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MEMORANDUM TO CHIEF DESIGNING ENGINEER 
(Ee Se Gray through J. Eo Warnock) -

Subjeot1 Hydraulic model studies of gate seal designs and tests for 
Grand Coulee and Shasta de.mso 

l. Introductiono When gate seals on the l&,. by 29.66-foot pen• 

stock coaster gates for Grand Coul€ie Dam were tested at the manufactur ... 

er's plant D trouble was experienced due to leakage from the actuating 

ohe.mber0 The ded gn used was the 45 ... 45=degree compression seal studied 

in the original model tests" 1"8ferred to as design 4 and desoribed on 

pages 9, 11, 12 0 1�. and 14 of "Hydraulic model studies of gate-seal de­

signs and tests for Grand Coulee Dam 11 st June 1941 (HM .. 7 and HYD-96) by E. 

s. Grayo Results of field testa on the 102-inch·ring-follower gates are 

described on pe.ge 26 of the same referanceo An abstract of the results 

of the tests on the 45-45-degree compression seals is shown on figure 4B 

and in section 2(b) of this reporto 

In an effort to develop a more sa.tisfaotory seal for the Grand 

Coulee in1tall&tion and to rlevelop a seal for the 19o5• by 24oS•foot 

fixed-wheel gates for the Shasta Dam diversion tunnel, e serles of tests 

was made as d•soribed in this rAporto Since both gates were to operate 

under high heads, 265 feet at Grand Coulee and 190 feet at Shasta Damp 

the e8.mt:I design possibly could be used for both installationso 

2o Review of previoua,. studies., Two models were used in these. tests 

as shown in figures 1, 2, and g, a_visual 9 aectional seal model and a 

lO•inoh ring•seal modelo The designs Md results of the studies de• 

scribed in the first series of tests are summarized on figure 4 of this 

report� for the aake of completeneaso 

The visual O sectional seal model was a rectangular housing with 

transparent front and back plates and thiokness sufficient to hold a 2 ... 

1/2-inoh straight length of the seal a�sembly. Supply lines were con-

, 
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ne ote d  to provi de pens-tock pre a sure ups tream from the seal bar and pre s ..,  

sure t o  actuate t he  seal bar i tae lf • A n  ad di ti onal conne oti on proTi ded 

p re s sure for actuating the mi ddle chambe r of the double-acting seals . 

Gages and relie f valve s we re conne c te d  at sui table point1 0 The gap be­

tween the seal bar and th& seat could be varied  by rai. sing or lowering 

the aeal as sembly. 

The 10-inoh ring-seal model was a oiroular housing ma.de to re semble 
a ci roula.r gate i n  whi ch was ins tal le d a ri ng seal wit h  a di amete r  of 10 
inche s .  The pens took pre s sure was admitte d  i n  the cente r ot the model 
chambGr and di sperse d radi al ly by a cap plate whi c h  al so serve d  aa the 
seating plate for the seal ring. The seal as semb ly was supporte d  bel ow 
thi a cap by a ba se through whi ch a 1/2 -inch pipe line suppli e d  pre s sure 
for actuati on of the seal  ri ng.  The seal ring move d a gains t the seat to 

etfe ot· a closure age.i ns t the ra di al flow .from the penstook o The gap be• 

tween the seal ring and seat co uld be vari e d  b y  rai d ng or lowe ri ng the 

cap plate .  Pre a sure gage s and re lie f val ve s we re provUe d a t  &Ui table 

points o 

By intd!troonne c ti ons . wate r  unde r pre s s ure wa s suppli e d  to both 

mode l s from three so w-ce s a the ci ty water main s  wi th a pre s sure of 75 

pounds pe r  s quare inch,  a 1 2•i nch centri fugal pump with a pres sure of 

100 feet of wate r .  and a hi gh-pre s sure hand . pump conne c te d  to an air 

tank o I t  wa s  nece uary to increase the amount of water through the mode l ,  

einoe 1 t was  found that the penstook pre s sure could be mai ntai ne d  for a 
,' 

greater range o f'  seal bar movement and the fie l d  condi ti ons ooul d be  more 

closely dupli cate d. Wi th hi ghe r pen.s tock pre s sure . ve loc i ti e s  through 

th.a gap were hi ghe r  and the effects mo re noti ceable o An endeavor was 

made to ope rate, the model s w1 th the pre s sure s and velooi tie a whi c h  wi 11 

occur in the fi e l d ,  but the se condi ti ons we re not-fully reali zed 0 

A summary of the te sts  on seal de signs s tudie d in the ori ginal 

proiram i s  gi ven in the fo llowing paragnphs .  For a more detai le d de s• 

ori pti on , referenc e 1 a  ma de to the ori ginal report,  HYD-96.  

( a )  Rol ler seals ( fi gure 4A) .••The roller s lot is  de signe d  to pre• 

2 



duoe a rolling aati on of the rubber rollers when the seal ring or bar  ie  
moveric.  Compressi on and tor si on of the rubber produce s the force neoe Hary 
for retraction . 

The extension of  the rolle r seal bar was easy unti l the rolle rs  became 
restraine d  by the limi ts of the i r  s lots 0 a fter which the effort increased 
rapi dly. The retracti on of the seal bar was assi sted  in the ring model 
by the torsi onal effeot 0 maki?Jg it oomplete and rapi d &  but in the sectional 
model the retracti on was s luggfsh and inoomplete 11 

Wi th oversize rol le r s  violent chattering oocurre d 0 and with undersi zed 
rol lers self-sealing ooourred whi ch made unsealing impos si ble o In the seo• 
ti onal model the rollers s li d  up and down wi thout rolling as  pres sure was 
applied . In the rlng model greater trioti O!l and tor si onal ror oe prevented 
sli ding to any great extent. 

The principal advantage s of thi s de sign are that the se al bar coul d be 
made to extend easi ly and, because i t  floats , the sealing acti on iwas ai ded .  
The di sadvantage s are that the l_"e was low retre.c_tive force unle s s  rol le'rs 
were operated on part of' slot s where compre s si on was greater ;  the rollers 
are diffi cult to assemble , as  they must be correctly place d to work proper­
lya the rollers sl i de at _hi ghe r  pre ssure s and in straighter seoti ons a the 
type i s  not appli cable to rectangular gates & and the seal bars are stift, 
making conformi ty b,etwee:n seal bar an� seat di ffi cult ., 

(b ) Compre s sion seal s ( fi gure 4B ) . •-In the se de si gns the retre.otive 
force on the seal bar i s  provide d by the anergy s tored  in  tha rubber gas ­
kets a s  the seal ba r  i s  ext�ndedo  The rubber i s  for ced  either in oompres 0 

si on only or in compres si on and she ar , togethe r with some rolling action 0 
depending on the shape of the s loto The degree of diffi culty in extension 
can be changed by rotating the s quare outline o f  the slot in the de sign so 
that a greater or l es ser  degree of compre s sive acti on oan be attainedo 
The rotati on of thi s s quare s lot may be 90 degrees 0 to oover all condi tions 
of aotion from pure oompres si ong as in the s quare compre s si on de si gn»  to a 
desi gn in which only sli ding acti on would take place along the verti cal 
retainer bar surfaoe e The design shown i l lus trate s the principle o f  
chanting the angle s on the retaine r  bars and on the seal ba r$  

In extensi on 9 the pre s sure re quired depends on the re si stance of the • 
rubber gaske ts to change in shape , on the ohmge in the oro s s�seoti onal 
area of the s lots as the seal bar i s  extended p and on the wi dth of the 
seal bsro In the s quare , sl ot desi gn the area change s di rectly with the 
movements in the 46•46-degree design the a.rea becomes only slightly les s o  
whereas in  a 40-SO•degree de sign the area remains constant and therefore 
i s  t.o be preferred. Furthe rmore , as the angle o f  the retainer  bar slope 
becomes les s  than 40 degrees p the area inorease s with seal bar extensi on ,  
and thus the rubber i s  released a s  i n  the 30=60-degree slot desi gn in­
stead of being further eramped o  When the rubber becomes cramped in a re c 

ducing area p the force ne ces sary to extend the seal bar ri se s rapi dlyo 

3 



There i s g there fore , a practi cal limit placed on the exteniion to b$ 
allO!fie d  in the se designs a.nd gene ral ly it is not more than 3/16 inoho 
RetrJcti on was nearly compl ete and usually rapid s and the residual effcirt 
was praoti cal ly equal to the force required to extend tba seal bar. The 
overhang of the sealing edge contributed to the rapi dity or sluggi shness· 
of the release . 

At the point of sealing there was chatter and pulsati on of the seal 
ring in the 10-inch ring-seal model 9 espe ci ally with the soli d rubber gas­
kets . Wi th undersized gaske ts self-sealing occurred ,  and in some oases it  
was impossi b)e  to unseal the ring . Slamming and rotation of  the seal bar 
took pl ace in the vi sual mode l at the hi ghe r  penstock pressure s  and veloci ­
ties 9 and full gui ding of the s eal bs. r was necessary to prevent these oon ... 
di tions as· much as  pos sible . 

There was good  retractive force denl oped  in  the rubber when i t  was 
subjected to both compressi on and shear 0 as  in the diamond-shaped slot 
designs ; &nd 9 sinoe the 45•46-degree shape was the first shape so tested 
and offered a good solution to the problem at ha.nd 9 it  i!V&S aooepted as 
the design for the Grand Coulee ri:ag-f'ollower penstook gates . 

Sinoe the seal ring floats  on rubberp alinement to the seat i s  ai ded.  
but on the other hand 11 the varying diameter along the gaskets caused- the 
seal ri ng to bend a.nd c onfo rm to the pressure exerted on 1 t b;y the rubber . 
Thi s condi tion caused contact at the seat at one point , but at another 
point a gap s ti ll exi sted � so that more pres sure was required to cause 
the seal ring to seat all a long its length. 

The rubber fabrication was diffi cult , but instal lati on of the gasketa 
was perforinad readi ly. The seal bar  i s  heavy and sti ff and dl .ffioult  to 
support in rectangula r gate s o  At the manufaotu:rer ' e  plant an installa­
ti on in a rectangular gate for Grand Coulee Dam gave trouble in exce s sive 
leakage from the chamber under  the seal bar i probably through the joints 
of the clamping bars0 

{ o )  Shear seals ( fi gur& 4C } o-eThe shear seal wa s  devel oped to apply 
the principle used  in de d91:ing rubber springs D wherein the rubber i s  

· subjeoted to shearing s tre s ses  only an d  snerb i s  stored i n  the rubber 
during the clo sing cycle to provi de a retnctive foroe o 

The acti on ot the se seals was um.ooth and free , with any reasonable 
degree of extensi on .  The force required to extend the seal bar depended 
on the . quality ot the rubber and the head. The pres sure on the upstream 
guide bar assi s ted  retraoti ono The retraotive acti on was complete and 
rapido  There was no chatte r  during sealing ,.. and self-sealing di d not 
ooeur because the gaskets are instal led ti ghtly. The guide bars transmitted 
the forces to the seal baro The gui de ba�s p made to proper dimensi ons .  
nulli fied any tsndenoy for the seal bar to rotate and prevented  the rubber 
trom bulging as a diaphragm. 



The advantages of thi s type of seal are tha t the rubber i s  stressed 
principally in shear , and the seal bar is fully guidedo The de sig� i s  
especially good for reotangular gates but may be adapte d to circular one $ 
by installing the guide bars in short segmants.  Considerable tolerance 
l s  permi ssi ble in the parts o 

The di sadvantages would be diffi oul ty of adjustment of any mi saline• 
ment between seal bar and seat ,  the coat ,  and the •1ght of the seal bar .. ' 

( d )  Diaphragm seals ( fi gure 4D) . ---The ourved surfaces of the olamp 
and Hal rings (fi gures 1 and 2 )  were s haped so tha t the diaphragm oross­
seoti onal length was the same when the seal bar rs extended as when re• 
tracte d  and would be supported over praoti oal ly 1 ts enti re tree area when 
extended.  The secti on of the diaphragm under  the seal ring was formed 
lower than tho se under the olamp rings 9 to a s si st retracti on. 

The extensi on property of thi s type is hindered by the extrusion ot 
rubber in c lamping , which forces the rubber into compressi on and shear 
when the seal ring i s  moved .  The matal diaphragms permanently det'orlll8do  
In retracti on. the acti on was s low and s luggi sh and the retraative force 
small . 

In sealing » the diaphragm was pushe d  agains t the stops and imparted 
very 11 ttle .foroe to the seal baro The e.ffeoti ve hydraulic fo roe was then 
applied to the seal bar o�ly. Wi thout clos e guide s ,  ths seal bar rotated 
when tested as a straight secti on in the vi sual model o  

The chamber under the seal bar was easi ly made waterti ght. The seal 
bar praoti ca.l ly floats , which as si sted in the bar oon.forming to the seat . 
The extrusi on of  the rubber in clamping made the seal partly inoperative o  
The seal bar i s  heavy and s tiff O The manufacture of the diaphragms to 
some predetermine d shape required  expensive molds in the field as sembly. 

( e )  Stabi li zed flexible di aphragm seals ( figure 4E ) o•-Diaphragms , 
when free to move ,. re spond readily to the sli ghte st pres sure , but due to 
laok ot ri gi dity di stort in the d irecti on of the applie d force unti l a 
definite stop i s  reaohe do Te sts on shear and oonstant-oontact seals 
showed that the seal-bar faoe mus t not only be pa rallel to the seating 
surface but mus t also  be tlexible to insure pe rfect sealingo  In de signs 
where energy i s  store d in rubber 9 ohatter of varying intensity and 
frequency developed at the sealing pos iti on o  Increasing - the rate of 
applicati on of sealing pres sure general ly eli minated the diffi culty,  but 
a tendency to slam at final closure pe rsi sted.  In all the retractable 
seals 0 exoept the double-acting type , to obtain pos itive retraotive .foroe 
it was Jl(IIOes sary to ma.ke the unit quite sti ffo Accurate guides were 
neces sary to prevent tipping or rotation of the seal bar s o  The stabi l­
i zed tlexible0di aphragm seal repre sents  an attempt to compromi se all of 
the se factors • 

The Hal could be extended smoothly and e asi ly to any reasonable amount 
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with practically constant pressure . The extruaion ot the rubber in ol&mp• 
ing was not detri mental . The retracti on was complete . rapi d,  and poti tive .  
Beoauae ot the t1exibi l1 ty  ot the seal bar . there was conformity between 
i t  and the seat in case.a ot mi saline11119nto There was no chatter. and bt"" 
cause of the c onfinement of the rubber, there was no s e lt"'"aealingo Sup­
port ot the diaphragm. prevents bulging. The aeal bar , being fully guided.  

, di d not rotate or slamo 

The stabi lity and flexibi l i ty  ot thi s deaign are inherent , and the seal 
wi 11 operate under any head. Standard parts may be used and no vulcaniz• 
ing or mol ding is required for the double-stay oonstruoti c;m shown. The 
diaphragm uy be any suitable , inexpensive material o In a vulcanize d oon• 
struoti on the lower stays would be eliminate.do The de sign i s  adaptable tQ 
either rectangular or ci rcular gate s .  The light wei ght of the parts eli • 
minates any problem of support .  The princi pal di sadvantage might be the 
di fficulty of handling the parts when as sembling on a large gate o 

( t) Double-aoting seals (t'igure 4F ) o••De s1 gne d  to produce positive 
sealing as well as  pos itive retracti on of the seal bar g which is actuated 
by hydrauli c  · pres sures  applied in three ohrunbers .  Pres sure in the chamber 
under the bar tends to extend it , and pressures in the two mi ddle chambers 
tend to retract it 0 In the paoking•gland de sign shown, the extensi on et• 
fort was constant , whi le  in the rol ler design tested , it increased with 
· movement or  the seal bar e The retraotiw aoti on was smooth and positive 
in  both case a o  

In  the former desi gn,  after the seal was  effected, it was pos sib le to 
reduce the sealing pre s sure to aero without una ealing.  In the latter de­
sign , since the rubber roller s are in oompre asi on and shear, pres sure 
mus t ba maintained U11der the seal bar to hold it  in place . No chattering 
was evident in eit her uni t,  No tendency for the seal bar to rotate or 
slam was evi dent in the former deeign 0 but in the latter de sign a gui de 
was needed at the top to prevent both  rotati on and' slammi11g. The seal 
bar movemnt was pod ti w ei ther in extensi on or retraoti on for both de• 
si gns . Tha former. design i s  well gui ded , the latter design needs down­
stream gui de s at the nose . Thi s type oan be use d  eithe r in rectangula r 
or circular gate s . 

The princi pal adnntage of this  seal is  its  pos itive aoti on a the di s­
advantage s are that the construotion assembly and the operation would be 
complicated and expend"· In the packing-gland design the sliding sur .. 
face s -.y become inoperati ve due to scale depos ition in certain ins tall&• 
ti ons . The seal ba r i s  heavy and stiff tor both de signs .  

(g ) Constant-contact ·seals  ( fi gure 4G) o Q•Devel ope d for use in AOW 
head ins tal lations when the .fric ti on due to constant c ontact wil l  not be 
exoessive 0 The seal i a  actuated by any head but doe s not retract. Pen• 
stock or re servoir pres sure exerte d  directly on the bar furni she s  the 
sealing toroe . The line oontaot pre s sure was kept to a minim.um by making 
the di stance from the hinge to the oontaot1ng nose  as  short as  pos sible q 
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The constant�oontact seal bar should have suffi cieat flexibi lity to 
ee.re for mi aalinement between the seal bar and the seat. The seal bar must 
be dragged from the s eat , therefo re ,  the line contaot pre ssure on the seat 
should be low. The al l-metal design was too sti ff to  twi st even a few 
thousandths of all inoh o A rubber�mounte d design was slightly more flex­
ible .  

The advantage s are the abi lity to  seal at  any pressure � the absence of 
retraoti on device s 0 and the law construction cost;  the di sadvantages are 
the addi ti onal power ne e der!  to move the gate due to the friction between 
the seal bar and seat R the nece s sity of flexibi l ity for good sealing , and 
the limitati on of the hinged desi gn to rectangular gate s 0 

The te sts consisted of measurement o f  pressures  na oes sary to accom­

pli sh a seal age.inst V!irl ous pens took or re servoir pre s sureso With a given 

penstook pres sure , the pr es sure under the seal bar was increase d slowly, 

whi ch caused the bar to be extended unti l flow trom the pens took was 

stopped o  To unseat the bar the pr e s sure under the bar was lowered until 

the seal broke o The se two pre s sures  varie d at times as  much as 10  pounds 

per square inch , but the sealing pres sure wa s taken a s  the mean of the se 

two readings e Pos itive retracti on again st a stati c head of about 7 pounds 

per s quare inch at the center of the gate was required .  

3 .  !cope of new te st serie s .  The de s igns te s ted in  the new series 

of gate-seal de si gns and te sts » as de s cribed in thi s  report. are divided 

into two types • oonstant-oontaot seals and retractable seal s .  The te sts 

on the oonatant-oontaot seal s were an outgrowth of the four desi gns for 

reotangular gates studied i n  the original programo The main constant• 

contact seal designs  te sted  in thi s serie s are as follows , 

( a )  

(b ) 

( o ) 

( d ) 
(e )  
(t) 

( g ) 

Muai c@note oonstant -oontaot seal - Brass  on ourve d section of 
rubber only Q Design lC ( fi gure &\ ) o  

Musi c-note oonstant-oontaot seal .. Formed  brass  strip vuloanhed 
to b ot tom and curved portion of rubber .. De si gn 2C (fi gure 6B ) .  

Hinged bar and rubber oonstant-oontaot seal O De sign 30 
( fi gure 6C ) .  

Hinged flexible cons ta.nt-oontaot seal c Design 4C ( figure 6H ) . 
Hinged , sustained . oonstant-contact seal O Desi gn 60 ( figure 61 ) .  
Floating . sustained .. bar , cons tant-oontact seal � Design 6C 

( fi gure 6J ) • : • 
Sli ding-bar , constant 0oontaot seal - De sign 7C ( figure 6L) o 

During the studie s  on the floating . sus taine d .  o on stant--contact seal 
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A-Visual sectional seal model test apparatus , 

B-Visual sectional seal model with stabi l i zed flexible 
diaphracm seal , design 6R , ins tal led . 

S TABILIZED . FLEXIBLE DIAPHRAGM SEAL - DESIGN 6R 

FIGURE 5 
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( de si gn 6C ) .  oonsi derati on was again given to designs for retractable aeal e .  

A rol ler  was substitute d  for the floating p hal f-round b ar a s  a oonstant­

oontaot seal . During the studie s  i t  devel oped  that by the additi on of  a 

retracti on spr ing , the bar or roller would retract hydrauli oallye Thus , 

by the additi on of the retracti on spring to four of the oonatant-oontaot 

seal designs the se were devel oped as retractable seals . 

� The main �  retractable seal designs studi ed in thi s series  are as 

follcrws a  

(a )  Roll er retractable  s eal - Design lR ( figure 9A) .  
(b ) Floating0bar retractable seal - Design 2R ( fi gure 90 ) .  
( o )  Binged.  sustai ned  retractable seal • Design 3R ( figure 9G ) . 
( d )  Sli ding-bar retractable seal Q Design 4R ( fi gure 9F ) . 
( e )  Hinged ,  flexible retractable seal • Design 5R ( figure 9G) . 
(t )  Stabi li zed 0 flexible diaphragm seal - De sign 6R ( figure 9H) . 
(g ) Musi c-note retraotable s eal • Design 7R ( figure 91 ) . 

Both designs  of the musi c-note oonstant-oontaot seal s were proposed 

for installati on on the Grand Coulee gate s ,  but , a inoe the additt on of 

the retraction spring made de si gn l a  retractable de sign which gave ac• 

ceptable re sul ts , the proposed field ins tal lati on was so converted and 

adopted ( fi gure 9L) 0 The gates were already e quipped with the nece ssary 

fittings and valves  for retractab le  seal operation so no addi ti ons or 

changes  on the gate s were require d e  

The musi c-note constant-contact seal , de sign 1 0 proposed for in�tal- .  

lation on the Sha sta gate s .  was final ly a ccepted as a satisfactory de• 

si gn ( fi gure 6A) . 

The stabi li zed , flexib le diaphragm seal studie d in  the fir st series 

was furthe r tested and sugge sted  a s  a soluti on of a retraotable aeal o 

4 o  The model . The vi sual 0 seoti onal s eal  model  ( fi gures 3 0 5 0 and 

9D) ,, use d in the fir a.t te sts and de signed to accommodate full-si ze eeal 

sections 2=1/2 inche s l ong , was modi fi e d  by the addi ti on of horizontal 
and verti cal sli ding seats and hori zontal and verti cal shifting base s .  
The piping and arrangement of the te st apparatus was modi fied  to give 

greater flexibi lity of operati on. The change s in piping included a 
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larger penstook inl et into  chamber c .  fi gure 6 ,  whi ch could  be suppli ed  

from di fterent source s .  Water from the bui lding supply system oould be 

supplied d irectly through a l •l/2-inch line at 76 pounds -per-square-inch 

pre ssure . A 2 °inch line from the bui lding system into the sucti on aide 

of an 8•1nch centrifugal  pump ·permitted  boosting th� supply pres sure from 

76 to 110  pounds per square inoh and supplying a l arge voluma of water to 

the mode l o  A high-pressure pi ston hand pump wi th  a storage tank supplied 

high pres sure s with very limite d volume 0 A cross oonneotion from the 

supply line s  to ohad>er B supplied pre s sure for actuating the seal bar G  

Reliet line s f'rom penstook chamber C and the actuating chamber B provided 

fairly olos e  regulati on of the pre ssures and volumes o 

As previously stated ,  the - irue action of the seal unit can be obtained 

only when the volume of water pauing it i s  the maximum for any constant 

head.  The di fficulty of maintaining constant heads for changing o ondi ti ons 

stil l  perai ated to a degree with the new arrangement.  Since the avai lable 

water supply under constant head was limited  by the piping and the supply 

systems . it was practical ly impos si ble to lll&ldpulate the relief valves to 

maintain constant conditi ons as the seal bar was operated ,  due to the 

rapi di ty of the seal bar acti on at the sealing and brealdng point s .  

Piezometers were installe d t o  measure pres sures d0W11atream from the 
nose of the seal bar at point s  A and D. The p1e z ()Jl8ter at A was a 1/4• 

inch hole on t� oenter line o f  the model , later re duc"d t·o a l/l6•1noh 
. ' 

hole so as to open immedi ately downstream trom the center line of the 

model and also downstream from the s ealing edge or the raller retractable 

seal ( figure 9A) . The J:>iaZ0111eter at D was a l/4-inoh hole one inch dOlrD• 

stream trom the center line of the model • A relief valve was provi ded on 

the line to pie& 01119ter at A.  

A lever with a 7 to l r,atio was attaehed to the model and coutd be 

conneoted to the plunger to permit measure•nt of  foroe s  or hand anipu• 

lation of the seal bar during the tests 0 Measure.manta of the forces in­

volved were •de with a spring balance hooked to a pinned fulorum on the 

lever. 
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I t  was found thEtt �hen computati ons we re nade the force s did not balance 

because of di sorepanoi e s in _ areas over whioh  hydraulic pre s sures existe d .  

The areas we re indetermina te  duo to the infi ltrati on o f  wate r pre s sure be • 

tween contacting sur face so  The re sul ts are the refore not given . 

5 .  _Qperation of the model o In the te sts on the constant-contact 

seals ( fi gure 6 ) , normal ly only pens to ok pr e s sure was applied 0 as no hy0 

drauli c retracti on was invo l ve d 0 But in tho t1e case s ,  such a s  i n  fi gure s 

6H to L,  inclusive ,  where the seal bar had a more or l� s s  c onfine d  space 

in chamber B P under it ,  wate r  wa s admi tte d to b oth chambers B and C ,  

·eii ther  at the same pre s sure or a t  di fferent pre s sure s ,  t o  s tudy t he  action 

of the rubber or s eal b�r whe n a di fferenti al existed o 

In the tests on the retractable seal s. the pre s sure s in chambers B and 

C we re controlle d independently by manipulation of the inle t  and relief  

valve s to  produce the desire d re sul ts . With a more or le s s  cons tant he a d  

in  chamber C ,  the pr es sure re quired to  produce a seal was obtaine d by ad­

mi tting water under a c ontr ol le d  pre s sure into ohamber B unti l the seal 

bar ca.me into contact wi th the seat and stoppe d the penstock flow .  The 

pre s sure in chambe r B to produce  the stoppage of flow i s  terme d the seal­

ing pre·s sure o When the pre s sure in B was nduce d , the c ontact tetween the 

seal bar e.nd the seat woul d  be broken and the pens to ok f low sta rted o The 

pre s sure in ohamber B to aooomplish thi s sepaMtion i s  t.erlll8 d the break• 

ing pre s sure . The s ealing and the breaking pre s sure s were in maey oases 

nearly tha same , but at time e there was as much as 10  pounds per s quare 

inch differenoe due to inherent internal fri ction in  bending or s l i ding 

and fricti on between the ends of the s eal bar and the transparent si des 

of  the mode l ,  or due t.o the shape of the seal b e r  nose . Some ti mes. all 

the se factors  v: e re acting si multaneously 0 

If  the valve supplying chamber B was opeDe d qui ck ly with the penstock 

supply flowing , the s eal bar would  slam i nto the clo se d posi ti on ,  cau sing 

seve re wate r hamme r .  

The sli ding bar seal i n  de s ign  7G ( fi gur� 6 )  had an addi ti onal cham­

ber de sl gnate d a s  A be tween the : face of the seal bar an d  the seat. Pre s• 
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sure s abo,re the atmospheri o base in chamber A .  as  measured  through pie ­

&ome ter  A ,  were read in pound s pe r s quare inch . Subatmosphe ri o pres• 

sure s  at pie zome ter A or at  pie z oDl8 te r  D were measured  in feet  of water .  

Thi s terminol ogy wi l l  be use d  throughout the subse quent di s cus si on .  

6 .  Conste.nt-contaot �ea l �  ( figure 6 ) . The se  seal de si gns d o  not 

embody retracti on, but the seal bar is  in c onstant contact with the seat 

whi le it  i s dragge d off or on the seat as t he  gate i s  opene d or c losed.  

The de s igns are •inly appli cable t o  rectangula r gate s , but de sign 6C 

( figure 6J) or design 7C { figure 6L ) could be used  on a ci rcula r gate by · 

nm.chining _the bar a s  a ring which woul d  float in the supporti ng groove . 

In rectangular gates the top and bottom seal mus t have a atop provi ded to 

prevent the seal bar from extending · too far as it s li de s  from the seat , 

because penstock pre s sure i s  mainta ined unti l the gate leaf move s far 

enough to rel ieve it . The seat should have a slope at . the edge so that 

in clo sing or opening the gate the s eal bar can climb or descend grad­

ual ly into the final pos i  tion o  The verti cal seal bars wou l d  ride guides 

extended from the seats in the aama plane . The fact tha t the top and 

the bottom seal bars wi l l be extended  or retracted when the gate leaf i s  

moved . whereas the verti c al seal bar s would be in constant c ontact w1 th 

the side seats  and guitte s 0 i nvo lve s  a problem in design ot the corne rs 

whi ch wi ll give flexibi li ty as well a s stability.  

The sli ding fric ti on be tween the nos e piece and the seat mus t be 

allowed  for in desi gning the hoi s t .  The s l i d ing friction on the flat 

portion of the seat was a lways small a it was greater along the sl ope q 

(a ) Musi o•note oonstant-contaot seal , design lC ( fi gure 6A ) .- Seallng 
was imperfect.  due to undulations and s ti ffm u  of the brass vulcani zed 
stri p o  By moving the sliding seat back and forth 0 movement of the seal 
bar was produce d  as though the gate lear moved ,  causi ng the se al bar to be 
extended or retracted whl

°
le pens took pres sure was maintai ned . Movement of 

the seal bar was re stricte d  due to its inherent stiffne s s  and the flat 
base . Wi th a gap of 1/16 inch, 30-to 40-pound s-per-squar'i'-inch pre s sure 
in chamb er C was require d to close ito  The seal i s  therefore not good 
for l ow  heads . Friction on the s li ding seat whi le penstock pres sure was 
maintained we.s low ,  but considerably greate r when the nose of the seal 

. bar was climbing the dope o This con di ti on was observed 1 n .  all the con­
stant-contact seals . The di stor ti on of the rub ber sea l under pres sure 
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when the reinforcing strip i s  omitte d i s  shown in fi gures 7A and 7B o In 
J. .  no pres sure was applie d and in B ,  the di Rtorti on under 1 10 pounds per 
square inoh  i s  shov.,n. Design l C  i s  shown in fi gures 6D and E ,  applied 
to the 19 06- by 24 o9•foot fixed-wheel gate for Shasta Dam diversion tunne l . 
Thi s de sign was finally chosen for  instal l ati on afte r the te sts on the 
following de s igns were made .  

(b ) llllusic-note constant-oontaot seal . de sign 2C ( figure 6B ) o••In thi s 
de sign the nose piece seals on its end ins tead of on its  side ,  as in de­
si gn lC . Repre sen tat ion of the seal b ar in s li di ng  up or down the s lope 
of the seat 8 or when the gap in the gate change d ,  W'lll.S aocompli shed  by 
mounting the seal bar unit on a sli di ng base 0 The seat was also made to 
sli de by attaohing to a vertical sorew. · As the base was moved whi le the 
penstock pre s sure in chamber C was mainta ine d,  there was undue bending in 
the vulcanized  brass strip so tha t i t  crawled around the curve , eventually 
permanently deforming the b rass s tri p o  In one te st arrangement the bran 
strip was slotted so as to make a hinge at the base o The s trip stil l  
showed poor act.t on. An installation of this de sign i s  s homl  in fi gure 6G 
for the 1 5- by 29 . 65-foot pens to ok coa ster gate for Grand Coulee Dam. 

(c) Hinged·b�r and rubber cQnstant -oontact seal 0 de sign 3C ( figure 
6C ) o--A seal was aocompli she d in t hi s  de si gn  at the seat and at the hinge 
by the rubber acting under the hydrauli o pre s sure o The bar ha d  to be 
mounted  only fingerti ght at the hinge to obtain any movement, othe rwi se 
no movement obtaina do The seal between the rubbe r and the seat ffllS ex• 
cellent , but there was indication of sti oldn,; and tearing whi ch would  be 
a di sadvantage . A brass . angle nos e pie ce w�s trie d ,  but the acti on was 
poor . The brass  nos e pieoe was torn from the rubber by the high-velooity 
flow thro ugh the gap as  the seal bar left the seat and came into oontaot 
with the stop.  Thie condition vvoul d exis t at smal l  openings of the gate 
at both the top and the bottom seals • The rupture was caused by the fluc­
tuating subatmospheri o pre ssures  which exi sted at sma l l  gap openings . 
These pre ssures  tended to pull  the nose pi ece from the rub ber  by suotion o 

The bond between the rubber and the bar might be impos sib le to maintain 
in the case of the top and the bottom seals on a rectangular gate ., During 
the opening of the gate in the case of  the top seal , the friction between 
the rubber and the seat would tend to pull the rubber from the seal bar 
( fi gures  SC and G ) . The s ame  conditi on woul�  occur on the bottom seal 
during the cl osi ng of the gate .  only to a le s se r  degree e Duri ng eithe r 
the opening or clo sing of  the gate . there i s  li ttle contact at the bottom 
seal between the rubber and the seat . due to the metal seal bar being in 
contact wi th the s l ope of the seat, thus holding the rubber a.way from the 
seat until the seal bar is  in oentaot with the fl at portion of the seat 
(figures 8D and H) o Figures 8A and B shaw the cond itions with and wit hout 
pre s sure before a braa s  angle was instal le d on the sealing e dge of the 
rubber o Figure s 8E and F show the same c onrU ti on s after  the brs s s  ang le 
was addede An ins tallation of this type of seal i s  shown in fi gure 6F 
in a manner s imilar to the musi c-note seal ins tal l stion in figure 6Ee 
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( d )  Hinge d ,  flexib le , cons tant -contaot s eal , de sign 4C ( figure 6H) o­
'l'he seal bar was made fr om  a test 8,Pe ci!lll8n of Oate s rubber adhe si on ,  stock 
No . 1080 (about 65 durometer and 1/4 inch thick ) , vulcanized  to a flat 
s teel pla te  3/�2 inch thi ck .  The stay was slotte d  a t  l/2 •1noh interval s 
for fle xi b i l i ty .  The nos e piece wa s a stan dard , ha.lf--round b rass rod 
screwed to the s tay .  A machi ne d  or rol led s tay and no se piece could have 
been us e d  ins tead. The acti on o f  the seal was good and c onsi derabl e move -

., ment o f  the seal bar was pos si b le e  The flexibi l i ty of t he  uni t  pe rmi t ted 
1/52-inch twi s t  in the 2 • 1/2 -inch le ngth of seal bar , with a pre s sure of 
20 pounds pe r  s quare i nch in chamber s B an d  C o  Thi s fle xi bi li ty  allowe d  
exce l l ent c ontact between the no se piece and the seat,  thus produci ng a 
tight sea. l o The force r e qui"red to move the seal  bar was very smal l as was 
evi denced  by hand manipulation of seal bar wit h the plunge r 0 The stay di d 
not show any bending unde r  l l O•pound s -pe r-square -inch pre s sure o An appli G 
cati on of thi s desi gn i s  sh own in fi gure 6K 0 I f  double stays we re use d» no 
vulcanizing would  be ne oe s sary o A double s tay cons tructi on i s  shown in 
HYD-96 ( fi gure 16 , design 4 ) . 

(e ) Hinged ,  sustaine d ,  constant-contact seal , de sign 5C ( fi gure 61 ) .•­
Thi s des i gn  i s  another appli cati on of the hinged type of seal o  Vari ous 
shapes of sustaining rubber were s tudied . The force exerte d  by the crampe d 
rubber holds the seal  bar in pla ce . The acti on was stif fer than de sign 
4C , and the solid bar could not be twi s te d  wi t h  75-pounds 0per 0 square•in0h 
pre s sure o One slot te d  ba r was  made in whi ch a twi st of 1/64 inch could be 
produced with 70-pounds •pe r-s quare•inoh pre s sure . in chamber C o  In an 
appli cation in a verti c al pos i ti on ,  the eeal bar could be ful ly supporte d 
at the hinge becaus e of the metal-to-metal c ontact. The rubber woul d  be 
i n stal led  unde r  sli ght oompre s 6iono 

A l/8•inch wall  rubber tubi ng with suffi cie nt cros s section to oomfort 0 

ably fi ll the apace under the seal bar woul d g ive good support and sealing 
action at the hinge. It  would be ne ce s s ary to expose the interi or ot the 
tube to penstock or re servo i r  pre s sure . The sealing acti on at the hinge 
can be seen by compari ng figure s fD wi th 1C e 

( f )  floating , susta ine d-bar , constflDt-oontaot seal » design 6C ( fi gure 
6J ) o•-ln thi s  de sign al l the unbalanced pre s sure exerted normal to the 
fla t por ti on of the seat by t he  wate r  in chamber B i s  use d  to effe ct a 
seal . In the hi nge d type of bar a appr o rlna te ly ha lf of ,the unbalanced 
normal pre s sure i s  exerted on the hinge 0 Aocor di ngly , in the n oating type , 
the bar nee d  be only ha l f  th e  wi dth to pr o duce the same p re s sure at the no se 
anr'! the sea.to 

Of the vari ous shape e  of rubber te sted, the channe l  shO'llln in fi gure 6J 
and the 1/8--inoh nll tubing in fi gure s 7E and F showed the be st re sult s .  
The ri gi di ty o f  the channe l shape maintaine d good c ontact be tween the nose 
&.11d the seat , but the large cross -secti onal area of  the channel tended to 
cramp the rubbf!lr ser iousl y a s  th, ses.l bar was depre s se d 0 thus limiti ng 
the bar mov,unent 0 To obtai n a mor e re si lient unit, flexible 1/8-inch wall 
rubber tubing was substituted ( fi gure s TE and F ) o The fle xi bi l ity of the 
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FIGURE 7 

A-No pressure in chambe r C .  B-Pressure o f  110 lb . per s q . in .  in chambe r C .  

DISTORTION IN MUSIC-NOTE SEAL WITHOUT REINFORCING S TRIP 
POSI TION AS IN DESIGN l C  

C-Seal bar mounted on 1/8-inch flat rubber strip showing 
looseness of rubber at hinge with no pressure . 

D-Rubber pushed abainst hinge with 75 -lb . per s q . i n .  pres­
sure in chambers B and C .  

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

E-Plunger connected and 75 lb . per s q . in .  pressure in 
chambers B and C showing cramped position of rubber .  

F-Plunger disconnected and seat retracted whi le penstock 
pressure was maintained showing rotation of seal bar 
in di rection of flow. 

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



A-No pro.:;surc 1n cha:nhe r C .  

C-Seal bar under 7 0  lb . pre s s u re lea.vine; top seat o f  Eate . 

FIGURE 8 

8 -Sno.l on flat ;:,ortion or sr.o.t ·ui. th 70 lb . pe r sq . i n .  
pre ssure . 

D-Seo.l bar under 70 lb . pre s s u re leaving bottom seat 
of gate . 

ORIGINAL DESIGN WI TH SHIM UNDER CLAMP BAR 

E-No pressure in chamber C ,  

G -Seal bar under 70 lb . pre s � 'J.re leavini; to? seat of 
gate . 

F-Seal on flat portion of seat -:iith 70 lb . per sq . in . 
pre s s ure . 

H-Seal bo.r under 70 lb . pre s s ure leavinG bottom seat of 
gate . 

BASE ALTERED AND BRASS ANGLE ADDED 
TO SEALING EDGE OF RUBBER 

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



tube was greate r ,  as anti cipate d ,  but rotati on of  the seal bar ( fi gure 7F) 
by the unbalanced hydraul ic  .pres sures made it ne ces sary to in stall a gtJi � 
pin to maintain the seal bar in  po si ti ono The re was no objecti on  to the 
gui de pins , - hydrauli oal ly, but the ir instal lati on would increase the com­
plexi ty and oost. The effectivene s s  of gui de pins was shown by the us e of 
one 8•32 machine sorew attache d to the plunger and seal bar .  The sliding 
seat and seal bar were ope rated under a pre s sure of' 110  pound s pa r  square 
inoh,  but the machine screw wa� not bent by the unbalanced foroes o  Thi s 
indi cated  thei r small  magni tudee  

· The absence of a rigi d hinge tends toward f'le xibl li ty of the bar 1 tself p 
whioh permits a tight fi t  between the seal bar and seat even whe re the seat 
may be mi seJ.ined. Thi s ·  confo rmity inc rease s the effectivene ss  of the seal «> 
ing aoti on0 Of the nose shape s tested ( fi gure SM) , shape P. gave the best  
action beoaus.e 1 t i s  hydraulioal ly bale.nee d o  Furthtn·mor� , the half•round 
secti on i s  more fl exible than a rod or a tuba beoaus e of it s lesser �esia t­
a.noe to bending o The strength of e. half•round seotion in bending is approx,., 
imately one-fourth that of a 1/S•inoh wall tube wi th the same out s ide di a­
metero  Shape C wa s developed to pe rmit greate r lati tude of movement and 
henoe greater  clearance between the stop bars and the s eat0 

Shape B was ob jecti onable because of the sharp contact between the seal 
bar nose and the sl ope of the seat and beoause of the greater tendency 
toward rotation due to th0 unbal an ced  hyd rau li c  forces caused by the thi ck­
neu being le s s  than half the widtho The rotati on in this case was against 
the,. flow as oompa.red to rota ti on with the flow . on shapes A and C 0 The 
- le s ser rati o  of thi ckne s s  to width on shape D increased the tendenoy to 
rotate p in thi s case against the flow. Shapa E with new s top bars , as 
outlined. wa s develope d to negate the rotation of the seal bar . but the 
permi ssible clearances were so small aa to make the desi gn unde si rable 0 
In shape F .  the . re.di us of  the nose was re duced to 1/4 inch to reduce the 
subatmospheri o pre ssures which  oc cur downs tream from the nose pie oe as  the 
seal bar approe.ohe s the sea.to The ohenge was ineffFJotive . Without the 
rubbE'tr under  the seal bar the leakage between the seal ba.r and the stop 
bar was considerable . due t o  imperfeot contaot o 

( g ) Sli ding 0 constant--contaot, bar &$al , design 7C , fi gure 6L) .-The 
principal advantage of the sli ding bar sea l i n  a constant oontaot instal- · 
lati on on a rectangular gate i s  the pos itive guides ,  but those positive 
gui des  have several di sadvantage so To ope rate sati s facto ri ly .  the clea.r­
anoe s must be small , whioh appreoia. bly increases the cos t of manufacture , 
instal lati on, and maintenanoe o The action in the mode l wa s  good,  but in 
a field  structure the formation of s cale from the water , or deposition of 
forei gn matter,  would render  the bar sell inoperative . 

? G  Retractable  seal s ( figure 9 ) . In retraotabl� seals , fo rce s  are 

applied  to the seal bar to cause i t  to unseal or to retract to produce a 

gap between the sealing edire of  the nose pi eoe and the see.t o · The di stance 
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between the sealing e dge and the seat i s  the measure of the retraoti on o 

It  i s  generally cons i dere d preferable that the seal bar s houl d remain in 

the retracte d  pos i ti on whi le the gate l eaf is in moti on or unti l a seal 

i s  again required .  Howeve r,  a seal bar that lightly scrape s the seat 

whan the le af is move d has t he  advantage of a oleaning and seating aoti on . 

In this aerie s of designs and tests one Dl!!lthod of producing retrac­

ti on predominate d.  It wa s the me thod devel oped for the retracti on of the 

stabi li &ed » flexi ble di&.phragm sea l in the .fir st seri es of gate seal de ­

signs and te ats ( fi gure 4E ) .  Thi s me thod employe d the penstook pres sure 

acting on the upstream portion of the seal bar to produce retracti on when 

the pres sure in the seal ing ohe mber under the seal bar was reduced below 

that required to e ffect a seal . Seve ral othe r  method s were employed in  

the fi rst aerie s of te sts for producing retre.cti on g Energy s tored  in 

rubber when the seal bar was extended � as in the compres si on type of seal 

designs ( fi gure 4B ) 1  hydraulic forces  applied  in chamber s ,  a s  in the 

doubl��aeti ng pa0king 0gland seal ( fi gcre 4F) s hydrauli c forces applied  in 

addi ti on to energy- stored in rubber s as in the double-acti ng roller seal 1 

hydraulic force s  acti ng on the upstream por ti on of the seal bar in addi• 

ti on to energy s tored  in the rubber . as  in the shear seal  ( figure 4C ) and 

di aphragm seal ( fi rure 4D) o 

In order to apply the hy� rau lio  for ce s upstream from the sealing edga . 

a uni que feature was  incorporated in five of the sevan design s shown on 

figure 9 .  Thia was the retracti on spri ng ( fl gure s  9A , C ,  D ,  G, and. I )  

added to s imi lar or the s a.ma  constant �oontaot de s ig11s . The retraction 

spring oould also be adde d on the upstream si de of the s liding be.r se_al , 

design 4R . thus el iminatinr, the clos e cle arance for the seal bar in the 

slot . However p the retracti on spring is  only appli cable to reotangular 

gate s  i n  whi c h  the seal bar i s  straight . For curved or ci rcular seal 

bars # the sli ding bar seal ( de s ign 4R) or the stabi li zed . flexible dia­

phragm seal ( de s i gn 6R ) would ope rate o  Of the se two p tha latter i s  to 

be pre ferred beo&use i t  i s  not so  subject to fouling due to s cale enc 

crustation or dir t deposi ti on o  
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Te sts were oonduotsd tor the expre s s  purpose of dete rmining tm pre s  .. 

sure re quired at the seating surfaoe s to e ffect a perf'eot s eal . In the se 

te sts the sliding 'b&l" seal . de si gn 10 ( figure 6L) , was us ed i n  the same 

manner a s  a retractable seal o Sinoe the seal bar i s  tree to move in it s 

slot e.nd i s  thor oughly gui ded by the sli ding fit of the si des of the s lot, 

thi s aeal unit wa s  found ideal for the se te sts . 

With the seal bar in posi tion wi th face A to the seat and a flat,  � 

sli ding seat ins talled ( figure s 6L and l OA ) , i t  was di ffi cult to determine 

when both leg s  were seating becaus e  o f  sons l eakage between the contacting 

surfaces .  P re s sure s i n  obaui> er A were oontrolle d by a relie f valve in the 

line to chamber A to det® nnifl9 the effeot when pre s sure was allowed to 

bui l d  up in the chamber or when it wa s drainedo  With the relie f valn 

open , the amount o f  water e scaping by tba upstream · leg of the seal bar 

c ould be seen nmng out of the pipe i and when the fll!lliet valve was 

olosed 0 the ri se in pre s sure in chamber A ,  as �ad on gage A ,  indi cated 

the relative amount of leakage between the ups tream and tbs downstream 

leg .  Re state d :  Leak age by the downs tream leg oould be seen s quirting 

into chambe r Do  Pre s sure in ch amber A varied  from hal f  to near ly e qual 

that in chambe r c .  When the l eakage over each le g of the s eal bar was 

about e qual , it was o anoluded that both legs  were seating uni tormlyo No 

amount ot addi tional pr e s sure applied to the seal bar by the ha.nde0perated 
lever and plunger ( figure 5A) ma. de a be tte r  seal . Seal ing was aooompli shed 

by applying hydraulic pr e s sure in chambe r  B or by pre s sing down on the 

lever o  When chamber B wae draine d o al l the le akage be tween the sea.ti ng 

surfaces at the s eat could be detecte d .  and when pre s sure in B was applied 

wi th drain to chamber A open, al l the le akage through the downstre&lll sli d� 

ing sur face s between the slot block: and the seal bar was deteotedo 

The pre s sures re quired to maintain the seal bar in the sealed pod -­

ti on ,  or , in othe r  wor ds , the unit pre s sure re quire d be tween the sealing 

sur face s ,  was found i n  two independent wayu the pr e s sure in  chamber B 

which would just oaus e the s eal bar to seat . or the pound s of toroe re• 

qui red on the lever at a ratio of 7 to 1 ,  was determine do 'l'he ee msasure ... 

ments were ma de with the drain to ohember A b oth open and oloee d .  
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Si milar te s ts we re conducted wi t h  faea B of the seal bar to the @eat. 
It was di.f'fi oult to dQ9termi ne when the face was seati ni uni formly. Usually 

pre s sure at gage A regi s tere d almos t that in ohmmber C J but when the re c 

li ef valve to ohamber A was opened, only a very thin stream of water flowed .. 

Thi s indic ated that face B was seating wrl f'ormly e Sealing pre s sure s were 

determined independentl y by finding the pr e s sure re quired in ohamber B or 

the load requi red on the lever , and also wit h  the drain to chamber A either 

open or olose do  

When the COJTUtations for both case s were made ,  whi oh invo lved the 

for ce s  acting on the seal b ar eithe r  hydrauli cal ly or me chanical ly, the 

for ce s could not be reco_noi le d to give consistent x-esul ts o I t  was con­

cluded that the lllSthods fai led becauSG it wa s  impo ssib l e  t o  determine o r  

esti mate the areas subjeote d  to hydrauli c pre s sure a t  the seati ng surfaoe a 

due to the le akage creeping through and aot:1. ng on ths se area so  The prob• 

able appearance of the a ctu al su rface s in absolute contact in oompari son 

with tho se that were not in perfect contact woul d be like that pre sented 

by a contour map where the landscape is a rol li ng or hi lly oountryside o 

Another method of determining the pr e s sure re quire d t o  seal gave 

oono lusive re sult & o  In the te st with f'aoe A ot the seal bar to the seat, 

i t  chamber A was relieved of pre uure the seal bar remaine d in the scale d 
po si tion even when the tor oe . upward on i t  was zero ( figure lOA) . The s&J!IG 

fact was experienced whan the sli ding seal was retracted so that clulmber 

A. was 00111Ple tely expos ed.  Wi th the 19al bar inverted so tha t face B was 

to the seat 11 the s li di ng s eat was retraoted at a uni form rate , 11rhile pre e ­

sure on the lever nece ssuy t o  e tteot a. seal ,  applie d through a spring 

balanoe 0 was · a.1 ao  unito rm.1y rele amed to corre spond to the deorease in area 

covered by the sli ding sea.to When thtl seat was retracte d unti l  only about 

l/16 ine1h remtd:-ned in contact Ydth .tao• B of the meal bar ( tigur9 lOB ) p no 

toroe w11u1 re quired to maintai n a •.eal . Contrariwi se , only a very small 

toree we.s required to break the oeal . A force as  low a s  one-pound pull on 

the plunger woul d  cause thi s brea.k o and 11 likewi1e 11 only one pound ot force 

was needed to push the seal bar ol os e de· 'l'he ae te sts pr oved. conclusively 
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that the contact pre s sure nece a sary to effe ct a seal i s  zero .  It was 

shown by an involve d computati on in the forme r report on gate seals  (RYD. 

96., figure 1 8 ,  page 23 ) that the line contact pree sure was about 10 per� 

cent of the he ad. The dis crepancy oan no doubt be waived when the accu­

racy and errors  in the method are taken into account. 

In many of the te stilil that fol low., the c ondi ti on ot balanoed pressures 

was seen to be  such that the for ce s  applie d to cause the seal bar to ske 

oontaot w;\.,th the seat were e qual to or only sl i ghtly greater than the 

force s tending to uns eat the seal bar . Thi s point wil l  be brought out fur• 

ther in dis cussing the individual designs and te sts o  For de si gn purposes 0 

an arbi trary value of the \mit pres sure required tor a seal to be effective 

has been taken as five times  the head.  It  is seen tha t this figure i a  

large . The tests described show furthe r that ouly line c ontaot i s  ne oes­

aary to effect a perfect seal e This is  concl uded from the fact that the 

1/16-inoh wi de surfaoe produoed as  good a seal as the muoh wider surface 

of 3/4 inch. The vdde:r surface at ti mes showed le ss  leakage , evi dently 

because the longer path for the water provided a greater pre,s sure drop 

aoros s i t .  

The quality of  the seal O or in other words the degree of ths etfeo­

tivene aa in sealing , was alao tested.  The quality,  as  J118&sured by the 

amount of lealcage between the sealing surface of the nose piece and the 

seat , depended on the degree ot oontaot between the two surfaces li\Jld not 

on the unit pres sure at the 1e wrfaoe s o  , If  line contact was pos sible by 

an inc rease in pres sure on the seal bar ,  then the increased pres sure was 

beneticial a otherwi se it  was not. In cons i dering gate s in the tie ld in• 

Rtallati on11 there i 8  fore i gn  matter that oould prevent perfect oontaot 

in parts of the seating surfaoeso  Inoreaaed preHure might indent these 

partiole e into the metal itself or squeeze them thine In the model , scale 

or other forei gn matter prevented the seal bar from see.ting well , and, 

even with retraction on the bar, tbe dirt would not wash thro ugh. There• 

fore it might be advantageous to allow the aeal bar to � orape or sli de 

onto the seat to o lean i tsel f., In the t.ests with different materials at 

the s ealing surface , it was seen that a soft or re silient nose pieo@ pro• 
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that the contaot pre s sure nece s sary to e ffe ot a seal i s  zero . It was 
shown by an involve d oo:mpute.ti on in the forme r report on gate sea.l a (HYD0 

9 6 ,  figure 1 8 ,  page 23 ) that the line contact preia sure was about 10 p&r-­

oent of  tm he ado The dis crepancy oan no doubt be waived when the accu­

racy and errors in the method are ta.ken into e.ooount o 

In many of the te sts that fol low, t},.e o ondi ti on of balanced pressures 

was seen to be  such that the for ce s appl ie �  to cause the . s eal bar to make 

oontaot with the seat were e qual to or only slightly greater than the 

forces tending to unseat the seal bar e Thi s point wil l  be brought out .fur� 

ther in dis cussing the individual designs and te sts e For desi gn  purposes JI 

an arbitrary value of the tmit pressure required for a seal to be eff�etive 

has been taken a.a five times  the head� It  is 1teen that this figure i s  

large ., The tests dasoribed show furthe r that only line e antaot i s  :ne oes­

sary to effeot a ·perfect seal . Thi s i s  conol udad from the fact that too 

1/16-inch wide surface produced a s  good a seal as the much wider surface 

ot 3/4 inoho The wider surface at ti mes  showed le es  leakage # evi dently . 
because tha longer path for the water provided a greater pres sure drop 

aoros s it .  

Tlw quality or the seal , or · in · other words the dagree of the eitfeo­

tivene ss in sealing ,  was also tested.  The quality, as  measured by  the 

amount of leakage between the sealing surface of the uose pieoe and thG 

seat ,  depended on the degree of oontaot between the two surfaces and not 

on the unit pressure at the se surfaces o  1 If  line oontaet was possible by 

s.n ino rease in pres sure on the seal bar ,  then the increased pres sure was 

benefic ial a otherwi se it wae not$ In cons i dering gates in the fi e ld in­

stallation, there i s  fore i gn  matter th&t could prevent perfect contact 

in parts of the seating surfaceso  lnoreased pressure might indent the se • 
particle e into the metal itse lf or s queeze them thine In the model , scale 

or other foreign matter prevented the saal bar from seating well , and, 

even with retraction on the bar 0 the dirt would not wash through o ThereQ 

fore it  might be advantag0ous to allow the seal bar to s orape or sli de 

onto the see.t to c lean i tsel t.,  In tha tests with different materials e.t 

the sealing surfaoe , it was seen that a soft or :re si lient nose piece pro� 
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duced a perfect seal . For this reaeon a good grade of rubber  was so wry 

benefi oial o It aoted in  the same manne r in whi oh a gasket or packing aots 

between bro metal surface s o  The aott aterial flows into the depressi ons 

between the finely nachine d surface s and makes  a perfect seal . 

In the te sts on the sl i ding bar seal , several attempts were ade to 

produce a droptight seal by reme.chining the s eating BUrfaces o  Great oare 

was u sed  in the se ope rati ons and a ve ry smooth surf'aoe was the result ;  

yet the droptight seal could not be attaine d. Finally, flat grinding ot 

the sli ding seat on both s ides was resorted  to, a s  well  as grinding the 

faces A and B of the seal bar ,, using FFF eDl9r)" powder and water on a glaas 

plate , then finishing with No . 304 pumioe . Upon instal lation , a droptight 

seal _ was accompli shed eit he r  with a wide or  a narrow seating surface • .  To 

prevent end le akage in the mode l 0 the ends · of the seal bar were grease d 

and the sides  o f  the box were c l ampe d together with a large c lamp. This 

stoppe d end le akage entirely when face B was to the seat bu-t;. allowed a. few 

drope when face A was to the seat o With face A ., the leakage was by thG 

ends  of the two l egs . Seal s having rathe r ha rd material in oontaot ordi• 

narily never sealed droptight because of  slight undul ations in the seating 

surface s .  In some oase s water s quirte d through in thin sheets 6 and in 

other oases the leakage was seen to be in hairline streams and so•ti me s 
only in drops .  Applicat ion or pr e s sure aided the quality ot the s eal only 

when the seal bar coul d  be twis ted  or  made to aline it self better to the 

seat by the additi onal for ce . General ly one seal design could be made to 

give as good resul ts as another as tar as actual sealing quality as oon• 

earned ,  when the contaoting surfaces were comparable , that i s ,  of e qu�l 

1:moothnesa  or of equal quali ty ., provi ded only that contact was made a.a well  

tor one a s  for the other along the  length of the eeal bar taken aa a whcle • 

This was a proce s s  of aline•nt and not of pres sure application. To i llua• 

trate thi s point , a test wi th a Lucite plasti c ., standard, extruded roUlild 

rod was used  a s  a seal bar in the rol ler  retraotable - -s eal design lR 

( figure 9A) o The quality or the seal was poor.  By inserting a sheet ot 

typewrl ter carbon paper between th8 seating stU'fa.o(ll s ,  an impr1u si on on the 

roll er was ta.ken. Contact was found to be al ong the two end s  of the roller 
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and not in the mi ddle a the roller was rotated to several new posi ti ons 

and oonta.ct impressi ons madG o The line of contact shifted in probably every 

oase beoause of the c hange in the undulations along the r olle r .  MJ.orometer 

measureDl9nts taken at several diameters ot the rol ler ga.v� readings varying 

by as little as 0.0015 inch . High pre s sure on the roller ,  applied  by the 

hand-ope rated lever and plunger 11 did not increase the e ffeotivenees  of the 

seal because the Lucite c ould not be deformed so easi ly, and yet the mate• 

rial ·1 s mch softer than bras s or steel o  This same condi tion ooourred when 

the metal seal bars were te ste d. One bar would  saal better than another ,  

or even the slllle bar would saal better in one position th&l'l in  another 0 

The general oonolus ions f'lrom the tests wer�t that the quality ot the, 

seal (uount o f  leakage ) i s  not a tu.noti on ot the mt pressure at the seal­

ing surfaces but rather on the ntohing bf the contact eurfaoes o  Only enough 

tor oe i s  needed to bring the pa rts together o However , i f  the surface or 

surta.ces are sort and suffic iently resili ent to daf'orm easi ly ,  additi onal 

pres sure i s  advantageous to make line oontaot c ontinuous and unbroken0 To 

produce thi s condi ti on with m.ohined metal-toematal contact , the ntal would 
have to be compres sed  beyond its elasti c limit and de.formed, a oondi ti on 

which i s  beyond the scope of possibi lity in a hydraulic gate seal . To i llus ­

trate, consi der a hinged-type gate seal 0 a s  de sign 3R (fi gure 9D ) , having 
a bar tour inches wid e from hinge to noaeo  At  a pre s sure of 200 pounds per 

square inoh und@r the bar o tba pressure at the nose  would  be about 400 pound6 

per lil'l6ar inoh o . I i'  the contact auri'aoe i s  1/16 inoh wide , the unit pres• 

sure would be 400 divided by 0 0062 square inch , whioh equals 6, 4JO pounds per 

aqua.re inoh o If  the contact surface i s  l/64 inch wi de ,  the unit pres sure 

i s  26 9 600 pounds pe r  square inch a whereas the ultimate oomprees ive atrength 

tor brass i s  about 30 0 000 pound s pe r  square inoh 9 so that crushing pre ssure 

bas not ye t  been reache d.  F1.1rthermore , e Hal bar four inches wide would 

hardly be dedgneda a.:Dd pre ssure s ot 200 pounds per square inoh on gates 

might only b@ attained in extrema oase s. It  h thus seen that the metal 

never i s  toroed in compre sei on so a s  to deform it in a. manner simil ar to 

that or rubbero 
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The forces aot ing on the seal bar during the process  of o losure ot 

the gap were inve sti gated.  In al l the te sts on gate s eal s when w looiti e a  

o f  th e  w:e.ter were hi gh , it  wa s  a een h ow  vi olently the sea l  bar was shi fted .  

move d 11 and rotate d in  a ti lting aoti ono Negative pre s sur e s  downstream from 

the nos e pieoe were severe for the a n. l ler gap openings.  Pi ezometers A and 

D were installed ( figure 9A) in the mode l to measure these pre Hure s or 

ob serve the change s in conditi on s at the se point s  or in the se ohambera aa • 
the seal bar waa · operate d o Both a negati w and a poai tive reading Bourdon 

pre uure gage wa s  ins tal le d in the same line to e ach pi cuoms ter.,  

The greate st ne gati ve pr e s sure s usual ly resu l te d  with a gap of l/32 

to 1/1 8 inoh and were u muoh a. a  •26 feet of •ter. The maximum negative 

pre ssur e s  were s ometimes  greater tor a. l ower b,iad than tor a hi ghe r  he ad 

at s ome parti oular gap and change d w1 th tb9 o le aranoe al lowed between the 

· top of the dcmns tream c lamp bar and the aeat. The shape of the noH pie oe 

also had irari ou a etfeota , bu� regardle s s  of the s hape , negati ve pre a eure s 

always exis te d  at gap opening s, amal le r  than the o leare.noe a o  

Con si deri ng t he  action of t he  s eal b ar i n  any retraotable seal ,  i t  

the seal bar i s  in the fu l ly retracted poai ti on and pens to ck flow i s  ad ... 

mitte d,positi ve pre s sure i a  bui lt up ip c hamb er C up stream fr om the sea l­

ing e dge . whi ch i s  usual ly lower than the aotual pens to ck hsad beoau se or 

loa H s  or re stri oti one in area up to the nos e pie oe e The pr e s sure d own ­

stream from the no se pie ce may be pos i tive o r  negati ve 0 depend ing on 

whe the r the c l earanoe area or the gap area controls the flow. In order for 

the gap area to contr ol the f1ow so that ne gative pre s sure s re sult, the nose 

pi ece must b e  exten ded so tha t i t  proj eote slight ly above the downstream 

c lamp bar 0 u sually from 1/32 to 1/16 inoh o If  the proj ecti on i s  les s ,  

posi ti ve  pres sur e s  wi ll exi s t  at A iUl d  D 11 or , in othe r wor ds , ove r the whole­

seal bar , so  that it wi ll be fo rce d  down a s  tar as re stri cti ons wi l l  a l low. 

In the pro ce ss  of closing the gap ,  whi ch i s  the Halin& ope ration• the 

seal bar acti on wil l  now be oonsidere d o  If  the no se pie oe i s  belc,w the 

level of the st op  bar and pre s sure i s  gradual ly a dmitted under the seal ba:r· , 

in ohamber B ,  the seal bar wi l l  not c ommence to ri s e  unti l balano ed force s 
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are reaohe d ;  tha t i s D the toroe to extend it  mus t equal the fo rce to re= 

traot i t .  In thi s condi ti on. the seal bar ie vary s usceptible to an 

overbalance of  pre s sure in e i ther d i recti ono When p re s sure in chamber B 

i e  inc reased g the seal bar i s  extende d very suddenly and qui ckly to a 

new pod ti on whe re negati ve pre s sures come into pb.y o If  the pod tive 

pre s sure in chamber B p lus the M ga.tive pre s sure in chambe r D was su.ffi •  

ci ent to clo se the gap at  the existing pens took pre s sure . the seal bar 

slammed shuto  This oe.u sa d  ve ry severe water hammer at the higher heads o 

Several othe r condi ti ons exi s ted to increase the slamming acti on o The 

pre s sure in chamber C rose to  full  penstock pre s sure just a s suddenly as 

the seal bar s l&.mmed shut . and in addi ti on the ri se  in pre s sure in chamber 

C often inc reased the fl ow  into chamber B because of the interconne cti on 

in piping or because of leakage between the two chambers . At the point ot 

aealing g any ohanoe for tha seal bar to ti lt or oo ck aide d s lamming o Most 

of the bad condi ti ons des cribed abO'f'e could nearly always be overcome by 

not all owin[ the seal bar to be retracted  to the point whe re the negati ve 

pre s su re s  ceased to e xi st on the downstream. side of the nose pie ce o  Thi s 

was a lways a deli cate point of balance because the seal bar floate d .  In 

the rolle r retractable seal, de si gn 4R ( fi gure 9A ) thi s balance point was 

so del icate that the metal ro llers bounced up and down unless the retraa ... 

tion spring •s snug agai nst tha mo To olo se the . gap from thi s  bal enoed 

pos iti on in aey seal , the operati on was to admit pr e s sure into chamber B 

slowly until the seal bar moved in extensi on to ol os e the gap ., Sometime , 

the movement was very rapi d unti l anothe r new point of bal ance was reache d 

to wi thin about 1/32 inoh  of olosure 0 after whi ch the pre s aure re quired  in 

chamber B with re spe ct to the extens ion produced was uruoh hi gher than for ­

me rlyo Tbs reason for thi s retarde d aoti on i e  due to the rapi d decrease 

in ne gative pr e s sure in chamber D as the remai ning gap was closed ,  so that 

as si s tano8 from thi s so\U"oe is le s sened. The seal bar closed  smoothly 

from thi s pos i ti on except in oa se s  where the bar coul d ti lt or oook or move 

si deways . when i t  would d o  so with a slam. In the sealing cycle the valve 

controlling the pres sure to chamber B should  always be opene d slowly $ A 

seal bar that normally ope rated wel l  coul d  ba  ma.de to slam by ·opening the 
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valve to oh&lli>er B rapi dly . I t  i s  as sume d t ha t  in a fie l d  instal lati on 

the flow to chambe r  B would be contro l l e d  and admitte d s lowly o 

The acti on of the seal bar i n  retracting i s  the reve r se of the seal ... 

ing oyc le except there i s  no particula r violence to i t . Usual ly . upon 

re l easing pr e s sure in chamb e r  B below that re quired for sealing , the seal 

bar retraot_s rapi dly end easi ly to e. floating s tate , to a gap of about 

1/8 of an inch. The clearance and inherent re si s tance of the seal  bar 

c ont r ol thi s retre.ctive aoti on to a large extent at any parti cula r head. 
I f  the seal bar oan ti lt , the action i s  de layed an� the gap may be 

smal le r. When the P" e uure in chamber B i s  furthe r  release d II tbs seal 

bar my co llapse to the bottom of it s slot or apace . If  it doe s , the 

acti on is a s  rapi d as the re si stanoe of the seal bar wi l l  a llow and oan 

oan ha rdly be prevente d once it atarts 0 because the valve to cha mber B 

cannot be manipulate d de l i cately and fast  enough. The rapi di ty of the 

retracti on i s  due to the pr e s sure change s  which take place over the en­

tire seal bar 0 whic h  swing from negative to pos i tive ins tantaneously ,  as 

explained betore o II 

'fhe di scus si on · or the indivi dual de signs of retractable m e ale and 

the ir operational oba raoteri s ti o s fo l low :  

( a )  Rol le r  retractable meal , de sig n  lR ( fi gure 9A ) o ••Of the various 
arrangements te sted,  the one shown gave be st re sul ts as  to the action ot 
the seal bar whi ch,  in this oaae , i s  a round rod or ·  roller. Vari ous 
rollers were made and te sted,  soma o f  which are shown ( fi gure 9 B ) o Rolle r 
G ope rate d the be st because of the re si lient adding-machine platen-rubber 
oove r ing whi oh cushioned the acti on o Only a minor slam oould be produce d 
at the seat re gardle s s  af ths rapidi ty wi th  whi oh pre s sure was admitted 
in ohamber B.  'fhe retracti on spr ing seale d ve ry  well and di d not  commence 
to vibrate Of' chatter e&si ly, and when it di d 0 the vibration was not so 
vi olent as for the m tal aeal bars o The downstream contacting sur face 
flattened sli gl!.tly,  1'hi oh re tarde d the to l ling aotion a the eeal qual i ty 
along th11 surface wa s  perfect. Thi s s eal bar did not bounce when in the 
floating posi ti on .  The quality of the aeal •• excel l ent ,  both at the 
seat and at tha dovm s t:ream oontaot sur face , it being dropti ght . Sealing 
pre a sure requir e d  to c l os e  the gap was about five-ei ghths of the head. 
Retracti on was smooth and ne ar ly e qual to the cl earanoe . 

The harder rolle r s  di d  not seal aa  wel l ,  for the qual i ty  of the seal 
depended on the s oftne s s  or smoothne s s  of the materi al at the seal ing 

t surraotu1 a The daarnatream contacting su rface at the s top bar also gene rally 
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Plu�?e:O{;:r,. hand operaf,on 

A· ROLL.ER RETRACTABLE. SEAL. -
ROLLE.R E.fTHER SOLID OR TUBUL.AA AND MADE. 

OF VARIOUS SUITABLE. MATERIALS 
DESIGN IR 

p!�;n�:°:.t:t�:t��:;o;.��
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0 - HIHGED SUSTAINED RETRACTABLE S EA L. ­
RUBB ER PREFORMED 

DESIGN 3R 
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slidinq seat is 
removed - - -��.-: 

'. The sea,· bar a 'd 
rubber was made 
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���:;/;; f:te�o 10so· pre�sure qaqe and 
rellef 

G · HINGEO FLEXIBLE RETRACTABLE SEAL· 
FLAT AUBBf!:R STR I P  VUL CANIZED 

TO SLOTTED STAY 
DESIGN SR 

J - /NSTALLATION OF DESIGN SR AS A VERTICAL. 
S£AL PROPOS £ D  FOR ISFT. x 29.GS FT. PENSTOCK 

COAST£R GATa FOR GRANO COULEE DAM 

, '  
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. FIG U R E  9 
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DESIGN 2. A  

S ·  VARIATIONS OF ROLLERS FOR DESIGN I R  

�o ;:>'e ss:r;,, racuum 
qa1es �r rel:ef 

,;. · nr:sto,k fo 
_ _ _ _ qaqe u• reisd 

_j .CLE.J-IUHCE. 

t 
: .k DRAIN 

.... ·.::: 
� -� J?ubtrr :.fnps 

· to sea! a!i arc::r4 

I 
2 
3 

4 • Screws wtthm !1 
screw fo roise or 
lower base - · · · · - .  

• 
5 

.--Plr:naer was connecrid � 
· levei 'or meusurmq fo.'"ces 

j "fnlef from i'suppfy or �th
e

�� :!tliJij�:er1�f1!r 
relief to ·s· and to qoqe- - · ·  was als1J o�roted wdh plunqer 

dm:or.necfeC:, hydro11litoll)'. 
. ... 

. i_ $fli 
E - S !: A L  SAR CHANGES 
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H • STASIL/ZEO FLEXIBLE DIAPHRAGM SEAL· 
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leake d a l ittle and tor the same reaaons o The s ealing pres sure required 
was le ss o  At the seal breaking point the retraction s pring woul d vib rate 
or ohatter unless  it •s mug against the rol le r  seal bar .. The vibrati on 
was caused by the vel ooi ty fiow thr ough the space between the spring and 
the roller  when pres sure in _ chamber B was re duced .  The metal seal bars 
could be made to slam vi olently p espe ci ally when the retraotion spring was 
loo se .. 

The seal bar gene ral ly rolle d when being extended or retracted. When 
chattering occurred  i t  rolled  downstreamo It also  r olled  downstream when 
the sli ding seat was moved in eithe r di recti on while pens took pres sure was 
maintai :nedo The rolling action woul d be beneficial in a fie l d  ins talla ... 
ti on because it  would ai d in loosening the bar in oase of s ti cking , :f'ri c.,, 
ti on at the o ontaoting surfaces woul d be le s s  than sli ding ·fri ction. By 
increasing the s\ze  of ths sea l  bar , greater clearance •Y be allomtd with 
conse quent greater extensi on s  the available pres sure to seal would a l so be 
increased. Since the seal bar floats ,  a linement to the seat h easi ly 
aooompli sbe do 

Tha di sadvantages are the chatter and vib ration pos sibi liti e s  wb®n Jm:Jto.l 
rollers are use d and t he  rolling action to be pr ovi ded for along the length 
of the seal oar and at the joints. The support of the seal bar i s  also a 
problemo Thi s de si gn would not operate a , a oir oular seal o 

The de si gn was te sted with and without the slid ing sea.t o During tests 
with the sli ding seat, the amount of ol earanae for the downstream water 
passage had a marked effect on t,he acti on ot the seal baro When the pas .. 
aage was re stri cted by moving the s li, ding seat downstream, the roller seal 
bar was fo rced to retract to the bottom of its space ( figure lOC ) , bscause 
of posi ti ve  pres sures produced  over  the l'Jhole width of the seal bar o A 
similar conditi on was prevalent without the sli ding seat an d  a fl at-topped 
st.op ba:r when the clearance was l/8 of an inch ( fi gure llC ) o  When the 
clearance we.e greater and the path for the water divergent D the ne gative 
pressure s  were maintained ,  with the re sult that the se&l bar remained only 
partly ret�aoted even though pressure in chamber B was zero ( figures lOD 
and llA) 0 As the s li di ng seat was retracted (figure 1 0D) ,, the rol ler 
maintained the s ame oonstant gap opening . 

The se findings were used  in the final design of the downstream stop 
bar ( figure 9A ) in tha t  a 16 -degree slope •s out on top and the edge 
next to the seal bar was 1/32 of an inch lower than the top o f  the up­
stream s top bar ., The oleare.noe of S/16 inch was suffi cient to pe rmit 
lOefoot negative water pres sure to exi st  at a nw.ximum retraction of 6/32 
of an inoh with no reveraal to positive pre s sures pos sible ( figure l lA) . 
The sealed posi ti on  of the rol ler i s  shown in figure l l B e  With the ori gi ­
nal flat-topped stop bars and the sall'li0 ol earanoe as above , the seal bar 
was forced down hard on the bottom s top when i t  was allowed to retract 
(fi gure llC ) o The pr e s sures at  A and P were now 2.8 and 10  pounds per 
square inoh . respe ctively., instead of bei ng negative o Maximum negati ve 
pressure s were obtaine d with  the roller in  the position shown in fi gure 
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A-Legs of sea1 bnr to the seut. . Seal bs.r remains sealed 
v,i.th 70 lb . pe r s q .  i n .  i n  chamber C and with pi·es sure 
in chambers A and 8 zero ; to unseal required a downward 
force on lhe seal bnr . 

FIGURE 10  

B-Flat o f  seal bar to  the seat. Sl iclinc seat rtJtr3cted 
whi l e  pens tock pre !:i :rnre was maintained at 75 lb . With 
1/16 inch in  contact , and seal inc force reduced to 
zero the seal was unbroke n ;  t o  un::;eal requi red a dm•m­
vrard force on the bar . 

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

C-l�c, ! 1 • , r  i : . f'1Jr·cf ·,l Lo col l f.J.r�t· wht:-n s1 i ! i n,� :.-l·ut. r,� ­
::;tr ir: L;; e l 1;1:1rancc , iwl prt: s s L:rtJ l s  r�: i uced in ch·\:r!, , •r  B . 

D-Wi th 3t:at r u t r: , c t.r;d und h1. rc,.:r c J ...!a r:iqce , n0c�1 l l \·c> 
pressure o.lon1: s l ope o f· seul prevt>nts rol h·r  frorr. r t! ­
tract ing . Wuter  pussar,e i s  d i.ve 1·cent . 

ROLLER RETRACTABLE SEAL - DES IGN lR 
ROLLER G IN INITIAL TES TS 



A-Maxinn.1m retraction of 5/32 inch with s l oping ciovm­
s tream stoo bar . Pressure in chambe r C was 60 lb .. per 
s q .  in. and vacuum at A was 10 ft . of wate r .  Clear­
ance 3/16 of an inch . 

C-Seal bo.r is forceC. down he.rd with fl'lt-toppeci stop 
be.rs . Pressure in charnber C was 60 lb . and at: A 
2 8  lb ... Roller G is shovm and no lip  on ups t ream 
stop bar J with the clearance 1/8 of an inch . 

£-Roller B installed without s l id ing seat and 3/16-inch 
clearance . The retraction sprini; was not touching the 
roller . 

FIGURE 1 1  

8-Seo.led at 75 lb . penst.ock pre s sure ·::i. th 4 0  :b . in cha:n­
ber B .  Rubbe r on ro ller only s l ichtly defo rrr.ed acainst 
dovms treo.m s top bar . 

D-Position of seal bar for conditions of maximum vacuum 
of 23 ft .  of wate r . The gap of 1/32 -inch for this case 
was the same when the s l oping stop-bar arrangement was 
used . 

F-M.axirnum retraction onl!l 5/32 inch with roller seal bar 
very free ,. Negative pre s s ure at A was 10 f t .  of water .  

ROLLER RETRACTABLE SEAL - DESIGN lR 



llD  when vacuums up to 23 feet of water were reaohe do 

Ona of the te st as semblies  with metal or hard rollers i s  illustrated in 
fi gure ll�  an� the maximum retraction obtained and tha regi on of high nega­
tive pre s sure s i s  shown in figure l lF o  With a gap of 3/16  inoh the re�rao­
ti on was 6/32 of an inch and the negative pr e s sure D was 10  feet of water.  
In all  of the maximum retracti on te sts . pre s sure in chamber B was re duced 
to z ero ., 

Consi de ring the re lati onship between sealing pre s sure and head for the 
rol ler  seal bar 0 the hydrauli c pre s sure required in chamber B to affect a 
seal was one -half to five--ei ghths of the head in C o  If  all  oondi ti ona are 
correct,  suoh as no fri cti on , no flattening of the rol ler 0 suffi cient stop 
clearance , and cor rect shape of c lamp bars,  the n the sealing pr e s sure should 
be one-half of the head o The only pressure s involve d are those in chamber s  
C and B 0 acti ng on their own respe ctive areas to produc e a be.lanced o ondi ... 
ti on of tha ro ller o To s how th i s 0 reference is made to the foroe d iagram 
for the half-round bar A ( figure 4M) , for which the fo llowing oompute.tions 
and . c ons i derati ons may be made . 

If  D i s  the diarneter of the ro l ler and C and B are the pre s sures 
in ohembere C and B ,  respe ctively ,  the force s involve d are a 

D C x 2 acting hor izo ntal ly to the le ft , 

D C x 2 acting verti cally downward 0 

and 

B x D acti ng verti cal ly upwardo  

Let the reacti on at ttv; seat be  R o  Then these for ce s shoul d balance when 
taking moment s about the downstream center point P of the rol le r  where 
it touohes the clamp bar o 

Taking moments and a s suming ol o okwi se rotati on as posttive • 

or 

• D D 3D D D R X T -1- (C  J: T) -r .. ( C  J[ ,-) T - ( B  :it D)  

l 1 2 l 2 � R ::i  + - C D • - B D .. 0 2 4 2 

D - - 0 2 

but i f  B i s  a ssum d  one -half of C 
• · C and the value 2 i s  substituted 

tor B in the above e quation, then 

26  



' 

or 

R • O.  
# 

In a t.e st u sing the 111&tal tube roller B ( i'i gure 9B ) ,  C was 16 pounds 
and B at re lease was 38 pound s .  For a l l  pr aoti c a l  purpose s B was one ... 
halt 0 0 allowing tor aoouraoy and error s ,  whi ch sati s fi e s the equation 
when R equa ls gero , 

Usually. enot di men si ons and pre ssure s 11.re :not so easi ly obtai ned in 
order to make thh type or oo :a:putation , but this case i s  i deal and shoul d ,  
therefore ,  serve as  a suf fic ient pr oof tha t uni t  sealing oontaot pressure 
i s  zero o 

In the oase of rolle r  G i n  figure 11 B O the sea ling pre s sure wa.a 46 
pounda to close  and 42 pound s at break . The rati o of  B to C i s  thus 
nearly fiTe-ei ghths g so tha t we oan s ay tha t  seal ing pre s s ure 1'1111 be about 
five -e i ghths ot the pensto ok pre s sure at any heado 

(b ) Floating-�ar retractable seal ,  de sign 2R ( fi gure 9C) . ••In thi s 
de sign the seal bar of ha lf-round d imensi ons i s  li ghtly supported by a 
l/8 .. inoh wall rubber tubs whi ch also i s  use d  to seal the downstream con• 
tacti ng sur taoe so  The tube ha d  hole s for pa ssing the plunger conne otiona 
through it and also hole s in the upstream uppe r corne r to admi t pr e s sure 
to chamber B from ohambflJ r C when the pre s sure in t� fo rmer waa lowereda  
oth$rwi ae  a coll ap sing acti on or the tube re sulte do 

Various ahapes ot ba r s  and or rub ber we re tri e d  in or der to find the 
s hape s that would operate the be st. The bar s had a t ipping acti on when 
loosely supporte d by tub e s  or a rubber stri p .  ins tal le d  like an inverte d 
" Uo "  Thi s aoti on wa a preva lent in all  the shape s te ate d ( fi gure 6M) . 
but the bar a in whi ch tbs depth wa s one .,.half the width or d/D • OoG as  
in bars A,  C ,  E ,  and F,  t he  tipping a cti on was reduced, to a minimWllo Bars 
B and D have a rati o of d/D le u th an Oo5 , and ti ppe d to a greater degree ., 
Tipping tor all the bars was greate r when ope rating again st the slope of 
the s li ding seat than when operating agai n st the fl at of  the sea to Bar B 
tippe d to the right when on the slope of the seat, and bar O ti ppe d  to the 
latte  Thi a &hi tti ng in di reotion wa s due to the change in the point ot 
oontaot at the no n between the two bar s e  The r ound-nosed aeal bars opera .. 
te d  muoh bette r than the n at .. nose d  bar s .,  Bar F was shap e d  with a short­
radiua nos e in an attempt to re duce the hi gh vaouum in chambe r D, but thi s 
shape did not produce the de sired  re aul t o  

The a eal bar was stabiliz ed by oonneoti ng the plunger to i t  with a Wo , 
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8=32 maohine-serew stud about one inch long o No amount of slamming or 
manipulati on bent the sma 1 1  screw ,  which  proved  tha t  only sparsely spaced 
and small gui de studs would be ne ces sary on the prototype bar o The se gui de 

· studs woul d al so sus tain the weig ht of the bar  in verti cal seal s .  

The retracti on wa s  not a s  free or a u  great a s  for the roller seal be 0 

cause of  the resi s tance of the rubber and the friction in sli dl ng along 
the downstream surface 9 but from 1/32 to 5/32 inc h  was obtaine d,  depending 
on the stiffnau of  t he gasket and the hsad o Otha rwi se ,  the sealing and 
negative pressures and sealing qualities  were practi cally the - lame as for 
the metal rollers  in des ign l R .  Sealing occurre d  at pres sures in B of 
from 9/16 to 5/8 of the he ad o  

The advantages of thi s design ar e  the flexi bi l ity of the seal bar 9 it 
being only one ... fourth as  sti ff as a t ube with 1/8-inch wall  of the s&l'il:llt 
di ameter and materi al , and its ease of al inement to the seat .because there 
i s  no hinge o This seal would not operate in a cir cular gate e 

Thi s desi gn  i s  i l lustrated in figure s  12A to  E » whi ch show the action o  
The insta llation view i s  shown i n  A g and no pr e s sure had a s  yet  been ape 
plie do  The loosene s s  of the U�shaped rubber i s  als o seen o In B .  the bar 
i s  sealed against 75 pounds pe r square inch in chamber C with 46 pounds 
per square ineh in ohambar B o  The seal broke with 41 pounds per square inch 
in chamber B o  The rubber i s  not compl etely pushed in the downs tream corner 
but has sealed droptight o Pioture C shows the maxim.um retracti on of 9/64 
inch obtaine d  whGn 70 pounds per s quare 1noh was maintained in chamber C e  
The vacuum at A was 10 feet of water and a t  D it was 1 3  feet of water a  pres 0 

sure in chamber B was zero • The rubber i s  seen to be ti ghter o In pi cture 
D the seal bar  is seale d at l 00°pounds•pe rms quare-inoh pres sure in chambers 
C and B ,  and the rubber is  pu shed  tight into the downstream oorner a pi otur e 
E shows the orampa d pod tion of the rubber with a maximum r0tracti on of 
5/32 inoh when pre ssure in ohamber B was zero o 

The foroes acting on the seal bar are depi cted fo r bar A ( figure 6M) . 
The reason for the stabi lity of thi s bar i s  tha t the ratio of d to D 
i s  exactly 0.6  when seating on the flat of tbs seat and the rotati onal 
for oe s about the center  O balance , or 

· but since  

and 

D d ., -
2 

2 1  

x -2 



FIGURE 12 

A-Half-round bar C ,  chamfered a t  30° t o  give more extens ion , Rubber o f  1/8-inch flat stock and about 
60 durometer hardnes s .  Plunger as guide connected with No . 8-32 machine screw. No pressures applied . 

B ,Sealed at 75 lb . per sq .in , penstock �ress ure with 46  
lb . in chamber B ,  shov1lnc ruhber sealing rl..o,•mstream 
corner o..-.. .stop bnr . 

D-Sealod nt 100 lb , penstock pressure with 66 lb , in cham­
be r B ,  showing rubber pushed ticht in downstream corner 
of seal and stop bars . 

C-Maximum retraction 7 /64 inch with 70 lb . pressure in cham­
ber C and vacuum of 10 ft.  at. A and 13 ft , at D .  

E-Maximum retraction 5/32 inch with 100 lb . pressure in 
chamber C and zero pressure in chamber B, showing 
cramped position of rubber . 

FLOATING-BAR RETRACTABLE SEAL - DESIGN 2R 



then 
V • Bo 

The bar 111 1tati cally balanced . 
D D It  d i s  l ea s  than 2, then . V x 4 i s  greater than 

the rotation wi ll be to the right ,  or clo okwise o 

d H x -y- e.nd 

D D d If d 1 s  greater than 2, then V x 4 i s  less  than B x  2 and 
the rotation wil l  be to the le rt ,  or oountercl ookwi se o 

When seating i s  on the slope or the eeat , a point of eocentr ioity i s  de ­
Teloped due to the shifting o f  the point of contact , and  the forces beoos 
unbal anced so that rotation in e ither d irection may result o Thi s was found 
to be the case in these tle stso  

(o)  Binged .  sustai ne d  retractable seal , design 3R ( figure 9D) o ••Thi s 
design i s  simi lar to design 6C  ( figure  6l ) o  The seal bar i s  supported at 
the hinge by the forme d rubber or other material and the hing stay pina o · 
Fix,a clamping at the hinge i s  .thus el iminatedo  The wide , fl at ,  vulcanized 
rubber is  only needed to seal  the slots if a s lotted seal bar i s  uaed o  A 
solid  seal bar •ould require only a bl ock of oompre s sib le material  for sup• 
port and tor effecting a droptight seal at the hinge . 

Thi a design depends on the length of the  lip upstream from the nose pie ce 
tor its retraotive for oe. The long�r tbs lip ,  the greater will be the re ­
tractive tor oeo- · · Retraction was geM ral ly to the stop . tor this de sign. 
Sealing was accompli shed with 5 2· poum s in chamber B when the pres sure was 

9 ?6 pounds in chamb er C o  Rele�se occurred at 48 pounds in B o  We •Y' oon• 
olude that the sealing pressure wil l be about two-thirds of the penstook 
pressure at any head. The longer l ip stiffens the seal bar a it ay be 
slotted to pendt greater flexibi li ty  in the prototype . 

The hinge offers a m ans of supporting the wei ght tor wrti oal seals 0 
but sti ft'ne 11 i s  the re•ult e.nd therefore alinement to the seat i s  di tti culto  
There was no twi st· pos sible in the soli d bar at 75  pounds  in chambers C and 
B o  In the slotted bar with sl ot s  every 1/2 inch,  some tn sting wa s  possible . 
It required 75 pounds in chambers B and C to produce l/M0inch twi st o It 
i a  concluded,  there fo re ,  that the seal b&r •y not seal well at low heads o 

Thi• design i a  i llustrated by the pictures in figures lSA ,  B ,  and c .  
The installation in A shows tbs ba-r supported by the formed 1/8--inoh thi ok 
ru1:»'ber ot about 60 durome ter hardne sa ,  and the triotion ot the retraction 
spring . The tbin ,  l/2-inch wide stop bar was improvised to hold the lower 
part of the rubber in place , beoaus e the tree lip had a tendency to curl 
away from the stop bar when hy&-e.ulic preaeure was admitted in  chamber B o  
BoweTer, t he  aee.1 at the hinge was stil l perfectly maintained when · the curl­
ing ooourred0 In picture B the seal b&r i s  seale d against 75 pounds per 
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FIGURE 1 3  

A-Assembled ::ith 1/8-inch sh1.1ped  rubber vu l cani zed  t o  the 
s tay hut !lot to the downstream stop bar . Thin :netal 
strip  inserted holds r ubbe r !:lgainst stop bar .  

8-Sco.] e·l ll t.  'rJ l h . j,'' l' �· 9 · i n . p+-mstock i:n·�s3ure wit:1 :Ji:. 
lb . in ch'.lrnb,: r B . U ps Lr,�•Lm cle�1 r!lnce :·:;/l U i.nch arn..i down ­
stream r: leo.r'l.nco 1/4 inch . Re tr�ct i ou sprini.; ac;u.inst l i p  
o f  se'1.l bn.r . 

C-Muximum rc.: Ln.1cti o11  o t '  J /H i. 1 1ch with  '/0 l b . in cht11nbt0r C 
and vacuum ut D 12 l'f'•-· L o l '  w:, t.e r . Wni te pnrt ·of ricture 
shows re·: ion of h i;:h v ·Lr.uum . 

HINGED , SUS TAINED , RETRACTABLE SEAL - DES IGN 3R 

D-Se!.1.l•::irl , , t. '/!, lh . J1f•r :.; q . i n .  µt•nsLock pr\��;�:u 1·l! wi th SS l b ,  
i n  churnbt: r B ,  :;howj ng u p�.:\.r\:um c ] c u 1·nnct> s µo.cc , 

E-M.aximum retracti on 1/8-inch \'Ii th press ure in chamber C 
60 ib . and vacuum at A 4 rt . of water and at D 15 f t .  
o f  wat e r .  

SLIDING-BAR RETRACTABLE SEAL - DESIGN 4R 
0 . 020-INCH CLEARANCE IN UPS TREAM CRACK ;. 
3 /i 6-IN CH CLEARANCE BETWEEN SLIDE B LOCK I 

' 

AND SEAT 



1 quare inoh in chamber C wit h 52 pound s pe r  s quare inoh in chamber B .  The 
Hal broke at 48 pounds pe r  s quare inoh in chamber B o  I n  pic ture C the 
oondl ti ons at the maxi mum retra.oti on ot 1/8 inoh and at 70 pounds per 
s quare inoh in ohuiber C are s hOWl!l o  The light portion of the pi oture show, 
the regi on ot high vaouum whioh was 12 feet of water . With a pens took pre s=  
sure o f  110 pounds per s quare i no h  the ups tream pre s sure overcame tha neg­
ative pre u ure and the bar co l laps e d  t o  the bot tom, bending the stop with 
i ts for oe o 

The sealing quali tf was good wh en  the seal bar was perteotly al ined to 
the aeat a otherwipe it was poor , becaus e  of incomplete ueating . The s eal  
bar sltJIIIIUtd severely i t  closed  from a po si ti on where negative pre s sure s 
ceased to exi st,  otherwi s e  the action was good . The retracti on spring 
sealed wel l  when alined  closely to the lipo  Thi e sea l bar was also  te sted 
befor e the longer lip was added 9 and the retra.oti on obtai ned was not as 
great. 

( d )  S l i ding bar retractabl e seal , de s ig n  4R ( figure 9F ) . -The seal b ar 
in thi a design was f'!tted i nto a machine d slot bl ock wit h 0.002-inch 
clearance . It  was the re for e we l l  gui ded au  it moved i n. extensi on or re­
traoti ono Any desired extensi on is a l lowable in the design by makizig the 
bar greater  in depth. Thi s  would , of oourae , make t he  seal bar stiffer 
ud diffi cult to bend to any undulat1 ons in seating . If the depth i s  made 
sal l ,  ti pping acti on would - re sult in i t s  operati on . The s l i ding fric ti on 
along the downstream sur faces  in the mode l was sma ll becaus e of t he i r  nnr , 
smooth, and water-lubri cated condi ti on . The leakage through the se s li ding 
sur face s was always considerable except in one case where pa raffin grease 
was us e d ,  whi ch stopp ed most of the leakage o 

The quali t;y of the seal depended on the •tch ot the sealing surface s 
when they were in oontaot o I t  was di ff'icu lt to ins tal l  the slot blook 
in a posi ti on such tha t the flat seati ng surface s were ab solute ly paral le l o  
The eeal bar .wa1 renaohim d several ti.me s to acoolllpli sh thi s end. 

In •ldng the retraction ,  sealing pre s sure , and a ction te sts , the flat D 

3/4-inch wi de ,  origi nal seal ing s urface o f  t he  seal bar was var ied in a 
number ot step s by chamfering the edge s from 1/1 6 to 1/2 inoh and by 
changing the sli ding o learanoe of the seal b ar i n  the slot bl ock from 
00002 to 00022 inch.  accor di ng to the dimensions given in fi gure 9E o The 
seal bar was a lso te sted i n  the reverae d  po si ti on from th at shown for 
changes 1 ,  2 ,  and 311 The edges ot t he  aeal ba:r were ohamf'ered to aaoer ... 
tain the retraot1ve tor oe s  developed · and the sealizig pres111r e s  re quired 
when surfaces or di fferent widths were expos ed to the hydraulic pre s s ure s  
acting on them. The chang e s  i n  sli di ng olearanoe a  etteote d  these oondi ... 
t ions e 

The te sts showed tha t no retracti on cau be obtaine d unle s s  the 1eal bar 
i s  shape d so that pens to ok pre a sure oan a ot to tend to foroe · it open 0 

Thi a was done by chamfer ing the up stream oorne r0 
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Good retraotion was obtaine d when the ups tream wi dth of the surface ex� 
poaed to pens took pre-s sure we.e at least hal f the wi dth of the seal b ar e  
Then the ret:raotivs for oe i s  about ha l f  o f  th e  seal ing for ce , and the un­
balanoe d sealing for ce i s  use d  to e ffeot a seal . The aoti on in sealing 
waa be st when the seating ·sur taoe was narrow e.nd when ne gativ e pr'a s surae 
we re al lov1e d to act downs tream f rom. i t o  thus a rounde d nos e would be -
bette r beoau se the expos e d  sur face s can be made greate st whi l e  the Haling 
aur f'aoe i s  nar rowest o 

Leakage te sts to dete rmine the behavi or i f  large clearances occurre d .  
showe d that the s eal bar mi ght be come inoperat ive due t o  deposited scale , 
di rt , eto o They al so showe d that if  to o  much water l eake d i nto chamber B 
f'r om ehamber C ,  it would be impo ss ible  for the drains to hrmdl e it  when 
cons i dering prototype s i ze s , and the bar would be sel f-sealing , with no 
unsealfng or retracti on pos sib le . 

. B + F The sea.ling pre s sure re quir e d  was ab out e qual to 1 x C where B ,  

F s an d  L are the dimensi ons pe rtaining to t he  seal bar and C i s  the 
pens to ck pr e s sure i n  chamber C ( fi gure 9F) o In one �ase the sealing pre s ­
s ur e  we.s 56 pound s per s quare inch , B was Ul/32 i nc h ,  -F  was 5/16 inch, 
and L wa s 3/4 incho By sub stituti on ,  

B + F C L X a 
Oo40S + O . l S? x 76 • 00 78 X 76 • 5 8 of pounds 

00150 

per square inch whi ch h too high by a.bout 606 pe rcent and shows that 
full penst ook pr e s sure d oe s not exis t between !he seating surf'a.oe s o  The 
breaking pre s sure i s  approx i ma tely e qual to 

L 
x C 0 whi ch, in thi s par ... 

U cular ease was 42 pounds ps r  squ9.ft'I inoh 0 By sub stitut ion, the breaking 
pre s sure i s  found to be 

00406 
06760 x 75 • 00 541 x 76 • 400 6  pound s pe r s quare 

inoh, which i s  3 0� · pe·roent too low 0 Thi s pe rcentage :repre sent s the re = 

si sting force of friction al ong the sli ding sur face s s.nd the fo rce 
as s i s ting retre.otion due to pr e s s ure area.a between the s eating surface s ,  
both of whi ch are not readl ly determined o 

The advantage s o r  thb design a.re the wel l  .. gu ide d seal bar and the 
changed o oncli ti ons that ms.y be broug ht  about bs tween seal ing pre s sure 
and ret:raoti ve f'orce by obJl.n.ging tbs shape of the nose  o 

The di sadvantage s are the s ti ffne s s  o f  the bar ,  the leaka ge al ong the 
downstream sli ding sur f&ces ;  the le akage into chamber B ,  the close cle ar­
anoes :require d whi oh would ten d to be foule d ,  and the large sli ding sur• 
f'e.oe s involved . - The bars in verti c a l  sea.l a would need to be supporte d., 

As  a matter of d@si  gn in thi a typs of seal , t he  s eal be.r coul d have a 
... 

50 

p.1a1n;10. 1eatner� oanvas , galiffr�llI, """"1"-e--c-m-�l"Ul)l)·e-r,- o-r-8"fflf l:fil.ll. -
metal sheets o It i s  believed that the diaphragm nse d never be thi cker than: 
1/4 inch for rubber. In a vulcani zed oonstruoti on no belt s  nee d p11t1 1 through 
any part of the diaphragmo so that canvas encl �sed by rubber woul d• for ing 
atanoe , not be subject to rotting o A molded oonatru oti on of plasti c with 
sui table oha.raoteri st1 o s  n'd. ght also be us e d 0 

The de si gn in figure 91 i a  a oingle •atay, vulcanized construction with 
no bol ts pass ing through the diaphragmo The de sign in figure 16 ( section 
A0A)  i s  a similar oonst:rueti on except with a wider seal bar and an off ... 
center nose pi eoe to lower the sealing pre s sure re quired 0 It i s  shown as 
a de si gn. for a radi al-gate installati ono Th.A schemati c plan of operati on 
h ab o given the reo The tJro de signs fur the r di ffer i n  that the base or 

the former is made of  atruotural stee l ,  whereas , in the latter , a machined 
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Good retracti on  was obtaine d when the ups tream width of the surface ex� 
posed to penstook pre-s sure was at least half the wi dth of the seal b ar e  
Then the retraotive for oe i s  about half  o f  th e  sealing for ce , and the un­
balanoe d sealing for ce i s  use d  to effect a seal o The aeti on in sealing 
was be st when the seating ·sur face was narrow e.nd when ne gativ e pr'e ssure e 
were al lowe d  to act downstream from i t o  Thus a rounde d nose woul d  be 
bette r becau se the expos e d  sur faces can be made greate st whi l e  the s ealing 
sur faoe i s  nar rowest o 

Leakage te sts to determine the behavi or i f  large clearances  occurre d ,  
showe d that the seal bar mi ght be come inoperative due t o  deposited soale 0 

di rt, eto o They al so showe d that if too much water l eake d i nto chamber B 
fr om chamber C ,  it would be impo ssible for the drains to handle it when 
coru;i derinr, prototype s i ze s ,  and the bar would be self-seali'.O( , with no 
unsealfng or retraction pos sib le . 

B + F The sea.ling pre s sure requiire d  w1ui ab out e qual to L x C where B ,  
F s an d  L are the dimensi ons pe rtaimng to the seal bar an d  C i s  the 
pens to ck pre s sure i n  ohaniber C ( fi gure 9F) o In one 9ase the sealing pre s ­
sure was 56 pound s per s quare inch , B was Hl/32 i DC h �  F was 3/16  inch, 
and L wu 3/4 inoho By sub stituti on .  

B + F C L X .. 

per square inch whi ch i s  too high by about 606 pe roent and shows thflt 
full penstock pre s sure d oe s  not exis t between lhe seating swfaoe s o  The 
breaking pre s sure i s  approximately e qual to L x C ,  whi ch, in thi s par ... 

ti cular ce.1e was 42 pounds pe r  square inoh 0 By sub stitut ion, the breaking 
pre s sure i s  found to b3 

Oe406 
00760 x 75 s Oo 54l x 76 a 400 6  pounds pe r s quare 

inch, which is 3 o3 · pe·roent too lowo This pe rcentage repre sent s the re = 

81 sting foree of f'riction al ong the sli ding sur face s and the fo rce 
ass i stiDg :retraction due to pr e ssure areas between the s eating sur.faoes 9 

both of whi ch are not readi. ly determined o 

The advantages o f  this design are the wel l  .. guided aeal bar and ths 
changed o ondi tions that may be brought about be tween sealing pre ssure 
and retractive foroe by chan ging the s�ape of the nose o 

The di sadvantago s are the s ti ffne s s  o f  the bar 0 the leakage al ong the 
downstrea.m sli ding sur faces ;  the le akage into chamber B �  the close ole a.r­
anoes required  whi oh would ten d to be foule d ,  and the large sliding sur• 
face s involv�d . The bars in vertical seal s would nee d  to be  eupportedo 

As a matter of desi gn in thi a typs of se&.1 0 the s eal bar coul d hl.ve a 
... 

so 



packing insert al ong the downs tream e li ding surtaoe and at the nose , the 
upstream si de could be sealed with the retracti on sp ringo 

Change 6 ( fi gure 9E ) i s  i llustrate d in figures 13D and E o  In pioture 
D the seal bar i s  shown pre s sed agains t  the downstream sli ding surface ot 
the slot and t he  0., 020-inoh clearance or�ok i s  ol,arly vi sible on the up.., 
stream side o  In picture E the pos iti on of the bar is shown at maxi.mm 
retraction of 1/8 inch wit h 60 pounds pe r square inch in chamber C ,  while 
the vaouwn pre s sure s at A and D were 4 and 15 feet of water ,  respectively . 
The pres sure in chamber B was aero .  The clearance was 3/16 inoho .. 

The descri pti on and re sul ts of e.t least 10  of the te sts performe d wi ll 
be stated.  Te sts with the seal bar in the reverse d pos iti on from that 

shown in the drawing and i n  the plot ot' dimensions ( figures  91 and F)  wi ll 
fi rst be giveno 

For change l reversed,  with no ups tream chamfer ,  and for change 2 re• 
veraed 0 wi th the 1/l6•inoh upstream ohamfer 9 there was no retraction ob• 
ta.ine d a  even wit h heads up to 110  pound s per s quare inch in chamber C e.nd 
with pres sure in chamber B zero. Whi le no sealing pressure was re quired 
to holn the bar in the seale d pos i ti on.  soma pressure •s re quired to close 
any ini ti al gap opening be cause of pos itive preuuree that develop between 
the flat seating sur fe.ceu .  

In change 3 reversed 9 with the 1/8-inoh chamfer upstream, thfl seal waa 
barely craoked open at 76 pounds per square inch in chamber c .  It  required 
a pull of 5 pounds on the lever or a force of 35 pounds on the seal bar to 
retract it as much as  l/8 inoho The seal ing aoti on was always with a s lam.o 
Negative pre ssures up to 22 .fee t  of water were attaine d along the downatree.m 
elope of the seal bar nos e o  

For ohang@ l (normal posi ti on ) , wi th the 1/2-inoh ohami'er upstream and 
no downstream chamfer , retracti on wa s to the bottom of the groo�e o  Nega­
tive pre s sure s at ths nose of the bar were too sDllll l  to sustain it o The 
olear8Doe in thi s test arrangement was only 1/32 inch and the refore was a. 
contributing factor in building up pos itive pres sure at the nose of tha 
;ea]. bar to  for ce i t  to retract. Sealing and breaking pre s sure s in chamber 
B for 7� pounds pe r  s quare inoh6 in chamber C were 56 and 50 pound s per 
s quare inch,  respeotively 0 Sealing pressure n,quired was a little greater 
than atated, just before a seal was effected,  because of the po sitive pre se 

sures  exi sting between the 1/4-inoh wi de seating sur faces .  

For change 2 ,  wi th a. 1/16--inoh chamfer downstream and the clearance in­
creased to 3/16  inch, the result s were praoti oe.lly the same as for change 
l o 

In change 3 9 with the sUIS 1/2-ilnoh chamfer upstream, a l/8-inoh chamfer 
downstreup and a l/8°inoh wide seating surfaoe 0 retracti on of 5/32 inoh 
was obtainad w1 th a rapid  action to a floati?lg posi ti on of the seal bar o 
The pre uure at A was 6 pounds pe r  s quare inch and the vaouum at D w1u 11 
feet of -.ter e Sealing and breaking pre s sures  in chamber B wera 61 and 47 
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pounds per square inch . respe otivel y, at  a pgnsto ok pres sure of 76 pounds 
per square inch .,  I f  the b ar  was hand-retracte d so that a gap e qual to the 
olearanoe exi sted, then the negative pres sure at the balance point changed 
to positive pres sure inatanta.naoual y, and the seal bar was force d to the 
bottom of the s lot o Upon admitting water pres sure in chamber B ,  the s eal 
bar rose suddenly unti l a point of balance was reaohe rl at a gap of 5/32 
inch , and then the conti nue d  olo sure was smooth i f  the valve to chamber B 
was opene d sl owlya  othe rwi s e  e. dam was pro duoe do  

In change 4 the ups tream chamfer width B was d0creased to 13/32 inoh, 
the seat width increased t.o 3/16 inoh 9 and the downstream c hamfer width 
increased to 5/32 incho For 76�poundscper-s quare-inoh pens tock pre s sure 
the maximum retracti on was 5/32 inch , then the pr es sure in chamber C dropped 
to 60 pounds per s quare ino h from the pens to ok flow at about 75 pound s pe r  
square inoho  The pres sure  a t  A was zero and t he  vacuum at D was 10 feet of 
water o Me.xb1um ve.ouum ooourred at a gap openi� of 9/6� inoh wit h a preo  .. 
sure  of 60 pounds pe r  square inch in chamber c .  and was 15 feat of water e.t 
D whi le  the pr6e eure at A was 4 pound s pe r  s qua re inoho The pros sure neces­
sary in chUlber B to sustai n  the bar at this point was 5 pounds pe r  square 
inoho S�aling and breaking pre s sures  were 66 and 42  pound s pe r  s quare inoh, 
respeoti ve lyo 

In change 6 the c learance spaoe was increase d from th& t in th1:t previ ous 
te sts by Oo C05 inch. A new seal bar was ma.ohiM do  In t he  ini tial tests 
the bar tilte d counterolo okwi i� g but upon remao hining and realining the 
@eal bar i t  rellllli ll$ d  in a verti cal pos i tion but pushad downstream when 
aealed ggainst pena took pr@ssure o The re was inoreaaed  leak&ge to chamber B o  
The sealing and breuini pr e s sur� o Wfflra 4 7  and 4 0  pound s pe r  ,qua.re inoh 0 
re specti vely. whi ch  are l o'A8r thtm for oh&nge 4 ,  probably beoaus� the dr�in 
a h e  fr om oha.mber B Wl!l. lil too AJD. 1 1  t.o rel ieve the inoree.sed le &.k&f;e and the 
gago b81 nt; in the pipe outs ide ,  i t  di d not re!i t ter true pre s sure o The 
contr ol ling drain m i z @  up to thi s  point was as sh own in fi gure 6L and was 
an 1 1/32-inch hole:, made t'or a future psok:ing gland thro ugh the slot blook,  
e.nd e. 9/l6eiJloh hole thr ough the b& H plateo With the plunger oonneoted in 
plaoe 0 the opening was further re atricted o  Th@ retracti on aoti on was 
sluggi sh and amounte d  only to  1/32 inoh unle s s  a s l i ght d ownward pul l  was 
aprl1 6d on the seal bar by the plunger and le ver . 

In o hange 8 the ol aaranoe was further in�r�aaed to 00010 inoh  by maohin­
ini 0 0 GO6 inoh from the ups tream surface of the seal ba r o  The leBkage now 
fi l led  tM a/4•1noh 1rain pipe when 7&Qpounds -p@r-square-ino b petu1 took 
pre s sure we.s applied  in oh&lllber Co  It  was seen that the d re.i n  hole a were 
too 8llllll l a  so  both w@re redri l l ed t.o 3/4-inoh d iame ter as  shown in  fi gure 
9f' o  

The seal bar wa a remaohine l'l a ooor ding to o hange 7 b@.fora :t\trtht9 r te sts 
we re made 0 This oh&nge invo lved an ino reas�d  upstream olearanoe t.o 00020 
inoh by further machining OoOlO inch from the up® traam sur face of the aeal 
bar 0 The maxi mum retre.oti on was 1/0 inoh with 60 pound s pe r  squar(:I inoh in 



chamber C a  the vacuum pres sure s at A and D were 4 and 1 5  feet of water 11 
respeoti velyo The sealing and breaking pres sures  in chamber B wera 66 and 
47 pounds per , qua.re inoh 0 re speotivelyo  The leakage through t)ie upstream 
slot produced a full  3/4•inch drain--pipe flowo The bar was pressed age.inst 
the downs tream surface of the slotc It oould  be slammed shut by opening the 
val w to chamber. B rapi dly o  

( e ) Hinged .  flerlb le • retractable  s eal 0 de si gn 6R (figure 9G )  o-The 
seal bar and fra� in thie  test arrang eme nt ha d  been tested u the hinged D 

flexible . cons tant�contact seal, design 4C . fi gure 6H described in section 
6 ( d )  • and were adapte d to thi s  retractable desip1 by adding the retraction 
springo The original sto p bar was  used as the spring · in initial tests .  
The fl exible s lotte d  stay and the light , flexible nose piece are the out� 
standi ng feature s  of thi s de signo It  has been shown in the descripti on of 
teat, on the hinged bar-seal de signs how the hinge increases the stiftne s, 
of tbs bar so that the ability to al ine !taelf to the seat was greatly 
frustrate d 0 The slotted g flexible stay provides for e ase of alinement and 
the light, flexible nose pie ce makes for e ase in be�ding to  conform to 
undulations either in the seal bar or the seat e 

The slotted s tay of 3/32-inoh steel plate head a s}'leet  of 1/4 ... inoh rubber 
vulcanii ed to i t o  The rubber or other material is necessary to seal the 
slots o Furthermore , the olampad rubber at the hinge provide d  a suffi cient 
support for the seal bar and ye t  pe rmitte d easy and grea_t extensi on or re= 
traoti one The seal bar 0 as des igne d s clo sed  a gap of 7/1 6oinoh with two 
pounds pe r  square iirioh in  ohant>er B 0 whi ch show s that the rubber extruded 
in clamping doea not produce di latory actiono 

The maximum retracti on was 3/32 inc h at 68 pounds per s quare inch in 
ohamber C and the vaouum at D WIils  12 feet of water o Greater retracti on 
could be obtai ned  by extending the lipo The acti on in retraction was 
qui ck and was the same relati ve amount along the sl oped porti on of' the 
sli ding seat , henoe a l onger lip i s  not neoes sary o 

Sealing action was greatly influenced by the downs tre51.111 olearanoe and 
sizes  of water pa s sage s to the drain , for with the se too smal l .  posi tive 
pres sures developed over the stayo  The ori ginal c lamp bar was cut away 
to rel ieve the water pre s sure on the staye When thi's was done . the olamp 
bar ti ppe d downstream at the higher  heads for want of support, s o  a narrow 
block was inserted  behind 1 t to prevent this tendencyo The piotur-e in 
figure 14E shows the restraining bl ock in place 0 also the stop bar used  
as a retracti on spring with the seal bar at maxi :num ratraetiono Negative 
pres sure s now existed over the stayo Th� upstream stop bar was notched to 
pGrmit f\111 and direct hydraulic pressure to a ot on the lip . This ai ded 
retrection 0 Sealing was aooompli s he d  with 43  pounds per squue inoh in 
chamber B against a head of 75 pound s pe r square inoh in ohamber C o  Thus 
the sealing pre ssur� i s  ab out 9/16 of the head over the whols range o 

The advantages of the de si gn are the vul oa.nized  and slotte d  cons true ... 
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tion of the stay whi ch impart the good feature s  of support� si:mpli oi ty, 
flexibi lity , and l arg@ .mavement to the seal bar . The materia l r e quired 
11  a minimume By using double 0 1tay construction,  vuloani £ing would be 
e li�inatedo  The di sadvantage in the single•atay constructi on i s  the vul­
oam z.ation proce s s 1tiself 0 Thi s de si gn  1s not applicable to cir cular 
sea.h o A propo eed instal la ti on i s  shown in fi gure 9J as a verti cal seal 
tor the 15 • by 29 . 66-toot penstook coaster gate for Grand Coulee Dam, in 
whi oh structural steal i s  used to advantage . 

( r )  Stabi li zed,  flexib le -diaphragm seal , design 6R ( figure 9H) .--Thi s 
design was devel ope d and te sted in the fi rst s eri es of gate seal de si gns 
e.nd tests ., the results of whi ch are given in figure 4E and in saoti on (e ) 
of the 1ummary.. Ths mo del a s sembly wit h the narrow di aphragm was rete sted 
under the new -condi. ti ons of greater vo lume of water tlow and higher main­
tained pre s sure s wi th thei r re sultant highe r velociti e s . Under these oon""' 
diti ons 11 mo re  nearly 11:!m tho se in a field i ns talle.ti on 11 the seal bar re"' 
apond®d :more rapid ly and s ome ti me s vi olently to pre s sure change s which made 
i ts o ontro l  more del icate an d  d iffi cult . 

The underlying pri nciple s of the de si gn are pure hydraulic operation of 
the seal bar i n  extension or retraoti on 11 togethe r  wi th tbs least pos sib le 
inherent fri c ti on or re straint by the part s .  The seal consi s ts of  a rather 
thin,  flat diaphragm supporte d by hinge d ups tream and d ownstream slotted 
stays of.' minimum thi okme u e nc los ing a sealing chamber underne atho A nos e 
pieoe , also of minimum d imensions and l ocate d at the central hinge ,, i 8  
ei ther attache d to or i s  a par t of one o f  the stays o Thi a di aphragm a e s em• 
bly i s  terme d the ssal bar o The outer hing e s  are l o cate d  near th.a edges  
of the clampe d  di aphragm and are retaine d by the clamp bar s o  Retracti on 
i s  produce d by the pos it i ve head on the ups tream stay and the upstream por• 
ti on of the nosG piece  si JDL1l tane ous ly wit h r e lie f of pr e s sure in the seal = 
ing chamber � Sealing i s  p ro duced by admitting pres sure in the sealing 
ohambe r ,  e i ther from the penstoek supply or re servoi r he ads 9 whi oh aots on 
both ate.ye to e xtend the seal bar and cl ose the gap-o  The sealing pr e s sure 
re quired a t  any head varie s with the re la ti ve wid ths of the sta;ys 3 so that 
within design limits the ratio of sealing pr e s sure to the mad may be ve.­
ri ed0 In the p l ot in fi gure 4E the se rela ti o:ns hips are gi ven 11 woore aeal0 

ing pre s aure 1 8  plo tte d  ver sus the rati o  of t.hs wi dth of the up s tream stay 
to the wi dth of out er hinges.  I t  is  seen that i f  the ups tream stay h 
relatively narrow II the rati o i s  small and the sea.Ung pr e ssure re quired 
wil l  be c omparatively lowo A greater re serve of pre s sure wi ll then be 
availab le to pre s s  every part of the no se pi eoe a�ains t the seat and tend 
to aocompli sh a continuou s line of o cm.taot. The more ne arly a line oonte.ot 
i s  obtai ne d,  the better wi ll  be the quality of the seal with re spe ct to 
leakage , as  found from te st s .  For narrower ups tream a tays the retraoti ve 
force i s  also le s sene d ,  but thi s for oa woul d be great enough to retract the 
seal bar for any operative de sign e  

The de sign of the seal uni t was made lrl. th a view toward e limillllting the 
proc e s s  of vuloanh . ati on and muoh fi na maohining in the fi e ld ins tal lati on o  ' 
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Since tolerances may b9 large • the fl.at stays may be sheared. The hinge 
constructi on may be made with standard steel shapes and a minimum of 
machining ( figure 9K ) e In the original mode l design it was required  that 
the sealing pres sure should be low and that a large extensi on be attained, 
there.fore tbs s tays were wi de .  The stays •re designe d to suppor-t pre s ... 
sures whioh might be encountered in the operation of a radial gate o In 
the present model the original base was adapted for a narrower diaphragm 
and narrower stays . with a centrally located  nose pieceo In the tests, 
the thin stays easi ly withstood operating pressure s of 70 pounds per square 
inoh. and even pressur@s of 110 pound s per square inch did not greatly bend 
the:mo 

The top and bottom stays were 1/16-inoh , half' ... hard . slotted brass plates 
enclosing a 1/8-inoh, 66 duromater rubber diaphragmo Tha nose pieoe , of 
standard 8/4-inch 0 half-round braes , forme d the upper pa rt of the central 
hinge with its overhanging e dge and served a s  a clamp to which the several 
parts we:re bolted ,  thus making a watertight joint bet-1Veen the rubber , the 
staY o and the S® al bar o Spaoar bus hings were used  through the diaphragm. 
The end c learance at ea.oh hinge was 1/32 inch and an extension of 1/2 inch 
at the noee pieoe was easi ly obtained . The c lamp bars  at the outer e dges 
of the diaphr&gJn wsre tightene d directly on the rubber so  that die.phrapu 
of varying thi cknesses  could be testedo  In �he pre sent te sts the 1/8-inoh 
diaphragm shOtm was made of two 1/16-inch rubber sheets o No extrusion 
through the l/32Qinoh sl ots in the staye was noticeable . The extruded rub­
ber at the hinges  di d not hinder their flexible acti on as i s  proven by the 
tact that only on.., or two..,pounds ... per-square 0inoh pres sure extended or r&• 
traoted the seal bar. Included in thi s  measure of resi stance •s the end 
fr ioti on of the seal bar against the Lucite si de s  or tbs model boxo 

other type s of oonstruction for this seal design may be employed, but 'th e  
prinoi ples of operati on and good oharaoteri sti os of thi s design should be 
kept in mindo Several methods of constructi on may be menti oned. If  the 
nose piece i s  made integral with its stay, the number of separate parts h 
decreased, thus ai ding the work when making the as sembly0 In the double­
atay desi gn any suitable  or available materi al could be  used. JUOh as 
plastic., leather, canvas� gaske t material. raclai l'.ll8 d rubber , or  even thin, 
metal sheets o It i a believed that the diaphragm need never be thi cker than 
1/4 inch for rubbero In a vulcanized oonstructi on no bolts  need pas s  through 
any part ot the diaphragm, so that canvas enol �sed by rubber would, for in� 
stance , not be subject to rottingo A molded oonatructi on of plastic with 
sui table oharacteri sti o s  mi ght also be us ed0 

The de1i gn in figure 91 i s  a single-stay, vulcanized oonstruotion with 
no bolts pass ing through the diaphr&gmo The design in figure 15 ( section 
A-A)  i s  a similar constructi on except with a wider seal bar and an off ... 
center nose pieoe to lower the sealing pre ssure required o It i s  shown au 
a design. for a radial-gate installationo The schematic plan of operati on 
i s  also  given there o The trNo designs further di ffer in  that the base of 
the former is made of struotura.l steel , whereas ; in the latter , a machined 
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A-Initial test arre.ne;ement with 5/16-inch clearance . 
Sealed at 75 lb . per sq .in .  penstock pressure with 45 
lb . in chamber B ,  showing bending of stays with 75 lb . 
in che.mbe r B • 

c-Maximum retraction 5/16 inch to the stop with pressure 
in chambers C 58 lb . ,  in A 45 lb . ,  and in D 42 lb . Max­
imum vacuum occurred at a gap of 5/32 inch and was 14 
ft. and 12 ft . of water at A and at D, respectively.  

FIGURE 14 

B-See.led at 19 lb . per s q .in. in chamber C with 12 lb . in 
chamber B, showing stays nearly returned to flat condi­
tion and with 19 lb . in chamber B .  

D-Final test arrangement with clamp bar cut away, and Blot 
cut in the frame and in the rubber for greater water 
passage . For clearance arid gap of 1/4 inch, pressure in 
chamber D v,as 17 lb . ,  and vrith a clearance and gap of 
7/16 inch, pressure in D was 30 lb . with C 60 lb . 

srABLIZED, FLEXIBIE DIAPHRAGM SEAL - DESIGN 6R 
1/8-INCH RUBBER NOT VULCANIZED, WITH DOUBLE-STAY CONSTRUGrION 

E-Maxi�um retraction 3/32 inch with 66 lb . per s q . in .  in chamber C and 12 rt . of water vac­
�um 1n chamber D • . Clamp �ar �s �u�p�rted in rear by narrow blocks . Upstream stop bar 
1s used as retraction spring 1n 1n1 t1al tests - plunger is  used only as a lower sto p .  
Seal bar collapsed a t  a pens tock pressure of 1 1 0  l b  .. 

HINGED , FLEXIBLE , RETRACTABLE SEAL - DESIGN 5R 
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casting i s  used tor the base o The principl e of  operation i s  the same for 
both. 

In the model te sts , with the new oondi ti ons of greater water volwus,  
velocitie s .  and  pre s sure s ,  the former smooth operati on of the seal bar 
ceased and a new problem for soluti on developed 0 Thi s development was a 
serious slamming of  the seal bar in the sealing operati on. The problem 
was solved  by increasing the downstream olearanoe area and drain size  to 
accommodate the increased di scharge through the gap and permit only nega .. 
tive pre ssure s  to exi s t  over the downs tream stay in chamber Do In the ini • 
ti al te sts , at ma.ximum retracti on ot 5/16 inoh and maximum avai lable pen� 
stook fl� at 75 pounds pe r  s quare inoh 11 the pressur.es on the dcmrns tream. 
stay attained a magnitude of 45 pound s per s quare inoh whi le the pre s sure 
in chamber C dropped to only 68 pounds per square inoho  Thi s was a bad 
s ituation, for , as explaine d previ ously , when an attempt was ma.de to close 
the gap by admitting pressure in  chamber B, a point of balanoe was reaohed 
where the positive pressure s  in chamber D ceased and ne gative pressure; 
oommenced a then the seal bar slammed olosed e  The se conditi ons were accenca 
tuated in thi s  de sign above oth9 r designs becaus e of  the wider seal bar 
e:mployedo  The initial seal as sembly for thi s te st i s  shown in .figure 14A 
when a olearanoe of 5/16  inch was set up o It i s  seen how the downstream 
c lamp bar partially c lo sad the s lot  to the drllino The bent pod tion ot 
the downstream upper stay i s  also shOffll when a pres sure of 75 pounds per 
square inch in chambers C and B was appliedo  Sealing and breaking pr e S<a  
sures  were 4 4  and 4 3  pound s per square inoh, re speotively0 ·, The proximity 
of the se pres s ure s� which  i s  a measure of the sensiti vity of the acti on, 
shows that the response to pres sure change s i s  almost 1:mmedi ate o In fig­
ure 14B the seal bar i s  sealed at a pre s sure of 19 pound s per square inch 
in ob.amber C ,  With a pre s sure of 12 pounds per square inch in chamber B o  
I t  i s  seen . that the stays have almo st returned to their origi nal flat 
oondi tiono Breaking pres sure was also  12 pounds per square incho The 
max:lmwn vaouum oocurred at a gap of 5/32 inoh and was 14 feet of water at 
A and 12 feet  of water at D, whi le  the pre ssure in ohamber C was 60 pounde 
per square inoho The pre ssure necessary to sustain the seal bar in thi s  
pod ti on was 1 7  pound s pe r  s quare inoh i n  ohambe:rr B .  and thi s rela.ti vely 
high pres sure i s  a :maasure of the retr·aotive foroe o The aealing pre uure 
aa shown by the two oases oi ted 1 s  the re fore a.bout 006  of the head over 
the entire range o 

In tests after the drain s iz e  was increased in area ( fi gure 9H) , the 
pressure in ohambsr D droppe d from 45 to 23 pounds per square inch and 
the pressure in chamber C dropped from 68 to 50 pounds pe r s quare inoho 
The rel ative reduction of  pres sure in chamber D i s thus e stimated to be 
at least 14 pounds per square inoho The te st assembly i s  illustrated in 
f"lgure l� which shows the downstream o lamp bar out away . The rubber 
di aphre.gm was al so partly out a.way and the end of the base had a tapered 
slot maohined in it 0 The slamming action of the seal in sealing was now 
greatly reduced • Thi s shows  that i f'  the water passage were ample , the 
seal bar would op@:rate smoothly under any hs ad o  For c learances of l/4 
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and 7/16 inch9 eaoh at max imwn retracti on , the pre s sures in D were 1 7  and 
SO pounds pe r  square 1nch9 respe ctively, whi le preesure in chamber C wae 
60 pound s per s quare inch tor both oase s .  Thi s  shows that the drain size  
more nearly accommodated the sma lle r  gap flow e The othe r oondi ti ons were 
praot1 oal ly unohangede In fi gure 14D the condi ti ons at nximum negative 
pre s sure s are s hown tor a cle aran ce of 1/4 inoh o The white porti on of the 
pi cture in chamber D clearly shows the regi on of hi gh· ne gative pre s sures 
when e. gap of about 9/64 inch i s  allowe d and the pre s sure in  chamber C was 
60 pounds _pe r  square inoho 

In the instal lati on drawing of thi s de sign, as a vertical  s eal far the 
16• by 29o66Qtoot penstock coaster gate £or Grand Coulee Dam ( figure 91 ) 0 

i t  i s  seen that the downstream water pa aaage be tween tm c lamp bar and Hat 
i s  ample so that no positive pre s sur e s  would exi st on the do'JllllStraam atay o 
'l'he acti on o f  the seal bar then woul d be smooth and wi thout any sl&mmingo 

The advantage s  ·1n thi s de sign are several . The seal wi ll operate wit h 
great freedom under any head.  I t  may b e  desi gne d  for c ircular as wel l as 
rectangular gate a o  The seal bar , c f  minimun required di mensi ons , is amply 
supported at the hinge s .11 i s  fl ex:i b le 11 lig ht in wei g ht 11 and the no se piece 
i s  stable in rotati on or po si ti on o  lt enoloses  an ample , waterti ght seal ­
ing chamber , i s eaei ly and for cibly retracte d under tbs s•llest as wel l as  
the large st head s ,  and i s  extende d  jus t as eas i ly thr ough as great a move= 
ment as the desi gn wi 1 1  allowo The rati o or s ealing pre s s ure to _ head may 
be vari ed within de sign limi ts , an(\, for a particular de si pi9 remains pre.o ... 
ti oal ly constant for any head or fe r any gap openingo The acti on •Y not 
be foule d or retarde d eas i ly .  The se le cti on ot materi al s from whi ch thlJ 
di aphragm ooul d be made i s  e spe cial ly la rge , and even the selection of 
materi al s  from whi ch the seal unit oould 'be made i s  large . The diaphragm 
nea d  only be fl at s tock :mate rial and doe s not requi re an expen sive moldo 
Or dinary rubber cementing would be suffi ci ent ly strong for joint s o  The 
corner oon stiruo ti on and acti on would · be go odo 

The disadvantage of the double-stay de s i gn  i a that some diffi culty mi ght 
be experience d in amaembling the parts 0 In a vul cani zed 0onstruo ti on9 the 
prooe s s  i t�e l f  1 1  the dis advantage o 

(g)  Musi c -note retractab le s eal , de si gn 7R ( fi gure 9I ) o•..When the musi c ­
note ·oonatant -contact seal w a s  a ge.in p ropos e d  tor the rectangula r gate s "  i t  
was !'ir st tried. without any bra s s  rei nfo r oi ng o  I t  ha s  been used  in thi s 
manner as  end seal s for rad ial gate s at lower head s o The di stor ti on pro ... · 
duoe d in the rubber O when us ed  in thi s manner /J i s  shown by the picture s in 
fi gure s 7A and B e  The rubber was pushe d i nto the o lear nnoe spa ce and badly 
di sto rted at hi gh head.s o It  was readi ly seen that t hi s condi tion woul d be 
unsati efe.ctory 0 iext.11 an unvulcani &a d metal she ath around the rubber was 
p:roposed o The s he ath n.s made by cutting a 1--1/4-inch .sl ot out ot l...3/4= 
inch outsi de dibleter by 1/lMnoh wall brass  tube and appli e d  by torcini 
it over the no te .  The note was compre s se d  and wate r lubrl oe.ted in thi s 
ope rati on 0 The as sembly in the seal worked we l l ,  a s  i s  seen in the piotw-ea 
in figure 16 which shows the sheath befor e to o  much manipulat ion in te sting 



ohanged its  shape or rotate d i t  as i s  seen in the pioture s in figure 1 7 .  

In  making ths fir st a s sembly with the sheathed rubber note � the re• 
traoti on spring was adde d to make the seal bar ratraotable o · Thi s  arrange"" 
ment i s  shown by the pi cture s in fi gure s 1 6A and B where the base has  no 
space for retracti on of the seal bar and the re i s  no upstream stop bar o · 
The initial te sts s howed the pos si bi liti e s  of the desi gn and the deve lop• 
ment of thi s eeal as the acceptable design fol lowedo 

In the as semb led seal unit 0 spa cer bushings were \18ed  around the bolts 
p&Hi ng through the rubber so that the cl.amp bar oould. be pul led ti ght . 
Without them too much extrusi on o f  the rubber resultedo  The 9/16-inoh-­
thick rubber hinge was s ti ff and caus ed  sluggi sh or d ilatory aoti on of the 
seal bar o If  the no se piece was as seDi:> led so that i t  was snug against the 
clamp�bar s top and not against the seat , it was  diffi cult to extend the 
seal bar beoause then the rubber hinge was for ce d  to stretch o If  the assein = 
bly was made so that the nose piece was in firm oontact wi�h the seat 0 then 
retracti on was made more diffi cult beoause  the hinge re sisted  further re= 

traoti on o Therefore ,  i f  an ini tial gap i s  all omred in the installation, 
thi s Hal desi gn would not operate at low heads and i f  there i s  oompreuion 
against the seat, retracti on i s  hinderedo The metal sheath made the seal 
bar sti ff , and the sealing quality was fai ro In a field  installation the 
quali ty of the seal would depend on the straig htness  and smoothness  of the 
sheath after i t  i s  applied e  With the vul oani aed 9 bras s ,  reinforced 0on° 
struoti cm for the mueio<Dnote oonsta.nt-oontaot seal bars 9 the bars were 
crooked and had  undulations which  would make al inement to the seat di ffi ... 
c:mlt . A similar oondi ti on mi ght prevai l in the sheathe·d bar because of the 
varying diameter or the rubber or becaus e of undulati ons produced  in the 
sheath upon its appli cati on o 

After milking the initi al a s sembly wi th the retraction spring and limited 
retracti on spa0e 0 more clearance for retracti on of the seal bar was pro­
vided in a seoond a.ssembly g au i s  seen in the .picture s in figure s l6C 11 D0 
E ,  and F o In thi s assembly the olramping at the hinge should be note d  as 
extending the f'Ull length of the flat pa.rt of the rubber . In a thir d 
assembly (fi gures 9I and 17 ) g a l/8einoh shim us used  under the flat por ­
tion of t he  rubber to set the hinge baok i;'arther and al low for the pos si­
bility of easie r and greater retracti on of the seal bar o The acti on of 
the seal bar was sluggi sh but wit hout s lama except when the bar was allowed 
to drop to the bottom of it s space � as i s  shown in the picture in figure 
17Fo When pre ssure in chamber B was then applied and the seal bar started 
to be extended0 the nos e piece would slam o lo sed o  

Several oonditi one in  the operati on of  thi s design wi ll be ste.ted s  
... 

( 1 )  In the fir st assembly ( figures 16A and B)  the gap WB.8 zero 
as  installede At 74 pounds per  s quare inch in chamber C ,  the aee.Ung 
and breaking pressure s in chamber B were 45 and 39 pound s per  square 
inch, respeotivelyo 
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A-Initial assembly with nose of seal bar just touching 
seat and retraction spring , Brass sheath around rubber 
not vulcanized . 

C-Rema.chined clamp bar and 1/4-inoh clearance . base with 
3/8-inch space under seal bar, 1/16-inch gap, and retrac­
t ion spring just touching the note . Upstream stop bar 

. was installed . 

E-Deformation of seal bar with 75 lb . in chambers C 
and B ,  The sealing and breaking pressures ·were 57 and 
52 lb . ,  respectively. 

FIGURE 1 6  

B-Sealed a t  75 lb , per sq.in.  in chambers C and B ,  show­
ing the note of the rubber pushed away from the retrac­
ti on spring . Sealing and breaking pressures were 45 arrl 
39 lb . ,  respectively.  

D-The 1/16-inch gap olosed with 30 lb . per sq . i n .  i_n 
chambers C and B .  The retraction spring i s  still in 
contact with the note .. 

F-Maximum retraction 9/64 inch with 60-lb . pressure in 
chamber C and 19-ft . vacuum at A and 12 ft . of water 
at D .  Maximum vacuum occurred at a gap of 1/16 inch 
and was 25 feet of water . 

MUS IC-NOTE RE TRACTABLE SEAL DEVELOPMENT DESIGN 7R 



(2 ) In the seoond as sembly ( fi gure s 16C , D ,  E ,  and F )  the gap was 
1/1 6 inoh and a 3/Mnoh apace wu provided under the seal be.r 0 It now 
required  30 pounds pe r  s quare inch in obambtu· 111 B and C to olose th@ gap 
ot 1/16 inohe At a penetook pre s sure of 75 pounds pe r  square inch in 
ohambar C ,  the aealix,g and breaking preBBure s  1n ohmer B were 67  and 
62 pounds pe r  equare inoh D ra speoti vely. From the oorreoted differences 
in sealing pre s sures be tween ( 1 )  and (2 ) the pres sure De oe ssary to close 
the gap i s  nearly 12 pounds pe r  ; qua.re inch. The sealing pres sure in 
( 1 )  i s  o.608 of the head ; henoe for (2 ) 1� should only be 4506  instead 
of 67 pounds pe r  square inoh o The d1f$erenoe i a  11 .6  pounds per s quare 
inoh o For the head of 30 pound s. pe t  ;-qua.re inch, the sealing pre s sure 
should have been 18o2 pounds pe r  s quare inch. The difference o f  30 and 
1 8 . 2  i s  11 . a ,  whi ch repre sents the unit pressure � oessary to clo se the 
gap o Thus the two oases are in agreement . Rsttal,ti on -.s 9/64 inoh 
with pre ssure in chamber C 60 pounds per s quare inch and pre s sure in 
chamber B zero o The vacuum at A was 19 tea t  of water and at 0 0 12 feet 
or wa-te r. Maximum va.ouum attained was 25 feet  of water when a gap ot 
1/16 inoh was allowe d .  

( 3 )  In the third a s sembly ( figures 17A to F ) . the 1/8-inoh shim 
was added at the hinge O but the sealing end breaking pres sures  were the 
ue.me as before o Retracti on was not pa rticu la rl7 improved .  At the bal.,. 
anoe point or the nose piece and with pre s sure in ohamber B zero. the 
bar would drop s lowly aJ\d finally, in about one minute , would collapse 
to the bottom of the spa ce or to the stop , as is  shown in figure 1'7Fo  
Henoe,  so tar as  greater retracti on i s  oonoarned, p lacing the hinge 
farthe r baok does not aid  it .. The m gati ·ve pres sure s in ohambers A and 
D still hold the bar in tha s&111e pod tt on as tor ( 2 )  aboft , where the 
1/8-inoh shim was not usedo  

., 
The final design,  a. a  shown in  the ins tal lati on drawing ( figure 9L) a has 

booster pump spri ngs adde d whi ch consist of a hori zontal 1/16=inoh spring 
and a thin 0o003•inch shim stock c losure apring e In the model , design 
7R ( figure 9I ) .  the se pa.rte are shown dotted and were tested aocord1:ngly e 
The N&mon tor the se addi tion& i s ,,, that in the fie ld  ins tallat1 0n 11 balanced 
pressures ma;y be experienced when ope ration i a  initially desired ., due to a 
bulkhead closure in the pensto ok bel ow the gate o It was ant1 oipate d that 
the· pres sure downstream fr om the gate oould  not be reli eve d  su.f'fi ciently -
through the s ... 1:nch valve in the bulkhead to pe rmi t  a di fferential of 12 
pound s per s quare inch between chambers C and D to exi s t .  In that oa.H 
the ini tial sealing of the seal bar coul d not be pertonud with avai lable 
penstook pre s sure in chamber B o  Thus the booster pwnp spring s  wi ll be 
inatal le d 0 and at s oma later oonvanient time wi 11 be removed. 

Tests to simulate the bu lkhead clo sure oond itione were made when the 
drain to the model was olo aed with a. plate , 3/4-inch piping , and val W o  

The tests are demonstrated by t he  pictures  in figures 1 7A to F .  The teats 
showed that a pre s sure differenti al of at l ea�t  11 pound s per s quare inoh 
between chambers C and D on the one hand ., and chambe r B on the othe r,  was 
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Neither wi l l the retracti on spr int ope rate on a circula r gate o The fl oat• 
ing type s would not nee d to twis t  and would operate s imi larly to a pi s ton 
ring o 

The diaphragm type o.f seal ha s  already been trie d in vari ous fashi ons 
( fi gu re 4A) o but wi t hout the stays it h more or l� s s  inope rative . V.'1 th 
the stays it  beoome a s table , ope ra ti ve 11 and extensible or retractable at 
any . head o 'Wh�n tm diaphragm i s  made very thick wi th rEJSpe ot to 1 ts wi dth 
and stays are added 0 the desi gn be c ome s  the shear  seal (rtgure 4D ) • Here· 
again,  whi le thcl rubber is . atabi li zeda  the stays are shof't and consequently 
s ti ff. alinement i e  di ffioult,  a.nd the seal is  inoperative at low heads .  

t o Re oommsndatione . A de si gn o f  seal s hould be devel oped tha t may -" 

with slight ohe.nges ,  be use d on any type of gate - re ctangul ar,  cir cular ,  
l ow  ... head 11 or hi gh .. hsado I t  i s  felt that variations of the 1 ta.bi li sed 0 

flexible , diaphragm seal ( fi gu re 9 ,  de sign 6R ) , 'lllfith the retractable t'ea ... 
t\U'e , oould be develope d for such universal us e o  One low-head &nd one 

- high .. haad desi gn for reotangul ar gate s and one low ... head and om high•haad 
desi gn for circular gate s  might serve the se purpose s .  A de si gn for oirou• 
lar gate s i s  shown in lmbor atory report BYD ... 96 in fi gure 1 7 ,  design 4 ,  
where the doub le stays a nd unvul cayµaed  di aphr&.@n oons tructi on are us edo  

Single stays and a VYl canized diaphragm oons truoti on may al so be  empl oyed.  
For oi roular gate s the  aeal r ing mua t not be attaohe d ri gidly to any atay ; 
otherwi se twi sting mue t take plaoa whan i t  extend s or retractso  

In a conmtant-oontact seal , either the hinge d .  flexible seal , design 
4C , or the floati ng bar sustainer! Ha.1 0 de sign 6C , wou ld ope rate on 
rectangular gate s to good advantage � De sign 6C may b$ use d on circular 
gate s al so o  All oonatant-contaot aeals for rectangular gate s  pre sent a 
problem in a good c orner del!li gn ,  beoauu the top and bot tom seal bar s mow 
in extensi on and retraotion but the vertical seals  do not . 

In oonsidering other retractable seal s the rolle r  retractable seal , 
JO 

• -

de si gn lR , with the rubber -oovered roller , i s  hi ghly favorable . The 
hinge d,  fle xible , retractable seal , de sign 5R , worked very well al so o 



A-Assembl ed with cove r plale and f·i ,.,.., ovnr th1:: . d rain s lot 
in the end plate at'  t.he model hox . Cle•.1.r�nc� was 7/:52 
inch , bap 1/16 inch , 1/;12 -inch tension i.n retraction 
sprinb and a 1/8-inch shim unde r flat of rubber hinr:e .. 

C-Drain valves to cha.mbers C and D open--pressures bal ­
anced to c lose co.p--zero in C and D ,  and 12 lb , in 
chamber B .. 

E-Brass she l l  l ifted from rubber half-way around note 
and rotated do\'ms trea.m ·::i th 67 lb . in chamber B and 
zero pressure in chambers C and D. Note is also defonned 

FIGURE 1 7  

8-Druin valve cl osed--pressures balanced to close r;ap--55 
lb . pe r s q . in , in cha:nbers C and D, and 66 lb . in cham­
be r [3 . 

D-Brass s he l l  pul led away froM rubber with 26 lb . in 
chamber B and zero pressure in chambers C and D ,  a.nd 
sealed acainst rnt ro.ction spring . 

F-Seo.l bar collapsed to the bottom stop when penstock 
pressure of 75 lb . flo·::ed wide open ;· pressure in cham­
ber C was reduced to 44 lb . , and pressures in chambers 
A and D were 42 and 38 lb . ,  respective l y .  

7R 
B 1JLKEEAD 

IS  REMOVED . 

MUSIC -NOTE RETRACTABLE SEAL - DESIGN 
SIMULATION TESTS OF SEAL A CTION BEFORE 

IN PENS TOCK,  DOVJNSTREAM FROM GATE , 
DRAIN CONTROLLED WI TH PLATE , PI PE , AND VALVE 



required to close the gap of 1/16 incho Thi s differenti al was practi cally 
the same whether hydraulic pres sure was maintained in chambers C and D or 
nota Proof or thi s i s  seen by the pi otures in fi gures 17B and c .  where 
in B the pres sure in chamber B was 66 and in chanbers C and D 0 66 pounds 
per square inoh, respa otivelya  whereas in C the pres sure in ohamber B was 
12 pounds per s quare inoh with no pressure in chambers  C and D. TlJi s agrees 
with ( l ) and ( 2 )  above . 

A bad oondi ti on :resulted when the di fferential pre s sure between chambers 
C and B was greater than 26  pounds per  s quare inoh o Then the bras s sheath 
pulled away from the rubber and sealed  against the retraction spring 0 At 
the same time o the emath r otate d counterclockwise  ( downstream) on the note o 

Thi s condition i s  shown by the picture s in figure s 17D and Eo In D the 
sheath starte d to leave the rubber when a pressure  di fferential ot 26 pounds 
per s quare inch exi ste d ,  and in I the s he ath has pul le d away and rotated 
oounterclookwi se when a pre1sure differenti al of 67  pounds pe r  s quare inch 
was appl1 edo  

The fi nal accepted  de sign h shown in the _ installati on drawing for the 
16· by Z9 e 65•foot pensto ok coaster gate for Grand Coulee Dam in figure 9L. 

The advantages in this design are the inherent stabi l ity of the seal bar 
and good support provi ded by the stiff hinge . An upstream stop bar may not 
be nee ded beoe.usa it was so difficult to extend the seal bar when it was 
against the clamp bar o Tl'J.e di latory aoti on of the stiff hinge produced a. 
cushi oning e.fi'0ct when closing a gap at hi gh heads i  thu s slamming was mini ­
mi zedo  The seal unit appeared sturdyo 

The parti cular advantage in  thi s de si gn is  that a limited  quantity of 
the musi c note mol ded rubber was already on hand at the dam sit e o  Because 
rubber i� a cri tical war material , e.ny construction involving i ts use was 
not recommended.  �he ms tal sheath was to be applied in the fieldo 

The di sadvantage s of the de si gn are the inherent stiffness  of tiw hinge 
and the seal bar and the pos si bi li ty of undulations in the nose pieoe,  all 
of whioh tend to make alinement to the seat di ffi cult and sealing quality 
poor o The seal i s  not good for l<?W heads · and may be inoperative . There 
i s  too much excess  material us ed in i t s  manufaeture j whi ch adds little to 
its strength becaus e all the water load, when sealed 0 i s  taken by the 
brass sheath o The seal would not operate on circular gate s o  

8 e Conolusi ona o There are many mechanical i deas that could be de• 

veloped into operative seal s for gate s o Several factors enter into the ir 

design, such as ·whsther it i s  to ba a oonstant�eontact or a retractable 

seal a whe the r it i s  for a reotangula r or a oir ou lar gate 3 the am.en.mt of  

extensi on or retracti on de si red ;  the operating heads a the avai lab le mate• 

rials a the quality or the seal to be expe oted a  the amount of allowable 
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mi aalinementa the structural ease a and tbs oo sto All the seal s shown in 

figure� 6 and 9 :required  a great deal of developmnt and many changes beo 

tore the parti cul ar design ope rated to best  advantage o A de si gn cho sen for 

one set of  conditi ons TIJ/l!LY not f'u lfi l l  another set � 

The musi c note cons ta.nt -oontaot seal g de sign lC , and the musi c  note 

:retraotable ;eal , design 7R ;_ were chosen as  the acceptable design because 

DlQlded rubber was al ready on hand , ope rati on was sati sfactory. and thE>y 

appeared ruggede  

The quali ty  of the seal against water flow between the nose pie ce and 

the seat , or between any contacting surfaces ,  i s  only dependent on how well  

the surfaces  match and not on the unit oontaot pree sure o Zero-unit con° 

tact pres sure i s  all that i s  required for a ground or a perfect surfe.oe to 

:make a droptight seal . Positive pre s sure i s  neede d  only to bring the 

parts together and to force them in al inemnto Line contact only i s  neoea­

aaey. Furthermore ,  if the material s ,  suo h as rubber , will  compress . pres�  

sure wi ll for ce the material into depress ions or undulations whioh produoe 
' perfect line contact &nd thus effect a perfect seal o For thi s reason a 

soft or resi lient nose piece i s  benefi cial o A rounded  nose pie ce is pre­

ferred.  A wi der , flat sur face may decrease the leakage beoause of the 

longer path for water .flow and conse quent drop in pres sure gradient,  but ,  

on the other hand 0 sealing pres sures re quir0d are increase d and line cone 

tact 1s more di ffi cult to attaino 

In retractable seal s , the seal bar ope rates best in closing when the 
nose ( seal ing edge ) doe s not drop below the leve l  of the top of the clamp 

bars , and preterably 0 the nose should be higher by at l east 1/32 inoho 

In thi s po sition th0 seal bar is usually balanoed with negative pra ssures  

exi sting ju st downstream f'rom the nose , while penstook now and pressure 

are maintaine da The acti on also depends on the clearance for water passage 

downstream from the nose pieoe a  Usual ly the clearanoe should be as  large� 
as praotioable so that negative pressures oan be maintained at all times o _  

The pressure required  t.o effect a seal was usual ly fr om 5/8 to 2/3 of 
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of the psns took head for all desi gns tes te d ,  in  additi on to the pressure 
required t o  cl os e the gap at zero penatook flowG In the stabili ze d ,  
tlexib le , diaphragm seal . de si gn 6R 8 this ratio may be de crease d ,  but in 
al l other de diru: it may be impraotical 11 i f  not im.po ssible o 

There i s  always great ne gati ve pre s sure just do'W?ls tream from the nose 
piece for the small gap opening s 0 tend ing to r'l,Si s t  retracti on of  t rs  seal 
bar. The aximum, ne gative pres sures  usual ly occur re d  at a gap opening of 
ab out 1/16 inch, but these al so depended cm the ol aarano a ,  gap opening , 
drain capaoity 9 and head o With optimum condi ti ons the seal bar always 
floated  at some parti cular gap opening .. The shape of the nose piece af .. 
feoted the ne gative pressure s to s ome e xtent , but ne gati ve pre s s ure s  per­
dsted in all shape s t"' a te d o  The re for e O if  the no se pie ce i s  in a balanced  
posi ti on,  fur the r retraoti on requires a dditi ona l retractive foroe to be  
e.ppliedo  

The s eal ba.r shoul d be fl exible  i n  order to  bend to undulations or 
misalinemant s be the se condi ti ons ever so smal l o  A s ti ff seal bar mus t 
tit preci sely .  A fle xi b l e  sea l  bar oan be for oe d  to oontaot the soat with 

the m.!.nimum pr e ssure requirement S o  The sw-plus pre s sure avai lab le above 
sealing pressure  required i s  at be st not great a  so flexi bi li ty i s  rd fhly 
advantageous u and th8 se a l  ba r may b e  foroed  to the s sat at all  points and 
tend to e stabli sh line oonw.ot o 

The no se piece , or an ins ert in the no se piece or ths seat of a soft 
material , seats perfec tly even with  t he imperfecti ons in the contact sur= 
face s whi ch sli ght preuure oan overcou . The re for l3 g t� rubber type of 
nose  pi ece always worke d well . provi ded  the rub be r wa s  re si l ient o 

The hinte d type s of seal desi gns 9 with one exception� wi ll not operate 
on a circul ar gate , but the floating type s wi l l .  The only excepti on i s  
the stabi li zed . flexible, di aphragm seal whi oh  1s a. hinge d type that wi l l  
ope rate on a cir cula r gate by incorporati ng a floating seal ring i n  the 
de sign o In the other hinge d de signs , the s eal ring woulii have to twi s t  
when bei� e xtended or retraote d ,  whi oh woul d make the unit inoperat ive o 
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----1..JfflZ-- !!Slll!lla 
IIU f/ffff. 
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5'!-ff .IJ'IIUaS -,,. !!'I! lt'!l!ID Affl AS A 

--- - 'll!l !SAI,  ..... 

� Aoma IS ,rrrn. IT IS 117Uf, 100 
� llml!:II II!!�= '1!?1121 Alll8 1'0ft!Illl 

,0 ,.._, fflZ ...... ,:Oll! PIICZ 'tAl!S AU. m! 
1,QAI) llf 9Blll0. 

a - 11:  111- mn.or ,n- J.!l 'l!IB  
SU, tit? !SAi. s:-.a 1111,r R - - J.CII!! ll!JJJIT. 
. 1BI .... IS JIIOR&lff'IJ ... I. c:man.u SAi,. 

WMCVNms,-•ms ff•.arJC 1'0'11 ll!?RAorAIIU SAi,, 

� "1111 DDTICl.'Lff m:c.ir� OP Il!R!:R!IIT 
�- OP ,m l!Ir.G? - PM!!, 

-,� 
o:P!lbs CII OC!lDfflCII OP S&TIIIG --

- t:.urw.:.lfflllllllO m 51!.Am. 
__ ,,, SAL !i!P'JIIDS OO IIAl' AUOl!l) AT III-�. 
11U.Z110 --- US 0/a TO 3/6 or '1111 -· 

"'I� &Q. 8',I IS AIJ.Oil'?I) Tt rl.lJ,T K::f.lAO!', 
TO TIC 10TTOM or ::!!! 12'.AJ.l!?R QI TO 1111 

so,. 1HU Dlffllft 1!1! X� Nl!J Y..:-t'D!, MID C,.tJ:!ZS 
- - &ILlliG no,.: 'IHIS l'OSffl\2l. 

m -- alMII JM1' IIA71! SORTAC&S 111111 QI 
I.UI llllltlU,!!lll!) DIE TO UIU<l ...... TICJI Dlllll!!O ""'1l-
1A-. 

�-C - - IAS � *11l1Afflll!!ll 
�- iu,arnff TO lUIIDU !JJIIRZ!IT 1=,s. 

__ ,. =- - - - �Pl.I!!) lll ffE  
n!U). 

- - - ffl.QAIUZ!D, 11:T !IJIIIIUllS 'II!! ---· 
ff - -,a, ,.,.., - l!LL, 

DJ
,...t

!PA Ma AartCS ts TOO '!lrm ?Xl%P'I' 1011: 

TOO l&CII tNll!CZ!SIJff RtlmD AM> IJl't!!l:W 1l:!ED 
I!1 CllfflroarlCll1 !RA1!! IS DlfflcrLT TO 41JU. 

_,,'Ill 111,J' ROTA'!!! AS IT IS OP!RA'ml, 
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,y_\ r, ' i' , ., '--' 
"-.__../· ' 

-O!Dlffl<IM7?SIOII IC-1\USIC ,.,� CO!lffJJIT tr!<TAOI 
(Im> SALl!!O I :E.11., 

�SlOlt•PRAG'!'ICALLT SC !XT!SSIC?l P0S:SI31Z B!CAUS 
--uiJi5'"-IP IS ffll"I' .  I7 SIWII ffll!P IS 'fflIJI IT 

llU. :f0'r UD 'l'!!I LOS!>. 

DSAOl'lca-,,m:, lJIIZ!III Al' INITW. QAJ' IS ILLOll!D tJIQI 
---s;fJII.Anm. o• 13 NOS Pl?CZ SLIDU UP Cit ffll SU. 

�-m or :E.11. IS 1'001, tllll!JUTIOIIS ,:u.5'1!11l 111 
--,iiif"°IIIA!III ffllIP DI."! !<> l:.\N1ll'.Sc:mRIIIO DlfflCIJLTIU-

0!1!f1AIJ:'
:;:s 

:�: 
DI�::-

PU� AQAJNff 

�!Qt!. 

DlSADY-..IMPRCPD AtT?CJI. 

CIIAaAO!EIIJfflQS•D!SIOll 11:�RDLlD RlfllAOfABU SAL. 

���:=::.�im� 

�-111:mAOl'S TO 11,Q,\TIJ«) POSITICI< OR TO "1'0P 
-----ilD!!!llfll> Cir 9IAft or D0'/111 5'111LIII Yl'CIP BAR, IF S!<>P 

BAR 18 SLCPID I.T ',OP, SIW. BAR U511.LLT n.oA1'S, BU'f 
a fflP Ml IS ft.AT, !P.A1 BAB 131 JIICIJl:CZD 'l'O 'ffl! �. 

�':'�s �,.,�"it�i.izo �� 
Amt) Bl' nr.J>Ol: OI s.4J. Mil fDVlt�l'l'. Alm � 

o,· ALIC?�SIIT TO SAT. 
&U.lllO -- 1/2 !<> 5/8 o, ffl! !2AI) .  

.. ACll'lCll·ll!TAL &IL - <XlOU, IE l,WJE TO SUM 
'!/llT1t if UPmt.Y ADMifflllO PRE.s9tJRI!: tJfl1D !BIiii 111! 
Rll!tll!II <rJtllllll) IIIILL!II Cl)OU) NOT BE •<Alli TO SI.Al<­

&AI. 11,111 aou.s Q>--cz.oa,m,,. tD<111SD1SAM) 
- lol!YDIO tp OI DO_, (II lEAr. 

amAOl'l<II -- VIBlll.'l!S Ir NOT '2m AO.UN.ff 
JIOUD. IIOI.LD - IIOtJHll!: IN 11.0ATlll<I POSfflCJI 
- .wlUIIO IS LOOS; ll'!TI.L ltOU.!RS L.,.. DIZ!:at 
!<> fflill AOl'ICJI '!!WI lllllllD CIJnJIED ROLIZRS. 

AD'INiTAIZS-«clU.DIC AOl'la< &:loCS llllR !WI! OP affllSICI< 
�Ol'ICJI IRIIJ! IS PA:ff JN1) !lOT DJ!U.T!D, 

S'-11. MIi AL11llfS ITml !<> ll!AT USll.T, 
,. R!SILI!'tT 11/B!!Elt Q)V?J!ID !ml.UR I soLm Rlllllll 

OJl A S1IT.AIII& JU,.ffIC J."1' a t15ED ) ,  1.:Al!.S A DROP­
TIG!!r it1W. RID ffl!III 13 lfO su,.• UP<II SSATlNC, 

Dl!/JJ7J.lrT.A!Z�'fULCWlLZBD <DWJi'RUC'MO?l OP RO!llffl'.Jt CX>'l­
::iffi> RQilb. IS !91SZ!ITLU., O'nCRIJISE RU!3BP!R WOULD 
T"-'AR lDO�. 

.z.u. ea SUPPORT JIOR V'!".RTI c.u. � Q)l;'U) an T 
8!: lffll� AT ffl:: UT.P...R P.JID Q)R!:?:RS, 

CXJR?P..iRs W3T • mo·no�D •rm RCLJ n1r; id!"na, 
rossmu. 

t · �� { =:J;_j l .  

QWU.�RIST1C:S-tr:S1:-N 3C•HWG£D !1.A.11 AND Rt!IB!:R 
cu:n.vrr oo�cr s::..u,. 

ll'!!'lfSI(J(-LD'I� BT JJJOS!X::SS or aA\'i' .&.T n� HIN!£. 
-:-'TT!"3 BING'.:: IS TlaP.T TH?RE: IS UO Un:NSICII 

POSSJ31Z , 

ETRACTI�-Nal!, n::<EPT AS :10:.; PO:CZ 51.Ims OP ON 
�T. 

S!..U..n;C-�t:IALITY' OP �.AL IS ::Xe!:�. R."BBr.R PL0'1.S 
-iITT'6" 1.,imuLATIONS or �T D'1?! 1'0 DHTI.a .vm 

RTIIWILI C I'!!! SS1lR!, 

O't!� ACl'lOt-� Hn«n: IS too�, HTDIUJ."l.IC Mt!!Stm 
PO>!l:$S Rtl9S!II AC,l.lN!f D<llnlS'IJIUI'- <XlR!l!!R -'IID SULS 
W!ll, 

ADV.t..�Rt!J�!ll Q)?n';.CT AT SAT SUl.8 P'-Rl!O!'l.T. 
--r!"'Ts ""1IJ ffllRl!T AND l!UVY. 

DteADVA.'iT..G!S-BAR �'7!' .AllD STIPr Rm 1'UL NOT :.tltJ' 
f'F.iEfl 'f6 S&I.T. 11:CII ACOOB.l'tt W.CEDIINQ ts R!• 
QOIIIEI) . 

'!00 !1JQI tJUl!<E� RUB9!R R::'1JIR!D ;.:m V\1,­
a.&lllZID OO?IS!'RUC"J"IOH IS DIF?IaJI.T. 

URCZ <XIH'T.\CI' gJRJ'.�a:: or RUBB!:R !1AY a.ma !:I• 
CZSSI'll! =�-

WEICHT or � P'OR VSRTic;J. � L'U3T B! 
Sf! CULLY S:PRJRTa>. 
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a1ARA.ot!!'!R1M'lat,..D!!srt111 &R-MllBnIDD namu 
DLUIIIIAaM SA!,. 

n'!'!NSIOff..Vl?RT I.A.SILT �ED '!O ANT D!SIOR LDaT0 

-.r,;;-AIIOU'f CIU POIIID l'l!lR OQIIARt! JltQI PR!SSI!!, 

RlfflAC!'ICJl·V!:IIT POSITm-: AND usn.T l'ERPOIIHID TO mB 
�I'ffl PteBII! AS LOW A8 '!WO· l'Otlff>S PEN:ff0C2: 

JISAD. 
NZGATIVE Pll!SS'IJIII.S DOWK� FH:>lt SAL !WI JJIZ 

Ufll O R10 00 KOT nfGWll'ltTLT stl3BJJf 'ffll SAL BAI. 

SBALINO-qtlALl'ff 1" nRr (1()(1). OIW.lNO l'Rl'!lB\111111 RE­
� am B: IJWIOID BT 'M: llESJ(II. 

SLOTTED S'l"An t:AJl3 ALrotnmn' 07 009': Pt!IZ TO 
SA'f usr. 11t1nl!R ll"!1l'tJmJ 1"f a,.ur., -RAS HO nncr. 

OIW.DIG ,,.,.,.._ D/8 OF Tl"' ll!W). 

0'l!ER AartCll'-'fflE aw.l!D OKD!Jl 11B !EAL BAR IS PIRJ'!C'l'-
[f zU.!b AT ALL TnBS. 

IP WA1.'!R P� AR! l,t>RE OR L!SIII BZS'Btlarm 
D011?1S"IR""...JJI PIIW 1'0� PD!IZ, � BAI: l.&AT SI» to A 
G�...A� OR LE:.S':R ��. 

STATS 1/16" THI� AS OCJlffllUCl'ID "1:llE SJll1!0l!!ll 
TO uo rou:-ms PRY.Sffi.R!I! wnmur TROUBLE. 

ADVAN"TAG!S-'?!M SLOTr'!D n.umu .ff.ATS .um PP..l1Ul!'.3 
�� S!.Al.INO AND RETRAartClf POSITIVS PDI Alff 

Jl}l'.AI).' 
Di' IT:J J.'.t.Nt!Pt.crtlm, TCIZR.AH�S UAJ' 8! a:>ARZ; 

NO m.rAHlZlHO Nr.P!DKD If oo�n � tlSI). 
:EAL RAR ruu.Y !O'POR'I!:t> AT 
c.ut Rlr. 1l'!ED <If R!CTANCULAR 

OISlDVAR'TACZS-&Oft!!D S"DlJ'S 
iwmi.md, ARD Ill Dlst.ALLATI 

V'tll.r.lNIZ.ATICII OR J.. K>ULDm' 
Plan.Em IN c.urorAonRINC. Bt 
.sDaIP'T 'IHB NtMJD o• P.\RTS-

a-t.\RA�Ifficg..ms1C11 tC-HDmzo n.u:mu 
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CDlS"'t�NT OJNT.:.C"l' !:l£;J.. 

nro:�ION-3:!:AL SAR 11)\l'E:S V!RY EAST AND IS ONLY LD"I� 
� S'lt>PS, 

R;::'ffl,',O'I'1Clf-Nac. !:l'.CEPT AS HOSE FIECB !il..ID?S UP ON 
�T. 

SE.ALDlO-Q.OALlff OP � IS OOOD, fflE n..':XIBU: !E./.1. 
---iilJr:.m> !.W:,� PI'SCE ENHANC! OONTAC'r WIT!! TR! !!AT, 

O'ffl!R ACTIClf-O'DH,JSIOl'f or IMl!lER (OR O'l'H!:R J'/,T!R?At.) 
et d.liiINc AT 'm! HING!, ts r1:>T Dl'l'!tll!'3i'T.At. to 
fflE BAS! Aar1m1 or ,m: 2Al. BAR, 

IUBBER DO!S !«>T ?%'1ffl!D£ INTO 'l!-I? SLOTs. 

ADVANTAO!�rIZXI9nITf ls 'ffl! olJ'!'S!'ANDINll r:.A1un or 
�SI(»{. IT .uion POR ,nm NOS Pn:a: '° SUT 

tlm!.R >JJVERS! oormtTials. OONTAar PREBJR! CAN B! 
IN<Jm.A.Q Br A LOlKJER �il. 

MIHDU! .IM:>t:JfT or 1'.A.mRL\L RSl'\JIR!D AND roua­
/JHZS UJ.J' B! LAROE: Dl ITS J:.AN't7PAC!URI, 

BAR 5JPPORT!D Bf � RUBS!:R AX HD«ll, 

DISAD'IAN�S.-THE £a. B,\R AP� LICHT, mE SLO"m: 
lli:ql)m i!:rrRA UBOR (1!!!!1! IIAl' "' = nm BACK 
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'/ul,.CQfIZ!J) cxtlS"fflUCTian mt?D� P'O R  SIROL! .ff.A.'! 
AND UlR! P AR'!'S-lll<E 3SfJff' POR DOIEL! .ffQ' ·17 vt1L­
O/,llIZn.O IS NOT RSS)R'M> TO, 

IJWl,\01'!!:IIIS'fj�DSSICII t!R-HINo,iD n.umu: R!!'mACIIIUILB 
3f!Al.. 

-amfSIClf-lDV!:S DI' CDITAcr Wl'ffl 'fflE EAT OR 1t'I ffl! 
--;;f6p"lfrm ABOUT <11E l'OtJ<D PER OQIURI IIIQI. 

�Slc:11 OF 1/2" !.ASILY OBTADmD Aa D!S�. 

�'IRAartCli-O!!P!NDS Cfi ImG'D:1 OP LIP l.PS'fflF..U! rROII 
� � BAJl, WI'J!J 1£1N U.1Jl1 LIP, R!'l'RA.arIClf I.S 

AB0111' e/:,e• . LCJIO!II LIP OI'l'l'I ORUmJI IIEfflAC!'IOtl. 

SALU,H�qUU.tTf nRT GOOD, FL?.XIBU.rrr a, 9TAJ' LYJmS 
--iU'&nt'.!NT o, NOSE PI!!C. TO SAT u.sr. LICHT NOS 

pr;;a, J:m{OS TC tr.ZOUU.'l'ICfiS READO.T, 
ZALIIIO l'RESISUR!: 9/16 OP 1!!! !!IUD, 

O'ffl!.R Aartm-SLAM�O DOP'..S UOT TAKE P'l.J\l'.Z EAOnY, 
AND IS LIOHI' WI'm '11IE 51CRTD LIP· 

R!SIS"l'Nf(Z /(f RINOE IS N!!OLtomu. 
!,l".X"J'RU�Itll or CLUl'!m RUDJP.R NOT D?'fflD�AL-

ADV.:.NTAO�ffm s.ornm nzxmu �A.T IS 1'1E OllT­
�o PF.A"!UI! OP TJTIS ORSI�. ffl! .ffAY AND 

1109'; PI!!CJ!: AR! LIGHT SD THAT 9".ATDro MU BS 
ACCll!AM.ISl!t> WJ'ffl 1'1R t!INI!''UM PRESS'lm. 

'!ffAY .um N09! PIE� l�T !B f.tlr.� IN' ow.; PIE:Q; 
,WD 'mL'ffiANC7.S rfP.ED ?IOT BE CLQ!F,. 

PIJ\T OIAPflRAOPJ or RtlHl!R ( OR O'nr:R !'J.'I"3RIAL) .  
SfOUU> NO T  flit 'T1Uat, 

Dl5"1>VmTJ.GES,..'fflY. !£AL BAR ,iPP!ARS LIOlrr. 
�:� ! Y.'fflOD 11ml' 81'. U3tO 'ro !EAL nrr-: �: 

ni,r-:R nri: OLU'HRAOM IS 1 :AD! 1'0 AD!lERr. ro ffl! 
�JJ OR .-.:1.$ 00ll\L1 · STAYS :m us.o. CLWPINO nm 
DlAJ'l[ll.ALW BZ� 'ftt'=:I( • 

I i 
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(J\ARA<m:lllSTIOI-D�Sic»q 150,.BIJIQED 9JSTAIN!D 
GQISTANT OOIITAOf � 

EXmlSim-rn OF'.3IQ1 LDTl'S, Am,:-o Bf SUPPDRTih'O RtBER 
-.iro:ma am!IIILl . lll1DUI,, 

B'tRAOflClf-tl<l'IE, UCZPT AS NOSE: PttlE SLmEs UP otl TH£ 
---..i;;:--

S'-11.IIIO-QtlALffl CIILT 0000 Ir l'!Rnon.T ,\Lllll<!ID, AlDED 
--W-:,a.armi ftil' IRIIJ! o:m:s ,u:u,i o.m ,o sw. llAJI. 

011W�i��:a, ���1
WE�� = � 

SAJ. aa IS rcaam TO Rl"!ILlor. mus '!!I! AO!'lCII rs 
l:ADI ?:llR! OR use D�mt.T. 

ADTAff!IMZS,,SUL BAR 13 S'03'tAJBD Bf R1.13B!R ( OR Ofl!'.!ll 
�, . :rnnour cu.d'IMO AT TH!: !IINO? , vtll,C.UI­

D,;11) CX>NSI'RO'C?I� !�T NICZIIMllt J'OR SCUD YU..T. 

DI,,!,l.!)V� BAIi TOO ,nm WIEN lv.D! 5/16° 1!!I� 
� naJBU IV!JI WB!lN IT 13 Slm'm). J'Oll 

'111B Ll.ft'!lll OAS 1'0LCOIIDIIO IS MJcz.ssurr. 
SKCUL CXIISl'RUart<II IE� At HJNIZ 10 SW'l'ORT 

aw. BAIi. 

m&RACll!IIIISTll»-IIUIJ:a Sl•HDl<IID SOSfADIED R!'!RACIW!u: -· 
El'!IINSI<ll•'°'"S Ill OCIITAU'f 111111· 111! ll!AT QI TO - ftOP 

u:m.f, AND - II! A!lll?fflm BT lllAR or SJSTAIIIIJIO 
Rtll!l!R I CII Offll1l W,'l"!!IIIALI, 

lmfllAOTICII-Dr'PDIDS ml LIIIOffl o• LIP OPS'DISAII FIIOII 11'061 
� IIAII- ·,rm ?/fl' LIP, _on .. WAS JOIIITiff 

- 10 - !ll'OP-

ll!ALIII0-4CAl.lff POOi tlfU• ·- PDC'I YWI ACCDA'IIILT 
� wrm 1H! SSAT, IR!!N 'Ill! &IL MIi ,.,.,,_ -

&OTl'D) sr.u .,.. =· ll!- us -· 
&ILIJIO l'RESSURI 5/9 a, 'Ill! RUD. 

0'ftU AOl'lml·S.U9'1RO COW> II! ftlCXJOIJII> BI.DO.T ma.11:a 
or mi tlilca LIP. 

EA..'4 OP OPUI.TICII DIUl!IIDS ca ffll DBSDllO OF -
SIJSTADDOO IIAnRIAL, 

...u.D00 &r ffll IIDIOI llAS PDIJIOI'. 

ADJ-soarAJIIIIIO ltlJBBIII (011 OfflD 1141Dl41.) -
lio¥ A111D1 10 - -, 1M' Ma Bil PO- Ill ... TO 
S1'01' 18Al<Am-

&IL BAI CAif m -- AT 1111 RDtOI n&Dn.T. 

D Is:ADV.&HT�ffal.T IS ftlO JP.A.VT TO BDI) 3D AS 'ft> Clll­
fofiii '16 fflE _T, IT I.IS (111.T POSSmLIE 10 'IWlff -
s.oftm ,..,U SLIORll,T 111,it PRESSllR!! ABOft 7� l'OlllDS 
- - 111ai. 

SOPPOR1S AT 'fflZ lrJ:IOS AR! NOT E.ASD.Y dt.lJ! .  

'.>WIAeorsRISTI-DESltll lt>-n,oATJltO SDftAllUD 
cxaft.'IIT Cl>n,.Ol' SAL• 

�-!<> ll?Slla' Lll'.ITS• 4IIJ!I) BT -�O -:SU 
�� !Vtt.ABlZ L.A�JILd.• 

ll!-at1ca-ll(II!, txt:ZP'!' ,.. stm •nm s.mn w CII -� 
s.u,n,o.qu.u.Iff 00<C IEC\t;,c a, IA.ff ALIOlftSIIT a, 'Ill! 
� MIi !<> TR! ll!l.'r, AIU) AllJC Sf IIIITIAL -IS· 

ICII <JI 'Ill! SJPPOll'l'I!IO RIii-· !IIDE I.IS WO 1Z&Dt& 
AT �!IIIIS.U: OCIIT <Ol'IIIO -· 

om& AcrICll•R!1!t.l,CltlO!l ::it!2I S.IDDIO ta' ca -t', ti 
IIUi idl! D%ffl"'1.T SSOAIIS 1111 - ti -· 

IP 1!!! Mlll!WI IS TOO UOlff, OOGIIJIIO I.Ol'IC9 -
!IILTS tlllZ!III 1'<! ll!-'L llfJt IS OIJil)!l). - -
ALSO "'0"111! ,.,.,,,:lRT. 

�SIIIC£ 'IS?R! IS �0 Bllltlt, ALitlDSlff a, IIOS 
� flt: ,,.,.T IS 1snCULI.T l&.Sf. m.&IDIIIO 

111! IIAll INCIIUSS <Xl!ITAOI I'll!:-· 
n.umo.m or -nm BAI xs <111 lllltam 'lll&t' - ,. 

!'Ill! <11 'l!l! Slll! lli.un,al AND 1/l!f" au,. 
NO 1'0LCI.IIIZ11'0 NXC2!!111Aft, !<>I.&IUIICZ8 IN m �. 
,it: 0-..SIOII J.:-r UZD ca CDCllLol& a&sa. 
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l'IGU R E  1 8  

a.:. .!l..C':":C!I"":'IC,,,-: ttta: ,�=::;; SAit z:· f!',!'T :tr�C'!' 
,r.1.1,, 

�-!":':;-s Mc·t:: ::,..·:: ,c -- !"!lt'"lD:D . ..s � JS 
�JT ff) �:S?re J'(' r r:-,u. 

�-:oc. :a:xes:PT • .s = ,:.a ,a.mu II' m, n..t. 

�CD Ir cr.:T.,Clt IS JCCD. 17 ""5 :lff!ITU TO 
--il!'rSW. 9,a S..t;;JCl.T o,, r.;..T, ;::, TO SJ,I, Cl< !IC11! 

11'1lS UlL"LT.t�'t?c-:s.T. 
l'CSS::11! a:� UC::, � £J. 18 NO'l!!X:IO, CIICZ CDI­

T.'.at IS '<-!)?. 

0, �7.1!;.��-�����:;=·� 
-'ll PIT CF �117 •• cz:a. 

s:Al. 3.Jl S.ID!S Ult � !:SW. 

-r�:£"�:S: ;;�m:�:'mcz IF-= 
1!10 IS 0� 11HIEMI aarr.ar _,,.0!!· 

llI�AlffAIE'9-!IIPl'OIITlNG - _ SUCK DI mm �1 Jls.t"." 'i=!?,:�s, CLS-11-11:all - !ll :� n::i : .QIJIIIIIO 
""' a.. oo,r a, :&Allta'1.arta1110. !ha: • .,.,-. 01-: � ,:-. CF !J.I, n u Jl'Zff 11':l't' 

..1.?�:s t:"!i::11 � '!f: : EAT ::.....m.1. 

!Jl:\B,\Cl'-.:&l'!Ile&-DESl<2< D•n.oATING MIi ll!mAOIUu: 
&II., 

�-TJJ<>:S l'UCS TC !!I! !EAT QI !<> 'Ill! ffllPS WIS 
----.;mr-l'IIESSDI! 111!'1" IIIEll tllDU 'lffl &"- .... JDC,\­o, S.mI?«l J'lUOIII"'• 

�-llDl>!ltD BT t'!llal'l(II or SLil>I!<C �"IIPA<U, 
�AYS !!NOttllt TC Ol'!'l< I. IIAI' '11 1/Sl" m 1/11• 

.. ,., POSITICfl OF m ?fOS! .u.a:o � 9'..AT. 

ll!.ILIIICJ-QtaLffl IS OO<lll, SIN<% fflSII! IS ::o �IIIIZ, 41.1'21• 
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GAT E SEAL DESI G N S  AND TESTS 
S U M M A R Y  OF S E CO N D  S E R I E S  

CONSTANT CONTACT A N D  R E T RACTABLE TYPES 



The floating bar retractable seal , de s ign 2R , worke d well , but retraoti on 

i s  not so great , a l though there would general ly be enough w tree the nose 

pieoe from the aeato  None of the se  latter de signs menti oned would  operate 

on a circular gate o 

11 . Summa.rz. For ease in comparing the various gate seal de signs 

and hydraulic teats of thi s second serie s or oons tant-oontact and retract• 

able seals 11 a wmrnary of ea.oh type consi dered i s  pre sented in fi gure 18 .  

The drawing at  the he ad of each indi vi dual secti on i l lustrates the type of 

seal  in vol ve d o  

' 
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E.  s .  Gray. 




