. L 4 “iq
CE L T OR
By A0y

~Z 1 1}’ 0 N

1 s sl e SRR R M‘L[' \; g ?‘

R Rk Rk Ak 2 ox s o» l_l.t ' 'tt. *"*"t:_i‘l'tt-u.f o tt.‘
UNITED STATES :
DEPARTMENT OF THE INTERIOR =
BUREAU OF‘REQLAHATIOH'
HYDEAULIC MODEL STUDIES OF SPHERE VALVE SEAL DESIGNS
. POR ‘

S8HASTA POWER PLANT

Denver, Colofndo;',
June 11, 1943

]
[ ]
»
™
o
-
”
*
*
-
™
[ ]
*
.
*
-
L
*
.
»
*
-
v
[ ]
L 2
*
-
-

A s e r B O e aB 2B P OI R EELRE IR RS SRS

LI A R R A N I T e T B T S oy R S S

——— e T R B L i vt Y PV

i

N PRy S




- | UNITED STATES
DEPARTWENT OF TEHE INTERICR
JUREAU OF RECLAMATION -

MEMORANDUW. TO CHIEF DESIGNING ENGINEER

SUBJECT: HYDRAULIC MODEL STUDIES OF SPEERE ViLVE SEAL DESIGNS

FOR
SHASTA POWER PLANT:

/. By E. S, GRAY, ASSISTANT ENGINEER -

Uander Direction of

: . and . :
R. F., BLANEKS, SENICR ENGINEER .

J. E. WARNOCK, ENGINEFR

ol f"' Denver, Colorsde,
- June 11, 1943
»

o




. Denirar, Colomdo, June 11, 1943,

MEVMORAWDUM TO CHIFF DESIGHNING ENGINEER
{Ea S. Gray through J. E. Warnock)

Subjeot: Hydraulio model stud:.es of sphare valve saal designs for' Shnstu
power plant = Central Valley project. ,

ls, Introducticn. The aphare vulve tests lnvolvad tm 50-1nuh apharo
valve {figure 1) upstresm from the station servive units;at Shaﬁta Dam.

The valve proper is a spheriocal plug which rotates 90 degreas and is hy=
drzuliocally opersted by a rotor end e stnt:or, both of” whioh are anclosed
in & oylindrical housing, There ix onse operating unit on séich end of the
spheric=l plug, oomprising two rotors and two ata'bors and  one an.nulnr apaoe
formed by the head and the walls of tho rotor houaing.

Ths rotor (detall F and itam 7 in uection D-D) 1; pnrt »f the plug
and forces the plug to rotate in the opan or closad position when  actuated.

RS-

Seotion C=C is & plan in the open positicm, whereaa aection BeB 18 an end

view in the open position,

Tho stator (section GG and item 8 in]fsoct;on.-b-u) 15 attachsd fo_':ihe'- |
head of the valve, one om each end, ‘and is' statioﬁ#ryo Thc; retor movjus:izi
the hollow, cylindrical, annular spaces, two on . eaoh end of the plugo The
rotor divides esach space so that four chambers are formaa. xé ror;oz- Jiu
actuated by cil pressurs in two oha.mbora. The dir-otion of rotation ie ra=.
varsed oy manipulating the th'ee-way control vnlva to apply preeaura in the 3
other two chambers, ' T l

Five types of sesls sre used in this valve; . ﬂzteen_slidin.g, .ntfé.ight -
bar seals; eliding-var ring seals; the .sliding'.aphtuerioal-bar ring seul; |
the oupped zeal ring; and the wiping séal. In these tests ooﬁsiderhﬁiﬁn
hes been given only to the first two types. | | "

There are four sliding, streight bar seels in each of the four annular

chambers (or 4 total of sirxteen sliding, streight bar seals): (1) the
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Detieds o und Hi

@zL

SECTION E-E

an)\.‘.'_‘_
P

A

DETAIL MH

e

embly

With retors ond stators assembled on their respec-
tive ports, but without the secls ossembled thereon
proceed os follows to secure the proper Fhickness of
shims re@w ed. to Iﬁccwde full -g_a:'rmq‘ of rotors
ogains? siators. With plates 2l and shims 29 re-
moyed and with sphereand covers asiembled with -
‘body L, rofate sphere sothet water passa;e thru:

.- sphere olines with water passage thru bo ];\ﬂ‘zen
slowly rofate sphere clockwise untif seals. 2, aline

- concentricolly with woter pa. sage.,affer wnich re-
verse rotetian of sphere ebout 10 ond reme ve covers
4ond L. The dowels.jn the sfotors will then pro-
Jjecf from their respective surforas the evacy :;)‘anr.e,
required for shims ond pletes in order o secié-e ulf

. .-bearing of stators on rofors. Shim pletes flush.
awithends of dowels, ead offach with screws 88, which

“ “must be focked by scaring with a cenfer punch,
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horizontsal upper seal on sech roter {detsil F, 1tem 21), {2) the horiiaﬁtal-u

lowsr senl on esch stator (section KX, item 27) and two verticnl saals on
each stator; (3) the irmer seel (detail J; item 25): and (4) the. ratar geal
(detail H, item 28}, 4l1l of the aixteen seperets, sliding bar ueals ara
soms tant-contact end spring-actuatod. Tha iartical seal bars have oircullr

surfao=s,

There aro four sliding-bnr. hori:ontnl, ring seals in each valvs, one.
inner ring sesl (deteil F, item 14) and ome outer rinmg saal (detau F, item
13) in both the upper end the lower heads, These ring seals are in oon-‘
ttant contact sgainst the walls of the annular spece (section G-u) and ere
ectuated by springs. Section KK shows the details.‘ Both-ringg.mmst senl

from either direction.

The remsining three types of seals were not tssted. Thare &re’ two
silding, sphericel-ber ring aeals in e vertical plane (de‘ba.il F, item: 1a)
to seel penstock pressure from the outer, sliding-bar ring saal (dehs&l F,
{tem 13). These seal rings are retraotabla,‘opgrgta yith hyd;gulio_presv
sure applied underneath, and are'spfingFrefraoted ﬁhen‘thia pre§éure‘is‘reé-
lieved, There are also two oupped rings on each aphericnl bar: (detnil F,
item 23), of expensive material, to seal the actuating ohnmber under thu
rings Two ring seels are providad in eech valva g0 that it can be sealed

when the flow is in either direction or with preusuroc on both sidene

The wiping, flexible senls proteot the slidlng bar seals, wiping the
surfaces shead of the bars and aloo performing a seallng. ‘These Wiping
seals and clamp bars &re shaped to conform to the various aurfaoes on which =
they slide or sorope (ssotion -K, item 32, and details J and H, ftems 36L
and 36R)e In mddition there are two wiping seals -along. thn vertical, st
tionery, inner contact wur face of the rotor (fection DeD, item 37R) whioh '
slmply sesl the oreck betwaen the contacting surfaoes whare the sliding fit‘

mast be allowed for essembly purpossas,
{

2, Problems for model study. It has been thought generally thet the

unit sealing pressure must bLe comalderable to effect m seal, For design
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purposes the unit nrescure on tha cealing surfrcas has been teken as
five times the unit hea? pressurs, whiuh maans the soelirg sdrf"cq fust
be nerrow to heve a high unit pressure on‘lt; otharwize the-fcrpe to be .

applied on the sesl bar muat be unreasonably groat,

The firgt purt of the tests was conducted to datermine the unit cbﬁe"
tect pressure reguired to effect a seal &galnwt any particul&r head. This .
was completely tested in the v1sual, sectional seal model and co*rohorated

in the 1C-inch, ring-seal modalé

It wss desired to test the criginal senl desizn (fipure Z.) proposed
for the 3C~inch sphere valves 1he senl ver had very small.dlegrancés_to'
reduce lecksye by way of the slot or groove, hut nevertheless it was:dc- -
sirad ‘o ouvserve or measure the lealmge Quahtitutivalyg' The quelity of
the seal at the geat slsge was to belpbseffed-for.narrcf:or wide_cqﬂf&ét'
surfroes., Ir the care of the straight-sédl bars, iéakegeltﬁrougﬁ the
¢learence would rprobably be slignt becau$é theﬂbar is_éfaasaé agé;nstythﬁ
dornstream face cf the groove; but.in the case of the ring-seal bers, the
clearences sre not materially changed with. the head, 5o thet 1eak§g§-might ‘
be considarable evexn through an siloved olearencs of O.GQ25Jinch.‘ Other

deeigne, therefors, mipnt have 4o be tried in tests.

%3, The models, Two hydraulic models were ussd in whiﬂh seal BLeem-

blies heving full-slred cross aections cd@ld'bﬁ tegtedg “he sxldlnt-b&r
sen] design, for the sphere valve (figure‘SC),'was nadé-to it into the v
visual, sectionsl seal model (figu"é 2) “The seeling un;t wes 8 full-.
sized sectlon of the zrototype, 2-1/2 inches long. The houu$,g oi the
model was & rectangular tox with transparent plata* ror.;}wVfrént.and

beck, made of 1/2-inch Lucite plaatic plate,‘permltting ‘ gua1 observati0n
and photography of the sealiny unit inside., Supply lines were cénnected.
to provide penstack pressure upstream {rom the seal baf ang t§ provida
pressure for operating ite Relief lines and vnl&as from these su?piy lines
were also connected, Bourdon gsges were installed at suitacle polnts to

measure penstock pressure under the seal bsr,
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The gea) agsenkly veac mounted on an ad1u5tab?c bnee inside of the

box, and its position with'renpcctifd £he SPﬂu rculd be varied $*thout
e disessambling the installation.l A;sil*lnp Jau_wam provided which could
be moved at any time during tho test, A piovnneter connection from : i

. . chonber & wae made throurh the seat td_open to 8 hole in the top plate

B
s

N of the btox ernd thennor Gr e sulteble pipe conraction-tc & presvure gage
or to & ralicl walwa, ' ‘ '

Thers wos wiso a hand-oper&ted'lavar provided for cperating’th&

'

. plungsr in the bese plu<e of the box, . The nlu nge f czuld ba ccrnncted

n

RN to tho senl ber oed, when :o connacted, forces coulu be: anpliqd to thq-

Vol . .
\ H [

gerl bar and meacured, Fipurs 4A ghows tnﬂ tn=+ D paratu ; ani'figure
e : 2 shows ths prinolpal dotells, '

Tive lleinch, ringesenl mode 1 (“iguref 3 and: u, Lﬂq daulfnad tc re-

2

§ pressnt b cirovlar gate in which a 10-inch dinzeter ring ,eLW of pro-

Lotype cross sectien could e inztalle,

The penstock supply wos a Sfinch iiﬁe irtd'avd t?mduﬂh'*hé cap

plate of the models From chanber C under the cap plate,‘the water. Was

forved outwardly between the seat on tne b&p.plﬂ e and thp nese or sﬂah- : o
ing surface of the zesl ring, Vhen the snai ring was forced &E&lngt tnn-

s=2nt, the penstock tlow ceasei'&nﬂ the ete was sealed.

The suoply line bv wnich the geal rin ~'"as oppr&tnﬂ vas’ e 1/2-1

line into the bottom-of trr--model‘h"usixvL thP opened - uQ an annular L

chamber &r4 finelly to chanber 3 unde“ the seal rlng througb th° kule

provided fcr the seel-ring
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FIGURE 2
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FIGURE 4

A-Toat apparatus showing the sliding bar ssal instelled with face A (legs) of soal bar %0 Sk seat and sealed at 70 1b. psr
#q.in. penatook presturs, pressure in chambers A and B was 60 1b,

3-Faoe A of s=edl bar to the seat. Seal bar ra-
mains sealed at 70 1b. per sq.in. with presaura
in chembor B redused to zerc--additional foroe
was required to retract 1t¢,

G-Seal bar retracted 1/32 inch with prssasure in
ghamber € 70 1b. and draing to ohambers A wnd
B plosed--pressuie in A and B wae 40 1.

D-Beal bar retraotsd to floating position with a
gap of less than 1/32 inch and psnetogk praasure
of 70 lk. Frassure in chamber H wns reduced
to zero,

VISUAL, SECTIONAL SEAL MODEL APPARATUS




A-Test arrangemant with baffle car and gover in place.

" Penstock priess
under centar
T c_op’:p_i‘g_}ﬂ‘r_p; i

B-Barfle can and cover ramoved.

1C-INCE RING~-SEAL MODEL TEST APPARATUS




Relief lines and valves were co*mectad to the ‘.,upply linas to control
the pressures end volumes, Bourdon gages wore inst..lled a.t su:.table points.'
The gagze measuring mnstock prasaura o was oonnected into the canter of the
pap plate, mnd the one mmasuring. m-assure 11'1 ctnmber B was connected into -

the annular chambar of the housln

In eddition, there woere gix prassure or; relief norts o;mning to ths
saat on the cap plate and centering on the' seal ring. (flg‘ure 6)._ The six
connections were brought to A s ommon hsader 'wrovided with a pressura gege
and o relief velve, The necessity for thase nressure or: relief ports was ke
tiat the pressure or 1eambe conditionv in cnamber A, at tn-a seatin sur-.’

faces, might be detarminad. B DI I N SETFE TV RO - ,

The distence bebsreem the- top of t.e groove ﬁng nnd the saa.t is termd
the clearance, end the distence ba*men the nose of t‘*;e aenl bar and the
seat is termed the gape The eletrlnoe cauld be ?aried by shins undar 'the
osp plate, The gap was ccntrollad b:,r the daslgn or hy hydruulic lorces PR

acting on the seal bar.

4 Qp_eration of the mddelﬂ‘. mth the avail able supply systems it was ‘

rossible to control water pressw‘ea and 1arge volumes over -all. ran:;ea up

and in2luding 113 pounds ner squara inch, digl‘er pr-asure could be ootained'

with & hand pump srrangemsnt but with. prectically no valume¢ :

n

The tests cons‘.eted of mea<u"ements of nenstock preasure 1n o!nmber C

(figures 2 and 3); pressurs in chambur B under the zaal Lar; pressure or .
loskege in chama-r £ -aLove the ssal berj and the lnnd re-;uired en’ the bver o e
in the visual model to movs or hold the ceal tar in eny pos‘ltion.' Visual .

obgervation was eugmented by photogrlphs, a.nd vs.rious omnges were mde to

the assembly and to the seal ring or par to determi'xe the operntiom\l fx

cbaracberistic- of the saal ring or btar in senling or ret‘-ar*ting. or of tha-

.A.-’- !

unit es - whaleo

For any penstock flow, auliﬁg pressure in chamber B or lced on the
lever was determinsad by admi tting preasure slowly in chamber B or loeding

the lever and observipg the action of the sesl ber., At tha polint of seal-




A=Sonl ring instelled with its distanoe plece. Cup plate inverisd showing
prossure heles centering on seal ring to enumbor fe

fi-Seal ring and distance plece removed.

10-INCH RING-SEAL MODEL TEST APPARATUS



ing, the pvanstock flow was itouped. .Thé quality of the seal was determined

by the amount of laskage between the qealing surfuvas.: braaking pressure
was determined by relieving the prossure slowly in chamber B or losd on °
the levor und roting the noint at which ponstock flow began., Tha sealing
pressure and the bresking pressure usually wara not the same, due aither to
inherent friction in the parts or. o the end friction of the ssal bar (ia.
the visual model) or to the’ extﬂﬁt of ‘surfeoas in oontact. or to all factors

combined,

If tre valve sunpl»ir? chambar 3 was onened too rnpidly. while penstock
supply va:c maintaine?, a slam c mzre cr less v1olant nsture was produoed by '

the seel bar as it clased, nnd consequantly watsr hammpr resulte

o The vieuel, v-ctional seal-mndel tests. The ovlginal design (fig-

ure 4) for the streai-ht bar manls wes tested in'fhe v1sual,‘sectiona1 model -

wit?y 4ikes gseal Der in two ncﬂ;tions lnd undnr at- 1-nst two condltzons. o

{a) Yith face . & the sePt (firLre 2A) end th: port through the ber
closed, serling tock place very easily, and once the seal ar wa3-closed,
preasure 1n chumber 3 or ureesure oa the lever cculd be entlrely relieved.
without the see) breekins {(fizure 43) .- This we's done for. pressures az high.
gs 110 pounde per sguere inch in chamver Co- Por thig sealed condition,.
however, the drzin Crom chember £ had {o be opened bcoause presaure es high
ms 9/10 of tha hand daveloped in it. This presswre in chamber A wes due to
leakage over the upstresm leg of face L, Resdjusting the. level of the lags
produced nc Leiter seelinp, nor was gaalling imprcred ﬂhcn bealinb prassure
was sapnlied cn the zoel ber with the lever, S

The greptest mefetive preczsure wes develowed over face A when +he gap ves
12 inch with the drein from A closed (figure 4C), Since the clsarance weg
algo 1/32 inch, fece A was flush with the top of the groove:block,. It re= -
Quired an upward oull of eight pounds on the levsr to. 'atrnct the peal ‘bar
farther; or, & fores of about 50 pounds was exerted downvard. on the geal bar,
Wren the negstire »ressure yes overcore, the bar instantlj waz forced to the
bottom of the sroove by positive water pressure abtove it. Seeling from thisg
position occu.rﬂR vith & slem which could not b= pravnrted normally.-

{b) With foce & to the seat and thﬂ port open &nd drain from chamber A
close?, the leaskege over tm dormetrern lez of fzce A wse observed to be
about it seme a5 before, It was also observed thet the laskage through
the downstream surfeces in the groove block was morc then over the legs at
the seste Aftsr cureiul remechining of the parts ard painstaking inmstella=
tion {both of which were done several timss), it was apparent that & perfect.

12




ganl could not be atteined In this manner. Conaequentlv, ‘the parts were .
ground on a flat plate, Face A and face B of ths seal bar and the 'sliding
and seating surfeces on the +1iding seat were ground on & glags plete,
using FFF emery powdar and Neo. 204 pumice for firishing. Tun retests, =
leekapge was only in drops over face A. With the port clossd the seat was
mored back until only the upsiream leg gealed, In this posttion the seal
bar closed or opened with a foroe as smell &8 one pound on the seal bar,
applied through the plunpger.. The . cqndition.was the same when both logs
were in cortact with the seat and chamber A: d:ainnd.“ The sides of the box
were clamped sgrinst the senl bar, snd leakege was reduced. to a thin
stream mainly coming by at the ends of the: two 1955-\& B .

(¢} The seal bar wes inverted so that face B (fldt of- seu1 bar) was -
now to the sest (figure 23)« The port waus closed and face E was adjusted
50 thet the downstiream sdge was definltaly in oontact. ‘With the drain from
chamber A slosed, the praseure ia chember A almost equeled psnstock pres-
sure, At 70 pounds per sguare inch in chamber C, s force of 19 pounds was
applied to the end of the lever at a ratic of T: l to cauce sealing, while
pressure in chember B was feros Tho sealing force on the bar was thus
19 x 7 = 1%% 1b., end unsealing pressure, il water preecsure is. ‘acting over
the entire sesl-bar face is 3/4 x 70 x 2,5 = 131 1b., the se&l—bar face
being 3/4 inch wide end 2.5 inches longe The ‘disorepercy between 133 ‘and .
181 pounds may be msde up if the weight of the lever ic. taken into nccounv,
so thet the umit contast EBaling pressure WaEG praotically zero.“ L

The leekere of one quart in 4~‘/2 minutes in (c¢) was ‘about ona-tnird _
that in (&), wheru lesakepe was one quart in.1-1/2 minut-s.’ From this test
it wss concluded that the wider, flat seal wac bLetter than the ceal mede by
the tvo narrow legs, so fer ae the quentity of leakage waaz concerned, and”
it disproved the common belief that & snall contact surfaca rith great
pressure wae nﬂedad to effect 3 sotl,

In enother test the seat was withdrewn with the crank a turn 2% a time,
and sirultoeneously the weight on the lever wes reduced uniforzly to muine
tain the seme unit pressure on the seating’ surfzcese.. ‘Lesks -e. remeined
practically constant during the traverse, sometimes desreesing ‘to drops,

The gesl was just &s effective with 1/16 inch in contact es with 3/4 inch
in conteot, From this test it wes concluded that only line conteot ie
necesgery to make a parflect seal,. beceuse tha rarrow surface sealed juat as
well as the wide surface. ‘ .

Upon clamping the sides of the box againét the sesl bar, leakage. through
the assembly was reduced to drops so thet quantitative teets werc abendored.

(4) With the fsce B to the seet and the port open, the conditions ware
the seme &5 in {c) becsuse in the sesled position’ thare was water pressure
at A in elther case, The main problem was to get the flat nose of the sesl
bar to sesnt perfectly. To do this involved tre tilting of the bar in the
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groove tloek, WVhen under a prescure tnst,slight tilting gennrally'chUrred
which could ve seen even in the 0.002=-inch’ ‘¢lsarance crack., The tilting

wes countsrolookwise (downstream) when peunstock pressure of about 75 pounds
per square inch was applied, This affected the lining-up prooass and also.
the area of the surincm in GDDtﬂcv.'

(e) It wes further dosired to find the effect and ‘o observa the rasults
of the application of grease on the surfaces in the groove block. Two
kinds of grease were used, & paralfin. grease callad d "Ezit" and vaseline. '
The Ezit grease is waterprocf, does not injurs. rubber, &nd has good stick-
ing qualities; the vaseline was not tenecious,, :

irst, only pressure in chamoer ! was aopliad up to 75 pounds per sguare
irch for bnth kinds of grease., The Tzit grease wes ‘estimated to be ubout
five times better than the vaseline in preventing a blowaut and tha Te-
sulting leukage. N : - S

Second, penstock preassure was npplled in chembers C‘and'E. The seal bar
was crovded to the downstream wall in this case, but with Bzit greus
leakage was in drops, where with the vaseline it was in thin streams.

6o The lG=inch, ring-seal model tests. ‘Difficulty‘wﬁsLéxperiehced

in these tasts from two source The‘firét'waé from”the'scéie ahd‘di}t

and fine sand which continuully croke lsose from the old pipinv uﬂed; in f ~
tho second, to rrize or lowsr the seal r1ng waS esp cially difficult be-
cause the slightest tilting or oocking would cause it to- oi*d aqd neither .
hvdreulic¢ pressure nor forece wauld mo ve it unlasw the seal rlrg waa first
ctraightaned axially iz its groave.' Disass embly and cle&ning nas neces;ary
a number of times Lo got rLd of scale end dirt but finall fina screens .
(200-mesh) were inetalled Loth over, the pens »ouk inl«t to chamhe‘ C and

over the inlet to chanuel b unier the 5eh1 rlng, T“en success ful ppergf

tisn of the model wos possille,

Ports through the seal ring were not sontemplated in.fhe'original'de-
sign for the sphere-valve seals, but thers was a possibility that they
might bz used aflter resulis of the tests in the visual seotional beal
medel vith face / to the seat, and six ports were provided in the 10-inch
seal ring. These alsc served in applying the lifter Lar moross eny two
holes for remcving the seal ring. Tests, however, were conducted only

with the porte closed, because from the very first it was seen that the
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inner adpe of the cesl ring seuled very well; so leaknge to chamber Aves

not a problem, The reascn for considering ports through the aeal bar was
thet if pressure ip chamber. s wms ‘o be constently e matter of fact dow‘.=
literate conditions might just aa well be provided BO th&t pressure 1n

chamber A would always be mnintained equal to that in. chambor B.

The meal ring wes instal‘ed,vutb the twelva 5/8~innh diamater unrings
and buffer guides ir place (Pigures &4 and D and the" ports closad. Thﬁ"
seal ring wes tested in the tws poﬂitions- with fuce A (legs) to the sent
{firure 3A) and with face B (flat) to the seat {figure 3u). Thq»clanrance
was 1/32 inch, | L e T

Leaksge cccurred in the sealed pouitiuns for botH ceses and snrayed
out in a flat thir sheet below the cep plate (i‘lg;ures T4, s C, and D).-
In & ard b the 1eg5 wers to the geat and in C and D the flat was to the
sert, It mande no difference as to the amount of leakage whether: preasure .
was applied in chamber 3 onlw or both in chambers B and. C. By applying‘
pressure in chamber B only, it was SB&u that 1eaknge %0 . 1ﬂw OLtslda was :ﬁ..
greater than thet tovard the inside, by comparinr the outsida flow with %
that of the drain from chamber Co Conbequantly, -3 tast was 1&65 with a’
fesler guge 0,015 inch thiek t=z determine claarances¢~ It was found thﬁt
in the insifde clearance the feeler could be inasrted only at ‘2 few pointu,
tut in the outside c¢learencs it vas inserted‘frqely_practicglly all around. .
! mximun clearance of 0,0026 inch was.éllcwabiéo‘fFurﬁheéﬁpfé;-presﬁufe
in chember £ vould reduce to zero when & good sesl s effocted, but laak=-
age would continue. It wes therefors concluded that the leskige all came
from the clearanoe around the seal ring.. The lgakége W8 also‘fpund tol

bs ebout the same amount when no springs were uséds

Senling cenditione et the seat were good when good. coﬂtact wasg’ mnde,
but when dirt got on ths seating surfaces no amount offpressure in‘chamber_'
8 would ceuse & geal. Sinoe no retraction was possiblé=when the'springé
were used, fwther tests were conducted without them so that limited re-

traction could be obtalned,
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The seml ring was installed wi thout the sprin{s and teated with raca
A {legs) to the seat and with face B (flat) %o the seat, The clanrtmce
was inoreased to 1/8 inch {figure 3B). '

Tith fece 3 1o thn saat and the ;elief from.ohambar A open, for 75 '

pounds per sguare inch {n chambsr C the sealing and breaking pressures in
chamber & were 15 and 7 pounds par squars inch. raspeotively. Sealing
occur red suddenly and with & slam; reluase waa also sudden nné with a 3brk.
Then sealed proasure in chember A was zero end. whqn_pn ealed, the amgunt of ,
retraction was small. | R i g .

Vhen the drain from chamber A was clﬁﬁed-ind ;hB p6ﬁ§f66k:pf6B8ufe
mainteined at 75 pounds per squere inch in ch&mbar C, the snal ring rnse‘ 
slizhtly at 3 pounds per square inch in chamber By ‘”urtner pressure &ppli-
cation in chamber B caused the seal ring %o rise to ’1thin.1/64 inch of the.
cloced position or to & gap of 1/64 1nch._ The negativa preasure developed

through the gap assisted in raising the ueal riﬂg. This' eane condition was_ff

vary apparent in the visuel, aectional, seal-mndel testz.‘ ks, presqura in
chamber 5 was further increessd, pressure. in chamber A advancod ahead of
pressure in chamber 3 by 2 pounds per square inch, ‘until & soal was cud-

denly effected at 30 pounds: per aquara inch ir chamber B._

As soon s the seal ring slnmmed closad. urassurc in ohamber é sloaly

reduced to practically zero, This now proved that the innar log was almoat 3

perfectly sealed,

With fece B (flet) to the seat end relisf" from ohamher A open, for 76
pounds per squere inch in cbnxmer c, sealing pressurs was 28 pounda por
square inch in chember B and breeking - pressurs was 24 pounda per #quare.
inche Pressure in chamoer A reduoed to gerc. The seal ring closed Without i
- o slem if pressure in chamber B was raised slowly, but slammed olosed: if it H
wes inorensed rapidiy. Slamming vas less pronounced than when facs A wos
pleced to the seat, The retraction of the ring demonstreted thet sealing

was not scoomplished at the upstream edge of . tns 5ea1-ring nose.

Yhen the drein from chamber & wes olosad the action was nimilnr to
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fthnt whan faos A weg to the seat.' “ith panstock pressure nnintained at
75 pounds. psr square inch 1n chumber C,‘sealing preasura W&S‘UO pounds:f

per square lnch in chamber B. The pressure in ohnnmer A led tha preasuro L

‘applied in chamber B by 2 pounds per sguare inoh, until n saal waa sudal

denly effectad.

The canuluszons from this la-t teat are that tha praksurs nacessanyf“ 
to cmuse meeling 1ls the £ame fbr aithmr fhoe A or fnce B %o ths S’Rta_
Wurthermorp, +the qual*ty of *he seal 1s not neoossurily a fuﬁctisn of the
aras 1n ccntact nor ef the unit prassures of" thase nrols, but rath»r the
pressurs necessa:y to msake 1ine oontact, beoluae the Quality of the saal
was good for either the nnrrom or the wida seating surfuces. Tuﬁ increasod
contact arss ey, however, aasi st in mking n better senl bacnuse of t"te
greater resistance te flow over the 1onger pnth sc that leakn s wauld be

reduced,

" The reason for the vuriation batwaen sealxng and braaking pressure .
from 156 to 28 pounds per square inch and frcm 7 to 24 poundu per square e
ineh, respectively, i nrobaolv due +o the' variatlan in action,of the wnteryg
over the tTwo faces, guioker relief being afforded f*om chember A when face,
A is towerd the seat thaﬂ when face 3 is toward . the ‘seat, 80 tham +he un-ﬁ”

seating foroe is greater for the widar contacting surface.ﬁ”

The seal ring was changed oy addinr the d st&nce plece and slotting | _
the senl ring (figure 68). It wes decided that the ring mist be mde to
act like a piston ring, because leakage thvough either the autside or the
inside clearances was too great to be allowed (figure 7). The dasign ¢a_f

shown in figures 3B, F, and G &s senl—ring alteration. '

%®ith drsin from chamber ﬁ open ani penstock prcssu*e of 110 paunds _
per squere inch in chamber C, te saa;ing pressure was_ 47 pounds per aquare )
inch in chamber B and breeking pregsure was 2E pounde per square inrh. For:
a pressure of 75 pounds in chember C the sealing pressure was 35 pounds in"u
chamber B and breaking pressure was 23 pounds. Full releass took piaqe =

after pressure in chambver B was further reduced by 10 pouz-adu'o" .
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With drein from chaMber A p10ﬂad and nenatock pressure of 110
per squers inch in chambsr G, the senling pressure was 50 pounds par,.":

sgquare inch in chambsr § an* breaking prn ssurs vas 85, pounds p»r sguars

inche TFor s pressurs of 75 pounds in el ﬂnber C the sealing pressure wns*;,4‘f‘ﬂf

38 pounds in chambsr 3 and creuk“ng p*assuru was 27 poundso |

A

In both cases pressure in chﬂmbpr A did not nlwavs become zero. 'In-‘

soms cases edditionel pressura in chnmber 3 uaused n battar eaal nnd pres- 7‘ “

gpur= in chamber A eventually dropped to. Eero.: This oonditlon indieatad the f‘

pressnce of foreigr matter on the seating or sliding s‘rfaaea which oould

=L compressed or indented into thp brass of thn seal ring, Sevaral timea.‘él‘”

on dismantling, the serl ring vas fcund pitted and th9 edges bnttered._

In considering the leakage throuLh the outar clearanae and. through
the distance piece, the action cf the ring mnbt be then into account,
Vhen pressure in chamber E only WEE aopliad. the laakage wad vreater with
the solid ring {(figure 74 oompared uitn figure BA) but whan penstock pres-i 
sure in chuamber C wes also applied. ths leaknge wEE reduced by about one-
half, shovinp thet the ring had slippea outwardly {one’ could also ‘hesr tha ;
slippage taking place)s Finselly, . leakage was practically stoppad wher: .ha |

cap plete was hit with a hnmmer handle, cnusing mora outward slippare,‘each’%’,,f

rep decreesing the leakave.‘ This proved that the ring would xnke a gpod
saal mlonp the outer clﬂarance sgaca Jhen designed after this. faahion° The,"

{improved sealinc copdi tions are shown in figures BB and Co In B, pressure"f

was applied in chambers B and C end some leakazs 18 conn, but in <, 1eakage“nﬁk‘

has virtuelly stopped efter rapping the oap plato with the nammer h&ndle,
It was ezsumed tnet the smesl ring would slip inwardlv 1n the same’ mnnner ;

if the panstock pressure ware reversedo

There was some uater getting by th@ distance pleoe but When 1t was

greased with Bzit before instellation, elumost. a droptight seal \as effocted.’ |

Splitting the seel ring did not meke its installation or removel eny. easier.

7. Unit contact sealing-pressure analvsis, At least one set of com=

putetions muy be mede showing that the unit pressure requirsd to maintnln
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& sunl After Peating haa taken plece is small 1f'ﬁot‘neglfsib1&,‘f*

If the pressurs at which the seal ring breaks ountaot of 7 pounda::

per square inch wers taken as the =ealing pressure. and tha unit araa as .

3/4 inch wide by 1 ineh long along the centar line of thg goal. ring._thsn_k{Vﬁ}h1ﬁ
the foroe upwerd is 3/4 x 7, or 5-1/4 pounds. minus 0.3 pound welsht of. 1-f fVJi“

inch lengtn of ring, or about 5 pounds. It is aasumed that two legs ATe :
teking this pressure equeally beosuse- ench sealed equallv well; so tho up-ﬁQ : 
werd foroe may be divided proportionatnly.‘ Tne outer leg has a mean,cir-hf;‘
ounference of 32.3 inches and the inner leg has a mean c;rcumfarence of ST
80.5 inches, while the oenter-lins circumference is .4 :mchesn Thc forcekf
on the outer leg is teken by the- aeu+ and need not be conaldered further. |
The force on the inner leg is g? i x 1/2 x 5™ 2.4 pounde upwa'd, " The.

dowmward presnure due to 75-pounda~par-square-inch penstock prsssure on thef

approxinmetely l/sz-inch redius on the inner ueal-ring edge ic about:

1/32 x —%%—%m x 75 = 2,0 pounde. Sinue tha t%o forcgs prncticnlly belance,

it ie comcluded thet once line contnct is made,,the sealing preasure re=’

guired is almost, if not entlrely, nil, If tnﬂ outer leg is only touchlng fd"

but not pressing on the saat tﬁan the sealing precs ure in chamber 3 is S
too large and indicates that~the inneb,leg does. not seal at’ the upstream QL.

edge but thet pressure areas exist between tha saating surfaces.'_;,ﬁ

The reason thet computstlons generally aannot be made to ohack is that_:"“ O .

gsenling do=s nct take plaoe at the extreme upstream edge of the seal caro
If water pressure creeps in “the crevices or spacea it w111 cre&te & foroe
tending to unseet the seal bar; yet &- good seal 15 nnintalned beoause 1ine g

gontact is es aollsred in the form of a. contour along the high spots.l

In the tests in the visual, seotional. seal model the-pressures‘&pplieé
by the lever when the seating surfaces leaked could’ not be mada 'to oheck
in computetions; therefore, thess are not included. After the seating sur-
faces were ground true, lever messursments were supe:fluous and npt taken
because the upstream edge sealed perfeotly sc that there was no unaealing

pressure to counterect.
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8, Conclusione and summry of testl. The unit p"éssure fequireﬁ‘to'ﬂ

effect u senl, once iine contact is mnda, is very smallo Lihe oontadt :J

only is necessery to form & perfect soal. A wider sres nay ue beneficial

from ths stendpoint of lsskage if cuntact is not narfect beoause 8 1onger
path for water flow with conaequent pressura drop is thus nrovidedo f.

The narrower the seutinr surfnoe on the senl hnr or ring. tha lawer
will bs the pressure required to bwing the seal ba“‘in contacu with the‘
seat, A rounded nose piece weould th erefore appenr to bn the mnst advan—

tageous dasigne

The flz+ se&ting surfaces must bé‘varv‘claan.tﬁ ﬁaké“a perfscf ééal}.
Afeoumuletion of dirt on the upstream adgze of a flat nose does not waah
through when re»racting the seal rings tHerefore, n flat ealing surfaaa
is detrimemtal from this standpointe " | |

To produce pood retrantion of the seal bAr or ring with hydraulio
forses, the upstiream edge of th- eal ber or, rinL shouli be cnamfered.
The size of the hamfer as demnnstrated oy ‘tasts on retractaule sealz 1n
gate seel designs and tests should b= at leest helf thr wid hoof th- ssa‘
gai'cr'rlng; the unnalancad force undcr tha remnining uncramfered part ;

B pra‘uces extra sealing oressure to force ths senl ber in bevter or conw 1 

’ tinucus contocta

The - split ringywith its distance piecn iﬁs»rt produced good sealing
qaalitins against 188kﬂ&9 throbgh the downst"a&m olearmnce spuce.V{Thp o
des Sn was ﬂcuﬁﬂtﬂd Tor field installation botn for the inner and tne cutcr

ringso"

Flat seats cn the seal bars were accepted for fiald 4nstu11ation be=
csuse they produced at least as good guality of aaal from e¢ther direution

8s B seat with two BArPOY legs, and in EoXE C&seS. 8 seal of better quality.

Sealing should teke. place on the upstraam sdge cf tne seal-bar nose
but may tuke place toward the downstream edze, In the latter ocase the -

springs provided in the design are necassary to maintain & ssal,
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