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Denver, Colorado, June 8§, 1943,

MEMORANDUM TO CHIEF DESIGNING ENGINEER
(B, S. Gray through J., &, Warnock)

Subjeot: Hydraulic model studies of gate seal designs and tests for
Grand Coulee and Shasta dems, =

1, Introduction, When gate seals on the 15= by 29,65-foot pen=

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

er’s plant, trouble was experiemced due to leakage from the actuating
chamber, The design used was the 45-45-degrsee compression seal studied
in the original model tests, referred to as design 4 and desoribsd on
pages 9, 11, 12, 13, and 14 of "Hydraulic model studies of gate-seal de-
signs and tests for Grand Coulee Dam, " June 1941 (HM-7 and HYD-S6) by E.
S, Graye Results of field tests on the 102«inch ring-follower gates are
described on page 26 of the same refersnce, An abstract of the results
of the tests on the 45-465-degree compression seals ie showm on figure 4B
end in section 2(b) of this reporte

In an sffort to develop a more satiasfectory seal for the Grand
Coules installation and to develop a seal for the 19,5« by 24.5=foot
fixed-wheel gates for the Shasta Dam diversion tunnel, & series of tests
was made as desoribed in this reports Since both gates were to operate
under high heads, 265 feet at Grand Coulee and 190 feet at Shasta Dam,
the sams design possibly could be used for both installations,

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

as shown in figures 1, 2, and 3; a visual, ssctional seal model and @
10-inch ring-seal model, The desizns and results of the studies de=
soribed in the first serles of tests are summarized on figure 4 of this

report, for the sake of completenesse

The visual, sectional seal model was & rectanguler housing with
transparent front and back plates and thickmess sufficient to hold a 2-
1/2-inch straight length of the seal assembly, Supply lines were con=-
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nected to provide pemstock pressure upstream from the seal bar end pres-
sure to actuate the seal bar itself, An additional connection provided
pressure for actuating the middle chamber of the double=acting seals,
Gages and relief valves were connected at suitable pointse The gap be-
tween the seal bar and the seat could be veried by raising or lowering
the seal assemblye

The 10-inch ring-seal model was & circular housing made to resemble
a ciroular gate in which was installed a ring seal with a diameter of 10
inchss. The penstock pressure was admitted in the center of the model
chamber and di spersed radially by & cap plate which also served as the
seating plate for the seal ringo The seal assembly was supported below
this cap by a base through which & 1/2-inch pipe line supplied prassure
for actuation of the seal ring, The seal ring moved egainat the seat te
effect a closure against the radial flow from the penstock., The gap bee
tween the seal ring and seat could be varied by‘raising or lowering the
cap plate, Pressufe gages and relisf valves were provided at suitable

pOintBe

By intsrconnections, water under pressure was supplied to both
models from three sourcess the city water mains with a pressure of 75
pourds psr squere inch, a 12-inch centrifugel pump with a pressure of
100 feet of water, and a highepressure hand pump connected to an air
tank, It was necessary to inorease the amount of water through the model,
slnce it was found that the penstock pressure could be maintained for a
groater range of seal bar movemsnt and the field conditions could be more
closely duplicatede With higher penstock preaaure.-velocities through
the gap were higher and the effects more noticeatle. An endeavor was
made to operate the models with the pressures and velooities which will
oceur in the field, but these conditions wers not™fully realiszed,

A summary of the tests on seal designs studied in the original
program is given in the following paragraphs. For a more detailed des=
oription, reference is made to the original report, HYD-98,

(a) Roller seals (figure 4A)e.-=The roller slot is designed to proe
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duce a rolling action of the rubber rollers when the seal ring or bar is
moved, Compression and torsion of the rubber produces the force necessary
for retraction,

The extension of the roller seal bar was easy until the rollers became
restreined by the limits of their slots, after which the effort imoreased
rapidly. The retractlon of the seal ber was assisted in the ring model
by the torsional effect, making it complete and rapids but ir the sectional
model the retrection was sluggish and incomplete,

With oversize rollers violent shattering occurredo and with undersized
rollers self-sealing ocourred which made unsealing impossible. In the sec=-
tional model the rollers slid up and down without rolling as pressure was
applied. In the ring model greater friction and torsional force prevented
sliding to any great extent,

The principal adventages of this design are that the seal bar could be
made to extend easily and, because it floats, the sealing action was aided.
The disadvantages are that there was low retractive force unless rollers
were operated on part of slots where compression was greater; the rollers
are difficult to assemble, as they must be ocorrectly placed to work proper-
ly; the rollers slide at higher pressures and in straighter sections; the
type 1s not applicable to rectangular gates; and the seal bars are stiff,
making conformity between seal bar and seat difficult,

(b) Compression seals (figure 4B).e-In these designs the retractive
force on the seal bar is provided by the energy stored in the rubber gas-
kots as the seal bar is extended, The rubber is forced either in compres-
sion only or in compression and shear, together with soms rolling action,
depending on the shape of the sloto The degree of difficulty in extension
can be chenged by rotating the square outline of the slot in the design so
that a greater or lesser degree of compressive action can be attainede.

The rotation of this square slot may be 90 degress, to cover all conditions
of action from pure compression,as im the square compression design, to a
design in which only sliding action would take place along the vertical
retainer bar surface, The design shown illustrates thas principle of
chanking the angles on the retainer bars and on the seal bar,

In extension, the pregsure required depends on the resistance of the e
rubber gaskets to change in shape, on the change in the cross-sectional
area of the slots as the seal bar is extended, and on the width of the
seal bar, In the square, slot design the area changes directly with ths
movements in the 46-45-degree design the area becomes only slightly less,
whereag in & 40-50-degree design the area remains constant and therefore
is to be preferred. Furthermore, as the angle of the retainer bar slope
becomes less than 40 degrees, the aree increases with seal bar extension,
and thus the rubber is released as in the 30=-60-degree slot design in-
stead of being further eremped., When the rubber becomes cremped in a re-
ducing area, the force necessary to extend the seal bar rises rapidlye.
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There is, therefore, & practical limit pleced om the oxtension to be
ellowed in these designs and generally it is not more tham 3/16 inch.
Retraction was nearly complete and usually rapid, and the residuzl effort
was practically equal to the force required to extend ths seal bar, The
overhang of the sealing edge contributed to the rapidity or sluggishness
of the release,

At the point of sealing there was chatter and pulsation of the seal
ring in ths 10-inch ring-seal model, especially with the solid rubber gas-
ketss With undersized gaskets self-sealing occurred, and in some oases it
was impossible to unseal the ring, Slamming and rotation of the seal bar
took place in the visual model at the higher penstock pressures and veloci-
ties, and full guiding of the seal bar was necessary to prevent these comn-
di tions as much as possible,

There was good retractive force developed in the rubber when it was
gubjected to both compression and shear, &s in the diamond-shaped slot
designs; and, since the 45<45-degree shape was the first shape so tested
and offered a good solution to the problem at hand, it was acoepted as
the design for the Grand Coulee ring-followsr pemstock gates,

Since the seal ring floats on rubber, alinement to the seat is aided,
but on the other hand, the varying dismeter along the gaskets caused. 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 & gap still existed, so that more pressure was required to causze
the seal ring to seat all along its length.

The rubber fabrication was difficult, but installation of the gasksts
wag performed readily, The aseal bar is heavy amd stiff and diffioult to
support in rectangular gates, At the manufacturer’s plant an installa=
tion in a rectanguler gate for Grand Coulee Dam gzve trouble in excessive
leakage from the chamber under the seal bar, probably through the joints
of the clamping bars,

(o) Shear seals (figure 4C)c--The shear seal was developed to apply
the principle used in designing rubber springs, wherein the rubber is
" subjeoted to shearing stresses only end enmerdy is stored in the rubber
during the closing cycle to provide a retractive force.

The action of these seals was smooth amd free, with any reasonable }
degree of extension. The force required to extend the seal bar depended
on the quality of the rubber and the head, The pressure omn the upstream
guide bar assisted retraction. The retractive action was complete and
rapide, There was no chatter during sealing, and self-sealing did not
oocour because the gaskets are installed tightly. The guide bars transmitted
the forcees to the seal bar, The guide bars, made to proper dimsmnsions,
nullified any tendency for the seal bar torrotate and prevented the rubber
from bulging as a diaphragme .



The advantages of this type of seal are that the rubber is stressed
principally in shear, and the seal bar is fully gulded, The design is
especially good for rectangular gates but may be adapted to circular omes
by installing the guide bars in short segmsntse Conasiderable tolerance
is permissible in the parts,

The disadvantages would be diffioculty of adjustment of any misaline=
ment between seal bar and seat, the cost, and the wsight of the seal barof

(d) Diaphragm seals (figure 4D).-~The curved surfaces of the oclamp
and seal rings %?igures 1 and 2) were shaped so that the diaphragm oross-
sectional length was the sames when the seal bar yas extended as when ree
tracted and would be supported over practiocally its entire free area when
extended, The section of the diephragm under the seal ring was formed
lower than those under the clamp rings, to assist retraction.

The extension property of this type is hindered by the extrusion of
rubber ia clamping, which forces the rubber into comprassion and shear
when the seal ring is moved, The matal diaphragms peruanently deformed.
In retraction, the action was slow and sluggish and the retractive foroce
small,

In sealing, the diaphragm was pushsd against the stops and imperted
very little forece to the seal bar, The effective hydraulic foree was then
applisd to the seal bar only, Without close guldes, the ssal bar rotated
when tested as & straight section in the visual model,

The ochamber under the seal bar was sasily made watertight, The seal
bar practically floats, which assisted in the bar conforming to the seate
The extrusion of the rubber in clamping made the seal partly inoperative,
The seal bar is heavy and stiff, The manufacture of the diaphragms to
some predetermined shaps required expensive molds in the field assembly.

(e) Stabiliged flexible diaphragm seals (figure 4B),--Diaphragms,
when free to movs, respond readily to the slightest pressure, but due to
lack of rigidity distort in the direction of the applisd forve until a
definite stop is reachsd. 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 sealing, In designs
where energy is stored in rubber, chatter of varying intensity end
frequency dewsloped at the sealing position, Increasing-the rate of
application of sealing pressure generally eliminated the difficulty, but
a tendency to slam at final closurs psrsistede In all the rstraoctable
seals, except the double-acting type, to obtain positive retractive force
it weas necessary to make the unit quite stiff, Accurate guides were
necessary to prevent tipping or rotation of ths seal barse. The sgtebil-
ized flexible-diaphragm seal represents an attempt to compromise all of
these factors.

The seal could be extended smoothly and easily to amy reasonable amount

)



with practically constant pressure, The extrusion of the rubber in eclampe
ing was not detrimental, The retrsction was complete, rapid, and positive,
Bsocause of the flexibility of the geal bar, there was conformity between
it and the seat in cases of misalinemeont, There was no chatter, and bge
cause of the emfinament of the rubber, thers was no self=-sealinge Sup-
port of the dlaphragm prevents bulging. Ths seal bar, being fully guided,
did not rotate or slam,

The stability and flexibility of this design are inherent, and the seal
will operate under any head, Standard perts may be used and no vulcanize
ing or molding is required for the double-stay construoction shown, The
diaphragm may be any suitable, inexpensive material, In a wulcanized con-
struction the lower stays would be eliminated. The design is adaptable to
either rectangular or oircular gatess The light weight of ths parts eli-
minates any problem of support. The principal disedvantage might be the
difficulty of handling the parts when assembling on a large gatse

(f) Double=moting seals (figure 4F),--Designed to produce positive
gsealing as well &8s positive retraction of the seal bar, which is actuated
by hydraulio pressures applied in three chambers, Pressure in the chamber
under the bar tends to extend it, and pressures in the two middle chambers
tend to retract ite In the packingegland design shown, the extensiom ef-
fort was constant, while in the roller design tested, it inereased with
‘movemsnt of the seal baro The retractive action was smooth and positive
in both casesy

In the former design, after the seal was effected, it was possible to
reduce the sealing pressure to zero without unsealing, In the latter de-
sign, since the rubber rollers are in compression and shear, pressure
must be maintained under the seal bar to hold it in place, No chattering
was ovident in either unite, No tendency for the seal bar to rotate or
slam wag gvident in the former design, but in the latter design a guide
was needed at the top to prevent both rotation and slamming. The seal
bar movemsnt was positive either in extension or retraction for both de-
signss The former design is well guided; the latter design needs down-
stream guides at the nose, This type can be used elther in rectamgular
or circular gates,

The principal advantage of this seal is its positdve action; the dis=-
advantages are that the construction assembly and the opsration would be
complicated and expensive. In the packing-gland design the sliding sure
faces may become inoperative due to scalse deposition in certain installa-
tionse The seal bar is heavy and stiff for both designs,.

(g) Constamtecontact seals (figure 4G).--Developed for use in low
head installations when the friction due to constant contact will not be
exocessiveo, The seal is actuated by any head but doss not retract, Pen=
stock or reservoir pressure exerted directly on the bar furnishes the
-sealing forcec The line contact pressure was kept to & minimum by making
the distance from the hinge to the contacting nose as short as possiblese

6



The comstant-contact seal bar should have sufficieant flexibility to
care for misalinement between the seal bar and the seat, The seal bar must
be dragged from the seat; therefore, the line contect pressurs on the seat
should be low, Ths all-metal design was too stiff to twist even a few

thousandths of en inch, A rubber-mounted design was slightly more flex-
ible.

The advantages are the ability to seal at any pressure, the abssnce of
retraction devices, and the low construction cost; the disadvantages are
the additional power needed to move the gate dus to the friction batween
the seal bar znd seat, the necessity of flexibility for good sealing, and
the limitation of the hinged design to rectangular gatese

The tests consisted of measuremsnt of pressurss nscessary to accom=
- plish a seal against various penstock or reservoir pressuress With a given
penstock pressure, the pressure under the seal bar was increased slowly,
which caused the bar to be extended until flow from the penstock was
stopped. To unseat the bar the pressure under ths bar was lowered until
the seal broke, These two pressures varied at times as much as 10 pounds
per square inch, but the sealing pressure was taken &as the mean of these
two readingse Positive retraction against a static head of about 7 pounds

per squars inch at the centser of the gate was required.

. Scope of mew test serles. The designs tested in the new series

of gate-seal designe and tests, as descoribed in this report, are divided
into two types = constant-contact seals and retrasctable seals. The tests
on the constant-contact seals were an outgrowth of the four designs for
rectanguler gateg studied in the original program, The main constant-

contact seal designs tested in this series are as follows;

(a) Musicenote constant-contact seal - Brass on ocurved section of
rubber only = Design 1C (figure 6A),

(b) Music-note constant-contact ssal - Formed brass strip wulcanized
to bottom and curved portion of rubber - Design 2C (figure 6B).

(¢) Hinged bar and rubbser constant-contact seal - Design 3C
(figure 6C).

() Hinged flexible constant-contact seal - Design 4C (figure 6H),

(e) Hinged, sustained, oconstamt-contact seal - Design 6C (figure 6I).

(f) Floating, sustained-bar, sonstent-contact seal = Design 6C
(figure 6J)e ' «

(g) Sliding-bar, constant-contact seal - Design 7C (figure 6L),

During ths studies on the floating, sustained, constant-contact seal

7



FIGURE 5

A-Visual sectional seal model test apparatus.

B-Visual sectional seal model with stabilized flexible
diaphragm seal, design 6R, installed.

STABIILIZED. FLEXIBLE DIAPHRAGM SEAI, - DESIGN B6R
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(design 6C), consi deration was again given fo designs for retractable seals,
A roller was substituted for the floating, half-round bar as a constant-
contact seal. During the studles it developed that by the addition of a
retraction spring, the bar or roller would retract hydraulically, Thus,
by the additiorn 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 series ere as
followss

(a) Roller retractable seal = Design 1R (figure 94),

(b) Floating-bar retractable seal - Design 2R (figure 9C).

(c) Hinged, susteined retractable seal = Design 3R (figure 9G).

(d) Sliding-bar retractable seal - Design 4R (figure 9F),

(e) Hinged, flexible retractable seal - Design SR (figure 9G).

(£) sStabiliged, flexible diaphragm seal - Design 6R (figure 9H),

(g) Music-note retractabls seal « Dasign 7R (figure 9I).

Both designs of ths music-note conastant-contact seals were proposed
for installation on the Grand Coulee gates; but, since the additi on of
the retraction spring made design 1 a retractable design which gave ac-
ceptable results, the proposed field installation was so converted and
adopted (figure 9L), The gates were elready 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 1, proposed for ingtal-
lation on the Shasta gates, was finally accepted as a satisfactory dee
sign (figure 6A),

The stabilized, flexitle diaphragm seal studied in the first series

was further tested and suggested as a golution of a retraoctable seal,

4, The model, The visual, sectional seal model (figures 3, 5, and
9D), used in the first tests and designed to accommodate full-size seal
seotions 2-1/2 inches long, was modified by the addition of horizontal
and vertical sliding seats end horizontal end vertical shifting bases.
The piping and arrangement of the test apparatus was modified to give
gréater flexibility of operation, The changes in piping included a



larger penstook inlet into chambsr C, figure 5, whichk could be supplied
from different sources, Water from the building supply system could be
supplied directly through a 1-1/2<inch 1line at 75 pounds-per-square-inch
pressure, A 2=inch line from the building system into the suction side
of an 8-inch centrifugal pump permitted boostimg the supply pressurs from
76 to 110 pounds per square inoh and supplying a large volums of water to
the model, A high-pressure piston hand pump with a storage tank supplied
high pressures with very limited volume, A cross connsction from the
supply lines to chamber B supplied pressure for actuating the seal ber,
Relief lines from penstoock chamber C and the actuating shamber B provided

fairly close regulation of the pressures and volumes,

As previously stated, the. true action of the seal unit can be obtained
only when the volume of water passing it is the maximum for any constaant
heade The difficulty of meintaining constant heads for changing conditions
still persisted to & degree with the new arrangement., Since the availaﬁle
water supply under constant head was limited by the piping and the supply
systems; it was practically impossible to memipulate the relief walves to
maintain eonstan£ conditions as the seal bar was operated, due to the
rapidity of the seal bar action at the sealing and breaking pointse

Piegzomsters were installed to measurs pressures dowmstream from the
noge of the seal bar at points A and D, Phe plezometer at A was a 1/4-
inch hole oﬁ the csnter line of the model, later reduch to a l/leoinoh
hole so as to openiimmediately downgtream from the cenﬁer line of the
model and also downstreem from the sealing édge of the rgller retractable
seal (figure 9A)e The piezometer at D was a 1/4<inch hole one inch downe
stream from the center line of the modele A relief valve was provided on
the line to piezomster at A,

A lever with a 7 to 1 patio was attached to the model and could be

" connected to the plunger to permit measuremsnt of forces or hand manipue
lation of the seal bar during the tests, Ueasurements of the forces in=-
volved were made with a spring balance hooked to & pinned fulerum on the

lever.



It was found that when computations were made the forces did not balsnce
because of disorepancies in areas over which hydraulic pressures exlstede
The areas were indeterminate duo to the infiltration of water presesure bee

tween contacting surfacess The results are therefore not given,

5. Operation of the model, In the tests on the constant-contact

seals (figure 6), normally only pemstock pressure was applied, as no hys
draulic retraction was involwed, But in those cases, such as in figures
6H to L, inclusive, where the sesl bar had a more or 1ess confined space
in chamber B, under it, water wes admitted to both chambers B and C,
either at the same pressure or at different pressures, to study the action

of the rubber or seal bar when a differential existed,

In the tests on the retractable seals,the preesures in chembers B and
C were controlled independently by manipulation of the inlet and relief
valves to produce thé desired results, With a more or less constent head
in chambter C, the pressure required to produce & seal was obtained by ad-
mitting water under a controlled pressure into chamber B until the seal
bar came into contact with the seat and stopped the penstoock flow., The
pressure in chamber B to produce the stoppage of flow is termed the seal-
ing pressure, %When the pressure in B was reduced, the contact Letween the
seal bar and the seat would be broken and the penstock flow started. The
pressuwre in chamber B to accomplish this sepamation is termsd the breask-
ing pressurs. The sealing and the bresking pressures were in many cases
neearly ths same, but at times thers was as much as 10 pounds per square
inch difference dus to inherent internal friction inm bending or sliding
and friction between the ends of the ssal bar and the transparent sides
of the model, or dus to the shape of the seél ber nose. Sometimesg all

these factors were acting simultaneously,

If the valve supplying chamber B was opened Quickly with the penstock
supply flowing, the seal bar would slam into the closed position, causing

severs water hammsr,

The sliding bar seal in design 7C (figure 6) had an additional chame

ber designeted as A between the face of the seal bar and the gseat, Prese
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sures above the atmospheric base in chamber A, as meesured through pie-
gomster A, were read in pounds per square inch, Subatmospheric press
sures at plezometer A or at piezomster D were measured in feet of water,

This terminolcgy will be used throughout the subsequent discussion.

6. Constantecontact seals (fipure 6), These seal designs do not
embody retraction, but the seal bar is in constant contast with thse seat

while it 1s dragged off or on the ssat as the gate is opened or closed,
The designs are mainly applicable to rectangular gates, buf design 6C
(figure 6J) or design 7C (figure 6L) could be used on a circular gate by:
machining the bar as a ring which would float in ths supporting groove,
In rectangular gates the top and btottom seal must have a stop provided to
prevent the seal bar from extending too far as it slides from the sgeat,
because penstock pressure is maintained until the gate leaf moves far
enough to relieve it, The seat should have a slope at ths edge so that
in closing or opening the gate the s¢al bar can climb or descend gred=
ually into the final position., The vertical seal bars would ride guides
extended from the seats in the sams plane, The fact that the top and
the bottom seal bars will be extended or retracted when the gate leaf is
moved, whereas the vertical seal bars would be in constant contact with
the side geats and guides, inwlves a problem in design of the corners
which will give flexibility as well as stability,

The sliding frigtion betweer ths nose plece and the seat must be
allowed for in designing the hoist. The sliding frioction on the flat

portion of the seat was always smally it was greater along the slope,

(a) Musioc-note constant-contact seal, design 1C (figure 6A).=-Sealing
was imperfect, due to undulations and stiffress of the brass wvulcenigzed
strip., By moving the sliding seat back and forth, movement of the seal
bar was produced as though the gate leaf moved, causing the seal bar to be
. extended or retracted while penstock pressure was maintained., Movemsnt of
the seal bar was restricted due to its inherent stiffness and the flat
base, With a gap of 1/16 inch, 30-to 40-pounds=-per-squars-inch pressure
in chamber C was reqQuired to close it, The seal is therefore not good
for low heads, Friction on the sliding seat while penstock pressure was
maintained wes low, but considerably greater when the nose of the sgeal
. bar was climbing ths slopes This condition was observed in all the cone
stant-contact seals, The distortion of the rubber seal under pressure
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when the reinforcing strip is omitted is shown in figures 7A and 7B. In

%, no pressure was applied and in B, the distortion umder 110 pounds per
square inch is shown, Design 1C is shown in figures 6D and E, applied

to the 19.8= by 24.9-foot fixed-wheel gate for Shasta Dam diversion tunnel,
This design was finally chosen for instal]ation after the tests on the
following designs were madee

(b) Music=note constant-contact seal, design 2C (figure 6B)o==-In this
design the nose plece seals on its end instead of on its side, as in de-
sign 1C, Representation of the seal bar in sliding up or down the slope
of the seat, or when the gap in the gate chenged, was accomplished by
mounting the seel bar unit on a sliding base, The seat was 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 bending im
the vulcanized brass strip so that it crawled around the curve, eventually
permanently deforming the brass stripo, 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 figure 6G
for the 16e by 29,85=foot penstock coaster gate for Grand Coulee Dam.

(c) ‘Hinged-bar and rubber canstant-contact seal, design 3C (figure
6C)o-=A seal was aocomplished in this design at the seat and at the hinge
by the rubber acting under the hydraulic pressure, The bar had to be
mounted only fingertight at the hinge to obtain any movement; otherwise
no movemsnt obtained, The seal between the rubber end the seat was ex-
cellent, but there was indication of sticking and tearing which would be
a disadvantage, A brass, angle nose plece was tried, but the action was
poore The brass nose plece was torn from the rubbsr by the high-velooity
flow through the gap as the seal bar left the seat and came into contact
with the stope This condition would exist at small openings of the gate
at both the top and ths bottom seals, The rupture was ceused by the fluc=-
tuating subatmospheric pressures which existed at small gap openingse
These pressures tended to pull the nose plece from the rubber by suction.

The bond between the rubber and ths bar might be impossible to maintain
in the case of the top and the bottom seals on a rectangular gate. During
the opening of the gate in the case of the top seal, the friction between
the rubber and the seat would tend to pull the rubber from ths seal bay
(figures 8C and G)s The same condition would occur on the bottom seal
during the closing of the gate, only to a lesser degrees During either
the opening or closing of the gate, there is little contact at the bottom
sea)l between the rubber and the geat, due to the mstal seal bar being in
ocontact with the slope of the seat, thus holding the rubber away from the
seat until the seal bar is in centact with the flat portion of the seat
(figures 8D and H), Figures 8A and B show the conditions with and without
pressure before a brass angle was installed on the sealing edge of the
rutber, Figures 8F and F show the same conditions after the brsss angle
was addedo An installation of this type of ssel is shown in figure 6F
in a manner similar to the music-note seal installation in figure 6E.
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(d) Hinged, flexible, constant-contact seal, design 4C (figure 6H)o=~
The seal bar was made from a test specimsen of Gates rubber adhesion, stock
No, 1080 (about 65 duromster and 1/4 inch thick), wulcanized to a flat
steel plate 3/32 inch thick, The stay was slotted at 1/2-inch intervels
for flexibilitye The nose piece was a standard, half-round brass rod
screwed to ths stay., A machined or rolled stay and nose piece could have
been used insteads Ths action of the seal was good and considerable move-

#ment of the seal bar was possibles The flexibility of the unit psrmitted
1/82~inch twist in the 2-1/2-inch length of seal bar, with a pressure of
20 pounds per square inch in chambers B and C, This flexibility allowed
excellent contact between the nose pisce and the seat, thus producing a
tight eeal, The force required to move ths seal ber was very small as was
evidenced by hand manipulation of seal bar with the plunger, The stay did
not show amy bending under 110-pounds-per-squere-inch pressure. An appli-
cation of this design is shown in figure 6Ko If double stays were used, no
vulcaniging would be necessary, A double stay construction is shown in
HYD-96 (figure 15, design 4),.

(s) Hinged, susteained, constant-contact seal, design 5C (figure 6I)e=-
This design is another apblication of the hinged type of seal., Various
shapes of sustaining rubber were studied. The force exerted by the cramped
rubber holds the seal bar in place, The action was stiffer than design
4C, and the solid bar could not be twisted with 76-pounds-per-square=-inch
pressure, One slotted ber was made in which a twist of 1/64 inch could be
produced with 70-pounds-per-gquare-inch pressure, in chamber C. In an
application in a vertical position, the seal bar could be fully supported
at the hinge because of the metal-to~metal contacto The rubber would be
installed under slight compressione

A 1/8+inch wall rubber tubing with sufficient cross sectiom to comfort-
ably f£ill the space under ths seal bar would give good support and seeling
action at the hinge, It would be necessary to expose the interior of the
tube to penstock or reservoir pressurs, The sealing action at the hinge
cen be seen by comparing figures ¥D with TC,

(f) Floating, sustained<bar, constant-contact seal, design 6C (figure
6J)o==In this design all the unbalanced pressure exerted normal to the
flat portion of the seat by the water in chamber B is used to effect a
sealo, In the hinged type of bar, approximately half of the unbalanced
normal pressure is exerted on the hingee Aocordingly, in the floating type,
the bar need te only half the width to produce the sams pressure at the nose
and the seat,

Of the various shapes of rubber tested, the channel shown in figure 6J
and the 1/8-inch wall tubing in figures 7E and F showed the best results.
The rigidity of the channel shape meintained good contact between the nose
end the ssat, but the large cross-sectional area of the channel temded to
eramp the rubber seriously ae ths sesl bar was depressed, thus limiting
the bar movemsntes To obtain a more resilisnt unit, flexible L/Beinch wall
rubber tubing was substituted (figureés TE and F), The flexibility of the
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FIGURE 7

A-No pressure in chamber C. B-Pressure of 110 1lb. per sq.in. in chamber C.

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

C-Seal bar mounted on 1/8-inch flat rubber strip showing D-Rubber pushed against hinge with 75-1b. per sq.in. pres-
looseness of rubber at hinge with no pressure. sure in chambers B and C.

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

E-Plunger connected and 75 lb. per sg.in. pressure in F-Plunger disconnected and seat retracted while penstock
chambers B and C showing cramped position of rubber. pressure was maintained showing rotation of seal bar
in direction of flow.

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



FIGURE

A-No pressure in chamber C. B-Seal on flat portion of scat with 70 1b. per sq. in.
pressure.

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

ORIGINAL DESIGN WITH SHIM UNDER CLAMP BAR

E-No pressure in chamber C. F-Seal on flat portion of seat with 70 lb. per sg.in.
pressure.
G-Seal bar under 70 lb. pressure leaving tcp seat of H-Seal bar under 70 1b. pressure leaving bottom seat of
cate. gate.

BASE ALTERED AND BRASS ANGLE ADDED
TO SEALING EDGE OF RUBBER

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



tube was greater, as anticipated, but rotation of the seal bar (figure 7F)
by the unbalanced hydraulic pressurss made it necessary to install a guide
pin to maintain the seal bar in position, There was no objection to the
guide pins, hydraulically, but their instellation would increage ths com-
plexity and coets The effectiveness of gulde pins was shown by the use of
one B=32 machine sorew attached to the plunger and seal bar, The sliding
- seat and seal bar were operated under a pressure of 110 pounds per squars
inch, but the machine screw was not bent by the unbalanced forces, This
indicated their small megnitudee

'The absence of a rigid hinge tends toward flexibility of the ber itself,
which permits & tight fit between the seal bar and seat even where the seat
mey be misalinede This conformity increases the effectiveness of the seal-
ing actione Of the nose shapes tested (figure 6M), shape 2 gave the best
action because it is hydraulically balanceds Furthermors, the halferound
section 18 more flexible than a rod or a tube besause of its lesser reslst-
ancs to bendinge The strength of & halferound section in bending is approxe
imately onme~fourth that of a 1/8einch wall tube with the same outside dia-
meter, Shape C was developed to permit greater latituds of movement and
hence greater clearance between the stop bars and the seat,

Shape B was objactionable becausze of the sharp contact between the seal
bar nose and ths slope of the seat and because of the greater tendency
toward rotation due to the unbalencsd hydraulic forces caused by the thick-
ness being less than half the width, The rotation in this case was egainst
the.flow as compared to rotatiom with the flow, om shapes A and C, The
lesser ratio of thickness to width on shape D increased the tendency to
rotate, in this case against ths {low, Shape E with new stop bars, as
outlined, was developed to negate the rotation of the seal bar, but the
permissible clearances were so small as to make the desizn undesirable,

In shape F, the radius of the nose was reduced to 1/4 inch to reduce the
subatmospheric preasures whiech occur downstream from the nose piece as the
seal bar approeches the seat, The ochenge was ineffective, Without the
rubber under the seal bar ths leakage between the seal bar and the stop
bar was considerable, due to imperfasct contacte

(g) Sliding, constant-contact, bar seal, design 7C, figure 6L).e=The
principal advantage of the sliding bar seal in a constant contact instal--
lation on a rectangular gate is the positive guides, but those positive
guides have several dlsadvantages, To operate satisfactorily, the clsar-
ances must be smell, which appreciably increases the cost of manufacturse,
installation, and meintenance, The action in the model was good, but in
a field struoturs the formation of scale {rom ths water, or deposition of
foreign matter, would remder the bar sedl inoperative,

7o Retractable seals (figure 9). In retractable seals, forees are

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

gaplbetween the seeling edge of the nose piece and the seet, - The distance
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between the sealing edge and the seat is the measure of the retrection.
It ie generally considered preferable that the seal bar should remain in
the retracted position while the gate leaf is in motion or until a seal
is again requirsd, However, a ssal bar that lightly scrapes the seat

when the leaf is moved has the advantage of a cleaning and seating action.

In this seriss of designs and tests one method of producing retrac-
tion predominated, It was the method developed for the retraction of the
stabilized, flexible diaphragm seal in the first series of gate seal de-
signs and tests (figure 4E), This method employed the penstock pressure
acting on the upstream portion of the seal bar to produce retraction when
the pressure in the sealing chamber under the seal bar was reduced below
that required to effect a seals Several other methods were employed in
the first series of tests for producing retractions Energy stored in
rubber when the seal bar was extended, @as in the compression type of seal
designs (figure 4B)3 hydraulic forces applied in chambers, &s in the
_ double-ecting packing-gland seal (fighre 4F); hydraulic forces applied in
addition to energy stored in rubber, as in the double-acting roller seal;
hydraulic forees acting on the upstream portion of the seal bar in addi-
tion to energy stored in the rubber, as in the shesar seal (figure 4C) and
diaphragm seal (figure 4D), ’

In order to apply the hydraulic forces upstream from the gealing edge,
a unique feature was incorporated in five of the ssvan designs shown on
figure 9, This was the retrection spring (flgures 9A, C, D, G, and I)
added to similer or the ssms constant-contact designs. The retraction
spring could also be added on ths upstream side of the sliding bar seal,
design 4R, thus eliminating the close clesrance for the seal bar in the
bslot. However, the retraction spring is only epplicable te rectangular
gates in which the seal bar is straight. For ocurved or circular seal
bars, the sliding bar seal (design 4R) or the stabilized, flexible dia-
phragm seal (design 6R) would operate, Of these two, the latter is to
be preferrsd beceuse it is not so subject to fouling due to scale en-

crustation or dirt deposition,
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Tests were conducted for the express purpose of détermining the pres-
sure required at the seating surfaces to effect a perfect seal, In these
tests the sliding bar geal, design 7C (figure 6L), was used in the same
manner as a retractabls seal, Since the seal bar is free to move in its
slot and is thoroughly guided by the sliding fit of the sides of the slot,
this seal unit was found ideal for these testse

With the seal bar in position with face A to the seat and & flat, -
sliding seat installed (figures 6L and 10A), it was difficult to determine
when both legs were seating because of soms leakags between the contacting
surfaces, Pregsures in chamber A were ocontrolled by & relief valve in the
line to chamber A to determins the effect when pressure was @llowad to
build up in the chamber or when it was draineds With the relief wvalve
open, the amount of water escaping by the upstream leg of the seal bar
could be seen flowing out of the pipe; and when the relief valwe was
clossd, the riee in pressure in cheamber A, as read on gage A, indicated
the relative amount of leakags between the upstream and the downstream
leg., Restated: Leakage by the downstream lsg could be seen squirting
into chamber D, Pressure in chamber A varied from half to mearly equal
that in chamber C, When the leakage over each leg of the seal bar was
ebout equal, it was comcluded 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 bstter seal., Sealing was accomplished
by epplying hydraulic pressure in chamber B or by pressing down on the
lever, When chamber B was drained, all the leakage between the seating
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 dowmstream slid-
ing surfaces between the slot block and the seal bar was detected.

The pressures required to maiﬁtain the seal bar in the sealed posi=
tion, or, in other words, the unit pressure required between the sealing
surfaces, was found in two independent ways: thse pressure in chamber B
which would juet cause the seal bar to seat, or the pounds of force re=
Quired on the lesver at a ratio of 7 to 1, was determinsde These msasure= |

ments were made with the drain to chamber A both epen and closed.
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Similar tests were conducted with fases B of the seal bar to the seat.
It was difficult to determine when ths face was seating unmiformly. Usually
pressure at gaée A registered almost that in ohamber C, but when the re-
lief valve to chamber A was opened, only & very thin stream of water flowed.
This indicated that face B was seating uniformly., Sealing pressures were
determinsd independently by fimding the pressure rsqQuired in chamber B or
the load reqQuirsd on the lever, and also with the drain to chamber A either

open or closed,

When the computations for both cases were made, which involved the
forcaes acting on the ssal bar seither hydraulically or mechanically, the
forces could not be reconeiled to give consistent results, It was com-
cluded that the msthods failed because it was impossible to determine or
estimate the areas subjeoted to hydraulic pressure at the seating surfaces
due to ths leekage eresping through and asting on thoes areas. The prob=
able appearance of the actual surfases in absolute obntaot in comparison
with thoss that were not in perfect contast would be like that presented
by a contour msp where the landscepe is a rolling or hilly countrysidee

/

Another method of determining the pressure required to seal‘gave
conclusive resultse In the test with feoe A of the seal bar to the seat,
if chamber A was relieved of pressure the seal bar remained in the sealed
poeition even when the force upward on it was zero (figure 10A), The same
feet was experienced when the sliding seal was retracted so that chamber
A was completely exposed. With the geal bar inverted so that face B was
to the seat, the sliding seat was retracted at a uniform rate, while prss-
sure on the lever necessary to effect a ssal, applied through a spring
balense, was also uniformly releaged to correspond to the deorease in area
covered by the sliding sesat. When the seat was retracted until only about
1/18 inch remeined in ocomtact with fece B of the seal bar (figure 10B), no
force wag required to maintein a ssal, Contrariwiss, only a very small
force was required to break the seal. A force as low &g one-pound pull on
thé plunger would cause this break, and, likewise, only ome pound of feree
was needed to push the seal bar closedo These tests proved consclusively
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that the contect pressure necessary to effect a seal is zero, It was

shown by an involved somputation in the former report on gate seals (HYD.
96, figure 18, page 23) that the line contact pressure was about 10 per=
oe?t of the head, The discrepancy san no doubt bs waived when the accu-

racy and errors in the method are taken into account,

In meny of the tests that follow, the condition of balanced pressurss
was sesn to te such that the forces applied to cause the seal bar to make
contact with the seat wers equal to or only slightly greater then the
forces tending to unseat the seal bar., This point will be brought out fur-
ther in discussing the individual designs and tests, For design purposes,
an arbitrary value of the unit pressure required for a seal to be effeotive
has besn taken as five times the heads It is seen that this figure is
large, The teste described show further that omly line contaoct is nsces=
sary to effect a perfect ssal, This is conocluded from the fact that the
1/16-inch wide surface produced as good & ssal as the much wider surface
of 3/4 inch, The wider surface at times showed less leaknge. evidently
beceuge the longer path for the water provided a greater pressure drop

agross it,

The qQuality of the seal, or in other worde the degres of the effeoc-
tiveness in sealing, was also tested, " The quality, es msasured by the
amount of leakage between the sealing surfacse of the noss piece and the
seat, dependéd on the degres of contact between the two surfases and nof
on the unit pressure at these surfaces. If line contect was possible by
an inoreass in pressure on ths seal dbar, then the lucreased pressure was
beneficial; otherwise it was not. In considering gates in the field in-
stallation, there is foreign matter that could prevent perfect contact
in parts of the seating surfaces, Increased pressurs might indent these
particles irto the mstal itself or squeeze them thin, In the model, seale
or other foreign matter prevented the seal bar from seating well, and,
even with retraction on the bar, the dirt would not wash through, There-
fore it might be advantageous to allow the seal bar to sorape or slide
onto the seat to clean itself, In the tests with different materials at

the sealing surface, it wag ssen that a soft or resilient nose pisoce pro-
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that the contact pressure necessary to effect & seal is gero., It was.

shown by an involved computation in the formsr report on gate seals (BYD.
96, figure 18, page 23) that the line contact pressure was about 10 per—
cent of ths head, The discrepancy can no doubt bs waived when the accu-

recy and errors in the method are taken into account,

In many of the tests that follow, the condition of balanced pressures
was seen to be sush that the forces applied to cause the seal bar to rake
oontact with the seat were equal to or only slightly greater than the
forces tending to unseat the seal bar. This point will be brought out fur=
ther in discuseing the individual designs and tests., For design purposes,
an arbitrary valus of the unit pressure reqQuired for a ssal to be effestive
has been taksen as five times the heads It iz seen that this figure is
lerges The teste desoribed show further that énly line contect is neoes-
sary to effect a perfect seal. This is concluded from the fact that the
1/16einoh.wide surface produced as good a gsal as the much wider surface
of 3/4 inch, The wider surface at times showed less leakage, evidently
becauge the longer path for the water provided a greater pressure drop

across ite

The quality of the seal, or-in other words the degree of the effec-
tiveness in sealing, was also testede The Qquality, as measursed by the
amount of leakage between the sealing surface of the nose piece and the
seat, depended on the degées of conteot Letween the two surfaces and nof
on the unit pressure at these surfaces. If line contact was possibie by
&n inorease in pressure on the seal bar, thsn the increased pressure was
beneficial; otherwise it was not. In considering gates in the field in-
stallation, there is foreign matter that could prevent perf@ef contasct
in partglof the seating surfaces, Inoreased pressure might indent these
particles into the metal itself or squeeze them thin, In the model, scale
or other foreign matter prevented the seal bar from seating woll, and,
even with retrection on the bar, the dirt would not wesh through, There-
fore 1t might be advemtagesous to allow the seal bar to sorape or siide
onto the seat to clean itselfs In the tests with different materials at
the sealing surface, it was seem that a soft or resilient nose pisce pro-
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duced a perfect seal., For this reagon a good grade of rubber was so very
beneficial, It acted in the same manner in which a gasket or packing acts
betwesn two metal surfaces. The soft material flows into the depressioms

between the finely machined surfaces and makes a perfect seal,

In thse tests on the sliding bar seal, several attempts were made to
produce a droptight seal by remachining the seating surfaces, Great care
was used in these opsrations and a very smooth surface wae the result;
yet the droptight seal could not be attained, Finally, flat grinding of
the sliding seat on both sides was resorted to, as well as grinding the
feces A and B of the seal bar, using FFF emsry powdef eand water on a glass
plate, then finishing with No, 304 pumice, Upon installation, a droptight
seal was accomplished either with a wide or a narrow seating surface. To
prevent end leekage in the model, the ends of the seal bar were greased
and the sides of the box were clamped together with a large clamp, This
stopped end leakage entirely when face B was to the seat but allowed a few
drops when face A was to the seat. With face A, the leakage was by the
‘ends of the two legs, Seals having rather hard material in contact ordie
narily never sealed droptight because of slight undulations in the aseating
surfaces, In soms cases water squirted through in thin sheets, and ia
other cases the leaknge was seen to bs in hairline sireams eand somstimss
only in drops. Application Br pressure alded the quality of the seal only
when the geal bar could be twisted or made to aline itself better to the
seat by the additional foroe., Generally one seal design could be made to
give as good results @s another as far as actual sealing quality was oone
cerned, when the contacting surfaces were comparable, that 1s, of equal
smoothness or of equal quality, provided omly that contact was made as well
for one as for the other along the length of the seal bar takem as a whole,
This was a process of alinemsnt and not of pressure application. To illus~
trate this point, a test with a Lucite plastic, standard, extruded round
rod was used as a seal bar in the roller retractable~ssal design IR
(figure 9A)s The qQuality of the seal was poor., By inserting e shest of
typewriter carbon papsr between thes seating surfaces, an impressiom on the
roller was taken. Contact was found to be alcong the two ends of the roller
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and not in the middle; the roller was rotated to several new positions

and contact impressions mede, Ths 1line of contact shifted in probably svery
cagse besoause of the change in ths undulations along the roller, Meromster
measuremsnts taken at sevseral diamsters of the rollsr gave readings varying
by as 1little as 0,0015 inech, High pressure on the roller, applied by the
hand-operated lever and plunger, did not increase the effectiveness of the
goal because the Lucite could not be deformed so easily, and yet the mate-
rial 18 much softer than brass or steel, This same condition occurred when
the metal seal bars were testad, One bar would seal better tham amother,

or even the same bar would seal better in one position than in another,

The general conclusions from the tests were that the quality of the
seal (amount of leakage) is not a funotion of the wnit pressure at the seal=
ing surfaces but rathsr on the mntohing.bf the contact surfaces, Only enough
foroce is needed to bring the parts together, However, if the surface or
surfaces are goft end sufficiently resilient to deform easily, additional
pressure is advantageous to make line oomntact continuous and unbroken, To
produce this condition with mmchined metal-tosmstal comtact, the metal would
havp to be compressed beyond its elastic limit and deformed, a condition
which is beyond ths scops of possibility in @& hydraulic gate seal. To illuse-
trats, consider a hinged-type gate seal, as design 3R (figure 9D), having
a bar four inches wide from hinge to nose. At a pressure of 200 pounds per
square ineh under the bar, the pressure at ths nose would bs about 400 pounds
per linsar inoho If the contmot surfuce is 1/16 inch wide, the unit pres=
gure would be 400 divided by 0,062 square inch, whioch equals €,400 pounds per
square inch, If the contact surfece is 1/64 inch wide, the umit pressure
is 26,6C0 pounds psr sqQuare inch, whereas the ultimate compressive stremgth
for brass is ebout 30,000 pounds per squarébinoh, g0 that crushing pressure
has not yet been reached., Furthermors, & seal bar four inches wide would
hardly be designed, and pressures of 200 pounds per square inch on gates
might only be attained in extrems omses, It is thus seen that the mstal
never is foroed in comprsssion so as to deform it in e manner eimiler to
that of rubbere
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The forces acting on the seal bar during the process of closure of
the gap were investigated, In all the tests on gate seals whan welocities
of the water were high, it was seen how violently the seal bar was shifted,
moved, and rotated in a tilting actlion., Negative pressures downstream from
the nose piece wers severe for the smaller gap openings, Piezometers A and
D were installed (figure 9A) in the model to measure these pressures or
observe the changes in conditions at these points or in these chambers as
the ssal bar wasg -operated. Both a negative end & positive reading Bourdon

pressure gage was installed in the sems line to each plesomster,

The greatest megative pressures usuélly resulted with a gap of 1/32
to 1/16 inch and were as much as <26 feet of water, Ths maximum negative
pressures were sometimes greater for & lower head than for & higher head
at some partiocular gap and changed with the clearance allowed bstween the

“top of the downstream clamp bar and the seat. The shape of the noss pisce
also had warious effects, but regardless of the shape, negative pressures

alwaye existed at gap openings smaller than ths clearamcese

Considering the action of the seal bar in any retracteble seal, if
the seal bar is in the fully retracted position and pemstock flow is ade
mitted,positive pressure is built up in chamber C upstream from the seal-
ing edge, which is usually lower than the actual penstock hsad because of
losses or restrictions in area up to ths nose pilece. The pressurs down-
stream from the nose piece may be positive or negative, depending om
whether the clearance area or the gap area controls the flow, In order £or
the gap area to control the flow so that negative pressures result, the nose
plece must be extended so that it projects slightly above the downstream
clamp bar, usually from 1/32 to 1/16 inch. If the projection is less,
positive pressures will exist at A emd D, or, in other words, over the whole
seal bar, so that it will be forced down as far as restrictions will allow,

In the process of olosing ths gap, which is the sesaling operatiom, the
seal bar action will now be consideredo, If the nose piece is below the
level of the stop bar and prsssure is gradually admitted under ths seal bar,

in chamber B, the seal bar will not commence to rise until balanced forces
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are reached; that is, the force to extend it must equal the force to re-
tract i1t. In this condition the seal bar is wsery susceptibie to an
ovarbalance of pressure in either direction, When pressure in chamber B
is increased, the seal bar is extended very suddenly and Quickly to a

new position where negative pressures come into play. If the positive
pressure im chamber B plus the nsgative pressure in chamber D was suffi-
cient to close the gap at the existing penstock pressure, the seal bar
slammed shut, This caused very severe water hammer at the higher heads,
Several other conditions existed to inorease the slamming action, The
pressure in chamber C rose to full penstock pressure just as suddsnly es
the seal bar slammed shut, and in addition the rize in pressure in chamber
C often increased the flow into chember B because of the interconnection
in piping or because of leakage between the two chambers, At the point of
gsealing, any chance for the seal bar to tilt or cock aided slamming, Most
of the bad conditions described above could nearly alweys bs overcoms by
not allowing the seal bar to be retracted to the pointl;here the negative
pressures ee#sed to exist on the downstream side of the nose piece, This
was always @& delicate point of balance beceuss the seal bar floated, In
the roller retractable seal,design 4R (figure 9A) this balamce point was
8o delicate that the metal rollers bounced up and down unless the retrac-
tion spring was sanug against them., To clpse the .gap from this balancsd
position in any seal, the operation was to admit pressure into chamber B
glowly until the seal bar moved in extension to olose the gap. Sometimes
the movement was very rapid until a@nother new point of balance was reached
to within ebout 1/32 inoch of closure, after which the pressure required in
chamber B with respsct to the extensiom produced was much higher tham for-
merly, The resason for this retarded action is due to the rapid decrsase
in negative pressure in chamber D @as ths remaining gap was closed, so that
assistance from this source is lesseneds The seal bar closed'smoothly
from this positiom except in oases where the bar could tilt or cock or move
sideways, when 1t would do so with a slam., In the sealing cycle the valve
controlling the presgure to chamber B should elways be opensd slowly. A
geal bar that normally operatsd well could be made to slam by opening the
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valve to chamber B rapidly., It is essumsd that in a field installation
the flow to chamber B would bs controlled and admitted slowly,

The action of the seal bar in retracting is the reverse of the seal-
ing cycle axcept there is no particular violence to it. Usually, upon
releasing pressure in chamber B below that required for sealing, the seal
bar retracts rapidly end easily to & floating state, to a gap of about
1/8 of an inch, The clearence and inherent resistance of the seal bar
control this retractive action to @ large extent at any particular head.
If the seal bar can tilt, the action is delayed and the gap may be
smaller, When the pressure in chamber B is further released, ths seal
bar may collapse to the bottom of its slot or space. If it does, the
action is as rapid as the resistamse of the seal bar will allow and can
can hardly be prevented once it starts, because the valve to chamber B
cannot be manipulated delicately and fast enough, The rapidity of the
retraction is dus to the pressurs changes which take place over the en-
tire seal bar, whioch swing from negative to positive instantansously, as
explained before, - ¢

The discussion of the individual designs of retractable seecls and

their operational charecteristics follow:

(2) Roller retractable seal, design 1K (figure 94),--0f the various
arrangements tested, the one shown gave best results as to the action of
the seal bar which, in this eass, is a round rod or roller, Various
rollers were made and tssted, some of which are shown (figure 9B). Roller
G operated the best because of the resilient edding-machine platsn-rubber
covering which cushioned ths ection, Omly a minor slam could be produced
at the seat regardless af the repidity with which pressure was admitted
in chamber B. The retracstion spring sealed very well and did not commence
to vibrate or chatter easily, and when it did, the vibration was not so
violent as for the mstal seal bars, The downstream contacting surface
flattened slightly, which retardsd the folling action; the seal quality
along this surface was perfect. This seal bar did not bounce when in the
floating position., The quality of the seal was excellemt, both at the
seat and at the downstream contact surface, it being droptight, Sealing
pressure reqQuired to close the gap was about five-eighths of the head.
Retraction wag smooth and nsarly equal to the clearance,

The harder rollers did not seal as well, for the quality of the geal
depended on the softness or smoothness of the material at the sealing
surfacss, The downstream contacting surface at the stop bar also gemerally
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leaked @ 1ittle and for the sams reasons. The sealing pressure required
was less, At the seal breaking point the retraction spring would vibrate
or chatter unless it was snug against the roller ssal bar. The wvibration
was caused by the velocity flow through the space bstween the spring and
ths roller when pressure in chamber B was reducsd, The metal seal bars
could be made to slam violently, especially when the retraction spring was
loose, '

The seal bar generally rolled when being extended or retracted. Whsn
chattering occurred it rolled downstream, It also rolled downstream when
the sliding seat was moved in either direction while penstock pressure was
maintained. The rolling action would be benefitial in a field installa=
tion because it would aid in loosening the bar in case of sticking; fric-
tion at the contacting surfaces would be lsss than sliding ‘friction. By
inoreasing the size of the seal bar, greater clearance may be allowed with
conseqQuent greater extension; the available pressure to seal would also be
increased., Since ths seal bar floats, alinemsnt to the seat is easily
accomplished,

Ths disadvantages are the chatter and vibration possibilities when mstal
rollers are used and the rolling action to be provided for &long the length
. of the seal bar and at the joints, The support of the seal bar is also &

problem, This design would not operate as a cirocular seal,

The design was tested with and without ths sliding seat, During tests
with the sliding seat, the amount of olearanse for the dowmstream water
passage had a marked effect on the action of the seal bar, When the pas-
sage wes restriocted by moving the sliding seat downstream, the roller seal
bar was forced to retract to the bottom of its space (figure 10C), bscause
of positive pressures produced over the whole width of the seal bar, 4
eimilar condition was prevalent without the sliding seat and a flat-topped
stop ber when the olearance was 1/8 of an inch (figure 11C). When the
clearance weas greater and the path for the water divergent, the megative
pressures were meintained, with the result that the seal bar remained enly
partly retracted even though pressure in chamber B was zero (figures 10D
and 114), As the sliding seat was retracted (figure 10D), the roller
mainteined the sams constant gap opeming.

These findings were used in the final design of the dowmstream stop
bar (figure 9A) in that a 15-degree slope wae cut on top and the edge
next to the seal bar was 1/32 of en inch lower tham 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 5/82
of an inch with no reversal to positive pressures possible (figure 114).
The sealed position of the roller is shown in figure 11B, With the origi-
nal flat-topped stop bars and the sams clearance as above, the seal bar
wag foroced down hard on the bottom stop when it was allowed to retract
" (figure 11C), The pressures at A and D were now 28 and 10 pounds per
‘square inch, respectively, instead of being negative, DMaximum negative
pressures were obtained with the roller in the position shown in figure
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FIGURE 10

B-Flat of seal bar to the seat. Sliding seat retracted
while penstock pressure was maintained at 75 1lb. With
1/16 inch in contact, and sealing force reduced to
zero the seal was unbroken; to unceal required a dovm-
ward force on the bar.

A-Legs of seal bar to the seat. Seal bar remains sealed
with 70 1lb. per sq. in. in chamber C and with pressure
in chambers A and B zero; to unseal required a downward
force on the seal bar.

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

D-With scat roebractod wnd targer cle
pressure alony slope of seat prevents roller from re-

tracting. Water passare is divergent.

i forced Lo collapses when sliting scut re-
stricts cloarance nnd pressure is reduced in churber B,

C-ikaliur

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



FIGURE 11

A-Maximum retraction of 5/32 inch with sloping dowmn-
stream stoo bar. Pressure in chamber C was 60 lb. per
sq. in. and vacuum at A was 10 ft. of water. Clear-
ance 3/16 of an inch.

B-Sealed at 75 1b. penstock pressure with 46 lb. in cham-
ber B. Rubber on roller only slightly deformed against
dovmstream stop bar.

C-Seal bar is forced down herd with flat-topped stor D-Position of seal bar for conditions of maximum vacuum
bers. Pressure in chamber C was 60 lb. and at A of 23 ft. of water. The gap of 1/32-inch for this case
28 1b. Roller G is shown and no lip on upstream was the same when the sloping stop-bar arrangement was
stop bar, with the clearance 1/8 of an inch. used.
E-Roller B installed without sliding seat and 3/16-inch F-Maximum retraction only 5/32 inch with roller seal bar
01*;!1“‘9‘“05- The retraction spring was not touching the very free. Negative pressure at A was 10 ft. of water.
roller.

ROLLER RETRACTABLE SEAL - DESIGN 1R



11D when vacuums up to 23 feet of water were reachesd,.

One of the test assemblies with metel or hard rollers is illustratsd in
figure 118 and the maximum retraction obtained and the region of high nega-
tive pressures is shown in figure 11F, With a gap of 3/16 inch the retrac-
tion was 6/32 of en inch and the negative pressure D was 10 feet of water,
In all of the maximum retraction tests, pressure in cheamber B was reduced
to zero, :

Considering the relationship betwseen ssaling pressure and head for the
roller seal bar, ths hydraulic pressurs required in chamber B to affect a
seal was one-half to five-<eighths of the head in C, If all conditioms are
correst, such as no frioction, no flattening of the roller, sufficient stop
clearance, and correct shape of clamp bars, them the sealing pressurs should
be one=half of the head, The only pressures involved are those in chambers
C and B, acting on their own respsctive areas to produce a balanced condls
tion of ths roller, To show this, referemce iz made to the foroe diagram
for the half-round bar A (figure 4M), for which the following computetions
and .considerations may bes made.

If D is ths diameter of ths roller and C and B are the pressures
in chambers C and B, respsotively, the forces involved are:

¢ x == acting horimntally to the left,

C x —%— acting vertiocally downward,

and
BxD eoting vertically uwérdo
Let the reactlon at ths ssat be R, Then these forces should balance when
taking moments about the downstream center pcint P of the roller where

it touches the clamp bare

Taking moments and assuming clockwige rotation as postiive,

D D, & D, D D
Rxg-+(0x—) - Cx5) 7= (BxD) =0
or
1 1 2 1 2
2 RO+ G0 = 5 BD=0

but if B is assumed one=half of C and the value é%» is substituted

for B in the above equation, then
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1 1 .2 1 .2
or
D
Rx-=-=§2—=~90
and
R = 0,

In a test using the metal tube roller B (figure 9B), C was 756 pounds
and B at release was 38 pounds. For all practical purposes B was one-
half C, allowing for accuracy and errors, which satisfies the equation
when R equals gs8ro.

Usually, exact dimensions end pressures are not so easily obtained in
order to make this typs of computation, but this case is ideal and should,
therefore, serve as a suffioient proof that unit sealing contact pressure
is zeroe .

In the eass of roller G in figure 11B, the sealing pressure was 46
pounds to close and 42 pounds at break, Ths ratio of B to C 4is thus
nearly five-eighths; so that we oan say that sealing pressure will be about
five-aighths of the penstock pressure at any head.

(b) Floating-bar retractable seal, design 2R (figure 9C).--In this
dosign the seal bar of half-round dimensions is lightly supported by a
1/8-inch wall rubber tube which also is used to seal the downstream con=-
tacting surfaces, The tube had holes for pessing the plunger connsctions
through it and also holes in the upstream upper cormner to admit pressure
to shamber B from chambsr C when the pressure in the former wae lowered;
otherwise a collepsing action of the tube resultede.

Various shapes of bers and of rubber were tried im order to find the
shapes that would opsrate thse bests, The bars haed a tipping astion when
loosely supported by tubes or a rubber strip, installed like en inverted
"J,'" This action was prevalent in all the shepes tested (figure 6M),
but the bars in which the depth wes ons=half the width or 4/D = 0.5 as
in bars A, C, E, and F, ths tipping action was reduced to a minimum, Bars
B and D have a ratio of d/D less than 0,5, and tipped to a greater degree.
Tipping for all the bars was greater whsn operating against ths slope of
the sliding seat than when operating against the flat of the seat, Bar B
tipped to the right when on the slope of the seat, and bar D tipped to the
lefte This shifting in direstion was due to the change in the point of
oontact at the nose betwesn ths two bars., Ths round-nosed seal bars opera-
ted much better than the flat-nosed bars, Bar F wag shaped with a short-
radius nose in an attempt %o reduce the high vacuum in chamber D, but this
shape did not produce the desired resulte. )

The seal bar was stabilized by conneoting the plunger to it with a No,
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8-32 machine-sersw stud about one inch long, Ko amount of slamming or
manipulation bent the small sorew, which proved that only sparsely spaced
and small guide studs would be necessary on the prototype bar., Thsse guide
- gtuds would also sustain the weight of ths bar in vertical seals,

The retraction was not as free or as great as for the roller seal be=
cause of the resistance of the rubber and ths friction in sliding along
the downstream surface, but from 1/32 to 5/32 inch was obtained, dspending
on the stiffnsss of the gasket and the head, Otherwise, the sealing and
negative pressures and sealing qualities were practically the dams as for
the metal rollere in design 1R, Sealing ocourrsd at pressures in B of
from 9/16 to 5/8 of the head, ‘

The advantages of this design are the flexibility of the seal bar, it
being only ons-fourth as stiff &s & tube with 1/8-inch wall of the same
diameter and material, and its ease of alinemsnt to the seat becauss there
is no hinge, This seal would not operate in a circular gate,

This design is illusgtrated in figures 12A to E, which show the action,
The installation view is shown in A, and no pressure had as yet besen ap-
plied, The looseness of the U-shaped rubber is also seen, In B, ths bar
is sealed against 75 pouhds per sQuare inch in chamber C with 46 pounds
per &quare inch in chamber 5, The ssal broke with 41 pounds per sqQuare inch
in chamber B, The rubber is not complaetely pushed in the downstream cormer
but has sealed droptight, Picture C shows the maximum retraction of 9/64
inch obtained when 70 pounds per square inch was maintained in chamber C,
The vacuum at A was 10 feet of water and at D it was 13 feet of water; pres-
swe in chamber B was zero, The rubber is seem to be tighter. In pioture
D the seal bar is sealed at 100-pounds-per-square-inch pressure in chambers
C and B, and the rubber is pushed tight into the downstream corner; pictwe
E showe the orempsd position of the rubber with & maximum retraction of
 5/32 inch when pressure in chamber B was zero. '

The forces asting on the seal bar are depicted for bar A (figure 6M),
The reason for the stability of this bar is that the ratio of 4 to D
is exactly 0.6 when seating on the flat of ths seat and the rotational
forces about the center O Dbalance, or

D D 4 d
hrg Vg -ixg s hrg
"but since
D
de—
and
U, = U

1 2
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FIGURE 12

A-Half-round bar C, chamfered at 30° to give more extension. Rubber of 1/8-inch flat stock and about
60 durometer hardness. Plunger as guide connected with No. 8-32 machine screw. No pressures applied.

B.Sealed at 75 1b. per sq.in. penstock pressure with 46 C~Maximum retraction 7/64 inch with 70 1b. pressure in cham-
lb. in chamber B, shoviing rubber sealing downstream ber C and vacuum of 10 ft. at A and 13 ft. at D.
corner ai stop bar.

D-Sealod at 100 lb. penstock pressure with 66 1b. in cham- E-Maximum retraction 5/32 inch with 100 lb. pressure in
ber B, showing rubber pushed tight in downstream corner chamber C and zero pressure in chamber B, showing
of seal and stop bars. cramped position of rubber.

FLOATING-BAR RETRACTABLE SEAL - DESIGN ZR



then
V'H"o
The bar is statically balanced,

If 4 is less than —g-, then V x -—2— is greater thean H x --%— and
the rotation will be to the rigbt,‘or clockwiss,

If 4 1is greater tham —p-, then V x —— 15 loss then Hx —g- and

the rotetion will be to the left, or counterclockwise,

¥hen seating is on the slope of the seat, & point of eccentriocity is de-
veloped dus to the shifting of the point of comtact, end the forces become
unbalanced so that rotation in either direction may result., This was found
to be the cese in these tests,

(o) Hinged, sustained retractable seal, dssign 3R (figure 9D).--This
design is similar to design 6C (figuwe 6I), The seal bar is supported at
the hinge by the formed rubber or cther material and the hing stay pime.
Pirm olamping at the hinge is thus eliminatedo The wide, flat, vulcanized
rubber is only needed to ssal the slots if a slotted seal bar ig useds A
solid seal bar would require only a block of compressible material for sup=-
port and for effecting a droptight seal at the hinge.

This design depends on the length of the lip upstream from the nose pisce
for its retractive forces The longer ths lip, the greater will be the re-
tractive force., - Retraction was generally to the stop, for this design.
Sealing was accomplished with 62 pounds in chember B when the pressure was
76 pounds in chamber C, Relsase ocourred at 48 pounds in B, We may con=
clude that the sealing pressure will be about two=thirds of the penstock
pressure at eny heed, The longer lip stiffens the seal bar; it may be
slotted to permit greater flexibility in the prototype. _

The hinge offers a means of supporting the weight for vwertioal ssals,
but stiffness is the regult end therefore alinement to the seat is difficult,
There was no twist possible in the solid bar at 75 pounds in chambers C and
Bo In the slotted bar with slots every 1/2 inch, soms twisting wes possible.
It required 75 pounds in chambers B and C to produce l/Béoinch twiste It
i8 concluded, therefore, that the seal bar may not seal well at low heads.

This design is 1llustrated by the pictures in figures 13A;, B, amd C,

The installation in A shows ths bar supported by the formed 1/8-inch thick
rubber of about 60 duromster hardness, end the friction of the retrastioa
springs The thin, 1/2-inch wide stop bar was improvised to hold the lower
pert of the rubber in place, because the free 1lip had a tendency to curl
away from the stop bar when hydraulie pressure was admitted in ohamber Bo
However, the seal at the hinge was still perfectly maintainsed when the ourl-

ing occurred, In picture B ths seal bar is gealed against 75 pounds per
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FIGURE 13

h-Assembled with 1/8-inch shaped rubber vulcanized to the

. B-Scaled at 7% 1h.
stay but not to the dovnstream stop bar. Thin metal
strip inserted holds rubber against stop bar.

G. in.
Upstre-am
stream clearance 1/—1 inch.
of senl bar.

1b. in chomber B,

C-Muximum retruction ot 1/6 inck with 70 1b. in chamber
and vacuum at D I& feet of water. White part -of picture
shows re-ion of high vicuu

HINGED, SUSTAINED, RETRACTABLE SEAL - DESIGN 3R

E-Maximum retraction ]./B-inch with pressure in chamber C
in chamber B, showing uputreum clearance space.

60 1b. and vacuum at A 4 f't. of water and at D 15 ft.
of water.

SLIDING-BAR RETRACTABLE SEAL - DESIGN 4R

0.020-INCH CLEARANCE IN UPSTREAM CRACKj;

3/16—IKCH CLEARANCE BETWEEN SLIDE BLOCK
AND SEAT



gquare inch in chamber C with 52 pounds per square inch in chamber 5. The
gsal broke at 48 pounds per square inch inm chambsr B, In ploture C the
- oonditions at the maximum retraction of l/8»inch and at 70 pounds psr

square inch in chamber C are showm, The light portion of the picture shows
the region of high vacuum which was 12 feet of water., With a pemstock prez-
sure of 110 pounds per square inch ths upstream pressure overcame the neg-
ative pressure and the bar collapsad to the bottom, bending the stop with
its foroeeo

The sealing quality was good when the seal bar was perfectly alinaed %o
the seat; otherwige it was poor, because of incomplete seating. The ssal
bar slammed severely if closed from a position where negative pressures
ceasaod to exist; otherwise the action was goode The retraction spring
sealed well when alined clossly to the lips This seal bar was also tested
before ths longer lip was added, and the retraction obtained was not as
great,

(d) Sliding bar retractable seal, design 4R (figure 9F).-«Ths seal bar
in this design was fitted into a machined slot block with 0,002=inch
clearance. It was therefore well guided as it moved in extension or re-
traction, Any desired extension is allowable in the design by making the
bar greater in depthe This would, of course, make ths seal bar stiffer
and diffiocult to bend to any undulations in seating, If the depth is made
small, tipping action would. result in its operation. The sliding fristion
along the downstream surfacss in the model was small because of their new,
smooth, and water-lubricated condition, The leakage through these sliding
sur faces was always considerable except in one case where paraffin grease
wag used, which stopped most of the leakage,

The quality of the seal depended on the matoh of the sealing surfaces
when they were in sontacte. It was difficult to install the slot block
in a position such that the flat seating surfaces were absolutely parallels
The seal bar wag remachinsd several times to accomplish this end.

In making the retraction, sealing pressure, and aotion tests, the flat,
&/k-inoh wide, originel sealing surfece of ths seal bar was varied in a
number of steps by chamfering the edges from 1/18 to 1/2 inch and by
changing ths sliding oclearance of the seal bar in the slot block from
00002 to 0,022 inch, according to the dimensions givem in figure 9E, The
soal bar was also tested in the reversed position from that shown for
changes 1, 2, and 3, The edges of ths seal bar were chamfered to ascer-
tain the retracwlve forces developed and the sealing pressures required
when surfaces of different widths were exposed to the hydraulic pressurea
acting on them, The changes in sliding clearances effected these cendi-
tions.

The tests showed that no retraction can be obtained unless the seal bar
is shaped so that pemstock pressure can act to tend to force it open.
This was done by chamfering the upstream sormsre
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Good retraction was obtained whem the upstream width of the surface ex=
posed to pemstock pressure was at least half the width of the seal bar,
Then the retractive foroe is about h2lf of the sealing force, and the un-
balenced sealing force is used to effect a seal, The action in sealing
was best when the seating surfeasce was nerrow end when negative pressures
were allowed to act downstream from it., Thus a rounded nose would be
better because the exposed surfaces oen be made greatest while the ssaling
surface is narrowest, ’

Leakage teste to determine the behavior if large clearamces ococurred,
showed that the seal bar might become inoperative dus to deposited secale,
dirt, etoo They elso showed that if too much water leaked into chamber B
from chamber C, it would be impossible for the drains to handle it when
considering prototype sizes, and the bar would be self-sealing, with no
unsealfng or retraction possible,

The sealing pressure reqQuired was about equal to B Z F x C where B,
F, and L are the dimensions pertaining to the seal ber and C 4is the
penstock pressure in chamber C (figure 9F), In one case the sealing pres-
sure was 56 pounds per square ineh, B was 18/32 inch, F was 3/16 inch,
end L was 3/4 inch, By substitutiom,

Lifxca °°4°%—;=§%‘i87 X 76 ® 0,78 x 75 = 58,& pounds
-]

per square inch which is too high by ebout 8,6 perocent and shows that
full penstock pressure dces not exist between {hs seating surfeces. The

breaking pressure is approxirately equal to = C, which, in this pere

ticular cage was 42 pounds par square inch, By substitution, the bresking
pressure is found to bs

-%— X Cw ,%%S’%. % 76 = 0,541 x 75 = 40,6 pounds per square
inch, which ig &o%& percent too low, This percentage represents the re-
slsting force of friction along the sliding surfsces and the force
aessisting retraction due to pressurs areas between the seating surfeaces,
both of whioh are not readi ly determined,

The advantages of this design are the well-guided seal bar and the
changed condi tions that may be brought sbout betweemn sealing pressure
and retractive force by changing the shape of the nosee

The disadvantages ere the stiffness of the bar, the leakmge along ths
downstream sliding surfaces, the leakage into chamber B, the close clear-
ances required which would tend to be fouled, and the large sliding sure
feces involved.  The bars in vertical seals would meed to be supportsde.

Ag a matter of design in this typs of seal, ths seal bar could ave a

o

80

TPIMSTIT, IBHETASY, CENVES, LASKIT METETIHI, roclEimdd YuDDer, Or oven ThIW,
motal shsets, It ia believed that the diaphragm need never be thicker than
1/4 inch for rubber, In & vulocanized construction mo bolts need pass through
any part of the diaphragm, s0 that ocanvas enclised by rubber would, for im-
stance, not be subjsct to rottinge A molded construction of plastic with
sultable characteristics might also be used,

The design in figure 9K 13 a single-stay, vulcanized somstruction with
no bolts passing through the diaphragme The design in figure 16 (section
A-i) is a similar construction except with a wider seal bar and an off-
center nose piece to lower the sealing pressure required. It is shown as
@ design. for a radial-gate installation, The schematio plam of operation
1g also given thereo The two designs further differ in that the base of
the former is made of structural stesl, whereas, im the latter, a machined

35



Good retraction was obtained when the upstreem width of the surface ex-
posed to penstock pressure wes at least half the width of the seal bar,
Then the retractive force is about half of the sealing force, and the un-
balenced sealing force is used to effeot a seal, The action in sealing
was best when the seating surface was nerrow and when negative pressures
were allowed to act downstream from it. Thus & rounded nose would be
better because the sexposed surfaces oan be made greatest while the ssaeling
surface is narrowest, '

leakage teste to determine the behavior if large olearances ocecurred,
showed that the seal ber might become inoperetive due to deposited secale,
dirt, etoo They also showed that if too much water lealed into chamber B
from chamber C, it would be impossible for the drains to handle it when
considering prototype sizes, and the bar would be self=-sealing, with no
unsealfrg or retraction possible,

B+ F
\ L
F, and L are tho dimensions pertaining to the seal ber and C 4is the
penstock pressure in chamber C (figure 9F), In one case the sealing pres-
sure wes 56 pounds per squere inch, B was 18/32 inch, F was 3/16 inch,
end L was 8/4 inch, By substitutiom,

The sealing pressure required was about equal to x C where B,

BrEsca 0-408 %589187 X 76 ® 0,78 x 75 = 58,6 pounds
1]

per square inch which is too high by about 8,6 percent and shows that
full penstock pressure dces not exist between {he seating surfaces. The

breaking pressure is epproximately equal to T = C, which, in this pare

tieuvlar case was 42 pounds psr squars inch, By substitution, the bresking
pressure is found to bs :

0406 ; 75 = 0,541 x 76 = 40,6 pounds per square

B

T
inch, which is 8,2 percent too low, This percentage represents the re-
sisting force of friction along the sliding surfaces and the force
assisting retraction due to pressurs areas between ths seating surfeoces,
both of which are not read ly determined,

The advantages of this design are the well-guided seal bar and the
changed condi tions that may be brought sbout betweem sealing pressure
and retractive force by changing the shape of the nose,

The disadvantages are the stiffness of the bar, the leakmge along ths
downstream sliding surfaces, the leaekage into chamber B, ths close clear-
ences required which would tend to be fouled, and the large sliding sure
feces involved. The bars in vertical seals would need to be supportede

Ag a matter of design in this typs of seal, ths seal bar could have a

o
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packing insert along the downstream sliding surface and at the nose; the
upstreem side could be sealed with the retraction spring.

Change 5 (figure 9E) is illustrated in figures 13D end E. In picture
D the ssal bar is shown pressed ageinst the downstreem sliding surface of
ths slot and the 0.020-inch clearence orack is clearly visible on the up=
stream gide, Ian plecture E the position of the bar is shown at maximum
retraction of 1/8 inch with 60 pounds per square inch in chamber C, while
the vacuum pressures at A and D were 4 and 15 feet of water, respectively.
The pressure in chamber B was sero. The oclearsnce was 3/16 inch,

The desoription and results of at least 10 of the tests performed will
be stated, Tests with the seal bar in the reversed position from that
shown in the drawing and in the plot of dimeneions (figures 9B amd F) will
first be given,

Por change 1 reversed, with no upstream chamfer, and for change 2 re-
versed, with ths 1/16—inoh upstream chamfer, thsre was no retraction obw
tained, even with heads up to 110 pounds per square inch in chamber C and
with pressure in chamber B gzero, While no sealing pressure was required
to hold the bar in the seamled positiom, soms pressure was roquired to close
agy initial gep opsning because of positive pressureg that develop between
the flat seating surfacese

In chenge 3 reversed, with the 1/8-inoh chamfer upstresam, the seal was
barely crasksd open at 756 pounde per square inch in chamber C, It required
a pull of 5 pounds on the lewer or a force of 36 pounds on the seal bar to
retract it as much as 1/8 inch, The sealing action wes always with a slam,
Negative pressures up to 22 feet of water were attained along the downstresam
slope of the seal bar noses

For change 1 {(normal position), with the 1/2-inch chamfer upstream =nd
no downetream chamfer, retraction was to the bottom of the groove. Nega-
~tive pressures at ths noee of the bar were too small to sustain it. The
clearapce in this test arrangement was only 1/32 inch and therefore was a
contributing factor im building up positive pressure &t the nose of the
seal bar to foroe it to retract, Sealing emd breaking pressures in chamber
B for 756 pounds psr square inoh,in chember C were 56 and 50 pounds per
square inch, respectively, Sealing pressure required was a little grsater
than stated, just before a seal was effeoted, because of the positive pres-
sures existing between the 1/4-inch wide seating surfaces,

For ohange 2, with a 1/16~inch chamfer downstream and the clearance in-
oreased to 3/16 inch, the results were practiéally the sams as for change
1,

In change &, with the sems 1/2~fnch chemfer upstream, a 1/8«inch chamfer
downstream, and a 1/8-inch wide seating surface, retraction of 5/32 inch
wag obtained with a rapid action to & floating position of the seel bare
The pressure at A was 6 pounds per sQuare imch eand the vacuum at D was 17
feet of water., Sealing and bresking pressures im chamber B were 67 and 47
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pounds per square inch, respectively, at a penstock pressure of 75 pounds
per square inch, If the bar was hand-retracted so that a gap equal to the
clearance existed, then the negative pressure at the balance point changed
to positive preesure instantaneously, and the seal bar was forced to the
bottom of the slot. Upon admitting water pressure in chamber B, the seal
bar rose suddenly until a poimt of balance was reached at a gap of 5/32
inoch, and then the continued closure was smooth if the wvalve to chamber B
wag opened slowly; otherwise a slam was producede

In change 4 the upstream chamfer width B wes decrsased to 13/32 inch,
the gsat width increased to 3/16 inch, and the downstream chamfer width
inoreased to 5/32 inch, For 7b-pounds-per-square-inch penstock pressure
the maximum retraction was 5/32 inch; then the pressure in chamber C dropped
to 60 pounds per sqQuare inch from the penstock flow at about 75 pounde per
square inohe The pressure at A was zero and the vacuum at D was 10 feet of
water, Maximum vacuum ocourred at a gap opening of 9/64 inch with & prese
sure of 60 pounds per square inch in chamber C, and was 15 fest of water at
D while the pressure at A was 4 pounds psr sqQuare incho, The pressure neces=
sary in chamber B to sustain the bar at this point was 5 pounds psr sQuare
inoch, Sealing and breaking pressures were 56 and 42 pounds per sQuare inch,
respactively. '

In chenge b the elearance space was increased from that in the previous
tests by 0oC05 inch, A new seal bar was machined, In the imitiel tests
the bar tilted counteroloockwisa, but upon remachining and realining the
goal bar it rempined in a vertical position but pushed downstream when
sealed egainst penstook pressure, There was inocreased leakaye to ohamber Be
The sealing snd breaking pressures were 47 and 40 pounds per square inch,
respectively, which are lower than for ohenge 4, probably because the dreaim
s8ize from chamber B was too emall to relleve ths inoreased leaksge and the
gage belng in the pipe outside, i1t 4id not register true pressure, The
controllirg drain gize up to this point wee as shown in figure 6L end was
ean 11/32-inch hole mmde for a future pmoking gland through ths slot bloock,
and a 9/16einch hole through the base plate, With the plunger oconneoted in
place, the opening was further restricted, The retraction action was
sluggl sh and amounted only to 1/32 inch unless a slight dowmmward pull wes
applied on the seal bar by the plungsr and lever, N

In change 6 the olearance was further inoreased to 0oClC inch by maochine
ing 0,606 inoh from the upstream surfece of the seal bar, The leakage now
filled the 2/eeinch drain pipe when 75epounds-per-sguare-inoh penstook
pressure was applied in ohamber Co, It was seen that the drein holes were
too small; 80 both were redrilled to 3/4-inch diameter ar showm in figure
9F,

, The seal bar was remachined according to ohsange 7 before furiher tests
were made, This ohange involved an inoreased upstream clearance %o 0,020
inch by further machining 0,010 inch from the upstream surface of ths geal
bar, The maxdmum retraction was 1/8 inch with 80 pounds per square inoh in
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chamber C3; the vacuum pressures at A and D were 4 and 15 feet of water,
respectively, The sealing and breaking pressures in chamber B were 56 and
47 pounds per square inch, respectively, The leakage through the upstream
slot produced a full 3/4=inch drain-pipe flow, The bar was pressed against
the downstream surface of the slot. It could be slammed shut by opening the
valve to chamber B rapidly,

(e) Hinged, flexible, retractable seal, design SR (figure 9G).=<The
seal bar and frame in this test arrangement had been tested as ths hinged,
flexible, constant-contact seal, design 4C, fipure 6H described in section
8(d), and were adapted to this retractable design by adding the retraction
springe The original stop bar was used as the spring in initial testse.
The flexible slotted stay and the light, flexible nose piece are the outw
gtanding features of this design. It has been shown in the description of
tests on the hinged bar-seal designs how tho hinge increases ths stiffness
of the bar so that the ability to aline itself to the seat was greatly
frustratede, The slotted, flexible stay provides for sase of alinement and
the light, flexible nose plece makes for ease in bending to conform to
undulations either in the seal bar or the seat,

The slotted stay of 3/32-inch steel plete hed a sheet of 1/4=inch rubber
vulcaniged 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 permittsd easy and great extemsion or re-
traction. The seal bar, as designed, closed & gap of 7/18«inch with two
pounds per sQuare ipch in chamber B, which shows that the rubber extruded
in clamping does not produce dilatory actione

The maximum retraction was 3/32 imch at 68 pounds per square inch im
chamber C and ths vacuum at D was 12 feet of water, Greater retraction
could be obtained by extending the lip. The action in retraction wes
quick and was the same relative amount along the sloped portion of the
sliding seat; hence & longer lip is not necessarye

Sealing. action was greatly influenced by the dcwmstream clearance and
sizes of water passages to the drain, for with these too small, positive
pressures developed over ths stay, The original clamp bar was cut away
to relieve the water pressure on the stay, When this was done, the clamp
bar tipped dowmstream at the higher heads for want of supports so a narrow
block was inserted behind it to prevent this tendency, The picture in
figure 14E shows the restraining block in place, also the stop bar used
aa a retraction spring with the seal bar at maximm retraction, MNegative
pressures now existed over the stay, The upstream stop bar was notched to
permit full and direct hydraulic pressure to act on the lip., This esided
retraction, Sealing was accomplished with 43 pounds per square inch in
chamber B ageainst & head of 75 pounds per gqQuare inch in chamber C. Thus
the sealing pressurs is about 9/16 0f the head cver the whols ramge,

The advantages of the design are the vuloanized and slotted construce
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tion of the stay whish impart the good features of support, simplicity,
flexibility, end large movement to the seal bar, The material required
is 2 minimum, By using double-stay comstrustion, vulcanizing would be
eliminated, The disadvantage in the single=sgtay construction is the wul-
canization process itself, This design is not applicable to circular
seals, A proposed installation is shownm in figure 9J as a vertical seal
for the 16- by 29.66-foot pemstosk coaster gate for Grand Coulse Dam, in
whieh structural stesl is used to advantags,

(f) Stabilized, flexible-diephragm seal, design 6R (figure 9H).--This
design was developed and tested in ths first series of gate seal designs
and tests, ths results of which are given in figure 4E and in section (e)
of the summary, The model assembly with the narrow diaphragm was retestsd
under the new conditions of greater volume of water flow and higher main-
tained pressures with thelr resultent higher velocitiess Under these cone
ditions, more nearly like those in a field installation, the seal ber re-
sponded more rapidly and sometimss violently to pressure changes which made
its control mors delicate and difficulte.

The underlying prineiples of the design are pure hydraulic operation of
the seal bar in extension or retraction, together with the least possible
inherent friction or restraint by ths parts, The seal consists of a rather
thin, flat diaphragm supported by hinged upstream and dcwnstream slotted
stays of minimum thickmness enclosing a sealing chamber underneath, A nose
plece, also of minimum dimsnsions and located at the oentral hinge, is
elther attached to or is a part of one of the stays, This diaphregm assem=
bly is termed the seal bar, Ths outer hinges are locatsd near ths sdges
of the clampsd diaphragm and are retainsd by the clamp bars. Retraction
is produced by the positive head on the upstream stey and the upstream pore-
tion of the nose piece simultaneously with relisf of pressure in the seale
ing chamber, Sealing is produced by admittirg pressure in the ssaling
ohamber, sither from ths penstock supply or reservoir heads, which acts on
both staye to extend the ssal bar and close the gap, The sealing pressure
required at any head varies with ths relative widths of the stays; so that
within design limits the ratio of sealing pressure to the hsad may be ve-
riede In the plot in figure 4E these relationships are given, where seale
ing pressure is plotted versus the retio of the width of the upstream stay
to the width of outer hinges. It 1s seem that if the upstream stay is
relatively narrow, the ratio is small and the sealing pressure required
will be comparatively low, A greater reserve of pressure will then be
available to press every part of the nose piece against the seat and tend
to accomplish @ continuous line of contacts The more mearly a line contact
is obtained, the better will be the qQuality of the seal with respect to
leakage, as found from testse For narrower upstream stays ths retractive
force is also lesssned, but this foroce would be great emough to retract the
geal bar for any operativs design.

The design of the geal unit was made with a view toward eliminating the
process of wulcanization and much fine machining in the field installation. ’
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Since tolerences may be large, the flat stays may be sheared., The hinge
oconstruction may be made with standard steel shapes and & minimum of
machining (figure 9K). Im the original model design it was required that
the sealing pressure should be low and that & large extension be attained;
thersfore the stays were wide., The stays were designed to support prese
gures which might be encountered in ths operation of a raedial gate, In
the present model the original base was adapted for & narrower diaphragm
and narrower stays, with a oemntrally located nose pieceo, In the tests,
the thin stays easily withstood operating pressurss of 70 pounds per squars
inch, and e&ven pressures of 110 pounds per square inch did not greatly bemnd
themo

The tep and botitom steys were 1/16-inch, half-hard, slotted brass plates
enclosing @& 1/8-imch, 656 duromster rubber diaphragm, The nose piecs, of
standard ﬁfﬁnineh. half-round brass, formsd ths upper part of the central
hinge with its overhanging edgs and served as a clamp to which the several
parts were bolted, thus making a watertight joint bstween the rubber, the
stay, and ths seal bar, Spacer bushings were ussd through the diaphragm,
The end ¢learancs at each hinge wae 1/82 inch and an extension of 1/2 inch
at the noss plece was easily obtained, The olamp bars at the outer edges
of the diaphragm were tightened directly om the rubber so that diaphragms
of varying thicknesses could be testedo In the present tests the L/s-inoh
diaphragm shown was made of two 1/16=inch rubber sheets, Ko extrusion
through the 1/32-ineh slots in the stays was noticeable, The extruded rub-
ber at the hinges did not hinder their flexible action as is proven by the
fast that only one-or two-pounds-pesr-square-inch pressure extended or roe
tracted the seal bar, Included in this measurs of resistance was the end
friotion of the seel bar against the Luocite sides of the model box,

Other types of oonstruction for thie seal design may be employed, but the
principles of operatiom and good characteristics of this dssign should be
kept in minde Several msthods of construction may be mentiomnede If the
nose plece is made integral with its stay, the number of separate parts ie
deoreased, thus aiding the work when making the assemblyo In the double-
stey design any suitable or aveilable material could be used, sush as
plastic, leather, canvasg, gasket material, reclaimsd rubber, or evem thin,
motal sheets, It ia beslisved that the diaphragm need never be thicker thanm
1/4 inch for rubber, In & vulcanized construction no bolts need pass through
any part of the diaphragm, so that canvas encl-sed by rubber would, for im-
stance, not be subjsct to rottinge A molded construction of plastic with
sultable characteristics might also be used,

The design in figure 9K is a single-stay, vulcanized somstruction with
no bolts passing through the diaphragme The design in figure 16 (section
A=) is a similar construction except with a wider seal bar and an off-=
center nose plece to lower the sealing pressure required, It is shown as
@& design for a radial-gate installationo, The schematic plan of operation
is also given thereo The two designs further differ in that the base of
the former is m2de of strustural steel, whereas, in the latter, a machined
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FIGURE 14

A-Initial test arrangement with 5/16-inch clearance.
Sealed at 75 1b. per sg.in. penstock pressure with 45
1b. in chamber B, showing bending of stays with 75 1b.
in chember B.

B-See.led at 19 1b. per sq.in. in chamber C with 12 1lb. in
chamber B, showing stays nearly returned to flat condi-
tion and with 19 1b. in chamber B.

C-Maximum retraction 5/16 inch to the stop with pressure
in chambers C 58 1b., in A 45 1b., and in D 42 1b. Max-
imum vacuum occurred at a gap of 5/32 inch and was 14
ft. and 12 ft. of water at A and at D, respectively.

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

STABLIZED, FLEXIBIE DIAPHRAGM SEAL - DESIGN 6R
1/8-INCH RUBBER NOT VULCANIZED, WITH DOUBLE=-STAY CONSTRUCTION

E-Maximum retraction 3/32 inch with 66 1b. per sg.in. in chamber C and 12 ft. of water vac-
uum in chamber D. Clamp bar is supported in rear by narrow blocks. Upstream stop bar
is used as retraction spring in initial tests - plunger is used only as a lower stop.
Seal bar collapsed at a penstock pressure of 110 1b.

HINGED, FLEXIBLE, RETRACTABLE SEAL - DESIGN 5R
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casting is used for the base, The principle of operation is the same for
bothe

In the model tests, with the new conditions of greater water volumes,
velocities, and pressures, the former smooth operation of the seal bar
ceased and a new problem for solution developed, This development was a
serious slamming of the seal bar in the sealing operation, The problem
was solved by increasing thse downstrsam clearance area and drain sige to
accommodate the inoreased discharge through the gap and psrmit only negae
tive pressures to exist over the downstream stay in chamber D¢ In the ini-
tial tests, at maximum retrection of 5/16 inch and maximum available pen<
stook flow at 75 pounds per square inch, the pressures on the downstreaem
stay attained a magnitude of 45 pounds per square inch whils the pressure
in ohamber C dropped to only 58 pounds per square inch, This was a bad
situation, for, as explained previously, when an attempt was made to close
the gap by admitting pressure in chamber B, a point of balance was reached
where the positive pressures in chamber D ceased and negative pressures
comesncsd; then the seal bar slammsd closed, These conditions wers accens
tuated in this design above othsr designs because of the wider seal bar
employedo, The initial sesal assembly for this test is shown in figure 144
when @ olearance of 5/16 inch was set up, It is seen how the downstream
clamp bar partially clossed the slot to the drain. The bent positiom of
the downstreem upper stay is also shown when & pressure of 75 poumnds per
square inch in chambers C and B was applied, Sealing and breaking prese
sures were 44 and 43 pounds per sqQuare inch, respectivelye :The proximity
. of these pressures, which ie a mesasure of the sensitivity of the action,
shows that the response to pressure changes is almost immediate, In fig-
ure 14B the seal bar is sealed at a pressure of 19 pounds per square inch
in ochamber C, with a pressure of 12 pounds per square inch in chamber B,
It ie seen that the stays have almost returned to their originel flat
condition, Breaking pressure was also 12 pounds per square incho The
maximum vaouum occurred at a gap of §/32 inch end was 14 feet of water at
A and 12 feet of water at D, while the pressure in chamber C was 60 pounds
per square inohs The pressure necesesary to sustain the seal bar in this
position was 17 pounds per square inch in chamber B, and this relatively
high pressure is e msasure of the retractive force, The sealing preasure
ag ghown by the two ocases clted is therefore about 068 of the hesad over
the entire rangeo

In tests after the drain size was inoreased in area (figure 9H), the
pressure in chamber D dropped from 45 to 23 pounds per square inch and
the pressure in chamber C dropped from 68 to 650 pounds per square inche
The relative reduction of pressure in chamber D is thus estimated to be
at least 14 pounds per sqQuare inch, The test assembly is illustrated in
figure 14D, which shows the downstream clamp bar cut away, The rubber
diaphreagm was also partly cut away and the end of the base had a tepered
slot machined in it, The slemming action of the seal in sealing was now
greatly reduceds This shows that if the water passage wers ample, the
seal bar would opsrats smoothly under any hsed, For clearances of L/%

36



and 7/16 inch, each at maximum retraction, the pressures in D were 17 and
30 pounds per square inch, respectively, whils pressure in chamber C was
80 pounds psr sQuare inch for both cases, This shows that the drain size
more nearly accommodated the smaller gap flowe The other conditi ons were
practiocally unchengede In figure 14D the conditions at maximm negative
pressures are shown for a clearance of 1/4 inch. The white portion of the
picture in chamber D clearly shows the region of high negative pressures
when & gap of about 2/64 inch is allowsd and the pressures in chamber C was
60 pounds per square inch,

In the installation drawing of this design, as a vertical seal for the
16« by 29,86<foot penstock coaster gate for Grand Coulee Dam (figurs 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 stay,
Tne action of the seal bar then would be smooth and without any slamminge

The advantages in this design are several. The seal will operate with
great freedom under any hoad, It may be designed for circular as well as
rectangular gatese The seal bar, of minimum required dimensions, is amply
supported at the hinges, is flexdble, light in weight, emnd the nose piece
is stable in rotation or position, It encloses ean ample, watertight seal-
ing chamber, 18 saeily and forcitly retracted under the smallest as well as
the largest heads, and is extended just as easily through as great a move=
ment as the design will allow, The ratio of sealing pressure to head may
be varied within design limits, and, for & particular design, remains prec=
tioally constant for any head or for any gap opening. The action may not
be fouled or retarded easily. Ths selsction of materials from which the
diaphregm could bs made is especially largs, and even the selection of
materials from which the seal unit could be made is large, The diaphragm
nesd only be flat stosck material and doss not require an expensive molde
Ordinary rubber cementing would be sufficiently strong for jointse The
cornsyr comstruction and action would be goods.

The disadvantage of ths double-stey design is that some difficulty might
bs experienced in assembling the partso In & vulcanlzed construction, the
process 1tself is tha disadvantage,

(g) Music-note retractable seal, design TR (figure 9I),«=Fhen the music-
note constant-contact ssal was again proposed for the rectangular gates, it
was first tried without emy braess reinforcinge It has beer used in this
manner as end seals for radial gates at lower heads, The distortion proe
duced in the rubber, when used in this manner, is showm by the pictures in
figures TA and B, The rubber was pushed into the clearance space and badly
distorted at high heads, It was readily seem that this cond tion would be
unsatisfactory, Next, an unvulcanized metal sheath around ths rubber wasg
proposeds The sheath was made by ocutting & lel/4=inch slot out of 1<3/4=-
inch outside diamster by L/lﬁoinoh wall brass tube and applied by forcing
it over the notes The note was compressed and water lubricated in this
operation, The assembly in the seal worked well, as is seenm in the plsturss
in figure 16 which shows the sheath before too much menipulation in testing
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changed its shape or rotated it as is seen in the piotures in figure 17,

In meldng the first assembly with the sheathed rubber note, the re-
traction spring wag added to make the seal bar retractable, This arrangee
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 bar.
The initial tests showed the possibilities of the design and the develop=
ment of this seal as the acceptable deslgn followed.

In the agsembled seal unit, spacer bushings were used around the bolts
passing through the rubber so that the clamp bar could bs pulled tight,
Without them too much extrusion of the rubber rasulted, The 9/16-inch-
thick rubber hinge was stiff and caused sluggish or dilatory action of the
seal baro, If the nose piece was assembled so that it was snug against the
clamp-bar stop and not against the seat, it was diffioult to extemd the
seal bar bescause then the rubber hinge was forced to streteche If the assem-<
bly was made so thet the nose piece was in firm contact with the seat, then
retraction was mde more difficult because the hinge resisted further re-
traotiono, 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 was fair, Imn & field installation the
qQuality of the seal would depend on the straightness and smoothness of the
gsheath after 1t is applieds With the vulcaniged, bress, reinforced con=
struction for ths music-note constant-contact seal bars, the bars wers
¢rooked and had undulations which would make alinement to the seat diffi-
cult, A similar condition might prevail in the sheathed bar because of the
varying diamster of the rubber or because of undulationa produced in the
ghsath upon its applicatione

After making the initial assembly with the retraction spring and limited
retraction space, more clearance for retraction of the seal bar was pro-
vided in & second assembly, a8 is seen in the pictures in figures 16C, D,
E, and Fo In this assembly ths slamping at the hinge should be noted as
extending the full lemgth of ths flat part of the rubber. In a third
assembly (figures 91 and 17), e l/Seinoh shim was used undser the flet 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. Thse action of
.the geal bar was sluggish but without slam, except when the bar was allowed
to drop to the bottom of 1ts space, as is shown in the pioture in figure
17F, When pressure in chamber B was then applied and the ssal bar siarted
to be extended, the nose plece would slam closed,

Several conditions in the operation of this design will be stetsd:

(1) In the first assembly (figures 16A and B) the gap wms zero

as installede At 74 pounds per squere inch in chamber C, the sealing

. and breaking pressures in chamber B were 45 and 39 pounds per square
inch, respeotively,
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A-Initial assembly with nose of seal bar just touching
seat and retraction spring. Brass sheath around rubber
not vulcanized.

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

.was installed.

E-Deformation of seal bar with 75 1lb. in chambers C
and B. The sealing and breaking pressures were 57 and
52 1b., respectively.

MUSIC-NOTE RETRACTABLE

SEAL

FIGURE 16

B-Sealed at 75 1lb. per sq.in. in chambers C and B, show-
ing the note of the rubber pushed away from the retrac-
tion spring. Sealing and breaking pressures were 45 and
39 1b., respectively.

D-The 1/16-inch gap closed with 30 1lb. per sq.in. in
chambers C and B. The retraction spring is still in
contact with the note.

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

DEVELOPMENT DESIGN 7R



(2) In the seocond assembly (figures 16C, D, B, and F) the gap was

1/16 inch and a 3/Beinch space was provided under the seal ber, It now
required 30 pounds par square inch in chambers B and C to close the gep
of 1/16 inchs At a penstock pressure of 76 pounds psr square inch in
chambsr C, the sealing and breaking pressures in chamber B were 57 and

- 62 pounds per square inch, respectively, From the corrected differences
in sealing pressures betweem (1) and (2) the pressure mscessary to close
the gap is nearly 12 pounds per square inch. The sealing pressure in
(1) 18 0,608 of the head; hence for (2) it should only be 45.5 instead
of 67 pounds per squere inch, The difference is 11.5 pounds per square
inch, For the head of 30 pounds per sguare inch, the sealing pressure
should have been 18.2 pounds per square® inch., The difference of 30 and
18,2 is 11,8, which represaents the unit pressure pecessary to closs the
gep. Thus the two ocases &re in agreement., Retrsbtion wes 9/64 inch
with pressure in chamber C 60 pounds per sQuere inch and pressure in
charber B zero, The vacuum at A was 19 feet of water and at D, 12 fest
of water, Maximum vacuum attained was 25 feet of weter when & gap of
1/16 inch was allowed.

(3) In the third assembly (figures 174 to F), ths 1/8-inch shim
was added at the hinge, but the ssaling and breeking pressures were the
same as before, Retraction was not particularly improved. At the balw
ance point of the nose plece and with pressure in ohamber B gero, the
bar would drop slowly and finally, in about onse minute, would collapse
to the bottom of the space or to the stop, as is shown in figure 17F,
Benoe, so far as greater retraction is conoerned, placing the hinge
farther back does not aid ite The negative pressures in chambers A and
D still hold the bar in the sams position as for (2) above, where the
1/8=inch shim was not used,

The final design, as shown in the installation drawing (figure 9L), has
booster pump springs added which consist of & horigontal 1/16-inch spring
and a thin 0,008=inch shim stock closure spring. In the model, design
7R (figure 9I), these parts are shown dotted and were teated maccordingly. .
The reason for thsse additions is.that in the fleld installation, balenced
pressures may be experienced when opsration is initially desired, dus to &
bulkhsad closure in the penstoock bslow the gate, It was antieipated that
the pressure downstream from the gate could not be relieved sufficlently
through the 6-inch valve in the bulkhead to permit a differemtial of 12
pounds per gquare inch betwsen chambers C and 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 soms later convenient time will be removed, -

Tests to simulate the bulkhead closure oonditions were made when the
drein to the model was closed with a plate, 3/4-inch piping, and valwe.
The tests are demonstrated by the pictures in figures 17A to F. The teats
showed that a pressure differential of at least 1l pounds per square inch
between chambers C and D on the one hand, and chamber B on the other, was
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Neither will the retraction spring operate on & circular gate. The float-
ing types would not need to twist and would operate similarly to a piston

ringe

The diaphragm type of ssal has.already been tried in various fashions
(figure 4A), but without the stays it is more or less inoperative. Vith
the stays it becomes stable, opsrative, and extensible or retracteble at
any head, When the diaphragm is made very thick with respect to its width
and stays are added, the design becamas'ths ghear seal (Tigure 4D), Hesre
again, while the rubber is stabilized, the stays are short and consequently
stiff, alinement ie diifiocult, and the seal is inopsrative at low heads,

8 o Recommsndations., A desigm of seal should bs developsd that may,

with slight chenges, be used on any type of gats - rectamgular, circular,
low=head, or high-hsade It is felt that variations of the stabilised,
flexible, diephregm seal (figure 9, design 6R), with the retractabls fea-
ture, could be dewveloped for such urnivsrsal use, Ons low-head and one
high-hsad dssign for rectanguler gates and one low-head and ome high-head
desizn for circular gates might serve these purposes. A deeign‘for ciroue
lar gates is shown in laboratory report HYD=-96 in figure 17, designm 4,
wheore the double stays end unvulcaniged diaphragm construction ars used,
Single stays and a vulcanized diaphragm construction may elso be smployed.
For circular gates the seal ring must not be attached rigidly to amy stay;
otherwise twisting must taks place when it extends or retractse

In a constant-contact seal, either the hinged, flexible geal, design
4C, or the floating bar sustained seal, desigm 6C, would opsrate on
reotangular getes to good advantage, Design 6C may be usad on sircular
gates alsoo All constant-contaot s;als for rectangular gates pressnt a
prodlem in & good corner desirsmn, because the top and bottom seal bars move

in sxtension and retraction but the vertical seals do not.

In oonsidering other retractable seals the rollsr retractable seal,
design’ 1R, with the rubber-covered rollsr, is highly favorable, The
hinged, flexible, retractadble seal, design SR, worked very well also,
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IGURE 17

A-Assembled with cover plate and pipe over the .drain slot B-Drain valve closed--pressures balanced to close gap--55
in the end plate of' the model hox. Cleurance was /42 lb. per sq.in. in chambers C and D, and 66 1b. in cham-
inch, gap 1/16 inch, 1/32-inah tension in retraction ber B.

spring and a 1/8—inch shim under flat of rubber hinge.

C-Drain valves to chambers Pand D open-—pressures‘bal— D-Brass shell pulled awany from rubber with 26 1lb. in
anced to close gap--zero in C and D, and 12 1b. in chamber B and zero pressure in chambers C and D, and
chamber B. sealed against retraction spring.

E-Brass shell lifted from rubber half-way around note F-Seal bar collapsed to the bottom stop when penstock
and rotated dovwnstream with 67 1lb. in chamber B and pressure of 75 lb. flowed wide open; pressure in cham-
zero pressure in chambers C and D. Note is also defonmed ber C was reduced to 44 lb., and pressures in chambers

A and D were 42 and 38 1lb., respectively.

MUSIC-NOTE RETRACTABLE SEAL - DESIGN 7R
SIMULATION TESTS OF SEAL ACTION EBEFORE BULKIEAD
IN PENSTOCK, DOWNSTREAM FROM GATE, IS REMOVED.
DRAIN CONTROLLED WITH PLATE, PIPE, AND VALVE



required to close the gap of 1/16 inch, This differential was practically
the same whether hydraulic pressure was maintained in chambers C and D or
not. Proof of this is seen by the pictures in figures 17B end C, where

in B the pressure in chember B was 68 and in chambers C and D, 65 pounds

per 8quare inoh, respectlvely; wherees in C the pressure in chamber B was

12 pounds per square inch with no pressure in chambers C and D, This agrees
with (1) and (2) ebove.

A bad condition resulted when the differential pressure betwesn chambers
C and B was greater than 26 pounds per square insch. Then the brass sheath
pulled away from the rubber and sealed against the retraction spring. At
the same time, the sheath rotated counmterclockwise (downstream) on the note,
This condition is shown by the piotures 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, eand in B the ghsath has pulled away and rotated
counterclookwise when a pressure differential of 67 pounds per square ineh
was applied,

The final accepted design is shown in the installation drewing for the
15= by 29.86=foot penstock coaster gate for Grand Coulee Dam in figure 9L,

The advantages in this design are the inherent stability of the seal bar
and good support provided by the stiff hinge., An upstream stop bar may not
be needed because it was so difficult to extend the seal bar when it was
against the clemp bar, The dilatory action of the stiff hinge produced a
cushioning effect when closing a gap at high heads; thus slamming was mini-
migedo The seal unit appeared sturdy.

The particular adventage in this design is that a limited quantity of
the music note molded rubber was already on hand at the dam siteo Because
rubber is a critical war material, any conmstruction imnvolving its use was
not recommended. The metal sheath was to be applied in the field,

The di sadvantages of the design &re the inherent stiffness of the hinge
and the seal bar amd the poesibility of undulations in the nose piece, all ~
of which tend to make alinement to the seat diffiocult and sealing quality
poor. The seal is not good for low heads and may be inoperative, There
is too E¥°h excess material used in its meanufacture, which adds 1little to
its strength because all the water load, when sealed, is teken by the
brass sheath, The seal would not operate or circular gates.

8e Conclusions. There are many mechanical ideas that could be dee
veloped into operative seals for gates. Several factors enter into their
design, such as*whsther it is to be a oonstant-contact or a retractable
seal; whather it is for a rectangular or a oirocular gate; the amount of
extension or retraction desired; the operating heads; the available matee

rialss the quality of the seal to be expected; the amount of allowable
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misalinement; the structural sase; and ths coste, All the ssals shown in
figures 6 and 9 required a great deal of developmsnt and many cheanges be-
fore the particular design operated to best advantage. A design chosen for
one get of conditions may mot fulfill another set.

The music note comstant-contact seal, design 1C, and the music note
retractable seal, design 7R, were chosen as the ecceptable design because
molded rubber was already ot hand, operation was satisfactory, and they
appeared rugged, 1 ;

The quality of the seal ageinst water flow betwesn the nose plece and
the seat, or between any contacting surfaces, is only dependent on how well
the surfaces match and not on the unit ocontact pressure. Zero-unit con=
tact pressure 1s all that is required for a ground or a perfect surface to -
make a droptight ssal, Positive pressure 1s needed only to bring the
perts together and to force them in alinemsnt, Line contact only is neces-
sary., Furthermore, if the materials, such as rubber, will compress, pres=
sure will force the material into depressions or undulations which produce
perfeot line contact and thus effect & perfect sedl, For this reason &
soft or resilient nose piece is bensficial, A rounded nose piece i pre-
ferred. A wider, flat surfece may deorsase the leakage because of the
longer path for water flow and consequeﬁt drop in pressure gradient, but,
on the other hand, sealing pressures required are increased and line con-
tact 158 more difficult to attein,

In retractable seals, the seal bar opsrates bast in closing when the
nose (sealing edge) does not drop below the level of the top of the clamp
bars, and preferably, the noses should be higher by at least 1/32 inch,

In this position the ssal bar ig usually balanced with neg&tive pressures
existing just downstream from the nose, while penstock flow and pressurse
are mainteinedo The actlon also depends on the clearance for water passags
dovmgtream from the nose pisce. Usually the clearance should be as large

as practicable s0 that negative pressures oan be meintained at all times.
The pressure required to effect a seal was usually from §/8 to a/s of
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of the penstock head for all designs tested, in addition to the pressure
reQuired to close the gap at zero penstoock flow. In the stabilized,
flexible, diephregm seal, design 6R, this ratio may be deoreased, but in
81l other designs it may be impractical, if not impossible,

There is always great negative pressure just downstream from the nose
piece for the small gap openings, tending to rgsist retraction of the seal
bar, The maximum, negative pressures usually occurred at a gap opening of
about 1/16 inch, but these also depended on the clearamcs, gap opening,
drain capacity, and head, With optimum conditions the seal bar always
floated at some particular gap opsning. The shape of the nose piece af-
fected the negative pressures to soms extent, but negative presswues per=-
gisted in all shapes tested. Therefore, if the nose plecs is in a balanced
position, further retraction requires additional retractive force to be
applied,

The seal bsr should be flexible in order to besnd to undulatiomns or
misalinemsnt, be these eonditions ever so small, A stiff seal bar must
£it precisely., A flexible seal bar can be forosd to contast ths seat with
the minimum pressure reQuirements. The surplus pressure avellable above
sealing pressure required is at best not great; so flexibility is highly
advantageous, and ths ssal bar may be forced to the seat at all points and
tend to establish line contaot.

The noss piece, or an insert in the noss piece or the seat of a soft
material, seats perfectly even with the imperfections in the contact sur=
faces which slight pressure can overcoms. Thersefore, the rubber type of

nose plece always worked well, provided the rubber was rgsilient,

The hinged types of seel designs, with ome exception, will not operate
“on a ocircular gate, but the floating types will, The only exception is

the stabiligzed, flexible, diaphragm seal which is a himged type that will
operate on a circular gate by incorporating & floating seal ring in the
design, In the other hinged designs, the seal ring would have to twist
when being sxtended or retracted, which would make the unit inoperative,
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The floating bar retracteable seal, desizn 2R, worked well, but retraction
is not so great, although there would generally be emough to f¥ree the nose
plecs from the seat., WNone of these latter designs mentioned would operate

on a circular gate,

11, Summry, For ease in comparing the various gate seal designs
and hydraulic tests of this sscond series or comnstant-contact and retracte
able seals, a summry of sach type considered is presented in figure 18,
The drawing at the head of each individual section illugtrates the typs of

seal involwed,

Es So Gray,
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