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Denver, Colorado, June ii, 1943. 

I~MO~A~DUM TO CHI~,F DESIGNING ENGINEER 
(Eo S. Gray through J. E. YJarnock) 

Subject: ~ydraulio model studies of sphere valve seal designs for Shasta 
power plant - Central Valley project° 

I .  Introduoticn. The sphere ~Ive tests involve.d the ~O-in~h sphere 

valve (figure I) upstream from the station service unite>at ShaSta Dam. 

The valve proper is a spherical plug which rotates 90 degrees ~ and is hy- 

draulioally operated by a rotor and a starer, both of whloh are enclosed 

in a cylindrical housing. There is one operating unit on each end of the 

epheric~-I plug, oomprisin~ t~o rotors and ~o starers and one annular spaoe 

formed by the head and the walls of the rotor housing. 

The rotor (detail F and item 7 in section D-D)~is pert of the plug 

and forces the plug to rotate in the open or closed position when actuated. 

Seotion C-C is a plan in the open position, whereas section B-B is an end 

view in the open positiono 

The stator (section G-G and item 8 in section D-D) is attached to the 

head of t}~ valve, one on each end, and is statiomaryo Tb~ rotor moves in 

the hollow, cylindrical, annular spaces, two on eaoh end of the plugo The 

rotor divides each space so that four chambers are formed. TI,~ rotor is 

Lctu-ted by oil pressure in two ohamberso The dir-.otion of rotation is re- 

versed by manipulating the t~see-way control valve to apply pressure in the 

o t h e r  two chambers. 

Five types of seals are used in this valve: sixteen sliding, straight 

bar seals; sliding~bar ring seals~ the sliding spherical-bar ring seal; 

the oupped seal rin~ and the wiping seal. In these tests consideration 

has been given only to the first t~o types. 

There are four slldin~, straight bar seals in each of the four annular 

chambers (or a total of sixteen sliding, straight bar seals): (i) the 
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horizont~l upper seal on each rotor (detail F, item 31); (2) the horiz~atal 

lower seal on each stator (section K-E, item 27), and two vertical seals on 

each statorl (3) the inner seal (detail J, item 28)'- and (4) the c'.~ter seal 

(detail H, item 26)• All of the alxteen separate, sliding bar seals are 

constant-contact and spring-actuated. The v~rtical senl bars have circular 

surface Se 

There are four sliding-bar, horizontal, ring seals in each valve, one 

inner ring zeal (detail F, item I~) and one outer ring seal (detail P, item 

13) in both the upper and the lower heads. These ring seals are in non- 

ztant contact against the walls of the annular space (sect!on G-G) and are 

actuated by .~pringso Section K-K shows the details• Both ring~ must seal 

from either direction. 

The remainin~ three types of seals were not tested. There are two 

sliding, ~herical-bar ring seals in a vertical plane (detail F, item 18) 

to seal penstock pressure from the outer, sliding-bar ring seal (detail F, 

item 13). These seal rings are retractable, operate with hydraulic pres- 

sure applied underneath, and are spring-retracted when this pressure is re- 

lieved@ There are also t~o cupped rings on each spherical bar (detail F, 

item 2~), of expanslv~ material, to sea~ the actuating chamber under the 

ring. Two ring seals are provided in each valve so that it can be sealed 

when the flow is in either direction or with pressures on both + sides. 

The wiping, flexible seals protect the sliding bar seals, wiping the 

surfaces ahead of the bars and also performing a sealing. These wipin~ 

seals and clamp bars are shaped to conform to t|~ various surfaces on which 

they slide or screpe (section K-K0 item ~2, and details J and H, items 36L 

and 36R)® In addition there are two wiping seals along the vertical, sta- 

tionary, inner contact ~,urface of the rotor (section D-D. item 37R) which 

simply seal the crank between the contacting surfaces where the sliding fit 

must be allowed for ass.ably purposes. 
[ 

2o Problems for model study. It has been thought ger~rally that the 

unit sealing pressure must be oonsiderable to effect • seal@ For design 



purposes th~ unit nres~ure on th~ ~ealing sur.~,ces has be.en taken as 

five tim~s the unit hea~ pressure, ~hi~h ~ans th~ ~ealinc s:~f~-ce must 

be harry: to have a high unit pressure on itl otherwise the force to be 

applie~ on the seal bar must b~ unreasonably Ereat. 

The first part of rye tests ;~%s conducted to detemuine the tun!t con- 

tact pressure requir~,d to effect a seal against any particular he~d. Tbls 

was completely r, ested An the visual, sectional seal model an~ corroborated 

in the !O-Inch, rlnF-seal mo~e]. 

It v;zs desired to test the original se~l des~Cn (figure 2A) pr~;osed 

~or the SO-inch sphere ~alve, Th~ seal oar .~md ver~j ,malx olear~cee to 

reduce leakage by way of the .slot or ~roove~ but nevertheless it ~':~= de- 

sired to ooserve or measure the lea~mEe quantitatively. The quality of 

the seal a~ the seat also v.~a5 to be observe~ for narro~ ~ or ~ide contact 

surfaces. I~ the ca,~e of the straiEht seal bars, lesha~e t.~rough the 

clearanc~ v:oul ~ _ ;robably oe slight because the bar ~s presse~ against the 

dovn~stream face 0£ the groove; but in the case of the ring-seal bars, the 

clearaz~ces ~re not materially changed .~&th the head, so that leakage ndght 

be considerab1_e even through an allowed clearance of Oo,w02.~ inch. Other 

des!~n~, ~hereJore. m~gnz .~ave to be tried in tests° 

So The models= Two hyd,aulic models were used in whloh seal ~6~lem- 

bliee having full-sized cro~.~ .~eotions coul~ be tested. The sliding-bar 

seal design, for the ~n}mre valve (figure SC), was mm~e to fit into the 

visual, seotion~l seal model (figure 2). The sealing unit was e full- 

sized section of th~ .... +o~, ~ 2-1/2 ino}~s long The hou~irg of the 

model wa~ a rectsnEul~ ~ =o~ with transparent platee for th-~ front and 

back, made of i/2-1~ch Lucite plastic plate, permitti~ visual observation 

and photography of the sealin;j unit inside= Supply lines were connected 

to provide penstock pressure upstream from t.he sea]. bar an4 to proTide 

pressure for operatln~ ito Relief lines an4 v~lves from these supply lines 

were also connectedo Bourdon gages were installed at suitable points to 

measure penstock pressure under the seal bar= 

4 



The seas sssen~;!y ~s remitted o• an adjustable base inside of the 

box, and its position with respect iho the seat cculd be varied ~;ithout 

disassembl~n~" t~.~ ~nst~]latlon. A sli~ing s~at was provlded which could 

b~ moved at ~ny tiz~ during th~ test. A plezometer cormectlon from 

~,~r,~ur.. the seat to ooen to a hole in the top olabe 

of th~ Cox and th~r,c~ cy m suitab]~ pipe conre.,ction-to a pres~nre gage 

or to a reli:~f v~,!vo. 

There v,~ also a har4-operated ]ever provided for operating the 

plunger in the ~ - ~  " ~  ..... oh~te of the box. ~ . , e  olun~ c~,:i~ be connected 

to the s,a] bar" an'~, '~"hen .~o connected, forces Could be applied to the 

. . . . .  ~,'I oar an~ ~.~,,~.sur~:!. Fi[ur~ £A ~ho'::z the te~t apparatus, ~n ~. figure 

2 ~,h~:~s the ori~:c[psl details. 

Th~ .... ~ ±.,-~,.ch, rin~-se~l model (figures Z an.4 5)w-~s desigTned to re- 

ores--hi ~ circu].~- gate in "w.~ich a ]O-inch diur~ter ring seal of pro- 

totype crou:~ section cou]9 be inztal!edo 

The p~.,n~'tock supply w~.s a 5-inch line into and t~ough the cap 

plate of th~ model~ From chanber C under the cap plate, the water "-.','as 

for~ed ou~,v~rdly between the seat or, the Cap plate and the nose or seat- 

ing surface of the seal ring. Vhen the ~eal ring was forced against the 

sour, the peustock Vlo~, c~asod an:] the gate was sealed. 

The supply line by which the seal ring v.~s operated was a I/2-ineh 

llne into the bottom of the model housing which opened to an ~unular 

chamber an4 finally to c~mmber B under the seal ring t~hrough th~ holes 

provided for the seal-ring spring° 
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FIGURE 4 

A-Teat ap~ratuJ showln~ the slldlz~ bar sos1 In~talled wlth faoe ~ (lqs) of ~ ~ %@ ~Im m~ A.a se~l~ &t 70 lb. pr 
o q , l n ,  l~eni took p~saure, pressure i n  Qhmmbers A and B ~ u  60 l b .  

B-Fat, A of seal bar to the seat. Seal bar re- 
mains sealed at 70 lb. per sq.ln, with pressure 
~n chamber B reducud to zero--additlonal foroe 
was required to retraot it. 

C-Seal  b a r  r e t r a o t e d  1/32 Snob wi th  p i ' e s su re  i n  
chamber C 70 l b .  and d r a i n s  t o  ohambers A and 
B olosed--pressuz~ in A and B was 4 0 lb. 

D-Se&1 bar ~traoted to f l o ~ t i ~  posltlon with a 
gap of less than 1/32 inoh and penstOck pressure 
of 70 lb. Pressure in ohamber B ~s reduoed 
%a; lOro. 

VISIIKL, SECTIONAL SEAL MODEL APPARATU3 



FIGURE 5 

A-Test arrangement with baffle can and cover 1:1 place. 

B-Baffle can end cover removed° 

10-INCH RING-SEAL MODEL TEST APPARATUS 
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Relief lines an~ valves were co.~uected to the supply lines to control 

the pressures and volumes. Bourdon gages were installed at suitable points. 

The gage measuring Denstock pressure C was connected into the center of the 

cap plate, and the one m~,asurin~ pressure in chamber B ~s connected into 

the annular chamber of the housinse 

In addition, there were six pressure or relief~ports opening to the 

seat on the cap plate and centerin~ on the seal ring (figure 6). The six 

connections r:ere brought to a common header provided with a pressure gage 

an~ a relief valve. The necessity far these pressure or relief ports ~s 

t.~ the pressurc or leakage conditions in chamber A, at th~ seating sur- 

faces, might be determined, ~ ~ 

The distance between the top of t~he groove ring and the seattle termed 

the clearance, and the distance bet~e~a the nose of t,he seal bar and the 

seat is termed the gape The cleLrmnoe cauld be varied by shims under the 

cap plate. The gap was controlled by t~ design or by hydraulic forces 

acting on the seal bar. 

4. Operation of the models With the available supply systems it was '~ ~ 

possible to control water pressures and large volumes over all ranges up to ~" 

and including II0 pounds oer square incho Hi~,r pressure could be obtained 

with a hand pump arrano~ement, but with practically no volume. 55 

The tests consisted of measurements of penstock pressure in chamber C 

(figures 2 and ~); pressur~ in chamber B under the seal b'~r& pressure or 

leakage in ohambe.r ~ ,above the seal barj and the load.:~quired on the lever 

in the visual model to move or hold the .eal bar in any position. Visual 

observation was augmented by photo~,aphs, and variou~ changes ~ere made t o  

the assembly and to the seal ring or bar to determine the operational ~; 

characteristics of the seal ring or bar in sealing or retracting, or of the 

unit as a~v:holee ~ 
1 

For any penstock flow, sealing pressure in chamber B or load on the 

lever was det~rmiued by admitting pressure slo~'ly in chamber ~ or loadin E 

th~ lever and observing t~he a~tion of the seal bar. At the point of seal- 

I0 



FIGURE 6 

pr,issuri~ ilol¢~s oent~rIng ou sea] rln6 to chamber A. 

B-Seal ri:1~ and distance piece removed. 

IO-INCH RING-SEAL MODEL TEST APPARATUS 
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ing, t~. o~nstock flow was stopped. The quality of the senl was determined 

by th~ amount of leakage between the sealing surfaces. Breaking pressure 

was det~rmine~ ~ relieving the pres~ure slowly in chamber B or load on 

th~ lever and ~otlng th~ ooint at which penstock flow began. The sealing 

pressure and the bre~2inz pressure usually were not the same, due either to 

inherent friction i~ the parts or To the end friction of the seal bar (in 

the misual mo~el) or %0 the extent of surfaces in contact, or to all factors 

combined. 

If the valve supplying cha~er B was ooened too rapidly, while penstock 

supply ~ms mair~tai~e~, a slam of more or less violent mature was produced by 

the seal bar ss it clone,~, and consequenZly water hanuner resulted. 

,:.o The ~i~ual, s,.ot~onal, seal-model tests. The original design (fig- 

are 4) for the stre,~ht bar reals was tested in the visual, sectional model 

with th~ ~al bar in t~ no~;itions and under at least two conditions, 

(a) With face ~ the seat (figure 2A) and the port t~mough tl~ bar 
closed, sealinz took place very easily, and once the seal bar was closed, 
pressure in ch~r~er B or ores.~ure on the lever could be entirely relieved 
without the se~] breakin~ ~figure 4B). This w~s done for pressures as high 
a~ ii0 pound~ oar square inch in chamoer C, For this sealed condition, 
however, the drain from chamber A ha.~ to be opened because pressure as high 
as 9/10 of %.ha b~ag developed in it. This pressure in chamber A ~s due to 
leakage over the u~..~tream 1~ of face ~.~ Readjusting. the level of the legs 
produced no better sealing, nor was sealing improved when ~ealin~ pressure 
was applied on the ~ea~ bar with the lever, 

The ~restsst negative pressure was developed over face A ~chem the gap was 
1/~ inch with th.- drair, from A closed (figure 4C). Since the clearance v~z 
also 1/32 inch, f~.ce A ~a,~: flush w~tL t~.e top of the groove block. It re- 
Quired an uNard wall of eight pounds on the le~.r to ~tract the seal bar 
fartherj or, a forc~ of ,.bout 60 pounds was exerted dowr~::ard on the seal bar. 
When the negative ~r~ssure ~.ms overcome, the bar ~n~tantly wgs forced to the 
bottom of t~m zroove by oositive water pressure above it. Sealing from this 
po~iti on occ~,"~ ~th s slam ~"hich coul~ not be prevented normally. 

(b) With face ~ to the ~eat and the. port Qpen and drain from chamSoer A 
close~, the le~k~ge over th~ downstream lez of face A w a e  observed to be 
about t.~ sam~ ~ before. It ~s also observed that the leakage through 
tb~ do:~nstroam surfaces in t~m groove block was more than over the legs mt 
the seat. After care!ul remac.hinlng of the parts an.d painstaking installa- 
tion (both of :"hich were done several times), It wa~ apparent that a perfect 

12 



~h~ parts were seal could not be attained in this man~er. Consequently, ~ ~ 
ground on a flat plate. Face A and face B of the seal bar and the sliding 
and seating surfaces on t~m ~;liding seat were ground on a glass plate, 
using FFF emery o~d~r and No. ~04 pmmice for finishing. In forests, 
l,akage was only in drops over face A. With the port closed the seat was 
morned back ~nt~l only the upstream le E sealed. In this position the seal 
bar closed or opened with a force as small as one pound on the seal bar, 
applied through the plunger. The c~adition was the same when both leg~ 
were in contact ~th the seat and chamber A drained. The sides of the box 
were clamped agvdost the sea~ bar, and leakage was reduce~ to a thin 
stream mainly coming by at the ends of the two legs. 

(c) The seal bar was inverted so that face B (flat of seal bar) was 
now to the seat (figure 2B). The port ;ras closed and face B was adjusted 
so that the downstream edge was definitely in contact. With the drai,n from 
chamber A closed, the pressure in chamber A almost equaled penstock pres- 
sure. At 70 pounds per square inch in c.ks.mber C, a force of 19 pounds was 
applied to the end of the lever at a ratio of 7,1 to cause sealing, while 
pressure in chamber B was zeroo The sealing force on the bar was thus 
19 x 7 - I~ lb., and unsealing pressure, if water pressure is acting over 
the entire seai-bar face i~. ~/4 x 70 x 2.5 ~ I~I lb., the seal-bar face 
being ~/~ inch wide and 2@5 inches long. The discreparcy between 13Z a~d 
i~I pounds may be made up if the weight of the lever ic taken into account, 
so that the unit contact sealing pressure was practically zero. 

The leaks re of one quart in 4-!/2 minutes in (c) was about one-tb~rd 
that in (a), whero leakage was one quart in 1-1/2 minutes. From this test 
it v.w~ concluded t~t t~ wider, flst seal wa~ b,tter thsn the seal made by 
the tw;o narrow legs, so far as the quantit3 ~ of leakage was concerned, and 
it disproved the common belief that a small contact surface ,.dth ~reat 

pressure wa~ needed to effect a seal. 

In another test the seat was withdrawn with the crank, a turn at a ti~, 
and simultaneously the weight on the lever was reduced uniformly to ~in- 
tain the same unit pressure on the seating surfaces. Leakace remained 
practically constant during the trav, rse, sometimes decr~asi~ to drops@ 
The seal was Just as effective vrlth 1/18 inch in contact ss with ~/4 inch 
in contact. From t2~is test it was concluded that only line contact i~ 
necessary to make a p~rfect seal, because the narrow surface sealed Just as 

w e l l  as the wide surface@ 

Upon clamping the sides of the box against the seal bar, leakage through 
the assembly was reduced to drops so that quantitative tests were abandoned. 

(d) With the face B to the seat and the port open, the conditions were 
the same as in (o) because in the sealed position there was water pressure 
at A in either case. The main problem was to get the flat nose of the seal 
bar to seat perfectlyc To do this involved the tilting of the bar in the 

13 



groove block. When under a pressure t~st, elight tilting generally occurred 
which could be seen even in the O.O02-£nch cl~aranoe crack. The tilting 
v~s counternlock"~Ise (downstream) when penstock pressure of about 75 pounds 
p~r square inch was applied. This affected th2 lining-up prooes~ and also 

the area of the surface in contact. 

(e) It was furbher desired to find the effect and to observe the result~ 
of the application of grease on the surfaces in the groove block. T~o 
kinds of grease were used. a paraffin grease call~d "Ezit" and vaseline. 
The Ezit grease ia waterproof, does not injure rubber, and has good stick- 

in£ qualities; the vaseline was not tenacious° 

First, only pressure in oh,tuber !~ was applied up to 75 pounds per square 
inch for both kinds of zreaseo The Ezit grease v~s eetimated to be about 
five times better tb~u the vaseline in preventinz a blowout and the re- 

suiting leakage. 

Second, penstock pressure was applied in chambers C and E. The seal bar 
was crowded to the d~nstreamwall in this case, but with Ezit grease, 
leahage ".':as in drops, where with the vaseline it was in thin streams. 

6@ The IC-inoh, rlng-seal model tests, Difficulty was experienced 

in these tests ,.om~- two sources. The flr~t was from the scale end dirt 

and fin~ s~nd ::hich continually broke l~ose from the old piping ueed; in 

tbo second, to rci:¢e or lower the seal ring was esp=cially difficult be- 

cause the slightest tilting or cooking would cause it to oi..d, and neither 

hydraulic pressure nor foro~ would move it unless the seal ring was first 

~trai~ht~n~d axially in its ~roove. Disassembly and cleaning was necessary 

a number of ti:~s to get rid of scale and dirt, but finally fin~ screens 

(200-mesh) w?re insta1!ed both over,,t~ penstock inlet to char~sr C and 

over the iul,t to channel b under the seal rin E. Then successful opera- 

ti~n of the model was uossible. 

Ports through the seal ring were not contemplated in t?e original de- 

sign for the sphere-valve seals, but ther~ was ~ possibility" that they~ 

might co used after result~ of t~ tests in the visual, sectional seal 

model v:ith face ; to the seat, and six ports were provided in the lO-inch 

seal ring. These also served in applying t~e lifter bar across any two 

holes for removin~ the ~al ring. Tests, however, were conducted only 

~ith the ports closed, because from ti~ very first it was seen that the 

14 



inn-r edg* of the seal rinF sealed ve~" well; so leakage to chamber Avms 
[," I\ 

not a problem. The reason for considerin~ por~t~ through th. seal bar was 

that if" pressure in chamber A ~ to be constantly a matter of fact, de-, 

liberate con.litions might Ju,,~ a~ w=l! be provided so that pressure in 

chamber ,~ ~:ould always be maintained equal to that in chamber B. 

The seal ring was installed ~.ith the t~,elve 5/8-inch diameter springs 

and buffer guides in place (figures ~A and D) and the ports closed. The 

seal ring was tested in the, two positions; with face A (le~s) to the seat 

(figure ~A) an~ with face B (flat) to the seat (fiEure ~:~). The clearance 

was I/~2 inch. 

Leakage occurred in the sealed positions for both oases and sprayed 

out in a flat thin sheet below the cap plate (figures 7A, B, C. and D). 

In ~ and b th~ legs were to the seat and in C and D the flat was to the 

seat. It made no difference as to the amount of ~ leakage whether pressure 

~vas applied in chamber !~ only or both in chsmbers B and C. By applying 

pressure in chamber B only, it wa~ seen that leakage to t/~ outside was 

greater than that to~'ard the inside, by oomparino~ t~ outside flow with 

that of the ~rain from chamber C. Consequently, s test was made ~[th a 

feeler gage 0.015 inch thick to determine clearances° it ,~as ~ found t.~t 

in the inside clear,nee the feeler could be inserted only at a few points, 

but in the outsi~e clearance it was inserted freely practically all sround. 

; maximum clearance of 0°0025 ~nch was allc~able~ Furthermoze, pressure 

in c}~mber ~ woul~ reduco to zero when a ~ood seal ";,~s effected, but leak- 

ag~ ~ould continue. It was therefore concluded that t~ leakage all cam~ 

from the clearance around the seal ring. The loakage was also found to 

be about the, sam~ a~o.,nt when no springs were used. 

Sea!in~ con,]itionz at e~.e seat were good when ~ood contact was ~de, 

but when dirt got on the seating s'~rfsoes no amount of pressure in chamber 

B woul4 csuse a seal. $iuce no retraction was possible when the sprin~s 

were used, further test~ w~re conducted without them so that limited re- 

traction could be obtain-do 

! 
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FIGURE 7 

A-75 pounds per  s q . l n ,  under sea l  r i n g  In chamber B ~ n l y .  B-'r5 pounds per  '~q.~.n, ~.:; chamb.r P and il~ chamber C, 

FACE A (LEGS) OF SEAL RING TO THE SEAT 

C-75 pounds For s q . l n ,  u n ~ r  s ea l  r~ng In chamber B o n l y .  D-75 pounds I.~,r s q . i n .  ~,uder r i n g  i~ ch*~mber [~ llnd ~n chamber ¢° 

FACE B (F'LAT) SEAL FINO TO T[[E SEAT 

. . . . .  - . "  . . . . . . . . . . . .  AT S ,~I . ,  R ~ L ' G  DESIGN 



The seal ring was installed without the sprigs and tasted ,with face 

A ~legs) to the seat and with ~ace B (flat) to the seat. The clearance 

was incr~ase~ to 1/8 inch (figure ~B). 

V:ith face A to the ~eat and the relief from chamber A open, for 75 

pounds per square inch in chamber C th~ sealing and breakir~ pressures in 

chamber B were 15 and 7 pounds nor square inch, respectively. Sealing 

occurred suddenly and with a slam: release was also sudden and with a ~rk° 

V hen sealed pressure in chamber A was zero and when unzealed, the amount of 

retraction was small. 

T;hen the drain from chamber A was closed and the penstock pressure 

maintained st 75 pounds per square inch in chamber C, the seal rin G rose 

slightly at 3 pounds per square inch in chamber B. Further pressure appli- 

cation in chamber B caused the seal ring to rise to within 1/84 inch of the 

closed position or to a gap of 1/64 inch. The negative pressure developed 

through the gap assisted in raising the seal rin~. This san~ condition was 

very apparent in the visual, sectional, seal-model tests. As pressure in 

chamber 5 was further increased, pressure in chamber A advanced ahead of 

pressure in chamber B by 2 pounds per square inch, until a seal was sud- 

denly effected at 30 pounds per square inch in chamber B. 

As soon as the seal ring slammed closed, pressur~ in chamber ~. sl~-ly 

reduced to praotica!ly zero. This now proved that the inner leg was almost 

l~r fectly sealed. 

With face B (flet) to the seat and rclief from chamber ~ open, for 75 

pounds per square inch in chamber C, sealing pressure was 28 pounds per 

square inch in chamber B and breaking pressure was 24 pounds per square 

inch. Pressure in oh ameer A reduced to zero. The seal ring closed without 

• a slam if pressure in chamber B was raised slowly, bu~ slammed closed if it 

was increased rapidly. Slamming was less pronounced than when face A was 

placed to the seat. The retraction of the ring demonstrated that sealing 

wa~ not accomplished at the upstream edge of the seal-ring nose. 

When the drain from c~mb~r A was closed, the action was similar to 

/ 
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that when face A was to the seat. V;ith penstock pressure ~intained at ~ 

75 pounds per square inch in chamber C, sealing pressure was 50 pounds ..... ~ ~ 

oer square inch in chamber B. The pressure in o~mber A led the pressure 

applied in char~er B by 2 pounds per square Inch, until • seal was sud- 

denly affected. 

The conclusions from this last test are that the pressure necessary 

to cause sealing is the same for either face A or face B to t~ seat. - . :-..~ 

Furthermore, the quality of the seal is not necessarily a function of the 

area in contact nor of the unit pressures of these areas, but rather the . /~ 

pressure necessary to make line contact, because the quality of th~ .~AI ' 

was good for either the narrow or the wide seating surfaces. The 

contact area may, he.ever, assi st in making a better seal because 

greater resistance to flow over the longer path so that leak~.ge would be ~ ~"~'::~- " 

reduced. 

the reason for the "variation between sealing and breaking pressure ~~ ~~:"~ 

from lfi to 28 pounds per square inch and from 7 to 24 pounds per square : ..... 

inch, respectively, is probably due to the variation in action of the water 

over the ~:o faces, quicker rellef being, afforded from chamber A when face 

is toward the seat than when face B is t~:ard the seat, so that the un- ~ii .'~=" 

seating force is greater for the wider contacting surface. . 

The seal ring was changed b y  adding the di stance piece and slottin~ : .... ~ 

act like a piston ring, because leakage through either the outside: or t.he 

inside clearances was too great to be allo~'ed (figure 7). The design is 

sho~ in figures SE, F, and G as seal-rin~ alteration. 

With drain from chamber ~. open azd penztOck pressure of ii0 pounds 

per square inch in chamber C, the. s~aling pressure was 47~. pounds ~per square =~i-i 

inch in cbzmber B and breaking, pressur~ was 25 pounds per square inch. For ;~ 

a pressure of 75 pounds in chamber C the sealing pressure was ~5 pounds in 

chamber B ~ad breaking pressure ~s 23 pounds. Full release took place ,~ 

after pressure in chamber B was further reduced by I o poundso 

18 
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With drain from chamber A closed and penstock pressure of II0 pounds.,,,,, 

per square inch in chamber C, the sealing pressure was 50 pounds per 

square inch in chamber B an~ breakin~ pressure was ~5 pounds per square 

incho For a oressuru of 75 pounds in c~mber C the sealing pressure was 

SB pounds in chamber B and break~.ng pressure ~as 27 pounds, -~ 

In both cases pressure in chsmb'er A did not always become zero. In 

some cases additional pressure in chamber B caused a, better -seal~,~md pres- 

sure in chamber A eventually dropped to zeroo T~Is condition,indicated the 

presence of foreign matter on the seating or, slidi~, sur~faoe s ~hioh could 

be compressed or indented into thp brass of the seal ring. Several times, 

on dismantling, the seal ring was found pitted an~ the e dges battered. 

In consider~ nc th~ leakage tbmough the outer clearance and through ~i 

th~ distance piece, the action of the ring ~st be taken into account. 

V rhen pressure in chamber =~ only wa~ applied, the leakage was greater wlth 

the solid ring (figure 7A compared ~:~th figure 8A); but when penstock pres, 

sure in chamber C was also applied, the leakage was reduced by about one- 

half. sho Jin~ t~hat the ring had slipped oubgardly (one could also hear the 

slippage taking pl~e). Finally, leakage was practically stopped when the 

cao plate was hit with a hammer handle, causing more outboard slippage, each i 

rao decreasing the leakage. This proved that the ring would make a good 

seal along t.he outer clearance space when designed after this fashion@ The 

improved sealin5 conditions are sho..~n in figures 8B and C. In B, prescure 

was applied in chambers B and C and some leakage is ~een, but in C, leakage • 

has virtually stopped after rapping t~e cap plate with the hammer handleo 

It ~s assumed tnat the seal ring would slip inwardly in the same manner 

if the penstock pressure were reversedo 

There was some "~ater getting by the distance piece but when it was 

greased with Ezlt before installation, almost a droptight seal ~as effeoted. 

Splltting the seal ring did not make its installation or removal any easier. 

7. Unit contact sealing-pressure analysis. At least one set of com- 

putations may be ~de sh~ir~ " that the unit pressure required to maintain 
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FIGURE 8 

LEAF$,~qE T E S T S - - - o ~ t ~ , T ~ D  SEAL =.~'..J E , . ' ~ ' : - ' x  TO SEAT 



a seal after ~eating has taken place i~ small, if not negligible° "~' 

If the pressure at which ~ne seal ring breaks contact of 7 pounds 

per square inch were taken as the seali~ pressure, ~nd the unit area as 

5/4 inch wide by I inch l~ng along the center line of the seal ring, then 

the force upward is 3/4 x 7, or 5-1/4 pounds minus 0.3 pound wei£ht of l- 

inch length of ring, or about 5 pounds, it is assumed that two legs are 

taking this pressure equally because each sealed equally ~II! so the up- 

ward force may be divided proportionately. The outer leg has a m~an oir- ::\ 

oumferenoe of 32.3 inches and the inner leg has a msam circumference of 

~0.5 inches, while the center-line circumference is ~i .4 incheso The force 

on the outer leg is taken by the seat and need not be considered further. 

The force on the inner le~ is 30.551.4" x 1/2 x 5 - 2.4 pounds upward° The 

downward pressure due to 75-pounds-per-square-inch penstock pressure on the 

approximately 1/32-inch radius on the inner seal-ring edge is about 
30.5 1/32 x ~ x 75 - 2@~ pounds° Since the tao forces practically balance, 

it is concluded that once line contact is made, the sealin~ pressure re- 

quired is almost, if not entirely, nil. If the outer leg is only touching 

but not pressing on ~he seat, t~n the sealing pressure in chamber B is 

too large and indicates that the inner leg does not seal at the upstream ~ 

edge but that pressure areas exl st between the seating surfaces. 

The reason that computations generally cannot be made tO'check is that 

sealing does not take place at the extreme upstream edge of the seal bar° 

If ~ater pressure creeps in t~ crevices or spaces-it will create a force 

tending to unseat the seal bar~ yet a good seal is maintained heoause line 

contact is established in the form of a co.tour along the high spots. 

In the tests in the visual, sectional.~seal model the pressures applled 

by the lever ~en the seating surfaces leaked could not be made to check 

in co~putationsj therefore these are not included. ,~After the seating sur- " 

faces were ground true, lever measurements were superfluous and not taken ~'~ 

because the upstream edge sealed perfectly so that there was no unsealing 

pressure to counteract. 
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8. Conclusions. and su.m~ar~ of testa. The unit pressure required to 

effect a seal, o~Ice llne contact is mmde~ is very small° Line contact 

only is necess~.r7 to form a perfect seal. A wider are.. may be beneficial 

from the standpoint of leakage if cataract is not perfect, because a longer 

path for water flaky v~ith consequent pressure drc~ is thus provided, 

The narrc~ver the seating surface on the seal bar or ring, the lower 

,~.II be the pressure required to bring the seal bar in contact ~[th the 
3q 

seat° A rounded nose piece ~'c,uld therefore appear to be the most advan- 

tageous design. ,-, 

The flat seatin~ surfaces must be mery clean to make a perfect seal. 

Accumul~tion of dirt on the upstream edge of a flat nose does not ~oash 

through when retracting the seal ring; therefore, a flat sealing jurfaoe 

is detrimental from this standpoint° 

To produce ~ood retraction of the seal bar or ring, with hydraulic 

forces, the u,nstream edge of the seal bar or ring should be chamfered. 

The size of the hamfer s.s demonstrated by tests on retractable seals in 

gate seal designs and tests ~hould be at least half the, ~.ddth of the: seal 

bar,, or, Tin£; the unbalanced force under the remaining unohamfered part 

,: pr~@~jo~s extra sealin~ pressure to force the seal bar in better or con- 

i~ tinuous contact, 
/ 

'~:.- Th~ ~:split rin~-.~ th .f~.~ distance piece insert produced good sealing 

<~-",qua.,litie~ agains~ :l~s~age throhgh t,he dc~nstre~m clear-hoe space, The ~-_- 

:~de~isn ~as acc~pted:for~-flel d in~tallation both for the inner and the. outer 

rings o 
2- * 

Fl~t seats on the seal bars "~ere accepted for field inst~llation be- 

cause they produoe~ at least az good quality of seal from either direction 

as a seat with two narro~.: lees, and in some, ,c~ses a s~al of better quality. 

Sealing should take place on the upstream edge cf the seal-bar nose 

but may take place toward the do~nszremm ed,,,e. In the latter ca,so the 

springs provided in t}~ design are necessary to maintain a seal. 

2~t ~. s. tray 


