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Bubjects Study of the ‘torque develaped by & four-inoh plug veive
‘ At partial openings, - - SIS S I AT

Purpose of the Test.

_ The ‘bypass lines arownd the butterfly volves in the
penstocks -at Boulder Dam were originally wcontrolled by hydreuli-" .
oally operoted needle valves,. ‘Because.-of the highly ocorrosive L
ection of the water and the ‘noosssarily eloso tolerances of the ‘
moving parts 'of tho neodlo velvos, Xhe walves booamo :corrodod inm
such & mannor ‘as ‘to makc it imposaiblo to cperato thom, THeso-
wnlves worc removed ‘and roplaced by eithor goto valves or butter- - o
fly volves. A plug velve ia baing proposed for bypass eonbrol in
future installations, A ‘study of the- torque developed during PR
operation of this type of ‘walve is'necessary for safe and eoonom=

ical design. -

| Test Procedure,

A four-inch plug velve, shown on plate 1, was designed
and bullt for this test. The Plug was mounted on ball bearings - -
- .and there wes a 0,010-inch clenrance -betwean -the ‘plug and- the.
bodye This was done to raduce frictional forses to a minimum,
A dovice, aleo shown ‘an plate 1, wns mado for mensuring the ..

‘Borque at sny given valve opening.

B ‘The‘,";\valvaf‘was- set at _“a.'_‘ given opening andrun ,«__t'mde;r‘mi'y-‘- )
_ing heeds, the heads being regulated by various control settings

on & veriable speed motor-pump unit. _ Readings ‘of torgue, head, '

~ end discharge were taken for -each pump setting for each of the -

~ various valve openings, ‘At ‘any partiel .opening, the velve has a -
tendency to closes- Torque :measuremonts as shown on'the ‘curves are
the torques in inch=-pounds required to ‘resist the closing effort
of tho valve. 'The hcad &s shown.on tho curvos. is the sun of tho
. net head at the upstream side of the walve plus the velocity head
&t thet point minus the yreasure head below the velve, See charts,
pages 3 end 4 for heads et these points, . .o
LSurves were dravm showing the relation of torque to head.
for given valve settings, figure No. 1, of torque to valve open-
ings at constent heads » figure Wo. 2, :and torgue to valve openings




" n

et oonstant pump settings, figure No. 3. Valve settings are based
qn'9900“_being‘oompletely‘open,;the‘vulvagdctually:bping'ajsaotiun '
‘of the pipe and having zero torque at ‘that setting., ®ight degrees .
is the point of shutweff and zero degree the senting position for
closure, o - ‘ B B

,Disduss:‘inn of Test ‘and ‘Conclusions. e

- The wvalve was run under heads wvnrying from zero to the L
‘maximum enpacity of the ‘pump or about 100-foot head For n given
hend the maximum olosing torque oocurred at o vnlve oponing of
823°, 'Such .o set-up -would -ooour anly whon the valvo was vory
mear ‘en ‘ideal emtrance and with ‘buta very short length of pips
~downstream from the valve. Under e more normal condition with =~
‘relatively long lengths of pipe either upstreem or dommstream o
from the “wnlve or with e constriction downstream, the mexcimum
torque will ocour et o much smaller valve ‘opening. : This oondi~
tion will more closely approximate the torgue~valve :opening ourve
for constant pumpfaettings;wfAétuﬂlly{awconstaﬁtypump,settingﬁdbes‘.‘ 
not;duplioate-u“oanstantﬂresarvbir“haad;Lbutbitgapproncheélthat“[. '

conditionuwithinuthetphq;udﬁbristiosﬂofjthogpump,L.; L

S Pressures read ‘by means of the piezometers placed one -
E diemeter dovnsiream from the valve were-used a8 pressures.on the
downstream :side. of thefwalve.1 This‘isjoorrect‘gt?thgtjpoint[but.'.
will not show.what is o@curring jU8t?baCkxdf'therlqug;ThiSvprbbf :
ably -ascounts for some points breaking from e smooth -curve. Pres- -
‘sures of as low a5 ~17 feet of water were recarded et the point.
- meaﬂured-and:frothhe'sound;and>vibratianﬁjust”haqkﬁpf{the‘plug e
~ it can be assumed thet the vepor pressure .of the water was roechod
et that section,” Theroforo, if 2 plug valve dis to bo usod ms &
thfottling-wﬁlvo,'proijionHShouldgbe;mado?tp‘admitjair-just downe

- stream from the plug,

. For approximate computations of moximm torquo developod
honglurgerrvulvcs,,mnltiply:thoimnximnm'torquog;slddvblopodsby.the ¥
four~inch valve by tho eube of the soalo rotics, by tho retio-of =

. the prototype hoad s ‘comporoed to'thc hond ot which tho foursinch =
VOlvo WRS FMM. . T

. Somplo. Find thcfmhximnmftorqtosdééﬁlbbéd:by o oighte
“inch plug ‘-""IL“m ve undor o ‘hond of 600 focts 4 AT

_ R Aﬁ,q_EO-fqbt.héﬂd tﬁélmﬁximnm tbnqﬁe‘in:the,four-inch,w.ﬂ.
- valve wes 180 inch=poundses Therefore. - ' S L

180 x ,(,2)5 x Eg% =180 x 8 x 12 or 17,280 inchepounds torque, -
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