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MENMORAKDUE TO CHIRF DESICNING ENGINEER
(Be 8. Gray through J. E. Warnook)

Subject:_ Hydreulic model studies of gats aeal dosigns and toats for
Grand Coulee and Shnsta dams- :

PR

1. Introduction. “hen gate ueals on’ tha 15- bv 29 65 foot pen- ﬂ ‘l.

stock coaster gates for urand Coulee Dam were tezted at the mnnufac*ur-
er's plant, trouble wvms sxperienced due to leskage from the actuating =
chambere The design used was the 45-45-degree compressiun seal studied
in the original model tests. ruferred o as design 4 and. descrined on i
peges 9, 11, 12, 12, and 14 of "hydraulic model studies of gnta-ueal de=
signs and tests for Grand Coules Dam,® Juns 1941 {HH-? and HYD-QG) by E. =

'S. Graye Results of fisld taats on the- lﬂz-inch ring-follawer gatez ara‘f o

described on page 26 of the seme referapce, An. nbstract of tkn rasulta -

of the tests cn the 45-45-dagree.cd¢p:ession seals is shown on rigura-éﬂ f;}   N

and in section E{L\ of this report.

In ap effort ta devolop a more aatiufactory seal for the Grand o
‘Coules installation and to develop a geal for che 19.u- by 24.9nfoot | _
fixedwvheel goates for the Shasta Dam. diversion tunnal, a seriaa of toats ‘_ 
war made &s described in this reporte Since both gates were to opernte ‘“  ’
' .under high heads, 265 feet at Grand Coulee &nd 190 feet at Shasta Dam, -f;“‘7
the sams desipgn possibly could be uued for both installaticns. 5y

20 Revicw of PrﬁViOUB studies, Two models were used in theae teat#t"'

 =‘as shown in figures 1, 2, and 3; & visual, sactional aeal ‘model ‘and a e
. 10<inch ring-aeal model, The dasigns and results of the studiea de-f._
"‘anribed in the flrst series of tests are summarized on figure 4 of this :

-‘raport, ror-the-snkq of completenasss

7 . The visual, saétionnl qedl model was 8 rectangular housing with
J"trnnaparent front and back plntes and thickness sufi Jeient to hold a 2= ‘
;fxfz-inch straight,lqngyh.of the seal assemblys -Supply lines were con-‘;_;f
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-sure to actuate the aeal bnr ituelf. An additionnl.conneution rovided 75;??T

Gngea and relief valves wera connaoted at suitable pointsg The -
tween the uenl bar -and tbe uent cauld be varied_by raising or. lcwering -
tha seal assemblyo o ‘ ) :

The 1Q0=-inéh ring—a&al model WAE. 8 eircular houaing made tojrahemble
& circuler gate in: which was: installad 8- ring seal with a’ diameter of 10
inches. The penstock pressure was’ admitted in the ! center of - thu model
 chamber end 4 spersed rudially by a: oap plate which also servudﬁ 8

seating plate for the a&al ring. Tha seal azsembly wna éupporfed below ‘ f;;5"

this cap by a base through whlch 8. L/z—inch pipe line sﬁpplied presaure

for actuation of ‘the seal: ring° The seal rirg moved against the sa&t to
effect o closure against the - radial flcw from the penstock. The gap beok‘:  
twesn the seal ring. and sont could be varied by raising or“iawaring the- .
.oap plate. rressure gagss and roliaf valvas«tere prdvided ut suitahla‘

points.

By intarconnections,‘water under pressure wan supplie Ato both
‘models from thres sources; the city water- mainshwith e preasure of 75
pounds par squere: inch, & 12-inch- oentrifugal pump ﬂith a pressure of
10C faet of water, snd a highnpressure hand “pump. connaoted tOu ' J;f“
.tank, It was necessary to. ircreaae the amount of water through the9modol.;,}

since it was found that the penatook pressure could be maintaine' for o

: T greater range or sesl bar movement and: the fiald oonditions eould bé lnrelfﬁ

olosely duplicatcd. With hther ponstook pressure, volooities through
‘the gap were-higher and- the effects more noticeable. An- endeavcr‘was
-made to operate the models with the pressures and- vnlcoities vhioh will

-pocur in the fleld, but these conditions wers not fully realised..

A summary of the tests on seal designa utudied in the originnl _
‘program is given in the . following paragr&phaoj ‘For & more dctAiled dea~
Vcription reterence in made to ths original report 'HYD-96, E

(a) Rnller renlz {(fipgure 48}, enfhe roller slo* L= dnaigned to nro-:‘f;fﬂﬁ




.  duce a rolling action offtherrubbar*rollprS'whgn;thp_s#al,ripgxqr‘bgrgiqlw_u‘
moved. -Compression and torsion of the!rubbaripro¢uceﬁ“the-fgrqe,neceiénry,
for retraotion. B o R “j:‘a=- T S
' " - L e e e
The extension of the roller seal bar wasJeasy.untiﬁ?theerIIGfsvbecqma

restreined by the limits df,their:élots;f&fter»whichiﬁhefeffortlinéréii&d7'“

repidly. The retraction of the seal ber wes. assisted/in the ring model Sl

by the torsional effect, mﬁkinguit\oomplpte‘ahdﬂxiﬁfaﬁﬂbutfinjthef;éctiqnéi
model the retraction wgs;SIuggishrandgincOmpLGtey¢ e e

¥ith oversize fbllers.viélqﬁtfahattériﬁgioaéufreh;jénd‘wifhxghdéﬁéiigd.

rollers'self-sealing'occurrdd‘whiqh:madqaunppdlingiimbOSSiblg.ﬁ“Ih?tha}aOCh
tiona) modsl the rollers#slidfup'andﬂdpﬁn*wfthdut_tolllngfgs;ﬁ?ggsutqr#as”
applied. In ths ring ‘model greateffffiction'andxtoréibnal“fbrceapreyﬁptgd'
sliding to any great extent. =~ . oo Coe R

The prinéipaladvhntages-6ffthié'desigﬁﬁaféthafltﬁéléeéiabarggoﬁlﬁiﬁé;

made to extend essily and,:becausejitwflodts,wthe;aegling ection:was aided. . -
The disedventages are that tharéfﬁasTlcwwretrgctiveﬂfarpggunlessﬁrdllerg»J*“f

wers operated on part of slots where compression whs;gréétérfﬁthe'fﬁlléri' -
ape difficult to assemble, 85 they nust be gorrectly;plgc@dptcjwcrk¢properf';5

1y; the rollers slide atfhigher;prsasutgsrgndfin;ﬁtrggghtéffsg¢tigﬁ§{che‘
type is not applieabls to rectengular gatésjcand;thggspal~bgfs;9?@%§t¥ffg

making conformity beiween sesl bar;aﬁd‘ségtﬁdifficu;t3 i

(v) Compression se;ls¥(figdfe34B).--In9th956%49515§3”thé”fétraﬂtive“
force on the.seal‘birjis”prdvideﬁ%byxfhe:epergysgtorngiﬁathq‘rubberﬁgaqé
kets as the seal bar iS'extanded,§§Théhrubber;LSffdrcadjéither,inscoﬂprés-'
sion only or in.compreSSion=andihﬁéaﬁ;"tqgethér,jithaSQma;rolligg.actién, ‘
depending on the shape of the -2lote 'Thefdsgree;thdifficulty}in~éxtehSion ;
cen be chnnged'by;rotntinglthe;squaraaoutliné,ofgthQ931ot’inﬁthe;désigngsp;a

that a greatsr or .lesser degree of‘camprpssivﬁﬁgdtion?canf?a}Qtta;ﬁqd‘g‘ﬂg:f
‘The rotation of this SQUQre”slot_mayfbeisogdgg:ees;fto~cdyer_all-bonditiqns"

of .action from pure compression,asiin the squere compreSéibﬁfdgsigh}4$07ﬂ'. :
design in which only~sliﬂingfacticnvkould‘take_placejalong;th¢¢VErtio!1

retainer ber surface, The design khoﬂn?illy;traﬁes*thblprihciplé;of
changing the angles on the retainer bars'and'ongtha‘SQQIgbgnéﬂ""

In extemsion, thc;pressure;réqﬁired~@epe#d$f6n¢£heJfgéfﬁténéSfofgthé‘““ o
rubber gaskets to change .in shgpe,*onkthe;éhangQ;in;théicrbpgesecttanal”,“J¢p
aree of ‘the slots as the seal bar iéfbxtpgdﬁd,asnd.on;the~m¥dth;ofﬁthq;ygi""

gseal bar, In the square slatidqsignﬂthé,areaLchangeﬁgdiréctlyiiith%the"5.‘%
movement; in. the &5=45=-dsgree-design the:area;bsdomes3onlyv51;ghtlyflosk; B
whereas in & 40-50éaég?6éldésignuthecaraawremnins;constaﬂtxand,thgruqué
is to be preferred, “Furthermore, 28 the»angle;of‘the4retainarlba:pslépe
becomss 1sss than 40 degzrees, the aree increaces with'pealibar‘extenston,
and thus the rubber is relessed-as in the 30-60-degree slot design im=
‘ctead of being further cramped. When the rubber becomes cramped- in a . re- .

ducing erea, the foroe necassary to. extend the seal bar risss rapidly. ﬁif
| 3




There is, therefore, & practical 1imit placed on’ the extenslon to be
allowed in thess designs ‘and generally it ‘i's ‘not more thar 5/16 inch SRR
Retraction was nearly complate ‘and usuelly rnpid.,and ‘the ‘residual effort
wos praotically squal ‘to the foroe reguired to extend the .3ea) bar,: The.
overhang ‘of the sealing adpe: cont*ibuted to the rapidity or: aluggishnes-
of the release. - W I %

At the point of . seuiing thare was chatter and pulsntion of the seal
ring in the 10-inéh ring-seal modal, especielly with the solid. rubber gns-‘
kets. With undersized gaskets self-sealing.occurred,: -And in some ioazes: At
was impossible 'to unseal the ring. Slemming and rotatian of the: seal bar :
" ‘took place in the visual model at the higher penstock prsssuran*and veloci- '
tiss, and full guiding of ‘the seal bar wes necessary tb prevent these con- L
ditions as muoh Bs possible. ‘ o ; S .

Thare was good retract ve force developsd in tha rubbez whan i* wae.
subjected to both compression. ‘and :shear, -as in the dinmund-shaped slot
designsy and, sinoe the 45-45-degree ghape was the first shape so. testad
and offered a good solution to the problem-at hend, it was: aoceptad an
the desgign for the Grand Goulae rino—folloner penstock gates.,j :

Since the aeal ring floats on rubber, alinament to’ the seat 1a aided.
but on the other hand, the varying diameter: along ‘the gaskets ‘caused. “the =
geal ring to bend and conform to. the pressure. exerted on it by the . rubber.-
. This condition caused contect at the seat-at one point, but - at: anothar -
point a gap still existed, so that mors pres:sure was re9uired to causa
the seal ring to seat.all along dts length.

The rubber fabrication weS difficult, but inatallation of the . gaskets 7
wag performed readily. The seel 'bar is. ‘heavy and stiff and dlfficult to -
support in rectanguler gates, At the manuracturer's plant:an-installe- -
‘tion in 2 rectangular gate for Grand: Coules Dam geve ‘trouble in:excessive
leakage from the chamber under’ the aual bar, prdbably thrcugh the joints
of the clamping bars, : Fo

. (o} Shear seala {figure 40),--The shear aaal was doveloped‘to apply
ths principle used in designing rubber springs, ‘wherein the rubber is. . ¢
/subjected to sheering stresses anly and energy is stored’ in the rubber :
during tha cloning cycle to provide a retractive forceo.““, : ‘

‘The - action of thaae Bosls was. amaoth and rree. with any ruaaonable ,
idogree of extension. The foroe required to extend the ucal bar depended
on the Quality of the rubber and the head. The’ pressure ‘on:the upstream -
gulde bar assisted retraction, 'The retrastive action was. complete and S

‘rapid. There was no chatter during sealing, snd self-sealing did not. .
osour because the gaskcts are installsd tightly, The . 5uide bars’ &ransmitted

the foroes to ‘the seal bar, "The guide bars, -mads to proper dlmnnaicna,

- pullified.any tondency for the seal bar to retate and prevuntad the rubber

'fvfrom bulging as. a diaphragm,




The advantages of this type .of ssal are that:the rubber is .stressed .
.principally in shear, ‘and the ‘seal bar is fully guided. ‘The designiis. = -
-espscially good for rectangular gatoa but nay be ‘adapted ‘to- circular oneu.
by installing the guids . bars in: short nugments. uonsideruble tolaranca =
is permlaalblo in ‘the parts,‘ ‘ R S LR

The disadvantages would be difficulty of adjuatmant af any- mlsaline- ”

ment bstween seal bar and seat, the cost and the waight or the seal bar.”';u“

(d) Diephragm sesls (figura 4D) J=~The . curved surfaces of tao clnmp

‘and smal rings (figures 1 and 2) were shaped so that the -diephragm QPOsa-ﬁf-:'-

zoctional length was the same when: theseal bar was: extend.d ‘as When:re= e

tracted and would be supported over praatiually its . entlre free ‘ares’ when/

. extended. The seotion of the ‘di aphragm under “the ‘gbal ‘ring was formsd
. lower than thoss under the olamp rings, o assist ratraction.

The extension property of this type is hindered by tha oxtrusion af
:rubber in clamping, which forces the .rubber inte" comprsssion and shear .

when the sesl ring iz moved. The: metal. diaphra5m5 permanently deformed.‘  _ 

In retraction, the action was dlow and sluggish and “the retraotive foroa
4mall. . L R !

In sealing, the: diaphragm‘was pushsd against the stops and imparted :
very little force to the seal ber, The effective hydraulic force was then
applied to the seal bar only. Without ocloss guides, “the seal har rotatad :
when testad as & straight aection in the viaual model. ‘ a

The ohanber under the saal bar was - easily mada watsrtight. Ths seal
‘bar practically floats, which assisted in “the bay. conforming: o the gedt

The extrusion of the rubber in olamping ‘mude the seal partly 1noparat1va.5 .~"

"The seal bar is heavy and stiff, 'The manufactu—e of the - diaphragms to
some . prﬂdaterndned shape requirsd expensiva molds An the field assembly. o

_ (a) Stabilized flexible diaphragm ssals (figure 4?).--Diaphragms,‘--'t
when free to move, respond readily to 'the slightest pressure,. but due to .
“lack of rigidity distort in the direction of the appliad force until a
definite stop is reachad, . Tests on shear and. congtant-contact seals’’
-ghowed that the seal«bar face mist not only be parallal to ‘the . seating
surface but must also .be flexible ‘to.insure perfect sealing, .In. designs
whare enorgy is storsd in rubber, chatter of varying intanqity :and

~ fraquency - developed at the sealing. position. Increasing the. rate of -
application of cealing pressure’ generally ellnﬂnated the diftiuulty, but -
a tendency to slam &t final closure persisted, In‘all ‘the retractable
gadls, except the dcuble-acting type, to' obtain positive retractive farce.
1% was necessary to mmke the unit quite atiff., Accurate -guides Wers
necessary to prevent tipping.or rotation of the seal:bars. . .The stabils.
ized flexible-diaphragm seal represents an. attempt 4o compromiae 'all of -
these factors.

© The seml could be extanded smoothly sad easily to any reasomable amount
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{‘wlih-pra;tioally-qondtahtdpféssﬁfe,‘-Thé?oxﬁrusiqﬁ‘cgf%héFrnﬁbpffinjc;aﬁ§4'
ing=wns‘notfdetfihsntal.ﬁ‘The:retrdction‘qasycomglete;;rapiﬂ;funﬂﬁpositiva.

Because of the flexibllity;qf“the»uedl*bar}itheréwwas:cbﬂforﬁiﬁyﬁbé$WQén

it and the seatkin7caaﬂa'df*ﬁi&llinonﬁgta“fThete'wﬂsﬂnd chatter, and ‘be="

seuse of the confinement. of ‘the rubber, thers was no self-gealinge Sup=

port of the diaphragm provents bulgipg,_fThé“ssal'bar,‘beinggfﬁtlytguian, G
did not rotate or slam. - JREEE R TR S e s
The stability and flexibility of this design are inherent, and the seal .-
" will operate under any heead. _Standa;deartqﬁmny1béﬁu§gd}anggnbfwulypnfze-‘«
ing or ‘molding is.roquired~for‘thugdonblgfstaynconsﬁruoﬁiDQEShqwnpf}Ehefﬁ.

diaphragm may be any,suitable,jinexpdnaive'mgtgriai;{;Inxd*xulcaﬁized;uon-‘f;;:

struction the lawér‘staywaould~bé:aliﬁingtqd;7 The design s adapteble to
either reotangular or oircdlar:gates.‘ﬂThéfiightﬂﬂéight,pfffha:pq;ts;ﬁli;f
minetes any problem of support. The principal disadventaze might Dbe the
diffioulty ‘of handling the parts when assembling on & large getes . -

(£) noubxo-auting"seaas‘(rigurefar).-QDeaxgndaLtbiﬁ:qﬁhaefpositivé

‘sealing as wall as positiverretractidn\ofufhtheal‘bdrjﬁihiéhziéfgqtud#d&';"%

by hydraulic pressures -applied in three chambers. . Pressure in the chamber
‘under the bar tends to extend it, :and pressures in the two middle chambers
tend to retrast ite Im tha‘paokipgqgland'désign1sh0wn5gthéjqxfen$§6h}a£p-_
fort wes aonstant;‘whileﬁin:the'roller;dGSLSngﬁestad,'it.incréaséddwithif
_.movement of the seal bars Th@;retbactikagaquonﬁwas»smﬂoth,and;pbsitivé__*
in both casese ' QR e A e e T e
in the former design, sfter the seal was effected, it was possible to
reduce the sealing preasure to zero without 'unsealing, In the latter de-
sign, since ‘the rubber rollers aro in compression snd :shear, pressure -
zust be mainteined under the seal ‘bar to hold ‘it in .place,:'Ko chattering = -
+wias evident in either unit. No tendensy for:the seal bar to'rotate-or = .. -
slam was evident in the formarJdeaign.ﬂhut*1; $59:1atﬁer‘Hésign:afguiﬂef;.‘ ¥
" was needed at the top1to;prqvent‘both}rdtationﬁand%slﬁnﬁﬁng,'tThq.saE*'k”

bar movement was positiveisithar‘inﬁaxtension5or]fetrgafion;forlhoth;@é ;7

.gigns. The :former design is welluguided;vthé,lattetxdESignﬁneeds_downéff. o

_-stream guldes at the nose. This type can be used either in rectangular
-or .aircular gatess ' SRR Lo o R

' The principal adVBﬁtageao: thisﬂsedl:is.itéfgﬁhifife‘actibnj the dis¥-,;‘E3

' &dvnntagea.arp<thatlthe*construotioﬂ;asse@bl&:nnd‘thqqdpardtionawpcld‘bé;

" .somplicated end expensive. .In the packing-gland design the aliding sure -

' .fages may become inoperative due to scale deposition in certein installa=
-tions, The seal bar is heavy and stiff for both designs. S

.. (g) Constantecontact ssals .(figure 4G) o~=Dovelopsd gorfuéejiplloi3.;v
fhgad,1nsthtlntion;\whan'ths»friotion&due:to constant contact will not be
_-excessive., The seal is actuated by eny head but.does mot retract, Pene .

“.gtook or -reservolr pressure exerted directly on the bar furnishes the

- .sealing forss, The lime contact pressure was kept tota'miﬂimhm‘bYliﬂkiﬂﬁfl'
__ the -distance from the hinge to the Sontasting mose as short .as posstble,




The constant-contact -senl bar should have sufficient fleiibility to

care for misalinement between the seal bar and the gent, The 'seal bar must Eif

ta dragged from the seat; therafore, the line com.act prassure ‘on. “the seat
should be low, Th=. all-metal desipgn was oo stiff to twist éven a fow
thousandths of en inch, 4 rubber-muuntad deaign was slightly more . Tlex-

The advantagee are the ability to aeal at any. pressuru, “the ﬁbaeﬂde of -
retraction devices, and the low: conatructlon cost; the' disadvantagos are -
the additionnl powor needed to move the 'gate dus -to. the frictien ‘betwaen -
the seal bar znd sect, the necessity of flexibility for good sealing, -and
the limitation of the hinged dasign to. rectangular gatess

The teste consisted of measursmsnt of preasurus neoassary.tofagénmf 
plish & seal against various penstook or reservoir preﬂsures.- With7a'given
penstock pressure, the pressure under the se&l bar was 1ncroased slnwly,
which caused the bar to be axtended untll flow from the penstnck was .':
stopped. To unseat the bar the pressure under the bar waa lowured until
the seal broke, Thess two pressures varied.at timea as much as 10 po_nda
per square inch, but the sealing pressure was tuken as the mran of these
two readings. Positive retraction- against a. atat‘o head of about T pounda

per squere inch at the center of the gate wes raquirad.

2, Scope of new test series., The designs tested in the new series

of gate—aeal designs and tests, &s described in this report, are divided
into two types -~ ‘constant-contact seals and retractable seals. The tasts
on the constant—contact seals were an outgrowth of tha four designs for
rectangular gates studied in the oribinal program. ‘The main oonstant-.

contact seal designs tested in- this series are ‘as follows:

(&) Muzic-ncte constent- contact seal - Brase on ourvod soction of
rubber only = Design 1C (figure . 6&) :

(o) Music-note constant-contact senl - Formed: brass atrip vulcanizad
to oottom and curved portion of rubber - Design. 2C (figure: 68)

(s) Hinged bar and rubber constant -contact soul = Design 3C
(figure 6C).

{d) Hinged flexible canstant-cont&ct seal - Deaign 4C (figure BH)..

{e) Binged, sustalned, conatant-contact seal = Design 6C: (figure 61)4

(f} Floating, auatained-ber, oonstant-uontact seal - Design 6C :
(figure 6J). '

{g) 'Sliding-bar, constant-uontact seal - Design 7¢ (figure €L)}o

During the studies on the floating, sustained, cpnst&nt-contact}iéal
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B-Visual secticnal seal model with stabilized flexible
diaphragm seal, design 6R, installed.

STABILIZED, FLEXIBLE DIAPHRAGM SEAL - DESIGN
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(design 6C), consideration wes again given e deuigna for retractable aanls.
A rollar was gubstituted for the floating, half-round bar a8 8 uonatant-i -
sontact seal, During the studies it daveloped that by the addition of 1y
retraction spring, the bar or roller would retraot hydraulioally. Thus,r,
by the addition of the retraction spring to four of ‘the . nonstant-contaot -

ssal designs these were developed as ratractnble aeals.if;:{

The main, retractable aeal dosigns studiad 1n thiu norias are as

Roller retr&ctabla seal w Deaign lR (figura 9A). C
Floating~bar retractable seal = Design 2R (figure 9C)..
Hingad, sustained ‘vetrectable seal - Design 3R (figure 9G)
Sliding~bar retractable seal - Design. ‘4R (rigure 9F), -
Hinged, flexible retractable seal - ‘Design BR (figure 9G).
Stebilized, flexible diaphragm seal - Design:6R: (figure QH)
Musio-note retractable. se8l - De*ign R (figure 91)._

Both designs of the. mnsiconote ocnstant-contaot aeals were pruposed g
for installation on the Grand Coules gatas; but .since ‘the . addition of
the retraation spring nnde ‘deaign la: ratractable dosign which gave uc- .
ceptabls results, the proposed field installation was 80 convertad and
adopted (figure 9L). The gateas were alraady equipped with tha necnsuary
fittings and valves for. rotractable ‘seal Operatinn 80 no additions or

" changes on the gates were required.

The  musioc=note’ constant-contaot aaal design 1. p&cnoaed for inatal-' 
lation on the Shasts getes, was ‘finally. aaceptea as” a uabisfaotory d"iﬁ,f'
sign (figure 64}, ' : . : ‘ ,

The stabllized, flexitle diaphragm seal studiod in the firut saries :
was further tested and uuggastad as.a solution of o rotrnotnble saul-

4, The model., The visual, seotional seal modql (figurea 3, B, nndQ J 
gD}, used in the firet tests and designed to -accommodate fullosize sqal  _t
sections 2-1/2 inches long, was modified by the addition -of -horizontel
and vert: sal sliding seats and horizcntal -nd ‘vertical ahirting baaes.

The piping eand arrangement of the tast npparatus was madified to giva
'5rentar flexibility of operation, . The changos in piping included &
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‘larger. penstouk inlat into chnmbor ¢, figure 5,‘whicn could ba suppliod
from dlffarant souroes.. “ater from the building supply system oould be
uupplied direotly through ‘a’ 1~1/2-inch line'at XE) poundsopar-squnra-inch
prassure. e Zcinch lina from: the building qutem into the suotion sida e
of -an B-inoh oentrifugal pump permitted boosting the supply preawura From,"
76 to 110 pounds: per sqpare ‘inch-and: supplying a large voluma of water o
the modele b high-proasure piston h&nd oump with 2 atorage tankén pplied:;.“’

high praasuras with vory: limitad volume. A croas conneation from thﬁ

- supply lines to. chamber B supplied prassura for aotuating the seal bar. :
‘Relief lines from penstack chamber C and the aotuating chamber B provided B

fairly olose regul&tian of the pressures and volumeao

“As proviously stated, the true action cf the seal un:t cnn be obtained
Oﬁly when ths volume of water passin~‘ it 18 the maximum. Ebr any constant
head, The dlffiuulty of main*aining constnnt haads for changing ccnditiens.
‘still parsisted to a degres with the. naw arrﬁr*mnon : Sinoe the availabla.
water supply underaconstﬂnt ‘head was. lxmated by the piping and the supply '
‘systems, it was practically 1wpossihle to. mmnipulato the relief valvoa to
maintsin constant conditions as: the seal bav was operated, due to the

rapidity of the sesl bar action at the’ aealingwand braaking poiuts. i

"Piezomaters: were 1nstalled te qeasure preasuresL~GWnstream from tﬁe
‘noege of the seal bar at points A and De . The piozomater at A wRS a 1/4-
-inech hele on the: eenter 1ins of the: model, lnter reduced toa L/l&-inch

‘hole so as: to open. immadxately dcwnstream from thc center line of the

modal end also downatreanm from thc Sealtng edge of the rollar ratraotable.-}‘ 

geal (figurs SA). The piezometer at D was & 1/4a1noh ‘hols - one inch duwn-
gtream from the center line of- tha model. A rdlief: valve was nrovidad onv7

tha line to piezounter Bt A

A lever with a 7 to-1 ratio was attucned to- the model and Lould ba
connected 10 the plunger to permit measuredent of force= or hand manipu«
‘lation of the seal bar during - the testse Measurements of the ~forces in-
volved ware made with & spring balance hooksd to a pinned fulcrum on the

“lever. .




It-was found thut when computations were mnde the foroes did not bal&nce
because of discrepancies in areas over which hydraulic pressures exieted.*
The areas were lndetermdnate duo o the 1nfiltratien of water presaure heu o

Avieen contacting sur facese The resulte are therefore not given.

S. Qgeration of the mndel. In the tests on the ccnstant-eontact

geals (figure 6), normelly only penstock pressure wWas npplied. aﬂ no hy- 3
draulic retraction wae involved. But in thoae cases,‘such as in flgures
.GH‘to L, inclusive, where the gaal bar had e more or less confined@epace

in chamber B, under it, woter was admitted to: both chaumers ‘B and C;u

either at the sam: presqure or at different preasures. to etudy thg ﬁction T.-n

of the rubber or seal bar %hen @ diiferenti&l existed,f

in the tests on the retractable aeals the presaures 1u chambera B and |
'C were controlled independently by - menipulation of the inlet and - rellef e
velves to produce the desired results. ﬂith 8 more or:: lees canstant head
ip chambter C, the presqure regquired to produoe 8 senl was obtainod by ad-
mitting water under & controlled Prassure Anto. ehember B until the ueel
bar came into contact with the seat and stOpped the penstock rlaw. The
pressure in chamber B to produce the atoppage of flow. ie termed the aeal- ‘
ing pressure. Yhen tro pressure iniB. was reduced, the contact between tha_
seal bar end the ‘seat would be ‘broken and the penetook Clow. started. )Th |
pressure in chamber B to accomplish this separation is ternﬁd the hruak-‘
Ang pressura. ‘The sealing and the breaking pressureq were in many eases %l
neerly the seme, but at times thers was as nuch- as 10 pounds per. squure e
inch aif ference due to inherent intsrnal friction in. hending ‘or alidine
and friction. betwaen the -ends of the : aeal bar and the transparent aldes
of the model, or dus to the shape of the seal: ber noae., Somctmmea all

these factors were acting simultaneously.

‘1f the valve supplying chamber B wasg opened quickly with the penatook
aupply flowing, the aeal bar would- slam into the closed ponitlon, cauelng

savare water hammere

The Ellding var sesl in design 7C {figure €} had &n additional uhw—

ber;designated as - 2 between ‘the. face of the seal bar end the sests Preeu N
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' sures above .the atmoapherio bnee in chnmbar A a8 meusurod through pio- ;-

‘zommter A, were read in: pounds per aquare inch. Subatmoupheric prea--f i
sures at plezometer A or at plezomster D ware: meaaured in feet of - wuter.f&

This: terminolcgy will be used throughout tha subaoquent discusaion.iyy_fzir-'

(- Constant-contnot aeala (figure 6) These seal dsalgns ‘Ao not |

embcdy retraction, tut the: soal bar is in constunt contnct with the seat;'”rM
while 1% 1s drngged ofr or on the aeat us ths gate is oPenad or closed. B
The designs are mainly applieable to: rectangular gates, but dasign ‘6C

| {figure 6€J) or dosign 7c- (figure 6L) could: be ‘used on .8 circular gptetby
machining the bar as a ring which wauld float in tha suppcrting groove.Er.
In. rectangular gates the top and bottom: aeal must have e stop providad to
prevent the seal btar frem oxtending too fer as it slidas rrom ths seat.. "ﬁ

' because penstock pressure is: maintainad until the gate leaf movas far i

| enough to relieve it. - The aeat shculd ‘have a slope at the ndge eo thnt
in closing or cpeninglthe gate ‘the seal" bar can climb or descend grad-J _
ually into: “+he fingl position. .The- vertical seal bnrs ‘woul _ﬁride guideé
extended from the aeats in the sama plune._ Tha fact thnt the top nnd _'
‘the bottom seal bars will be. extended or: ret*acted when the gate leaf ia‘
moved, wherces the -vertical. seal bars would be 1n oonstant aontaot with
the side seats and guldes, invnlves a prcblem 1n dasign of tha cornara
which %11l give flexibility as W&ll as stability.r ' e

‘The sliding: friction between tha nose pieoe and thn aoat must bo
allowud for in designing the . hoist. ‘The aliding friotion on the flat

portion of the ssat was nlways smll; it was greater along the zlope.

'(&) Musicenote constlnt-oontact seel, design IC (figure GA).-Sealing
was ‘_mperfect, due to undulations and stiffnsss of ‘the brass vulcanized
‘strip. By moving the: -sliding seat back -end. forth,. ‘movement - of ‘the’ senl )

. bar was produced as though: the gate leaf moved, causing ‘the - seal ibar to-be f"
.J,;oxtanded or -retrected whila penstock ‘Pressure was: maintained, . hovemant of :
¢ks :ge8l -bar was" ‘restricted due to its inherent stiffreas -and - ‘the. fltt
- base., With:a gap. of '1/16 inch, -30-to 40-pounds-per-sqnara-inch pressure -
~in chamber :C was required to close it, The seal is ‘therefore: not good
for low heads, . Friotion on: the: s1iding seat while . penstock Prossure waa
- .mairteined was low,’ but considerably :greater:when the ‘noss of the .seal
. bar.wes climbing .ths slope. This condi tion was. observed in all the con—
‘atant-contact seals, The distortion of the Tubber sesl undor prouuro

n




‘when the ‘sinforcing strip is omitted ie shown in figures T4 end 7B, ‘In

A, no pridisure wgS‘applied‘andfin”B.ﬂthefdistortidnxundét,llolpdﬁﬁdsiper’;na_:'

square irich ig shown. Deaign’lc'iswﬁhown‘in3figuras760fandlE;igppliédj; R
to ths 19.5- by 24;9-footinxedbwheoligate’ferShaSta‘Dam*diéenéiqﬂ?thnneljj?
This design was finally chosen for in :
following designs were mades

'tdllation;aft&ritha,téats,onftheﬂ:

(b) Music-note ccnstant-oontact';ediyideSign{BC;(fiéufe363)3-41ﬁ5this‘ ;
‘design the nose piece-seals on .its end instead of on its'side, as in de- e
sign 1C. ‘Repreaentation,ofuthe:seul‘barﬁin7slidipgfup"pr down the slope -
of the seat, or when the gap .in the gate*phagged,cwasEaccogpliqhedibyfﬁ
‘mounting. the seal bar unit on a sliding bitsé,. The seat was also made:.to
slide by attaching to a vertical screw, “Ag. the base was moved while the - -
penstock pressure -in chamber G‘wan-mgintaineﬂ,;therézwaS'Undueﬁbandinggin -
the vulcanized brase .strip so that-itrc:ﬁwleala:ound*theucurvq,‘aventuully :
permanently deforming -the brags strips ‘In:.one tost :arrengement the bress .
strip was slotted so as tco make a'hinge-at;thd&base.:wThe'Stripjstill‘if.g
showed poor actions An installation of this design is showm in figure 6G
for the 156= by 23.€5-foot penstock_coaatorignte‘for:Grgnd.CdﬁleéiDnm.“'

(c) Hinged-bar snd rubber constant-cbnta§t séai;Edeaigﬁf3cg(fjguréﬁ .
€C) ¢~~A seal was accomplished in this daaign,at;the.geatjgnﬂfatutheghinge
by the rubber aocting under thefhydraulic;pzosaufp;<lTheﬁbar?haditoxba‘~

mounted only fingertight at the hinge to cbtein-any movement; otherwire
no moverent obtained. The seal between. the .rubter and ‘the ‘meat was ex-.
cellent, but thare was indication of :sticking and tearing which would be = -

a disadvantage., A brasa.‘angle'nose;piecefwas_triéﬂ,fhut{thafgdtidﬁjﬁQS

. poor. The brass nose piece was,torn‘frqm'the*:ubber"Qy“theﬁhighﬁiéiﬁgity

flow through the gap as the seal bar*left.théaseatfandrﬁhﬁe@intdicbﬁt#ot .
with the stope This condition would exist at small openings of ‘the gate
at both the top and the bottom semls, The;fupthre~wns;cqgsédﬁby?thgﬁflud--
tuating subatmoaphericupressuresvwhich‘existad-atﬁsﬁall¢gquOpehingS. : -
These pressures tended to pull fheynose,piece‘from;the”rubbpfﬁbyﬂsuctipn. o

The bond between the rubtber and ‘the bsr might be impossible to maintain
in the cese of the tcp and the bottom seuls on“g.reotgngular}gatg.;.Durigg _
the opening of the gate in the case dfuthe'tbp‘séal;'thaffficticﬂ;hétwﬁéh'”
the rubber and the eoat would tend to pull the : rubber from-the geal -bar = -
{figures 8C and G). The same condition would occur on ‘the boitom seal .~ -
during the closing of the gate, only to.a legser degrees ' During either ' .
the opening or closing of the .gate, there is little contact.at’ the ‘bottom
gses) between the rubber end the geat, due to the mstal .seal ;bar beipg.inm
contact with the slope of -the seat, .thus holding the rubber :away from the
seat until the seal bar is in contact with the flat portion of the seat
(figures 8D and H). Figures 8A and B show the conditions with and without
pressure before & brass angle wes installed on the sealing edge: of -the
rutber, Figures 8% and F show the game conditions after the bress angle
was added, An instellation of this type of seal is shown in figure 6F
{n a mapner similar to the music-note seal installation in figure 6E.
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(d) Hinged, ffg;iblg,‘conétﬁhtfcbntndtxSBal;_doéign-4CJ(figu;eﬁéﬂ)Qf;”

The genl bar wae made from:a “test specimen of ‘Gates rubber:adhesion; stock . =

No. 1080 (about 65 durometer and 1/4 inch ‘thiok); vulcanized to a ‘flat © . .
steel plate 3/32 inch thick. = The qtgvaaa‘jldttedggxfl/ziinchuihtpp?ﬁlﬁufv”;
for flexibllitye. ﬁThe‘nose,piecezwaa‘a,atanﬁani,whdlf#rouﬁdfb;aenjrod PRI

sarewed ‘to the ctay, A machined or rqlledfstayfqnd“nobefpisceﬁcoﬁldfhaﬁejf :

been used instead, Theraction'ofithe'seal-wes.good‘and,caﬂSiddf#hleprver"'
ment of the sefl bar wasfpbssibld..-ThE‘flexibilityjofwtheﬁunit;berﬁifteﬁi.r-
1/32-inch twist in the ZQL/Z-ihchllangth.of=séallbér,‘with%qﬁprdasﬁrgﬁpf :
20 pounds per square inch ih~chambe:s¢8aaﬁd{c;f}Th;esflatibflit?gillowéa"33f
excellent contact between the nose piece ard ‘the seat, thus producing:a =

tight seal, The force reguired to move the éeal bar -waes very small s was .. o

evidenced by hand manipulation of geal barjﬁithathgfplﬁﬁgpfg;fThé;qtgyEﬂid
not show any bvending under llo-poundsfper-squnreiinch pressﬁre;,jAnﬁgp§¥1-

cation of this design'is showm in‘figufeiGKo.“1fkdoublewétaysfweréruged;fﬂb_,5 

vulecanizing would be necessary, 4 double stay ‘construotion’'is shown-in
HYD-96 (fipure 15, design 4). - B e LI AT DA

(e) Hingzed, sustained, constant-contact -seal, design 5C (figure :61)e==
This design is another -applieation of the ‘hinged type .of seal. Various. _
shapes of sustaining rubber were studied. /The force exerted by the .oramped -
rubber holds the seal bar in place. ‘The .action was stif fer than design -
4C, and the s0lid bar could not be twisted with 75-pounds-~per=-square=inch
pressure. One slotted bar was made in which:a twist of 1/64 :inch eould be
producsd with 70-pcunﬂs¢per-§quare-inch<pressuro,=inﬁchambérﬂc.'31n”an P
applicaticn in a verticsl position, the 'seal bar could be fully supported
at the hinge because of the metal-to-metal contacte - ‘The rubber would be o
installad urder slight compressions R ERR SR S [ TR

A 1/8<inch wall rubder tubing with sufficlent oross ssction to comforts
ably £ill the spuce under the seal bar would give good support and .sealing ..
action at the hinge., It would be necessary o expose the interior of the
tube to pemstock or reservoir pressure. The sealing sction at the hinge
¢cen be aeen by comparing figures ¥D with 7C. SO TR P AN

(f) Flomting, sustaiﬁedébar,‘constant¢cdntactvseal,%deeigﬁfﬁcf(figufé .
6.) p==In this design all the unbalanced pressure -exerted normasl ito the .
flat portion of the seat by the water in chamber B is used to effect-a
seal. In the hinged type of ‘bar, approximstely half of the unbalanced e
pormal pressure is exerted.om the hinges Accordingly, in the flosting type,
the ber peed be only half the width to produce the seme pressure at:the nose
end the seat, ' - ‘ - . B :

Of the various shapes of rubber tested, the channel .shown in figure 6J
spd tbe 1/B-inch wall tubipg in figures 7E and ¥ showed ‘the best resulta,
The rigidity of the chanuel shape maintained good contact between the -nose.
pnd the sent, 5ut the Jarge cross-sectional area of the channel tended ‘to
oremp the rubher serjously as the seal bar was dapressed, thus limiting
e

. Wi oveneti, 0 obvsin & omers resiliant unit, flaxible l/B-inch.wall
pubber +tubing was sdbgtitited (figures ¥E and T) . The' £1exitiiivy ol Shshe
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A-No pressure in chambar C. p-FPressure of 110 1b. per sqein. in chamber C.

DISTORTION IN MUSIC-NOTE SEAL WITHOUT REINFORCING STRIP
POSITION AS IN DESIGE 1C

D-Rubber pushed egainat hinge with 75-1%. par 1.0, pres-

C-Sesl bar mounted on 1/8-inch flat rubber otrip shewing
sure in chambars B end C.

looseness of ruhber at hinge with no pressure.

HINGED, SUSTAINED, CONSTANT-CONTACT SEAL - DESIGN 5C

F-Plunger disccpnected and seat rotracted while pon-toak'
pressurc was maintained showing rotstion of asal bor
in direstion of flow.

E-Plunger ccnnsoted and 75 1b. per aq.in. pressurs in
ahambers B and C showing oramped pasition of rubber.

FLOATING, SUSTAINED, CONSTANT-CONTACT SEAL - DESIGN 6C




A¥o pregsurs in ohamber C. B-Snal on flat portion of seat with 7O lb. per mg. in.
Prespure.

C-Senl bar under TO 1b. pressure leaving top asat of gate. D-Seal bar under 70 lb, pressure leaving bottom seat
of gate.

ORIGINAL DESIGN WITH SHIM UNDER CLAMP BAR

E-Kc pressure 1in ohamber C. F~Geal on flat portion of semt with 70 lb, per 8q.in.
pressure.

G-8enl bar under 70 1b. pressure leaving top seat of H-5eal bar under 70 1b, preasure leaving bottom seat.of
gate. gate. i

BASE ALTERED AND BRASS ANGLE ADDED
70 SEALING EDGE OF RUBBER

HINGED BAR AND RUBBER, CONSTANT-CONTACT SEAL - DESIGN 3C




tube wag. greater, &s anticipated,rbut‘rotatfbn;6f the1seé1 bar‘(figurngF)-‘*

by the unbalsncedfhydrgulic‘prgssuraa.made_itHneceggnry‘to;iﬁstall:aﬂggyae
pin to maintain ths seal bar in positicn, There was no objestion to ‘the

gulde pins.-hydraulically,'butftheir.installationqwould.;néfeggé?fhé,comf
plexity“and cost.. The effectiveness of zuide pins was shown.by ‘the use ‘of
ons B«32 machine ccraw attached to the plunger-and;sealépar;‘ﬁThe‘slidlng
geat and geal bar were cperated under a:préssurQWOfilIO;pgunds”parfsqun#e
fneh, but the mechine screw was not.bent by the unbalanced. forces, This"
tndicated their small megnitude. ° T IR
‘The ‘ebsence of a rigld hinge ténds:tmaard”flakibility‘bfpthé=h£rwitsalf..-
whish permits a tight fit betwsen the ‘sesl bar arid seat aven where 'ths seat
may be misalined. “This conqumity;incraaéas_th!feffedti#ehdss:gfdtha;aealh
ing action. Of the nose shapes teSted'(figuré”SM);;Ehgpe‘ﬁ*gg&uﬁ{hé:bést‘
action because it is hydrsulically bﬁlancgd.,?Furthéfmora,}thnjhdlfbfound o
saction 1s more flaxible than a;rodfbr‘ﬂgtube—bécAuse'6f_its'leéserirésist-"
ance to bendinge The strength”ona,half-round:saction:in‘hendingﬂis«approx;
imately one-fourth that of & 1/8=inch wall tube with the same outside dis=
meter, Shape C was developed to permit grsater latitudevofgmbvemant"ﬁnd;‘
hence greater clearance batween the stop bars snd the semts = = o

Shape B was objectionabls*bgcause_of:the-sharp_cont&ot §¢tweeh,th3‘géél ', 

bar nose end tne slope. of the ssat and becausa of the greater tendenscy
toward rctation due to the unbalamced hydraulic foroes .caused by the thick- .

ness being less then half the width, The rotatici in this case was against T

the flow as compered to«rotatioh,withgtha“flaw,wéﬁ;shqpes5ainhd'C,}‘The

lesser ratio of thickness to;width‘onfshape,D:iﬁdréaasd;the,tehdency'to'_{‘ .
rotate, in this cage against the flow. .Shape E.with*ndeatcpzbars,ias.““"“
outlined, was developsd to negate the rotation of the - genl bar, dut the

permissible clearances werse so small as to make the desizn undesirable,
In shaps F, the radius of the nosa*wasﬂréduped,to'L/4aihch:toﬁrédubejthe’ ‘
subatmospheric:pressures-which occur“ddwnstraamffrOmﬁthé]nosq;pieeoinsgthe?1'
seal ber approachss the seate Tha'ehsnga,wns{ineffeqtive.7ﬂﬂithbdtzthé‘ha
rubber under the gesl bar the laakage batween the .seal bar and the stop -
bar was considerabla, due to imparfect contacte T R SN

(g) Sliding, constant-contact, bar‘aéﬁl,-dséisn'TC;xfiguregﬁL)yi@The‘}_Q :
principal advantage of the sliding ber ssal in a[ponstﬁntﬂcontgetﬁinstal-f
lation on & restangular gate is'the;poaitivs,guidea,ﬁbu#;thdse'positiiéﬁ .
guides have several disadventages. ‘To Qperata_:étisfactdrily;ttho clapr-
anoes must be small, which appreciably inoreases the -cost of .manufacture,
instsllation, and maintenance. ‘The ‘action in-the model was good, ‘but:in - -
e field strusturs the formation of scale from the water, or deposition of
foreign matter, would render the bar ssal .inoperative, T

7. TRetractable seals (figurs 9}, In retractable seals, foroez are

applied to the seal bar to ceuss it to unseal or to retract to produce &

gap between the sealing edge of the noss piece and the seat, -The distance . ,,.JJ
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“between the 3esling edge and the saat 15 the measure of #héfr§tréb€i#ﬁ[f*
It is generally coqsiﬁered prefnrable that tho senl barﬁ; :.“:\" i :
. the retrac tad pos1t10n while the- gate 1euf is. in: motion or+unt11 a seal
isﬁggain requirad., However, & 5981 bar’ ‘that lightly serapes ‘the “sadt

whén'thaslédf.isimoved,hﬁs the advantage of(a claaning ard asating:acticﬁ.lv‘

B .:In this sefies of designs'and tasus cna'uetnod ‘of; prcducing ratrau~; L'
tion predominatad, It was. the nethod davelupe“afor the retractien of tnﬂ
stabilized, flexible: dlaghrarm seal in- thexfirst sarlas of rate seal de-: .ui
signs end tests (fizx zura 4E) Thls mﬁthod employad tha -penstock pressure.
acting .on the upstream portion of ‘the' seal bar to produca retractio' whan
‘the pressure in the saaliﬂ& chamber under the qeui\bar was reduced 5a1aw
1that ‘required o affect a seal., Sevaral other methods Hers: employe

“the first serles of tests for producing retr°ctionz ﬂEnergy stored in
‘rubber whan the seal ‘bar was: extended ‘as in the ccmpraasion tyne ofrse

desizns (”1gura 48‘ hydraulic forces applied 1n chambers, as 1n the

=additxon to. energy stored in. ruober, B8 in the double-acting‘!
hydrauliz foroes acting.on the upatream portion cf the seal bar in aﬂdi"”
‘tion to energy: storediin the: rubbar. ns?in the shnar seal (f1gure 40) nnd

dlannragm seal iflgura 4D).‘

In crder to. -apply the hydraulic forces upstream from the sealing ed«e,A}'"m

& unique feature wasg incornornted in, Pive of thﬂ ssvsn deslgns shdwn on }f
figure 9, This was the retraction spring (flrures Qﬂ [ .
Zadded to similer or the. same constant-contaet deslgns. The retrnc*ion
’.spring could aleo oo added on tha upatream side of the sliding var seal
deeign 4R, thus eliminating the close cleﬂrance for the’ seal ‘bar- in the"‘
'”slnte Hawever,_the retractlon spripg. 13 only spplicanle .to rectangular
gates in whieh thn asal bar is: straight. “For curved or c*rcular seal .
 bars, the sliding bar seal (design-4R) or the- stﬁbillzed Plaxihle dia- f .F
iphragm senl (design GR) would operateo, Of thass two, tha’ latter is to )
“be. preferred beozuse it is ‘not so ~subjact to fculing due to scalo an=-

;orustation or air* denasitiona
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Tests were conducted for- the ‘express purpou ofv determining the pros-»;_”'

sure required at the seating surfaces to effect s port‘eot geal; .In those '
tests the sliding ‘bar. seal, “design 7C- (figurn BL)," waa ulod An: tho oamo

manner &g & rotraotnble seal, Sinoo ‘the 'seal bar in ﬁ'ee to move in 1tu ‘
slot. and is thoroughly guided by:: tho uliding i‘it oi‘ tho aideu of the slot. RS
this seal unit was found ideal. for these testa.

‘With the seal bar in position: with- face A tothe seat and & i‘lbﬁ:;
sliding- seat installed (figures 6L and: 10A) it was- difﬁoult to determine

when both lsgs were aouting booauae of: aom leakago between tho contaoting, = |

surfeces, Pressures in: ohnnbsr ‘A:were: oontrolled by & rolio!‘ ulvo in the
line to chamber A to detorm‘lm ‘the - of!‘eot when prouura wna lllowad to_‘l-
"build up ir the chamber or: whsn it waa drained. _"'H.th tha relioi' valvo' |
‘open, the amount of water osoaping by the upstrom leg oi‘ the soal bar
could be seen flowing. out of the pipe; and whon the mliof nlvo wos o
closed, the rise in: pressure in ohmber A, as read: on gage A 1nd1oatod
the relative amount of lerkeage. botween ‘the upstronm and the . dmatrem
leg. Restatesd: Lalkuge by the - dmatroam leg: oould be seen :quirting
jnto chamber D. Pressure in chamber: A varied from half to noarly eqwll
that in chambar C, Vhen the lea.klge over oaoh leg of : tho ‘seal bar: was '
about equal, it was omoludod that both lags were oeating uniformly. Ho :
amcunt of addt tional pressure: tpplied to the seal’ bar ‘oy tho handoopernted
lever and plunger (i‘igure SA) made -8 batter. oeal.. Sealing wu nooomlilhod
by applylng hydreulio: preasuro 4in chamber B or by prusing dmm on '’ tho
lever, Vhen chamber B was drainod -all the 1enkago bot:a‘oon the uonﬁng
surfaces &t the geat oould be dotaoted, and when. proaauro 1n B.was: ap; slied
with drain to chamber A open, ‘all the" leaknge through the: downstroa.m slid-
ing surfaces bet‘woen the slot: blook ‘and tha ‘ssal bar was detaotod.

The pressures. requirud to maintein the seal ber in the sealed. posl- '
tion, or, in other wordse, the: unit _pressure roquirad 'betwaon the seallng
.surfaces, was found in two;independentvays: the prossure in ohombo; B
which would just oause"f!_:he ssal bar to deat, or tha pounds o'f.for,oe re="
quired on the lever at & ratio of 7 to 1, was dotormimd. “leoo»-_:_no_lsuro-
wents were made with the drain to chember A both open and ‘oloqed.' |

-
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“Similar tests were oconducted: with faoe:B: of the seal bar to the aont.. &
It was difficult to determine when the face was ' seating unifarnly. Usunlly
- pressure. at gago A registerad alzost that'in- ohanbur c, but when tha re-‘“
‘1ief valve to chsmber 4 was opened, unly a very “thin' utronm of mltar flowed._
This 1ndiontad thet faoe B was salting uniformly. Set ing prausures nnre :
determined indepandently by rinding the. prensure raquirod in ohambor B or .
‘the load roquirad on the. lover, ‘and also with tho drain to chnmher A either

opsn or closed.

When the computations for both . cases were mndo. which 1nvolvod tho
ferceas aoting on the seal bar either hydrnuliunlly or machnnioully. the
foroes oould not be. rooonoiled to givo consistent raaulta. It wns oon~ _'
oluded that the methods failed baoause it lls impoasible £o ‘determine - or
estinate the arsas subjeetud to hydraulio praasure at the aeating aurfuoea  ‘
dus to the lesakege orueping through and noting on thsao areaa¢ ~The prob-'
abls eppearance of the ‘actual. surfauea in- nbaolute aontact in- compariaon '
‘with those that wers not in porfact oontaot ‘would be . llka thnt presented
by a contour map where the landnnapu is rolling or hilly aountryside.

N

Another. mathod ‘of - determining tha pressure rBQuirad to aaa‘ gavu o
conolusive results, In the test with faos A of “the- aeal bar to the. soat,-  

if chamber A was relieved of pressure the . eenl bur remained ia: the senled

position sven when the force upﬂnrd on it wns zero (figure 10A). Ths same.

fact waz experienced. when the sliding seAt Was: rotracted 80 that: chamber

A was completely exposad. ‘With the sedl’ bar invertod 80 that faoe B'wua

‘to tha seat, the uliding &eut wes: retracted ati&. uniform rate, while pras-' 
sure on the lsver necessery to effect a seal, applied through L% spring
belance, was: also uniformly- relsased to oorreapond to the decratso in lreum 
covered by the sliding seat, When the ‘seat wac rotrtotud until only nbout
1/16 inch romained in contact with face B of the seal. bar {figuro 108), no 
foroe was roquired to maintain-a ssal, Contrlriwisa. only a very snall |
foros waz required't& break the_saai. A,Ibrqeﬂnsnlow as onaepound pull,chr
‘the plunger would cause this break,.and.111kawisé;ﬂonly_oﬁc pound:of:fcfca_ 

wag needed to push.the_:eal-bar closed, These tests proved oonclusively

17




that the contaut preasure nocezsary to efrect 8 seal 15 zero. ‘I£'Was"
ghovm by an: involved computation in- tha former report: on gato genls . \ETD
96, flgure 13, page 23) that the 1line conmtact pressurs wag about 10 par-
cent. of the hand, The discropanoy ean no doubt be walved when tha accu- '
recy and errors in the. method are taken into uccount.‘ fﬂfl j‘,'~ b

In many of the tests th&t follav. ths condztion of halanoed preasuras
was seen to be such that the forces s.g:plied to e.u.use tna ual ha.r to nnlca
contact with the seal were equal’to ‘or . only slightly g;rnator than the .
foroes tending to unceat the geal’ ber This pcint will” be brought out 1‘ur-
ther in disoussing the individual designs ‘and testa. For design purposas.u

en arbitrary value of the wnit. pressure required for -a seal to’ be effactive :

has been taken as five times the head, 1t it seen that’ thiz firure inv.‘ -
large. The tests described, show I‘urther thnt only 1ine contect: is neces=
sary to effect s perfect seal,  This is cnncluded i‘ram the fnct thnt the
1/16-inch wide surface produced a8 good B saal s the mnch wider surfaoe
of 3/4 inch, The w1dar surfece at times. showed loss 1aahage. evidently
because the longer pa+h for the water provided (S greater pressure drop |

aoroge it.

Ths quality of the aeal or in. other worda the dog;ron of tho eﬁ’eo-‘

tivenass in sealing, was 8ls0 tested. The quality, as masured by tha
amowmnt of . luaklge ‘between the. aenling suri‘cce of.‘ the: nose: pieoe und ’chs
sent, depended on the degree of - contact betwaen the two surfa.aaa o.nd not -
on the unit pressure et theu aurflcaao i o linef conto.ct wns pousible b‘y‘[ ‘;’_
en irorease in pressure: on the ssal ‘onr, then the increased presaure ‘was )
beneficial; otherwise 1t was: not. In oonaidoring ga.t.os in. the ﬁold 1:1-
~stallation, - thera is foreign mtter that oould prevent perf‘oct contuct |
in parts of the seating surfaces,’ Incrusod pressurs. mght indent theso
‘particles into the meta]. 1tself or sQueer.e them thine In the model, lnle
.or- other foreign mtter provented the seal bar I‘rgm aetti.ng woll, md.

even with retrection on the: bar, ‘the dirt would not wash through. ?,thero-
‘fore it might be advantageous to 31101'6' the seal bur 4o sorape or sllde
-onto tha seat to-olesn itself, In.the tests with. ‘aif ferent mterials-at
the -sealing ‘,surfuoe‘, it was seen that -:l‘-::so:'c.-.orrresniont nose pieoevpro-
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} duood a porfect seal, ‘For- this ‘TeAsOn: 8 good grada of rubbor wau so wry

veneficial, ft aated in ‘the .8 ame mnner in whioh a: gasket "‘r,fpanking aotl

.-.between two metal surfaces, The soft. mterial flows’ :lnto the doprouim e
.betwaan the . finely mchined surftcoa md mkea LY porfaot aeal.

In the tests on the sliding_: bar saal, sovaral stten:pta were: mda to
‘produoo a droptight seal by romchining the senting surfaoeso Gmat ca.re
wags used in these. opamtionu and -a very: smoth aurfaoe wag the rusult;
yat the droptight seal could- not ‘be- nttaimd. Finally. I‘lat grinding of
the sliding seet on both sidea wna resor‘bed to, us well as grinding the '

feces A and 3 of ‘the seal bar, using FFF. omery pawder and - water on o gl&nu '

plate, then finishing with No. 304 pumics. Upon installation, - droptight :.‘
seal wu aooomplished either with e wide or: 8 narrovr uating surfaoo. 'Io
.provent end’ lankage n the mdel ‘the onds of tho senl bar ‘were greased '

" and the sides of the box were cllmped tosether wlth 1 large olampe Thia Lo

‘stopped end’ laakage en‘hirel_( whan fuce B was o the sont but allowed a few R
drops whan face ‘A was to the seat. With faca A, ’che 1alkn.ge was by tha
ends of “the two 1ogss - Seals having- rtthar hnrd nmterial 1n contnct ordi-‘ :
parily never sealed droptight becumse of alight undulations in the :eating_.

:aurfnoes. In soms cases water squir: ued through in thin shoota, _and in

other cases the lealmge was ssan to: be in hnirline stroama and somatima . "1 S

only in drops. Applicntian of pressure aided the . quality of the soul unly' .
vhen the eesl bar could be twisted or: mde to aline Atself 'botter o the TR
seat by the additi onal for ce, Genernlly one | seal doaign oould- be m&e to

give as good results 25 ancther-as far-as. aotuul sealing quality was oon- N
cernsed, when the- contacting surfe.ces were oompnrabla. tmt is, of oqunl
smoothness or of equa] Qunlity, providad caly t&nt contaot nn ude as vrell'r

for one ag for the other. along the length of -the seal bsr tnken s, A whule.;-f_ Cn

‘This was & proceas of alinemnt and Hot of pressure n.pplioation. To illus-';“
trate this point, & test with.a Lucite plastic, stendard, sxtruded rmmd E
rod was used as & seal bar in the -roller rotrnotablo- asnl duign 1R -

{figure 9.!.). ‘The guality of the assal was poor. By hmerting e sheet of
‘typewriter carbon paper between the seating. surferoes, an ‘impression ‘on- tha =
roller wag taken, Contact was found to be alcng the: two .ands -of ‘the roller_-'
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and 'not 1n the middla; the roller wn rota.tad to oaveral new pnsit.tons - :

end ocontact 1mprouiona mda.. Tha ‘1ine of.' oonfmot ahirted in probubly every
onss bscause of the ohmge An the unduln.tiona along tho roller. Iioromter
>mnsuremnts taken at aevsral diumtera of tha rol].er go.ve rendi.ngs varyi.ng
by as little as O, 0016 inchs: ‘Hgh proasure on: theiroller. appned by tho ‘
hund-opcnted lever and: plunger, did not 1nore-.ao Zhe efteotivoneus ai‘ the o
goal because the Luoite: could ot be - deformd so easily. .and yut the mto«-
rial is mich softer than. brnss or ¢ atoel. ’l‘his nme condition oouurrod whnn
the metal seal bars were tested, One bar would aenl ‘better than another.

or aven the ‘same bar: would seal batter in ono pusition than 1n nnothur. s

The gensral ocnoluniona i‘rom tha tests waru th:t tha qullity of ’cho

senl {munt of leo.kage) ig: not e ﬁmoﬁ.on oi‘ the unit pressure at the nnl- .‘
\1ng surfaces but rather on the mtching uf ‘the oontact surraoaa. : Only enough‘
‘force is nseded to bring tha parts togather. Honrever, ifr- tha surfnoo or
surfaces are soft a.nd sufficiently ruinent to daform eusily. a.dditmnul
pressure is ndnntagsoua to muke lina oontact eontinuoun nnd unbroken. To
produce this condition with mchinod mtcl-to—mtul oontact, the mtu.l wauld
bave to be com;n-used bsyond its alaatio 1imit and detormd, a condi'bion '

whioh is beyond the ascope of ponibility 1n a hydﬂm].ic gnte ael.l. To- 111ua- T

trate, consider s hinged-type gate seal, ns daaign SR (figuro QD) hsving

a bar four inches wide from: hinge- to noee, At & preasure of 1200 pounds por
‘sQuare inoh under the ‘bar, the procaurc at the nose wculd be about 400 pmmds'
per linear inoh, If the contact surfnca is 1/16 :lnch wlde ‘the unit pru- *
sure would be 400 divided by Q.082 sqnare ineh, .w’nioh -qu&ll 6 400 pounda ‘per
sqQuare inch. II‘ the oontaet suri‘aco 1: 1/64 inoh wide. tha unit presswa o
4 256,800 pounds per square lnch, wherou the ultimto oompraasive utransth
for brass is about $0,000 pounds per squnre inoh. 80 tb.t orulhing preuuro
Las not yet been reached, Furthermore, s seal bar: four inches wide. would

" hardly be designed, and pressurec of 200, pounda per ‘aquare inoh o gabau .
night only be attsined in extreme casese It is thus ssen that the ‘metal
‘mnever is foroed in oompression so As to -deform it in & menner aimilar to
ghat -of rubbers




.The I‘omes aoting: on the seal bnr during the procoas of closure of e
the  gep were 1nveatigntad. In'dl} the tosts on gate sealu whsn velooities
:0f the watar were high, 1t was ueen how vidlently tho seal bar wna shirtad."f
‘moved, and rutnted in a til’cing action. Hagative prns-ures domatream f‘rcm_-.;_
‘the nosze piece wers. severa f‘or the smller gap openingso» Piezometers A and E
D'were installed: (fisure QA) An- the md-l to- meo.sura these pressures or :
~observe the c}mnges in- conditions s.t thase pointm orin these ehnnbers u
“the seal - ‘bar was cperated. Both . negativa and:e positive reu.ding Bourdon

pressura gage was installed 1n the ‘same. line to aa.ch piezomter.

The groatest negative prresuuran usually rerultad with 8 gap <of 1/32
t0' 1/16 inch and were as much as =25 feet of wnter. ‘The maximum ‘neghtive
- pressures were somstimes greltar “for & lﬂwer hesd than for B hi.gher head |
at some parid cular gap and ohanged with “the clearanca allcnnd betwaen tha
top of the downstreem clamp bar nnd the aaa%. The - shnpe of the nose piene

also had various effects, but. regardlesa of the sh.ape, negntive precsuroa a

alwaye existed at gep apenings amaller than the clearanceSo

Conuiderjng the action of ‘the - seal ‘bar ‘in - any retra¢tab1e seal if :
the aeal bar is in the I‘u].ly retracted position and penstock flow ia ad- V'
mitted,positive pressure is built:up in ohnmber .C upatream from the soal- ‘ﬂﬁ;
1ng»edge which is usually rlawer than ;the,s.utual panstock head beoauee of o
‘losses-or restrivtione in area up to the nose pieoe. ‘The- preshure dorm-
stream from the nose: piece may be noaitive ar: negative, dependin& S _
whather the ¢lemrance aresa or the .gRp aren. contro}.s the: flow. In oi ‘der - foﬂ-“__
‘the gap ares-to oontrol the flow so thnt negative pressu"os rogult, ‘the" .nose
piece must be extended so. thet it projects slightly above the downatream
olamp bar, usually from 1/32 to 1/16 inch. If ‘the projection is lasa,
*pouitive pressures will exist st A-emd D, or, in. other words. over the ﬁhole
geul bar, so that it will be foroed danrn as far as restrintiona will a.llowe .

In the process of closing the gap, 'ﬂ‘hi'oh‘iﬂ »the ,sealing ropernticm_“, v.the -
;,;seal;‘barvo.cti'on‘-_iil_l,_now be .oonsidered, .If the nose plece "iu:»belcm' the |
.lsvel.of the stop -bar.and prossure,ié-‘gradunrlly'-ndmitted undﬁr the seal ber,
in chamber B, the seal bar.will not commence to rise until balanced force:
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are reaohed; that 1s. the foroe to o:ttend it mmt qual tha force to re-.q'_ . 2
tract it. :In this candition the soal’ bar ia very susoeptible to on :
‘overbalance .of proasure ‘An: eithar dlnotiono Whan preasura in ohlunbar
is innreued, the ‘seal bar is extended very suddenl:r and qmlokly to o
new poai’cion where negative prouures ‘come into plny. If *the positive
pressure in chamber B plus tha negntive pressure in cha.mber D was auffi-"';‘,‘-.‘.‘.“
‘cient to close the gap et the existing panatock preasun. the aeal bar
‘slammed shut, This oauaed very savare wntar humr at the higher heada.
‘Several othar condi tions axisted to inorenae the slamming antion.‘ 'rhc

~ pressure in ohamber C rose to full. penstock preuura just ns uuddenly u S
4he seal bar slammed shut, and in nddition ‘the - ri-e :Lnfprassure in ohs.mher

C often inoreased the flow into’ chanber B betsause of" the 1nterconneotion _
in piping or because of leaknge betweon the . two chnnbers. At tha point of .

senling, any chance for the: ‘seal bar to tilt or oock o.idod slumning. . Most :
-of the bad sonditions described above could- nearly almys bo overcom by .
not allowing the seal bver to be retracted ‘to the point where tha nega'tivo

pressures csased to. oxiat on the dcwnstrea.m eide of the noae pieoe. This -
wag always & delicate paint of belance beoauao the seal bar flontad. In
the roller retractabtle - saal, dcsign 4.R (figure QA) this bnlanaa point was

to delicate that the metai rollars ‘bounced -up - nnd dovm unloss tha retran-: '
tion spring was snug sgainst tham. Te closa tha gap from this balanoed
position in any seal, the . operation was to ndmit preuura into ohambar B
slowly until the seal bar moved in extension to olosa the gap. Sometimaa
‘the movemesnt was very rapid until another new point of balanca iaa renohed
‘to within about 1/32 inch of olosure, after: which the preasure raq'uirod .‘..r‘\'j |
chamber E with respect to the ‘extension: producod wl.s much’ higher than I‘or- :
mrly. The reason for thiu retarded. nntion s, due to’ the rapid. deoreaas

in negative pressure in chamber D as- tha reminlng gap ms closed, so that-
assistance from this. scurce is lessened, The . -seal’ bar cloued smoothly -
from thiz pogition exoept in oasenr where the hur ﬂould tilt or .cotk or move
sidewaya. when it would do so with a slam. In the sealing 0ycle the valvo
controlling the pressure to ohamber .B should alvro.va ‘be opaned alewly. ‘A
seal bar thet pormally operated well could be made to slam by opening ‘the
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valve to chamber B rtpidly. It is. nssumsd thtt in field inatnlla.tion
ths flow to chamber B would be oontrollad end: admitted slowly. ‘

The sction of the seal bar 'in retrncting :La the reverso of tho sul-
ing oyole exocapt thore is no. pnrtioulo.r violenoe 2o 1t. Uaua.lly. upon
releasing pressure. in’ uhanbor B belmr thnt roquired for aaaling, the unl
bar retrects rapidly l.nd easily ton i‘lolting sttta. to & gap+ of nbout
1/8 of an inch. The olearence -and 1nharent resistance ‘of ‘the - unl ‘bar _
control this retractive: n.ction to . hrge extent at: my pnrtiouhr *tnld.
If the seal bar osn tilt, the lotion is. dollyud md the gap my bo '
smeller. When the pressure in chamber. B ia further. releued tha sul
bar mway collapse to the hattm of. Ats. slot or spo.ca. CIf it doas. the )
action is as rapid as tho roaiatume of tho seal bar w111 allow a.nd oan
oan hardly be prevented onge . it stl.rtn, buoa.uae 'chn valve to ohanber B :
cennot be -menipulated delioataly and fast enough._ 'I.‘he rlpidiw of “the -
retuction A8 dua %o ‘the- prousuro changos which tuke place owr the en- :
tire seal hnr, whioh nring from nugntivo *bo poaitive 1mtantmaou31y.
explained before, ' R ; SRR & B -

The discussion of ‘tha ' individual deaigns of- retraotuble -es],s md L
their operational ehaﬂcteriutica follow: ' . .

(a) Roller retraotable sasl, delign 1R (tigure 9A) .--Of tha various
arrangements tested, the one shown. gave ‘best results as to the aotion of
the seal bar whioh, in this cese, ic n round rod or. roller, Vuriom v
rollers were made and tested, some. of which:are shown {figure: ‘9B)a Ronar
G operated the best beceuss .of :the resilient adding-machine pln’aan-rubbor
govering which cushioned the sotion.’ Oonly & minor slam oould’ ba produced .
at the seat regardless of the ‘rapldity with which: preaaure wag admitted - '
in chamber B. . The ‘retrsction spring sealed vory well and d1d- not oomnne
4o vibrate or ohatber easily, and when 1t 414, the vibmtian nu not. 80
violent as for the metal seal bars. The downstresm. contneti.ng surfuoe
flattened slightly, vhich retarded the fnlling action; the seal quality
along this surface wes perfect. This seal: bar’ did .not bounce when in th'
‘floating position. The quality of - ‘the seal was: excellent. both at the
geat snd.at the downstream contast surface, it being. droptight. _ Suuling
‘pressure reguired to olose the geap was about. five~sighths oi‘ the ‘hemde
ijnatrmtion was lmooth and neaarly equal’ to tho olamce. o

- The harder rollers did not seal as well, for tha qualitw \of th aeul

depsnded on the aoftness or gmoothness of the material at ‘the sealing
surfager, The downstresm contacting nurfnoe ‘at the stop’ bar aleo’ gemmlly
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leaked & little and for ‘the ssme reascns. The sealing pressure reguired-
wes less. At the seal breaking point the .retracticn spring would vibrate
or chatter unless it was snug ageinst the roller eeal bar. The vibration
waa oaused by the velocity flow through the space batween ‘the spring and
the i0ller when pressure.in chamber E was reducsd, The mstal seal bars..
could be made to slam violently, especially when ‘the retraction spring was
losse, ' ‘ : T T T T I AR

The sesl bar generally rolled when being extended or retracted, “When'
chattering ocourred it rolled downstream. It aleo ‘rolled downstream when
the sliding seat was moved in either direction while penstock pressure was
meintained. The rolling aotion would be beneficial in-a field installa=
tion because it would aid in loosening ‘the bar in osse of sticking; fric-
tion at the conteoting surfaces would be less than siiding friotion, 'By
inoreasing the size of the seal bar, greater clearance may be &llowed with
consequent greater extension; the aveilable pressure to seal-would also. be
increased., Since the seal bar floats, elinement to the seat is.easily
‘a0complished. ER ORI T e T

The disadvantages are the chatter and vibration possibilities irhen metel
rollers are used and the rolling aotion to be provided for along ithe length °
of the seal bar and-at the joints. The support of the .seal ‘bar is also s
problem, This design would not operate as & ofrcular sealy = - : :

The desige was tested with and without the sliding seat, During tests
with the slidirg seat, the amount of clearance for the downatreanm water
passage had a marked effest on ‘the action of the seal bar. ‘When. the pas-
gege wes restriocted by moving the sliding soat downstream, the roller seal
bar was foroed to retract to the bottom of its space (figure 10C), buscause
of positive pressures produced over the whole width of the .seal bary A~
similar condition waa prevalent without the sliding seat and.a flat-topped
stop bar when the olearsance wag 1/8 of an inoh {(figure 11C), When the .
clearsnce was greater and the path for the water divergent, the negative
pressures were meintained, with the result that the seal bar remained only -
partly retracted even though pressure in chamber B was zerc (figures 10D
end 11A)., As the asliding seat was retracted (figure 10D}, the roller. .
maintaiped the same constant gap opening. I o

These findings were used in the final design of the downstream atop
bar (figure 9A) in that e 15-degree slope was cut onm top and the edge.
next to the seel bar-was 1/32 of an inch lower ‘than the ‘top of tho up-
stream stop bar. The olearance of :3/16 inch was sufficient to permit '
10-foot negative water pressure to exist at a maximum retraction of -5/32
of an incoh with no .reversal ‘to positive pressures possible (figure 114).
The sealed position of the roller is shown in figure 11B. With the origi-. -
nel flat-topped stop bars and the sems clearance as above, the seal bar :
was foroed down hard on the bottom stop when it was allowed to retract
(figure 11C). The pressures &t A and D were now 2 and 10 pounds per
square inch, respeotively, instead of being negative. Maximum pegetive
pressures were obtained with the roller :in‘the position shown ‘in figure
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A-Legs of sesl bar to the sant, Sesl bar remains sealed
wlth 70 1. per sq. in. in ohamber O and with pressure
ir. charbers A and B zero; o unseal reguired u dowmward

foree on tho seal bar.

B-Flat of seal bar to the seat, Sliding seat retracted
whkile panstcck pressure was mainteined at 75 lb. With
1/16 ineh in contact, ant sealing orce reduced to
zero the seal was unbroksn; to unseal reguired a down-

werd foree on the bar.

SLIDING-BAR SEAL - DESIGN 4R OR 7C
SEALING PRESSURE REQUIREMENT TESTS

C-kelorr in foresd Lo collapse when sliding semt re-

strinl: elumpanae wnd pressure 1s reduoed in chumber B.

D-Fith Svat retructd and larger clesruncs, negstlive
prescurs ulong slope of seat prevents raller from re-
traating. Water passsgs is dlvergent.

ROLLER RETRACTABLE SEAL - DESIGN 1R
ROLLER G IN INITIAL TESTS




AsMaximum ratraatlonpof 5/32 inoch with =1°P1ﬂseg°:;' B-Sealed at 75 1b, penstock pressure with 46 1b. in cham-
strenm stop ber. Fressurs in chember C was » pOT bar B, Rubber on rcller only slightly deformed against

5q. in. End wacuum at A was 10 ft. of water, Clear- downatream £top bar,
anee 3/15 of an insh.

C-3eal bar is foromd down herd with flat-topped stor D-Position of seal bar fer conditions of maximum vacuum
bers. FPressure in chasmher O was 60 1b. ar i of 23 tt. of water. Th~ gap of 1/32+ineh for this case
28 1b. RAoiler € i5 shewn and no 11g On upstroum wis the same wheo une sioplng stop-bar arrangement was

stap bar, with the tlewrapce 1€ of wn inmi. usod.

sliding seat and 3/16-inch F-Maximum retraction only 5/32 inch with roller seal bar

E-Roller B installed without
“~he vyery free. :Negative pressure at & wes 10 ft. of water.

cleurance. The reirastion spring wes not touening
rolles.

ROLLER RETRACTABLE SEAL - DESIGN 1R




11D when vacuums up to 23 faqt‘ofjiiter‘werefréthSd. i

one of the test assemblies with mstal or hard rollers 15 illustreted in .

figure 11E and the maximum ratrddﬁion‘obtainsd[gnd thq‘rQQ;On_Of high ‘nega-
tive pressureg is shown in ‘figure 11F. With a gap of 3/16Lin6h:thg,retrgo;

tion was 5/32 of an inch.and the negative pressure D .was 10 feet of water, L

In all of the maximum retraction tests, pressure in ohamber B was ‘reduced -
to zero. S A e _ ‘ B

Considering the;relatiunuhipfbotveengsoaling'pressureﬂlnd”hsad;formtho
roller sesl bar, tha‘hydraulig.pftdsurq:fééﬁired“in chambar B to effect a
wos] was ono-half to fiveseighths ‘of the head in C. If all conditions are.
corraat, such as no friotion,‘no‘fltttaping,qf‘thQHrbllqrgfanﬁfipiénfuétdﬁf
olearance, and correst shape of olamp bare, then tha'ééaliﬁg;pranaure”&hould
be one-half of the heed. The only pressures 1nvoli@d:are~thosefinﬁchambers
¢ and B, aoting on their owmn respective arean to produce & belanced condi=
tion of the roller, To show this, reference is made to the foroe -diagram
for the half-round bar 4 (figure 4M), for whichftthfdllcwing;domputttions
. and considerations may be made. R T s S

If D 1s the diamatof'cr.the'rollarfindsﬁb_‘pnd'_B ‘are thé-pressuras-
in shembers C and B, respeotively, the forcegminﬁulvadiare:" e e

¢ x —g— acting‘hbriaontallﬁiﬁO‘thefléfti
5 S et
Cx - aoting vertically dowmward, .. = -

Bx D -acting¢vartiaallyﬂupwérd..' o
Lst the reaction at the seat be R Thén;fhésé forqes“shdui@;baiénéé when
~ taking moments about the downstraam oenter point P of the roller where '
3%t touches the clamp bare. a S S . :
Taking moments and assuming olobkwiséf:oﬁation'as,pbattifa."1

Rox- 8D e g s LT ‘
I s b

) 1.2 1 o2

but if B is assumed ome-half of C and the value —e is substituted

for B in the above equation, then




R = 0,

In & test using the matal tube roller B (figure 9B), ‘¢ was 76 pounds.
and B &t releass was 38 pounda, ‘For ‘all practioal purposes ‘B wag ‘one-

half C, allowing for ‘acouracy ‘and errors, alwh;oh:ut\‘is‘;“;ea“.the_\;pﬁul’ﬁ}“ﬂﬁf T

whan R eqQuals 2870

Usually, exaot 'dimnniona ‘mdépreuures ‘are -hdt-z_no snsily obta:\.n-d n .
arder to maks ‘this type of .oomputaticon, ‘but this case is ‘4 des] 'and :should, .
therefore, serve 8s a suffioiont“préoi_:1ﬁw‘.’t_.unitguﬁ11ng: contact .pressure.
is gero. ‘ ' ‘ S S R

In the omse of roiler G in figure 118, the sealing proesure -was 46
pounds to ¢lose and 42 pounds at bresk. - The ratio of B to C is thus
nearly five-sighths; so that we cen ‘gay 'that semling pressurs will ‘be ‘about.
five-oighths of the penstoock pressure at eny heads B L

(v} Floating-bar retractable seal, .design 2R (figure 9C) g==Ia this
design the ssal bar of melf-round dimenaions is lightly supported by &
1/8-inch wall rubber tube which also ‘is used to seal the downastrean con=-
taoting surfaces. The tube had holesz for 'passing the plunger ‘connsctions
througn it end also holes in the upstream upper corner to admit ‘pressurs
to ohember B fronm chamber C:.when the pressure in the former was lowsred; - ' :
otherwise o collspeing action of +the tube reasulted. S e

Various shapes of bars end of fubber were tried in order %o find the =
ghapas that would operate the best. The bars hsd a tipping ection when
locsaly supported by tubes oF a rubber strip, instnlled like .en imverted - -
"y, This motion was prevalent in.all %the ‘shapes ‘tested ('ﬁ_.‘gl.lrc”ﬁﬂlg)g,‘f”, R
but the bars in which the depth wag one-balf the width or 3/D= 046 8k = o
ip bars A, C, E, and F, the tipping action wes reduccd 46 & minimum, Bars
S and D have a-ratio of d/D leas than 0.5, end ‘tipped to a greatar degree..
Tipping for sll the bars ,wts.grqatcr}mn"operstixig';"aguinatcthn~31'qp"q of
ths sliding seat than when opei’ltigss-qslinlt"tha" ‘f1at of the seate 'Bar:
tipped to the right when on the slope of the sset,and bar D tipped to the
ieft, This shifting in direction was due ‘¢o ‘the :ohange in ths point ‘of

. et

contact at the noss botween the twobars. The round-nosed seal ‘bars .opere~

ted much batter than the flat-nosed bars. Bar F was shaped with :a short-
radius nose in sn attempt to reduce the high vacuum in chamber D, but this .
ghepe d4id not produce the desired result, : ‘ T ey . ,

The senl bar was stabilizad by connecting the plunger to 1t with & Foe
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832 machine-sorew stud about ‘one inch long. Ko amount .of slamming or
manipulation bent the amall screw, which proved that only sparsely .epaced:
‘and small guide studs would .be .peoessary -on the prototype bar. These gulde -
studs WwoL.. Also sustain the waight of the bar in-vertiocal seals, -

The retraction was not as free or as great as for the roller ‘saal be~
osuse of the resistance of -the :rubber and the friction in sliding slong -
the domstream surface, but from 1/32 to 5/32 imch was obtainsd, ‘depending
on the stiffness of the gasket and the head. Otherwise, the sealing and :
negative pressures and sealing qualities were practically the same as for
the metal rollers in design 1R. Sealing occurred at pressures in: B of
from 9/16 to 5/8 of the head. oL N R S

The advantages of this design are the flexibility of the ‘seal bar, it
being only one-fourth as stiff as & tube with 1/8-inch wall of “ths same
diameter and materisl, and its easge of alinement to the seat because there
is no hinge, This aeal would not operate in-a circular gatoe ' -

This design 1z illustrated in figures 124 to E, which -gshow the aotion,
The installation view is shown in A, and no pressure had as yet been ap=
plied, The looseness of the U~shaped rubber is also sesn, In B, the bar
is sealed against 75 poupds per square inch in chamber C with 48 pounds - = .
per squars inch in chamber 3. The seal broke with ‘41 pounds per -square ‘inch
in shamber B, Ths rubbar is not comoletely pushed in the ‘downe tream gorner
but ‘has sealed droptight, Pioture-G-shows the maximum retraction of 9/84 .

inch obtained when 70 pounds per square inch was maintained in chamber Ce
The wvacuum at A was 10 feet of water and at D it was 13 feet of water; pres-
sure in chamber B wes szero. The rubber is sesnto be tighter, ‘In ploturs
D ths sesl bar iz sealed at 100=-pounds-per-gquare-inoch pressure in .chambers
C end B, and the rubber is pushed tight into the downstream .corner; plctire
E shows the oramped position of the rubber with & maximum retrastion of
5/32 inch when pressure in chamber B.wes zerc. o

The forces acting on the seal bar are depicted for bar A (figuro 6M)s
The reason for the stabllity of ‘this bar is that the ratio of 2d koD
13 exaotly 0.5 when seating on the flat of the seat and the roteational
foroes about tha cenmter O balance, or ' ST AT T e

D D .4 d
leT"PVx-—-E—--- be‘U'UzIT
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FIGURE 12

Rubbar of 1/8-inah flat stock and sbout

A-Half-round bar C, chumferad Bt 30° to givae more axtenalon,
No presaures spplied.

80 durometer hardness, Plunger as gulde connscted with Fo, 8-32 maohine acrew.

C-lnximm retraction 7/564 inoh with 70 1b. pressure in cham-

8.5ealed at 76 1b. per 3g.in. penstock pressurs with 46
bar C and vasuum of 10 ft. at A and 13 rt. st D.

1B, in cliamber B, shewing rabber aralins dnwnstraam
gorner 6% 3top bnr.

E-Maximum retraction 5/32 lnch with 100 1b. pressure in
chamber C mnd rero prassure in chamber B, ahowing
crumped position of rubber.

D-Semlod at 100 1b. penstock pressure with 36 1b. in cham-
ber B, snowing rubber pushed tight in downstream cormer
ol s8Rl and stop bars.

FLOATING-BAR RETRACTABLE SEAL -~ DESIGN 2R




then
T w H,
The bar ia statically balanced,

If d is less then —g—-- then V x-——'z is greater than H xT 4. and
the rotation will bs to the right, or elockwise, Do

I & is greater than —-, then Vx—7- is less then B x 3 and .
the rotation will be %o the left, ‘or qounterolookwiueg ‘ St

¥hen seating is on the éléﬁe'of_the nqat,-lipﬁint bf-éooehﬁridityfiikddi_-
velopad dus to the shifting of the point of contmat, and the forces bheooms
unbal moed eo that rotation in either direction may result. Thise was found
£o0 be the case in these tests, ' : IR :

(¢) Hinged, sustaimed retraotabls seal, design 3R {figure 9D),==This
dnsign is rimilar to design &C (figure 6I). Tha seal bar is ‘supported at
the hinge by the formed rubber or ‘other material and the ‘hing stay pinse - -
Firm oclemping at the hinge is thus eliminated, The wide, flat, ‘vuloanised
rubber is only meeded to ssal the slols if o slotted seel bar is useds A
solid seal bar would require only a blook of ccmpressible':materini for sup=
port and for affecting a droptight seal st the hinge. S '

This design depends on the length of the lip .upstream from the nose pis ce
for its retractive force, The lomger the 1ip, the grester will be the re= -
tractive force. Retraotion was generally to the stop, for this design.
Sealing was accomplished with 52 pounds in chamber B when the pressure was ' .
76 pounds in chember C. Reloase ocourred at 48 pounds in Be We may con-
olude that the sealing pressure will be about two-thirds of the penstock
pressure at any head, The longer lip etiffens the meal bar; it mey be .
slotted to permit greater flexibility im tha prototype. - ¢

The hinge offers & means of supporting the weight for wvertioal seals,
but stiffnass ies the reault and therefore alinement ‘4o the seat is diffioulte
Thore was no twist possible in the .solld bar at 75 pounds in chembers Cend . .. LN
B. In the slotted bar with slots every 1/2 inoh, eome twisting wes possibles . - RN
It required 75 pounds in chambers B and C to produce 1/64-inch twiste 1t L g
{e concluded, therefore, that the seal ber may not seal w8)ll at low ‘heads,

This design is 1llustrated by the plotures in figures ‘134, B, eand -C.

The installation in A shows the var supporteéd by the formed 1/8-1inch -thiok
rubber of about 60 duromster hardness, and the friction of the retraction
springs The thin, 1/2-inch wide stop bar was improvisad to hold the lower
part of the rubber in plaos, because the free 1ip had a tendency to curl
sway from the atop bar when hydraulic pressure wes admitied in chamber Bo
dowsver, the seal &t the hinge was stil1l perfeotly mainteined when the ourl-

ing cocurred. In pioture B the seal bar is sesled against 76 pounds per .
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anized to the a-Senlsl &t 7% lh. prrosg. in. ponstock pressure witii bE
Thin metal Th. in crambe s 2. Uprtpear cleavanoe 3/18 tuak and down-
ctrens clournnes 144 inah.  Berrmation spring aguinst lip

¢t Bl bar.

A-Assembled with 1/H-inch shaped rubber vula
stay but not to the downstrasm 3TOp bar.
strip insertad holds rubber agslinst stop tar.

171 inen with 0 1b, in chamber C

C-Mnximum retraetion of
of pletare

and vaouum at D 1Y Poet ol water. Wnite [urt
shows recle:g off high vaguun.

HINGED, SUSTAINED, RETRACTABLE SEAL - DESIGN 3R

HIR LI AN S-daximum retraotion 1/8=inoh with pressure in enamter C
60 1h. and vecuum at A 4 Ft. ol water und al D AR .

ol water.

DeSmtaiat nt T boe e oagein. pURSLOCK presuure Wit

in ghamber O, shawlng wpstroamn alANrANGe sEREL.

SLIDING-BAR RETRACTABLE SEAL - DESIGN 4R

0.020-INCH CLEARANCE IN UPSTREAM CRACK ¢

3/18-1NCH CLEARANCE BETWEEN SLIDE BLCCK
AND SEAT




square inch in chawber C with 52 pounds per square inch in chamber B, The
seal broke at 48 pounds psr square inoh im chember B,  In pioture C the .
condt tions at the maximum retraction of 1/8 inch and at 70 pounds per
equare inch in chamber C are shown, The light portion of the ploture shows
the region of high vacuum which was 12 feet of weter. With a penstook pre:-.
sure of 110 pounds per square inch the upstream pressure overosme the neg-
ative pressurs and the bar collapsed to the bottom, bending the stop with
its foree, , ‘ ‘ o L , ‘

The sealing quality was good whem the sesl bar wag perfoctly elined to
the seat; otharwise it was poor, because of incomplete geating. The seal
bar slammsd severely if closed from a position where negative pressures :
ceased to exist; otherwise the action was good. The retreotion spring
sealed well when alined oclosely to the lipe This ‘seal bar was ‘also tanted
before the longer lip was added, and the retraction cbtained was not ‘?r_.s__
great, ST TN

(4) Sliding bar retractable ssal, design 4R (figure SF)e—«The seal bar
in this design wae fitted into m machined slot blook with 04002=inch ..
olearance, It was thersfors well guided as it moved in extension or ree
traction, Any desired extension is allowsble ip the design by making the
bar greater in depths This would, of oourse, make the seal bar stiffer =
and difficult to bend to any undulations in seating, If the depth is made
small, tipping sotion would result in its operation, The sliding friction
along the downstream surfaces in the ‘model was small because of their mew,
amooth, and water-lubricated oondition. The leakage ‘through these sliding
sur facss was always considerable excapt in ons oese where paraffin greese
was used, which stopped most of the leakegs, B TR

The quality of the seal depended cn the matoh of the sealing surfaces
whan they were in contacte It was Jiffioult to install the slot bloock
in a position such that the flat seating surfacss were absolutely parallelc
The seal bar was remachined several times to mccomplish this ende - ‘

In making the retraction, sealing pressure, and action tests, the flat, -
8/4-inch wide, originel sealing surfece cf tim seal bar was veried in e
number of steps by chamfering the edges fron 1/16 to 1/2 Anoh and by -
changing ths sliding olearance of the _geal bar in the slot block from -
0,202 to 04022 inch, according to the dimensions given in figure 9E, . The

geal bar was alsc tested in the reveraed position from that shown for =
changse 1, 2, and 3, The edges of the seal bar were chamfsred to ascer=-
taln the retractive forces developed and the sealing presmras reduired
when surfaces of different widths wers expossd to the hydraulio pressures
acting on them, The changes in sliding clsarsunces effected these oondi-
tions. . '

The tests showed that no retracu.on can be obtained unless the goal bar
is ghaped so that penstook pressure can act to tend to foroe it open.
This woe cone by ohamfering the upstream cormere
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Good retraction ;‘wa.s obtained when ‘the «»i;ps.tr’eém width ‘of ‘the surface ex-
.posed to penstock pressure was at 1east ‘half ‘the width ‘of ‘the "s¢ ‘
Then the retractive foroe 38 about half of ‘the senling ‘foree, ‘and ‘the un=

balanced sealing force ‘4 s used to-effeot a sesls The'actioniin sesling

* 'was best when the seating surface was ﬁ.nnrrow-l—‘a‘nd"w}wh_“,mgativ?e} pressuras -

were allaoved to act dovnetream from ite ‘Thus /& rounded nose ‘would be

“gedl bars .

better becsuse the exposed surfaces ‘eun be ‘mode ‘ggrelatcé_tjihllé"-the sealing .-

surfece 1& narrovaste

Leakege tests %o ‘determine the behavior if largecleurﬂncesoccurred.
‘showed that the sesl bar uight tecoms inoperative ‘due ‘tc_:dgposi‘tafd‘a‘scnle'.,‘-

airt, etca They also ghowed ‘that :if too much wator leaked /intochamber B :

“from chember C, ‘4t would be impossible for the draix@é“ to handle it when -

‘consi_during_prototype sizes, ond the ‘bar-would ve _«aerlf‘-_senl‘ing‘. with no -
unsealing or retraction possible. S e ST e
The sealing pressure required was about. ‘oquel tos+ Fox c where -

. F, snd L .are the dimensions pertdining o ‘the seal bar Qj:imd"f C '.Z-i;s ths

penstock pressure in chamber C (figure 9F)e In ome oaso the sealing pres=

sure was 56 pounds per squere 4inek, B -was ‘13%52 ‘inch, F. was .3/16 ‘dneh, "
and L was -5/4 inche By substitution, = S : SRR

.....r—B + F x.C -M; 75- 0,76 ‘x%':’]ﬁAn'féB.‘S-{'qmdg ,f '

per square inch which is too hi_gh:by'{a"btﬁﬁ 6,5 ‘pér'eant,-;fund ,_Shdwlfsr.,thﬂi:f |
- full penstock pressuro does mot exist betwee_ndéha ‘seating surfaces. ‘The
bresking pressurc .is approximte_lyf-o"gunzl -to‘jw-j-ﬁ-_,‘-x;(:"‘.;ffv{'hich, in this paye
ticular case was 42 pounds per .square inche By ~substitution, ‘the- breaking
pressure ‘is found to be L T L LN TN

.  0M06 . e n 0.641 % 75 = 4046 AT Lo
B o i [ 0,541 %76, ._-éé‘gﬁfpé'%nd;é-‘?“f\._ﬂqunrﬂ_ |
‘{neh, which is 3.3 percent toc 1loW. “This peroenfdééﬂr@prééqnis‘_'-th‘_c",m;- ,
‘sisting farce of friction along the sliding .zurfaces and ‘the force '
‘agsisting retraction due to pressure ‘areas botwaeen :the.s eating ‘surfeces,
both of which are mot. reoed ly determinedq: SRR U Ueen e

The advantages-of this design are the well-guided:sesl uar and the
changed oonditlons that may be brouzht sbout: between sealing pressure.
.and retractive force by changing the shape of ‘the noseo R ‘

The dlsadventages sre the stiffness of the bar, the leaknze along the

downstrean sliding sur facee, the leakage into chamber B, ‘the oloae ‘alear= '

anoes required which would tend to be fouled, end the large sliding sure
faces involved. . The bers in vertical seals would need to'be gupportede

Ag a matter of design ip this type of s=al, the séal bar could have @
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- pnoking,lnnert~¢16ng'tha.dcwhstruam;siiding surfgdey@n&;at1th§@népe; ﬁhﬁs'
upstream side c¢ould be sealed with the retraction spring. .=~ " | e

Change 5 (figure 9E) is illustreted in figures 13Dand E. In picture
D the sedl bar is shown pressed egainst the .domnstream sliding surface of
the slot and the,O.OZO-inchkclearancpﬁorackxis-cla;rly;tiasble%onitha?up4,
stream side, In pleture E the position.of the bar ‘ie-ghowp at maximm . -
retraction of 1/8 inch with 60 pounds per -square inch in chamber C, while
‘the vacuum pressures at ) and D were 4 ‘and 15 feet.of water, respectively. . ..
The pressure in chamber B was zero. The clearance was 3/16 inchs

The desoription and results of at least 10 of the -tests performed will
be statede. Teats with the sesal bar in the reversed position from that = . .
shown in the drewing apd in the plot of dimensions (figures 9B and F) will
firat be given. v o : L e e

For ohange 1 reversed, with no upstream chamfer, :and for change 2 re-
versed, with the 1/16-inch upstream chanfer, thare was no retraction ob= -
tained, even with heads up to 110 pounds per sgquare ‘inch -in chamber C-and
with preasure in chamber B zero. ‘While no sealing ‘pressure -was required =~
to hold the bar in-the sunlédgpo&itiog,-somu;pressurq}wns::éqnirgdfto:dlosq
any initisl gsp opening because of positive preasures that develop between -
the flat seatinz swfecess - . o oo R E

In change ® reversed, with ‘the 1/8-inch shamfer upstrean, the seal was
barsly cracked open at 756 pounds per square ‘inch in chember C. It required
a pull of & pounds on the lever or a foros.of 35 pounds on the seal bar to. .
retract it as much as 1/8 inch, The seeling aotion was slways with 8 slamg
Negative prassures up to 23nfeat,of:wqtérswergfnttained along the downstrean
slope of the seal bar moses - - | RS S e '
For change 1 {normal position), with the 1/2-inch chamfer upstream and
‘no downstream chamfer, retraction-was to-the bottom of the groove, :Nege-
tive pressures at .the nose of .the bar ‘were too small to sustain it, The
olearsnce in this tost arrengement was only 1/32:inch.and therefore was a
contributing feotor in building up positive pressure at the nose ;of the
seal bar to force it to retract, ‘Sealing and ‘bresking pressureg in chamber
B for 75 pounds per square inah,in chamber C:were 56 and 50 pounds par. ‘. ¢
square inch, respecotively, ' Sealing pressure required wes & little greater -
than stuted, Juat before a seal wes.effeoted, because of the positive pres- .
‘sures existing between the l/4-inch wide seating surfaces, EIERTS T

‘For ohange 2, with a l/leninoh‘ahnmfer‘ddwnﬁtrqamland-tbe'cieafdnce‘iné
oreased to &/16 inch, the results were practically the same as for change .

In change 3, with the same 1/2-inch chamfer upstream, p 1/Bainch chamfer
downstresm, and a I/S—inuhywide seating surface, retraction uf‘5/3211noh
was obtained with e repid aotion to & floating position of the .seal bare

The pressure &t A was 6 pounds per square inch end the vacuum at D-was 17
feet of water., Sealing and bresking pressures in chamber B were 57 and 47




pounds per squere inch, respestively, at a pemstock pressure of 76 pounds
‘per square inch, If the bar was hand-retraoted 80 'that s gap equal ‘to the
olearance existed, then the negative preseure -at ‘the ‘balanoe point ohanged -
to positive pressure instantanecusly, -and the seel bar:wees forged toithe - .-
bottom of the slot. Upon admitting water pressure in ohamber B, ‘the seal |
bar rose suddenly until a point of balanse was reached at 'm gap of 5/32
inch, and then the continued closure was smooth if the valve: to chembar B’
was opsned slowly} otherwise a slam was produced, = e

In change 4 the upstream chamfer width B.wes decreased ‘to 13/32 imch,
the seat width increased to 3/16 inch, and the ‘downstream cheamfer width .
inoreased to ,5/32 inek, For 76-pounds-par-square-inch penstook 'pressure
‘the maximum retrastion was 5/32 inch; then the pressure in ohasber . C dropped
to 60 pounds per square inch from the penstock ‘flow ‘at about 75 pounds:per -
squars inch, The pressure at A was.zero 4apd the vacuum at D wus ‘10 feet of
water, Maximum vecuuw occurred at e .gap opening of '9/64-inch with:a prese
sure.of 60 pounds per square inch in chasber C; and-was 15 feet of water at
D while ths pressure -at A was 4 pounds per square inche :The pressure neces-
sary in ohamber B to sustain the bar at this point was & pounds: per square -
inch, S$Sealing and breaking preasures ware: 56 and 42 pounds ‘per ‘square ingh,
respactively. _ L RERATRES R T

In change 5 the clearance space was increasad from' that in ‘-tha“'-'prqﬁ'ou'l
tests by 0,005 inch., A new:seal bar was machined. In the initial testa

the bar tilted countsrclookwise, but upon remachining end realining the
seal bar it remainsd in a vertieal position but pushed downstreem whep B
ssnlsd sgeinst penstock pressure. :There was Ancreased leakagze to chamber B,
The ssaling end breaking pressures were 47 and 40:-pounds per square: inch,
respectively, which are lowsr then for.ohange 4, .probably because the drain
gize from chamber B was too smll to relieve the inoreased leakage and the
gage being in the pipe outside, it did not ‘regleter true pressure, Tha
controlling drain size up to this point was as shown in figure 6L and waa =
an 11/32-inch hole mmde .for_--a‘;futur‘etpnc}:ing-g,la'ndxhrbugh‘~;ﬂ:§_a'7-:;lot“j;b'1gok, R
and a 9/16~inch hols through the base plate, With the plungsr.connedted in .
place, the opening was further restricted. .The retraction action was -
slugelsh and amounted only'to 1/32°inch unleas a slight downward pull wes
spplied on the seal bar by the -plunger and lover, ST T

In obange 6 the.clearsnce was further inoreased to 0,010 inch by machin-
4ng 0,005 ineh from the upstream surfacs of ‘the seal bar, The ‘loakage pow
filled the 5/4-inchfdrain_pipe--when‘_.759pmdsgpor'-:gunrp-‘inoh"_pen_st“ocl;‘-'i -

. .pressurc was applied in chamber C, It was seen that the drain holes were

_too amall; so both ware redrilled to 3/4=inoh dlapater as shown in figure
9F. : - - RS

The seal bar was remachined eccording to okange 7 before further tests
were made, This ohange involved an inoremsed upstream clearance to 04020 .
ineh by further machining 0,010 inch from the upstrean surface . of ths seal -
btar, The saximn retraction was 1/8 inoh with 80 pounds per equare-inch in
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chamber Cj the'vnpuum:pru@auresfat=Anaﬁd:Dﬂwére 4 uﬁd]15¢rébt;of wn$e#,§wl?5.

respectively. The sealing -and breaking prassurss in ‘chamber B wero 56 and 7
47 pounds per squars inoh, respectively, ‘The ileakage through ‘the upstream
816t produced & full 3/4einch drain-pipe flow. The bar was pressed egainst
the downstream surface of the slot. It could be :slammed shut by opeming ths
valve to chamber B rapidly. o e S
(e) Hinged, flexible, retractabls seal, design SR (figure 9G),=«Ths

seal bar and frame in this test arrangement had been tested as” the 'hinged,
flexible, constant-contact ‘seal, design 4C, ‘figure ‘8H-desoribed in.ssction -
6(d), and were adapted‘to.this‘rqtfnotdblefdéaignghyéidding'thgl?etribtion -
spring. The original-stop bar was usqdthithSwnpring-in51ﬁiﬁixlp{bstn;- R
The flexible slottad astay and the ‘1ight, flexible nose piece .are the oute.
standing featurss of this design. It héis ‘been dhown in the description.of
tests on the hinged bar-seal designs how the hinge inoreases the «stiffress
of the bar so that the ability to aline itself to the seat was greatly . -

frustrated, The slotted, flexible stay pravides'fbrlegae,of‘alinghéntfgﬁj' |
the light, flexitle nose piece makes for ease in bending to conform to-
undulations either in the sesal bar or.ths seat, . . R SR T

The slotted stay of 3/32-inch steel plate had e sheet of 1/4-inch rubbor:
vuloanized to it. The rubber or other material is.neceasary to seal the
slots. Furthermore, the clamped rusher:at:the hinge provided a sufficient
support for the seal bar and yet permitted easy and great extension or re-
traction, The sesl bar, as designed, Elosoa;a{gaderﬁﬂ/iﬁéinuhﬁwith tw9_\= :
pounds par square inch in chamber B3, which shows that the rubber extruded
in ¢lamping does not produce dilatory sction, - L e

The mximum retraction was 3/32 inoh at 66 pounds per .squere inch in
chamber ¢ and ~the vacuum at D was 12 feet of water, Creater retraction
could be obtained by extending tha 1lip, The motion in retraction-was
quick and was the same relative amount along the .sloped portion of :the
sliding seat; hence & longer 1lip is mat necessery, . .

‘Sealing sction waz greatly influenced by ths downstream.clearance and
siges of water passages to the drain, for with these too small, ‘positive.
pressures developad over the stay. The original clamp bar was cut away
to ralieve the water pressure on the stay. ‘When - this was done, the clamp
bar tipped downstream.at ths higher heads for want of support; s0'& narrow
block was inserted behind it to prevemt this tendency, The plioture in
‘figure 14B shows the restreining blook in-plmae, also .the stop bar used
ae a retraction spring with the seal bar at meximum retraction, Negative
pressures now existed over the stay. The upstream stop bar was notched to
permit full and direct hydraulic pressure to.act on the lip. This aided
retracticn, Sealing was &ccomplished with 43 pounds per square inch in
ohexber B against a head of 75 pounds per square insh in chembsr Cs Thus
the sealing pressure iz about 9/16 of the head over the whole Tange o

‘The ailvantages of the design are the vuloanized and slotted conotrucs
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tion of the stay which impart the good features of ‘support, -simplieity, -
flexibility, and large movement to the seel bar, .The "n?;t_efidl"raquired"_
is a minimum, By using ‘double-stay construction, ‘yulcanizing would be
eliminatsd, The disadvantage in ‘the single~atay construction .ls the yul-
canization process itself. This design is mot ‘applicabls :to eircular
seals, A proposed installation:is ghown . in ‘figure 9J as - wertioal seal
for the 15- by 29.86-foot penetook coastar gate for Grand Coulee ‘Dem, in
which structural steel is used to advantags. L ’

(f) “Stabilired, flexible-diaphragm senl, design 6R (figurs 9H).~~This
design was devaloped and tested in the firat serlies of gate seal -desigos
and tests, ths results of which are given in figure 4E -and in section (s) -
of the summary. The model assenbly with the narrow disphragm was retestad
under the new conditions of greater volume of ‘water flow -and higher malin~ .
tained pressures with their resultant ‘higher velocities. Under these cone
ditions, more nearly like those in .a 'fiel‘d'jinstdllh’clon,.;ithg'ﬁixoe_al"tbe.r re-

‘sponded more rapidly and ‘somstime s ‘vlolently to pressurs ‘chengss which ‘mude
1ts control more delioate and difficulte. B R R R S

The underlying principless of the ‘desipgn are pure hydraulic .operation.of -
the seal bar in extension or retractiom, together with the least possible
inherent friction or restraint by the parta. The -seal .conalste of e .rather
thin, flat disphragm supported by hinged upstream and downatraam slotted .
_stays of minimum thickness enclosing & sesling _chamber’ underusath, A nose.
piece, also of minimum dimensions and looated at the -oan#:a;l_':-hi:;gé_.]-in;1,‘-
@ither attached to or is & part of ‘ome of the stayse This :‘d;q,}ihra:'gm'}as‘s‘qn;-‘
bly is termed the seal baro, The outer hinges are ‘located near-ths edges
of tha clamped diaphragm and are ‘reteined by the clamp-barse: ‘Retraction . -
is produced by the positive head on the upatream stay and- the upstream por- .
#ion of the noss plece simultansously with reilef of pressure in:the -goale
ing chember, Sealing is produced by ‘admitting presaure in 4he sesling . - ¢

chember, sither from the penstock supply or reservoir heads, which scts on . '

both stays to extend the seal bar and close “the gap. “The "sealing preseurs -
required at any heed varies with the relative widtiis of the stays; ‘80 ‘thet
within design limits the "ratic ‘of seeling preasure to:the head mey be va-
ried, In the plot in figurs 4E ‘these relationships -are given, where seale
ing pressure is plotted versus ‘the ratio of ths width of ths upstream stay

to the width of outer hinges, It is ‘seen that if ‘the upstresm stay is - S

relatively marrow, the ratio is small and the sealing pressure required
will be comparatively low. A greater _resarve of preasure will then ‘be
-available to press every part of the:nose ;pioc‘gva_ggqins‘;*the ‘soat .and tend -

to accomplish a continuous line of .contast. r’i'rhe'n;o;'e_-naarly-a.g‘.;élj.ﬁ#--.‘;gqpt#ot

is. obtained, ths better will be the:quality of the ‘seal with respect -to
leaknge, as ‘found from-tests. For narrower upstresm stays the retrastive

force i3 also lessened, but this force would be great. enough to retract the et

‘seal bar for any operative design,

The. design .of +he geal unit was made with a-view toward elimimating the
process of vulcanization.and mach fine machining ip the field installation.
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_Since’_.to_l’ermce# may be large, the flat stay'sf_:miy .b_e"‘shq'a,r_od; ‘The hinge g
eongtrustion may be mads with ‘standard steel 'shapes. snd a:minimum - of - .

‘machining (figure 9K). In the:-:original,model:!daéign(it':wa's'.rgquigie_d‘ .that

the sealing pressure should be low:and that a lerge extension be:attained;
tharefore tha stays ware wide, - The stays were designad ‘to ‘support prese '

gures which might be encountered in the operation of & .radial gate, In

“the present model the originel btase was adapted for ‘a-narrovor diaphragm

and narrower stays, with a centrally located ‘moge piece, -In 'the tests, - L
the thin stays easily withstood operating pressurss-of 70 ‘pounds .per sQuUers. .
inoh, and even pressures of 110 pounds per square -Anch 'did nov:greatly bemd
th&ho : } ) ‘ S L o SR S =

The top ‘and bottom: stays vlexfo‘l/ls-inc_:h‘,"-hnlf‘-hnr'd-, slotted brass plates
snolosing & 1/8-ineh, 66 durometer rubber diaphragm, ‘The ‘nose ' plecs, of -
atendard 3/4-inch, half-round-brass, formed the upper part.of ‘the central
hinge with its overhanging edgs and served as.a clamp to which the several .
parts wore bolted, thus making a ‘watertight joint betwaen the irubber, “the
stay, snd the seal bar, Spacer bushings were’ used through the diaphragm,

The end ¢learance at each hinge was '1/32 ‘inch end an extension of 1/2 Aneh

at the nose pilece was emsily obtained, ' The olamp ‘bara at ‘the outer edges

of the diaphragm were tightensd directly on the rubber so that diaphragms
of varying thicknesses could be tastedo In'the praesent xeSts‘,;,theﬂ_,‘ll/s,—‘ipch B
diaphragm shown was:made of 'two '1/16«inch rubber shestse No:extrusion -
‘through the 1/82-inch slots in the ‘stays was noticeabls. The -extruded :rub='
‘ber at the hinges did mot hinder their 'flexible ‘maction-as is proven by the .
.fact that only one.or two-pounds=per-squars-inch pressure extended or re= .

tracted the seal dar, Included in this messure of resi stanos was the end -

friction of the seal bar against the Lucite aides of the model .box,

Other -types of construction for this seal design may be employed, but the .
Pfinciplﬂﬂ~qf'0perntion'and}gbod_charactaristioé~o£‘thip;dés@gnr;houldgbe o
kept in mind, Several methods of construction may .be ‘mentioneds If tha = .
nose piece is made integral with its stey, the number -of separate parts is =
deoreased, thus aiding the.work when making ‘the asgembly, ~In-the double=-. .
stay design any suitable or ‘available material could be usad, .such -as
_plastic, leather, canvas, gasket material, reclaimed rubber, or-even ‘thin, : __
metal shests, It is believed that ths ‘diaphragm;nesd never be thioker than
1/4 inch for rubber. In e yulcanired construction no bolts need pess-through -
sny part of the diaphragm, so that canvas enclosed by rubber would, for im- =~ -
_stance, not be subject to rottinge A molded constructien of plastic with
suitable characteristios might also be usedo R S R UTE

The design in figure 9K is a single-stay, vulcenized construction with
no bolts passing through the dieaphragm., The dosign in-figure 15 (section
A=) is & gimilar construction except with.a wider seal bar and an.off=-
center noss plece to lower the sealing preasure required. It is shown as.
‘a design for s radial-gate installation. .The schematic plan of operation
is-also given there. The two designs further differ in -that the base of
the former is mede of structural steel, whareas, ip the 1atter, & mechined - B

v
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A-Initlal test arrangement with 5/16-inch clenrance. B-Sealed At 19 lb. par sg.in. 1? uhm:z.r:‘: :?}!‘:1:3. tba;ad:.r-‘
Sealed at 75 lb. per sq.in. penstock pressure with 45 ohambez B, showing stays :u: ¥ ;a
1b, in ohitbet B, shewing bending of stuys with 76 1b. tion and with 19 1b. in chamber BD.
in ohamber B.

: ure : K test srrangement with clamp ber out away, and slot

Rl retrnc;tor{bﬁflg 1:925t?br:hen::oznv%bzzp;;ts Hox~ P :-t?;atn the l"r:.n:znnd in the rubber for groster weter N
in chambers C BE n:;‘n!,nu ap ;t‘ £/37 ingh and was 14 paseage. For olwsrmnce wnd gnp of 1/4 ineh, pruasur.ﬁ:‘ n
§ mum vncuum’occ‘.u;r- i t-.gA i n/t D, respectively. chamber D wus 17 1b., and with n clearance and gap o
rt. and 12 ft. of wawer a + 7/16 inch, prassure in T was 30 lb, with © 60 lb.

STARLIZED, FLEXIBLE DIAPHRAGM SEAL - DESIGN 6R
1/8-INCH RUBEER NOT VULCANIZED, WITH DOUBLE~-STAY CONSTRUCTION

E-Meximum retraotion 3/32 inok with 65 Ib. per 3g.in. in chumber ¢ and 12 ft. of water vac-—
uum in chamber D. Clamp bar is supported in rear by narrow blocks, Upstresm atop bar
is usel as retractlon spring in initial testa - plunger is used only es u lower stop.
Seal bar collepsed st a pensiook pressure of 110 1b.

HINGED, FLEXIBLE, RETRACTABLE SEAL - DESIGN 5R




ol

.
-

Leoky bucket:; '

To dramn- .

Leoky buckef -f{ 3

. o : . B ‘ . . .
Rubber vuiconized,

o

' ?S)c!mmu'nq.
. weir for

¢ flgnl., e e T

CN .,,'-Sgalqssembfy PR

~in pier . e

0

L

" Fiool aboul .\
I o cpen gotey

Vo reservor ff IR S S

_-;Up'p'o'si!ion of buclkef wP‘:en‘ RCREE I
v emply, bul fow enaugh'fo .SCHEMATIC ARRANG
12 receive woter ;
“Down position of buckel of waler und has opened the th
i when.fullin this position
i ‘valve is open fo droin.

seol bor chomber pressuras
. .When~'he weler ceoses:

_In'the position shown, the girte is obout o open. The leaky. bucke fis full
- ree.
relieved”
- ce fo flowints
volve ¢ loses b the droin.ond.opens fo reservoir poessure supph
- the seal chamber. The gafe sheuld close:
This is eccompiished by the delayed astioncfforded

EMENT OF CONTROL

wo L volvetothe droin; thus:the
at.the.seal bor; is refrocied.
Ihe leoky bucke! the three -wa;{
y 1o
beore Seoling iseffecied. .
inemplying the

D

. figof chomber-into 1he feoky bucxel
o %3 8 ER B

e At
hg .

! mc-;—":s:;;;}' T
IR 1

o

:_pasih‘oﬁ‘dfgofé seat

. ~Norrm:
To elimingfe vut- _ - O A
ranizing, botiom -

. 3loy moy be odded .-+

Lt

' Rubber dioghragem -+
Chomber g

"Pubber iy Fio? but -
ectruges when clompet * 12

SEAL DETAIL’
SECTION A-A FULL SIZE

“Thris seel tesign ol 40 Yesheod shocid
. o previous-fesi delg,orin [he.

Réjraction s.eccemplished by The heod pressure oiri

when pressore i chomber B is relieved.

same ralio of ony heod.

_GATE SEAL

FLEX!BFE DIAPHRAOM "SEAL

. s-+Brats sioys slotted chout every oF TR
give Tiexibility lo senibor AR

seai wilh obouf S-FAv'occora'rnd

he upsiceam slay .

| GATE SEAL DESIGNS.AND FESTS =
RADIAL GATE INSTALLAT ION-AND.DETAILOF SSTABILIZED. . . i

)




casting is used for the base, 3Tha‘prindiﬁlefof operafton is the same for
both, | ' - | | e aTme.

In the model tests, with the new conditions of greater water volumes,
valnoitcles, and pressures, the former smooth operation of the esal bar -
cassed &nd a new problem for solution developed, This development was a
serious slamming of the seal bar in the senling ‘operation, The problem
wus solved by.inoruasing‘thardownstratm~clearnnoqflre§]and‘drain‘sizp to
accommodate the 1nqrensed‘disoharge*throughfthéfgdp;andqparmit.dnly_npg#-
tive pressurss to exist ovor*the‘dOwn#tgntm:stay“in"éhnmber De. In the ina-
tial tests, at maximum retraction af £/.5 inch end paximum available -pen=
stook flow at 75 pounds psr square ineh, the pressures on the downstream .. -
stay attained a magnitude of 45 pounds per squars inch while the pressure
in ohember C dropped to only 58 pounds per aguare ‘inch, This was s bad
situation, for, as explained previously, wher an attempt was made to close
the gap by admitting pressure in chamber B, & point: of ‘balancs was reached
where the positive prenéures‘ihVahnnber‘D‘ceusedfgﬁd‘nngativé{ppoSduras"
commenced; then the seal‘bnr.alammad;closed.V‘Tha%é,donditiansf@erdquqen-f?
tuated in this design above;othar,designsrquahSéfof;tha'wider*iegi}baf“g
employed, The initial seal ansdmbly,for-thia:test‘is1ahoﬁp‘ingfiguro“14A_;
when a olearance of 5/16 inch was set up. It is seen how the downstream
olamp bar partially closed the slot to ths drain,  The bent position of. ‘
the downstream upper stay is also shown when a preisura'dr,TE‘poundsjpar
square inch in chambers C and B was applied, “Seuling and ‘breaking pres= .
suras were 44 and 43 pounds per sguare inch, respectivelyo ‘The proximity
of these pressures, which iz.a moasure of the sensitivity of the sction,
shows that the response to pressure changps‘is~almost;immediateo IIn_figi, o
ure 148 the seal bar is‘aeslﬁd+ut‘a‘prossuré-of:lQ;ponnds;pér_sduaréiinoh‘

in chember C, with a‘praiuure,nf”lz-ppunddﬂpor%aqugra‘inch’ih‘ohambprﬁB.

It is seen that the stays have almost returnsd to their origimal flat
condition, Brasaking pressure was &lso 12 'pounds:per 8gquare inch, The

maxi mum vaouum occurred at 8 gap of 6/32 izoh end was 14 feet of vater at
A and 12 feet of water at D, while the prehsurb:ihwohdmberinwasﬁBDjpounds
per square inch, The ;ressure necessary tgﬁauhtaihﬁtha*gegltbdr@inﬁ#hia '
position was 17 pounds per square inch in ehamber B, and this relatively .
high pressure is a paesure of the retractive forces 'The sealing pressure
aa shown by the two oases oited is therefore about 046 of the head over

the entire rangs. e T

In tests aftar the drain size was increased 1n;qrqa‘(figuho;95);gthe
pressure in chamber D dropped from 45 to 23 .pounds per square inch and
the pressurs in chamber C- dropped from 58 to 50 ppunds‘perﬂaqugﬁg%inch;;
The relative reduction of pressure in chamber D is thus estimated to be
at least 14 pounds per sguare inche The test mssembly is illustrated in.
figure 14N, which shows the downstream clamp bar cut away., The rubber -
disphregm was also partly cut away and the end of the bass had a tapered
slot rachined in it, The slamming action of the seal in senling was now
greatly reduced, This ghows thet if the watsr pagsage were smple, the
soal bar would operate smoothly under any read, For clearances of ;/4
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and 7/16 inch, each at maximum retrastior, the pregsures.in L were 17 and
30 pounds per square inch, respactively, whilajpreasurq”ip,ohambqr-c,wﬁs

80 pounds par squere inch for both cases. This shows that the drain.sire
wore nearly sccommodated the‘smaller%gapLfldw.*ﬁTheﬁother 6onditions were
practically unchanged, In figure~14D'the‘conditioﬁbfhtjmaximuw‘negative‘3
pressurss are shown.for a clearance of 1/4 inch, 'The white portion of the
pioture in chamber D olaarly shows the rezion of ‘high negative pressures '
when & gap of about 9/64 inch is allowad and the pressure in chamber C was
60 pounds per square inch. ' RN P

In the imstallation drawing.of this‘dQSign;rls"éyvartical'séll*forfkhg.‘
15~ by 29.55-Foot penstock coaster gate-for‘Grand'CouleQﬁDam:(figq:e191);
it is seen that the dcxnstraam,watarfpausdge_betwgen{thﬂ]olamprbarfnndjaalt‘

is ample so that no positive prossuresvwculd~0113t.on‘thn'downqtrqnm-E?QYi
mos mction of the senl bar then would be smooth and without aay slamminge

The advanteges in Zhis design are'several.”\The‘soalWﬂill‘oparatg;with_y'
great freedom under eny head, It may‘be‘dosigncdJfor¥cifculargas well as- '
rectangular gatess, The seal bar;:or‘mdnimum«requiredgdimansions;fiqzamply
supported at the hinges, is flexible, light inweight, and the nose plecs
15 stable in rotation or position. It eroloses an ample, watertight senl-
ing chamber, is easily and foroibly retrgctedlundarwthéigmnllqnt*as“wslljds
‘the largsst heads,‘nnd.is'eitanded‘justfaﬂ‘eapily5throhgh7t;wgrédth_mqvo%“ )
ment as the design will allow. The ratioc of sealing-prassure‘tdrhdndrmqyjf
be varied within desizn limits, and, for & particular design, remdins prace
tioally constant for any head or for any gep opening. The action may not
be fouled or retarded emsily, The selection of materiels from which the
Aiaphragm could be made is especially iex ¥, and even the-seleotion of —~~
materials from which the seal unit sould be mada 18 larges The diaphragm
need only be Tlat atook material and doss not require an expensive molda
Ordinary rubber cementing would oe suf fiolently atrong for Jointse The.
corper comstruction and sction would be goode ; R

The disadvantage of fhg double-stay design is that'Qbmsfdifficulﬁy;mighﬁ
be axperienced in ussembling the partso - In'a vuloarized construction; ‘the
procens iteelf ir the disedventage. : ' : A

(g) Music-note retractable seal, dosign 7R (figure 9I)o=-When the misic-
note constant-contact seal was again proposed for the rectangular . gates, it
wae {hrst tried without sny bress reinforsings It has been uszud in this
manner &s end seals for redial gmtes at lowey heeds, The “distortion pro=
duced in tha rubber, when used in this mannsr, is ghown by ‘the ‘piotures in
figures 7h an? 5. The rubber wa:s pushed into“the clearance =pace and badly
diclorted at Liyl hemds, It wag readily seen that this condl tion would be
unsatigfactory. Ksxi, &n unvuleanized metal sheath around the rubber was
proposeds The sheath was mnde by cutting e 1~1/4-inch elot out of 1-3/4~
inech outgide diamster by 1/16e-inoh wall brass tube and applied by forcing
44 over the noto, The note was gompressed and water lubricated in this
operations The assembly in +the seal worked well, as is seen in the plotures
in figure 16 which shows the eheall before too mach manipulation in testing
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.changed its shape or rotated it as inJsemn‘in'thsjpiotﬁrqgjihgfigu:e‘17.

In making the first assembly with the sheathed rubber nete, the res~
traction spring was added to make:the seal bar retractable, This arrange=
ment ie shown by the pictures in figures 16A and B where the bage has no
space for retraction of the ssal bar and thore is no upstream stop bar.
The initial tests showad the possibilities of 4he design and the develop-
ment of this seal as ths acceptable deSignIfbllowadgkf Lo e

In the aszembled seel unit, spacer .bushings were used around the bolts
pessing through the rubber £o that the. olamp bar could 'be ‘pulled tight.:
¥ithout them too much extrusion of “the rubber rasulted, The 8/16-inch-:
thick rubber hinge was stiff and ceused slugglsh or ‘dilatory sction: of ithe
soel bare If tho nose plece was assembled so that it was snug sgainst the .
olamp-bar stop and not pgainst the semt, it was aiffioult to extend the & =
senl bar beosuse then the rubber hinge was forced to streteh, If the assem-.
bly was made so that the mose plece was in firm contact with the seat, then
retraction was msde mnre-diffioult:beqanse‘the-hingeéreéidfpddfunthér:fé-‘
traction. Therefore, if en initiel gep is allowved in the inmstallation,.
this seal design would not opsrate at low heads and if there ie compression.
against the seat, rstraction is hindereds The metel sheamth made ‘the seal '
bar stiff, end the aealinquualityfwiaLfair.~.In‘d field installation ‘the
quality of the seal would depend on Lhe straightness and smoothness of ‘the
sheath after it is applied, Vith the vulosnized, brass, reinforced ‘con=
struction for ths music-note qonstant-contaét”sealubars,‘themhars vere -
orocked end had undulations whieh would make alinement to the seat diffi~
cult, A similar condition might prevall in the sheathed bar because of the
varying diemeter of the rubber .or becausa.pf‘undullﬁiansmproduoddfin the -
gheath upon its appliocation. L S

After making the initial assembly with the retraction spring and limited
retraction apace, more ¢learance for retraction of the seal -bar .was pro- .
vided in a second assembly, as is seen in the plotures in figwes 16C, D, .
E, and F, In this assombly thes clamping at the hinge sthould be noted es
axtending the full length of the flat part of the rubber, In a third .
assembly (figures 91 snd 17), & 1/8=inch shim mas used under the flat por- =
tion of the rubber to set the hinge back ferther and allow for the possi~
bility of easier and groater retraction.of the .senl ‘bar. The astion of ..
the ganl bar was slugglish but wit hout slam, except when the bar was. allowed
to drup to the bottom of 1ts space, .as is shown in the picture in figure
17F, When prossure in chamber B was then epplied and the esal bar -started -
to be entended, the mose plece would slam closeds . T T

Several conditions in the operation of this design will be stated:
(1) In the first asseubly {(figures 164 end B) the gap was taro
as installed, At 74 pounis par square inch.in chamber C, the sealing .

and breaking pressures in chamber 3 were 45 sand 39 pounds per squars
inch, mespectively. : ' .
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FIGURE 16

BuSealed at 75 1b. par sq.in. in chambars C and B, shaw-
{ry the naote of the rubbar pushed away fram the retrao-
tion spring. Sealing and bhreoking pressures wern 45 and
39 lh,, respectively.

A-Initial masembly with noss of seal har just touching
seat und retrmotion spring. Brass shonth mround ruhbar
not vuleanlized.

C-Remachinsd olamp bar mnd 1/4~inoh clesranca, bass with D-The 1/18-inch gap vlosed with 30 lb. per sq.in. in

3/8-inch mpace under sesl bar, 1/18~inch gap, Al retrac- chambers C and B, The retraotion spring is still in
tion sprin: Jjust touohing the note. Upstrewm stop har oontast with the note.
was installed.

E-Dmformation of seal bar witk 75 .., in chaubars © P-daximum retraction 9/64 inch with 60-1b. pressure in
snt 3. The seeliny and broakifg pressures wers 57 and chambar C end 1§=r't. veouum st 4 and 12 i, of mtaer
52 1b., respectively. st D. Maximum veguum aoourred st A ghp of 1/16 tnch

and was 25 fert of water.

MUSIC-NOTE RETRACTABLE SEAL DEVELOPMENT DESIGN 7R




(2} In the second gsuembly-{figurésZIGC.UD, E}innd”F)”the‘gapyﬁaa
1/16 inch and « 3/8-1nohrspace'wns,prqvidod‘under‘theTsenl_bar. ‘It now
required 30 pounGS‘par'squarq.1nchfin‘éhamberﬁrasgnd;c?tordlqae,thalggp_

of 1/16 inoh, At & penstook pra;aure‘of’?ﬁ pounds per- square inchiin e

shamber C, the sealing and brenkiﬁg,presaurpsiinaohn!ber?B;were‘57.uﬁd

52 pounds per square inch, respeutivﬁlya‘gFrdmfthe‘odrteotgafdiffarenooa -

in sealing pressures between (1) and '(2) the pressure necessary to-close
the geap is nearly 12 pounds per square inch, ~The 'sealing-pressure in
(1) ie 0,608 of the head; hance for (2) 1t should only bo 45,5 instead -
of 57 pounds psr square inch, The difference. is ll.5:pounds per .squere
inch, For ths head of 30 pquﬁds.per;aqu;ruiinch,ithe;;ealihg_pressure
should have been 18,2 pounds per square ‘inoh. The difference of 80'and
16.2 is 11,6, which reprozents the unit pressure necesssry to closs the
gep. Thus the two onses are in agreement, ?Rapractionfiag.Q/64:inch;
with pressure in chamber C 60‘pounds“pqr\squarafinch'nnd pregsure ‘in-
chember B zero. The vacuum at A wag 19 feet of ‘water and at U, 12 feet
of water, Maximum vecuim attained was 25 feet of water when & gap of
1/16 inch was allowed, S R TR

(3) 1In the third assembly (figures 17A to F), the 1/8sinch shim
was added at the hinge, but the sealing and ‘breaking pressures were -the
same as before. Retraction wnsinot.particularly‘impraved;‘;Atjtho‘bal-

ance point of the nose piece and with pressure in chamber B zerc, the
bar would drop slowly and finally, in about ‘one minute, would collapse -
‘to the bottom of the space or to the :stop, nsris‘shownﬁinffigura“ITF.“ o
Hence, so far es grecter retraction is conscerned, plecing the hings
farther back does not aid it, 'The pegative pressures in chambers A and
D still hold the bar in the same position as for (2) 'above, whers ‘the .

1/8-inch -shim was not useds - S T P

The final design, as shown in the installation drawing (figurs 9L), has
booster pump springs edded which comsist of;a'horizqntal_1/16+1ﬁch'upring' '
and 8 thin 0,003-inch shim stook olosure spring. In the model, design =
TR (figure 91), these parte are shawn ‘dotted and were tested mocordingly..
The resson for these additions is that in the field installation, balanced
pressures may be oxperidnodd-whan‘pperation;isiinitialxy;doairbd;Ldue1tbwn
bulkhead olosure in ths penstock below the gate, It was antioipated that
the pressure downstream from the gﬁt6~cculdjnotgbe-rglievbd;Sufficiently
through the 6-inch valve in the bulkhead to permit a differential-of 12
pounds per square inch betwsen chambers ClaﬁajDato-exist.\,In*thatuuaué__j
the initial sealing of the seal bar could not be performsd with savailable.
penstock pressure in chamber B, Thus the booster pump springs will:be

installad, and at some later convenient tima‘will be removed. =

. Tests 4o simulate the bulkhead closure conditions wore mede when the
drain to the model was closed with s plate, 3/4=inch plping, -snd valve.
‘The tests are demonstrated by the piotures in figures 17A to Fo The teats

showed thet a presscure differentisl of at least 11 pounds per square inch
‘betwsen chambers C and D on ths opm hand, and chember B on the othor, wae
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required to clese the gap of .1/16 inch. “This differoutiel was practically

the same whetlier hydraulle preaspre;w@$.ma;nbiinad;inwéhanbe;a“;*iﬁd.D‘ar '

not. Proof of this'is seen by=thmvpictur63ﬂin'££gqu3q1731gndfC,fthra S

in B the pressure in chamber]E-was;66-ana?in:ohanber;fCEdnﬁTDiEEShpOunds O

per square inech, respectively; wheredstin'c‘@he[prQqurefinwdhaﬁberfgana;j 5
12 pounde per square 1noh‘withgnoﬁpradhurqﬁin”bhambera;ccand‘D. This agrees . =
" with (1) and (2) above. S T e e T

A bad condition reuulted~when;the,diffprenti#l pfeasure;bthgeh?cﬁaﬁheré"q
C and % was greater than 26 pounds per sguare inoh. .Then the brags ‘sheath
pulled away from'the_rubberfand.sealedkagdinst;the,retracﬁicp'épfiﬁg;T?1t
the same time, tho gheath rotated coumterclockwise (ddwnStpeﬁﬁ)fonsthahhote;ﬁ
This comdition i3 shown by the pietunescin;figufgﬂ:17u,undfz;»iinﬁv*the -
sheath started to'1eave‘the}rubber”whenhqéprdséurelaxrfgfentinl-or:zerpunda
per square inch existed, and in_E‘thb"sheath.hns_pulleﬂ-hﬂayghﬂakrptatca‘j i
sounterclockwise when & pressure AL fferentiel of 67 pounds per ‘square inah
wag arpliedo ‘ o e e T

The final accspted design is,showhﬁin‘the inétailafion}drawingmfor‘the j

iy

16~ by 29.65-foot penstock coaster gate for Grand Coules Dam in figure 9L, .

The advantages.in‘thia_designrareithé ihhefeqtzStgbilityfoBcha gesl bar
end good support provided by the stiff hinge. ‘An upstream stop bar may not . S
be needed beocruse it was sdndiffioultyﬁo;exteﬁd‘the saﬁ1,bgfwthn4it nas cn
azainst the clamp bar, The dilatory action of the stiff Hinge produoed s . . . -
cushioning effect whon closing @ gup=nt‘high'hendas:thUsﬁslammiqgrwaﬂﬁminif-
miged, The seal unit appeared ‘sturdy. = =~ ... s S AT

The particular adventage in this design is that a limited Quantity of
‘4he music note mnlded rubber was ‘already cn hgnd_at;thefd&m*site.-“Bacauae E
rubbar 1e & critical war mterial, Any?construotioh‘inVO}vingﬁfta.use‘wasjy
pot recommended. The metel sheath wﬂs‘tb7bejappliad-in‘thewfidld;”' ’

The di sadvantages of the deéignﬁafé tﬁe.inheréﬁt‘ﬁtfffﬂesés6f*thefhinge~;

and the senl bar and tha_poésibilityrdf_qndulationsxin‘the riose piece, :all
of which tend to meke.alinemsnt to the seat diffioult and nogling‘quality.“,
poor. The seal is not goad for 1w heads and may (be inoperative. There - - -
ig too much excess material used’inwits;ﬁunufacturq.iwhiqb}&ddsglittlﬁ“tp *
its strength because.all;the.wuter'luad;'when‘sealed;'is'taken]byﬂthe""
brass sheath. The seal would not operate on ¢ircular gatese - . .

8, Conclusions. There arc mﬁhy-machanicﬁl idéés:fhﬂt.cOdIGVBe_deﬁg:hi
veloped into operative sealz‘for—gdtéa.leevefﬁl factors enter into ‘their -
design, such as whether it is to be o constant-oontact br‘a“rétraéﬁéble,

seal; whether it is for a rectangﬁlafjor a'oircuiar~gatej'the amount ‘of

extension or retraction desired; the opzrating heads; the avsilsble matem

‘rials; the quality of the seal to he.ekpeatad;‘the;ﬁmount«uf a11cwhb£6'_
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i g6 1inement ; tha atruotural ease; and tho oost,_ All tha~auuls ahawn in’ B
figures 8.-and 9 Weqpirod s groat doal of development and mnny chungea ba-

fore the particular design. opernted to bost ldvantage. R design chosen for
one set of nonditionn my. not fulfill nnother set.

The music note constant-contaot senl design 1C, and the munic note
retraotnbla ‘seal, design TR, ‘ware ohonen as. the acueptable dnnign baoauso
moldad rubber was alrandy.onﬂhgnd,‘opqut4on wgs,gutisfqotory[ qqd.they
appeared rugged. ' R R

The quality of the seal against wnter £low batween thﬂ nose pieca and
the geat, or between lny contactdng surfaoes, is unly dependant on how woll |
the surfaces matoh. nnd not on the unit uontqot pressure. Zero-unit con- R
taot pressure iz all that is ‘regquired. for & ground or a perfeot surfaoe %o
~make A - droptight seal, Positive praasure 15 needed only tn bring tha

‘parts together snd to force them in. llinauant.. Lina oontnot only is" neoes-"'

sary. Furthermore, if the materialn,‘auoh as rubber, will nompraaa, pres- T
sure will force the materlal ‘into dapressions or undulationa whioh produoe
perfect line contact and thus- affeot a perrect seal. For this reauon e
s0ft or resilient nose plece is beneriaiaao‘ A rounded nose pieaa ‘18- pro- ‘“
‘ferred. A wider, flat surface- mny decreaae the leaknge beoause of " thn o
longer puth for water flow. nnd consequont drop in pressure grndiant, but _3“
on the other hand, sealing pronsures requirod are. inoraaaad and liue oon-ﬁ}ﬁx
tact is more difficult to atuin, ' o ‘

In retractable seals, the - leal bar . operates beat 1n oloaing whan theff
nose {sealing edge) doss not. ‘drap below tha level of - tha t0p of tha clamp  -
‘bars, end preferably. the noss should be highar by at least. 1/52 ‘inohs

In this paaition the seel ‘bar iz u-ually balanced with negative prossuros-fﬁ: :a7F

existing juut downetream from the nose, while ponatock flaw and prassuro

are maintained., The aotion elso depcnds on the ‘clearance | for water passuga;f

downstrear from the nose pleoce. U:ullly the clearance should be as large

88 praoticable so that negative pressures ‘oan be ma¢ntained at all times, .
The preusure requirei to effect a seal was usually fram Q/B to a/& af




of the penstock head for all dnsigna tasted,.in adﬁition to the. prasnur6“5'

required to close the gap et roro penatook flaw. In the stabilizad.

flexible, diaphrugm scal degign 6R, thia ratio may be docrea\ed but *n' 
all other designc it may be impractical, if not impoasible.*‘ : Lo

There is always g-aat negnt‘ve prﬁwqure just downstream from the nose -

pilecs for the small gap openingu, tending to reaist retraotion of thn seal e

ber. The maximuesn, negatlve pr#ssuras usually occurrad
atout 1/16 inch, but ‘these also dapended on. the olearanca, gap opening,‘
drain capaclty, end head, ‘With. optimum conditions thn seal bar llwaya _ 
Thﬂ shapa of “the nose piace nf-

at 8 gap opening of

floated at sowe particulnr gap- Opening.
facted the negetive prﬂssures “to soms axtont but nagative prassures per-5

risted in all shap=s teascted. Tnarefore, if the noae piece is in a balancad .';,

position, further retraction raquires additional retrnctive foree to be‘j
applied, ‘

The sesal bar should he flexibla in order to band to undulationa or.
aisalinemsnt, be these conditions ever .so small.‘ ';stirf seal bar muut
fit precisely. A flexible senl bar uan be- forcad fo contaot tha eaat with‘
The surplus prosaure available above |
yreat; $0° flaxibility is highly‘

roed to tha anat at all points andf"

the minimum pressure requirenunxsa
sealing pressura required is at best not
advantageous, and ths -sael bar may bﬂ fo

tend to establish iine contnct.

The nose piece, or an insort in. the nuse piece Cil the seat of 8. soft

meterial, seats. oerfectly even with: the ivperfections ‘4n tho contnct sur-

feces which slight pressure aan ovarcoms. Thereforp, the rubber tvpe of o

nose pisce always worked well, providod the ruhbar was reuiliento

The hinged types of sesl denigns, -with one: exceptlon,.Will not oparatn
op & circular gate, but the floutlng tvpeu will. The only exception is
the stabilized, flexible, diaphragm saal which is & hinged typc that will

operate on & oircular gate by, inoorporating 8 floating seal. rinr in the

design. In the other hinged designs, the seal ring would heve to twlst

when Leing extended or retracted, nrich Noulﬁ make the undt inoperntive.
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Nelther will ‘the retraction spring operate on a oircular gpte. Thﬁ“floﬂfé

ing tyvpes would not need to twlat ard would nperate similnrly to a piston ‘,flg

rizge

The dinphragm tvpe af seal. hae alrendy been tried in various flshion;‘éf
(figure 44), but vithout the stays it ig nmre or less innperativa. ?1th
the stays it becomes stable, oparativn, and. axtcnsible or retractable at _

aay head, Vhon the diaphragm 1 made very thiok with respect to its width -
and stays are added, the design beoomna the ahear ueal (figure 4D). ‘Bere -
‘again, while the rubber: is atabilized, ‘the stavs are rhort Lnd consoquontly*
stiff, &liEEEPnt is diiflcult, nnd tnn saul is inOpqratavu at low haads.

£ . Racommendations. A design of senl should be. developed that mny,'

with slight changes, Dbe used on any type of gate - rectangulnr, uircular,
low~head, or high-haad. It is fblt that variutlons of  the. stabilized L
flexible, diapnregm seal (fxgure g, dusign SR). with the retractable fea- -
ture, could be devalonad for such univarual use,. One low-head and one
high~-head dasign for reotangular gates and onc 1ow-hcad and one hlgh-headl .
degizn for circulnr gatas mlght serve the se purpoaas. A design for oircy-; £;
lar zates is show 1n laboratory report HYD-QG 1n figura 17, dasign 4,‘
where the double &inys and unvulcanized diaphraﬂn constructicn are usad.
Single stays and & vu;canxzed diaphrngm construotion mny alao Yo employad.f:_
For oircular gates the seal ring ‘mist not bs' attached rigidly to any atay,;  
ounarwise twisting mu«t take place whan it extenda or retractqo‘:;f.-“ :

Ina conatant-cnntact seal, eitnar the hinged, flexible saal, deﬂignc
4C, or the floating oar sustainad seal, design’ BC mould operata om
rectangular gates to good advantage. D031vn 6C may be used’ on uircular
gates alsop All conotent- contnct seals for ractangular gatas presant a
problen in & good corner desirm, ‘becauge the tap anﬁ bot tom seal bara mava

in extension and retraction but the vert10n1 seals do not.

. In considering other rotractable soals the rollar retractable sual,
design 1R, with the rubber-coverad roller, is highly *avorable. ‘The
hinged, flexibla, ratractable seal, design 5R, worked very ‘well alsOu
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B-Drain valve clesed-~pressures balancad to alome gap~-Bb
1b. per aq.in. in chambers G and D, and 66 lb, in cham-

ber B.

-Assembled with caver plete and pipe ovar the drain slot
in tha ond plate of the model bax., Clearancs wes e
inch, gap 1/18 tncn, }/52-inch tenslon in retenstion

spring ond & 1/’E—1nch shim under Fiat of rubber hinpe.

a4

C-Drain valves Lo chambers C and D cpen--pressures bal- D-Brass shell pullsd mway from scubber with 26 1%, in
unced to close pap--zerc in Card D, and 12 1b. in chamber B ani zerc peeksure in chambers C and D, and
chanber 3. analet mgainst retraction spring.

Z-Brase sheil 1lir'ted {rom rubiber hall-way around note F=Seal bur collapsed to «ha bothtom stop when penatolk
B wnd ,»ma;ui'ee of TH ib. Tlowsd wide oTent prezaure ir cham-

and rotated downstream with 87 1t. in chamber B
zere pressure in Ghumbers C oand D. Xete iz siso deforasi. ber T was reduced to 4% IL., #ni pressures in Chumbers
A And D were 47 R84 38 1%, respectively .

MUSIC-NOTE RETRACTABLE SEAL - DE3SIGK 7R
STIMULATION TESTS OF SEAL ACTION BETOKE BULKIEAD
IN PENSTOCK, DOVNSTREAN FROM GATE, IS REMOVED.
DRAIN CONTROLLED WITH PLATE, PIPE, AD VALVE
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“The : floa.ting bar- retractable seal. dasign ‘2R, worked woll but rotruotion
is not.se great,: although there. would generally be enough h: frae the nosa
-plece from theaaolt. None :of . theaa latter dasigns mpntioned wouldwcﬁ;rate
‘on-a ciruu).nr gate.' o FE

11, Summary. For ea s in aomparing the various gato seal dosigns
‘and hydraulic tests - this ucond acries o'- oonutant-contu.et a.nd rotruot-)"“’h
able sonls. ] summr.;,? of - oa.ch type considored is prosented in i‘igure‘ls. -
The drawing at the hsn.d of eaoh 1nd1vidun1 ssction illuatrates the- type of“f )
‘seal 1nvn1vado .

E. 3.-Gray. |




