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Subject: Model ~es%s for '~the ~design of :hydraulio .sea.Is .for 
~at~Grand Coulee Dam~ 

SYNOPSIS 

it~asdeoided~h~t h~rauliomodel%ests.shou 
ply desig~Informationo 'Studies,.w~e.made~in~o~models,Yclth 
fUll-sizedoross.see~ions~of the~se~le~-One~w~s~a Oiroular,model 
of%he seal ~ 
strai~ht~se~ 
Theseven'ty~ 
pressionsea] 
seals s and~s~ 
teris~iosand~desi~n~orlteria.were established~for~eaoh.~byr 
means of bothquanti~ve~andquali~ative~!~estso 

'INTRODUCTION ~i~i,:~ 

Ordinary ',slide ~ gates ~ have been used ~as a means ~of i'~oont~olling 
v~ate: 

and" 
but, 

duclng friction had !the same -resulte 

A . n u m b e r o f  me~hods 
For lo~vhe~ 
rubber bell 
sealingpu~ 

gates and ~ 
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this ~ type  • ( 
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heels so that %he gate mzght cc~e ~in oon~aCt ~v~i~h the 'seat fat 
the closed nosition, ilnanother ~ioase ~thefra~e seat was raised 
and ~iven a slight anglei 
seat, allowing the ~seats 
Th? disadvanta~eofsuch 

s " . . . .  • . . . . .  - - ............... ntii it 
i again ~n the closed pos~tion, iThe Bureau of Reclamation uses 
the movable-wedge system/in 
gates have been used beth iz ....... SO 
This type of gate eliminates excessive hoist loads and has proven 
to ' b e  .very ~ satisf to ~hui,ld ~ 
due/to ~a meeessar 

,In ~an attempt ~to 3 ,the ~disadvan~ages .,b2 'i~the seals 
previou sl: was ~n~oduoed~as ,~a 
~sans of ~ ed.wheel~type..when used 
either inca pipe line !or onithe!faoe~of a~dam~ ~qn the Grand Coulee 
Dam, a number ~ of . . . . . .  

sluieeso These d :  

gates :i, have .recta 
seal to oneof t 

The s 
the most 
Grand Cou 
about 

a ~par~ s , 
" - - - o  . . . . .  

approl were also ~dev~l~Ad., ': ~. " Ire alsodevelcped.~ ': 

APPARATUS 'AND .METHOD OF !TEST.ING 

• were :made 

designed , 
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• The seal 
seal ~the 

}housingto supply pressure ~or ~ope~ 
.... ~ring ~aotuated By this ~mressure •~w 

~radlal ,:flow fr 
seat ~oould-:be--. 
don gages an~,~ 
drav~Ing _of thi . . . . . . . . . .  

_ ~,i 

The ~-second hous~g~was ~,ma~e~in ~an~ ;o make :the aotiOn 
-of the seal more,evldent. ~TDL~s housingi~ w~ioh v~s" a ireo~angular 

tnnrnvid 

b 
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,s~,were ,sen- 
, sea~l ~bmr :and 

altiO=al !oonneot£on 

was available f r o ~  ",three ~sourees : 

fugal pump,, and 
During the cour 
-~o innre~se ~the 
the s' 
for a 
more 

re ~,made 

The tes 
~ages, of:~th 
various ~ mea s 
surej the ~pr 
flow from th 
wRs lowered 
the pressur~ 
amounted ,to 
sure .was ta~ 
pressure: :'~a~ ..... 
llef ~v~ive ~ or ,by change of speed of the pump6 Since -maxlmnm 
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~:,.uuer were usedr~beea1~se:t 

In a ~few oases ~the rubber 
o this-varmatlon, s~e o~ the :seal.~:de~ 

ease s ~,tubular# .were 
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rubber .oemen~ -:were -!.then:.a~: 
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R~,:G-SE~,~L ~.~GDI~IL TESTS 

.The 
Wl~en the 
kled ,badl 
forming bei~een .one <Of/'k~e me~a1~m 

A .~:uJm. I~ D.Le 

.3/6~ inch, 

.~i ~̧  ,~ 

.) 

A ~high-pre s sure :f~e st ,was 

jury %o the seal. 

A fatigue test was made ~with t~ same set-upe.. A p~e, ssure of 70~ • 
pounds per square inch ,was applled a~d released by means, of a @=way-!; 
valve operated by . . . . . . .  - ....... , - _ a motor and speed-reducing meohanlsm, :After ~300 

~yu~es si~gn~ ~ea~a~e occurred ~hrough ~he i~iaphra~i Censlde~able i 
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PLATE J8 

Seal :assembly as .set up -~,~ 
3/16" gap - No pressures . 
No cooking of seal bar 

of 
i~hav, 

Rubb, 

a n d  was of ,poor ;qual . . . . . . . . .  - 
oversiz e. 

• xia~ hole had ~water pressure 

Sealed against 20 Ib./sq.iu. penstock 
pressure wlth 21 Ib./sq.in, under seal. bar 

No cook ing  o f  seal bar 

S e a l e d  a g a i n s t  ~75 l b . / s q ~ i n o  p e n s  t o o k  
p r e s s ,  wl~h.~.31 l b . / s q . i n ~  u n d e r  s e a l  b a r  ~ 

' No o o c k i n g  o f  s e a l  b a r  
Sealed. ,against 120 l b . / s q . i n ,  penstock 

• 70 lb./sq. , undo:  eal bar 
No o o e k i n g  o f  ~,seal bar 

'?5 l b . / s q . i n ,  p r e s s u r e s  i n p e n s t o o k  - - - ----- - - . i 
a n d  u n d e r  s e a l  b a r  lO0 ~ l b , / s q , i n .  p r e s s ~ e s ~ n ~  p e n s ~ t o o k  

No o o o k i n g  o f  s e a l  !bar _ " ,and u n d e r  . s e a l  !bar,~ ~" 
• P r a o ~ o a t l y  no  o o o k i n g  o f  s e a l  iba r  

.SHEAR SEAL-- DESI@N 5 
B~T DESIGN OF SEAL AND RUBBER BLOCKS 

i-3/16" x l-S/16" x 15 ° SLOPE RUBB~, 1/2" AXIAL AND RELIEF ~HOLES 



PLA~ 9 

Sealed against :~lq ilb./sq,ln, penstock press. 
with 26 ~ib'/sqoin. umler seal bar 

NOSE PIECE A 1 -1/4" GAP 

This nose piece was 
not shown on ~plate-'7 
of shear seals in ,'com- 
parison of nose pieces 
in design 4. 

Seal assembly as set up Seal~sd against 66 Ib./eq.in. penstock 
1/16" gap- ~ No !pressures l~ress, with 40 Ib./sq.~in. ~u~ler seal bar 

:NOSE PIECE F MOUNIED IN 50 ~0RO. iRUBBER ON :DESIGN 4 

70 "Ib'/ss~a~o ~pressures : in ~pen-took Sealed , a E a i n s t  ::60 Ib./sq.in. penstock 
and under i:s eal :~lb~ " :press. with 2 S ib./sq, in. ~under seal bar 

"~E'~Z~ l~ ~ ' I/4" "GAP.-~DRSIGN 4 NOSE PIECE l G 

Pressure under seal"~,bar ,v~,s , 

slowly:released to S~!b./sq.iln 
at which point .retraction ~oeas 

W 

85 I b . / s q , . i n ,  penstock ~ess~ 
from  ori i l   lb,/sq, 

70 ib./sq.in, lpalS~;O@k pressure released 
~o~h 3/4" inlet :from sealed condition 

NOSE PIECE A2- DESIGN S 

• VARIOUS N0~ ~PIEGES •- SHEAR :SEAI~ 
~NOS~ ~PIECE A 1 ~AbYD FLEXIBLE NOSE :~PIZ~ ~F, El, ~D O - 
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Seal assembly, a s  e e t u l  
~ t h  7/S2" ~Sap above 
s eel bar. ~No pressur, 
Guided on bo~h is ides. 

Sealed ~gains~ ~7o lb./~ ~i! 
s q . i n ,  p e n s t o c k  p r e s s u n e  
with 43 ib,/sq.in, uncler 
s e a l  b a r .  

70 l b . / s q . i n .  ~pressure l  
i n  p e n s t o c k  and  ~under 
s e a l  bar~. 

8 

Not g u i d e d  t o  s e e  :oook- 
ing o f  s e a l  b a r ,  ~ S e a l e  
a g a i n s t  '62 l b . / s q . : i n .  
pens to  ok p r e s  s u r e  

under seal b a r .  

iDZAPHRAGM TYPE ~S14L -DESIGN 1 
BLACK RUBBER DURO. 8 0  :SHAPED ~ IN "A"  

CLAMPED BUT ~NOT~VULCANIZED 

! 



t 

b a r .  No ~pressuree .  
Guided on bo~h is i d e s .  

r 

k, 

Sealed against ~10>0 
s q . i n ,  p e n s t o c k  pr 
w i t h  12 ] b  . / s q . i n .  
under seal bar. 

S e a l e d  a g a i n s t  63  l b , /  
s q . i n ,  pens%ook p r e s s u r e  
with 27 Ib in. 
under seal • 

S7 ~lb, /s  q . i n .  pressure 
o n  ~pe~s~ook a~d under  
sea/~be, r .  

• e 

~r~ ¸̧  ~i ~ r 

m 

D ~ M  SEAL- DESIGN 2 
3/8" BLACK IEIBB~ FLAT ~SH~T 

D~RO. APPRCL 60. I~RCm) 'INTO SHAPE AS IN '"A" 

r 



M 

P L A T E  ~I2 

°, 

Assembly with.:S/8" x:S/8', graphited Sealed-70 l b . / s  
flax ;packing- I/4" seal bar movement Ib./sq.in. in :mi~ 

-in. ~_umder 
DESIGN 'I !REVERSED - ABNORMAL SE 

Assembly as set up unguided 
normal 3/$2" gap Extended ~0 ~closed ~ ~  

w i t h  ~30 , l b . ~ s q . t n .  ~under sea~l ~bar 

Retracted to S/I6"gap with $8 ib./sq.in. Sealed against 70 ib.'/s~.in, pens, press 
inmiddle c~unber and :no press, under " • 
seal bar S2a~ no;press, i n middle chambers with 

2 ib./sq.:in, under seal bar 

Sealed against~?O ib./sq.in. ;pens. press. Sealed ~against 70 ilb./sq,lin. I P 
and 20 Ib./sq.in. in omiddle chambers and 40 ib,/sq,in, in middle o 
with 43 Ib./sq,in. under seal bar 84 ib.~sq.in, under Seal bar 

DESIGN 2- 21/32" O.D. ~ RUBBER - DQRO . APPROX. 66 "GARLOCK ~151" 

DOUBLE ACTING , S E A L S  ~i!:.; 
HYERAULIC ,PRESSURE CHAMBER ,ACTUATED . -  DESIGNS -.I ,am~ :~o 



i'i/ / ~ i ̧ 
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) ~ ~ ~~ '~ '~ : , '~# :~¢~ ~ ! . ~  J . ~ ~ .. , . : . ,  

!~'~: i/) . ~ 3 

~.-."~ '. i. '.~ .i' ' " i i ' . . l ~ ' ~  : . . . ; ~  , ~ , . . - ' ,  .~ '".'-' " 

, Channel nose piece Bottom view design IA 
DISASSEMBLED YIEWS OF DESIGNS ~2 AND IA 

i 
Retracted with 5 lb./sq.in, pens. press. Sealed against 70 Ib./sq.in. pens. pres~ 
long stays ~bolted at ~midpoint wi~h 26 lb./sq.in, under diap.hragm 

DESIGN 1A - SHORT STAYS UPSTREAM 

Retracted with S Ib./sq.in. pens. press. SHed against 40 Ib./sq.in. pens. press, 
with 20 Ib./sq.in. under diaphragm 

iDESIGN~2 - SHORT ~STAYS~UPS TREAM 

Retracted ' . ~ r i t h  : ! 3  !lb. q,'in. : : • press. 70 ~ib./sq.in.. • ~ . p~essures in penstock 
and under seal bar 

DESIGN 2 REVERSED-- SHCRT STAYS DOWNSTItF.,.A~M 

,STABILIZED FLEXIBLE DIAPHRAGM SEAIZ 

65  


