
------·-:4' 

y1 
"� 

� 

TO 

FROM 

SUBJECT: 

� 
lrf\ 

("J} 

Cb::i 
� 
� 

. , 

&�_/,.�\ )}iftt 
lfN�� JW!m 
� 
s010-1011 

O?:ION'-l 101:M NO. : .; 
MAY 19.):: fPITION 
CS.:. fl',\\t. (.11 CflU 1�.-11.� 

UXITED .S'l""'_.-..�;·- � GC. \ ·2:-z�:\EXT 
,r /' It /)1;._,,,.. r • , .. ,r. a,., 'l"J.n 

..i..,._t;fi&Ui Lill· ivt1:. 

:\:cmor 2.r.i=: �-1 
C�ief 

1 
::-:ydraulics Branch 

\'! en Hs i.ung Huang 

?o::cet :.::s�uired to operate a j&.t� valve ., 

Pun.POSE 

Denver, c�:�o�" &.c.o 
D AT.;-· Se---=-·'l .. oe·,. 12 ·: c.,:. -, -� ...,. :jvCW - , -;tV, 

Tests we1 .. e conducted to meas1.:�-� -:.:· . ..: for:::,::;::, ::.",?c-::.·:.:.:.1--2t -:o o�-:.:�-- :. __ ::: close 
2 convantional 4-ir .. ch gate v2lv2, 
in the ·ootto1:i of the le�f �::c.;;. ;.:.:_so 

-;-, -, .. � -

The ei'fec-c o:· small toles :;....:·:.lled 
stt:.:::.�6. .. 

·:-:cc:,! 

-:�--.2 o��a�a:.ion of gste v2l v.:z .:,.-:, :-:�Jh u:,:s:.re: �.:_·_ -· _ -�.s sometimes c::. ... �2.tes 
v2.-::..--y lo·;: :9ressures at the cic,.-;_-_:-. ·- ..:::am s::.;.- · .. �- <. t:·�e valves are nea:c-ly . 
�=-�sec.... �2.v::..tatio!l at the dow:-.5·�:.. ... eam s:..c.e of' -.:,�1e d.isc :-:..ay occur under-· 

· . .:...::::.1 c.:.:..:d:.:: �:.:.::·.s s�:d cause the disc or ____ .;: . , _ . :::� 3�:� -�· -:c v:..orate •. 
R,,., .......... --. ···�.:� .......... ,..:.. (C"'vil E·-o·-i-· ·--=-,-. C r"'i -o-,... -n,..·� ,·�,..-i ... .., Div· . ) • c.v--..:.. -• .. --�..:....;.;.\.W.l., ..i. - 1.lc,-'-�-·-t;:-, 2-lU- .,u_e, __ ..., __ ) .i.)i.:;.::,_..:.-- - J.SJ..On 

·::;es�e..:. --��:�t vi�rations durir1�� ��ate valve ope:"�-�=-::: :--2: ·::...t f::-om 
:.·ite..!�.-�-2:--. :, 2!:d 1-:e p:::-oposed tl:::,·.:, holes drilled in the �o-.'/1:st:".;j::..-:-: side 

-:,_· th€: .::-:.:.::. "'.:Ye.to:�: \'Jill reduce cavitatio::.1 as well ..:..s t�e forc.0 (or 
·.: .::. :.\;_UC;: ::;-..;: .:-_ -..::..::.:::-cd ·.:;o operate the valve o 

· __ ::.s 2--��::o:::-t ::::.--.2;se:..:.ts tl1e ex-.9eri:::.:�:.tal re.:·-:2t,s of stud:.8�: on a 4-inch 
. -:e vz.l \\.:: .. -�·:-:2: experiments de·��:'i�ined �he forces req_ui1"-:.;;. _to open· and 

.:;::__:3e the v::.:.v� :or a i-·2nge of o)erating times. Tests we-_--s co:1ducted 
· · · • · · l � ·· -· ·� -·· �--o .. • d ,,.: ··-' � · ., /1 .: n � h 1 ; "() ·" ·-. �-. ·. : ""' · ....... .:.1ou,::, no_1;;;.::.. ___ ...,_ ...... aisc an �'-'- ..,..:.1 11 ve ..L -r-..L __ cn o es ___ ..,_ . .;; '--�c. 

MODEL J.1:;::J EQUIP.:..:.=::T 

'. 1 -incb. ·,·ea.g,:-:. ·-�-. ".-�.!.e valve�-·.···: used ·f'o ·.-.. ·.--_ :.-.. · ·
·
-.r (F-i01,·,-.e 1·-' 

__ � - - \i C --.':)� ,.;..Cl'-' •• , • ..., - - '-'-•'- - - .• • .• J - -o--- a)• 

T::e valve was �--�·.::.::.--� _:_::.-:;ally oper:.::�ed t.:.2:.�1g c B-i�c�� c:,.r:..::..nder e.�ui:pped 
with a four-we.y vc.::..v-2; .. Initially two lCO psi ��ress'L).l"e cells Vie:::� used 
to simSte.neous:.:;· .�.easm"e the pressure c�-- __ .:_..:.:,:;.er side of the pis:.on i:-.:. 
the cylinder ar�.:. the results were recc:..·-�.,:,;�·. -=,:-• .:, six-cban ... 11el recc:::-d.er .. 
Later, a 25-psi c.ii.'fe�ential cell replace:. -�nese two. l·'.JO psi :9re.s3ure 
cells so that the p�c3sure difference ir- the cylinder was reaa cirectly. 

Pressures in the :pipe system were measured with pressure cells :.�cateci 
1- and 2C-pipe diameters upstre2:r1 and 1- and 7-pipe dierneters downstea:.. 
£'::·.:;:n tr.0 valve. These pressures also were recordec. or. a six-char...nel 
:."::corder. 

��·:·_ --::re :. shows the overall model installation 2.r.6. � '.- .:·· . .:�al vie::: of the 
c.::_ __ ·e::.·2�·;.tial pressure cell installation. .r/i..gure 2 s�:-;;. ·:.�:o.es the general 
a��an6c�ent of tte �odel. 
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THE IKVESTIGP.TION 

Differential pressures in the cylinder and piezometric heads in the pi,e 
system were recorded for the follov1ing test arrangements: 

1. Conventionol gc.te valve \"Iithout holes c:rilled in the valve disc 
for oper�ti�g time interv�ls of approximately 40, 60, 80, 140, 
and .350 seconds from v::.l ve ,·J.osed t.o 100 -percent onen 

2. Same es Itera 1, except five 1/ 4-incn holes ;n 1/2-ir.;h centers ·· 
were d�illed through the downstre2m corner of the valve disc 
bottom, Figures Jb and 4 

J. Same as Item 2, except the valve c.�sc was turned 180° sc that 
the drilled noles were facing upstream 

A 12-inch pump and an8-inch pU!�? at the south end of tbe �ydraulic 
laboratory were used for the test. The 8-inch pump provided a shut­
off head of JLi-.15 psi (a:pproxiY.'.:�tcly 79 feet of water) and tlie :2-
incb p·c.mp suppliec shutoff be2cs of 41.38 psi, 22.53 psi, and 9.�l psi.· 
The 8-inch Venturi meter located at the southeast corner of the\labora-
tory was used to measu.re the discharge :.n the model. -�-

The t�st started with the 12-inch pump and a shutoff heac. of 9.11 psi .. 
Since tr:e valves between the pu-:1:9 and tbe test site were fully opened, 
the flow in the sys\:,em at this :-9articula::c shutoff heed was at i\.111 
capacJ. -cy. The valve, which connected between city supply li.:.:e a11d 
the fc·.:.:r:-way valve which controls the hydraulic cylinder, was adj�tec. 
so that the disc of the gate valve completely closed in 40 seco4ps. 
Then, the f ou:r-v;ay valve was operated to close the gate valve. Jhe 
variations in ,ressure at the piezometric locations as well as at ihe 
cylinder \'!ere recorded on the six-channel recorder. .After tbe closing 
operation was co::1.l)leted, the opening o:peration was car:r:.ed out and the 
necessary data as mentioned above were again recorded on the recorder. 

The time of closing and/or opening was t�en adjusted to approximately 
60, 80, 140, and .350 seconds, and the test procedure was repeated as 
described above. 

After a complete set of data was collected at a given shutoff nea.d, 
other shutoff heads were used and new sets of data were collected. 
The test ;,rocedure followed the s2me steps as mentioned above ., The 
shutoff neads used in the test were 9.11 psi, 22.53 psi, 34.15 psi, 
and 41.38 psi. 

Tbe ty""?ical data output from tl-;e six-charm.el J."'ecc:< ... :..--- is shown in 
Figur� 5. It shoulc be noted that tbe curves in Figure 5 do not 
include the record of tne forces to unse�� �he cisc from the.gate 
valve. The force =equired to t:..�seat the disc is several times 
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larger than the maximum forces as indicated in Figure 5, which shows the 
required operating force from the moment immediately after the disc is 
·:nseated until the valve is fully open. 

The curves in Figure 5 show the differential pressure variation between 
each side of the piston for the opening cycle. Typical curves for the 
disc without holes are at the left, while the center curves indicate 
the force for the disc with five 1/4-inch holes facing downstream. The 
right curves are for the flow with the five 1/4-inch holes in the disc· 
facing upstream. 

The maximum force to overcome the hydraulic effect (and not the force 
required to unseat the disc) during the process of opening occurred 
between about 25 to 35 percent valve opening, depending on the shutoff 
head. When the disc has the holes in it, the forces required at the 
initial stage (1 to 25 percent) of opening are small in comparison 
with the case of no holes • When the holes face upstream ( or high 

· 

pressure side) the reduction in maximum force is significant (see 
Figures 5 and 6). 

The maximum total force (i.e. maximum pressure typically shown in 
Figure 5 multiplied by the average area of the piston, 48.881 sqtiare 
:':.nches) versus time of operation is plotted in Figure 6. This figure 
�Jresents the curves for the maximum and minimum shutoff heads of 
41.38 psi and 9.11 psi, respectively. When the operation time is short, 
the required force is large. 

CONCLUSIONS 

1. A relatively large force is required to seat or unseat the disc; 
this force reduces and then increases to a second peak at 25 to 35 
percent gate opening. As the valve continues to open, the operating 
force decreases. The force-versus-time curve for closing the valve 
is identical to its opening curve except in the reverse order. 

2. Holes drilled in the downstream corner of the disc bottom co not 
reduce significantly the force required to move the disc. Holes 
drilled in the upstream corner of the disc corner reduce the peak 
operating force at 25 to 35 percent gate opening an average of about 
12 percent. 

3. The force required to open or close the gate valve is directly 
proportional to the upstream bead. The required force decreases as 
the operating time increases. 
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FIG1JR:- 1 

a. General View of Valve Installation and Differential Pressure Ce�� 

b. General View of Model 
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a. General View of The Parts of Hydraulic Cylinder 

b. View of The Drilled Valva Disc 
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FIGURE 5 COMPARISON OF FORCE VARIATimrs BETWEEN wrrH AND :HTHOUT HOLES IN THE VALVE DISC 
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�,.;:.sts y;;2::·2 co::c.ucted to measu:."e t�:8 fcr·�3s req_ui:"ed ·�o 
2. conve:-_-� :�on2.l 4-i�ch gate ·,12lv.:::: ., Th-2 e:-:·ec.:.:. of small 
::.::-. the cc�:,o;:-_ of the lea:.· wc.s a:..so st�.::..;;6. .. 

c :·, 2:1 2.r.(..:. 0lose 
_·_._,:.es c:r·:.�led 

L\JTRODUCTIC:·I 

Ti1c 0;2::'c�::.011 of gate valves 2.t r:.· _ _  )1 u:9streain heads sometimes creates 
v�-_�y lo':i pressures at the do",·;::.:s�i�.:;arn sic:e ;·;hen tbe valves are nearly 
-:;:.�sed .. c��\·:. -:. f..t::.on at t::e C.0'.'E.st::·eam s::c.e of the c.:.s c  r:-�ay occ·c.:::· u..ride:­
s· ..... _;h co::.:;.:!.:=.ions and cause the c.:..3c or t::e valve i�s ,:::lf ·::.c ·:::.:::,::·2� ;:; .. . 
�- -· · R � - "? ·.;· ,"':'\h.: b!:!ul.!. (c · · 1  ti' 1 .:

,1 e C..,·,; r-1 B, ....... ""t ,.•r"l D r, .: 0·..,.. i'-· - , .-· . . .: ·n ) - · -- ., ao�- ..... .. .!.-• .!.. I;. v l. Vl. -'-lni:,.,!..;..e r ,  ..::�.c:: _ c.i.-v-• , e.:::..!..0 ... .;. .LJ_ ,; _.:..J..O--
..:: �ges-:.ei -::.::s.t vibrations during gate valve operction result �·:..:·.:::��'l 
�- · .vitc?.-:,.:_� -::. , c.::.:6. he proposed that holes drilled in the downs-:.rec:-.: side 
.:;,:: the . . ·- � ;,;  bm:,tom will reduce cavitation as well as the force (.:-::­
--cc:;_\:J..UL .; :.:·eq_uired to operete the ,_;�lve . 

?:·.�s :r·;::_: . .):c·t �::-esents the ,:;x�e:::.":.::: :;�-:tal �·-..s.sults cf s-:-udies on a L,-:.:1cn 
z�:. ve v::l ve .. The experime:1ts d0-�e�·ininec. --'.:l;e fo!'ces :"cq_uireC: to open ;:�:.� 
-:.":..ose ..,.::�:e -..�:..1lve for a range o: o::;2:rati:::; t:.::ws .. �·2:sts ·::ere conducted 
· .. ::. �:hot:·..:. �:o:..es in the dis c  and \·:i th five 'i/ !.,- :..:?.(!t :��o:..es in the dis c . 

1iODEL :..::J EQUI?.: .... ;;-,\TT 

A 4-in&:: \:edge ::.isc gate valve was used for the study (Figure l£.) .. 
The valve v12s hydraulically operated usi::-.:.g en 8-inch cylinder eQ."J.ipped 
with a f:our-we..y valve o Initially two 1c:; psi pressure cells we:::·€! used 
to simultaneously measure the press'...lre o::.�. e:..ther side of the :·. :. ;:.ton in 
the cylinder and the results were :recorded on a s�x-channel reco�der o 
Later , a 25-psi differential cell replaced these two. 100 psi pressure 
cells so that the pressure di:ference in the cylinder was read directly . 

Pressures in the pipe system w�re measured with pressure cel:s located 
1- and 20-?:.:?e diameters upstream and 1- a.Yld 7-pipe diaz::ete:".s �o'::::s--'.:,c 
from the V8lve . These pressures also v;e::e recorded. on � six- c::...:..r.:!'.1.el 
recorder .. 

?igure 1 · · . . - .. ·s the overall mode:. �nstallc".tiort and :.: :e:-1e::-�l v:.0\'i" of �:-::c 
c.:..i'ferc .. _ _, _____ _;;ressure cell installation . Figure 2 s��etches t:ha �ener2:.. 
arrange2ent of the �odel . 

�:lrr 
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THE :.,VZSTIG-�TION 

Differential pressures in the cylinder o.nd piezometric heads in the pi:_;e 
system were recorded for the following test a�rangements : 

1 .  Conventional gate valve -�·Ii thout holes d:: .. i. lled in the valve ciis c 
for operating time i:!:rt.e:cvals of approximately 40 , 60 , 80 , 140 , 
and .350 seconds from valve closed to 100 percent ope!i. 

2 . S'.:l:ne as I+em 1 e'rce--.+ ;�; "(,,-::. 1 /1. - '1 ,, ,·•n holes o.,., 1 /'?- i· Y", ,.,i... cen.:.e..,..c-• ....... u , •• - , .... y "'  - - \I .__..  - -: _.., ... \.;_ -· �l - - _ .. .....,.1; L, - """" 

were drilled through the downstrec::.r,1 corner of t:-:;..; vc.lve disc 
bottora , Figures 3b and 4 

3 .  Same as Item 2 ,  exceyt the valve disc was turned 1SC0 so that 
the drilled boles were facing u�)strea� 

.� 12-inch ;iump and cn S-inch :_)1.lr.,.) at the soutb e�d of: .:�:-:e 1:yc.:-c.UJ..2.c 
laboratory were used for the �..:.es·� . 'I'he 8-inch �:n.:r.'lp provic.ed a s�at­
o ff hez d of 34 .15 psi ( a:p:9:ro:·:i;:;dely 79 feet of v:ater) anc. t'te 12-
inch p��? su�)lied shutoff nesds of 41 .JS psi ,  22 . 53 psi , anc S � ll psi . 
T�e 8-i�ch Vc�tu�� meter locatec at the southeast corner of the labora-
7;0:.:·y was used to measure the dis c�arge i:i the model . 

T::,;e t,2;.::.t started with the 12- inch pump t.:nd a shutoff bead of 9 .1:. �Jsi .  
Since the valves between the pU7(9 and the test site were ::--�l�,r c,)er:ec. , 
-'.:,�:e -f.'loY1 in the system at tl1is ya!'ticulc:::." shutoff head Yle.s at :tC.:.l 
ceyac::.. 7>�, .. The valve , which cor1..nected ·oetY1ee!: city supply 2.i:-,..e :.:.:d 
t;'!e fo·.::.�-way valve which contrc:_s the t:rc.raulic cylinder :1 -.:.- .--..2 ::.<ustec. 
so t�:at the disc of the gate valve cor.1�):..etely closed in 4J S..:;.:-;c_!ds .. 
?:Oen , the fou:r-,vay valve we.s o::eratec. to close tl1e gate valve; .. The 
variations in pressure at the �iozometric locatio:1s as well as at tbe 
cylinder were recorded on the si:-:- channel reco:-de::... . .After the closing 
o:pera�::..on was completed , the opening ol)eration �·!c.s carried out and the 
�1ecessary data as mentioned above we1"e again recorded or. the recorder . 

The time of closing and/or opening was then adjusted to approxi�ately 
60 , 80 , 140 , and 350 seconds , and the test procedure was repeated as 
described above . 

After a complete set of dat a  Tias collected at a give� shutoff :.aad , 
other shutoff heads were. used and new sets of d2ta were collectad . 
The test procedure followed the same steps as mentioned above . Tne 
shutoff heads used in the test were 9 .11 psi , 22 . 53 psi

) 
34 .15 psi ,  

and 41 .38 psi .  

T'he typical dat a output from -r,:-:e si:x- ch22.1.."1.el reco1"der :. s  shown in 
Figure 5 .  It sl1ould be noted t�at the cm:'ves i� Figure 5 do r.ot 
include the record of the forces to unseet the disc from the gate 
valve . The force required to unseat tne disc is several ti�es 
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larger than the maximum forces as indicated in Figure 5, which shows tn� 

required operating force from the moment immediately after the disc is 
unseated until the valve is fully open. 

The curves in Figure 5 show the differential pressure variation between 
each side of the piston for the opening cycle. Typical curves for the 
disc without holes are at the left, while the center curves indicate 
the force for the disc with five 1/4-inch holes facing downstream. The 
right curves are for the flow with the five 1/4- inch holes in the disc·· 
facing upstream. 

The maximum force to overcome the hydraulic effect (and not the force 
required to unseat the disc) during the process of opening occurred 
between about 25 to 35 percent valve opening, depending on the shutoff 
head. When the disc has the holes in it, the forces required at the 
initial stage (1 to 25 percent) of opening are small in comparison 
with the case of no holes. When the holes face upstream (or high 
?ressure side) the reduction in maximum force is significant (see 
Figures 5 and 6). 

'l'he maximum total force (i.e. maximum pressure typically s>wm in 
Figure 5 multiplied by the average area of the piston, 48.8�1 square 
.inches) versus time of operation is plotted in Figure 6. Tbfa· · :.'igure 
?resents the curves for the maximum and minimum shutoff heads· of 
41. 38 psi and 9.11 psi, respectively. When the operation time is short, 
the required force is large. 

CONCLUSIONS 

1. A relatively large force is required to seat or unseat the disc; 
this force reduces and then increases to a second peak at 25 to 35 
percent gate opening. As the valve continues to open, the operating 
force decreases. the force-versus-time curve for closing the valve 
is identical to its opening curve except in the reverse order . 

2. Holes drilled in the downstream corner of the disc bottom do not 
reduce significantly the force required to move the disc. Holes 
drilled in the upstream corner of the disc corner reduce the peak 
operating force at 25 to 35 percent gate opening an average of about 
12 percent. 

3. The force required to open or close the gate valve is directly 
proportional to the upstream head . The required force decreases as 
the operating time increases. 
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Differential pressures in the cylinder �nd piezometric heads in the pi?e 
system were recox-ded for the following test arrangements : 

1 . Conventional gate valve �:lithout holes d:."i. lled in the velve ciisc 
for operating time i:0.te1'vals of approximately 40 , 60 , 80 , l.l_.O ,  

. and .350 seconds from valve closed to 100 })erce;1t open 
2 .  Same as Item 1 ,  exce.;rt five 1/L;.-incn boles on 1/2-i�ct cente:rs 

were drilled througb the downst:ret:.m corne:r- of t::,., v�l ve disc 
bottom, Figures .3b and 4 

.3. Same as Item 2, except t�na valve c.isc Ytas turned 18C0 so that 
the drilled holes were facing u:Jstrea::i 

... 12- incl'l ?'..lrnp and an 8-inch ::_)'t.::.'.J at �l-:e sot:.t'h e?::d o:· .:�:-:e :-:yc.:."&.ulic 
laboratory were used for the ·.:.es·� . ':i.'::e 8-incn :·ycr:1p :9rovic.eo. a s�ut-
0��"" ,.,.e,.. :: oi"' ');  7 ::;  ""'si· ( ":l""'""'-f'""'� ·.:- . .., ,...:. �1y 7a f'ee.:. o� � . ,  ... .;. .-:.1-.) ... .,.. c.:.� .:- i· � 1 ?  .!. J.  .i !  c \.... _.,1 ... ,. .  _ _,, J:I <-:..JY- v.· . .:... .... .:;. v c . ;; _ v _ \, C-. v � - c;:.__ v-�'-- ---

inch ?��l? sup�lied shutoff tesds of 41 .JS psi , 22 . 53 psi , anc ; _ 11 psi _ 
T::e S- irrch Vcntu:·�. meter located at the southeast corner of the labore.­
..:::.o-:.:·y was t!sed to measure the dis cl;arge i:::-i the model . 

T:--;e t0..., t started with the 12- inch pu.rnp �nd a shutoff head of 9 .1:. :Jsi .. 
Since tr:e valves between the pump and the test site were :2ully ;,:-.�)er:eci. , 
-t::e i'lo\'l in the system at this })articul2r- shutoff head "i:Ie.s &.� :t-.:.:.1 
e:8?ac::.. -r,y .. Tbe valve , which connected ·betwee11 city suppl:, .. li::e :::.::.";.d 
7,�e i',:;-.:.::�-v;ay valve which contrc:_s the ::O:/c.ratlic cylinder � �:.-:..: -� ��ustec. 
so t::s.t. tl-:.e disc of the gate valve cor.:i:>:.etely closed in 4·J s � �c_-::.ds .. 
?l�en , the fou:r-,vay valve was o:)erated to close the gate valv� ,, The 
varie.�1.0:1s in !)!'essure at the :Jiezometric locatio:1s as well as at t�e 
cylindei-· were · recorded on the si:{- channel reco:::-dei.. .. .After the closing 
o?era�:..on was completed , the opening operation ":!as carried out and the 
:.1ecessary data as mentioned �bove we1"e again recorded 0::. the recorder . 

The time of closing and/or opening was t:r.en adjusted to approxi:nately 
60 , 80 , 140 , and 350 seconds , and the test procedure was repeated as 
described above .  

After a complete set of data was collected at a give� shutoff :.ead , 
other shutoff heads were used and new sets of dsta were collec�ed .. 
The test procedure followed the same steps as mentioned above. The 
shutoff heads used in the test were 9 .11 psi , 22.53 psi } 34 .15 psi ,  
and 41 . 38 psi . 

The typical data output froffi ��e six- cbc::.:-lel recorder �s sbown in 
Figure 5 .  It should be noted ��at tte cuxves i� Figure 5 do not 
include the record of the forces to u.�seat the disc from the gate 
valve . The force required to m1seat tne disc is several times 
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larger than the maximum forces as indicated in Figure 5, which shows tn� 
required operating force from the moment immediately after the disc is 
-.mseated until the valve is fully open. 

The curves in Figure 5 show the differential pressure variation between 
each side of the piston for the opening cycle. Typical curves for the 
disc without holes are at the left, while the center curves indicate 
the force for the disc with five 1/4-inch holes facing downstream. The 
right curves are for the flow with the five 1/ 4-inch holes in the disc·· 
facing upstream . 

The maximum force to overcome the hydraulic effect (and not the force 
required to unseat the disc) during the process of opening occurred 
between about 25 to 35 percent valve opening, depending on the shutoff 
head. When the disc has the holes in it, the forces required at the 
initial stage (1 to 25 percent) of opening are small in comparison 
with the case of no holes. When the holes face upstream (or high 
Jressure side) the reduction in maximum force is significant (see 
Figures 5 and 6) . 

':.'he maximum total force (i.e . maximum pressure typically s>:. 11 -_1 :..n 
Figure 5 multiplied by the average area of the piston, 48 . o�l ��-.iare 
.inches) versus time of operation is plotted in Figure 6. Tb"i .:. . 'igurE 
?resents the curves for the maximum and minimum shutoff hearis oi 
41 . J8 psi and 9 .11 psi, respectively . When the operation time is shon, 
the required force is large . 

CONCLUSIONS 

1 .  A relatively large force is required to seat or unseat the disc; 
this force reduces and then increases to a second peak at 25 to 35 
percent gate opening. As the valve continues to open, the operating 
force decreases . the force-versus-time curve for closing the valve 
is identical to its opening curve except in the reverse order. 

2. Holes drilled in the downstream corner of the disc bottom do not 
reduce significantly the force required to move the disc . Holes 
drilled in the upstream corner of the disc corner reduce the peak 
operating force at 25 to 35 percent gate opening an average of about 
12 percent. 

3 . The force required to open or close the gate valve is directly 
proportional to the upstream head. The required force decreases as 
the operating time increases. 
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FIGURZ 

a. General View of Valve Ins�allation and Differential Pressure Cell 

b. General View of Model 
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a. General View of The Parts of Hydraulic Cylinder 

b. View of The Drilled Valve Disc 

FIGURE 3 
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