  the surige in the lOwer 
ohaa lbe r .  ~ 

@ 

p l a n s  f o r  ~.the p r o p o s e d  unit ( f i g .  1 5 ) .  In  add ic t ion  *o i m p r o v i n ~  t he  
f low. ,and  t h e  pez' f 'ormemoe oondi~;~ons,  t h e r e  wil l / /  r e s u l t  a l a r ~  s n v -  
• ~ " g  ~ e ~ o a ~ t - l o n  o f  rook ,  e o n s t r u a t z o n  work ,  ~ d  o o s t  of t h e  unit. 

i 2 .  T e s t  8.  I n  o r d e r  to  ~ o t ~ r m i n e  ,e:h~ther o r  n o t  i t  
would  be p o s s t b l ~  to' e n t i r e l y  e l i m i n ~ t ~  t ~ o  l c ~ r  p o r t i o n  o f  t h ~  m a i n  
o h e m b e r ,  a flat b o t t o m  w~s i n s t a l l e d  i n  t h e  ~t whioh ,ms f l u s h  w i t h  
the b o t t o m - o f  %he opening to the d1~t tube (irFige "8). ~e tO the i n -  
=~sed 8~v~ .~Id...ume1~.ble flow o o n d i t i o n s .  9 o u p l o d  wi%h the o b s o r v e ~  
1-  r ~ a s e  an w ~ o e a ~ y  on t h e - b o t t o m  o f  t h e  d r o / t  t u b ~ ,  t h i s  i d o a  ,ms  

~ o ~  . ~  v ~ o e z ~ y  i n  m e  d r o ~ t  t u b e  o f  any  p l a n  t o s~odo  

18 .  T e s t  9 .  ~ t 8  t e s t  wus m ~ d c * r l t h  t ~  ~ n n p e d  e b o t t o m  
moved up t o  t h e  ~ same 

pa .ovious  t ~ s t .  ~ 'As axmn~o r o a u o e d  t o . a  o~r%ain e x t e n t  the :  s u r ~ l n g  
a n d  p o u n d i n g  o f  t h e  w ~ t e r  t h a t  e x i s t e d  i n  t h e  m~in o h ~ b e r  d u r i n g  
t h e  l w o v i o u ~  t e s t .  The f l o w  was q u i t e  u n s ~ b l ~ ,  a~ i n d t o ~ d  b y  
p i o s ~ o b 0 ~ w h i e h  wore l o o a t e d  i n  th~ a r ~ a  u u d o r  t h e  v a l v e .  ' 'l~sker,o 

~ve t o t  n o ~ a ~ l ~  p r o J s u r e s  ~ b~fo~o ~ o o r d o d  e x i s t e d - i n  t h i s  same 
arOao ~h~ a w ~ s e  velo~itles in tM bottom o~'  the ~d~ft ~ t u b e  v ~ r ~  /- 
~i~h1~ Y ~e, e lat b o t h  t a l l - w a ~ o r  ~elmls tha~ ~hose feared in the p r o -  

Ous l ~ e t .  From , those  da t~  ~nd Obse rved  ~ w  oondi~Am~s ( f i ~ .  1 9 ) ,  
i t  is not  f e l t  ~ t  t h i s  t y p e  sam r~e~Ive nn~i eons id~t lan as an 
ef f ic ient  ~ e ~ y  destroyer, 

~ o  vuz-Gzoo~ ,rzDs l o o a ~ e d  i n  t h e  on~v~no© ok~nber  180 d o g i e s  
t h e  e n t ~ m ~  ~ i ( l ~ O ~ o ~ p h  B. p l a t e  2 ) .  Tha t  i c .  ~ ~ e  ~ .ow,  as  i t  
p a s s e s  t h e  O i r o u l a r  ~ u l v e ,  i s  1~lowlng ~ r t i o a l l y  downwa~  ~nd n o t  i n  
a spiral  d . ~ o t i ~  ae i t  u n d o u b t e d l y  would  i f  ~ i s  r i b  wore n o t  i n  
p l i e s  ( p h o t o ~ n p h  D, p l a t ~  1 ) .  

Xnoludod  i n  t ~ b l o B  14 omd 15 i s  a oolmun hoadcd  ~ C o e f f i -  
o t o n t  ~ o r  D i s e l ~ r g e  w d o r i w d  f rom t h e  ~ fo~m~a  Q . CAV, w h i c h  may be  

c -  /av, v . .  subatitu  a n d  

49 



b" g 

m m m m m m  

%_ 

FIGURE 19 

r i 

'O :GAI"E '~OPENING 
,T. ,W.'"EL. ~643 :00  

• ~ill i ~- 

r 

• F . T .  ,..;____ 

• 4 "GAT.E ,OPENING 
, T . r  W . ~ E  L .  S 4 3 ; 0 0  

~F~O;W ~L~I.N~E:S ;IN !E~N~EIR-~S 

• . , ,  ,, 

ii E'~ 

, - - • 

l iB ~E,R iMO~DE !L 
' - 4 , 5 " D " 1 2 1 3 8  



/ ;  

Subs t i~mt t~ag  z e a l  v a l u e s  i n -  t h e  a b o v e : f o r m u l a ,  we ~ ¢ b t a t n  

322 
/ ~ ir46 X :+800~ ~ 

w h i c h / i S  " ~he'~ eoeffioient ,:of d i s c h a r g e  .: Of ~the ~,ml,ve. This ~ ooeffl- 

~:~tail~water. ' T h i s  w o u l d  ~end :~o i~,.~dio~te .thats%he ~flew past ~he 
valve-:: . is ! ~ f a i r l y f r e e  ,i f o r  ~ a n y  ~ t l ~  ~:set~in~ ~and a n y  : - p ~ s i t i o n  .~of : the  
bot%em~ '~h~t ~,is. t h e r e  ~is a .slight~baok : p r e s s u r ~  ",~ .this area. 

:.the ~Jet~:on ~- t h e  b o t t o m  would  b e  e x c e s s i v e .  ~:Ex~nination ~of ~i~h~se i~pres- 
s u r e s  i n d i c a t e s  ~a ~ r ~ l a t t v e l y  ~small  ~ :var ia%ion,  : r a n g i n g  ~ f ~ n  ~'48 ~:%o 8 3  
f e e t  of'~.w&~l~.~.~w~l a .  h i g h  ' ~ t l  w ~ t e r ,  . a  ~ p r e s z u r o  w h i c h  i t s  i~not ~ a t  :. a l l  
, o x c o s s l v o  ~ b u t d u o  a l ines  t e n t ~  r e l y  ~i~,to i t h c  , .weight  ,:0~ ' the  ~ w a ~ r .  i~With 
,the .!low-::.~a~l ,, wa%o r %he. range ~iS ~Ir~/SO ':to ~:.45 ~!feot. of ' : .wat~r .  ~!p~otio 
- i c a l l y  i,~d~e .:same , ~  ,:but l o w e r  . v a l u e s ,  ,!~due ~ ~%hc i l owor  , ~ t a i l - w a t e r  ,-- 
level. " • 

? 

P i t o t  , tubes wer~ ~ i n s t ~ l l e d  ~:in-,~th~ :'bott~n ,of ~:~ho-dr~ft %~bo 
~t.~he q u a r t e r  ~, p o i n t s :  as~ shown i'on . s e o t i o n  ~!IA-A, ~ f i g u r ~  19" ~ h e  . .voice i - .  
t i e s  w e r e  : f ~ i r ! y  e v e n l y  d i s . t r i b u t c d , ~ , a e r o s s  ~ '~bot~om ,:of ~tba~tube 
f o r  :~k~ " .va r ious  , v a l v e  o p e n i n g s .  ~Theso , ~ v o l o o t t i e s ,  m e a s u r e d  ~a lo~g , 

i t .  ',The ::.avenge r a n ~  o f  ~ 

l y e  ~:.opening > f o r  ~,the 
,~he  ~ b o t h m , ~ p p ~ r ~ n t l y  !bad 
~ t s  a r e a -  i~dLL'fer~noe j i n  

s u p p l y  

i ~" t h e  
,- oor l  

a ~  ~ who%h~r ::or ~no.% -~.the ~ p o s i , t i o n  ~ o f  ~the .~valv~ - 
w i  
~3U 

~ r  

s t e d  ..undQr ~ t e s t  ~7, .~':and i.the ~walues ~:we~ ~ f ~ n d  -.to 
p r e v i o u s  , , m ~ d i n ~ .  

/Spec ia l  ~tt~ntlon~w~s ~ paid ,~to ,~the: ~ . ~ i l  ~ o r  ~o~ -~It !ISs,ued 
/ 
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fr~ the draft tube, :and it was noted  :thatthe e o n d l t i o n ~ o f  .the sur- 
faoe v a r i e d  as the volocltios in the draft tube i nc r ea sed ,  but :thr~u~b- 
out  the  range o f  ..tests no oxeoss iv~ly~advorac  c o n d i t i o n  e x i s t e d .  

P osi,tivc pr~dsuros wero rc~ord~d:at:pic,omo~or:opening8 5, 
6, and 7, wn~on.woro io~at~d in  .tho v ~ l v v  e b r ~ b o r  f a c e  f o r ? ~ l l  ~ i -  
t i ons  of  ~tho v ~ l v o s  ~nd f o r  both h igh  a n d  low . t ~ i l - w ~ t e r  l e v e l s .  
T h e s e : p r e s s u r e s  appear  to beoxoessivoly.lar~,ibut:upon.eonsidora_ 
f l e a : o f  their looati~n, and with re~a~d .to :the changes ~hioh  -occur :at 
this: point, it rlS bolio~d t]~.t'-thO l~oorded pX~SSUI'~8 fare .:txldio~- 
t i c s ' O f  the: p r e s s u r e s  ~t will exist in :th~ p r o t o t y p e . .  It?will b~ 
noted, upon an examination of t~mso data. th~twh~n the tail-w~tor 
l~vol was ilewe1~d 18 feet the pressures at thesu ~tb~eo p~Ints :in- ~, 
o r o a s e d , c ~ . a n  average  of 18 Feet. This would tend be tndioa~e ~ l ~ t  : 
e inoe t~eso  l ~ o s s ~ s  i n  t he  model ~ r y  :to the  s~me : r a t i o  as ~ho 
knmm v a l u e s  o t  the ~ model,  thoy  ~u~y: b e  oonsidorod a s  b o t n E a p p l t e a b l e  
to  p r o t o t y p e  : o a n d i t i o n a .  

To determine whether  or  not ~the wind~eh~bense  ~s :sheen aa 
£ i~ure  15,?.were requital, p t e e o m ~ t e ~  w r ~  i n s t a l l e d  s t . . those  p o i n t s .  
Three p l o z m r s , ~  l ~ l l ,  P ' 1 2 , ~ d . ' . P - 1 8  wer~ :Lust~l~led i.n,eae~.~.ve,l~.~. 
~u£de s p i d e r  arm to f i n d  i f :  n e ~ t l v e  p r e s s u r e s  ,, would oom~r ~" ~ ~ r ~  
would n e o o s s i ~  ~ use of  'the .proposed wind e b m b e r .  I t : ~ m  found 
t h a t  under-  a h igh  t a i l  w ~ o r .  - n o ~ v e  !!pr~ssuro: *ex i s t ed  a t  ~those 
t h r e e  .po:btto. a t  a l l  va lve so t~Lu~s . -~oop t  ~ . ~ : 0 , 2  . ~ l v e ,  ~Wtth :tho 1 ~  
t a i l  . w ~ b e r , . : n o ~ t i ~  prossuros exls~cd a t  a l l  ~ l ~ s - ' s e ~ t ~ 8 .  ~These 

b e t  a t  this p o i n t ,  -~ . . . . . . .  ~ - , r - - - - - - * - - . o ~ , n -  The t h r e e  o p ~ m ~ S  . s o , n e s t e d  t o n e . r :  and ~desl~- 
hated as:Is-6 (£i~. 9) wore to cheek the Preposed~wind eb~ber above 
this point..Klth a h i g h  tail-w~ber.lev~l, it?waS I round ~t.-~Ivo 

set~gs. ~kmse 
~I~ ~ Ind£ca~e. tb~ t  ~1~ho ..w~nd. o h ~ b c r  ::As ~ ~ q u l ~  

above t h i s  , p o i n t  6 r  a t  o l e v u t i o n > ~ 5 . 2 ~  .:as P ~ e d  -and:: a l s o  : t hn t  a 
valve  musti-be..Pro~dod.w~th~whleh..bo c l o s e  ~he v e n t  ~ l e r  o e r ~ l n  
o p e r ~ i n ~  e c ~ d i t i o n s ,  

~Reforr ing  t o  p rev ious  t o a ~  ~ ',~O~r.~ a b s o r b e r s ,  :It,?eas 
t hough t , t b~ t . / i t  would be ndvlsabl¢ ~ . . . . .  

the ~ a  under  the .~val~ .and a t  tho~ end el' iAija 
high  n o p t i ~ p r o s s u r o  e x i s t e d  wh~ . . . .  -~"~hin 

a r e a .  P i e ~ o b o r s  P-3 and P-2 wore '~lnst~l led~at .~those ! p o i n t e , S i t g h t  
cons r a n t  r' n o ~ . t i w  promsuros woro~ found ~.:at ,~ t he .  end .of ~f~o ~ulvo .~.st~ 
wh i l e  o o n s i d e r a b l y  g r e a t e r  p r e s s u r e s  e x i s t e d  u n d e r - t h e  ~ l ~ e  a t  P - ~ .  
But i t  i s  ~ n o t  .: t h o u ~ t  t h a t  i t - w i l l  bc n e c e s s a r y  to p r o v i d e ~ a n . a d d i -  
t ion~l.wind,ch~mbcr to supply~air ~to t~sc points, ~but ~hat the a i r  • ~ 
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chamber furnished te aerate the guide spider will~also aerate this 
area, under the valve 

15. Fl~v lines. Includedwith this report is a set,of 
drawings (figures 18,' 17, and 19) which show ~the observed fl~ 
through ~ the model with three positions of the "bumped" bottom and a 
tail.waterelevation~64~.O0. On figure 19 are shown the flowl lines 
with a tail-water elevation of 625.00. On the same figure is shown 
a comparison of~ the flew lines between the ~two tail-water levels. 
with anD.6 valve opening. These flow lines were carefully drawn 
byMr.~E. B. Moses and represent the direction of travel~ef the water 
through the unit in~tho disspiatien of its kinetic energy. Although 
thesc flow iLues do not foll~v exactly thu direction predicl;ed, they 
represent the change of flow direction neoessaryto accomplish this 
dissipation of energy. 

o 

C~vlindrioa ! Type with Circular Exit 
i 

16. Test I0. The average velocities near the bottom of ii 
the draft tube taken from the two sots of data shc~v a ~range in 
velocities of from 8.31 to :S5.71.feot per second ~bct~ecn 0.2 and full 
valve opening with a high tail water, ~ith the lew~ tail i~ator this \o 
range is very nearly identical, with a minimum of 7.89 ~to ~ a maximu~ 
of 35,51 foot per second. The velocities are not excessive, although 
they ~are higher than those r~cordod from the ~previous model, .and~ due ~' 
to~tho~fact that ~they appear to be more evenly distributed throughout i 

~~'~ ~',the tube, it is believed that this t~pc will be entirely satisfactory. ~i~ 

The observed flow throughout the model under the different ? 
valve openings at the high tail-water level has :been carefully ~ 
sketched and is reproduced on figure 20. A complete record Of this 
test was made by use of the slow-motionmoving-pioture omaera and is ,~i 
available f o r  s t u d y .  ~ 

The explanation of the term "coefficient of discharge" or 
"coefficient of loss," which are identical, has already been made. ~ 
F r o m  t h e  data t a k e n  on t h i s  model the o o e f f i o i c n t w a s  i c o m p u t e d ~ n d  . '~ 
can be found on table 16. In order to further qualify these data. i 
additionali~runs were made under heads ranging from i:~OO to 475~feet , 
This coefficient was then computed (table 17) and plotted to give an 
average ,loss" curve under the two tail~wator levels (figures 21 ~ud i 
22). 

;. Frc~ those data the following deductions may bei~made,! (I) 
"'~ The main.ver~ioal chamber of the~ unlthas again~lven satisfactory 

performance w i t h  thc shortened chamber; ~(2),~¢he c i r cu la r / t ~pc  o f , e x i t .  
.... • although ~indicating slightly higher discharge ~lues, is also quite 
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T A  B L i r  1 7  

C O E F F I C I E N T  O F  L O S S i  F O R : E N E R G y  A B S O R I [ R S U I T A B L E  
F O R  I N S T A L L A T I O N  I N  : U N I T S : N 7  A N D : N S  

P R O T O T Y P E  V A L U E S ;  F R O M : '  M O D E L  DATA - - "  

OIq ININO~'  V A L V E  ~ O I ~ [ N I N ~  & R | A , ~ O F  " ~H[ADVT, { t U A N T I T Y  l l i e . / F T .  I oFCOEF'LoEI: VALVE A R E A  OF ' H E A D  1 Q U A N T I T Y  O F L c O |  I C O l [  F. 
-C ~ " O P E N I N G  ' ,OPENI I IG  ' FT.  ] i [ G . / F T .  , 

_ T A I L W A T E R  . E L E V A T I O N  1 4 3 , 0 0  ; T A I L W A T I [ R ; ~ E L E V A ' f i O N / i l i ,  O 0  
_ f - 

k 

. 2  ~ . 4 6  ~ 4 4 1 . 2  

,4  5 , 0 9  4 4 0 , 8  

. l l  

1489.7  , 7 9 2  .ill ' 10.70 ' 4 7 5 . 6  ' 1300 .0  " .7 | )5  ~ " 

"' r 7 9 6 2  [' 7 4 7  ~ J • " ~ " ' - - " J  
1,0 T_, 13.78 # 4 ? 4 . 6  i l i 1 2 1 0  " ~ 7 3 2  

2 ~ . 3  , 7 2 2  .2 2 . 46  4 4 3 , 6  "P 3 4 7 . 4  ~ ~833 

7~ 7 .8  , . iB48 4 3 .09  - 4 5 9 . 4  7 I 7 .0  . 8 3 8  

#08~ .6  li . 6 1 9  ,I~ : 7 , 8 6  4 4 4 3 .  1-10|~7 ,iSP8 

1 4 2 6 . 0  ! . 7 0 6  .8 10.7~ 4 3 5 , 8  1~67,7 .812 
l . . . .  

1767 .7  , 76  I 1,0 13.78 4 3 7 . 2  1750,7  - , 7 3 6  

10 .78  . 4 4 1 . 2  

13 .78  4 4 1 . 0  

.2 2 . 4 6  4 J 0 . 0  3 3 6 . 5  '.84,, ! . . 2  ,' 2 . 4 6  4 0 3 . 8  ~33 I .  I , 8 3 4  : 

, 4  3 . 0 9  4 0 8 . 0  6 9 6 . 5  . 8 4 4  ,4  q.09 4 0 9 . 2  6 7 5 . 7  ,O ! 7 

. 6  7 , 8 6  l 4011.2 1053 .3  . 0 1 6  .6 7 8 6  4 0 9 . 6  1 0 4 ~ 7  , 8 1 9  

, 8  10 ,78  4 0 7 . 2  1393 .4  . 7 9 9  .8  IO°?O 4 0 9 . 6  1380 .8  . 7 S 2  

1.0 13 .78  ~ 4 0 6 . 2  1 6 9 2 . 5  . 7 3 9  1.0 13.78 4 1 3 ~ 0  • 1720 .7  . 7 5 3  

.Z 2 . 4 6  l ~ 4 0 6 . 0  i t  3 5 3 . 5  41'.8~J8 .2 2 . 4 6  l i 4 0 2 . 2  I I  3 5 3 . 5  °:11.11153 

. 4  3 . 0 9  l i 4 0 S .  0 I t  7 1 Z , O  ~ . 8 6 1  .4  5 . 09  ~ 4 0 8 . G  I t  7 0 7 . 0  '~W;~56 

.8  10 .78  !t 4 0 7 . 6  ,it 4 4 7 . 0  M 0 2 9  .8 ~ 0 . 7 8  ~ ~ 4 m  ~ . 2  ~ . ~ ~ ~ 3 8 .  0 ~L, ~ 8 '20  

I ' 0  1 3 ; 7 8  t 1 1 4 0 0 , 4  I t 1 7 4 i . 0  ~ o 7 t 0  1o0 13.78 I t  4 0 3 - 8  I ~17 IG.O ~ 91 .770 ~ 

i 
.2 ! 2 . 4 6  3 0 7 , 4  2 9 9 . 3  oTB7 .2 2 . 4 6  ~ 3 6 9 . ~  i "~ 3 2 0 . 4  ' , 758  , ~ T  ] 
.4  I 3 , 0 9  3 6 5 . 4  " 6 3 5 , 5  *.D3g . 4  3 . 0 9  ~ 3 6 7 . 8  13~L5  | 1837  

.6  _j  7,116 3 6 9 . 8  t 1 0 1 4 . 0  . 0 3 5  .G 7 .86  " 3 6 8 . 4  I 0 2 2 . 0  ' . 1 4 3  

.e I ,o.To i 3ez .z  t ,~,5.o . R 5  . ,  
1.o I 1 3 , "  I 3 7 ,  ' t I j 1 o . , . _ _  3 , , z  t 1 ,,5 | , , 5  

1 6 2 1 . 0  .761 1.0 J3.TG ?:367.4 i 1600 .6  ' ; T35  : * 

• 2 ~ Z" 4 6  L~ 3 3 2 ,  2 ~ 9 * . 6 , l O S  ~'.Z ~ ~ . S G  3 3  S . 0 ] rl'~ t i e .  S . "B  Z O  

. 4  ; S . 0 9  L 3 3 4 . 6  , 6 1 5 . Z  .1124 . 4  5 . 0 9  3 3 e . 6  *! 6 2 3 .  I . 8 3 3  

. 6  ~P.II 6 3 3 4 . 4  9 4 4 , 6  .1118 ,:.6 L ?.14t - 3 1 3 . 6  .: g i i ? .  3 ~ 0 ~tll 
- - -  I ' 1 t I 1 , 1 , ," I 

. 8  1 0 . 7 8  3 3 7 . 0  1 3 4 3 . 2  . 8 4 5  : . 8  10.78 ~ 3 3 6 . 2  131i9,3 I ~ . l l i 2  I 

. . . . . . .  . . . . .  u 3 3 4 . 0  
| 

3 0 0  ° t i i  i . 2  2 .4G ! 3 0 2 . 6  2 7 9 . 1  - . 0 1 3  : 1 2  2 . 4 6  l o l l .  i . 8 3 5  

. 4  5 . 0 9  Z 1 8 . 2  5 8 2 . 0  ;e  19 .4  5 . 0 9  : 2 9 9 . 4  ~ 8 2  

. 6  _ J 7 . I G  3 0 1 . 4  9 0 6 . 3  . 8 2 8  L . 8 ? , ~ 2 ~ t .  4 ~ ~ , ~ e l  7. 4 1, i 8 i 

. 8  10 .78  ; 2 9 8 . 2  1 2 2 7 . 0  . 82  I . 8  IO, T8 $ 0 0 . 0  1127,  I . l l 9  

f . o  t $ . ) ' o  z 9 8 . 0  1 5 0 8 . 7  : . 7 0 8  s.o 13 .78  
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" '~:? "::SUMMARY OF :: F I ELD .' I~PO R~, A~ZD : TESTS 

: i:brleti:;remm 

:r ~ ' .  

-!i? :: 

:Luot~ILI _ , 

: ~l~lt8 ~/£te Id~i~eeport.:;doa! s~:wi.~,i,.~he.;" retie s £ ~ n o d : o ~ r g y : . . a b s o ~ r ,  ~oxeept 

:f~mn~e ~alvo oeat~:dom~ 
:~ al£~htly~: above : , ~ :  l e n t  ~-~dosi&n ~Is :. 

> i.. i : T h o : p m ~ o e t : r o p o m  !- by :let~or~i!d~te~t ~(Juae:'27, !19~8, : : ~ t .  
~A~o~p~ltminary'~'.~ests.~:madO ~, o:Luoo :::%he .:ins tal.1 a t i on i : o f  ~oth~ :~steO 1- 

~p! a ~  ,i!p¥1 £ndor !'from: the  ~ ~t! I i no  r ~ throu£h :~,th~i bow 1 ~:Of::tho ~old 
: one r~y~abeorbc r ~ te  ': voz~t: ~ t i S  f ae  ~ry. : The ~-~u l~e~ .~nS ?,opened i n  

s i b l e ,  ,w£~h '~he t u rb ine  ga~os ~! blOekod~: at~25i p e r c e n t ,  :: i 

Th~?lwa8 r.;V~y~;lit~e i n d i o a ~ o n  ~:of,: o a v i t a t i u n ,  some 

::but :,the i ~£1raee~:~gone r a l l y  was n o t  i~igroatl.y a ~ i t a t o d .  ' ' " : 

~mAdmission~of a i r . . t h rough  t h e  ;lO~-inch. i n l e t  had l ~ t t l e  
,:of£eots.,:and~:operation was :quiet.  w i thou t  ~ t .  ~;Tho,~air ~ : i n l e t ~ t  ~i~thc 
valve tthro~t ~ring took: alr, but: the one !'~'b~ l o~r did:not;" 

The followlng tabulatlon shows _the resulted:of i~sts on 
the ~Ivo, as~proparcd by ~r. ~jossop:o£ jS.:Hor~m Smi~ Comp~nys 

:Boulder. Projeot;PFossurG_:Rcgula~r,:Unit:N.l 

:The ~ l o a d - o f f - t e s  t : tabulat ions. .~aro .as fo!lcavs s 

.::Peroo~t !~Kilo- ~Gate Plunger °ClosinE Pros sure 
: X ~  ~, ~..~tts ~ ~Opcniu~ Time Rise 

, . ~  L • , |1  i 

25 ~20,800 0,27 5-7/16" 24.01SCCo II.5' ) By, 
~,50 ,':4S,550 0,44 ~6-11/16" .36 ,5 : s00 ,  9 , 0  )/S.M,So 
?75 159;400 0 .55  8 - 3 / 4 ,  :~ 55.0  s ~ c .  16 ;0 '  ! r i  
100 79,500 0.75 21-.I.1/16" 77;0 soc. 9,0' ; st p 
=.100 81,600 0.76 ~12-$/16" - 9.0') ~ge 
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we 

Static head " --- 
. . . . . . . . . .  • -,, 523 

.Effective head ,,,,,,.,., 515 at 82,000 kil.c~atts 

Plunger T u r b i n e  Regulator 
,j Opening Discharge 2Discharg o 

~-7./16" 7500,f.s. 700o,f~s. 
1.420 c,f,s. !l,llO0.f.rs. 
!1'795 o.f.s. ~1.470 o.f.s, 
2 , S 5 0 . o * f . s ,  :l,850~:o.f.s. 
2.$70 Oof.s. ~1,910 o,f.s. 

, P e r o e n t T u r b i n c  
Discharge 

9 3 . 4  

7 8 , ~  

;82.0 ~ 

78,8 " 

80;7 

U n d e r  d n t o  of July,:22, 1938, Mr. J o s s o p ~ r c p o r t e d  t h n  
"On ~tho night ~ of ,.July 5-6, a second and -~-" " " '- : ,, .t. 

The regulator operated very smoothly, a n d  the load-off ,i%,es~s arc 
• especiallylgood . z.. Please note that the tabulation shows 
pressures in feet~ o _ _- . the 
d,,A..A~^~ ~ ,  - -, h .ad r~d ~ t h a t ,  from the readings ' .  ' ~ t h e r n  - 4 . ~  + ~ '  
~,~u unc~sm~zc aead t o  find the r . , ~ . ~ ' ~  • " - . - -  ~ ' -  ~ ~ 
QU~ , ' t O '  0 ~ _ . . . . . . .  ~uu lncr~ise In ross th ,~low thro.~ +~ .... ~.__~__ _ ~P uro 

| 

openings. 

On N o v e m b e r  5 ,  / 1 9 3 8 ,  t h e  p r o j e c t  r e p o r t e d  i t h e  f i n n l ~ t e s t s  
(.table 19)as follows: ~,The synchronous bypass test of the relief 
ralve has boon completed and the energy absorber and valve pazts~ox- 
amined ~after the tests. 

m o 
T h  P o r f o r m o ~ o e  o f  t h e  c o m p l e t e  r c l i e f - v a l  

a b s o r M r  u n i t  w a s  v e r y  , n ~ 4 . ~ . .  . . . . . .  w a n d  c h e r o o -  
t ' . I '  - - - , , - . . , - ,  ~ . , ~  ~ u - : y ,  'i'no ~'~ W D . S '  no i o n ,  o r  ~ v i ~ t i o n  o f  a " l a r  , _ _ p o u n d i n g ,  v i b r a -  

• ,. n y  . . . .  ge amount, e ,,, 
rough at,~uy valve opening." Th tailraee was uot very 

I t  Y~s also r e p o r t e d  ~%hnt, ,From the dat~ o b t a i n e d  a n d  
the observations made during :the complete i tcs~. ~it is the opinion 
that the vnlvu is now satisfactory :for sorvlcc. 

. Q 

- -~o-,-~ ~ . ~ v u A .  ,~omc nolso or pounding wus observed at times in the :625 gnllory; yet, for the whole, i t  ocn 
~bOlngSaidin thethatN-lthiSturbinoWas .ourolYdraft atubc.trrasmlttcl of the crntlnuous pound- 
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. / 

-- i 

. . . . . . .  :,;, 4 . ill l . . . .  V ' " "  ' ' : '  J " : . '  " - - ' - -  

~ R R . E L ~ I M I N ' A ' R ' , Y  ,~I"~E:ST,..WJ, 

2,7[ " ' ; ~ "  

: .,,,: . 

. . . .  ,-i: ,;:::, 

No.  

£ 

• ~VALV E :T. IME p I, EE IAD 
',,0 .ENING I :..:2. :3 ' "4' ::."5 i,,, ...... . . 

r 

Z ' I . . . . . .  : ..'-i., 

4 

,° 

.6 I,'41 ~ u  4 ~ /  
, "~4 , " ~16 

• 9 : ~: :54 "t.~ i 7 ~a ' 

l l 2'0?: J ~ 9 51, l ' 9 7 / ~  ............... 

.... , ........... , 

.14  ! :2 : ' .32"  - ~1.4 . 14-~e  ' 

2 If' ~::~ 5.. !~ :-.'. ~e 

:i,,-,.n~= i ,~,.~. ": .47/ : l'2"3 
'3 a. ".u,J ~ ~8 .... / 8  46 

. 5  1 2 : 5 8  ~s :8  >/~s 

S I ~'05" " 9 ~4~ 9 ] / "  :'40 I 50 

: , . .  : . . ' , L , I  "~ . 

:• : i  ¸• v: , : :"  
/ -  

!i • '.: 

, , '  " , / : '  :i ~ i / i : ,  

I 

5 
5 

T" " 

LI" ~:,~ , ' ~, 

, : ,,: ~, Jm L i / " 

: "::. A 
: ' l' - -  ~ 2 ~ 1. '4 I a q ]' T ] I" I " 

i - 

EO :.60 .-:C " 5 0  ~ 0  .~40  , , ~ 0  70  5 0  .~0  
~50. , 3 0  -50 150 IOC 120 . r T O  150 ,1.60 . . . .  " 

~8 i- .-'..~ 8 I 2  . 12  V .  

# ' 4  9 . -~ I : 4 4  13 ~./2 I-3 !V~ 6 ~60 , .60 0 
- • .120 130: r r~30 ~ 5 0 

" ,, Q T E : -  A,,:ter,teqt,tMis,piezometer line 

-.-b " -i -----: : 

"' > -- I 

• : - 7 .- : 2 : ~ 5  - 

. ,Ls: :. 1.o -.:. .2o : ,:.:J. " " ' " ' "" : ~ 6  : .45  - '40 _.7 . 2 4 5  ,21 -19o0 .~5~5 .2ro~9° I 
- '2  
- 'z 2 : 5 5 :  

3 ~ 6 5  

" 2 0  ~ 2 0  ' ~ '  ~ - 2:7~5 . , 0 .  :C' " 0  . ~ 
50 . ~50 -'c, . . . . .  

40  " ::.40 ~ : 6 0  . . 4 0  " 4 0  :50 . ' . 4 0  
9 0  } i O  I 2 0  t 6 0  150 I 0 0  9 0  120 ,~.0 

,:40 5 0  4 0  
i 2 0  t 3 0  9 0  

" ;"';{ .;:..i" " " i ~ O F i F I I G ; i ~ A ~ L . ' T ; E - : S . : T  ~ i~WiI:TiH"iPIL.:AT:E .ST:=| 

!7:::: " ,. -.. , :.": ;?:.i"-" ~ " " " 

. , : i: . 1:9.0 ": :;::Y'::: : 
,, .... : :.-o~5: :., 

- t " ' 19;7 , . 
,.:.: : . - -.4. :. ........ ,:,~,.~ . . . . .  :....' 

. . .<- ...... These ,f:uCtu 

;{2.8 30 -i:.s 7 ' ' ..,8" ~ .-",I ::~ .... '" " "" Ji2o : 7 zo. ., 
~69 76 ,5 I 2 e '~e ,'" ~:e ~ :`/4 :' '"~:'~I" '" ' ":~O:5 1,60 ,. I0 23 .., 



: .::: .: , , ... ...... .~: .: ~.. : ~;.:. "."i._:: ; ::" ~ 

i i i i i  - -  i i  . . . .  j i l l  i I i i i  i i  i i i i  1 

. . . .  ' : ';; : ': '":' ¢i :':"! " : 

" T 1 U . " 1 2 B O U E : D ~ E ~ R  t D A M  ~ , L : ~ ' : N i T  rd:,''" ILq" ~ 

;PR.E I_ I.MiNARY .:;~:E:S~T ~ W l T  H I:RU'A,;I~:E '::.S:~:!EiEiL ,.EIN!E:h. ~.i: :"":::":.~., .': :::;~: .. -, 

L: .~ : 

30 
~. 7 6  

5 0  
~ 3 0  

9 ? 1 
5~ 2 8  g 8  

40 r:5 : .I~0 
9 0  a: 0 "45 

" 7 0  •.50 r o  
: ~ 5 0  ~ 3 0  5 0  

- 0 ~ 5  1 9 0  

-:4 1_9'7 

l : 8  - ,  i 
. :28  _ 4 

0 
- - 6  

- I 

- , 7  

2 0  - - 
4 0  - 7 

" , 2  
_ 7  

- 3  
- 6  

~ 0  2 0  
5 0  5 0  - 3 

' : . . 2 _ r ~ . , ~ l  0 
" ," "~-Y;~'  t 6 0  

) '  

:~P_O 

• : : , -  
/ 

. , i  

I I  . , I  

. . . . .  :i 

. -  - ~ T t i c s e  , * :uc tuat i ,  ssu re> :were - , s tow. 'and ; , i r  .-. 
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"In.'.reference to ~run no. 8at full ~Ioad ~to rw~ ' n o .  14 
at :no ~load :and the ~unit motorin Z ~,that ,the ~diseharge ,~throu~h :the 
'valve iis ~iI ,within :,%he !80 percent ,oal led :for,, 

. "Inspection : o f  the ~raft tube and cnerg~,absorber~after 
the ~est showed :everything to :be iinlgood/shape. Th~ trap door to 
the ma~vay ~to %he draft'itube ~was perfcctly,ti~ht. Inspection of 
the ~aoorn  valve failod:,to :~reveal any sign ~of ~woar whatsoever." 

ma~o ~by 'the ~ turbine." 
Often less tlmn :that 

, A ~ e r  .this test, the ~vulvc v~s " l o f t  :in service. 

oFi01d Touts of ;N-5 :and ~N-6 ,Type of Rcliol .Valve 
and  Energ~y..i~Ab.sorbcr ' ' ,:. 

I. The ,difference ~0e%~en it and: the type used.for units 'N-I to 

,iThe :dn%n :shown .on tabl~, 20~rc -~%akon from the ,field 
test on unit, N-6, which :is Identioo_l : to :unit ~l~5 relief '~v~.ivu and 
energy~absorbor, This type of energy absorber iis shown on figure 

:N-4 is :shown ,by :a oomP~rison~of.,fi~uro s :i and 2 .  ThOse test data 
have ~been analyzed by.~Mr. RnyS. Quick, Chief Engineer for %he 
P~I%x~I ~Wate r ,~Paool 'Compoak7 # in ,.cu/~vo form and ~ " are p.rosonted on fi~- 

~c project repo~s, , d~tcd, September 16, 
1938, r~hat, ~Thc whole series by memorandum 

of tests indies':ted t.hat :the v~ivo 
~Id operate :satisfactorily; therefore, ~it vnls allowed to ~r,:..main 
!In regular s orvleo from and after the conclusion of :the test," 

iTho d a t a  p~escnted on '~blc 21 ,more ~t~ken 'from "the Gibson 
r~,por~c ~of Ootober~1938~ and ~arc ,.p~rt of itho ~stmadc on the ,r~liuf 
v~l~-end ,energy. absorber ~of ,,unit N-6. : 

¶ ' /k. 
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TABLE 2 1 "  TEST OF, RELIEF ,VALVE N .6  

Ooteber -12 ,  1938 

3 
4 
5 
6 
7 
8 
9 

I0 
ii 
12 

~,00 
4.55 
6;03 
7.50 
9.00 

10.50 
12.00 
IS.50 
15.00 
0.00 

62~.93 
524 .60  
522.9~ 
523.95 
522,68 
522.47 
522;72 
52!,40 
522 .65  
523 .49  

4 3 2  

655 
860 

IJ 
i, 
i, 
I, 

0.97S4 
0,9724 

0 . 9 7 5 S  
0 . 9 7 ~ 4  
0.9757 
0.9761 
0 .9757  1 
0,9781 
0.9758 
-0.9742 

42G 
646 

• 849 
I~050 
1,22~ 
1,376 
1,'558 

, '~ ,1,'679 
1,819 

0 

Finally, in eversr important inslmnue the models operating 
at reduoed head ihavo given true indication ~ of the pOrformanoo of tho 
probotypo, and oonolusions arrived at wcro verified by ~tes~ in ~tho 
contraotor's shop on models using prototype velocities. ~No progress 
was made toward c satisfactory solution of ~ho problem of oxccsslvo 
cavitation until a model wcs mado ~ at tho projoct ~which indlcatod., tho 
corroct approach to a solution of tho ~troubl~ ~bcing caused ~bY '-~ re- 
versal of flow up to the vulvo sonto • 
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