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Denver, Colorado, June ~8, 194~. 

MEMORANDUM TO CttIEF DESIGNING E~GiNEER 
- (-E. S. Gray "throu{h'J. E. Warn,ok) 

Subject: Hydraulic model studies of gate seal designs and tests for 
Grand Coulee and Shasta dams. 

~:. ) 

I. Introductlo~. W'hen gate seals on the 15- by 29 .65 - f oo t  pen- 

stock coaster gates for Grand Coulee Dam were tested at the manufactUr- 

er's plant, trouble vms experienced due to leakage from the actuating 

chamber. The design used was the 45-45-degree compression seal studied 

in the original model LteSts, referred to as design 4 and described on 

pa~es 9, ii, 12, I"~, end 14 of "Hydraulic model studies of gate-ueal de- 

signs and tests for Grand Coule~ Dam," June 1941 (HM-7 and HYD-g6)by E. ~" 

S. Grays Results of field test~ on the 102-inch ring-follo~er gates are 

described on page 26 of the same reference. 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 report. 

In an effort to develop a more satisfactory sea! for the Grand 

Coulee installation and to develop a seal for ~he 190~-by 24.$-foot 

fixed-wheel gates for the Shasta Dam diversion tunnel, a series of tests 

was m~de as described in this report. Since both gates were to operate 

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

the same design possibly could be used for both installations. 

2e Review ofprevious studie s. Two models were usedln these tests 

a~ shown in figures I, 2, and 3~ a visual, sectional seal model and a 

lO-inch rin~-seal model. The designs and results of the studies de- 

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

,repor t , for the sake of completeness. 

The visual, sectional sea! model was a rectangular housing with 

~traneparent front andback plates and thic~ess sufficient to hold a 2- 

~'I/2minch straight length of the seal assembly. Supply line~ ~ere con- 

7, "i ::~ ~: " ;: 
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ne cte d to provl de :jpenstoek ~.pre s sure ~ ups,tream ? from . . . .  

sure to actuate the ,seal bar ~ItsdIf.. :An~:~'ddit~oas ~ ~ • 

• p r e s s u r e  f o r  a a t u a t i n  g the middle, ch'amber  o f : ~ t h e  " d o u b i e & a e t i n g i ~ s e a l S i ~ ' " :  / . i, 

Gages and relief valves~ere"conneoted at sultable;pointa.~".The 'gapi~be i , -  

t~een the seal bar and 'the~aeat.could be . va:rled :by,ralslng or"Icwering ~/;i.i, ~. 
- , -i.~ 

the seal assembly. , ~, ., . . ... ~,. . 

The lO-inch 'ring-seal model was ,a circular; housing,~made ~.to resemble 

a circular gate in which was ~,installed, arlng seal~with a~diameter ;of;~lO 

inches. The penstock pressure was admitted:,in ~,the~!:center,of,the~del~ • ~' 

chamber and di speraed radia!ly by soap. plate-which:also,served ~!as ~.the " 

seating plate for the seal ring. The seal. assembly..w~s~suppor~ed~;below 

thi~ cap by a base through which~a ' I/2-inch~;pipe •llne0~,supplie'dPressure~ ' : 

for actuation of . the  seal ring. The ~'eeal ~ring ,moved agafnat;~the, :seat ~,.to 

tween the seal ring and seat could be variedby~rai~sin~'ior;{lowering'~,the 

cap plate. Pressure gages and relief ,valv.es~.were~;provided~at -,~itab-le . 

points. .. 

By i n t e  r c o n n e  c t i  o n s , " - w a t e r  u n d e r  p r e  s s u r e  w a s  ~ . . s u p p l l e d  to"i b o t h .  . . . ': 

imodsls from three sources; the city,water .mains'~witha pressure .o f  7 5  

pounds per squ~re inch. a l'~-inch centrifugal p ,ump with~a:pressure.:of 

I00 feet of water, and a hi'gh-pressure.hand-pu~p oonnecte-d~.to,:sm-~:a~r. '" 

tank It was necessary to increase the a m o u n t  of Water throughthe~mod~l, :, 

since it was found that t~ p~ns~ock p r e s s u r e  :.could'be~maintained/£or ~:a -" 

greater range of seal bar movement and~he field~ conditions eould'.be;:more 

closely duplicated. With.hlgher penstock pressure, velocities through 

the gap were higher and the effects more noticeable. An endeavor was : ~; 

-made to •operate the models ~ith the pressures and velocitles whichw~ll " : 
I " 

+occur in the Field, but these conditionswere not+fully realized. ~/: 

A summary of the tests on seal designs studied inthe o r i g i n a l  : - 

program is given in the following paragraphs.- For a. more-detai.led-~dea- - 

criptlon, reference is ~ade to the original report, h"/D-96. 

(a) Ro~ler ~ee!s (flgu,,," ~.~..-~The rollur slo* I,~ de.~ignedgo pro- ~~ 

s 
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duoe a rolling action of ~e: rubber rollers when the seal :ring or ber::is 
moved. ~Compress~on and t o r s i o n  o f  the  rubber produces• the f o r c e  ~ e o e s s a r y .  

for r e t r a c t i o n .  , ..... i! 

The extension of the roller seal bar was easy: until the ,roller's ~ became 
restrained by the limits of their slots, after which~;he effort/increased 
rapidly. The retraction of the seal bar was as Ln'the rlngmodel 
by the torsional effect, mking.it complete and but in the sectional .. 

model the retraction was sluggishand Incomplete* .... 

~.ith oversize rollers violent chattering occurred, and with.undersized ~" 

rollers self-sealin~ occurred which made ~unsealing ~impossible. ; In"the '~sec- 
tional model the rollers slid up, and i'down w~'thout rolling ~ as pressure,was 
applied. In the ring model greeter friction and torsional force prevented 

slidin~ to any great extent. . 

The principal advantages of this design are that the seal bar~oould be 
made to extend easily and, because it floats,'the aeallng action was aided. 
The d i s a d v a n t a g e s  are  t h a t  there  was low. r e t r a o t i v e  f o r c e  u n l e s s  r o l l e r s  
wars operated on part of slots where compression was ~greater:;- the rollers 
are dilflcult to assemble, as they must be correctly placeld .to,work proper- 
ly; the rollers slide at hlgher pressures and in,straighter isecti°ns! ~the 
type is not applicable :to rectangular gates~and the ;:seal bars are .:stiff, 
making conformity betn~een •seal bar and seat 'difficult. 

(b) Compression seals l (figure 4B) .--In :these. designs the rotraotive 
force on the. seal bar is provided, by,the~ energy;~stored inthe rubber~~aS, 
kets as the seal bar is extended, /iThe rubber iis;forced either in compres" 
slon only or in compression end ~.shear, togethe~r with,~ omo rolling action, 
depending on the shape of the slots The degree i,of~di~ficulty ~In, extension 
can be changed by. rotating the .square outline of:~the ~,slot in the design :so~ 
that a greater or lesser degree of oompressiv~ action can be attained. 
The rotation ofthis square slot may-be~"90 degrees, to cov~r all conditions 
of_action from pure.compression, as in ~ the square compression~des gn, to a 
design in which only sliding action would take place along ~the ~vertioal 
retainer bar surface. The design shown~illustrates the~principle-°T 
changing the angles on the retainer bars and on the seal.bar. 

In extension, the pressure required depends on;the ~resiztanoe ~of the 
rubber gaskets to change in shape, on.~he-change .in the~oross-sectional 
area of the slots as the seal bar is~extendedi~and o~. the width;~of thes; 
seal bar~ In the square slot design the.areachanges directly~withtthe 
movement; in the 45-45-degree design the area becomes only slightly'less, 
whereas in a 40-50-degree desisn the area remains constantand ~therefore 
is to be preferred. -Furthermore, as the angle of the retainer barslope 
becomes less than 40~degrees, the ares. increases with seal bar extension, 
and thus the rubber is released as in the 50-60-degree slot design in- 
stead of being further cramped. ~hen the rubber becomes cramped In a re- 
ducing area, the force necessary to extend the seal bar rises rapidly. 
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There i s, therefore, ~ a praotlcal limit ~,placed ~on ~the ~extension to ~be~), - 
a l l o w e d  in ~thase ~esigns an~ ~general ly~ift i ' s  ~not :-,more t h a n  '~ / I6  i n e h .  il - 
Retraction was nearl~ compl~ite and usually rapid, and ~he residual effort 
was practically e~ual to the force required to extend the seal bar. The 
overhang of the sealing edge contributed to the ~rapidlty/or sluggishness 

of the release. 

, . .  

At the point of sealing there was chatter 'and~puleation~of ,the seal . . ! 
ring in the lO-inch ring-seal mod~l, ,especially with t~e.:solld rubber gas- 
kate. With undersized gasket~ self-sealing occurred, and in some ~cases i~t r~ 
was impossible t o  unseal the 'iing. Slammi~ and rotation~of the seal~bar :/i:~i 
t o o k  p l a c e  i n  t h e  v i s u a l  model ,  a t  t h e  h i g h e r  p e n s t o c k  p r e s s u r e s ~  a n d : ~ v e l O c i -  :>~ ~. ~ 
ties, and full guidinF of the seal bar was necessary to prevent these con- . . . . .  ~ .%.:  

ditions as much as possible. : 

There was good retractive force developed in the rubbe~ when it was " i 
subjected to both compression an~ shear, as in the diamond-shaped slot ~ ~ 
deslgns~ a r id ,  since the 45-45-degree shape was t~ first shape so tested 
and offered a good solution to the problemat hand, it was accepted as 
the design for the Grand Coulee rin~-fo!lower penstock gates. 

Since the seal ring floats on rubber, alinsment to the seat is aided, ~ ~ i 
but on the other hand, the varying diameter ~long :the ~gaskets oaused~the 
seal ring to bend and conform to the pressure exerted on it ~by the rubber. :, 

• This condition caused contact at the seat,at one point, but at another 
point a gap still existed, so that more pressure was required to cause i 

the seal ring to seat all along its l e n g t h . . .  ",~ 

The rubber fabrication was difficult, but installation of the gaskets -~ 
was performed readily. The seal bar is ~heavy and. stiff-and dlffioult'ito ~i 
support in rectangular gateso At the manufacture~'s plant~an installa- : . ,! 
tion in a rectangular gate for Grand Coulee Dam gave trouble i!in excessive 
leakage from the chamber under the seal bar, probably throughrthe Joints i 
of the clamping barse :/,~ 

(o) Shear seals (figure 4C)o--The shear seal was developed to appiy ~"" 
the principle used in designing rubber springs, wherein ~the rubber is 
Subjected to shearing stresses only and energy is storedlnthe rubber 
during the closing cycle to provide a retraotive force. 

The action of these seals was smooth and free. with any ~reasonable . 
degree of extension. The force required to extend the seai bar depended 
on the quality of the rubber and the head. The pressure on the upstream .: 
guide bar assisted retraction. The retractive action was ,,complete .and ~ /~. 
rapid. There was no chatter during sealing, and self, sealing did not ~ 
occur because :the gaskets ,.are insta~led .tightly.. The guide bars ,:~transmltte~ • 
t h e  f o r c e s  t o - t h e  s e a l  b a r ,  T h e  g u i d e  b a r s .  made t o  p r o p e r  d i m e n s i o n s ,  ' 
n u l l i f i e d . . a n y  tendency f o r  the seal b a r  t o  rotate a n d  p r e v e n t e d  t h e  ~:rubber  ~ 

from bul~ing as a diaphragm. 
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The advantages of  this type ~of seal .are that ~e rubber is stressed r'~ " 

,principally in shear, and the ,seal bar is fully:'~Uided, The design::is - 
especially good for rectangular ~gates .but may be adapted to circular 'ones 
by installing the guide bars in.short : segments~ consi'derable ~.toleranoe 
is permissible in 'the ,parts. 

i!i- 

~!i ~ ° 

The disadvantage s would be di ffi cul ty ~ of adJusI~ent ~ of -any ~misaline- 
sent between seal bar and seat, the cost, and.%he-meight of the seal:bar. 

(d) Diaphragm seals (figure 4D) e--The ,curved surfaces of the dlamp 
and seal rings (figures I and 2) were Shaped~/iso that the ~diaphragm~cross-~- 
sectional length was the same when the~seal .bar was :extended as .when~re. ~ 
tracted and would be supported over~practically its entire.free areal@hen 
extended. The section of the diaphragm underthe seal xing was /formed ~ 
lower than those ,under the clamp rings, ,toassist retraction. 

The extension property of this ~pe is ~hindered by.~the ;extrusion i~of 
• rubber in clamping, which forces the rubber,into compression:,.:amd Shear ~ 
when the seal ring is moved. The-metal::di'aphragms permanentlydeformede 
In retraction, the action was slewand sluggish and 'the refractive for.co 
small o 

In sealing, the diaphragm was pushed against the stops and :imparted 
very little force to the seal bar. .The effective hydraulic force was then' 
applied to the seal-bar only. Without •close ~guides, %he seal bar rotated 
when tested as a straight section in:the visual .model. 

The chamber under the seal bar was easily made watertight. ~The:'seal_ 
:bar practically floats, which assisted in the b a r  conforming :to'the seat.~ .. 
The extrusion of the rubber in clamping made .~the:~seal partly ihop~rati~e. 
The seal bar is heavy and stiff. The manufacture :of the diaphragms to 
some predetermined shape required exnensive molds :in the field assembly. 

(e) Stabilized flexible diaphragm~seals (figure 4E).-.Diaphragms, 
when free to move, respond readily to ,'the slightest ;pressure, ~but due ~to 
lack of rigidity distort in the direction of theapplle~ force ~until a 
definite stop is reaohede .Tests on shear and constant,contact seals ~ 
showed that the seal-bar face must not only be parallel to the ,seating 
surface but must also be flexible 'to insure perfect se~ling® In designs --~ 
where energy is stored in rubber, chatter of varying Intensi'~:and 
frequency developed at the sealing ~position. In, teasing the r.ate: of 
application of cealing pressure generally eli minored %he di~f~'iculty, but 
a tendency to slam at final closure persisted. In all the retractable 
se~i~, except the double-acting tlrpe, to obtain positive retractive force 
it was necessary to make the unit qui~estiffo .Accurate guides were 
necessary to prevent .tipping or rotation of the seal bars. The stabi~- 
i:zed flexible-diaphragm seal represents an attempt to compromise all o f  
tihe se factors " 

The s e a l  c o u l d  be e x t e n d e d  s m o o t h l y  and e a s i l y  t o  a n y  r e a s o n a b l e : a m o u m t  
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withpractically constant pressure. The extrusion of the rubber in clamp- 'i 
ing was not detrlmental. The retracti on was complete,• !rapid. ~an~• positlve. := 
Because of the flexibility of the seal bar. there was conformiSy~betwee n 
it and the seatln casds of ,misalinement. There was no Cha~ter~, ~/and be- ~ i~ii 
cause or the confinement, of .the rubber, there ,was no self-sea lingo 'Sup- {i':~ 
port of the diaphragm prevents bulging. The seal bar, being, ful~ly~guide~. ~i!! 

did not rotate or slam. ~:,::~i~i.~ 

The •stability and flexibility of this design are inherent, ,and the-seal • 
will operate under any head. Standard parts may ~be.used land ino ~vulcaniz- ~ 
ing or molding is required for 'the ~ d o u b l e - s t a y  construction ~ shown. The /ii!i 
diaphragm may be any suitable inexpensive materialo Ins vulcanized con- ~ 

struction the lower stays would be eliminated. The desi ~ : ~ i !  

either rectangular-or circular .gates. The ~light~wei.ght "'? 
minutes any problem of support. The principal .disadvant ::~i 
difficulty o f  handling the par~s when assemblir~ on a large=gate. :,::~, 

el) Do ble c   se is (fibre to,produce positive 
sealing as w@ll as positive retraction of the ~:seal bar, :which is actuated ~~ ~ 
b y  hydraulic 'pressures •applied in three chambers. Pressure i n  the chamber i~i! 
• under the bar tends to extend it, and pressures ,in ithe"~wo middle chambers .i~: 
tend to retract ite In the packing-~land design shc~n, .the extension of- ' / ' i  .... 

fort was constant, while in the roller design tested, it increased with 
movement of the seal bar. The retractive:aotion was smooth and posltive ~.i 

in both easese ~! 

In the former design, after the seal ~was effected, it~as possible -~to " 
reduce the sealing pressure to zero without'unsealing. In ~the 'latter ,de- 
sign, since the rubber rollers•are in-compressisn and ;shear., ~ressure 
• .,st be maintained under the seal ibar ~o hold it in.plaoeo ~No ehatterin~ '/:i 
was evident in either unit. No tendency .f~r the seal bar te:,,rotate or i 

siam was evident in the former design, but in the latter design a guide ~ :~ 
was needed at the top to prevent •both rotation and' slamming. The sea~li '= , ~" '  
bar movement was positive either in extension or retraction for both de ~. .... 
signs. The :former design is well guided; the latter,design needs down- , 

stream guides at the nose. This type can be used either in rectangular ~i 

o r  , c i r c u l a r  gatese ,, 

The principal advantage of this seal is its positive action; the dis- _~ , . i  

e~dvantages are that the construction .assembly and ~he =~ operation would be ~ J-:~:; 
complicated.and ~e~Densive.. iln .the packing-gland design:the sliding sur- .~; 
faces may become inoperative due to scale deposition in certain installs- =.~!~ 

i(g) Constant-contact seals :(figure 4O).-.Deve!oped for use in low: ~°~"~' 
!head installations when - th~ ifrlotlon due to constant contact will not be 
.exoesslvee The seal is -actuated by any head but ~does-not retraot~ Pen- ~ ~  

Itook or reser~oir~pressure exerted directly on the bar furni~shes the 
.... ,seallng foroe,o The lithe contact presage-was kept toa minimum bY :ms~in~ ' - ~!~!! 

t h e  d i s t a n c e  from t h e  ~h inge  t o  t h e  : c o n t a c t i n g .  _ n o s e  a s  Shor~,as .~  pos s ib l e , co  . ~ . ,~ ~! 
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The constant-contact seal bar~shoul d have sufficient flexibility to ':"~'!~I 
care for misalinement between hh~ seal bar and the se~t. The seal bar .must ~ii:ii 
be dragged from the seatl therefc~re, the line contact pressure o n  the seat 
should be low. The all-metal design was too stiff to twist even a :few i 
thousandths of an inch. A ruOber-mounted design was slightly more flex- •ii' 

ible, i 
r. 

The advantage', are the ability to seal at a~y pressure, the ~bsence ~ of .... :" 
retraction dev:~oes, and the Ic~ construction cost; the disadvantages are ::~ 
the additional on, vet needed to move the, gate due to the friction 1be tween :.~:ii 
the seal bar and seat, the necessity of flexibility for good sealing,., and 

the limitation of the hin~ed design to rectangular gates. ..: 

The test~, consisted of measurement of pressures necessary to accom- i 

plish a seal a~ainst various penstock or reservoir pressures, ~ith a given ! 

penstock pressure, the pressure under the seal bar wasIncr eased sl~ly, 

which caused the b~r to be extended until flow from the penstock was 

stopped. To u~seat the bar the pressure under the bar was lowered until ~ i 

the seal broke. These two pressures varied at times as much as I0 pounds ! 

per square inch, but the sealing pressure was taken as the mean of these !! 

two readings Positive retraction against a static heed of about 7 pounds i 

per square inch at the center of the gate ' ,yes required, i i 

Scooe of r~w test series. The designs tested in the new series i 

of gate-seal designs and tests, as described In this report, are divided :.! 

into two type~ - constant-contact seals and retractable seals. The tes~s i 

on the constant-contact seals were an outgrowth of the four designs for i 

rectangul~r gates studied in the original program. The main constant- 

contact seal designs tested in this series are as follows: 

(6) Music-note constant-contact seal - Brass on curved section o f  
rubber only - Design IC (figure fiA). 

(b) Music-note constant-contact seal - Formed brass strip .vulcanized ' +  
to bottom and curved portion of rubber -Design 2C (figure 6B). ii~i'.i!~ I 

(c) Hinged bar and rubber constant-contact sea~ ~" Design .3C - 
( f i g u r e  eC). 

(d) Hinged flexible constant-contact seal -Design 4C (figure 6H). ...ii~I 
(e) P~In~ed. sustained, constant-contact seal -Design 5C (figure 61), 
(f) Floating. sustained-bar, constant-contact seal - Design 6C 

(figure 6J). i 
(g) Slidin~.-bar, constant-contact seal - Design 7C (figure 6L). ~ 

During the studies on the floatln~, sustained, constant-contact i,~eal .... :~ 
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A-Visual sectional seal medal test a~ra~us. 

B-Visual sectional seal model with stabilized flexible 

diaphrs4~mseal o design 6R, installed. 

- DESIGN 6R 
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(design 6C), consideration was a~ain given to designs for retractable :seals. 

A roller was substituted for the ~floating, half-round bar ae a~constant - 

contact seal. During the studies it developed that bY the add~ti~on of ~a 

retraction spring, the bar or roller would retract hydraulically. Thus, 

by the addition of the retraction spring to four of the constant-contact 

seal designs these were developed as retractable seals. 

The main, retractable seal designs studied in this aeries are as 

f o l  1 ~ r s  s 

(a) R o l l e r  retrao ble Beal - Design 1R ( f i g u r e  9A) .  
gn 2R (b) Floating-bar retractable seal - Deal (figure 90) 

(c) Hinged, sustained retractable seal -Design ~R (figure 9G). 
(d) Sliding-bar retractable seal - Design 4R (figure 9F). 
(e) Hinged, flexible retractable seal - Design~5R i(£igure 9G). 
(f) Stabilized, flexible diaphragm seal -Design 6R (figure 9H). 
(g) Music-note retractable seal -Design 711 (figure 91). 

Both  designs of thc m~sic-note constant-contact seals were proposed 

for installation on the Grand Coulee gates~ but, since the additlon of 

the retraction -pring made design I a retractable design which gave ac- 

ceptable results, the proposed field installation was so,converted and 

adopted (figure 9L)• The gates were already equipped with ~the necessary 

fittings and valves for retractable seal operation• . so no additions ~or 

changes on the gates were required. 

The music-note constant-contact seal, design I, p~posed.'for instal- 

lation on the Shasta ~.ates. was finally accepte~, as a satisfactory ~de- 

sign (figure 6A) o 
.j 

The stabilized, flexible diaphragm seal studied in the first series 

was further tested and suggested as a solution of a retrac~able .eal. 

4. The model. The visual, sectional seal model (figures ~, :5, end 

9D), used in the first tests and designed to accommodate full-size seal 

sections 2-1/2 inches Ion~, was modified bythe addition of horizontal 

and ver~ ~al sliding seats and horizontal and vertical shifti~ bases. 

The piping and arrangement of the beat apparatus was modified to g~ve 

greater flexibility of operations The changes in piping Included a 

8 
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larger penstock inlet into Chamber C, ,figure 5, which could~be supplied ..... 

from different sources. Water from the bu~ldin~supply system~eould be 

supplied i~direetly !%hrough=a l,I/2-inch llne -at"75 ~ pounds-per-square-lnch 

pressures A:2-1nch line from the bulldin~ system.into %he. ,suatlon!"~alde. , 

o f  .an 8-£nch-centrifugai pump permitted boosting,the --supply:pressure ~from 

75 t o  I I 0  p o u n d s  .per  s q u a r e  i n c h . a n d  ~ . s u p p l y i n g  a l a r g e  ~ v o l u m e  .. o f  ., ~tc  

the model. :A high-pressure piston hand pump with a storage tank~&upplled 

high pressures with very limited volumes A ~cross connection ifrom %h~ 

supply limes to chamber B supplied pressure i for actuating the seal':bar. 

Relief lines from penstock chamber C and the actuatin~ chamber B provi'ded 

fairly close regulation of the pressures and volumeso 

As previously stated, the true action of the seal unit san be obtained 

only when the volume of water passin~ it is the maximum ~or anyconstant 

head. The difficulty of maintaining constant 'heads for':chan~in~:c °nd~ti°ns 

still persisted to a degree ~,ith the new arrangement. Since ~.the~available• 

water supply ur.der, constant head was limited by the piping ands, the supply 

systems, it was practlcally impossible ,to msnipul~te the rellef valves to 

maintain constant conditions ~.as the seal bar was operated,-due ,.to ,the 

rapidity of the seal bar action at the seal~ngiand breaking~ points, 

Piezometers were installed to .measure':pressure~:~o wnstream !from:the 

nose of the seal bar at points k and D. The,piezometer at A was a l/,4- 

Inch hole on the center llne of the model, later reducedtoa~i/16-inch 

hole so as to open.immediately downstreamfrom'the center llne of the 

m o d e l  ,and a l s o  d o w n s t r e a m  from t h e  s e a l i n g  e d g e  o f  t h e  r o l l e r  r e t r a o . t a b l e .  

seal (figure 9 A ) .  The piezometer a t - D  was  a I/4-inch::holeone inch :do, m- 

stream from the center line of the model. A relief~valve was orovided on 

t h e  line t o  piezcewter a t  A. 

A leverwlth a 7 tol ratio was attached to the model and could~be 

connected to the plunger to permit measurement of forces or hand manipu- 

lation of the seal bar durin~ the ~tests~ ~aeurements of" the forces in- 

volved were made with a sprin~ balance hooked to a pinned fulcrum on the 

l e v e r .  

,~'i~ ~I 
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It was found that when computati one were ~ made the ~for ce s died not :balance < .... .,,-,,~i"l 

because of discrepancies in areas over which hyrdr ~ulic pressures,existede :~i ~:'j? 

The areas were indeterminate duo to :the infiltr ~tion~°f .water,pressure i~be- .-~,,~+~+~: 

5. ~er atiOn of the model. In the tests on the constant-contact iii~ 

' ' pressure .was ~appl£ed• ;as :~no by.. 
seals (figure 6) • normally only pensto +~k ~!~i 

drau!ic retraction was involved. But in those ',cases, ,such-as ~in fi~ures 

6H to L, inclusive, where the seal bar had a more or le~s confine+d ~space.. mi~!i~i~ii~+i 

in chamber S under it, water was admitted to both chambers B~and:C,:: '~:i.:! ':!i::~,+ 
either at the same pressure or at different pressures• to study ~he ~action 

of the rubber or seal barwhen a differential existedo 'i~.iill 

In the tests on the retractable seal~,the pressures in chambers B and i 

C were controlled independently by manipulation of the inlet and ~rel:ief " ~ ! 

valves to produce the desired results. With a more or "less constant ~:head ,~:I 

in chamber C, the pressure required to produce .a-seal was obtainodby ad- +~i 

mlttln~ water under a controlled pressure into .~chamber .B until ~the seal . +~i ~:+,~ii!:ii 

bar came into contact with the seat and stopped, the penstock flow. The i!~:~ 

pressure in chamber B to produce the stoppage of flow is termed the seal- ! 

in~ pressure. When the pressure in rB .was reduced, the contact between the +~i 

seal bar and the seat would be broken and %he penstock flow started, The ~ 

pressure in chamber B to,accomplish this separation is termsd the ,break- =!~ 

ing pressure, The sealin~ and the breakin~ pressureswere in many cases +~:i~i! ! 

nearly the smx,~, but at ti~e~ there-was as much as I0 pounds i~r square .!i:i i 

inch difference due to 'inherent internal .friction in bending ~cr ~slidin~ ...... 

and friction between the ,ends of the-seal bar and ~the ,.transparent sides .<~:~,+ 

of the model• or due to the -shape of the seal bar nose. Sometimea:all 

these factors were .acting simultaneously. '! 

If the valve-supplying chamber B was ope~ed quickly .wi~h the penstock .~-,,~"i!!i!i+ 
supply flowing, the seal bar would •slam into the ,closed position, caus!n~ .:~!,~ 

severe water hammer, "~:!ii 

The slidin~ bar seal in design 7C (figur~ 8) had an additional, them- ,•~"~!~~:~ 

bar .designated as A between the. face of the seal bar anti-.the-seat, .Pre~- ~"'+'~ii! 

/ J 



s u r e s  above  t h e  a t m o s p h e r i c  ~ ba~se ~in chamber  ,A, a s  ~ m e a s u r e d  ~ t h r o u g h  ! p i e - -  ,. i i 

z o m e t e r  A, w e r e  r e a d  i n  p o u n d s ~ p e r  s q u a r e - : i n c h ,  S u b a t m o s p h e r i o  : p r e s ~  i!:= I 

sures at.piezonmter A or atplezomsterD w0re measured in £eet-of-.~ter.o '~" 

This .termino!c~r will be used throughout , the subsequent discussion. "..i 

6.  C o n s t a n t - c o n t a c t  ~,.seal~ ( f i g u r e  :,6). T h e s e . s e a l  : d e s i g n s  do n o t  ..... .~ 

embody r e t r a c t i o n ,  b u t  t h e  s e a l  b a r  ' i s  : in  c o n s t a n t  :. c o n t a c t  'i.with t h e  s e a t  'i!;,!i~i! 

~ ' h i l e  i t  i s  d r a g g e d  o f f  o r  on t h e  s e a t  ,as , the  : ga t e  : 'is o p e n e d  ~,or ~:CIosed. " . I 

The designs are mainly applicable to rectangular gates, but/design :6C 

(figure 6J) or deslgn 7C (figure 6L).could be used on~a=cir.~lar~:~te,i!bY 

machining, the bar as a ring which wouldfloat in ,the supporting. . ~ groove..~ -~:~-~ 

In rectangular gates the top and bottom seal must have a,stop provldedto '~:i!i 

prevent the seal bar from extendimg too :far as it .slides fromthe :seat, ~! 

because penstock pressure is maintained until the gate ;leaf moves far 

enough to relieve it. The seat should have a slope ~at ~the :edge ~so ~thet :.!,i 

in closing or opening the gate the seal bar can climb or !descend grad-, -~ ~ . o~ :;'~ 

ually into the ~final position. The vertical :seal~bars woUi~d::ride guides~:: _ i!~ 
_ . . . . .  c 

extended from the seats in the same plane. The :fact that~the ,top and • o 

the bottom seal bars will be extended or retracted when the :gate leaf ,is / 
i moved, whereas the vertioal~seal bars would be in .constant ic~taot,..with. ~/,~- 

+the side seats and guides, .inw~ives a problem in des£gn,+of ~the +corners o,.:+.ii,~ '+', 

which ~ill give flexibility as well as stability. ...:~ 

The sliding friction:between the nosepiece and-~-the seat~ must~~e 

allowed for in designin K the .hoist, The sliding friction on the flat ~.~.~ 

portio~ of the seat was al~ys small! it was greater along the ,el,pea " 

.(a) Music-note constant.contact seal, designIC ~(figure 6A)ig~-ilSeal~.ng .~.! 
w a s - l m p e r f e c t ,  due t o  u n d u l a t i o n s  and s t i f f n e s s  of . the b r a s s : . ~ v u l c a n i z e d  -. 
strip. By moving the ~slidin~ seat.back ,and forth, movement of ,,.the seal .-~.: 
bar was produced as though .the gate leaf moved, oauslr~ the seal !~i~..be ._..~':~' 
extended or ~retracted while penstock .pressure ~s maintained. ,Movement of 

base. With a gap.of ~i/I6inch, ~$0 to 40-pounds-per ~square inoh::pressure ........ :: :: :~ 
,in oha~ber,:C was r e q u i r e d ~ t o  : c l o s e  i t .  The seal is therefore,north--good =:~,!: !, 
:.for low heads..Friotlon, cn the ,sliding seat while ~penst~k.pressure ,was . - ~. 
maintained v~ s ~ic~, ~but cons ide rably ~reate r ~when the .no~e of ~.the seal . ,~ 

: .bar :was c l i m b i n g  ~the . s l o p e .  Th i s  c o n d i t i  on was: o b s e r v e d  i n  . a l l  .~.the .:.con- ~ . / ~: ~,:ii 
=~.eon~aet seals. T~e distortion of the rubber -seal under-p~eseurs_ -: : i,:ii = 

II 
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when t h e ~ ; ~ i n f o r c i n g  s t r i p  i s  o m i t t e d  i s  shown in  f i g u r e s  7A and 7B. "In 
A, no pr~';%'~vre was a p p l i e d  ~ d  i n  B, the  d i s t o r t l o n  u n d e r ~ l l O  pounds per  
square inch is shown. Design 10 is shown in figures 6D and E, applied 
to the 19.5-by 2409-foot flxed-wheel gate ~for Shasta Dam diversion tunnei. 
This design was finally chosen for installation after the tests on the 

following designs were made. 

(b) ~usic-note constant-contact seal, design 2C (fig ure i6B) e''In~thls 
design the nose piece seals on its end instead of on its ~side, as in de- 
sign iC. Representation of the seal berlin slidlmg up or down the slope 
of the seat, or when the gap in the gate changed, was accompllshed by 
mounting the seal bar unit on a sliding base. The seatwas also made to 
slide by attaching to a vertical screw. As the base was moved while the 
penstock pressure in chamber C was maintained, there was undue bendlng in 
the vulcanized brass strip so that it crawled around the curve, eventually 
permanently deforolng the brass strip. In one test arrangement the brass 
strip was slotted so as to make a hinge at the base, The strip still 
showed poor action. An installation of this design is shown in fiEure~6G 
for the l~ by 29.65-foot penstock coaster gate for Grand Coulee Dam. 

(c) Hinged-bar and rubber constant-contact seal, ~desIEn ~C (figure 
6C).~-A seal was accomplished in this design at the seat and at the:hi~e 
by the rubber acting under the hydraulic pro saute. The bar had to be 
mounted only fingerti~ht at the hinge to obtain~any movements ~otherwise 
no movement obtained, The seal between the !rubber and the ~seat was ex- 
cellent, but there was indication of ,sticking and tearing whiohwould be 
a disadvantage. A brass, angle nose~piece was tried, but the actiomwas 
poor. The brass nose piece was torn from the rubber • by the ~hlgh.velocity 
flow through the gap as the seal bar left the seat and came into contact 
with the stop. This condition would exist at small ~ openings of ~he gate 
at both the top and the bottom seals. The rupture ~as oaused~bythe fluc- 
tuating subatmospheric pressures ~;hlch existed at small gap openings. 
These pressures tended to pull the nose piece fromthe rubber by suctlon. 

The bond between the rubber and the bar might be;impossible to maintain 
in the case of  the tcp and the bottom seals on a rcotan~ular -gate. Dur~nE 
the opening of the gate in the case Of the top seal, the friction~betm'eea 
the rubber and the seat would tend to pull the rubber from the seal bar 
(figures 8C and G). The same condition would occur on the bottom seal 
during the closim~ of the gate, on!y to a lesser degree. During •either 
the ouening or closinc of the ~ate, there is little contact~at~he~bottom 
seal between the rubber and the seat, due to the metal seal ~bar bein~ in 
contact with the slope of the seat, .thus holdin~ the rubber away from the 
seat until the sea] bar is in contact with the flat portion of the ~seat 
(figures 8D and H). Figures 8A and B show the conditions with and without 
pressure before a bras~ an~le was installed on the sealin~ edge of the 
rubber, Figure~ 8~ and F show the sam~ conditions after the brass angle 
was addede An installation of this type of ~eal is shown in figure 6F 
in a manner similar to the music-note seal i~stallation in figure 6E. 

12 

J 



• • t- Y '.~~':~i 1 

(d) Hinged, fiexible, constant-contact seal, dcsign4C ~.(fi" u e :6H ..' / " : 
The seal bar was made from a test s~ecimen Of Gates rubber~a~dhee£on,-~S ,tOok :/;:I 
No. 1080 (about 65 durometer and I/4 inch/thick)~, ,,vulcanized ~to ~a/fla%,/i:, :'~ 
steel plate 5/32 inch thick. The stay was Slotted a.t !I/2-inch inter, valis ~ ~ 
for flexibility. The nose piece was a standa~ ~, half-round brass ,rod 
screwed to the stay. A machined or rolled stay end"nose piece could ~have 
been used insteade The action of%he seal was good'and considerable move- 
ment of the ~eal bar v:as:possible. The flexibility of the ~unit . p e r ~ t t e . ' d  
1/52-inch twist in the 2-1/2-inch. length of seal,bar' with :a pressure of •':!~<"I 
20 pounds per square inch in chambers,B.andzC. This ;flexibility al'lowed . :~!!}.!~ 
excellent contact between the nose piece and the seat, %hus,pro'duclng~a 
tight seal. The force required to move the seal :bar was very small/as/was i} 
e v i d e n c e d  by hand ~ n i o u l a t i o n .  o f  s e a l  b a r w t t h  ~the p lun~e ro .  :The : s t a y ; d i d  . " 
not show any bending under llO-pounds-per-square-inch pressure. An appli- ~,, 
cation of this design is shc~n in figure 16Ko If double stayswere used,-no ./~ 
vulcanizing would be necessaryo A double ,stay construction is shown .in !~i 

HYD-96 (figure 15, design 4). ::':~ 

(e) Hinged, sustained, constant-contact:seal, design 5C (figure 61)e'" 
This design is another application of the hinged type of seal. Various 

were studied. The force exerted by the~o~amped shapes of sustaining rubbe[ :~i 
rubber holds the seal bar in place, The action was Stiffer than design 
4C, and the solid bar could not be t~isted with .75-pounds-per-square-inch .. !!~ 
pressure. One slotted bsr was made in which.a twist .of .I/~ ~inch could be 
produced with 70-pounds-per-square-lnch pressure, in chamber"Ca In an 
application in a vertical position, the seal bar could be fully supported l 
at the hinge because of the met~l-to-mstal contacte The~rubber-would .be ~ 

installed under slight compressions 

A I/8-lnch wall rubber tubing with sufficient cross section to :comfort- <~: 
ably fill the so~ce under the seal bar would give ~ood support and sealing ~.:~ 
action at the hinge, It would be necessar-y to,expose tP~ interior of.the 
tube to penstock or reservoir pressure. The sealin~ action at the hinge ~i!i 
can be seen by comparing figures 7D with 7C. 

(f) Floa~in~, sustained-bar, constant-contact seal,.design 6C "(figure i~ 
6J)o--In this design all the unbalanced pressure exerted normal ~:to the t 
flat portion of the seat by the water in oham~er B is used to effect a 
seal. In the hinged t~pe of bar, approxinstely half of the unbalanced 
normal pressure is exerted on the hinge. Accordingly, in .the floating 'type, 
the bar need be only half the ~dth to produce the sa~ pressure at :the :nose 

and the seato 

Of the various shapes of rubber tested, the channel shown in figure 6J .. 
and the. I/8-inch wall tubin~ in figures 7E and F showed the best results, 
The rigidity of the chan~el s~pe maintained ~ood contact between the ~nose 
end the seat, but the ]argo cross-sectional area of the channel tended to 
cr~mu t.~P. rubb~ s,:r~ou~!y a~ the. seal bar ~as depressed, thus limltin~ 
*h,~ b r :".~v~r~,:-' ".~ '.7o ob~a~.~: a m<?.~ resiii.~nt unit, flexible I/8-imch wall 

rubber ~ubin~ v~as Su~titu%ed (~.igur~s ~E and ~),TH~'~'II%bCfq:f~"-I%~f:~%h~ :: 
i 

~.!tC. .... " "i' .i~-~, '~' ;'~' "*: ...... J:';",~ '.L:~" ' ':/'~ ~-::-~" ~.':-~:'V<" .- 



FIGURE 7 

A-~o p r e s s u r e  i n  chamber C. B - P r e s s u r e  of  110 l b .  pe r  s q . i n ,  in  chamber  C. 

DISTORTION IN M~SIC-NOTE SEAL WITHOUT REINFORCING STRIP 
POSITION AS IN DESIGN 1C 

C 4 e a l  b a r  mounted on 1 / 8 - i n o h  .~lat  r u b b e r  o t r t p  showing 
l o o s e n e s s  o f  r v b b e r  a t  h~q~o w i t h  no p r e s s u r e .  

D-~ubber  pushed a g a i n s t  h i n g e  with 75-1b .  p e r  s q . i n ,  p r e s -  
s u r e  i n  chambers B and C. 

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

E-P lun~e r  oonneo~sd and 75 l b .  p e r  s q . i n ,  pressure i n  
Qhambers B and C i h o w ~  o r ~ m ~ d  p o s i t i o n  o f  r ~ b b e r .  

F - P l u n ~ e r  dieoomneoted and s e a t  r e t r a e t ~ d  w h i l e  pens took  
p r e s s u r e  was m a i n t a i n e d  showing  r o t a t i o n  of  s e a l  b~r  
i n  d i r e o t i o n  of  f l o w .  

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



FIGURE 8 

A-No pressure i n  ohamhor C. B-S.al on f l a t  p o r t i o n  o f  s e a t  w i t h  70 l b .  pe r  eq .  i n .  
preeeUreo 

C-Seal  ba r  under  70 l b .  p reesu re  l e a v i n ~  t op  e e a t  o f  g a t e .  D-Seal  ba r  tmder 70 l b .  p reeeure  l e a v l r ~  bo t tom l e | t  
of 6ate. 

ORIGINAL DESIGN WITH SHIM UNDER CLAMP BAR 

E-No p r e e a u r e  i n  ohamber C. F - ~ e a l  on f l a t  p o r t i o n  of s ea t  w i th  70 l b .  per  8 q . i n .  
p r a l l  | lalr 'e o 

G-Seal  bar  under 70 l b .  p r e s s u r e  l e a v i n g  top eea t  o f  H-Seal  bar  under 70 l b .  p re s su re  l e a v i n ~  bot tom s e a t  o f  
~ate. g a t e  • 

! 

BASE ALTERED AND BRASS ANGLE ADDED 
TO SEALING EDGE OF RUBBER 

HINGED BAR AND RUBBER, CONSTANT-CONTACT SEAL - DESIGN 3C 
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t u b e  was g r e a t e r ,  as  a n t i c i p a t e d ,  but  r o t a t i o n  o f  , t h e . s e a l  bar  ( f i g u r e  7F) 
by the unbalanced hydraulic pressures made it necessary to install~a g u i d e  
pin to maintain the seal bar in position. There was no objection to the 
guide pins, hydraulically, but their installation would increaee~the c om- 
plexity?and co~t. The effectiveness of guide pins was shown:by the use of 
one 8-32 machine ~crew attached to the plunger and seal:bar. The sliding " 
seat and seal bar were operated under a pressure of II0 pounds per square 
inch, but the machine screw was not bent by the unbalanced,£orces. This 

indicated their small magnitude. 

The absence of a rigid hinge tends t~ard flexibility of the barltself, 
which permits a tight fit between the seal bar and seat even where ~the seat 
may be misalined. This conformity increases the effectiveness : of ~:.~he seal- 
in~ actlone Of the nose shapes tested (figure 6M), Shape A ~ave the best 
action because it is hydraulically balanced. Furthermore, the half-rotund 
section is more flexible than a rod or a tube because of its lesser resist- 
ance to bendinge The strength of~a half-round section in bending is approx- 
i.mate~y one-fourth that of a I/8-inch wall tube~wlth :the same outside dla- 
,~eter, Shape C was developed to permit greater latitude ' of movement and 
hence greater clearance between the ,stop bars ~nd the seat~ 

Shape B was objectionable because of the sharp contact between the seal 
bar nose and the slope of the seat and because of the greater tendency 
toward rotation due to the unbalanced hydraulic forces caused:by the :thick- 
nes~ being less than. half the width, ~The.rotatic~* in this case ~was against 
the flow as compared to rotation with the .flow, on,shapes A andCo The 
lesser ratio of thickness to width on shape D increased the tendency to 
rotate, in this case against the flow. Shape E withnew stop bars, as 
outlined, was developed to negate the rotation of the seal bar, but the 
permissible clearances were so smallas to make the design undesirable, ~ 
In shape F, the radius of the nose was reduced to 1/4 inch ,to reduce :the 
subatmospherlc pressures which occur dov~stream:from,the nose piece a s~the 
seal bar approaches the seato The change was ineffective, Without the 
rubber under the seal bar the leakage between the seal bar and the stop 
bar was considerable, due to imperfect contact. 

(~) Sliding, constant-contact, bar seal, design:7C, ifigure 6L).~The 
principal advantage of the sliding bar seal in a constant contact instal- 
lation on a rectangular gate is the positive guides, :but ~ those positlve 
gui~es have several disadvantages. To operate satisfactorily, the clear O 
anoes must be small, which appreciably increases the cost of manufacture, 
installation, and maintenance. The~action in the model ,has good, but in 
a field structure the formation of scale from the water, or deposition of 
foreign matter, would render the bar seal inoperative, 

7. Retractable " .seals .(figure 9). In retractable seals, force~ are 

applied tc the seal bar to cause it to unseal or to retract to produce a 

gap between the sealing edge of the nose piece and ~he seats .The distance 
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between the sealing edge-~and ,~the seatl is the -measure of the retractionS. !~ ~'~ 

It is generally considered preferable that .the seal:.bar,shouid"~i-remain"i~n " .~ 

the retracted poe ition-whi le the gate ieaf ~s in~.moti'on or"until., a seal •,~.~'~.~ 

~is ~.gain required. Hoverer, ,a seal bar~-that Itghtly scrapes, the se t ,.:;'/~!'i: 

when the leaf is~ moved has ~hs advantage of~s"oleaning ~ar-~d -seating!actlonO 

In this seri~s of desig~ns and tests ~one m~t~od iof producing~r.etrac- .i:ii'!i 

tion predominated. It was the me~-hod.'deveioPed,for .the :retracti:on,.of-th~ ... ~il 

stabilized, flexiblc;diaphra~m seal in the Cfirst.series .of ~ate seal 'de'- , ,;~ .... :; 

signs and tests (figure 4E). This method employed ~theoenst°ck Pressure.. . ~i, .i:ii~ii'~.:. 

acting ~on the upstream portion of the seal bar .to produce retraction ~whsn )!~_ ~<i!i 

the pressure in th~ seal i~ oh~mb, r ~n~er the sefll bar ~,as reduced ~~l~w. ,~. !!~!~i 

~thatrequired ÷~ effect a seal. Several other methods were emp!oye<d~in 

the first series of tests forproducing retracti.on~ Energy'stored fin ~.. , ~.~.~.~..~i 

rubber when the seal bar was extended, as in ~hecompression~type of.ses~l "~: i.i~! ! 

designs (figur~ 4B) ! hydraulic forces applied in -chambers, as in'-,the . -.../~ ~ ~ii: 

. ddlt on to stored in rubber, .as the double-actln , roner' s  , , 

hydraulic forces aching on the upstream portion.of the~-.seal bar~In'addi ~- 

tion to energy stored in the. rubber, ~.as in.the shear seal (figure,..4C)and 

diaphragm seal (figure 4D) ® " i 

In order to apply the hydraulic forces upstream from the seallng edse 

a unique . feature was incorporated~in five of the seven~designs~shown on .... 

• e~ .... D figure 9. This.was .the retractT~on-spring (figures 9A, ~,:~ ,'G, ;-and ,I) -ii 

~dded to similar or the same cons,rant-contact ..... designs, The retraction ~ ,{ ;::i 

spring could,also oe added on the upstream side of the sliding uar seal, 

design;@R, thus eliminating the close~.cie~ranoe for t.heseal~bar~in;the 

sloto However, ~.~he retraction spring is onl$.applica~le to rectangular - "(i~ 
gates in .which the deal bar Is straight, For curved or circular seai ;i~ ~ "'~'~ 

bars, the sl~ding bar seal (design ~R) or the stabilized, flexi~,le, - dis-. '~~!i-,;" 

ph,"agm se~l (design 6R) would operate~ Of t~se two, the latter !is .:to 

be ~referred because it is-not so subject to fouling due to scale en- i ; 

~:rusta tlon ..or.~,d£r t .depo si ti on o 

.. <.; 
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Tes t s  were c o n d u c t e d  f o r  t h e  ~express~purpose '  of .  d e t e r m i n i n g  ~the, p r e s -  

sure  required at the seating surfaces to effects ~erfeot ~ seal. In these 

tests the sliding bar seal, design 7C (figure ~L), was used Inlthexla~e 

manner as a retractable seal. Sines the seal bar is free remove in,its 

s lo t ,  and i s  t h o r o u g h l y  g u i d e d  by the  s l i d i n g  f i t  o f  the-~sldes~iio£ t h e ~ a l o t ,  

this seal unit was found ideal for these tests. 

With the  s e a l  bar  i n  p o s i t i o n  with.~faoe A t o  t h e  s e a t a n d  a~ f l a t ,  

s l i d i n g  s e a t  i n s t a l l e d  ( f i g u r e s  6L-~andl IOA), i t  was  d i f f i c u l t  ,,4:o~determine 

when bo th  l~gs  were  s e a t i n g  because  o f  r SO w ~  ' l e a k a g e  be tween  t h e  , . .eontaet in~ 

surfaces. Pressures in chamber A were controlled by a teller vllve~in the 

line to oha~er A to determine the effect when pressure was allowed to 

build up in the chamber or when it was drained. With the relief valve 

open, the amount of water escaping by the upstream leg ~ of the seal bar 

coul~ be seen flowing out of the pipes and when the relief valve~waa 

c l o s e d ,  the  r i s e  i n  p r e s s u r e  i n  ohan~er  A, as  r e a d . o n  ga~e~A, i n d i c a t e d  

the  r e l a t i v e  amount of  l e a k a g e  .between the  u p s t r e a m  and ltbe downs t r e s~  

leg. Restated: Leakage by the downstream leg could be seen e~irtln~ 

into chamber D. Pressure in chamber A varied from half to nearly equal 

that in chamber C. ~hen the leakage over ea0h leg off, the seal~barwaa 

about equal, it was canoluded that both legs were seating uniformly. ~No 

amount of additional pressure applied to the seal bar,by the hand-operated 

lever and plunger (figure 5A) made a better seal. Sealing was aecon~lilhed 

by applying hydraulic pressure in chamber B or by pressing down on the 

lever. When chamber B was drained, all the leakage between~the seatlng 

surfaces at the seat could be detected, and when pressure in B was applied 

with drain to chamber A open, all the leakage through ~ the downstream slld- 

ing surfaces between the slot block and the seal bar was detected. 

The pressures required to maintain the seal bar in the sealed ~poli° 

tics, or, in other words, the unit pressure required between the sealing 

surfaces, was found iz two independent ways: the pressure in chamber B 

which  would J u s t  eau~e ~the s e a l  b a r  to  s e a t .  or  the  pounds o f  f o r c e  r e -  

q u i r e d  on the  l e v e r  a t  a r a t i o  of 7 to  1, was d e t e r m i n e d .  ~ T h e s e . r e a s s u r e -  

manta were made with the drain to chamber ~ bo~h open and closed. 



Similar tests were conducted,with,face B of':~the ~seal bar ~ to ,~the -seat. 

Xt was d i f f i c u l t  to d e t e r m i n e  when the  f ace :was  s e a t i n g  u n i f o r m l y ,  u s u a l l y  

p r e s s u r e  a t  ~age A r e g i s t e r e d  a l m o s t  t h a t  i n : c h a m b e r  C, b u t  when t h e  r e -  

l i e f  v a l v e  to  chamber A was o p e n e d ,  on ly  a ~very t h i n  s t r eam o f  ~ t e r / f l o w e d .  

This indicated that face B was seating-uniformly. See Ing,preslsures were 

determined independentlyby.findin~ the pressure required,in;"e|mmber~:B or 

the  l o a d  r e q u i r e d  on the  l e v e r ,  and a l so  w i t h  t h e  d r a i n ~ t o  ~chamber ' A : e i t h e r  

open or c l o s e d .  

When the  computa t ions  fo r  bo th  e a s e s  mere made, w h i c h  i n v o l v e d  ~ t h e  

f o r c e s  a c t i n g  on the  sea l  b a r  e i t h e r  h y d r a u l i c a l l y  or m e c h a n i c a l l y ,  t h e  

f o r c e s  cou ld  n o t  be r e c o n c i l e d  to  g ive  c o n s i s t e n t  r e s u l t s .  It~::was:oon - 

e l u d e d  t h a t  t h e  methods f a i l e d  b e c a u s e  i t  was i m p o s s i b l e  t o  d e t e r m i n e  :o r  

es t i . .na te  the  a r e a s  s u b j e c t e d  t o ( h y d r a u l  i c  P r e s s u r e ~ a t ~ t h e '  s e a t i n g  s u r f a c e s  

due to the leakage creepin~ through, and .acting on these~areas. The prob- 

able appearance of the actual surfaces in absolute~contacb In comparison 

with those that were not in perfect ~oontaot would be like that presented 

by a contour map where the landscape is a,rolling~ or hillycountrysides 

Another method of determinlng the pressure required.to lees! gave 

c o n c l u s i v e  results. In:the test with f a c e  A o f . t ~ e  s e a l b a r  to  the seat, 

if chamber .A was relieved of pressure the ~seal bar,remained in~.the sealed 

position even when the force upward on it was,zero (figure IOA). The~eame 

fact was experienced when the, sliding seat was ,. retracted ~so ~that~ehamber 

A was oo~lete!y exposed. With the seal bar inverted so that faee~,Bwae 

to the seat, the sliding seat was retracted at~a uniform rate, ,while~pres - 

sure on the lever necessary to effeot, a ~eal, applied through a~Ipring 

b a l a n c e ,  was a l s o  u n i f o r m l y  r e l e a s e d  to  co r r e spond  to  t he  d e o r e a s e ~ i n  a r e a  

covered by th~ slidlng seat. l~hen the seat. wa~ retracted until~only:about 

1/16 Inch remained, in contact with face,B of the seal bar (figure IOB), no 

f o r c e  was r e q u i r e d  to m a i n t a i n  ~a s e a l .  C o n t r a r i w i s e ,  o n l y a  v e r y  smal l  

fo rce  was r e q u i r e d  to  b r e a k  t h e  s e a l .  A f o r c e  a s ! l o w  a s  one .pound p u l l  cn  

t he  p l u n ~ e r  would cause  t h i s  b r e a k ,  and ,  l i kewi sep  o n l y  one pound o f  f o r c e  

was needed  t o  push the  s e a l  ba r  o loeede  These t ~ e t s  p roved  c o n c l u s i v e l y  
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that the contact pressure necessary to effect a seal is zero. It was 

shovn~ by an involved computation in the former report on gate seals I(HYD. 

96, figure 18, page 2S) that the llne contact pressure was about I0 per- 

cent of the l~ad. The discrepancy can no doubt be waived when the accu- 

racy and error, i n  the method arc taken into account. 

I~ many of the tests that foll~v:, the_condi.tion~of,,balanoed~pres~ures 

was seen to be such that the forces a~plied to cause the seal bar:to make 

contact with the seat were equal to or only slightly greater than the 

forces tending to unseat ~ne seal bar. This pointwill be brought out fur- 

ther in discussing the individual designs and tests. For deslgnlpurposes, 

an arbitrars, value of the unit pressure required for a seal to be effective 

has been taken as five times the head. It i~ seen that this /figure is 

large. The tests described show further that only line contact:is neces- 

sary to effect a perfect seal. This is concluded fr om':the:fact that the 

1 / 1 6 - i n c h  w i d e  s u r f a c e  produced as good a s e a l : a s  t h e  m u c h ' w i d e r  ~'surface~ ~ 

Of 3/4 inch. The wider surface at times showed lessrleakage, evidently 

because the longer path for the water provided a ~reater pressure ~drop 

a c r o n s  it. 

The quality of the seal, or in other words the degree of~the effec- 

tiveness in sealing, was also tested. The qualitY, as measured by,the 

amount  o f  l e a k a g e  b e t w e e n ' t h e  s e a l i ~  s u r f a c e  o f  t h e ~ n o s e . p i e o e .  :and  t h e  

s e a t ,  depended  on t h e  d e g r e e  o f~@ontac t  b e t w e e n  t h e  ~two ~ s u r f a c e s  and n o t  

on th~  u n i t  p r e s s u r e  a t  t h e s e  s u r f a e e s o  ~ l f  l i n e  c o n t a c t  w a s  pos s i -b l e~by  

an i n c r e a s e  i n  p r e s s u r e  on t h e  s e a l  b a r ,  t h e n  the  i n c r e a s e d  P re  ssure~waz  

b e n e f i c i a l !  o t h e r w i s e  i t  was n o t . .  I n  c o n s i d e r i n g  g a t e s  fn  t h e  f l e l d ' i n -  

s t a l l a t i o n ,  t h e r e  i s  f o r e i g n  m a t t e r  t h a t  cou ld  p r e v e n t  p e r f e @ t  c o n t a c t  

i n  p a r t s  o f  t h e  s e a t i n ~  s u r f a o e s o  I n c r e a s e d  p r e s s u r e  m i g h t  i n d e n t  t h e s e  

particles into the metal itself or squeeze them thin. In the model, scale 

o r  o t h e r  f o r e i g n  m a t t e r  p r e v e n t e d  t he  s e a l  b a r  f rom s e a t i n g w e l l ,  a n d ,  

even with retraction on the bar, the dirtwould net wash through./~i~ere- 

f o r e  i t  m i g h t ' b e  a d v a n t a g e o u s  : to  a l l o w  t h e  s e a l  ba r  t o  s e r a p e  o r  s l i ~ e  

o n t o  t h e  s e a t  t o  c l e a n  i t s e l f .  I n , t h e  t e e t s * w i t h ~ d i f f e r e n t  m s % o r i e l s  a t  

t h e  s e a l i n g  s u r f a c e ,  i t  was seen  t h a t a  s o £ t  o r  r e s i l i e n t  n o s e  p i e c e  p r o -  
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duce8  a p e r f e c t  s e a l .  Fo r  t h i s  r e a s o n : a  good g r a d e  o f  r u b b e r  was  so ~very 

beneficial. ~t acted in ~he same manner in which a gasket :or~packlng :!,~aOts 

between two metal surfaces. The soft material flows Into the~dep festoons 

between the finely machined surfaces and makes a~perfeot seal. 

In the tests on the sliding bar :seal• :several attempts were :m~delto 

produce a droptlght seal by•~remaehining ~the seating surfaoes~ :Great ~ieare 

was used in these operations an~ ~a very~smooth surfase was~the resul~! 

yet the droptight seal could~not~be attained. Finally• flat grinding~6f 

the sliding seat on both sides was ~resort ed t o ,  a s  well~as grinding the ~. 

faces A and B of the seal bar, Usir~ FFF~emsry powder~and ~water on a lglaas 

plate, then finishing with No. 304 pumice. ~ Upon installation, ~a dropt!ght 

seal was accomplished either with a wide or a narrow seating surface. :To 

prevent end leakage in the model, t he  ~ends:~of the seal ~bar :were~greased 

and the sides of the box were clamped :~oge~her wlth~a~:~large olan~. ~This 

stopped end leakage entirely when face Bwas to the seat but ~al:lowed::a:few 

drops when face A was to the seat. With face A, the :leakage rWaS bythe 

ends of'the t, so leg~. Seal, having rather herd~material in contact ordl- 

narily never sealed droptight because of slight undulations in:the seating 

surfaces. In some cases water squirted through~in thlnsheets, and in 

o t h e r  o a s e s  t h e  l e a k a g e  was s e e n  to  b e - ~ i n ~ h a i r l i n e  s t r eams~ :and~som~t imes  

only in drops. Application of pressure aided thequality clothe seal only 

when t h e  s e a l  b a r  c o u l d  be t w i s t e d  or~made t o  . a l i n e  ~ i t s e l f  b e t t e r  i~tc t h e  

seat by the additional force. Generally one :seal.design,could be .~de~o 

give as ~oo~ results a~ anctheras far as actual sealing quality ~s ~oon-. 

oernedo when the contactin~ surfaces were c o m p a r a b l e •  that is, of . :e .qual  

smoothness or of equal quality, provided cnly that contact was ~made~as well 

for one as for the other along the length of the seal bar taken as a~whsle. 

This was a process of alinementand hot,of pressure appllcation. ~To ~illus- ~ 

t r a ~ e  t h i s  p o i n t ,  a t e s t  w i t h e s  L u c i t e  p l a s t i c ,  a t a n d a r d , . e x t r ~ d e d ~ r o u n d  

ro~ was used as a seal bar in the roller retractable-seal design IR 

(figure 9A). Th~ qualib/ of the seal was poor. By Inserting a sheet Of 

typewriter carbon paper between the seating surfaces; an impression on,he 

roller was taken. Contact was found to be along the two ends of :the roller 
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an'd not in the ~ d d l e s  the roller,was r o t a t e d  ,,to ~,sever~1,new p o s i t r o n s  

and e o n ~ c t  i m p r e s s i o n s  made. The l i n e  of  ~oontaot s b ~ e d  i n .  p r o b a b l y : e v e r y  '.' 

oase because of  the c h a n g e : i n  the  ~r.tlnch~lations ~along...~'he.~.roller, m o r e o v e r  

. a s u r e . n t s  at  s evera l   dia.  s of rol  r  S.e.eadl gs 

by as l i t t l e  as 0,0015 i n c h ,  High p r e s s u r e  on .the ~ r o l l e r ,  . app l i ed .by~ the  

hand-opera ted  l e v e r  and p lunge r ,  did .no t~ inorease  the  : e f f e c t i v e n e s s  o f  the  

sea l  because the Luc i te  c o u l d  no t  .be deformed so e a s f l y ,  and y e t  ~ e  ~ t e -  

r i a l  i s  much s o f t e r  t b a n b r a s s  or s t e e l ,  This ~same cond i t ion ,  occurred~when 

the metal sea l  bare were t e s k d ,  One ba r -wou ld  sea l  b e t t e r  than a n o t h e r ,  

or even the .sa~e bar  would seal  b e t t e r  i n  one . p o s i t i o n  than i n : a n o t h e r e  

The genera l  conc lus ions  .frma the  t e s t s~were  ~ h a t  the ~qual i ty  o f  the  

seal (amount of  lesMage) is-not.a f u n c t i o n  ~of the ~unit pressure a t  the ,~seal- 

i n g  su r f aces  but  ~rather on the ~ t c h i ~ g  of the c o n t a c t  su r f aoese  Only enough 

force is needed to brlng the parts .together. However, if the ,,surface or 

surfaces are s o f t  a~d sufficiently resilient to deform easily, addition~l 

p r e s s u r e  i s  advantageous to  make i l ine  c o n t a c t  cont inuous ~and~unbrokene To 

produce ~ i s  o ~ d i t i o n  with m e h i n e d  ~ t a l - t o o ~ t a l  s o n , a c t ,  ~the ~ t a l  would 

have to be compressed beyond i t s  e i a s t i o l ' i m i t  and defornmd, .a ~.condition 

which i s  beyond the scope of  p o s s i b i l i t y  i n  a h y d r a u l i c  gate  .: s e a l e  To ~ i l lus -  

• t r a t e ,  cons ide r  a h i n g e d - t y p e  gate  s e a l .  a s  des ign  SR ~(figure 9D), ~.having 

a bar four  i n c u s  wide from~hinge t o  n o s e ,  At a p r e s su re  of ~O0~potmds per  

square inch  under the ~ r ,  the p r e s s u r e  a t  the nose would he about .400 pounds 

per  l | n e a r  inoho I f  the c o n t a c t  s u r f a c e  i s  1/16 ~inoh wide ,  the  .unit  p r e s -  

sure would be 400 d i v i d e d b y  0,O62 sqtmre i n c h ,  which e q u a l s  .6,4OO p o n d s ,  per  

square Inch. If the con~ot surface is 1/64 inch wide. ,the .unit pressure 

i s  25,600 pounds.Imr square inch ,  whereas  the u l u l a t e  oon~ress ive  s t r e n g t h  

fo r  brass  is about  150,000 pounds per square i nch ,  so t h a t  .o rushin~-pressure  

has no t  y e t  been r e a c h e d ,  Furthermore~ a s e a l - b a r  four  inches  wide would 

h a r d l y  be designed~ and p r e s s u r e s  of  200, pounds per square inch  ~o~ ga~es 

mtEht on ly  be a t t a i n e d  in  e x t r e ~  o~sese I t  i s  thus  seen t h a t  the  m e a l  

never is forced in ooapression so as ~o deform it in a manner similar t o  

~ha t -o f  rubbers  



The f o r c e s  a c t i n g  on t h e  s e a l  b a r  d u r i n g : t h e p r o c e s s  o f  : o l o s u r e o f  

t h e  gap were i n v e s t i g a t e d .  I n  a l l  t h e  t e s t s  on !gate  s e a l s , w h e n  ~ w l o o f t i e s  

'Of the water were high, itwas seen h~ viOlentl'mylthe seal barwas shifted, •' 

moved, and rotated in a tilting action. .Negative~pres~ures downstream/from 

the nose piece were severe iTor the, smaller gap ~'openingso Piezometers:.A-and 

D were i installed (figure 9A) ~in the .model to :measure.'these pressures .:or 

observe the char~es in.conditions at .these points or in these.cha~bers='as 

the seal bar was operated. Botha negative and'~a positive readin~ Bourdon 

pressure gage was installed in the same :line to ~eac~ piezometer. 

The greatest negative •pressures usually resulted~with ~a g~p~ Of 'I/32 

to 1/16 inch a~d were as m~chas -~.5 feet of water. The maximum negative 

pressures were sometimes greater for~a lower head than 'for s higher-head 

at some particular gap and changed with the clearance allowed between the 

top of the downstream clamp~bar and the seat, •The shape.of.the'nose piece 

also had various effects, but.regardless of the ,shape, negative ~pressures 

always existed at gap openings smaller then the clearances. 

Consider~ ng the action of the seal~ bar in 'any retractable ,seal, :if 

the seal bar i~ in the fully retracted position and penstock flow is~ad- ~ 

n~Itted, positive pressure is built up in oha~er C upstream.from ~the ~seal-~ ~!i ~ 

Ing ~edge, which is usually lower than ~the actual penstock.head because of '~ii~! 

losses~or restrictions in are~ up to the nose piece. The pressure down- 

stream from the nose piece may be positive or negative, depending on; 

whether the clearanoe~area or the gap area controls the flow, In,order £0~ ~ 

the gap area to control the i~Iow so that negative pressuro~ result, the nose 

piece,must be extended so that it projects slightly above the downstream 

clamp bar, usually from I/~2 to 1/18 inch. If the projection isiless, 

~posi~Ive ~ressures will exist at A and D. or, in other words, over the whole 

seal~bar, so t~at it will be forced dora as far as restriotion~ will allows 

In the process of closing the gap, which is ~the sealing operation, :the 

~seal~bar~aotion will now be considered° If the nose piece is below the 

level of the stop ,~bar and pressure is gra~ually~admitted under the seal b~.~ 

in ~ohamber B, the seal bar will ~not coma~noe to rise until balanoed~force~ 
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a r e  r e a c h e d ;  t h a t  i s ,  t h e  f o r c e  t o  e x t e n d  i t  m u s t u . q u a l  t h e  f o r c e  t o  r e -  ~ I! 

t r a c t  i t .  I n  t h i s  c o n d i t i o n  t he  s e a l  b~r  , i s  T e r m  ~ s u s o e p t i b l e  : , to :an  ! "! 
! o v e r b a l a n c e  o f  p r e s s u r e  i n  e i t h e r  d i r e o t i o n o  ,When , p r e s s u r e  i n  .chamber  ,B .~ i.::i 

i s  i n c r e a s e d ,  . the  s e a l  b a r  i s  e x t e n d e d  . v e r y  s u d d e n l y . a n d  ' : q u i c k l y  ~,to ,a 

new p o s i t i o n  whe re  n e g a t i v e  p r e s s u r e s  come , i n t o  p l a y .  I f  . the p o s i t i v e  ! 

p r e s s u r e  i n  chamber  B p l u s  t h e  n e g a t i v e  p r e s s u r e  i n  chamber  D,was s u f F i -  -~. 

olent to Close the gap a t  . the  existing .penstock pressure, the seal bar ~'i~.~,: 

slammed shut. Thls caused very severe water':hammer at the higher heads, r ~.~ 

Several other conditions existe~ to increase the slamming action. ~The 

pressure in chamber C rose to full penstock pressure Just as r suddenly~:as ,t I 

the seal bar slammed shut. and in addition the rise in,pressure in chs~ber i 

C o f t e n  i n c r e a s e d  t h e  f l o w  i n t o  chamber  B b e c a u s e  c l o t h e  i n t e r e o n n e c ~ i o n  :~.i 

in piping or because of leakage between the two chambers. At the point oF ,: 

sealing, any chance for the seal bar to tilt or cock aided slamming. Most :, 

of the bad conditions described above:could nearly al~s ;he overcome ~by " .!!.i:~ 

not allowin~, the seal bar to be retracted ~to the point where the negative 

pressures ceased to exist on the downstream side of the .nose piece. This 

was a l w a y s  a d e l i c a t e  p o i n t  o f  b a l a n c e  b e c a u s e  ~the ~,seal ba r  f l c ~ t e d .  I n  . 

the roller retractable seal, design 4R (Figure :gA) this balance point was -~: 

so delicate that the metal rollers bounced up and down unless ~:the retrao- !~i 

t l o n  -s , ug agalnst them. o l o .   the gap From this bal oed ii! 
position in any ~al, the o p e r a t i o n  was ,to admit pressure into chamber B 

slowly until the seal bar moved in extension to close ~he gap. Sometimes 

the moven~nt was very rapid until another new point of balance was reached .~ 

to  w i t h i n  about 1 / 3 2  i n c h  or  c l o s u r e ,  a f t e r  which   the p r e s s u r e  r e q u i r e d  :in .,:~:: 

chamber B with respect ,to the extension produced was much higher than ,For- ~.-: 

merlye The reason for this retarded action is due-to:the rapid decrease ,/:. 

in negative pressure in chamber D as the remainlng Sap was closed, so that • ~ 

assistance from this source is lessened. The mal~bar closed smoothly 

from thls position except in oase~ ~here the bar could tilt or cook or move i~i 

sideways, when it would do so with a slam. In the sealing cycle the:valve 

c o n t r o l l i n ~  the pressure to chamber  .B s h o u l d  a l w a y s b e  opened  slowly. A 

seal bar that normally operated well coul~ be made to slam by openin~ the 
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v a l v e  t o  chamber B , r a p i d l y .  I t  i s  assumed t h a t  i n  a f i e l d  : i n s t a l l a t i o n  ~!:i 

t he  f l o w  t o  chamber B wou ld  be c o n t r o l l e d  and a d m i t t e d  s l o w l y .  _! 

The a Q t i o n  o f  t h e  s e a l b a r  , in  ~ r e t r a c t i n g  As  t h e  r e v e r s e  o f  : the s e a l -  i 

Ing cycle except there .is no particular violence to ,it. Usually, ,upon ~i 

r e l e a s i n ~  p r e s s u r e  i n , c h a m b e r  B be low t h a t .  r e q u i r e d  , for  =sea l ing~ ~,t he s e a l  

b a r  r e t r a c t s , r a p i d l y  and easily to a floati~ :state, t o g a  :gap~of  a b o u t  

1 /8  o f  an i n c h .  The e learanoe~"and i n h e r e n t  r e s i s t a n c e  o f  .the s e a l  ~:bar : 

c o n t r o l  t h i s  r e f r a c t i v e  a c t i o "  . t o a  , l a rge  e x t e n t  '. a t  - any  p a r t i o u l a r i ~ h a a d "  

I f  t he  s e a l  b a r  can t i l t ,  t he  a c t i o n  i,s d e l a y e d  a n d  , the g a p . m a y b e  

smellers When the .pressure in chamber B lie .further released, the se~l 

b a r  ~ay c o l l a p s e  t o  the  b o t t ~  o f  i t s  s l o t  o r  s p a c e .  I f  i t  d o e s ,  t h e  

a c t i o n  i s  as  r a p i d  as t h e  r e s i s t e r s  o f  t h e  s e a l  b a r  w i l l  a l l o w  .and can . i  

can  h a r d l y  be p r e v e n t e d  once i t  s t a r t s ,  because  :~the-valve t o  chamber B -, 

c a n n o t  be . .manipu la te 'd  d e l i c a t e l y  and f a s t  e n o u s h .  The : r a p i d i ~ y ~ o f  i the  

terra, orlon is d~e to ,the ~es~re . changes  which ~take !place ove r  the en- 

tire seal bar, which swing from negative i to .positive instantaneouslY, .~.s _. : 

e x p l a i n e d  b e f o r e  • 

The d i s c u s s i o n  o f - t h e  i n d i v i d u a l  d e s i g n s  o f  r e t r a c ~ b l e  , s e a l s  .land 

t h e i r  o p e r a t i o n a l  c h a r a c t e r i s t i c s  f o l l o w :  

(a) R o l l e r  retractable seal, design IR (fi~re.gA).--Of,-the'~various 
arrangements tested, the one shown~gavebest results as to !the~.aotionof 
t h e  s e a l  b a r  w h i c h ,  i n  t h i s  .ease, i s  a r~und ,rod o r  r o l l e r .  -~Various 
r o l l e r s  were  made and t e s t e d ,  s o m e . o f  w h t c h ~ a r e  s h o w n  ( f i g u r e  9B).o ~Rol le r  
G o rate~ t h e b e s t  b e o a u s e ~ o f : t h e  r e s i l i e n t - a d d i n ~ , m a c h i n e  p l a t e n - r u b b e r  
cove~ePring which  c u s h i o n e d  the  aotL~on@ 0nly~,a minor  s l a m  c o u l d  ~be . .produced 
a t  the seat r e g a r d l e s s  of the rapidity.wlth w h l o h  pressure was , .admit~ed 
l ~  chamber  B. T h e  : , r e t r a c t i o n  s p r i n ~  s e a l e d  v~ry w e l l  and , : d i d n o t ~ o o m m  nne . -:~: 
t o  v i b r a t e  or  c h a t t e r  e a s i l y ,  and  when i t  d i d ,  t h e  v i b r a t i o n . : w a s ~ n o t i : s o  :~.'!iii~i' 
v i o l e n t  as  f o r - t h e  m e t a l  s e a l  b ~ r s °  The downs t r eam e o n ~ o t i ~  ~su~faoei- .~ 
f l a t t e n e d  s l i g h t l y ,  v h i c h  r e t a r d e d  t h e  f o i l i n g  ~.:action; .~tha .~seal <qua l i t y  
along this surface was ~erfeet. ~.This .seal bar'~.dld net:bounce.when ,iln :the 
floatli~ position. The quality of-the seal ~s excellent, both at %he ~"~! i:! 
seat and at ti~ downstream eontaot surface, i t  bein~-drop,tlght, Sealing :~ii ~ 
p r e s s u r e  r e q u i r e d  t o  c l o s e  .~he .SaP w a s a b o u t  f i v e - e i g h t h s l  o f  ~ho :head .  . /i~i!~ / 

~-Retras t ion,  was smooth and n e a r l y  e q u a l  .to t h e  c l e a r . s e e  " 
- . . - ?  

The h a r d e r  r o l l e r s  'd~d n o t  s e a l  as  w e l l ,  for t h e  . ~ q u a l ! t ~ o f  : the s e a l  
d e p e n d e d  o n - t h e  s o f t n e s s  o r  ~moothness  of t h e  m a t e r i a l : a t  ~he  s e a l i n g  
s u r f a c e s .  The d ~ n s t r e a m  c o n t a c t i n g  s u r f a c e  a t  . t he  s t o p ' b a r  : a l s o  g e n e r a l l y  _iii 
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leaked a little and for +the same reasons. The sealing+pressure required 
was less. At the seal breaking point the retraction spring would vibrate 
or chatter unless it ~s snug againstthe roller seal bar. The+vibration 
was caused by the velocity flow through the space between the-sprin~ ,and 
the ~'oller when pressure in chamber IB was reduoede :The metal seal bars 
could be made to slam violently, especially when the retraction sprin~ was 

le~se o 

The seal bar generally rolled when being extended or "retracted. When 
chattering occurred it rolled downstream. It sis. rolled downstreamwhen ,:< 
the sliding seat was moved in either direction while penstock pressure was " .. 
maintained. The rolling aotionwould be beneficial ins field installa- 
tion because it would ai~d in ioosenin~ the bar in ease of stickingl ?frio- ~ ., 
tlon at the contacting surfaces would be less than sliding :frictiono ~By 
increasi~ the size of the seal bar, greater clearance m~+y be allowed with 
eo~sequent greater extensionl the available pressure to seal would also be 
increased. Since the seal bar floats, alinement .to the seat is .easily -+ 
ac eompli she d .  

The disadvantages are the chatter and vibration possibilities ~hen metal 
rollers are used and the rolling~aotion to be provided for along ~the length 
of the seal bar and at the Joints. The support of the seal bar is also a 
problem. This design would not operate as a circular seal. 

The design was tested with and with+out the sliding seato During tests il 
with the slidim~ seat, the amount of clearance for the downstream water :i:i 
passage had a marked effect on 'the action of the seal ,bare ~'hen ~be ++pas- i ~, 
cage was restricted by movin~ the sliding seat downstream, the roller seal ~ 
bar was forced to retract to the bottom of its .space .(figure IOC), because 
of positive pressures produced over the whole width of the +seal bar+ A i 
similar condition was prevalent" without the sliding seat and,a flat,topped + 
stop bar when the clearance was 1/8 of an inch (figure IIC). When ~the si 
clearance was greater and the path for the .~ater divergent, the +negative ! 
pressures were maintained, with the result that the seal bar re~ined only 
partly retracted even though pressure in chamber B was zero (figures 10D ! 
and IIA). As t~ slidin~ seat was retracted (figure IOD), the roller ~'i 
maintained the same constant gap opening. ,j 

These findings were used in the ,final design.of the downstream stop 
b a r  (figure 9A) in that-a LS,degree slop~ ~s cut om top and+the edge, 
next to the seal bar was 1/32 of an inch lower than the top of the up- 
stream stop bar. The clearance of 3/16 inch was sufficient to +permit+ 
10-foot negative water pressure to exist at a maximum retraction of 5/32 
of an inch with no +reversal to positive pressures possible (figure IIA). 
The sealed position of the rolleris shown in figure llBe ~ith the origi- 
nal flat-topped stop bars and the seas clearance as above, the seal bar 
was £oroed down hard on the bottom stop when ~i:=t was allowed to retract 
(figure IIC). The pressures &t A and D were now Z~ and I0 pounds per 
square inch, respectively, instead of being ~negative, Maximum negative 
pPessures were obtained with the roller in the position s h a m  in figure 



FIGURE IO 

A-Legs Of seel bar to ~he se~t. Seal b~ r re,sins aeeled 
v~th 70 lb .  per zq. i n .  in chnmber C enJ v' I th Fressure 
in chambers A and B zero; to unseal required u do~lward 

force on the seal bar. 

B-Flat of eeal bar to the seat. Slldin~ seat retracted 
while penstock pressure va~e maintained at 75 lb. Wi~l 
I/IG inch in contact, anJ sealing force rcdmced to 
zero the seal was ~nbrokenI to un~eml requLred a do~- 

ward force on the bar. 

SLIDING-BAR SEAL - DESIGN 4R OR 7C 
SEALING PRESSURE REQUIRER~NT TESTS 

C-~,OI ,.~r 1:. Ik, ro,;d tO eollaF'-aH when $lldln~ s,~ t  re -  
ztr~c1.~ e ~ r t ,  T~cc .,Tr| [,r'~s~I*rcL. is  r~lu~ed in ch~mber B. 

D-Wlth a ~ t  r~trt,ctud ~*u! l~r~r c]u~r~I1ce, n ~ s t I v e  
pressure a le .  K slo~) of  seat prevents r o l l e r  from re -  
t r~e t l n~ .  Water ~aaat~o %s d lver6ent .  

ROLLER RETRACTABLE SEAL - DESIGN IR 
ROLLER G IN INITIAL TESTS 



FIGURE II 

A-Maxlmum retraetlon of 5/32 inch wi th  s lop ing  dcmn~- 
stream stop bar. Pressure in chamber C was 60 Ib. per 
sq. in. and vacuum at A was I0 ft. of wmter. Clear- 

ance ~/!~ of an inch. 

B-Sealed at ?5 lb. penstock pressure with 46 lb. in cham- 
ber B. Rubber on roller only slightly deformed against 
downstream stop bar. 

C-Seal bar is forced down herd with fl~t-topped stop 
bars. Pressure in cha~,ber C w~s 60 lb. ~n~ a~ A 
28 ib- Roller O is sho~ and no llp on u~stre~m 
stop bar, with the cle~ranc~ i/6 of ~n inch. 

D-Posltion of seal bmr for oondltlons of maximum vacuum 
of 23 ft. of w~ter. Tn~ gap of 1/32-1nch for this case 
wa~ the sa~ wheI~ the slopln C stop-bar arrai~ement was 

used • 

E-Roller B installed without sliding seat and 3/16-1nch 
clearance. The retraction sprin~ was not touching the 

roller. 

F-Y~ximm~ retraction only 5/321nob with roller semi bar 
very free. Negative pressure at A was ~0 ft. of wmter, 

ROLLER RETRACTABLE SEAL - DESIGN IR 
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lid when vacuums up to 23 feet of water were reachedo ! 

One of the test assemblies with metal or hard rollers is illustrated . i~ i~ 
figure lie and the maximum retraction obtained and the re~ion of high nega- 
tive pressures is shown in figure IIF. ~'ith a gap of 3/16inoh the retrac- i 
tion was 5/32 o f  an inch and the nesative pressure D was I0 :feet Of ~ter. ~:~ 
I n  a l l  o f  t h e  maximum r e t r a c t i o n  t e s t s ,  p r e s s u r e  i n  o h a m b e r , B  w a s  r e d u c e d  i :. 
t o  zero. -,~! 

Considerin~ the relationship between sealin~ pressure and headfor ~the i 
roller seal bar, the hydraulic pressure :required in chamber B to effect a 
seal was one-half to ~Ive-eighths of the head in C. If all conditions ~are 
correct, such as no friction, no flattening o f  the ~roller. sufficient stop ~ ,~'~ i 
clearance, and oorrerot shape of clamp bars, then the sealin6 pressure should i 
be one-half of the head. The only.pressures involved a r e  those .in chambers 
C and B, a o t i n E  'on their own r e s ~ e o t i v e  arean to produce a balanced ocndi~ ~ 
tion of the roller. To shc~ this, reference is made to the force . d i s g r a m  
for the half-round bar A (figure 4M), for which the follov~.-ng computations 

and c one iderati ons ma.V be made. 

If D is the diameter of the roller and ~C and B are the pressures 
in ohambers C and B, respectively, the forces involved are: 

and 

D C x T aetin~ horizontally to the left, 

D C x--~- ~cti~g vertically downward, 

B x D acting vertically upward. 

Let the reaction at the seat be R. Then ~these forces should balance when 
takin~ moments about the downstream center point P of the roller where 

it touches the clamp b a r .  

Taking moments and assuming clockwise rotation as positive. 

~ )  ~D D D (B x D) ~ = 0 
o-, - i - - "  (c 2 

o r  

b u t  i f  

f o r  B 

i RD + I CD2 I BD 2- 0 
T "-F 

B is assumed one-half of C and the value 

in ,the above equation, then 

C i s  substituted 
2 
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RD + + CD 2 - :I CD 2 -O 

or 

R x + e  0 

and 

R -  0.  ! 

I n  a t e s t  u s ing  ,the l e t a l  t ube  r o l l e r  B ~fl .gure :gB),  C was 75 ~¢unds ! 
and B a t  : r e l e a s e  was 38 pounds .  F o r a l l  . ~ r a o t i e a l  p u r p o s e s  -"B. w a s  :mae- 
ba. lf  C, a l l o w i n g  fo r  .-aoouraoy and e r r o r s ,  w h l o h . s a t i s f i e s  ~the equa~A'on i 

when .R equa l s  s e r e .  

U s u a l l y ,  e x a c t  d inmneions  and p r e s s u r e s  ~are n o t  so e a s i l y - o b t a i n e d  i n  
o r d e r  t o  make :~his t~pe  of *eoz~u ta t i cm,  :but  %his  ' e a se  i,s ~ idea l -and  i~ehould, .7 
therefore, serve as a suf~Iolent proof ~h~t unit sealing oon~et :~ressure / 

is zero. 

In  t h e  ease  of r o l l e r  G i n  ~figure l l b o  t h e  s e a l i n g  p r e s s u r e  .was 46 ~ i 
pounds t o  o loss  and  42 pounds a t  b r e a k . , .  The r a t i o  o f  B t o  C i s  : thus 
n e a r l y  f l v e - e i g h t h s ;  so t h a t  .we oan s a y , t h a t  s e a l i n g  p r e s s u r e  w i l l  ~,be-about ! 
£ i v e - e i g h ~ h s  of' the  p e n s t o c k  p r e s s u r e  a t  any heado : 

(b) F l o a t i n g - b a r  r e t r a o t a b l e  s e a l ,  d e s i g n  2R ~( f igure  9 C ) . - - I n  t h i s  i 
d e s i g n  t h e  s e a l  b a r  o f  h a l f - r o u n d  d i ~ n s i o n s  i s  l i g h t l y  suppor.~ ~tod by a 
1 / 8 - i n c h  w a l l  r u b b e r  .tube whioh  a l s o  i s  u s e d  to  s e a l  t h e  dos~s t r e sm .eon-  
t a e t i u g  su r faces .  The tube  bad ho les  f o r  .p~seing the  p lunge r  connec t ions  
t~.:oU~h i t  and a l s o  h o l e s  i n  t h e  ups t resm~upp e r  oo rne r  t o  ,admit , p r e s su re  
to, chamber B f r o ~  ohamber C when  the  p r e s s u r e  i n  t h e  fo rmer  was l o w e r e d l  - ,.~ . 
o t h e r w i s e  a c o l l a p s i n g  a c t i o n  o f  ,~the tube  r e s u l t ,  do 

Var ious  shapes  o f  b a r s  and of  mabber were t r i e d  . in  o r d e r  ~to £1nd-~the 
shapes  t h a t  would  o p e r a t e  the  b e s t .  The b a r s  had a t i p p i n g  .ao~Aon w ~ n  
l o o s e l y  : u p p o r t e d  by t u b e s  or  a r u b b e r  s t r i p ,  i n s t a l l e d . l i k e  ,an i n v e r t e d  
wU.'~ This a c t i o n  was p r e v a l e n t  i n ' a l l  the  s h a p e s  t e s ~ e d  (,£i~ure 6M).~, " 
but  tb~ ba r s  i n  w h i c h  the  d e p t h  was o n e - b a l £  ~he w i d t h  o r  d / D -  .oe~ a~:~. ,~,~> 
in bars A, C, E, and F, the tippln~ aotlon was reduce4 to a mlni~._ Bars 
B and D have a ratio of d/D less th~n 005, and tippedtoa 
Tipp ing  fo r  a l l  the  b a r s  was g r e a ~ e r  when o p e r s t i n ~ . a g a i n s t  
the  s l i d i n g  s e a t  t h a n  when o p e r a t i n g  ageS-net t he  ~f la t  o ~  the  
t i p p e d  to  t h e  r i g h t  when ~n the  s lope  o r  :the seat ,~and bar  D . t i p p e d  ~o 7~lao~ 
l e f t .  This s h i f ~ i n ~  i n  d ~ r e o t i o n  was due t o  the  i'~hange i n  ,the . :point ,.o£ 
o o n t a e t  a t  the  nose b e t w e e n  the  two b a r s .  The r o u n d - n o s e d  s e ~ l  b a r s  o p e r a -  
t e d  mush b e t t e r  tha~ the  i ~ a t - n o s e d  b a r s .  Bar F was shaped  wi th  :& s h o r ~ -  
r a d i u s  n o s e  i n  an a~ to~p t  to reduce  t h e  h igh  vaouum i n  e~amber D. b u t  th~s ~ : 

shops d id  n o t  p roduoe  the  d e s i r e d - r e s u l t s  i I 

The seal bar was s~bili~ed by connecting the plunger to It with a!No, ~ 
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8 - 5 2  m a c h i n e - s c r e w  s tud  abou~ one i n c h  long .  No amount o f  slamming o r  
m a n i p u l a t i o n  b e n t  the nmall  s c r ew ,  which  p roved  t h a t  o n l y  s p a r s e l y  s p a c e d  
and sma l l  g u i d e  s tuds  would be n e c e s s a r y  on the p r o t o t y p e  b a r .  These g u i d e  
s t u d s  w o n . .  a l s o  s u s t a i n  t h e  w e i g h t  o f  the b a r  i n  v e r t i c a l  s e a l s .  

The r e t r a c t i o n  was no% as  f r e e  or  as g r e a t  as  f o r  the r o l l e r  s e a l  b e -  
cause of the resistance of :the rubber and the friction in sliding along 
t h e  downstream s u r f a c e ,  bu t  f rom rl/S2 t o  5/S2 i n c h  was o b t a i n e d ,  dependin~ 
on the stiffness of the gasket and the head, Otherwise, the sealing and 
negative pressures and sealing qualities were practically the sam as fOr 
the metal rollers in design iR. Sealin~ occurred at pressures in B of 

from 9/16  t o  5/8 of t h e  h e a d .  

The advantages of this design are the flexibility of the seal b a r ,  it 
be ing  o n l y  o n e - f o u r t h  as s t i f f  as a t u b e  w i t h  1 / 8 - i n c h  w a l l  o f  ~,e sa~m 
diameter and material, and its ease of alinement to the seat because there 
is no hinge. This seal would not operate in a circular gate. 

This design is illustrated in figures I~A to E, which show the action. 
The installation view is shown in A, and no pressure had as yet been ap- 
plied, The l o o s e n e s s  of t he  U-shaped r u b b e r  i s  a l s o  s e e n .  In  B,  the ibar  
i s  s e a l e d  a g a i n s t  75 pounds pe r  square  inch  i n  Ohamber C w i t h  46  pounds 
per square inch in chamber B. The seal broke with 41 pounds per square Inch 
in chamber B. The rubber is not comoletely pushed in the downstream corner 
but has sealed droptight~ Picture O shows the maximum retraction of 9/64 ~ 
inch obtained when 70 pounds per square Inch was maintained in oha~ber'Ce 
The vacuum at A was I0 feet of water and at D itwas 15 feet of water! pres- 
ses in chamber B was sero~ The rubber is seen to be tighter. In picture 
D the seal b~r is sealed at lO0-pounds-per-square-inch pressure in,chambers 
C and B, and the rubber is pushed tight into the downstream cornerj picture 
E shows the cramped position of the rubber with a maximum retraction of 
5/~2 inch when pressure in chamber B waz zero. 

The forces acting on the seal bar are depicted for bar A (figure 6M), 
The reason for the stability of this bar is that the ratio of d to D 
is exactly 0.5 when seating on the flat of the seat ~and the rotational 

forces about the center 0 balance, or 

D + + U 2  d 
UI D + Vx - Hx x 2 x 4 4 

but  s i n c e  

D 
d m ~ 

2 

and 
U 1 = U 2 
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FIGURE 12 

A-HAlf - round  b a r  C, chamfered a t  30 ° t o  ~Iva  more ~ x t e n s i o n .  Rubber o f  l / 8 - 1 n o h  f l a t  s t o c k  and shou t  
60 duronmter  h a r d n e s s .  P l u n 6 e r  as ~u lde  connected  wi th  ~;o. 8-~2 nmohlne s c r e w .  No p r e s n u r e s  j p p l i e d .  

W J 

B.SeLIsd st 75 lb. per  s q . l n ,  penstock p r e s s u r e  with 46 
lb. in clamber B, sh,~wkn~ n,hh-r ~alln~ ~o.wnstresm 
c o r n e r  a~ stop b n r .  

C-Maxi~m retraction 7/64 inch with 70 lb. presoure in cham- 
ber C and vmcuum of I0 ft. at A ~nd I~ i't. at D. 

D-Sealed at I00  l b .  penstock pressure w i t h  ~6 l b .  i n  cham- 
be r  B, showing rubber pushed tIcht in downstream corner 

O: Se~l a~id 5tOp bars. 

E . I s . x l m u m r e t r a o t l o n  5/~2 i n c h  wi th  100 l b .  p r e s s u r e  i n  
chamber C and zero pressure in chamber B, Bhowlr~ 
er~mped position of rubber. 

FLOATING-BAR RETRACTABLE SEAL - DESIGN 2R 



Vm He i 

The bar i~ statically balancedo i 

D is greater than H x T and i I f  d i s  l e s s  than  - - ~ ,  t h e n  V x 

the rotation will be to ~e right, or clookwlse. ! 

D D d 
If d is greater than -~, then V x-~ is less than H x--~ and 

the rotation will be to the left, or counterclockwise, i, 

Trhen seating is on the slope of the seat, a point of eccentricity Isde- 
veloped due to the shifting of the point of contact, end the forces become 
unbalanced so that rotation in either direction may result. This was found 

to  be the ease in these tests. I 

(c) Hinged, sustained retractable seal, design ~R (figure 9D).--This 
design is similar to design 5C (figure 6I). The seal bar is supported at i~i 
the hinge by the formed rubber or other materiel and the hln~ stay pinse ~ 
Firm clam~Ing at the hinge is thus eliminatede The wide, flat, vulcanized 
rubber is only needed to seal the slots if a slotted seal bar is used, A i 
solid seal bar would require only a block of compressible material for sup- 
port and for effectinE a droptight seal at the hinge, i 

This design depends on the leith of the lip upstream from the nose pie ee 
for its retractive force. The longer the lip, the greater will be the re- 
tractive force. Retraction was 8ener~lly %o the stop, for this design. 
Sealing Ires accomplished with 52 pounds in chamber B :when the pressure was ! 
75 pounds in chamber C. Release occurred at 48 pounds in B. We may con- 
elude that the sealin~ pressure will be about two-thirds of the penstock 
pressure at any head. The longer lip ztiffens the seal bar; it m~y be 
slotted to permit greater flexibility in the prototype. ~i 

The hinge offers a means of supporti~ the ~ei~ht for vertical seals, i 
but stlffuess ie the result and therefore alinement to the seat is difficult. 
There was no twist possible in the solid bar at 75 pounds in ehamber~ G and 
Bo In the slotted bet with slots every 1/2 inch, some tristing was possible, .~ 
It required 75 pounds in chambers B and C to produce 1/64-inch twist, It 
Is concluded, therefore, that the seal bar may not seal well at low headso 

This design is illustrated by the pictures in figures l~A, B, .and C. 
The installation in A shows the bar supported by the formed I/8-inch thlek 
rubber of about 60 ~uroms~er hardness, and the frietio.n of the retraction 
spring. The thin, I/2-inch wide stop bar was improvised to hold the l~er 
p,~rt of the rubber in place, because the free lip had a tendency to curl 
away from the stop bar when hydraulic pressure was admitted in chamber Be 
However. the seal at th~ hinge was still perfectly maintained when the curl- 
ing occurredo In picture B the seal bar is sealed aEainst 75 pounds per 
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FIGURE 13 

A-Assembled ,6th I/8-1nch shaped rubber vu loan i~ed  to the 
stay bu~ not to the downstrea~ stop bar. Thin metal 
strip inserted holds rubber against ~top bar. 

B-Soi~]el et 7[~ lb. per ,~q. in. p,,ns~ock pressure wlt~: :~ 
Ib. in ct~,~!nh.r i!. U~.tr~k!: .'lesr~noo ',5/i~ ll*~h and do~n- 
~tre~i~ ~!l~,grnI~c~' i/4 ~*r~*z)l. RetrnotloI~ sprl~:L: a6~Inst llp 

O'," S,~'%i b a r .  

--V" 

C-~xlmum retr(~otlo,~ of" 1/~ inch with ?0 lb. in ch.m~er C 
~nd vsauum at D ]~ ['oet 0:' water. ~tte |,tLrt Of ~.i~t..~r," 

shOws r e : : i ~  Of high WtCUu~. 

HINGED, SUSTAINED, RETRACTABLE SEAL - DESIGN 3R 

D-SeaI~'l -+ Y!, lb. i~r t)q.i)l. |.,nstook |,ce..~)r- with ,qh ]b. 
In chfxmb*~r [J, :,howlr1~ ul,: i l ,r .am ol.arSl~ae ~F~C¢* 

E.&~xlmum r e t r . o t l o n  ] / ~ - b ~ o h  w i t h  pr~ssur~ ~r~ o h s m b e r  C 
60 lb. and v~ouum ~t A 4 |*t. of wa~r und st D I~ Ft. 

o|" w e t e r  • 

SLIDING-BAR RETRACTABLE SEAL - DESIGN 4R 
O.020-1NCH CLEg_RA}ICE IN UPSTRE.QvI CRACKr 
3/16-!I'.CH CLE.~ANCE BET~%3£N SLIDE BLOCK 

AND SEAT 



s ~ a r e  i n c h  i n  chamber C w i t h  52 pounds  p e r  s q u a r e  i n c h  i n  chamber B. The 
seal broke at 48 pounds per square inch in chamber Be In picture C the 
c o n d i t i o n s  a t  t h e  maximum r e t r a c t i o n  o f  1 / f l i n c h  a n d  a t  70 pounds  pe r  
square inch in chamber C are shown. The light portion of the picture show i 
the region of high vacuum which was 12 feet of water. With a penstock prec'- 
sure of ii0 pounds per square inch the upstream pressure overcame the neg- 
ative pressure and the bar collapsed to the bottom, bending the stop with i 

its foroeo • 

The sealing quality was good when the seal bar was perfectly alined to 
the seat; otherwise it was poor, because of incomplete seating. The seal 
bar slammed severely if closed from a position where negative pressures 
ceased to exist! otherwise the action was good. The retraction spring 
s e a l e d  w e l l  when a l i n e d  c l o s e l y  to  the  l i p s  This  s e a l  b a r  was a l s o  t e s t e d  
b e f o r e  the  l o n g e r  l i p  was added ,  and the  r e t r a c t i o n  o b t a i n e d  was n o t  a~i~ 

g r e a t .  

(d) Sliding bar retractable seal, design 4R (figure 9F).-~The seal bar 
in this design ~s fitted into a machined slot block with 0e002-1noh 
clearance. It was therefore well guided as it moved in extension or re- 
traotiono Any desired extension is allowable in the design by making the 
bar greater in depth. This would, of course, make the seal bar stiffer 
and difficult tc bend to any undulations in seating. If the depth is made ! 
small, tipping action would result in its operation. The sliding friction 
along the downstream st~faees in the model was small became of their new, 
smooth, and water-lubrlca~d conditions The leakage through these sliding 
surfaces was always considerable except in one ease where paraffin grease 
was used, which stopped most of the leakageo 

The quality of the seal depended on the matChlnstal Iof the sealing surfaces 
when they were in contacts It was difficult to the slot block 
i n  a p o s i t i o n  s u c h  t h a t  t he  f l a t  s e a t i n ~  s u r f a c e s  were  a b s o l u t e l y  p a r a l l e l ©  
The seal bar was remaohined several tlm~s to aooompllsh this end. 

I n  making t h e  r e t r a c t i o n ,  s e a l i n g  p r e s s u r e ,  and a c t i o n  t e s t s ,  t h e  f l a t ,  
3/4-1nch wide, original sealing surface c f  the seal bar was varied in a 
number of steps by ohamferlng the edges from 1/16 to I/2 inch and by 
changing t~ sliding c l e a r a n c e  o f  the seal bar in the s l o t  b l o c k  from 
OeO02 t o  0 ,022 i n c h ,  a c c o r d i n ~  t o  t h e  d i m e n s i o n s  g i v e n  i n  f i g u r e  9Ee The 
seal bar was also tested in the reversed position from that shmrn for 

changes i, 2, and S. The edges of the seal bar were chamfered to ascer- 
tain the retraotlve forces developed and ~e sealing pres~res required 
when surfaces of different widths were exposed to the hydraulic pressures 
acting on +~hem. The changes in sliding clearances effected these oc~di- 

t i o n s .  

The t e s t s  showed t h a t  no r e t r a o ~ o n  can be o b t a i n e d  u n l e s s  t h e  s e a l  b a r  
i s  shaped  so t h a t  p e n s t o c k  p r e s s u r e  oem a c t  ~o ~ m d  t o  f o r c e  i t  o p e n .  
Th i s  w~s ~one by o h a ~ f e r i n g  the  u p s t r e a m  c o r n e r .  
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Good retraction was obtained when the .upstream width o'f ~thc surface -ex- ~! ~! 
posed to penstock pressure was at least :hall:the width of the~i '~seal~!bar*: ~S!/!~'i:,~ 
Then the refractive force is about ha'If.of~the sealing force, :and 'the ~un- )~!~ii!i,. 
o a l a n o e d  s e a l i n ~  f o r c e  i s  u s e d  ' , to  e f f e c t ~ ' a  " s e a l "  The a c t i o n i i i n  s e a l i n ~  ,: 

,was b e s t  when t h e  s e a t i m ~  s u r f a c e  was:~n a r r ° w  a n d  % . h e n ~ r ~ a t i v e  p ~ e s s u r e s  ,~:: 
were allo~;ed to act dov~nstream:from it, ~.hus~a rounded :~nose ~woul'd be ,!!i 
better because the exposed surfaces :c~n be mnde ~reatcst wh~le ~the sealin~ > 

surface i~ narro~este :~:~! 

Leaka&e tests to ~determine the behavior if large clearances occurred, .,~i 
showed that the seal bar ui~ht become inoperative-:,due to deposited.scale, '~I 
dirt, etoo They also ~ho~,cd that if too much water leaked into chamber IB :,,! 
:iTem chamber C, it would be  impossible for the drains to handle it when :~!:~ 
considering.prototype sizes, and the bar:would b~ self-sealin~., withno . '": 

unsealing or retraction possible. '~ 
B+ F i 

The sealing, pressure .required w~s about :equal to - '~L -.x C where B, /~ 

F, and L are the dimensions pertainin~ .tothe :seal bar ~and C ::~s .the i 
penstock pressure in chember C (figure 9F). In one casethe sealin~ pres- I 
sure was 56 pounds oar square inch, ~ was 15/~2 inch, F was ~/16 inch, 

aP, d L was ~/4 ineh. By substitution, ~i 

5 8.~ - p o u n d s  .~ B + F 0.406 + 0.187 x 75'm Oo 78 x ~75 = 'c 
' L x C " 0,750 ~' ':'i': 

which is too high by about ~o5 ~roent and .shows that 
per square inch ssuro-- u,~o-'~- -or.. exist bet~;een t h ~  .seatxn~ surfaces. The :! 
full enszocz pre - B . ~.which i'n this par- P ....... ---~,, oual t o  _--:--x,C • ~ - • 

bre~ki~ pressuro IS a p p r o ~ - ~ #  o~, b " . " ~'_ 

ticular case was 42 pounds per ~square ineho By substitution, :the breakin~ 

pressure is found to be '"if! 
B 0.408 4006 :pounds per square : :  
L x C - -0~'750- x 75- 0,541 x 75 - 

_ which is ~.~.percent too low. This percentage :represents 'the re- ..~ 
inch, - - ~- -lidin~ zurfaoea and .~th~ ~foroe 
aistin~ f~rce of friction along ~ne ~ s ' ~ii~:~ii~ 
assistln~ retraction due to pressure areas between the:seati~ surfaces, 

bo~h o f  which are.not ree, d£ ly .determinedo .... 

The advantages of this design are the well-guide'd~se~l bar and the 
changed conditions that may be brouzht about between sealing, pressure 
a n d  refractive force by cha~in~ the shape of the nose e 

The disadvantages are the stiffness of the bac, .the leakage.alon~ the 
downstream slidlu6 surface~., the leakage into chamber B, the close clem4r- 
antes required which would tend to be fouled, and the !erie sliding, sur- 
faces involved. The. be.re in vertical seals would need robe supportede :~ 

As a matter of design in this type of seal, the seal bar could kave .a J'~ 
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packing insert a l o n g t h e  d o w n s t r e a m  sliding surface and a t  'the~nose; the ':i 
upstream side could be sealed with~the retraction spring. ,!i~i: i 

Change 5 (figure 9E) is illustrated,!in figures !lSD~:and E. ~ln picture 
D the seal bar is shown pressed against the downstream~slidi~ surface of "~- 
the slot and the O.020-inoh clearance c r a c k  iis clearly/visible:onthe up- 
stream side° In picture E the position of the bar 'is ~shcm~ ~at maxima~m ~i! 
retraction of I/8 inch with 60 pounds per square inch in ~chamber ~'C, while ~i~! 
the vacuum pressures at ~ and D were 4 and:'15 ,feet:of water, respectively. -";. 
The pressure in chamber B was zero. The clearance wasf3/18 inch. '~ 

The description and results of at least I0 of the .tests ,performed will 
be stated. Tests with the seal bar in the reversed position~from that 
shown in the dra,~'ing a~d in,he plot of dimensions (figures 9Eand ~F) w~ll ~' 

first be given. :~!"i~ 

F o r  change 1 r e v e r s e d ,  w i t h  ,no u p s t r e a m  c h a m f e r ,  a n d  f o r ~ c h a n g e  '2 r e -  ,~ 
versed, with the I/l~-inch upstream chamfer, there,was no ~retraotiOn ob- '-: 
tailed, even with heads up to llO pounds per square 'inch In chamber C and 
with pressure in chamber B ~ero. While no :sealing pressure;was required 
to hold the bar in t h e  sealed position, some ~pressure,,~s r e q u i r e d  to close '/i 
any initial gap op~nir~ because of positive ~ pressures that develop between / 

the flat seatins surfaces. ,~ 

In change ~ reversed, with the 1 / 8 - i n c h  chamfer upstream, the seal was ~:: 
barely cracked open at 75 pounds per square inch !In :chamber .C. It :required ! 
a pull of 6 mounds on the lever or a force~of SS~pounds onthe seal bar'to I 
retract it as much as I/8 inch. The ~sealing ~action~was.always with a slam. ,~! 
Negative pressures up to 22 feet~Of water were attained along the downstream ~i 

slope of the seal bar nose. ' ~ ~ ~ 

For change I (normal ~osi.tion), with the i/2-inoh chamfer upstream and 
no downstream chamfer, retraotionwes tothe bottom of the groove. Nega- 

at the nose of the Bar were too small to au~tain~it. The ~::!~! tire 
cleare~cePressureSin this test arrangement as only 1/52' ~inch and thereforewas a • 
contributing factor in building up positive pressure at the nose of the :~ 
seal bar to force it to retract. Seali~ end"breaking. ~pressures in Chamber i 
B for 75 pounds per square inch,in chamber C were 56 and ;50 pounds per ) ~ " ~ 
s q u a r e  inch, respectively. Sealing• pressure• required was a little greater: ~ 
than stated, Just before a seal was ,effected, because of the positive ip~.es- 
cures existing between the I/~-inch wide seating surfaces, ~ ~: 

For  c h a r g e  2,  w i t h  a 1 / 1 6 - 1 n c h ~ c h a m f e r  d o w n s t r e a m  and t he  c l e a r a n c e  i n -  
creased to 5/16 inch, the results were practically the sa~e as for change i ~; 

le 

In change ~, with ~the same I/2-1noh chamfer upstream, a i/8-inoh chamfer i.!~ 
downstream, and a I/8-1nch.~ide seating surface, retraction of 5/32 inch 
was obtained with a-rapid action to a floating position of the ~seal bare 
The pressure at A was 6 pounds ~,r square :inch and the vacuum at D was 17 
feet of ~ter. Sealin E and breaking pressures in.chamber B .were 57 .end 47 ~ii 



pounds  p e r  s q u a r e  i n c h ,  r e s p e c t i v e l y ,  a t  a p e n s t o c k  p r e s s u r e  o f  75 pounds  
p e r  s q u a r e  i n c h .  I f  t h e  b a r  was h a n d - r e t r a c t e d  so t h a t - a  ~ a p  ~equel ' to t h e  
c l e a r a n c e  e x i s t e d ,  t h e n  t h e  x ~ g a t i v e  . p r e s s u r e  a t  t h e ' ~ b a l a n o e  p o i n t  c h a n g e d  
t o  p o s i t i v e  . p r e s s u r e  i n s t a n t a n e o u s l y ,  and t h e  s e a l  b a r . w a s  .£orce'd ~to~:.the 
b o t t o m  o f  t h e  s l o t .  Upon a d m i t t i n g  w a t e r  p r e s s u r e  ~in c h a m b e r  B ,  ~the . s e a l  . ' 

b a r  r o s e  s u d d e n l y  u n t i l  a p o i n t  o f  b a l a n c e  was r e a c h e d  a t , a  gap o f  S /~  ~- 
i n c h ,  and t h e n  the  c o n t i n u e d  c l o s u r e  was .smooth i f  t h e  v a l v e t o  .~che~er  B 
was opened  s lowly !  o t h e r w i s e  a s l a m w a s  p r o d u c e d .  

I n  change  4 the  u p s t r e a m  chamfe r  width B w a s  . .decreased 'to '1~/32 ! i n c h ,  
t h e  s e a t  w i d t h  i n c r e a s e d  to  5 /16  i n c ~ j  and t h e  . d c ~ n s t r e s ~  o h a ~ e r  w i d t h  
i n c r e a s e d  to  S/~2 i n c h .  For 7 5 - p o u n d s - p e r - s q u a r e - i n c h  ~ e n s t o c k ~ p r e s s u r e  
t h e  maximum r e t r a c t i o n  was 5 / ~ - i n o h ~  t h e n  the  p r e s s u r e  i n  chamber .C d r o p p e d  
t o  60 pounds  p e r  squar~ i n c h  f r o m  the  p e n s t o c k  ~ f l o w a t  abou t  ~75 p o u u d s ~ p e r  
s q u a r e  i n c h .  The p r e s s u r e  a t  A was ze ro  a n d - t h ~  ~aouum a t  D w a s  l O " f e e t ~ o f  
w a t e r ,  Maximum vacuum o c c u r r e d  a t : a  gap o p ~ i l ~  o f  9 /64  . i n c h  .w i th  :a . p r e s -  
s ~ e  o f  60 pounds  p e r  s q u a r e  i n c h  i n  ohamber-G~ ~ nd  was 15 f e e t  o f - w a t e r . a t  
D while the pressure at A was 4 poundsper square iinoho The pressure:sates- , 
sar v in chamber B to sustain the bar at this point was 5 pounds per square 
i n o h e  S e a l i n g  and b r e a k i n g ,  p r e s s u r e s  were  56  Rnd 42 pounds  p e r  s q u a r e  i n c h ,  
respectively, 

In change 5 the clearance space was increased from tl~t in the prevAous 
tests by OeO05 inch. Anew seal bar was machined, In the initial tests 
the bar tilted counterclockwise, but upon remaohinlng=and r ealining the 
s e a l  b a r  i t  r e m a i ~ d i n  a v e r t i c a l  p o s i t i o n  b u t  p u s h e d . d o w n s t r e a m  w ~ n  
sealed against penstock pressure, There was increased leakage to cha~erBe 
The sealing and breaking pressures were 47 and 40pounds per square inch, 
r e s p e c t i v e l y ,  w h i c h  a r e  lower  t h a n . . f o r ~ o h a n g e  4 ,  . p r o b a b l y b e c a u s e  t h e  d r a i n  
size from chamber B was ~oo small to relieve r ~ increased leakage and ,the 
8age beln~ in the p i p e  outside, it did not register true pressures The 
controlling drain size up to this point was as shown fin ~igure 6L and was 
an l l / S 2 - i n c h  ho l e  made fo r  a f u t u r e  p a c k i n g  g l a n d  ~through-0~: :~s lo t i i :b look,  
and a 9 / 1 6 - i n c h  h o l e  t h r o u g h  t h e  b a s e  p l a t e ~  Wi th  t h e  p l u n g d r ~ . 0 o n n e o t e d  i n  
p l a c e ,  t h e  o p e n i ~  was ~ f u r t h e r r e s t r i c t e d e  The r e t r a o ~ n  ao~ton--was 
s l u g g i s h  and amounted o n l y ~ t o  1 / 3 2 - ~ i n o h . u n l e e s  a s l i g h t  d ~ w n ~ a r d - p u l l  .was 
a p p l i e d  on t h e  s e a l  bar by ' the  p l ~ 0 g e r  and l e v e r .  

I n  oban~e 6 t h e ~ o l e a r a n c e . w a s  f u r t h e r  i n c r e a s e d  to  Co010 = i n o h i b y - m a e h i n -  
i n g  00005 i n c h  f rom t h e  u p s t r e a m  s u r f a o o  of--~he s e a l  l~ar. The ~leakaEe now 
f i l l e d  t h e  3 / 4 - i n c h  d r a i n  p i p e  .when 7 5 - p o u n d s ~ e r - s q u a r e - i n o h  p a r t o o k  
p r e s s u r e  was a p p l i e d  i n  o h ~ b e r  Co I t  was ~seen t h a t  t he  d r a i n  h o l e s . w e r e  
t o o  ~ 1 1 !  so b o t h  were  r e d r i l l e d  to  ~ / 4 - i n o h  d i e ~ e t e r  a ,  s h ~  i n . f i g u r e  

The seal bar was remaohlned according to .change 7 before fUr.ther tests 
were  made .  This  change  i n v o l v e d  .an i n c r e a s e d  u p s t r e a m  c l e a r a n c e  to  0 , 0 2 0  
i n c h  b y  f u r t h e r  n a e h l n i n g  Oo010 t n a h  Stem t h e  u p a t r e m n  s u r f a c e  o f  t h e  ~ a l  
b a r .  The ~aXi~Am r e t r a o ~ i o n  m s  1 /8  i n c h  w i t h  . 60 ~ pounds  P e r ~ s q u a r e i n e h ! l n  

: . . 4  ¸ 
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olmmber C! the vaeuu~ p re s su re s  at~A ,and D',were 4 and '15 : f e l t o f  .w~ter, 
r e s p e c t i v e l y .  The sea l iug  ~r ~ ~ i ~  p r e s s u r e s  in  :chamber B ~wero 55..'and ".~ 
47 pounds per  square i n . h ,  ~ r e speo t i ve ly .  The l eakage- th rough  ~the upstream 
s l o t  produced a f u l l  ~ /4- inoh  d r a i n - p i p e  .~Flow. The .bar was p r o s s e d ~ a g a i n s t  
the downstream su r f ace  of  the 81oto I t  could be slammed ~hut b y o p e n i n g  the 
valve  to  chamber B r a p i d l y .  

(e) Hinged, f l e x i b l e ,  ~ r e t r a c t a b l e  s e a l ,  d e s i g n  ~SR ( f i g u r e  9 G ) . - - T h e  
sea l  bar  and frame i n  t h i s  t e s t  arrangement  bad ,been t e s t e d  ~as~~the.~hinged, 
f l e x i b l e ,  cons t e a t - c o n t a c t  s e a l ,  des ign 4C, ~fl~ure ,6H ~ d e s c r i b e d  ~in ~:eection 
6 (d ) ,  and were adapted to  t h i s  r e t r a c t a b l e  d e s i g n  hy~addin~ t h e ~ r e t r  a c t i o n  
s p r i n g .  The o r i g i n a l  .stop bar was u sed . a s  t h e , s p r i n g  in  i n i t i a l  ,.~ests. 
The flexible slotted stay and the light, ~flexible nose piece are the out- 
standing features of this design. Ithas been shown in the description of 
tests on the hinged bar-seal designs how t~e hinge increases the ~stiffness 
of the bar so that the ability to aline itself ~ the seat was ~reatly i 
frustrated. The slotted, flexible stay provides for ease of alinement ar~! 
the light, flexible nose piece makes for ease in bending to conform to ~ 
undulations either in the seal bar or the seat. 

The slotted stay of ~/32-inch steel plate had a sheet of I/4-inoh rubber 
vulcanized to it. The rubber or other material is necessary to seal the 
slots. Furthermore, the clamped rubber,at the hinge~provided a sufficient 
support for the seal bar and yet permitted easy and ~great extension orre- 
traction. The seal bar, as designed, closed s gap Of ~iT/16-inch~with two 
pounds per square inch in chamber B, which shows ~that the rubber extruded 
in clamping does not produce dilatory action. 

The maximum retractlon was 5/$2 inch at 66 pounds per square inch in 
chamber C an~ the vacuum at D was 12 feet of water. Greater retraction 
could be obtained by extending the lip. The action in retraction was 
quick and was the same relative amount along the slopedportionof the 
sliding seat; hence a longer lip is nat necessary. 

Sealing action was greatly influenced bythe downstream clearance and 
sizes of water passages to the drain.for with these too small, positive 
pressures developed over the stay. The original clamp bar was cut away 
to r.~lieve the water pressure on the stay. ~hen o this was dor~, the clamp 
bar tipped downstream at the higher heads for want of support| so a narrow 
block was inserted behind it toprevent this tendency@ The picture in 
figure 14E shows t.he restmeining block in place, also the stop bar used 
as a retraction spring with the seal bar at maxi~um retractions :Negative 
pressures now existed over the stay. Theupstream stop bar was notched to 
permit full and direct hydraulic pressure to act on the lip. This aided 
retraction. Sealing was accomplished with 43 pounds per square inch in 
chamber B against a head of ?~ pounds per square inchAn chamber C. Thus 
the sealin~ pressure i~ about 9/16 of the head over the ~'hole rangeo 

The a#~vantages of the design are the vulcanized and slotted construe- 
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tion of the stay which impart the ~ood features of support, si=plloity, 
flexibility, and large movement to the seal bar. The material required 
is a minimum. By using double-stay construction, vulcanizing would be 
eliminated. The disadvantage in the single.stay construction lu the vul- 
canization process i tselfo This design is.not appliosble~to circular 
seals. A proposed installation is shown ini~figure 9J as ~a.!vertioal seal 
for the 15- by 29.65-foot ~enetock coaster gate for Grand Coulee Dam, in 

which structural steel is used to advantage. 

(f) Stabilized, flexible-diaphragm seal, design 6R (figure 9H)t --This 
design was developed and tested in ths first series of ga1=e seal ~deslgns 
and tests, the results of which are given in figure 4E~nd In seo~i°n :(e) 
of the summary. The model asse-,bly with the narrow diaphra~was ~retested 
under the new conditions of greater volume :of water flow and higher :~in- 
rained pressures with their resultant higher velocities. Under these ~oon- 
ditions, more nearly like those in a field installation, the ~meal b~r re- 
sponded more rapidly and sometlmss violently to-pressure ~ohanges which made 

its control more delicate and difficulte 

The underlying principles of the design are pure hy~rauli~ operation of 
the seal bar in extension or retraction, to,ether with the ~least possible 
inherent friction or restraint by the parts. The seal consists of a rather 

flat dlaphra~m supported by hinged upstream.and dmrnstream slotted 
thin, ~' 
stays of minim~um thickness enclosin~ a sealing chamber ~ underneath. >A nose 
piece, also of minimum dimenslon8 and located at the central hln~e, is 
either a~tached to or is a part of one of the staysA This diaphragm assem- 
bly is termed the seal bare The outer hinges are located near ~the edges 
of the clamped diaphragm and are re~ained by the clamp bars. Retraction 
is produced by the positive head on the upstream stay and the ~upstreampor- 
tion of the nose piece simultaneously with relief of pressure in ~the ~seal- 
ing chamber. Sealing is produced by admitting pressure in the:i~aling 
chamber, either from the penstock supply or reservoir heads, which ac~s on 
both stays to extend the seal bar and close the gap. The sealing pressure 
required at any head varies with the relative wid ths  of the s~ys! sol that 
within design limits the ratio of sealing pressure to ~the *head maybe va- 
riede In the plot in figure 4E these relationships~are @iven,/wbere ~seal- 
in ressure is plotted ~ersus the ratio of t he'width of t~,Upstream s~aY 
to gthe p width of outer hin~es.~ It is seen ~hat if the upstream stay" .... is 
relatively narrow, the ratio is small and ~the sealing pressure :requlred 
will be comparatively low. A greater reserve of pressurew!ll then be 
available to press every pert of the~nose piece against the Scat'axed ,~n~ 
to aocompllsh a continuous line of o~ntaot. Themore nearly~a ~line contact 
Is.obtained, the better will be the ~quality of the seal withirespeot to 
leakage, as ~found from tea re. For narrower upstream stays the ~e~rao~ive 
force is also lessened, but this force would be great enough to re~raot the 

seal bar for any operative design. 

The design of ~he seal unit was made with a view toward ellmi~ting r~s 
process  of v u l c a n i z a t i o n  and  much f i n e  ~achin in~ in  the f i e l d  i n s t a l l a t i o n .  
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Since tolerances may be large, the flat staysmay be sheared. The hinge "~".:~ 
0ons t ruc t ion  may be made with s tandard s t e e l  ~shapes and a~minimum of ~ ~:~!~ 
machining ( f igu re  9K). Xn the :o r ig ina l  model ;des ign  i t  was r e q u i r e d  t h a t  ~ ~ 
the  sea l ing  pressure  should be low and  t h a t  a large  e x t e n s i o n  h e , a t t a i n e d ;  ::i~il 
t h e r e f o r e  the s t ays  were wide .  The s tays  were des igned- to  s u p p o r t ; p r e s -  / "  ~ 
cures which might be encountered i n  the  ope ra t i on  e r a  •radial  ~ t e .  In ' ~  
the  p re sen t  model the  o r i g i n a l  base was  adapted ~for a na r rower ,d i aph ra~a  ~iii 
and narrower stays, with a centrally Iocatedlnose plecee In the ~tests, 
the  t h i n  s tays e a s i l y  wi ths tood  opera t ing  p r e s su re s  of 170 pouuds per;s~qu, are " il/~iil 
inch ,  and even p res su res  or 110 pounds per  •square : inch  ~did no t  g r e a t l y : b e n d  !~:'!i~! 
theme 

The top 'and bottom stays were 1/16-1nch, half-hard, slotted brass plates =~ 
enc lo s ing  a 1 / 8 - i n c h ,  65 durometer rubber d iaphragm.  The nose  p i e c e ,  :of ~:~:~ii 
s tandard  ~ /4 - inch ,  ha l f - round  brae s .  formed the  upper p a r t  of the  c e n t r a l  / 
hinge with its overhanging edge:and served as a clamp to which ~he several .. ! 
parts were bolted, thusmaking a watertight ~ Joint between the =rubber,, 'the 
stay, and the seal bare Spacer bushings were used through the diaphragms ~. i~ 
The end clearance at eaoh~ihinge was 1/32 inch~and an extenslonrof :!/2 .inch ;, ! 
a t  the nose p i e c e  was e a s i l y  ob t a ined .  T h e  clamp bars a t  ~the outer  edges 
Of the diaphragm were tightened directly on rthe rubber so that diaphra~ ~ 
of vary ing  th i~kn~sses  c o u i d b e  t e s t e d e  I n ' t h e  p resen t  ~ t e s t s : t h e l / 8 - i n o h  ~i 
diaphragm shown was made of two ~ I/l~inch ', rubber shestso No:ex t rus ion  
through thei/S2-inch slots in the stays was noticeable~ The extruded ,.rub- ,~i 
ber at the hinges did not hinder their lqexible action as is pzoven by the 
fact that only one-or two°pounds-per-square-inch pressure extended or re- 
,ratted the seal bar. Included in-This-measure of .resistance ~was :the end 
friction of the seal b~r against-the Lucite sides of the model :.box, 

Other-types of construction for this ,seal design may ~e :employed, but :~he 
principles of operation and .good characteristics of this desi'~u should be 
kept in minds Several methods Of construction may ~be mentioned. If the ~.~ 
nose piece is made integral with its stay, the number~of separate iPar ts~Is 
decreased,  thus a i d i ~  the  .work when m~king the assemblye In  the  do~b le -  -:i 
s~y design any suitable or ~available material couldbe used, :suoh~as :!!i 
plastic, leather, canvas, gasket~materia!, reclaimed rubber, or.even~thin, 
metal sheets. It is believed thaithe diaphra~need..neveribe thicker ithan. -: .... 
1/4 inch for  •rubber.  In a waloar~zed c o n s t r u c t i o n  no bol t s~need .pass . , th rough ::,i 
any p e r t  of the diaphragm, so t h a t  canvas enc losed  by rubber  would,  fo r  i n -  
s t ance ,  not be s u b J e c t t o  r o t t i n g ~  A molded :cons t ruc t ion  o f  p l a s t i c  w i t h  :~!, 
suitable oh~racteristlcs might also be used. 

The design in figure 9X is a single-s~ay, vulcanized construction with 
no bolts passing through the diaphragmo The design in~flgure 15 (section 
A~) is a similar construction except with a wider seal ~bar and,an~o~f- 
center nose piece to lower the sealing pressure required. ~t-is shown as ..: 
a des ign for a r a d i a l . g a t e  i n s t a l l a t i o n o  :The schematic  ~plan o f  o p e r a t i o n  
is .a lso given theree The 't~ro designs f~her di~er in , t ha t  the base .of ,~:'::::::-:-: 
the  former i s  made of s t r u c t u r a l  s t e e l ,  whereas ,  i n  the. l a t t e r ,  a machined i::ii~ 
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FIGURE 14 

A - I n i t i a l  t e s t  a r r a r ~ e m e n t w 2 t h  5 / 1 6 - i n c h  o l e a r u o c .  
Sealed a t  75 l b .  per  s q . i n ,  pens tock  p res su re  w i t h  45 
lb. in chamber B, ~howlnc bendin~ of stays with 75 lb. 

in chamber B, 

B-Sealed  a t  19 l b .  per  s q . i n ,  i n  chamber C ~ i t h  1~ l b .  i n  
chamber B, showin6 s t a y s  n e a r l y  re tu rned  t o  f l a t  c o n d i -  
t i o n  and with 19 lb. in chamber B. 

C-Maximum retraction 5/16  inch  to  the stop lr2th pre l eu re  
in chambers C 58 lb.. in A 45 lb.. and in D ~2 Ib. ~ex- 
imum vacuum occurred at a ~ap of 5/3Z inch and WaS 14 
ft. and 12 ft. of wa~er at A and at D, respectively. 

D-Fina l  t e s t  arrangement  w i t h  clamp bar  ou t  awLy, Lnd s l o t  
OUt in the frame and in the rubber for greater ,a~er 
passaic. For ol~srsnoe ~nd ~ap of 1/4 inch. ~ressure in 
chamber D *was ~7 lb.. and wltb~ ~ clearance ~nd Kap Of 
7/16 inch. pressure in D w~s 50 Ib. with C 60 lb. 

STAIK~ZED, FLEXIBLE IKAPHRAG~ SEAL - DESIGN 6R 
I/8-1NCH RUBBER NOT VULCANIZED, WITH DOUBlY-STAY CONSTRUCTION 

E - ~ l m u m  r e t r a c t i o n  ~/32 inch  wi th  68 l b .  per  s q . i n ,  i n  chamber C and 12 f t .  of  Water vac-  
uum in chamber D. C]amp bar is supported in rear by narrow blocks. Upstream stop bar 
is used ss retraction spring in inltia] tests - plu:~er is used only ~s a lower stop. 
Z~sl b,r =oll~p&ed at a p~nstook pressure of 110 lb. 

HINGED, FLEXIBLE, RETRACTABLE SEAL - DESIGN 5R 
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when pressure m chamber "B" is celmved. 
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casting is used for the base. The prinolple of operatlcn is the same for 

b o t h ,  

In the model tests, with the new conditions of greater water volumes, 
velocities, and pressures, the i'ormmr smooth operation of the seal bar 
ceased and a new problem for solution developed. This development ' was a 
serious slammln~ of the seal bar in the sealin~ operation. The problem 
was solved by increasing the downstream clearance area and drain size to 
acco--~odate  t he  i n c r e a s e d  d i s c h a r g e  t h r o u g h  ~the gap , and  pe rmi t  o n l y  n e g a -  
t i v e  pressures to exist over t h e  downstream stay in chamber Do In the ini- 
tial tests, at maximum retraction of ~/?~iI~ inch and maximum available pen- 
stock flow at 75 pounds per square inch,/ the pres,ures on the downstream 
stay attained a magnitude of 45 pounds per square inch while the pressure 
in chamber C dropped to only 58 pounds per square inch. This was a bad 
situation, for. as explained previously, when an attempt ~s made to close 
the gap by admlttin~ pressure in ,chamber B, a point of balance was reached 
where the positive pressures in chamber D ceased and negative pressures 
cow.shoed!  t h e n  t h e  s e a l  b a r  slammed c l o ~ e d .  These c o n d i t i o n s  were a c c e n -  
t u a t e d  in this design above other designs because of the wider seal bar 
employed. The initial seal assembly for this test is shown in figure 14A 
when a clearance of 5/16 inch was set up. It is seen h~ ° the downstream 
clamp bar partially closed the slot to the drain. ~The bent position of 
the downstream upper stay is also shown when a pressure of?5 pounds per 
square inch in chambers C and B was applied. Seali~ and breaking pres- 
sures were 44 and 4~ pounds per square inch, respeotiveiye The proximity 
of these pressuresj which is a measure of the sensitivity of the action, 
shows that the response to pressure changes is al~ost immedlateo In fig- 
ure 14B the seal bar is seal~d at a pressure of 19 pounds per square inch 
in chamber C, with a pressure of 12 pounds per square inch in chamber B. 
It is seen that the s~ays have almost returned t o  their original flat 
condition. Breaking pressure was also 12 pounds per square inoho The 
maximum waouum o c c u r r e d  a t  a gap o f  5/~2 i~oh and was 14 f e e t  o f  w a t e r  a t  
A and 12 feet of water at D, while the pressure in chamber C was =60 pounds 
per square inch. The 2 -saute necessary to sustain the seal bar in this 
position was 17 pounds per square inch in chamber B, and this relatively 
high pressure is a measure of the refractive for~eo The sealing pressure 
as shown by the two oases cited is therefore about 0.6 of the head over 

the entire range. 

In teats after the drain size was increased in area (figure 9H), the 
presence in chamber D dropped from 45 to 2~ pounds per square inch and 
the pressure in chamber C dropped from 58 to 50 pounds per square inch. 
The relative reduction of pressure in chamber D is thus estimated to be 
at least 14 pounds per square inch. The test assembly is illustrated in 
flgure 14D~ which shows the downstream clamp bar out away. The rubber 
diaph~ was also pertly out away and t~ end of the base had a tapered 
slot m~chined in it. The slamming action of the seal in sealing was now 
greatly reducede This shows that if the water passage were ample, the 
seal bar would operate smoothly under ar~v head. For clearances of 1/4 
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and 7/16 inch, each at maximum retraction, the ~ressures ~in O were 17 and 
~0 pounds per square inch, respectively, while pressure in chamber C was 
60 pounds per square inch for both cases. This shcv~s that the drain size 
more nearly accommodated the smaller gap flow. The ether conditions were 
practically unchanged. In fi&~re 14D the condltions~at ~aximum negative 
pressures are shown for a clearance of 1/4 inch. :The ~te portion of the 
picture in chamber D clearly shows the re,on of high r~gative pressures 
when a gap of about 9/~4 inch is allowed and the pressure in chamber C was 

60 pounds per square inch. 

In the installation draying of this design, as a vertical seal for :the 
15- by 29.~8-fcet penstock coaster gate for Grand Coulee Dam (figure 9K), 
it is seen that the downstream water passage between the clamp bar and seat 
is ample so that no positive pressures would exist on the downstream stays 
The action of the seal bar then would be smooth and without amy slammlnge 

The advantages in this design are several. The seal will operate with 
great freedom under ~ny head. It may be designed for circular as well as 
rectangular gates. The seal bar, of minimum required dimenslens, is ramply 
supported at the hinges, is flexible, light in weight, end the nose piece 
is stable in rotation or position. It encloses an ample 0 w~tertight seal- 
ing chamber, is easily and forcibly retracted under the smallest as well as 
the largest head~, and is extended just as eacily ithrough a~ great a move- 
ment as the design will allow. The ratio of sealim~ pressure to head my 
be varied within design limits, and, for a particular design, remains prao-, 
tieally constant for any head or for any gap opemingo The action ~y not 
be fouled or retarded easily@ The ~election of materials from which the 
diaphragm could be made is especially 'ia~'~,_~., and even t~ selection of 
materials from which the seal unit c~uld be m~de is large. The diaphragm 
need only be flat stock material and does not require an expensive z~ide 
Ordinary rubber c~mntlng would be sufficiently strong for Joints® The 
corner construction and action would be good. 

The disadvantage of th~ double-stay design is that soma difficulty-migh~ 
be experienced in assembling the parts@ In a vulcanized conatruotlon, the 

prooc~c itself in the disadvantage@ 

(g) Music-note retractable se~l, design E (figure 91).--When the muslo- 
note constant-contact seal was again proposed for the rectangular :gates, :it 
~as first tried without any bras~ reinforclng~ It has been us~d inthis 
manner as end seals for radial gates at lower" headso The ,distortion pro- 
duced in th~ rubber, when used in this manner, is shown by the pictures in 
f~gures 7A an~ B. The rubber wa: pushed intd-~he clearance -pace and badly 
distorted at hi~:~, head.-z. It was readily seen that this con~tionwould be 
unsatisfactory, o Next, an unvulcanized metal sheath around the rubber was 
proposed. The sheath was made by cutting a l-I/4-inoh slot out of l-~/4- 
inch outside diameter by 1/16-inoh wall brass tube and applied by foroin~ 
It over the n~o Th~ note was co~resse~ and water lubricated in this 
opera t ion ,  The assembly in the seal worked well, as is seen in the pictures 
in figure 18 which sne~ the ~heath before too much manipulation in te~ti~ 
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changed its shape or rotated it as is seen in the pictures in,figure 17. 

In makin~ the first assembly with the sheathed rubber n o t e ,  the re- 
traction spring was added to make the seal bar retractable. ,This arrange- 
ment is shown by the pictures in figures 16A and B where the base has :no 
space for retraction of the seal bar and there is no upstream stop bar0 
The initial tests showed the possibili+les of the design and the develop- 
ment of this seal as th~ acceptable design followed. 

In the assembled seal unit, spacer bushings were used around the bolts 
passin~ through the rubber no  that the clamp bar could be pulled tight, i 
Without them too much extrusion of the rubber resulted, The 9/16-inch- 
thick rubber hinge was stiff and caused sluggish or dilatory aotion~of :the i~ 
seal bare If the nose piece was assembled so that it was anu~ against the 
clamp-bar stop and net against the seat, it was difficult to extend the 
seal bar because then the rubber hires was forced to stretch. If the assem- 
bly was made so that the no~e piece was in firm contact wlth the seat. then 
retraction was made more difficult because %he hinge resisted further re- 
traction. Therefore, if an initial gap is allowed in the installation, 
this seal design would not operate at low heads and if there is compression 
against the seat, retraction is hindered. The metal sheath made the seal 
bar stiff, and the sealing quality ~s fair. In a field installation ~the i! 
quality of the seal would depend on the straightness and smoothness of the ~ 
sheath after it is applied. V~'ith the vulcanized, brass, reinforced con- 
struction for the music-note constant-contact seal bars, the bars were i 
crooked and had undulations which would make alinement to ~he seat diffi- ! 
cult. A similar condition might prevail in the sheathed bar because of the 
varying diameter of the rubber or because of undulations produced in the 

sheath upon its application, i 

After making the initial assembly with the retraction sprir~ and limited 
retraction space, more clearance for retraction of the seal bar was pro- 
vided in a second assembly, as is seenln the pictures in figures 16C, D, 
E, and F. In tbls assembly the clamping at the l~Inge should be noted as 
extendlng the full length of the flat part of the rubber. In a third 
assembly (figures 91 and 17), a I/8-inoh shim ~es used under the flat por- 
tion of the rubber to set the hinge back farther and allow for the possi- 
bility of easier and greater retraction of the seal bar. The action of 
the seal bar was sluggish but without slam, except when the bar was allowed 
to drop to the bottom of its space, as is sho~ in the picture in fisure 
17Fo When pressure in chamber B was then applied and %he seal bar started 
to be e~tended, the nose piece would slam closed. 

"Several conditions in the operation of this design will be stated: 

(I) In the first asse~ly (figures I~A and B) the gap was ~ero 
as installedo At 74 pounds per square inchin chamber C, the sealing 
and breaking pressures in chamber B were 45 and ~9 pounds per equate 

inch~ respectivelyo 
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FIGURE 16 

A-Inl t ls l  assembly with  no~e el' seal bar Just touchln~ 
SSSt and retraotlon sprin~. Bra~s shn~th around rubber 
not vul~Lnlzed. 

B-Sealed  a t  75 l b .  pe r  s q . l n ,  in  chambers C and B, show- 
In~ the note o~ the rubber pushed away from the retrac- 
tion sprln~. Sealin~ and hreakln6 I, resslJres were 45 m~i 
39 ]h., r.spectlvely. 

C-Remohlned ol tmp ba r  and 1 / 4 - i n c h  e laarmace,  b u s  wi th  
3/8-1rich space under se~l bar. ~/16-inch ~sp, and retr.c- 
tion sprin6 Just tauohln~ the note. Upstream stop b.r 
was installed. 

D-The 1/18-hnoh Eap olosed w i th  30 l b .  per s q . l n ,  in  
cheers C arm B, The re~raotlon spri~ is still in 

oonT,~o~ wi~h the note. 

E-D~grnmtlon of seal bar *Ith 75 . . ,  in oha:.~hers C 
a~ B. Th~ sealln C and breaklrk~ ~r.ss,,res w~r~ 5' ~nd 

5Z ~b.. respectively. 

F-~Imum r~tractlon 9/64 inch with 60-1b. pressure  in 
chamber C aIld 19-ft. v~cuum .t A arid ~2 Ft, of w~%er 
s~ D. W~ximum vacuum occurred .t a C~p Of 1/16 inch 
and was ~5 £e~t Of ~etter. 

I~JSIC-NOTE RETRACTABLE SEAL DEVELOPMENT DESIGN 7R 



(2) In the second assembly (figures 16C, D, E, and F) the gap was 
1/16 inch and a 5/8-inch space was provided under the seal bar. It now 
required SO pounds per square inch in chambers B and C to close the gap 
of 1/16 inch. At a penstock pressure of 75 pounds per square inch in 
chamber C, the seali~ and breaking pressures in chamber B were 57 and 
52 pounds per square inch, respectively. Fromthe corrected differences 
in sealing pressures between (I) and (2)tl~ pressure necessary to close 
the gap is nearly 12 pounds per square inch. The seallng nressure in 
(I) is 0.S08 of the headl hence for (2) it should only bei4505 instead 
of 57 pounds per square inch° The difference isll.Spounds per square 
inch. For the head of 30 pounds per square inch, the sealing pressure 
should have been 18o2 pounds per square inch. The difference of 50 and 
18.2 is 11.8, which represents the unit pressure necessary ~o close the 
gap. Thus the two cases are in agreement. Retraction was 9/64 inch 
with pressure in chamber C 80 pounds per square inch and pressure in 
chamber B zero. The vacuum at A was 19 feet~of water and at D, 12 feet 
of water. Maximum vacuum attained was 25 feet of water whom a gap of 

1/16 inch was allowed. 

(S) In the third assembly (figures 17A to F), the I/g~inch shim 
was added at the hinge, but the sealing and breaking pressures were the 
same as before. Retraction was not particularly improved. At the bal- 
ance point of the nose piece and with pressure in chamber B zero, the 
bar would drop slowly and finally, in about one minute, would collapse 
to the bottom of the space or to the stop, as is shoam~in figure 17F. 
Hence, so far as greater retraction is concerned, placing the hinge 
farther back does not aid It. The negative pressures in chambers A and 
D still hold the bar in the same position as for (2) above, where the 

l/8-ineh shim was not used@ 

The final design, as shc~n in the installation draying (figure ,gL), has 
booster pump springs added whioh~consist of a horizontal 1/16.inch spring 
and a thin OoO05-inch shim stock closure spring., In the model, .design 
7R (figure 91). these parts are shown dotted and were tested accordingly. 
The reason for these additions is thatin the field installation, balanced 
pressures may be experienced when Operation is initlally desired, due to a 
bulkhead closure in the penstock, below the gate~. ~ It was anticipated that 
the pressure downstream from the gate could n o t  be relieved sufficiently 
through the 6-inch valve in the bulkhead to permit a differentialof 12 
pounds per s q u a r e  inch between chambers C an~ D to exist. In that case 
the initial sealing of the seal bar could not be performed with available 
penstock pressure in chamber B@ Thus the booster pump springs will be 
installed, and at some later convenient time will be removed. 

Tests to simulate the bulkhead closure conditions w,~re made when the 
drain to the model was closed with a plate, 5/4-1nch piping, and valveo 
The teats are demonstrated by the pictures in figures 17A to F, The tests 
shc~ed that a pressure differential of at least Ii pounds per square inch 
between chambers C and D on the one hand, and chamber B on the other, was 
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required to close the gap of 1/18 inch. This dlfferentialwas practically 
the same whether hydraulic pressure was :maintgined in Chambers C ah~d D,or 
not. Proof of thi~ is seen by th~ pictures in flg, ures 17B :and C, where " 
in B the pressure in chamber B was .66. and in chambers C~mnd ~D, 55 .pounds ~.~ 
per square inch, respectively; where assign C the pressure in,chamber B was 
12 pounds per square inob with no pressure~In chambers C and De Thls~agrees 

with (1) and (2) abo~. • ~.! 

A bad condition resulted when the differential pressure:between chambers ./i::i~ 
C and B was greater than 26 pounds per square inch. Thcn ithe brass sheath 
pulled away from the rubber and sealed agains t the retraction spring. At 
the same time, the sheath rotated counterclockwise (downstream)on :the note. 
This condition is shown by the pictures in figures 17D and ~E' In D the 
sheath started to leave the rubber when a pressure differential of 26 pounds ,.., 

per square inch existed, and in E the sheath ham pulled away ~'and rotated ~, 
~oounterclookwi~,e when a pressure differential of 67 pounds per square inch ,: 

was a~91ied. 

The final accented desL~:~ ~n is shown in the installation drawinf~ for the 
15- by 29.65-footnenstock coaster gate for Grand Coulee Dsmin figure 9L. 

The advantages in this design are the inherent stabilit3' of the seal bar 
and good support orovided by the stiff hinge. An upstream stop bar may not 
be needed because it was so~diffioul t to extend the seal bar when~it was 
against the clamp bar. The dilatory action of the stiff hinge produced 
cushioning effect when clo~ing a gap at high heads; thus slamming was mini- • 

mizede Th-~ seal unit appeared sturdy. 

The particular advantage in this design ~s that a limited quantity of 
the music note molded rubber was already cn h~ud at the dam site. Because 
rubber i~ a critical war material, any construction involvin~ its use was 
not recommended. The metal sheath was to be applied in the field. 

The disadvantages of the deslgn:are the inherent stlffness of the~hinge 
and the seal bar and the nosaibility of undulations in the nose piece, R II 
of which tend to make alinement to the seat difficult and sealing quality 
poor. The seal is not goo~ for I~" heads and may be inoperative. There 
is too much excess material ~ed i~ its manufacture, which adds littl~ t o  
it. strength because all the water load, when sealed, is taken by the : : 

brass sheath. The seal would not operate on circular g, ates. 

8. Conc!usiona. There are many mechanical ideas that could be de- 

veloped into operative seals for-~tes. Several factors enter into their i 

design, such as whether it is to be a constant-contact or a retractable 

seal; whether it is for a rectangular or a circular gate! the amount of 

extension or retraction desired; the operating heads; t.he available mate- 

rials; the quality of the seal to be expected; the amount of allowable 
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misalinement! the structural eases and the cost. All ~the ~seals .shown in 
1 

J 
figure~ 8and g~equired a great deal of development and,many ohanges~be- ~,~ 

fore the par~cular design operated to best advantage . A design~chcsen for '~ 

one s e t  o f  c o n d i t i o n s  may n o t  f u l f i l l  a n o t h e r  s e t .  ..~ 

The music note constant-contact seal, design IC, and the music note 

r e t r a c t a b l e  s e a l ,  d e s i g n  7R, were chosen  at, the  a c c e p t a b l e  d e s i g n  because  i 

mo lded  r u b b e r  wl s  a l r e a d y  on hand ,  o p e r a t i o n  was s a t i s f a c t o r y ,  and t h e y  i 

a p p e a r e d  rugged. ' ! The quality of the seal against water flow between the nose piece and 

the seat, or between rany contacting surfaces, is only ~dependent on i:how well 

t h e  s u r f a c e s  ma tch  and n o t  on t h e  u n i t  c o n t a c t  p r e s s u r e .  Z e r o - u n i t  c o n -  i 

tact pressure i~ all that is required for ~a ground or a perfect surface to "! 

~ke a droptight seal. Positive pressure is ,needed only ,~to~bring the 

parts together and to force them ~in,alin~msnt. Line contact only is,notes- i 

sary. F u r t h e r m o r e ,  if the m~terials, suchi~:as~rubber, will compress, pres- i 

s u r e  w i l l  f o r c e  t h e  m a t e r i a l  i n t o  d e p r e s s i o n s  or  u n d u l a t i o n s  wh ich  p r o d u c e  i 

perfect llne contact and thus effect a perfect seal. For this .reason a ! 

soft or resilient nose piece is beneficiaio A rounded nose pleoe:is pre- ! 

ferred. A wider, flat surface may decrease the leakage because of the ~! 

longer path for water flow and consequent drop in pressure gradient,'~ibut, ~!! 
on the  o t h e r  hand ,  s e a l i n g  p r e s s u r e s  r e q u i r e d  a r e  i n c r e a s e d  and ~line c o n -  

t a c t  is more difficult ~to attalne 

In retractable seals, the seal bar operates best in,olosing~when the ~ , 

nose (sealing edge) does not drop below the level of the top ~of~the clamp 

bars, and preferably, the nose should be higherby at least :i/52~inohe 

In this position the seal bar is,usually balanced with negative pressures 

existing Just downstream from the nose, w~ile_penstock flow and pressure 

a r e  m a i n t a i n e d .  The a c t i o n  a l s o  d e p e n d s  on t h e  c l e a r a n c e  foF ~waT~rpassage 

downstream from the nose piece. Usually the clearance should be as large 

as practicable so that negative pressures ,can be maintained at all timese 
.The pressure require~-to effect a seal was usually from 5/8 :to 2/~ of .~i 
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o f  the penstock head for ell designs tested, in ad~.itlon to the pressure 

required to close the ~ap at zero penstock flow. In the stabilized, 

flexible, diaphragm seal, design 6R, this ratio maybe decrease~, but in 

all other deei~n~: ~t may be impractica!e if not impossible. 

There i~ always great negative pres,ure Just downstream from the nose 

piece for the small gap openin~z, tending to resist retraotion °f~ tk~ seal 

bar. The maximum, negative pressures usually occurred at a gap openin~ of 

about 1/16 inch, but these also depended on the clearance, gap opening, 

drain capacity, and head. With optimum conditions the seal bar!always 

fleeted at som~ particular gap opening. The shape of the nose piece a~- 

f'ected the negative pressures to some extent, but negative pressures per- 

~Isted in ell s~apes tested. T h e r e f o r e ,  if the nose pie ce i~ in a balanced 

pos~tlon, further retraction requires additional retraotive force to be 

appliede 

The seal bar should be flexible in order to bend to undulations or 

r~isalinement, be these conditions ever so small. A stiff seal bar must ~ 

fit precisely. A flexible seal bar can be forced to contact the scat with 

the minimum pressure requirementso The surplus pressure available above 

.:] 

tend to establish line contact. 

The nose piece, or an insert in the n~se piece or the seat of e soft 

materiel, seatz perfectly even with the imperfections in the contact sur- 

faces which slight pressure can oversees. Therefore, the rubber:!~tYP • of 

nose piece al~ys worked well, provided the rubber was resiliento 

The hinged types of seal designs, with one exception, will not operate 

on a circular gate, but the floating ~ypes will. The only exception is 

the stabilized, flexible, diaphragm seal which is a hinge~, type that will 

operate on a circular gate by imcorporatin~ a floating seal :rin~ in :the 

design. In the other hAn~ed designs, the seal ring would ~ve to twist 

when being extende@, or retracted, which would make the unit inoperative. 

4~ 
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Neither ~ill the retraction spring operate on a c~rcular ~te. The~, flo"-t -~ .J 

ing types would not need to twist and would :operate similarly to a piston lJ 
.i 

The diaphragm type of seal has already been tried in varlous fashions ~ 

(figure 4A). but vrlthout the stays it is more ~or ':le~s inoperative. ~,V~i.th ! 

the stays it becomes stable, operative., and extensible or retractable<at ";;i.., 

any head, When the diaphragm is made very thick with respect ,to "its width °•.~..~.i:i 

and stays are added, the design becomes the shear seal (figure 4D). Here :~! 
J 

'again, while the rubber is stabilized, the stays are ~hort and consequently. ..-:~'I 

stiff, alinement is difficult, and the se~Ll is inoperative at ic~v headso ~;~"~;~i 

g ° .~commendations. A design of seal should be developed that may, ;i.i~i 

• e of' ~ate - rectangular., circular ;.~ with slight changes, be usedon any typ . " 

ic~-head, or high-h~ad It is .felt that variations of the stabil~zed., ~i 

flexible, diaphragm seal (figure 9, design 6R), with the retractable lea- i 

tufa, could be developed for such universal use. One .low-hea~ and ~one -..i,(ii 

high-head design for reots~ngular gates and one Ice-head and one hlgh-head .;- 

design for circular gates might serve these purposese A design for eiroj#- ~,~ 

far gates is shown in laboratory report HYD:96 in figure ,1.7, deslgn 4, ;~": 

where the double ~,~=,ay~ Bnd unvulcanized diaphrab~m~ construction'are ~usede : ~, 

Sinsle stays and a vulcanized diaphragm construction .may also be employed. '!i 

For circular gates the seal ring must not be attached rigidly to anystay; ~ 

otherwise twisting must take place when it extends or retractse 

in a constant-contact seal either tbe hinged, flexible seal, desi~no - "ili 

4C, or the floatin~ oar sustained ~eal, design 6C, ~'ould operate on 

rectangular gates to good advantage, Design 6C ,may be used on circular :~i 

gates alsoo All constant-contact seals for rectangular gates present a ...:i:l 
problem in a. good corner desi~'~, because the top and bottom seal bars move . . 

in extension ~nd retraction but the vertical seals do not, . ;!~.-;'.'i: 

In considering other retractable seals .the roller ..retractable seal, 

desi~a IR, ~th the rubber-covered roller, is highly favorable. The -"=~,~, 

hinged, flexible, retractable seal• design 5R, worked very •well also. .i-i 
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F I(~LrRE 17 

A-Assembled wi%h c o v e r  p l a t e  and pipu ove r  t h e  dra~n s l o t  
i n  the  end p la t , )  or" the  model box. C]earanc~, was "/?-~ 
inch, gap I/']~ inch, ]/,~-In~h tension in reCr~o~ion 
sprln 6 and a l/8-inch shim undvr r l a t  Of r u b b e r  hlng~- 

B-Draln v a l v e  c l o s e d - - p r e s s u r e s  balanced to c l o s e  gep--Sb 
lb. per aq,ln, in chambers C and D, and 6~ lb. in eham- 

bar B. 

C - D ~ i n  v a l v e s  to  chambers C and D o p e n - - p r e s s u r e s  b a l -  
anced tO c lose  g a p - - z e r o  in C and D, and !2 l b .  in 

chamber Bo 

D-Braa~ s h e l l  p u l l e d  aw~y £ron ,-uLber wi th  26 l b .  in  
chamber B and zero  p r e s s u r e  in  ch~.mber~ C and D, and 
sealer: agalI~st r.tractlon spring. 

E-~rss~ shel l  l l f t ~ d  l'rom rubber h~ I f -~ l y  around note 
and rot~t,ed do~istream .~ th  tit }b. kn e h s ~ r  R and 
zero pressure in  chambers C and D. )(ote is  si.~o defor..%~J. 

F-Seal b~r collapsed to %he bottO.'~ s~op when ~,~n,qtock 
]>reeoui'e or" '?F~ lb .  flowed wide open;" pressure In oh.m- 
box" C w~s i'ed,iced to 44 lb.. t,n! I~resourt's ~.r~ CI;~.~,ber5 
A anJ D weru 42 sn'I 3c~ !b.. r~:s;,estiv--ly. 

~@JSiC-NOTE RET!tICTABLE SEAL -DESIO -~': 7R 
, • ~ ~ OF ~'~ BE~Or~ nUT'~AD SI~,~LA~IO~, TESTS o~AL ACTIOL T ............ ~-~" 

IN PEI!STOCK, DOV~NSTREA},[ FRO~I GATE, IS RE}~10VED. 
DftAIN CONTROLLED WITH PLATE, PIPE, A]'ID VALVE 
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The f l o a t i n g  b a r  re trac tab le  s e a l ,  des ign  2R,  worked we l l~  b u t  re trao~ion  

i s  n o t  ~ so ~reat .  although there w o u l d ~ g e n e r a l l y  be e n o u g h l  t o / f r e e  ~.ithe~nose 

p iece  from the s e a t .  Nomelof~these l a t t e r  ~designs mentioned~wouI~ rate 

on a c i r c u l a r .  ~ate . . . . . .  

11. Summary. For ease i n  comparing'the var ious  ~gate s e a l  des igns  

and h~draul i c  t e s t s  " ~ t h i s  second serSes /or  o o n s t e n t - o o n t a c t  and~retraoto  

able s e a l s ,  a summary of~eaeh ~ cons idered~ i s  presented~ in  f i ~ r e ~ I S .  

The :dra~ing a t  the head of  each  i n d i v i d u a l  s e c t i o n  i l l u s t r a t e s  ~ l e ~ t y p e o ~  

sea l  involved@ 

E.~S.~Oray. 
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