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orces recuired to operate s gete valve,

PURPOSE

Tests were conducted to measurs T forczs raguired <o
e convenzlonal 4~inch gete valve. The efiect ol smell
in the tottom of the lecf wo: L300 studlad,
s TN
Toe operation of gete velvzz oU nigh urneireil .o.l: sometimes creates

very low pressures et vhe Gowoit.lem Sino oL Ll valves are nesrly .

Lo eondin

znd cause the disc or ..z vl . ItzelT e vidDrate,
Abeudt (Civil Eugl .wer, Cengl Brencr., Desizn Dlv1s1on)
. .onesteld whet vidrations durins ate va“ve 0“3“"’*1 e

viteilon, and he proposed tho noles érilled in the & :
o_ the Ji:c Tovton will reduce cavitation as well oz the force (o
womaue, waculred To operate the vealve.,
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Tlols rezoxt srezents the experimintal reziliis of studic: on a

1

_te velve, Che experiments detlormined the forees requirid to open’ &
cL:se the valve for a range of onerating times. Tests wers conducied
..aout holes I The disc and with five 1i/4-inch holes in ti:z lisc,
MODEL AXD EQUIZ.D

&L Z-inech wedge LIisc rese valve wis used for The .0 r (Figure 1la).
Tre velve was & drs.llcally oper:ied uzing oo o—Lﬁc; c;;i:cer couipped

with a four-way verve. Initielly two 120 wsi sressure cells wer. used
1o simusiveneousiy ..easure the pressure ¢ . thexr side of the piszon iz

the cylinder arnl the resulis Were recc..c.. o & six-channel reccxde
Laver, a 25-psi airferential cell replecel these two 120 psi nve;*uve

—

-
s

c_osed., Jcuvivetion at the dovins.oecam sile of The disc may occur under

cells so that the prezsure difference in the cyllnder was read h;_eCtly.

Pressures in the pive sySUem were measured with pressure cells _ocated
i- and Z2C-pipe diemeters uostresm and 1- and 7-pipe dismeters downstear

fozn the velve, These pressures also were recorded on a six-channel
rzcorder,

Tiovxre I oshows the overall model instellation erd - ~:ivzral vigr of the

Cl._erertial pressure cell installation, rigure 2 s:idiches the general
rrengozent of the model,
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THE INVESTICGATION

Differential »ressures in the c¢ylinder and piezometiric heads in the pine
system were recorded for the following test arrangements:

1, Conventional gete velve without holes &rilled in the velve disc
for operating time intervels of apoproximetely 40, 60, 80, 140,
and 350 seconds from volve :losed to 100 mercent omen

2. Same as Item 1, except five 1l/s4-incn holes on 1/2-_nvh center
were drllled through the downstream corner of the valve dlsc
bottom, Figures 3b and 4

3. Sanme as I em 2, except the valve cisc wes turned 180° sc thet
the drilled noles were facing upsirean

A 12-inch pump and an8-inch pump at the south en d of the hydraulic
laboratory were used for the tesv. The 8-inch pump orovided a shut-
off head of 34.15 psi (avoroximeiely 79 feet of VCUpr) end the 12-

inch pump supdlied shutoff heads of 41.38 vsi, 22,53 psi, and 9.11 psi,
The 8-inch Venturi meter iocez d at the southeast corner oL the\labora-
Tory was used to measure the dlscharge Zn the model.

The test started with the i2-inch pump end a shutoff head of ¢,11 psi.
Since tre vealves between the pump and the test site were a_ly opened,
he fiow in the system at this varticular shutoff head was et “wll -~

T ik

cepacity, The velve, which connected beivween city supply li:e and

3 cur-way valve whlch controls the hydraulic cylinder, was adjusted

50 that the disc of the gate valve completely closed in 40 seconds.

Then, tne four-vay velve was operated to close the gate valve. The

variations in nressure at the piezomeiric locations as well as at the

cylinder were recorced on the six-channel recorder, After ihe closing

operstion was conpleted, the opening operation was carried out and the
necessary data as meniioned above were gzein recorded on the recoréder,

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

After a complete sev of data wes collected at a given shutoff heed,
ovher shutoff heads were used and new sets of data were collected,
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 tydical data output from the six-channel reccxi.r is shown in
Figure 5, It shouléd be noted that the curves in Figure 5 do not
incluce the recoré of the forces 1o unsezt “The c¢isc from the. gate
valve, The force required to unseat the disc is several times



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
oetween 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 sguare
inches) versus time of operation is plotted in Figure 6. This figure
cresents 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
{orce 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 head., The required force decreases as
the operating time increases,



FIGUR™ 1

ae General View of Valve Installation and Differentiagl Pressure Ce.il

De Genersl View of liodel



FIGURE 2 MOleL FOR GATE VALVE STUDY
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FIGURE 3

a. General View of The Parts of Hydraulic Cylinder

be View of The Drilled Valve Disc
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FIGURE &5 COMPARISON OF FORCE VARTATTIONS BETWEEN WITH AND ITHOUT HOLES IN THE VALVE DISC
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INTRCDUCTICH

The oreretlon of gate valves &t ©. .’ h ursiream heads sometimes creates
veoy low pressures at the dovmsuream side when the vaelves are nearly
closed, Caviteilon at the dowrsiream side of the &lsc mey occur under
sweh conditions and cause the ¢isc or tne valve itssif so i
1o, Reoll 3, Thibeult (Civil Engineer, Censl Brench, Design DI
suzgesteld vihwt vibrations during geate vaive opersilon resuii Il
cviteTlin, end he proposed thet holes drilied in the downstreco:: side
oo the ...¢ bowtom will reduce cavitation as well as the force (oo
womyue, oequired to operste the wvalve,

.t S

re 107y presents the oxperin
ve, The experiments ée:ezmlneg the
-ose :;* "17ve for a rgpge o” O“m*ati';

a Z-Ilnch
TO cren &inl

g in the dise,

MODEL 1D EQUIZ T

A-anh wedge lisc gate valve was usee for the study (Figure Z:). -

e valve was hydrsulically operaied using an S8-inch cylinder ecuipped
with a four-wezy velve., Initially two 1CC ©si pressure cells were used
10 simultaneously measure the pressure on elther side of the mli:sion in
the cylinder and the resulits wera recorded on a six-channel recozder.,
Later, a 25-psi differential cell replaced these two, 100 psi pressure
cells so that the pressure difference in the cylﬂnder was read clrectTy.

l— e

ressures in the pipe sysiem were measured with pressure cells located
- and 20-ulze diameters upsiream and 1l- =nd 7-pipe dismeters downste
rom the valve, These pressures also vexe recorded on & six-ci.rnnel
ecorder,

3y |- g

Figure 1 -T-v35 the overall model. installctior and s -enerel view of Ui
clifere...... uressure cell insteilation. Figure 2 s:tetches the zZenerel

errangexent of the model.
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TEE L. VESTIG.TION
Differential pressures in the cylinder and piezometric heads in the pine
sysiem were recorded for the lollow1ng test arrangements:

1. Conventionzl gate velve without holes érilled in the valve disc
for operating time intervals of approximately 40, €0, &0, 140,
and 350 seconds from velve closed to 1CC mercent onen

2. 'Same es Item 1, except five 1/4-incn holes on 1/2-inch center
were drilled through the downstreszn corner of iic velve dlsc
botton, Figures 3b and 4

3. Seme as Item 2, excevt the valve disc was turned 130° so that
the drilled holes were feaecing udsirean

4 12-inch pump and end-inch musn et the qouzﬂ end of “ne nydreulic
leborestory were used for the lest. <“he 8-inch zumad O”OV“CeQ 2 shui-
off hesd of 34.15 psi (cobfo:;:"tely 79 feet of huvcﬂ) and inhe 12-
ineh pump supplied shutoff heads of 41.38 psi, 22.53 psi, and 7.;1 oSi.
Tme 8-inch Venturl meter locaied at the souzheast corner of the labore-
Tory was usedé 1o measure the discharge in the model.

U

)O

The tect started with the 12-inch pump end a shutofif head of $.1I 2si,
Since the valves between the pump and the te t site were Iully ooernec,
<oe fiow in the system at this varticuler shutoff heed wvies &t il

cepacity. The valve, which connuctea tevween city supply line wnd

tne four-wey velve whlch contrcls the nférauiic cylinder, =iz i usted
30 thet the disc of the gate velve comdieitely closed in 40 s:cc.ads,
Trnen, the four-way valve wes ozerated to close the gate velve. The

»arlaulons in pressure at the biezometric locations as well as at the
cylinder were recorded on the si:z-channel recoxcder., Afiter the closing
oderavion was completed, the opening overation was carried out and the
necessary data as mentioned zbove were agzin recorded ci. the recorder

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

Lfter a complete set of data was collected at a given shutoff zead, .
other shutoff heads were used and new sets of data were collected.
The test procedure follqwed the same steps as mentioned above, The
shutoff heads used in the test were 9.11 psi, 22.53 psi, 34.15 osi,
and 41.38 psi,

The typical data output from e six-chennel recorder Is shown in
Figure 5. It should be noted That the curves in Figure 5 Go not
include the record of the forces to unseat the disc from the gate
valve, The force required to unseat tne disc is several tines



larger than the maximum forces as indicated in Figure 5, which shows tne
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 l/Z-lnch 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
vetween about 25 to 35 percent valve opening, depending on the shutof:
head. Vhen the disc has the holes in it, the forces required at the
initial stage (1 to 25 percent) of openlng are small in comparison
with the case of no holes. Vhen the holes face upstream (or high
oressure side) the reduction in maximum force is significant (see
Figures 5 and 6).

£

“he maximum total force (i.e., maximum pressure typically sr-wn in
Figure 5 multiplied by the average area of the piston, 48.851 sjuare
inches) versus time of operation is plotted in Figure 6, Thii~ :igure
oresents the curves for the maximum and minimum shutoff heads of

41.38 psi and 2.11 psi, respectively. When the operation time is short,
the regquired 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 tc 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
overating 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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TEE ... V=STIG.TION

Differential pressures in the cylinder and piezomeiric heads in the pine
system were recorced for the lOlLOWlHO test arrangements:

1. Conventional gate velve without holes &»rilied in the valve disc
for operating time iniervals of approximately 40, 60, &0, 140,
and 350 seconds from velve closed to 100 mercent open

2. Same as Item 1, excent five 1/4-inen holes on 1/2-inch centers
were drilled through ithe downstreem ccrner of . velve disc
bottom, Figures 3b and 4

3. Same as Item 2, excepi ihe velve éisc was iturneé 1C° so tnet
the drilled holes were facing uwdstirean

A 12-inch pump and end-inch mumn av the son:: end of “ne ryirsulic
laboratory were used for the west. The d-inch nump droviced a shus-
off hezd of 34.15 psi (eporouizat feet of weter) arné the 12-
inch i suppnlied shutoff fheads of 41.38 psi, 22.53 psi, and .11 psi.
The S-ineh Venturl meter locat t the southeasi corner of vhe labore-
Tory was used to measure the discharge in the model. '

-

Tre tcot started with the 12-inen pump end a shut
ince ine valves between the punp and ihe jest si
e filow iIn the system at this vartlculer shutoff head wes at
cepacity, The valve, which connected betvween city supply line
the Iour-viay velve which contrcls the Hjc rauiic cylinder, wiz =l usted
o tzet tihe disc of the gate veive completely closed in 4‘ s:ccads,
whe four-way velve was ozerated to close the gate velve., The
varietions in pressure at the siezometric locations as well as at the
cylinder were recorded on the siit-chennel recoxder, Afier the closing
operation was completed, the opening operation iras carried out and the

necessary data as mentlonec cbove were sgzin recorded on. the recorder.

ff head ¢ $.11 2si,
e were Iully coened,
=l

o
s
(Y

The time of closing and/or opening was then adjusted to avproximately
80, 80, 140, and 350 seconds, and the test procedure was repeaied as
described above.

L3

d

After a complete set of data was collected at a given shutoff zead,
2

&
other shutoff heads were used and new sets of dsta were colliecied,
The test procedure follawed the same steps as menolonee above. Tne
shutoff heads used in the test were 9.11 psi, 22.53 psi, 34.15 psi,
and 41.38 psi,

The typicel deta output Trom Tae six-chennel *ecovde” I3 shown in
Figure 5. It should be noted :bau the curves iz rigure 5 do not
include the record of the forces to unseat the disc from the gate
valve. The force required %o Lﬂseat tne disc is seversl times



larger than the maximum forces as indicated in Figure 5, which shows the
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 l/Z-lnch holes facing downstream. The
right curves are for the flow with the five 1/4-1nch 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. Vhen the disc has the holes in it, the forces required at the
initial stage (1 to 25 percent) of openlng are small in comparison
with the case of no holes, When the holes face upstream (or high
nressure side) the reduction in maximum force is significant (see
Figures 5 and 6).

~he maximum total force (i.e., maximum pressure typically si:-u#a in
Figure 5 multiplied by the average area of the piston, 438.651 square
inches) versus time of operation is plotted in Figure 6, Thi: . ‘igure
oresents the curves for the maximum and minimum shutoff heads ol

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 tc 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
overating 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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Ja. General View of Valwve Installation and Differentisl Pressure Cel:

b. General View of liodel
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FIGURE 3

ae General View of The Parts of Hydrsulic Cylinder

b. View of The Drilled Valve Disc
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FIGURE 5

COMPARISON OF FORCE VARIATIONS BETEEN WITH AND WITHOUT HOLES IN

THE VALVE DISC




