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PREFACE

. Thes redasign of the outlets at Shoshone Dam, to prevent severs
demsge by cevitation, was evolved from serodynamie and hydraulic studies
conducted in the hydraulic laboratory of the Bureau of Reclamation,
Denver, Colorado, from Qotober 1942 to April 1543, '

The plans for the 1- to'a 2/3--o.1e hydrnuliu model of the balanced
valve and for the alterations to the field structure were preparsd in -
the mechanical section of the Bureau by B. H. Statta, ‘Engineer, under .
the direction of P. A. Kinzie and W. C. Beztty, Senior Engineers. The : .
laboratory investigation was conducted and this report preparsd under o
the direotion of J. E. Warnock, Semior Engineer in oharge of the. “hydrau-
lic leboratory. Credit is due D, J. Hebert, Associate Engineer, ‘and
Fred Lochier, Assistant Engineer, who contributed to the study.

All laboreatories of the Bureau of Reclamstion 1h Denver, Colorado,
are in the Materials, Testing and Control Division, under R. P+ Blanks,
Senior Enginser. All design work is under J. L. Savage, Chief Design--
. ing Engineer, and all work of the Buresu is directed by S. 0. Harper,
3 Chief Engineer. The activities of the Bureau are directed by H. W.

S Bashore, Cormissioner,
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INTRODUCTION - - . i

l. Bureau of Reclemation structures using the balanced outlet
valw, Several Nigh-pressure outlet structures, designed by the Bureau
of Reclamation in the early part of the twentleth century, employed the.
Ensign balanced valve for flow regulation, The outlets at the Roosevalt, -
Pathfinder, Arrowrook, Elephant Butte, and Shoshone Dams were typical
installations (figure 1), The structures were similarly arranged, and,
in all except the Shoshone end the Elephant Butte installations, the
valwes were placed on the upsiream faces of the dams where they were -
subjected to full reservoir head. At Elephant Butte Dam the velves were
placed in wells near the upstream fasce of the dam with the water reach- -
ing them through passages from the reservoir, while at Shoshone Dam they
were pleced in a tunnel bypassing the left end of the dam, = Except for
the 60-inch valves at Elephant Butte Dam, all were of the 58-inch sire.
Flow from the valves discharged into conduits downstream. Though the
lengths of these conduits varied in the different structures and numere
cus details were dissimilar, the installations.-were sufficiently alike
to possess similar operating charscteristics, even to mechanical and
physicel difficulties. The mechenical problems were usually of & mature
easily overcome by small changes in design, while those of a physical
nature, mainly demage to the valve needles and discharge conduits by a
destructive pitting amction, were more troublesome, = Although similar,
the damege at the different structures varied in severity, =

2e Qperating difficulties at the balanced-valve installations, A
report on Bureau of Reclamation instalYations, "HighePressure Reservoir
Outlets,” by J. !, Geylord and J. L, Savage, published in 1523, desoribes.

the outlet structures at the dams referred to in paragraph 1 in detail
- and recounts the diffioulties experienced at each. The report directa
attention to the seriousness of the demepes resulting from operation of
the outlets and discusses measures taken to repair or eliminate them,

The major difficulties encountered in all these structures, namely,
the pitting by cavitation of the valve needles and discharge conduits,
are discussed in detsil in the report, whioh, o page 8, summarizes
them as follows;
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"... Most of the difficulties with the outlets built by the
Bureau of Reclamation can be attributed to the effect of vacuum.
in the conduits below the regulating devices,. ,Generally the

- | damage to the conduits has been more serious than to the valves,
‘although under extrema: conditiona the valvos have nlso beon sori-
ously damaged. . _ B e

"In valves and conduits carrying water at high velocities
an irregular pitting or cavitetion of the lining is often cb-
served. This appzars first. as & slight blemish on the surface,
but if mllowed to continue, the material becomes honeynombod to
a considerable depth and is ultimately destroyed. The surface -
is not worn away by sttrition or sandblast tction. but is
roughened as though attacked by chemical action.

The Gaylord-Savage report oonta*ns only limited dlacusaion of thn
Shoshone instellation since it was one of the last using the balanced-
type valve and had not been required to relsase large quantities under
high heads for prolonged periods; thus the destructive action had not
developed to the critical stage. LHowever, the nature and a::tent of the
damage to this structure during subsequent seasannl operation are clearly
depicted by the followling excerpts concerning the cther’ inutallationu,
teken from the report.

C. Barris to 0. H. Ensign concerning the inspection of ﬁno 5g8-inch.
balanced-vulve instullation at tno Ruosevelt Dam aro, ln part:.'

"fe found the tire steel. aeats of the valvas in bad shapo,
and the first section of the disocharge pipe, wnich i9 bolted to
the grillage frame, is salsc deteriorating very fast. ... The
seats and pipes are going the same wey rapidly. The seats are
in bad shape. In some pluces they are cut 8o that the retalning
ring for the packing is half gome. .... It does not ect like -
ordinary wear, for the metal is 'honeycombed' in peculiar shapau.

On page 60, quotations from the projact superintondent's ruport or
July 29, 1915, ooncerninu the inspection of the Roosevelt outletu stata:

. ".eo The first length of pipe next the valve is very scri—
ously pitted, mnd I do not think they will stand up another year
without relining. ..... Two yeare ago these pipes showed the

" ' sams pitting. At that time the abrazed part was filled with
Smooth-on, leaving a satisfactory surface on the inside of the
pipe. The inspection showed that this pipe was in very good
conditiop the first of this season, but they have been discharg-
ing under such a high head that this filling seems to have worm
awny, and the metal itself is beginning to diseappear.  Yhere the
pipes diacharge into the tunnel, the No. 2 valve (the farthest

3

On pagae 59, extructs from a report dated chober 19, 1913 from I.
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from the vent in the north side) has commenced cutting into
the concrete lining of the tunnel very seriously. ' :

On pages 82 end 890, the dammge by operntiou of the Ss-inch balanced
velves at the Pathfinder Dam in 1913 and 1914 is dapictad as'f0110j31

"e.s At the end of the season several yards of con-
crete were gonme from the concrete conduits of Nos. 1, 4, 5,
end 6, ,... The damege to the concrete oonduits inﬂicated a
shattering of the mass rathsr then an abrasion, as’ the cone
crete surfaces were jagged and rough. .... At the oclose of
the season of 1913 it was not considered neceasary to make
Bny extensive repairs, the only work done being Lo plug up
the holes in the concrete conduit with e rich conorete and
Iill the pitted places in the cast-iron linings with Smooth-
One ... After e fow days opsration of the balanced valiss
(1914) the patches in the conorete conduits begen to go out,
and by the end of the season thers were large holes in the
conduits, the damape being much greater than in the previous
season, probably due %to the increased use of the ocutlet. The
damapge to the cest-iron conduit linings had also 1nereasedo'
There were holes entirely through: the. 1-1/2-1nch shell in
many pleces, and the surface: presented ‘& spongy appearance.
This damage was believed to be ocaused by the formation of a
vacuum around the jet lssuing from the Valves.

The damage oaused by the operation of the 58-inch balancod valvoa at
Arrowrock Dam 18 described on page 112 in the follouing mannar,

Meue Annual inspactions of the outlets hava been made
since the valves were first installed. The wear ¢n 4the cone _
duits wes very slow at first, and the condition of the valves
and conduits in the fall of 1920 wms reported to be practi- -
celly as good ss when first: instelled., . In the fall of 1821,
howev=r,. the throat limers and the conorete oonduits below the
semisteel linings were found “o bse oonsiderably worn. .... The
pitting of the throat pieces had the peculiar, rough, honeye
oomb appearence noted in many of the other outlets of the '~
service and was most severe immediately below'the V—guidos of
the balsnced valves.," SR

While the foregoing extracts do not concern the butlets 8t Shoshone
Dem, they vividly portrey ths operationsal difficulties 9ncountered at this
project sinoe the report was made.

Although the theory of cevitation. at the time the Gaylord-Savngo re-
port was written differs meterielly from that accepted by present-day
hydrauliciana, the condition described in the feregoing excerpts is still
atiributed to the seme phenomenon. A& wss the ocase then, the most prace
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ticel remedy to be applied to the discharge conduits is considered to be
the introduction of air immediately below the regulating devices. The
' admission of air to the discharge conduit was employed in many instances
during the first few years ef operation, but, in view of air requirement
. tests made in recent years on both model and prototype structures, it is.
e - doubtful if the air supply in mozt cases was adequate. The location of
. the alr inlets to the conduits is often more important than the size.*g,
"EQ;:“' Thus improper location might have beon one of the main. factors contri- -
ﬂ-;‘jﬁﬁ buting toward fallure of some of the eerly vent systoms, E :

Streamlining the needle tips is considered the only;prqotiqable
meanzs of eliminating demege to this part of the valve. However, this
damage could be reduced to a minimum by limitlng the valve oporation to
noneritical openings.

L 3. Desoription and history of thé Shoshone outlet works. - In May
i 1915 two 58-inch Ensign balanced valves were installed in the lower out=
s let tunnel in the south canyon well downstream from the Shoshone Dam,
located in the Shoshons River about eight miles west of Cody, Wyoming
(figure 2). Although this type of valve had necessitated comsiderable
maintenunce work ipn the installations at the Roosevelt and Pathfinder
Dams, it was adopted becsuse of the lack of a better deeign. The valves
Y were furnished by Joshua Handy Iron Works under an extension of’ ‘specifi-
ERON - cetions No. 266, contract No. 548, dated June 5, 1914, ﬂhich was§ nego-
= tiated originally for 20 valves for Arrowrack Dnm. ‘ .

The velves were in oporation but a fev‘spasons‘when it beoume evi- -
dent that seasonal naintenance similar te thet required at the older ine
stalletions would be required to keep the outlets in ocndition for re-
leasing irrigation water. Pitting of the downstreem feces of the valve ‘
needles und severe damage to the discharge conduit walls. immadiately be- . H
low the valves occurred during extended periods of operation. o _ : .

Attempto were made to prevent further denea ge by patching the pitted ‘

areas. 4 material known as Smooth-on proved. unsatiafactory; s0.-the =

cavities in the needles were filled by arc-welding various metals 1nto g

them, With few exceptions the patches eroded more repidly than the parent

materials and were, at best, only temporary. Ths bLond between the ne*,and.; : B

the parent materials was none too reliable and there was always the denger -
- that the patches would be torn out, allowing the areas to bécome'pittéd'to R

a greater depth, possibly rendaring the release aystem useless until oxX=""
tensive repsirs could be mnda. ;

It was realized that the pitting was an action accompanying subatmose
pheric pressuree, but the cause was not completely understood. At first
the pitting was believed to be a direct result of the making and breaking
of the vacuum in the immediste vicinity and then considered the result of
cavitetion.
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An ettempt was made in the winter of 1830-31 to relievs the condi-
tion at Shoshone Dam by admitting air through a. system of vents to the
conduits below the valves. . The conduits were repaired by patching, then
lengthened and provided with twanty-four Z-inch pipes and an Beinch duct
below each valve (fipure 3). Each was constricied two inchas in diameter
&t the downstream end. A marked increase in the intensity of the noise
accompenying the discharging water resulted, ‘and the experiment was con=
sidered unsuccessful. The B~-inch vents were closed with wooden plugs
when investirations disclosed them to be the main source of the 1ncrensed
noise. Because of the apperent feilure of the vent system, resort was
made to the oripginal method of maintenanocs and the valves-used ms little .
as pogsible, being closed whenever sufficient water to meet downatreum '
requirements pessed through a notch in the spillway crest. It wes real-
ized that the pitting was serious and that repeirs by the. usual method
were inadequate; however, & more practical method of repair was not ap~-
parent at the timse. ‘ ‘

The development of lands aownstream end recent requests to control
Tloods to prevent demege to crops along the river necessitated the re-
lease of mcre water through the outlet valves. Damage to the ocutlet’
structure was increased seversly by these requiremente and the problem

of meintenance became critical, so much so that an inspection of tha out- -

let structure wes reguestad by the field at the end of the 1942 season,
after the valves had operated at near full ocepscity over an extendsd
period to regulate flood flow. In response to this request an inspection
was made by Engineer J. E. Warnock of the Denver office hydraulic labora=-
tory ¢n QOctober 10 and 11, 1942, Incurrad darages were reported in a
memdrandum to the Chief Engineer by lir. Warnock, dated October ‘30, 13942,
as followny .

"The concrete for several feet downstream from the matdl
lining in each conduit has been severely eroded and the ma jority
of the twentv-four Z~inch pipes emuedded 'in the oonduit during
the revision 3n 1331 have been torn out and washad awuy in the
sroded areas. The leakage around the west valve in the clissd
position is abnormel, indicating. the seat packing is missing and
& leakape through the needle face on the ‘west valve hes increased
in nize sinoe it was noticed in Deoember 1941. '

"In the east valve eonduit, soven of the twenty-four Z2=inch:
pipes are still intaoct, the remainder being torn out es shown in-
figures 4 and 5. The concrete is stripped out from 6 to 10 feet
dowpstream from the metal liner on the left side (fipgure 4) 10
feat on the bottom, and 3 to & feet on the right side., In the
bottom, the meximum depth of erosion wes 11 inches below the
original invert. The 8-inch pipe in the c¢rown, which was plugesd
since the trials on its effectiveness in 1931, is still intact
but the concrete is torn from around .it, The semisteel conduit
liner below the valve is severely pitted due to cavitetion as




P

RS i Ty A W,

OR !G'INAL

5

5 u’nr.a box-

i

raitive conf'o.~

s

4

Bty
3

L5

DESIGN AS BU!LT IN 1915

% 0.

coghgdtt s?"' 90" o -
ssc‘r:on

L] "‘0‘

SUALE ey FELT

‘_’E:'enrante
gap

Seat .
patking -

REFERENCE DRAWING

NUMBERS
$-L-36
26-E-20
26 - £ .27
26 -£-30
2€ - F -52
26 -£ -55
2 -F-283

13 W 28200

N

. SEC.A-A

=

F-z'A ir pfpe.s.

.———-.—__._-..-_‘

2 lNCH PIPE AIR INLETS

T

9 9" Eatf out{ef

_Q 373 Wesf outlet ——m\ ~ T

.~ SECTION 3HOWING
[EVISIONS MADE iN 193!

i o 1 2 » : £

3’
L
. n T By - T T RENY: PP T = S ™ *
- SR S SR I T
T “Prpe wos plugged | : e 24 = 2" Adr pipes {
Q ' .‘m i93i. R . : . ]
o 5 R Hee S
.«j'\_s‘ea:’mg ring . da.? F:pe air mle!s e i ; . : i ' J:
T “ # - : ) 1
o 8 : . : £
K "1 £ K
o N i . *
O -+ o " t
o : S
10 ! i
o - : i i
N LL > : = - g i .
2N ¢

. WNITEL STATES. -
LEPERTAMEAT Q& TAR INTERION
BUSEAU wF GECLAMATION

SHACSHOVE FRDJICT W?OMIN'G

SHOSHONE DAM

S8INCH BALANOED VALVE OU’TLET’S
ORIGINAL INSTALLATI‘ON AND 1931 REVISIONS

.). sumtnTEEs L
RECIMMENDEI! ...

SPPRONES ..




‘arEA "OATRA

TeoUNTOQ IUT-9G I5W8 acTeq Leyeypoen Jeuly PROURTIN 47H3"GY 1400 LOJ DAGIIGUUCD @38LIU00
IPUCO TO UOTINATANG 03 Omp FUTY31d emaeg 30 EOTL-RIREY L3 0IBq DIST ewdid Ji® GRUI-cap
b

Shoshona Dam

TaATIA A0 UCJJ ERSIjsumcp JuRcoT jinpuce “yres woduwy
qoup=gg Jo 4uea ut eedid Jyw qougeg jOo Gujwaey Y0 UT JeATEA PEOURTBY YOUI-BG JC VIR0 Y

Valves - Lower Qutlet Tunnel -

Ralencer




« . 9ATUA POOTRTRY YOUT=QQ 12dm HGI] WHAIISUMID

JOUTT TRl Lodf WSS 3IUACD
#9d7d juea JI® O eangodye puw Fujplam GATSUSIER AIQUOD QoUl=gg JO @p1é WIL Ul ino ooy deep
FuimoyE "6aY6a (OUl-RG jEGR U] ETpeeU JO wiwy PO {064 qUUi-g pue wedid Jie qoui-g }o cutwsey

*OpV FRM LOTLR[RIBU] Jue
-oed Gaga ToHT U JJO 300 JOUFT TR4e Jo pug ®a[Ra PEOUSIRQ Youy

*quespdds @5 @391 oTpest uo Buipran cifeuelxy om0 uo TBIT IPUIL TR3R o FurdaNd
TIRCUD 16@a U sedjd IT® yauiez jo SUTVEOH

Lower Outlet Tunnel -~ Shoshone

alanced Valves =

=]




-
I
IR

N

shown in figure 4, The severity of the pittini ocan be judged by
o study of figure 5. '

" "The sast velve closes satisfactorily, but there is en ex-
tengive pitted ares on the seallng ring at the invert. The famce
of the needles has pitted areas on which several kinds of metal
have been tried, such as Wilson 17, Airco nickel 25-12 stain-
less steel and Hobart cast iron. None hes been sat1sfactorV.
Figures 5 and § show the extengive welding on the face of the
needle. The areas of greatest pitting were directly below and
sbove the rasspective valve guides. ~In those areas only 3/4 of
an inch of tha original two inchea of parant metal remnins.

- "The conduit downstream from the west valve is not as ex-
tansivaly eroded as the east valve but it is more severe in

spots. Twelva of the twenty=-four 2-inch pipes are still intect,

the others belng ripped from their embedment. Figure 5 shows.

the remains of these pipes nnd a hole in the concrete’ npproxi-'

mately 15 inches deep., In this conduit, the plug in the out- ‘

let of the 8=inch air pipa had peen torn out. '

In view of the ’1ndings of this 1nspeotion and similar previous occure
rences at this and other instullations, hydreulioc model tests were be- -
lieved to be the only practicable means of solving the problem, end a com=
prenensive test progrem was instigated immadiately to an&ble repsirs ba-
fore the start of the 18543 irrigation saason.

PURPOSE OF MODEL STUDIES

‘* 4, BScope of tests. The main. purpose of: OOnatructlng & model of the
Shoshone Outlet valve was to evolve &.means of minimizing or eliminating

. the severe damage to the outlet structure, thereby reducing the unrea-

sonatly high sessonal msinterance costs and renoving the danger of &
possible failure in the wuter release syatem. This problem involved an.
extensive study of the pressure distribution 1n the valves and dischurge ‘
conduits, first, on & l-to-6-scale aerodynamic model rapresanting & one-
eighth sector through 2 valve and dischiurge conduit, to expedite the re-
design so that purchase of the necessary materials might be made in time
for completing repairs befiore the. 1943 irrigation season; and then on a
l-to~B-2/3-scale hydraulic model of one valve and dischurge conduit to
verify the air model tests, study refinements in design, and determine.
the adequecy of the aeration system in both the original and the proposed
designs, In addition, studies conoerning the actuating pressures for the
valve plunger were mede. After it was found impossible to obtain mute-~
rials for the new needle tips and air intske manifolds required for the
proposed changes, due to restrictions by the War Production Boerd, tests
were condugted to ascertain valve-opening ranges of safe operation to
minimize damage by limited oporatior until miterials became aveilable.
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Also, a study was instigated to mscertain the possibility of obtaining -
acceptable conditions by minor alterstions to the present field etruc-
ture. The model s tudiss included tests to determine. the reliability of
using air as & fluid lnstead of water and investigations to ascertain -
limitations end disadvantages of the serodynemic model. ' In connedtion -
with these tests, an exeminstion was msde of hydraulic and serodynamioc’
equations 5o uscertain the error induced when using the simpler hydraulio

equation in determining the flow of air through an orifice. '

5. Summary of results. A satisfactory solution to the problem of
relieving tne severe substmospheric pressuras on the valve needles and .~
discharge conduit walls tc prevent the occurrence of the cevitation
phencmenon, thereby eliminating the destructive pitting action to thene
oarts of the structure, was obtained through the model studies subse~
quently described. IR o

The model tests indicated that either of two methods might e em-
ployed to give satislactory operation. One includqd me jor chenges in
the valve nsedles and air-supply system and required the purchase of
heavy metal castinzs, while the other involved the streamlining of the
soaling edge of the plunger, removal of & portion of the bronze sealing
ring by chipping and grinding, removal of the throat liner, and revemp=-
ing the air-supply system. seration equivelent to three 12-inch ducte
was Tound to be adequate in this arrengement, but slightly more area
was recommended as u factor of safety because ol the limited information
available on the air reguiremsnt in high-velocity flow. Lo

The model tests showsd that the present prototype vent system is
inadequate to prevent cevitation for ell except a very smell range of
valve cpening. Insufficient air ig supplied at openings between 23 and
70 percegt, and some of the 2-inch vent plpes on the invert and crown
become ineffective at openings above 85 percent, due to eddies forming
immedistely downstream from the V-guides. These oonditions precluded
safe operation of the present installation at runges of valve opening
other than 70 to 85 percent. G ' o

Model studies of the present field design indicated that the pitting .-
of the prototype valve needles has been the result of operating at valve B
openings between 14 end 25 perceant and thaet damege to the conduits re=-
sulted between 23 and T0 percent valve opening. Vo doubt the damagze %o
the conduit at these openings rendered the alr-supply system ineffective
and aggravated the destructive action for larger valve openings. Dis«
cherge coefficients and capacity curves, which will assist the project
operating personnel to determine the flow being releused by the outlet
works before and after the outlets have been revised, were prepared from
the model datea. o ' o

The use of an aercdynamie model constructed of molding plaster
proved en extremely useful expedient in determining the feasibility of
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the proposed redesign. The tests on aerodynamic models of the Shoshone '
valve and on two other small valves, using air and water as [low madza,
indicated that it is possible to obtain reliabdble pressure end calibra-
tion date from air models providing the tests are conducted ocarefully
and propar interpretation of the results is made.

Investigation of hydraulic and thermodynmmic eguationes for comput-
ing the quantity of mir discharging from &n orifice disclosed that the > .
simpler hydraullc squations may be used without introducing noticesble e
errorsa only when the pressure differentlnl through the orifxoe remains
small.

INTERPRETATION OF RESULTS |

6. Transference of model results toc prototype. It is generally L -
aocepted By present-day hydraulioians that cavitation in a hydreulic . SN
paessage ocours only when the pressurs at some point within it approachas ' f’““
or reeches the vapor pressure of the flowmng medium. . In'view of this
concept, pressures equal to the vapor pressure of water would nave to
exist in the outlets at Shoshops Dam before damaege to the valve needlas
and discherge conduits would result.. Inuerpretation of the pressure .
data obtained from the Shoshone outlet models was based on this concept.

' 3scause the aerodynamic tests were limited to a small range in head: by
the lack of air-blower oupacity, the- following discussion ie diructed
principelly to hydraulic modals using s 1iquid as a test madlum. ‘

Whether or not the presaure at various points in the prototype can
be aceurately predicted from model results depends on the conditions _i
existing during ths operation of the prototype. If the pressures at all
points within the prototype are ebove the vapor pressure of the fluid, :
the problem is simple and the usual similitude transfer reletions are = =~ [~
valid., IHowever, if the pressure at eny point becomes egual to the vapor .
pressure of the fluid emd cavitation is present, the problem is more in-
volved and accurate avaluation of pressures may'become impossible unleas
the model is enclosed in a partial vecuum such that a true. soals ‘existe
betwesn the vapor and artificial atmospheric pressures of the’ modol and
the vapor end natursl atmospherlc pressures at the prototype.

If, at the aocale heads, over & certain opgrating rnngc..néglecting R e
the relative difference in model end prototype frioction due to different -
Reynolds numbers, the scaled model pressures st any point within the
valve do not extend below the vapor pressure of the prototype, the pres-
sure at any corresponding point on the prototype may be found by the:
usual model-to-prototype transfer expresalon

Pp = N P

where Pp &nd Pm are prototype und model pressures, respectively, and |
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N is the model scale.

However, if the scaled value at any point extends below the wapor .
pressure, which condition indtcutes that cavitation will oacur on the :
prototype, it is not possible by this method to ‘predict the correct pres- .
sure for any point on the prototype other than that sorresponling to the
- lowest existing on the model and possibly the pressure which oontrols the

cischarge, &8s that in the throat below the seal ring of the Shoshone
velve. To essume all pressures with such scaled magnitudes to be sgual
to the vapor prassure on the prototype (the lowest obtainable prototype
pressure) is erronecus, particularly if the values are for widely sepa-~
reted polmts and both are not of the same intensity. Pressures obtained '
in the usuel manner for sany point in the prototype othsr than the con-
trol or lowest pressure will therafore be too. low, and the percent of
error will be proportional to the devietion of the soaled pressure from .
the vapor pressure. When this condition obtains, pnother method must be’
employed to evaluate the prototype pressures. B o o -

If the model and prototype have definite controlling pressures at
the same relative location and the boundary contour upstream from this'
point is sufficiently streamliped to precluds any chenpe in:the shape of
the stream tubes.due %o chenges in head, that is, the coefficient of
" discharge, C in the aguation L : o

Q=Cca /Zegh,

rompins constant, the ratio of the difference in head between. any two
points in this region to the total difference (upstream. to control pres-
sure) is constant and may be termed a pressure factor for predicting the
prototype values st corresponding locetions. - This method of predicting
prototype pressures ls also appliceble where the scaled model pressures.
are sbove the vapor pregsure of the prototype =as explained above, provid-
ing, of oourse, that the stream tubes do not change shape when the head
is varied. If the model is to be used in determining the control pres~" .
sures, oare must be taken to construct the model to give the correct
scaled values of these pressures, Otherwise”thd;opérating‘chgract@ris- .
ties of the full-sized structure may or mey not be indicated by the model.

Since the pressure surrounding the vena contracta of a jet issuing
‘. from & valve influences its discherge rate and hence the pressures et all
points within it, the total change of head through & valve should be "
taken ag that from the upstrean side to the vena contracta. Yegleoting
the relative differsnce in model and prototype friction becuuse of the
difference in Reynolds number, the stream tubes will remein geometri~
cally similar end the same relation will exist in the prototype as in
the model. Thus, kmowing the control pressure on the prototype and the
pressure-drop ratios (pressure factors, F) for the points in question,
it is possible to predict quite accurately the pressures st these points
by weirg the expression
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Pp - Fpt * Pc

where P, 1is the protctype pressure in feet of water for the point in
questlon; P, i the prototype contrcl pressure (negative and equal

to the vapor pressure ol water at the prototype when the scaled value -
equals or exceeds the vapor prensure) sxpressed in feet of wetar above
or below atmosphers, as the case may be; Dy - is the total head differs
ence in fset of water on the prototype, from the upstream side of the
valve to the control pressurey and F is the faator for tho point in
question obteinad from thn model tests..

Though the application of thiu method to cases where the straam ,
tubes chenge mappreciably with changes in haad .89 in the present. field
design of the Shoshone valve, is incorrect and the modsl should be en-
closed in & partial vacuum to give true pressure valuss, it may bs used
to & limited extent. In regions where the boundary surfase of the mein ~
flow doss not change appreciably, the valuas obtained by this method
will be reasonably correct while thoss obtainad for. regions where the
boundary change is considerabls, es at ths downstream edge of s low-
pressure rone whera the main flow separates from the solid boundary,‘
will be substantinlly in error.

AS there were two low-pressure zones in the Shoshone outiet model
where the scaled pressures for certain walve openings extended below the
vapor pressure of water at the prototype structure, about «28 feet of
water, the pressures in these repions were taken as oriteris in estab-
lishing the critisal range of opening for the present prototype velve.

‘Since it was desired to determine the existence of cavitation pressures

and not the pressure distributlon in the velve or the location where
damage would result from the collapse of the cavities, the transfer of
model dete to prototype wes not so involved.  However, both methods
outlined above were used. ' . LT

The transference of the amerodynamic model data to prototype wus.mndoi

by pressure factors in e manner similar to that described previously.:
However, two varietions of the method were employed; one, using factors -
based on the head on the valve, above atmosphere, expressed above or be-

. low gtmoaphere as indicated by the pileozometer, being considered; and. the.

other, using faotors based on the totel head difference but expressad
above the eeration (control) pressure, obtained from the tests on the -
1-to §-2/3-scale hydraulic model, Those expreased in percent of the

heed above atmosphere were adequate for determining the pressures in the

proposed redesign, since the aerstion of the velve was sufficient to make
any change from the small negative pressures at the vena contracta nege-
lirible. Thls is not the cese in designa like the present fisld struec-~ .
ture whers substantial subatmospheric pressures exist,

Pregsures obtailned in this manmner, for ingtmnces where the scaled
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velues exceed the vapor pressure amd are assumed to be equal to it, as:
in the redesign when uneserated, or in the present installstion when par- '
+ielly serated, are incorrect, the resulis being sxmilar to- those ob~
tained in & hydraulic model when the familiur similitude relationship is
used and the seme assumption is mede. Critical pressures are indicated

over a greater portion of the outlet end for a widar range of valve open- -

ing than should be the case.

The second vu*intion nmentionad above wns'expédted to give pressures
moro ¢losely representing those for the’ prototypa structure; thus it was
employed in recomputing the prototype pressures in all aerodynamic tests
after the meration pressure had been determined by the hydraulic model.
Excellent agreement resulted between the hydraulic and the aerodynemlio -
date for the proposed redesign, but discrepnnczaa of appreciable meni-
+tude, attributed partly to different degreses of saparation of the two
flow media from the bounding surfaces end partly to limitsations of the
aprodynamic model, were noted for ‘the present field daslgn.-

SPECIAL AERODYNAMIG STUDIES

7. Air versus water as a test medium. The fallure of. dischur5o
deta teken from 4b-degree sector aerodynamic models to agree within the
limits of experimentsl error with that obtained from complete hydraulie
models, in tests mmde previous to those on.the Shoshone . outlets, led to
investigations to ascertain whether the cifference was introduced by
using air as a flow medium or by using sector madels of one scale for
gir and complete models of another scale for water, It s concluded
from the tests described subsequentlv that errors are mnre likely to re-
sult from the latter. : : . . ‘

Two small valves (figure 7), one & 3=inch hollow-jet and the other
& Z2.8-inch needle, for which the laboratory sair-blower capaoity s
suffficlent to give reliebdle maaauremsnts, were calibrated first with
elr, theo with water. S :

There wag very poor agreemant botwaen the aerodynnmic and the ‘hy-
draulio data from both models when first compared, 'The discharge coef- .
fieients for each valve were inconsistent rogardless of the medium enme
ployed, and the results obtained by using air were in poor agreamant
with those using weter. Better comparison was obteined for the needle
valve than for the hollow-jet valve, ; . :

In the initiel tests on the needle valve, the exit edge of the
valve was rounded similarly %o the design used in the Boulder Dam oubt-:
letes apparently this exit shape did not give constart degrees of sepa-
ration at the rounded edge for a given head. It seemed thet the flowing
media would at times cling to the curved surfecs, causing & recovery of .
head whick was not included in the reading of a piezomster located one
pipe diameter upstream from the velve, At other times the flow would be
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free from this action. To eliminate any variation from this source the
valve exit was ochanged to the sharp-edged type. The ‘results obtained
from this arrangement were considered excellent when the discharge coef-
ficients obtained by using the two flow medie” were plotted against”
Reynolds number basad on the entrance diameter of the valve (figure TA}
The altersd exit shape eliminated the abrupt changes. in direction at the
boundary of the flow passage and gave coefficients which did not vary
with the nhead. Though the agreement between the eerodynamic and the
hydraullc tests was good, the compariaon would have been more- convincing
if the capacity of the air blower had besn sufficient to obtain the .same .
Reynolds number as for weter, without necessitating the operation of tho .
valve at extremely low heads where the aoccurscy of head and dlschargo o >
measurements with water were queationable- : ' [

The first attempts to compare the aerodynamlc ‘and the hydrnulic data
from the 3-inch hollow=jet valve were: diacouraging, for the -discharge
coelficients obtained by using air, meesuring the head on the valve with
atmospharic pressure az a datum and not conaider*ng the . nogative pressure
on the interior of the valve downstresm from the outer edge of the ‘needle,
were conslderably in excess of those obteined by using water. After in-
vestigating the pressures in ‘the downstream portion of the valve near the
outer edge of the needle whare apprecinblo aubatmoapharic pressures were
found to exist, the disagreement was ‘attributed to ‘improper ‘mes.surement -
of the head on the velve in the serodynamic tests.' At times, the sub- ‘
atmospheric pressure in this region was almost equal 4o the pressure above .
atmosphere reccrded by the piezomatar located one pipe :diameter upstream ‘ .
from the valve. The subatmospheric pressure at the same point was neg-‘*h ; s
ligiole when water was passing through the vnlve, thus the head obtalned '
for the hydraulic i e 8 t had been nearer the correct velue than that .
for the serodynamic tests. When the head on the  val ve was talken as total
change in pressure from & point omne diameter upstream g omne: immodiatoly
downstream from the outer edge of the needle, very good agreamont rcsulted
between the aerodynamic and the hydraulic tests {figure 7B). These tests’
demonstrated that care must be exercised in conducting serodynamic test-
ing of hydraulic devices. FPressures bounding a jet of water may be. in-
significant, while those at the same boundary when air iz usad may re-’
present a larga percemtage of the total head.

Also, it was concluded that the dlacharga characteristicu 88 well : _
as the pressure distribution for most hydraulic devices oan be obtained - C
from an aercdynemic model if the tests are made with extreme ocare and = - o ‘
the results are properly interpreted. It would be practically impossiblo
to pradict pressuresa in the present Shoshone outlet structure by sero-
dynamic studies without first making hydraulic studies te obtain the
aeration pressure or measuring the prototype pressures and using corros-
ponding pressures on the model.

Even with the ‘aeration pressures known, the problem would be a diffli-
cult ope, for the abrupt chengee-in direotion of the {low passage in this
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‘water as e flow medium might bs expected, The difference in pressure fac-

_ to effect the presmure factors (figure BA),

design would osmuse meparaticm of the main flow from the boundery ard the
smount of separation would very with the head om the valve, The differ-
enoe in the physiocel properties of eir and watar would elgo .influence the
seperation; thus poor egresment between tests using air end those using

tors obteined at various velve openings on the serodynamic and the hydraulie
models of the prasent Tield design (figure 8B) nught be explnined in this o
mamner, . , Lo T s

The pressures for the proposed desigr of the Shoshone outlets could _
be predicted socurately from the sir tests, einoe the subatmospheric pres- . ‘
sure at the control was negligible and sufficient meration to obtain o L
compareble model pressures could be: provided by removirg the model dig=- ' N
charge conduit, In addition, the positive control immedistely. downstreem
from the seat sssuree ageinst many appracisble ohange in the stream tubos

8, Compsrison of hydraulic exd thermodynnmio eguations for oomputi_ﬁ
the flow of air through an orifice. When aerodynamic teats for tho re-

design of the Shoshone outlet works were instigated it wag realized thlt
numercus computations of the mir dischergs through ¢ astandsrd inteks ori-:
fice would be reguired during the study. This work could be feciliitated
if the hydraulic equation Q = C4A W/E—ET?' wes uaed instead of the more
complex thermodynamic oquaticn

! = CA 25 T-"‘—-i—— LPQV& - Pds‘vds 2
Moreover, tha information would be useful in future asrodymemic tests, A

comprehensive comperison was mede of the. tvo equatione, bdsbdlﬁzﬁbqth the

upstream and the downstrean presauros.

The hydraulic eguation for flcw through an oriiice when baaed on at-

mospheric pressure may be expresssd es:

Qh-u‘\/"" ‘\/(P -P)V

and the thermodynamic eguation as:
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th and Q are quantltiaa in oublc feot per gecond at’
ntmoapharlc pressure, obtained by the hydraulic and
thermodynamic equntionu; : ,
is the discharge ccefficient of the orifico|
is the ares of the orifice in lqulre feet;
iz the soceleration dus to gravity; '
is ths downetream pressure ino poundg pér bquaro‘;nbh
absolute; |
is specifioc vcluma of the fluid at ltmﬂspheric pressurﬁ,
cubic feet per paund;.
ie specific volume at the daWnstrelm prensure; and
1,405 for eir, 1s the constant for ldinbatic chnnge or
state, a change in whioh the system neither receivel

nor gives out heat,

The somparison was accomplished through the use of the ratio .
sinoce 1t expressed the dlscharge obtained by using the hydraulxc for~
mle in terms of the correoct amount given by the tbermodynamic relution-
ship. ' ' '

From the twovequationa.

’\/(P - Py )v ‘

ceveeene(1)

Squaring both sides,




PPy e e T gy, | i, i . A, & ;‘h‘.‘,_‘nw-“&.m“‘-*_‘-‘-a\. [

covennrenaanaa(2)

-1

N T

ok Lk SR d
Using Pl VI -Pz > = i‘rqm Kwhi.o_h V_a. - Yd (T-) r

subgtituting for V - in (2) and dividing both numerntor nnd dcnomimtor o
by P e’ the retio becoms - T

Agsuming values of T- the ratio of _—T oan. be obtained and S
the cguere root gives T- from which ths amount Qh‘ is greater or.
emller than Q.. oen be dotarmined.

Py A i
¥hen the aseumed valuea for -?,E—— of 0085, 0,90 C.85, 0.97, a.nd

.0.99 were used to obtain the retio o? quentities and the results were . -
plotted (figure B), it was found thet substantisl errors cm:ld be introe =
duced by ueing the hydraulie formult; that those errors would alwaya ba
positive when the hydrnulio equation, based on either P . or P,, was used
instead of the thsrmodynmic equetion based on P_ ot thnt they would bc
negative when the Iydraulic oquation,basod on P , Wag used’ lnstoad of

the thermodynamio equation baged on Pd' end that they would be positivo
when the hydraulic eguetion, based on Pd" wag used instemd of the ther~
modynemic one based on P,.
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In 81l cmses the error was substential for lerge d¢ifferences in head,
dacreasi%g to n negligible mmount as the difference becAms smell and the

ratio -Téi- approached unity.
a :

From this inspection'itlwus concluded thet the ﬁYﬂraqlio équgtion rRy .
not be used without introducing &n nppreciahlq'efror dniqis‘thq‘hend dif--'
ferential through the orifigo is amell.: Sincg the, différg:ce did ndf;qx-‘
ceed 0,35 fest in the Shoshone tests, giving & value of —p— of 099, and
the error did not exceed OJE peroent, the hydfﬁulic aqpnti%n‘ba§gd on st~
mospheric pressurs wes used in all computations. to obt;;ﬁ‘thb discherge of

eir through the stendard messuring orifice attached to the intake of the

blower.

INVESTIGATION OF THE SHOSHONE OUTLET BY AZRODYNAKIC MODEL

9. Description of 1 to 6 serodynamic model. A model having & soale
of 1 to G, representing a one~eighth sector through the valve and dise
charge conduit and using eir as & test medium, was employed as an sxpe=
dient in determining the feesibility of proposed changes in the present
field installation of the Shoshone outlet tc enadble the reovision of the
prototype structure before the start of the 1943 irrigation season. The
model consisted of & section of l2-inch diameter metal pipe; a trensition
from 12-inoh diameter to-a 45-degree, 12-inch radius, circular segment;
a 46-degree V-shaped channel with one side of fiver wood und the other of
transparent plestic; and 45-degree plaster sectors of the valve and dise
charpe .conduit (figure 104). L Ll el

Metal templates fastened %o & sliding frame fitted to the edge of
& smooth flat-topped table were used in forming the seotors of the tunnel.
and discharge conduit. Mortar, prepared by sifting dry molding plaster .
into & vessel of water until it was just covered by the water and stirring
it in s manner to prevent entralnment of alr, was pleced on-the table as
it reached the proper consistency, and ‘the templetes moved back and forth
gcross ite The model segments were sheped through a process of building

up and secraping off the surplus plaster es it obtained its set. ﬁ

The valve nesdle, housing, and support ring were shaped by templates
which were revolved ebout fixed centers. The plaster mortar was placed
in V-troughs with sides shapsd approximately to the section profiles of
the nesdle and housing, and the templates, centered at the ends, swang
back end forth across the troughs. :

The section representing the vulve support ring wes constructed by
e metel template revelved about a center on the flat-top table, shaping
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the setting plaster as explained,anﬁe.

Exoept for the moveble needle, which was controlled by an Leshaped
rod with one end inserted into & metal tube installed within the needle -
and the other passing upstreem throurh a groove in the bottom of the
transparent-sided V-channel, all the plaster segments were fitted and
bolted to the channel. Alrtight joints were obtained by placing a fillet
of modeling cley along the seams inside the model.  Alr was supplisd to
the model by a 4-inch positive-displacement blower of limited cmpacity, a
type not as well adapted to merodynamic studles as the centrifugal or
axial-flow type due to its almost constant output sgainst.various pres- -
sures. Lo o e

Piezometers were installed by drilling small holes into the model
segments und inserting. small copper or brass tubes for attaching to s
water munometer. The conneotions between the model and the metel tubes
were made airtight by plecing plaster mortar around them, '

The needle actuating rod, mentioned previously, and a scale of velve
openings etehed on e strip of transparent plastic and cemented to the
plastic wall of the V-channel, enabled acourate getting of the valve for:.
testing. R SRR

A woter mupomebter wes used to measure the difference in plegzometrlc
pressurss between the plezometer indicating the head on the valve and
any partiocular piezometer. Tnis procedure waa followed to evold read-
ing extremely smell dif ferences in head when oritical areas were being
investigated, whioch would have been neocessery had etmospheric pressure
been seleoted ms the datum. AT S S T I
10. Study of proposed redesign outlet. 'The usual procedure of first
" comstructing and testing a model of the original design to ascertein its
characteristics and then altering it to obtain improvemsnt wag not fol-
lowed in the Shoshone outlet study, principally becauss the completion
of the model tests on the proposed redesign was necessary if revislon of
the prototype was to be accomplished before the 1943 irrigation season.. .
Insufficient tims remained to complete both tests. Moreover, the relia-
bility of results from air tests on a design of this type was question-
able because of. the magnitude of”ﬁhe subsatmospheric pressures involved.
The behavior of the model was expected to be similar to' that experienced
in tests conducted in the hydraulic laboratory on-models of other valves. .
The pressures near the two zones where damage opsurred on the prototype
wore certain to be subatmospheric sufficlently-to indicate cavitation,
s condition considered to exist when the scaled model preossures exceed
the prototype vapor pressure. :

Sinoe subatmospheric pressures in outlet structures llke those at
Shoshone Dem become more severe as the heed is increased, the pressursas
predicted from the model tests were based on the maximum prototype nead,
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approximately 220 feet. By using the pressure factors and conducting
tegts to detsrmine the varietion of the control pressure with head, it
would be possible to sscertuin those ror greater or lssser heads. The
present design 1s an undesirable one; so en extensive progrem to study
the varlation of the conmtrol pressure with the head did not soem justi-
fied when this investigation was made. : L : '

¥hen the proposed redesign (figure 10C) was tested without seration
end the data transferred to prototype by using pressure factoras besed
on the static head on the valve (ebove atmosphere) and expressed as be-
ing above or below atmosphere, the pressures near the seat. on the support
ring and in the discharge oconduit were severely substmospheric (as much
as 42 percent of tne static head on the valvs), indicating that cavitas
tion would result to the redesipgn if the outlets were impropcrly‘aerated
(figure 11i). : A R ~

y'ith the aerstion to be provided to the prototype valve by the alr-
inteke manifeld and an alr duct of approxinmately six sguare feat of area,
pressures near atmosphsre were expected to sxist in the spece- surround=
ing the jet immediately downstream of the valve; thus the conduit seo-
tor below the model valve (arsa 1, figure 10C) was removed to acquire
representative conditions. Tests on this nrrangemenx'displdsed‘that the
admission of sir to the reglon immediately below the velve was still.
hampered by the downstream edge of the support ringe. .The aeration pres-
sure wes too low so the downstreem portion of the support ring (azea 2,
figure 10C) was removed. The negative pressure at plezometer 9 (fig=
ure 11D) was negligible for all positions of the model plunger. -

The clearance-ring pressure (piezometer 16, figure 11D) was equal
to or greater than sny on the needle, thus indieating nqgtroubléﬁin
closing, the valve from the wide~open position as'hgd‘bedﬁ*the casa with
the present field installation. . T R

Pressure measurements for the complete range of valve opening in-
dicated satisfactory .conditions at all points in the velve except on
the needle and the support-ring surfaces (plezometer g, figure 11D) imme-
diately below the seat where a divergent passage fqrﬁed”as‘thdealﬁo*
neered the closed position. - To alleviate this condition, the continuous
curve below the valve seat on the support ring was replaced by a short
tangent, diverging oune-half of ome degree from the needle angle (figure
10C).. Complete pressure messurements, including those downstream from
the V-zuides, were again teken (figures 11E and #). Though the pres-
sures remeined subatmospheric for openings of less than six percent,
they were not of a magnitude indicating cavitation {figure 11G), and the
design was considered satisfactory insofar as the aerodynemic investi~
gation was ooncerued. Construction drawings for the changes wers pre-
pared on the basis of the sy fiadings appen=-
dix I), but it was believed advisable to corroborate the reswlis by
hydraulic tests on the l-to 8-2/3-scale model before the plans were
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adopted, particularly sinoce aerodynamic testing was comparatively new.
to the laboratory parsonnel. The aerodynamic tests later proved to be
& valuable expedient when almost identical results were obtained from
the hydraulic model reguiring many times as long to construot,

1l. Study of present outlet installation. As the parts of . the
aerodynamic model were construcoted easily, the model was altered to
include the present field design, except for the asration system and the . ... -
downstream end of the discharge conduit (figure 10B). The model was not .
serated, as the prototype aeration pressures were unknown. Moreover, it
would have bsen difficult to uerate properly the aerodymamic model to
represent these pressures had their correct magnitude been knmown, A
higheveloeity air jet transports the surrounding air more readily than a
water jet of the same size and . velooity; thus considerably more vent ares
is required to obtain corresponding pressures at the vena contracta of the -
air jet and the ares could be determined only by trial and srror, The.
model tests indicated lower pressures at all points than would have been
the cese had proper aeration been sipplied, a fact later verified by the
hydreulic model. ' o ‘ o L R

The pressures in the outlet.were as anticipated, severely subatmos-
pneric on the outer edge of the plunger needle and in the conduit down-
strean. The pressures (figure 11i), computed by using pressure factors
based on the hesd above atmosphere on the velve and expressed as per-
centuges of this dif ferential above or below atmosphers, were found to
deviate markedly from those obtained subsequently from the 1« to 8=2/3-
scale hydraulio model. Apparently the prototype.pressu:QS could not be
predicted acourately by this procedure. Examination disclosed that the
results were similar tu those obtmined in hydraulic models when employ- -
ing the usual model-to-prototype transfer expression discussed in sec-
tion 6 of this memorandum, and essuming that all scaled values exceading
the vapor pressure were constant and equal to it, The preasures were
recomputed vsing pressure f'actors based on the toiul ohange in head
throurh the valva but expressed es a perusntaﬁa'of:the’changq‘ubOVQ'the ‘
o control pressure, obtuined from the hydrauli: tests (figure 11B). Better
o agresment wus obtained between the asrody-umic and the hydraulic tests
c when the latter method wes used. ' ' T

The clearance-ring pressure +c full opering was not subatmocspherie,
as had been expected, but wes substantially positive, 190 feet of water
or about 20 fest lower thel the pressure in the tunnel immediately above
the valves. Thus little would be gained to improve the operation of the
valve at large openings by altering the clearunce ring. Pressures on
oertain perts of the needle were greater than the rlearance~ring pressure
for openings above 95 percent, indicating that the valve could not be
closed hydraulically by the clearance~ring pressure from these openings
(figure 114 and B).

Although the present field design was not represaented correctly by
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the serodynamic model, due to the short section of discharge conduit and
improper meration, the tests were believed to give some clue as to the
conditions causing the damags to the outlet during the 1842 season,
Noreover, the model rapresented the prototype structure es it existed
before the discharge conduits were lergthensd and the ameration systems
added in 1931 and the pressures, no.doubt, werq;OIOSely‘répresqntgtive. _
of those causing considerable damage prior to that date. The tests were
important in that they furnishsd useful information concerning aerody- -
namic tests and interpretation of the test data. e

INVESTIGATION OF THE SHOSHONE OUTLET BY EYDRAULIC MODEL

12. Description of the 1- to 8~2/3-scale hydraulic model. The
hydrsulic model of one valve and discharge eonduit of the Shoshone ‘outlet
works, constructed to verify the results from the 1- to 6-scale asrody-
namic model, study refinements in design, investizate hydraulic operat~
ing cheracteristics of the valve, and determine the adequacy of the mera-
tion system of the proposed redesign, pressat rield installation, and & .
modified design, consisted of & high-pressure stesl hend tonk, a l-'to
B~2/3~gcale bronze model valve, and a sestion of transparent plastic pipe
representing the discharge conduit of the emst outlet (figure 124). '

The model valive was made geometrically similar to +he prototype to -
permit a study of its operating characteristics when the plunger actusted
hydraulieally and to investigate methods of increasing the effectiveness
of the actunting mechanism when the valve plunger neared the open posi-
tion. P’lezometers were located on the needle tip and in the conduit
wall immedistely downstream from the .valve to determine whether or not
the pressures in these regions were sufficiently subatmospheric to induoce
cavitation. The plezometers were not irstalled until manual controls
were privided, since their presence would interfere with the hydreulic- =~
operation of the valve. Two needle tips and two throat sections were -
provided. The bronze needls tips, representing those of the proposed re-
design and the present field design, were made removable to facilitate -
changing from one design to the other. The two throat sections, one re-
presenting the air inteke manifold of the proposed redesizn and the other
the valve seel and throat liner of the present fisld design, were ma-
chined from bronte castinga and were interchangeableé. The ssotion repre-
senting thet of the present field structure wag remachined for tests on *
the modified design. o o : o ' '

The portion of the discharge conduit beyond the throat liner of the
prototype valve was represented by a length of transparent plastic pipe
to permit observation of the flow conditions in the conduit, Twenty- .
four C.234-inch holes were provided in the wall of. this pipe to represent
the Z-inch vent pipes on the present prototype installation. Water and
mercury manometers were used to record the piezometric pressures,

31




Sel-0dH

o’

-y

Note F‘Jhmmefe:fs_ Na 1, 2,3,0,56 14,15,

and 16 loculed ‘on vertical €.
Fiezometers No, 7.8.910,1,1,13,16, 18, ..
ond 20 Iocaled 42°from vertical & -

! F Piezometers No.!Tand 21 ipcated
T e — Fonen 15% from verticel €.~ ..
;.'T h ¢ Diaphragm e
o B Digte . -0 “
= W j ] et ok 0% e . " o frmsk
i “ﬁ‘g | ; ' 39-0 IO : S
= ciw : RN
= RS . i ,
[ (O D < T 1 -’ :
f :"i{ ¥ s S LR W
s | - NPy 5007 FF it S
i : i3 o ] T8 o ‘
2 2, b ER ;
2 o e EE s
= ) NN 5
Flow ] S Sh !
corcader N B3 Y -i"mg ~ 3]
et L il
ot -8
-1

Dottedt laes show
eslent 0 r1bs fo

ear of Seclion A A -

arzi

s Symmetrical abou! vertreoi €

-

S B. PROPOSED REDESIGN
S ER (Df:s.'GN.;)

[ . . . .
HALF SECTION A-A v ufa,ﬂhragﬁ Pl Note Prerometers fmarked

A Hhus- voy vop el )sre locoted
I 328" from vertical g : :

s

8

3

e - :

~ E ’

rsg g 2sen %»-;.3

S 55
L3750 Hole i 55

St each e ond g Ll

E of Moditred Design

s

(VRN

CSection thry contra!l

- Je crank or sige of Pank

‘ only =7 .
~—i bt
i

-3 306k L3 %
i ;

Hhry verdical €

/2830 gye " P
(20707 A5

taxen om horizuntal §

Half section

. L2 Equal!y speced
; 0.234"dha togped|
T2IEGR . hples

Medifted s
Design onty-+*

\ :Droﬂie of
. - A . *i Nodhied Design’
C. PRESENT FIELD INSTALLATION (DESIGN ) :

AND MODIFIED DESIGN (DESIGN 2)

SHOSHONE DAamM
58-INCH BALANCED VALVE
MODEL STUDIES - 18§ SCALE
ASSEMBLY AND DETAILS
OF HYDRAULIC MODEL

3




13. iwdraulic operation of the valve plunpger - Proposed redesizn
outlet. Tests pertaining to the hydrauiic cperation of the valve were
mode Tor the proposed redssign outlet (figure 12B) before plezometers
were installed, since their presence would interfers with the free move=
ment of the valve plunger, preventing e correct measurement of the frio-
tion. Moreover, they would heve bsen of little velue since the operation
of the vulve at definite openings would have beon difficult and the date
would have appenred inconsistent. Tho pressure tests were performed at

the conclusion of this investigetion aflter positive mechanical control
£ the plunger had been provided and exuct openings could be e;tablished;

Initial operution of the model valve disclosed that an abnormally
high pressure (about two feet of water on the model valve penter line)
was nooessary to overcone the friction on the plunger; thus it could not
be actuated by the clearance-rinpg pressure over much of the opening
renge. Changes in slinement of the V-guidaes reduced this value to about
0.65 foot of water. A pressure of 0.55 foot of water on the back area
of the valve was required o keep the valve in motion during the closing
cycle. This wvalue was assumed to be that required to keep the plunger in
motion during the opening cycle when'thrust:computations'wbre“wrda. With
the reduced frictioun, the plunger of the proposed redesign -could.be
operated hydraulleally by pressure from the clearsnce ring, providing it
was not allowed to reach the wide-open position. Investipgation indicated
that 3ts failure to operate st this position resulted when a sesl formed
vetwoen the machined surfaces of the back of the plunger and the inside
of the vulve housing, preventinr the pressure from the bull-ring cylinder
from reaching the back end of the plunger. Once this seel was broken,
the clearance-ring pressure wns sufficient to actuate the valve at all.
openings. To ascertain if the clearance-ring pressure was sufficient to
sctuate the valve from the wids-open position and whether the fallure to
start closure was du: erntirely to the seal, grooves were cut through the
bullering seat et the back of the plunger. The clearance-ring. pressure -
was transmitted to the beck end of the piston through these grocves and .
hydraulic operstion of the valve was possible at 2ll openings. Though .
it is not indicated by the thrust diagram‘(figvre,ls), the force to close .
from the wide-open position ia available since the pressure on -the needle
surface below the V-guides at larpge valve openings is less than on the
remaining portion of the needle ard these were not considered in the
thrust computetions. The proposed redesign of the field structure should
therefors be operable at all openings by the clearance-ring pressure,
providing L friction betwecn the valve plunger and bull-ring eylinder
is not too prest and & seal similar to thet observed on the model does
not form on the prototype. . ' - :

14, Study of pressures in the proposed redesign outlet. After the
operating oharecteristics of the proposed redesign outlet had been studied
snd the c¢learance-ring press.re found sdequate for actuating the plunger
when the friction between the plunper ané the bullering cylinder wes not
too great and the seel baok of the Lull ring eliminated, the mechanical
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operating mechaniem and the plezometer connsoctions were installed. Ths.
pressures on the needle and in the conduit were recorded for smell open-
ings as well as for each 10-percent increment of valve opening and the
flow conditions for each noted. B - . - =

The jet Lrom the valve waﬂ*roasonnbly'aﬁooth with tho downstream
end of the disoharge conduit filling and operating under pressure when
the plunger neared the wide-open position. R ' '

The pressures on the needle and the support ring were positive for
all except very small openings where a slightly diverging passage formed
doymatream from the semt causing them to beocome negative. Though these .
pressures were substantial, they were not of e mapnitude indicating
savitation and the design was considered satisfmotory. ‘

The pressure in the air-intake mnnifold.wnu'only slightly subatmos-
pheric over the entire range of opening, indicating adequate aeration.
for the design. L . o '

A comparison of these pressures with those obtained from the sero~
dynumic model disclosed them to be in good sgreement, even to the sub-
atmospheric pressures existing at extremely small openings (figures
11E and 14C) and the design S . {lappendix 1) was
recommended. Invitaticns for bids were preparod, but due to restrio-
tions by the War Productlon Board, the decision wes mnde to repair the
outlets and continue the test pregram to ascertain the feasibility of
minor alterations requiring e minimum of etrategic materials. -

15. Calibration of proposed redesign outlet. Prototype discharge
curves (figure 15) for a single valve operating at different openings
and for one velve fully open and the other at various openings was pre-
pered from model oalibration data. The ocurves show a substantial re-
duction in cepecity from the present field installation = that for one
valve at the mexisum "heed being approximately 1,120_aoobnﬁ-feet, & re-
duetion of about 300 second-feet (figures 15 and 17). EhE -

Head losses from the reservoir to the valves were computed for
various quantities flowing in the tunnel and were plotted below a hori-
gontal line representing the reservolr elevation. ‘The .descending {loss) -
curve obtained in this menner represented the available head at the j
valves for the given reserveir elevation and various guantities of water
passing through tne tunnel. Plotted arainst diaoharge, the lossss ere
the seme regardless of reservolr elevation. Discharge ourves for differ-

* sut openings of the valves, obtained from coefficients besed on the total
head on the valves, were plotted on the same graph. The discharge for a
given valve opening and reservoir elevation is that shown by thu intere
section of these ourves with the loss ourve for the reservoir elevation.
To determine the quantity of water being released when the reservolr
elevation and the valve opening are kmown, enter the graph on the loas
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curve for the known reservoir level, follow along thia curve until it
intersects the discharpge ourve for the given valve opening, and resd

the discharge soule vertically below this intersection. The outlet dis-
charge for intermediate reservoir elevations mey be found by interpola=-
tion. . = -

Comparison of the discharge ooefficieﬁts'(figurq 15} shows slightly
more capecity for the air model tharn for the hydraulic model. The resson
for thie difference was not ascertained, but it might have been the re-
sult of errors inherent in constructing and assembling the V-shapes used
in the merodynamic model or the cperation of the mercdynamic model at
smeller Reynolds numbers. A more elaborate model than that used in the
eir study would have sesured correct shapes and no doubt would have re=
sulted in ocloser ugreement. ' ' : : i - :

16. Hydraulic operation of the wvalve Elgﬁger of present outlet
installation. The pressures tending to open the model valive were greater’
than the clearance-ring pressure over much of the surface area of the
needle tip; thus for certain openings the force exerted on the end of the
plunger by the clearance-ring pressure was insufficient to move it (fig-
ures 13 and 144). This unfavorable pressure distribution existed over
the range of valve opening from 95 to 100 percent end precluded success~
ful closing of the valve by the clearance-ring pressure at these openings.
This condition, which was also :.obtained from the merodynamic tests, no
doubt expleins the difficulty experienced by the project in closing the
prototype valves when they are operated near the vide-open position,

17. &Study of pressures in the present outlet installation. A8 soon
a8 it was learnsd that niaterials for the new needle tips anc air-intake
manifolds of the proposed redesign could not be purchased, an extensive.
test program was initiated to investigate; (1) the pressure conditiomns .~
in the present design to ascertain the possibility of minimizing the
pitting resulting from cavitation by limiting operation of the valves to
noncritiocal openings, and (2) to attempt to discover s method for eli-
rinating the destructive action in the present structure by minor modi-
ficatlona not involving the purchase of strategic war materiels. Tests
for comparison with those cbtained from the aerodynamic model were also .
mede. ) S o S - ‘ '

There were two lowepressure zones in the Shoshone outlet model
where the pressures at certain valve openings when transferred to the
prototype reached the vapor pressure of weter, alout -2& feet of water,
The pressures in these regions (zones A and B, figure 18) were taken as
criteria in establishing the noncritical renge of openings for the proe
totype valve. Since it was desired to determine the existence of cavie
tation pressures by these tests and not the pressure distridbut ‘on in
the vulve or the location where demege would result from the collapee of
the cavities, the tranafer of model dats to prototype was simplified.
However, both methods outlined previously were used and the pressure
distribution for the field conaivions investigated,

38




16

o
=]

Aerated by 34, 74, and | [ WitGuF geration
7, ?mch papes ) i i
i ! B : L |

~n
=]

{
2
|
I
|
|
I

L LEGEND 1 - i
——Minimum Pressures,Zone A
b : , o —————Minimum Pressures,Zone B
B T
Afmcsprar lC Pressu}'e
i {Zero quqe) -

S

(=]

_ . t 1 %zmchm
' !

Al deqrees of aerm‘:o g ,.~-pxer°*e T Ib 2ig |;L.4£"i-—-"

'f"‘ZoneA N T S T ST Ry

]
k=]

PRESSURE IN FEET OF WATER (PROTOTYPE)

¥
]
(=]

14
—. Zera Pr‘essure,Absalufe . ;
I(Ap,cﬂom 28 f1.of wafer', Gage, For E1.5500

o] 30 40 -1 -.50‘ .07 ' . 90‘
VALVE_OPENING N PERCENT. OF PLUNGER TRAVEL :

-Rergted by 34,26, and 17, Zinch pipes B
Wn‘houf Aerclzhon 1 o
R I I

) 1 L} i
B Wn.*houf aeraﬁon B
t *Aero.‘ed by I, Z’mch pipes -
heraied by 24, Z:nch p.pes Lo

1Aeraferl by 34, Zinch .mpes g \ e
1 TR L Nl 1
CRITICAL VALVE.__OPENING RANGE

Based on -20 feet of -water gage pressure

<24 Equa.ily spaced 0.234"
dia: tapped holes on
_mode] equal 3¢ - 27 pipe
mlet on profatype

j € Vglve -
[T N 5

SHOSHONE DAM
58" BALANCED VALVE
HYDRAULIC MODEL STUDIES -~ SCALE 1:83%3
CRITICAL OPENING RANGE = VARIOUS DEGREES OF AERATION
PRESENT FIELD INSTALLATIGN

JWB.-HRS.




It was intended to uae prototype measurementﬂ made in 1931 s tho
control pressures for the model in predicting the minimm pressures 1n
sone A of the prototype. However, when 'scaled to the. pro‘cotype, the .
model pressures in the conduit below the valve were not in agreement,
being nearer the vapor pressure for. all valve openings than the proto-
type measurements, even with all twenty-four 0.234-inch holes open. To
gaosrtain whether this discrepency was due to' a dafioioncy‘of air re-
sulting from aeration by the holes instemd of pipes-of the same diamater
and the scaled length, the capacities of the two systems wore cempared. -
Computed dischargel, using the same pressure difference, showed -tha -
quantity of sir from the holes to bas about 1.42 times that for an ‘squal
number of pipes, and it was concluded thet the difference was not due
to the method of merating the model. Damage to the field structure also
indiceted more severe pressures than those tabulated in a report from.

" the Project Superintendent to the Chief Engineer, dated December 11,

1931, for with pressures of this magnitude cavitation could not have
occurred unless aeration was not effective upstream from where the. pipea
entersd the discharge conduit, and the model studies did not indicate.
this to be the case. The control pressures in zone B for predicting
those in other parts of the prototype were therafore obtained from scaled
model pressures. The minimum pressure in zone 2 for each lQ-percent
increment of the plunger travel snd maximum head was obtained and ‘scaled -
to prototype by the similitude reletionship, :

P +XNP .
P e
When values obtained in this manner were above the vapor pressurs

for the prototype (ebout =28 feet of water at Shoshone Dam), they were
used directly. When below this value (numerically lerger), they were
assumed to remain constant at -28 feet of water. .The pressure in tzone
B, obtained in this manner, was added to the static head for the corres~
ponding valve opening to obtain the total: head difference across the
valves The static head was obtained from a. haad 1ois-discharga curve
computed for the ocutlet tunnel.

The minimum pressure in zone A-on the needle for eacb valve opening

wes then obtained from the relationship
PA“‘FEl't*PB‘

Since the destructive actlon in the fiold'atruqture indicated the
subetmospheric presusures in the discharge conduit to be more severe than
those measursd on the prototype in 1831, and since-the model pressures
near the vents in the crown of the discharge coaduit were not in agree-
ment with them, it was considered necessary to determine the effect of
dif ferent degrees of seration on their magnitude. Pressures in the model

were observed for four degrees of aeration which were obtained by wvarying
the number of cpen supply ports (Q.234=-inch holes) to the discharge con-
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dult. The model was operated with 24, 17 and 12 of these ports open
and with all of them closed. AS the supply ports: wera approximately .
1e42 times as effootive as pipes of soaled length and the sams diameter,
the aeraticn of the first three arrangemunts was equivalent to 34, 24,
end 17 two~inch pipes.

Some oritsrion as to the allowable mapgnitude of the minimum pres-
sures in zopes A and B to prevent cavitation had to be adopted to estabe
lish the noncritical range of vulve opening. A value of -20 feet of
water, above which oonditions were considersd satisfactory, was’ ‘chosen
for thess studies, and the ranges of valve opening subsequently referred
tc as critioanl are bassed on this value.’ : ‘ .

When the model pressures in the. oonduxt and on the needle for: hhada
representing approximestely reservoir elsvation 5364 and valve openingséj”
from 20 to 100 percent were transferred to prutotype, as outlined in
section six of this memorandum, the results indicated that the pressures
in zones 2 snd B would reach the vapor pressure ol water over certain .
ranges of valve opening. :

There was practically o change in the minimun pro-surea in zone A .

on the needle for the different degrees of asration.- Only by olosing
the wents or by reducing the number until the hydraulic Jump moved up-
stream to cover them wes it possible to discern any change in these
pressures, Even so, the change was slight, increasing by two percent the
“upper limit of the critical range of valve opening for the needle, making
it 14 to 27 percent instead of ‘14 to 25 peroeat’ (figure 18). Sevsre
atmospheric pressures in gone A on the. present prototype doalgn may
therefore be expected over a range of opening from 14 to 25 percent.’
Roughness of the surface in this zeone- might extend the critionl range,.
but because of the rapid rate of increase in pressure at the upper limit;:
any change from this source ia expected to be’ negligible. The. different
degrees of seration produced no appreciable change in the eritical range
or the magnitude of the pressures in this zone. It was considerod dnubt-
fal if they would become less critical aven with comple*e aeration of
rone B. Thus it might be lmp0551b18 to ope“ate the valve in this range
without demaping the needle. Later tests on this. Valve, with minor modi-

ications to the needle and with Eone. B Iell aerated, corroborated this
belief. :

Becsuse of the psculiar expansion of the jet as it emerged from the
end of the needle, the discharge conduit of the model flowed full after
the valve plunger completed upproximately 25 percent of its travel to-
ward the open position. Zone B was aerated by air flowing upstream along
the crown of the conduit until the needle remched this poszition and-the
pressures in this regior were not severely subatmospheric for any of the
degrees of aseretion. A4S the valve spproached 25 percent open and the
flow of air from downstresm was cut off, the pressuraes dropped rapidly,
reaching the vapor pressure when scaled to the prototyps.
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When the aeration was oquivulent to thirty-four 2-inoh pipes, the
model indicated thut the minimum pressure in zone B would remain at the
vapor pressure for & range of valve opening between 25 and 47 percent,
then begin & gradual rise to sbout =8 feet of water when fully open
(figure 16). With seration squivalent to twenty-rour 2-inch pipes, the
range over which the pressure remained at -28 feet of water was extandod
to about 58 percent, from where it rose to approximatelj =12 feet of
water st 100 percent open. The upper limit of this renge was 1ncratsud
to approximately 76 percent when the aeration was reduced to the oquiva-
lent of seventeen 2-inch pipes. The pressure at 1Q0-percent opening .
resched about =18 feet of weter. Vithout seration, the pressures re-
mained at the vupor pressure through the range from 23 to 100 percent.
From these results it was concluded that the critical range of valve
opening for the conduit in the present field: lnstallation, aerated by
twenty-four Z-inch pipes, based on =20 feet of ﬁ&ter, zage preaaure.
will be from 23 to 70 perocent opemn.

During operation of the model valve, with aeration representing

the twenty-four 2-inch pipes, eddies were observed to form downstraam
from the V~guides as the valve approached 50 percent open, covering the
onds of some of the uir vents on the crown and the invert of the die=-.
charre ocopduit, thereby decreasing. the amount of air reaching the throat

of the discharge conduit and lowering the presaure in that region. Be-
cause of the danger of obtaining subatmospheric pressures of sulficlent -
maznitude to cause the hydraulic jump in the pipe to move ‘upstream and
cover the remaining opecings, thus producing’ cavitation pressures on the
throat liner, it was recommended that the maximum valvs opening for’ tho
present installation be limited *o 85 percent.

The severe subatmospherioc presaurea prevalent in the model ol the
present outlet design {figure 142) were attridbuted to inadequate aorution
resulting prineipally from improper location of thu delivery ends “of the
alr ducts, but due alsc to the small aeration area. The. peculinr shape
of the jet bevord the end of the needle tip no doubt contributed to the.
severity of these pressures. The streum expanded abruptly to fill the
conduit at approximately Z5-percent opening, w1th the action continuing
throughout the upper *ange.‘~ S

The model tests indiceted that operation of the Shoahone outlet
valves to obtein any appreciable amount of flow regulstion without»damage
to the discharge conduit was impractible and that damege to the needle ' .
could be avoided only by limiting the valve operation to openings greater .
than 25 perocent.

To ascertain the rellability of the merodynsmic tests on this de=-
sign, the discharge conduit of the hydraulic model was shortened to cor=
respond to that studied on the air model, Comparison of the results
from the two models revealed poorer egreement than had beesn anticipsted,
but the difference wes not sufficient to prove the asrodynamic tests un-




relisble. Part of the dissgreement wes attributed to the variation in
the physicel properties of air and water which it is believed ocaused
different degrees of separation from the 80lid boundary where abrupt
chenges in direction of flow took place, as at the outer edge of the
plunger needle when in & partially open position. : R

18, Calibration of present .outlet instellation. The model was cali-
brated to ascertain the discharge characteristios of the present instal-
lation., Discharge coefficients for the various openings were obtained -
end capescity curves prepared in the geme menner as for:.the propesed re=
design outlet, for a single velve and for both valves operating simulta-
neously (figure 17). From these curves it may be shown that the rate of
inorease in discharge decreases materially as the valve plunger approsches
the open position. With the reservoir at slsvation 5360, the inocrease -
obtained by opening the valve from B0 to 90 peroent is apprpximﬁtely[&-
1/2 percent of that for full opening, while that obtained by opening the
valve from 90 peroant to full opening 1s about 2-1/2 percent. Thus, open=-
ing the valve another 10 percent in the upper region increases the dis= -
charge only slightly. That excellent agreement existed between the model
and the prototype capamcity 1is evident from e comparison of model and pre-
totype discharges for both valves operating st 50 pércent-op-n'(figure‘17).;

19. Study of eir vent size [or the modified outlet design. Alfter
1t wea fournd impossible to purchese materials [or the revisions required.
in the proposed redesign outlet and pressure oonditions for the present
field desipgn were found to be extremely criticel for practically sll
ranges of valve opening, it was deemed advisable to continue the model
studies in an attempt to discover a sstisfactory means of alleviating
the condition inducing cavitetion by making minor modifications requiring
a minimum of stratepic materials. It wae believed that a solution might
result from altsrations consisting of streamlining the exposed cormers of
the bronze sealing ring in the conduit and the seat ring on the valve. . ‘
plunger by ohipping end grinding; removing part of the throat liner; ‘and
modifying the air=-vent system to provide more air to the outlst oconduit
at the proper location. The model was modified to include these changes
(figure 12C). heration, equivalent to three:lz-inch air ducts on the
prototype, was provided. It was intended that three openings would be .
installed; one at the crown and two at the sides of the conduit liner in
the throat. However, the openings were inadvertently placed. 4 degreas
counterclockwige from the intended positions., Tests were conducted on
this arranrement since it was believed that the jet of water discherging
from the valve would be completely surrounded by air and thus the pres-
sure within this regzion would be equalized. This was found to be. the case
for the smaller valve openings. However, eddles forming downstream from -
the Veguides divided the air space into two seotions at the lerger velve
openings and the seration of these two compartments was unequal. Since
the piezometers in the throamt wors in the section supplied by one vent
and the pressures in this region were satisfactory, the arrengement was
not chenged. Moreaver, the top vent would have been ineffective bLecause
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of the eddies belcw the V-guides had it been placed at the orown as planned.
From the model tests on the present field design and’ this modified desizn,
it was conoluded that air vemts to the belanced valve should not enter at"
the orown or invert of the conduit downstream {rom +he V-~guidese ‘ :

Each of the vent opeﬁingu on the'modql WS provid@d?with a 4-i§oh
dismeter by l.5-foot long measuring section in whieh standard airemeasuring
orifices were installed for determining the mir requirements and studying

the sir-duot size of the modified design outlet.  Three orifice sires were
used - 1/2-.1-, and l-l/z-inch di&matar;... R : PR L

Pressures in the throat and on the needle were investigated for the
thres orifice sirzes to escertain the adsquacy of the contemplated vent :
system. The three vent openincs, when fitted with the 1/2-, 1e}”or'1;1/2-
inch orifices were approximately equivalent to protbtype'opanihg#.ct‘f-l/zg
15, and 23 inches, diemeter, respectively. The throat pressuroa‘wofd
seversly subatmospheric for the'smgllestEOriche;ﬂbut guite small for ‘the

) other two., The maximum negative pressures inﬂthe'm0631 wer9”;6;0, -led,

. and ~0.8 feet of water for the smell, medium, and large-size orifices,
respectively. Alr messurements for variopns valve openings and heads were
made for all three orifices and & curve a8 wversus opening plotted (fig-
ure 18). S . : Qw e BT

20. Study of pressures in the modifiec desigm. A peculiar condi-
tion was moted on the needle during the initiul tests on this modified
desizn. The pressure =t plezometer 1 was recorded ms being positive, a
condition not existing before the seat ring on the plunger had been
streemlinsd. Appesrently the flow did not spring free f{rom the edge &8 be=-
fore and the boundary layer entered the groove, producing positive pressure
at pietometer 1. Flezometers 2 and 3 showad severe subatmospherioc pres-
sure, indicating this to be the case. Removal of the 1/4- by l=inch wedge
(detsil D, figure 19) from the needle corrected this condition, and, al- .
though subatmospheric pressures still existed, their‘magnitude wae de-
crecesede. ' SRR A R TAEER

The condition of not being able to close the valves at openings above
95 percent by the clearance-ring pressure still existed, but as pointed
this is not critical eince the last 10 percent of opening
n 3 percent of the total .

cut previously,
results in an incresse of discharge of loss tha

‘. for full opering.

Pressures on the needle, using the 1-1/2-inch orifices, were found
A to be positive for all openings above 23 percent ({igure 148). For smaller
openings the pressures on the surface of the needle near its outer adge
were saverely subatmospheric, indicuting that cavitation would oc¢cur on
the prototype. Since the criticul pressure existed over such & small
renge of opening and damage 1o the peedle could be eliminated by avoiding
operations in this repion, end since it wes impossible %o streanline the
corner of the plunger suffieciently to relleve this oondition without a
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major revision of the valve, the modified outlet dosign waa reoommonded
for installation during the 1943-44 winter season. The modification
prepared from the model findings, eonaidering structural and conntruction
difficulties, was prepared by the design soction (figura 19)

21. Cslibratlon of modified outlet doaign. The outlat was. oali-
breted and & discherpge graph for various roaervcir elevations propurad
for one valve disoharping and for both valves diseharging,-one at 90
percent and the other at various openings. (figure 20).° The grnph mey be
used to detarmine water releases after the modified design is placed in
cperation. \

22, Status of repairs and alterations. The originnl propoaal on
the repnirs of the bB=inch outlet valves wes to B0 modify the design as
to eliminate s8ll of the adverse pressures which oeeur in the original
design. Based on the results of the model studies in the hydraulle
laboratory, & satisfuctory design was prepared, and ihvitﬁtlons‘fbr bvids
were requested, : ‘ '

-~

Application for.
‘Priority Assistance on Form PD-20C was made to the ¥ar Production Board:
for the extension of prefarenoe rating £A=2x to obtain prompt delivery of
the materials covered by these specifications, Inaamuch as the extension
of the reting was permissiblé only on qualification by this office that -
the work was necessery to prevent ar impending breakdown, the decision
was made to proceed instead with the repeir of the valves to permit opura«
tion during the seeson of 1943. The project was so informed by office
letter of Jenuary 15, 1543, and the suppestion was made that the Vvalves
be inspected not later than July 15, 1943.  If further repairs and re-
vemping of tie valves were then shown %o be necessary, there would be suf-
ficient time to obtaln priority and to purohase and inatall these partn
before the start of the 1544 irrigation LUTN: 13 9%

During the period from Decenber 1942 to March 1943 necensary Te~
paire were made on both vulves, under the supervision of Mester Mechanic
Wm. J. Monotpomery, to restore them to their condition prior tec the irrie.
gation season of 1942. The east valve was dismartled except for the bese
and cylinder; the pocrly bonded weld metal on the valve plston shell or -
needle was removed and new metal pleced, using 1/%-1nch-"?erroweld” Arc-
welding electrode; and the valve parts were cleaned and repaired. ‘The .
pitted mrems on the piston shells and throat liners on both valves were -
filled by welding. The 2-inch sir-vent pipes and reinforeing steel in
both conduits torn out durling the 1942 sesson were replaced, and the con=
duits relined with concrete by pressure grouting. The dameged packing-
ring seat in the west valve was repleaced by a new one, The velves were
under pressure and ready for operation on March 26. Late in Murch work
wes started on filling the notch in the spillway. Master Mechanic Wm.,

J. Montgomery was on the job from December 70, 1942, to Februmry 1§, 1843,

Subseguent to the decision to repsir rather than revise the valves
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during the winter of 1942-45, laboratory tests were made on a model of
the original design of the valve. During these studies s partisl re-
vision was developed which would require much less’ critical material
,and would permit the operation of the valve from 23 to 95 percent opsn
u-thout the edverse subatmospheric preasures now so prevnlent. This
partial revision (drawing No. 26« -D=-1610, figure 19) ‘entails the remuvnl _
of the throat liner and the downstream end of the conduit liner; ‘gtream-
lining the exposed corner of the bronte sealing ring by ohipping and
rrinding; streamlining of the exposed corner of the bronte: seat on ‘the
p1ston; and the provision of an adequate air conduit which can later be
incorporated in the complete revision shown in npacificntiona No. 1681-D.

By latter of August 10, 1943, the project suparintendent gave the
following report on the condition of the valves and conduits:

“The 58" balanced velves and their corduits were inspected
on August 7. The west valve has been operated 35 days this
season at 0.75 opening. The valve itself shows no visible evi-
dence of additional pitting. A minimum amount of pitting has:
ooourred, howsver, in the extreme tdp of the discharge conduit.
L Bquare foot or so of conorete is gone where it ocovered the
capped 8" air vent and lapped over onto the pitted discherge
liner. This exposes part of the cappsd 8" uir vent. Then at
odd intervals of about one foot epart are Pitted ereas not over
two inches deep which extend out the dircharge conduit for sbout
ten feet. None of the 2=-inch air vert pipes are exposed. Exe
cept for the spotted pitting in the top of the discharge con-
duit, no other demage to the concrete lining can bs observed. -
It is planned to patch the small damaged areas before the. valve o
is spfain put in operstion. ‘ ; S

"The east valve haa-been operated for only'&éﬁhoufs this
geason at 0.30 opening. The plunger needle on thic valve and
the concrete lining in the dischsrge tunnel’ look: the sume a3
when repair work was completed last spring.

"The opening of the west Valve 80 far this season hns been
in the nen~criticel range as pointed cut in the Chniefl Englnegr_a
letter of April 17, 1943, It appears that it will soon bes ne-
cessary to use one of the valves for the relesss of water from
the reservoir and it will probably be necessary to opsrate it
in the critical runge il stored water is to be conserved for the
rencration of power this winter. It is therefore probable that
the greatest amount ol dammge to the discharge conduits, ete.,
this sesson will occur during the remainder of the irrigetion
sesson,"

23, Conclusions. From the model studies of the Shoshone outlets,
it wus concluded that the damare to the structure in past years had
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resultad from cavitation, ® phonamanon which tnkea place when the prassure
et soms point within a flow passaege reaches the vapor ‘pressure of* the”
flowing medium. The presence of cavitation pressures in the prototype.‘

a condition producing the damage cbserved on the field - structure, was
indicated by the subatmospherioc pressures on the model whose noaled Values‘
were equal to or lower than the vapor pressure for the proto+;pa. A

It would be difficult to operate :the prasant vnlves o, obtain an.
appreciable mmount of regulation without damaging the outlet structure.
Pitting of the nesdles is expected when the valves operate between 14
and 25 percent open and in the conduit between 23 and 70 porcent ‘open;
elso, there will be danger at openings greater then 85 percent since
the ands of several of the 2-inch eir-supply pipes will te covered by .
eddies forming below the V-guides. Little damsage to the present instal=
lation should result when the valves are operated betweon 70 and €5 per-
cent open. : _

The severe subatmospheric pressures on the nesdles at small valve
openings cun be reduced by stremmlining the outer corner of the seat
ring on the plunger, but they cannot be eliminated without a major re=-
vision similar to that included in the proposed redaslgn outlet.

The present aeration system is insdequate, as well as improperly
located, to relieve the pressures inducing cavitation in the present in-
stallation. The B-inch verts, which have bLesn plugzed in previous years,
would tend to relieve the critical pressures in the conduit but would be
insdequete to eliminate them, even though they do not becoma covered by
the hydraalic jump in the conduit or by sddies downstraam from the V-
guides. If they were properly located, the additional air reaching the:
eritical pressure zone in the throat would cffer oontiderablo relief.

Should the friction (by restriction or roughneus)‘in tha_downstream"
portion of the discharpe oonduit be relatively greater .cn. the prototype
“hen on the model and cause the hydraulic jump to move upstream over the
2-inch vents as the vulve plunger approaches the wide-open position,
ssvere subatmospheric conditions inducing cavitation and conscquently
destructive pitting would result. :

The damege to the needls during the 1942 season wns the result of
operating the valves from 22 to 48 percent open during the last few
wesks of the season. The dumuge to the conduits first resulted from
opereting between 45 snd 52 percent during the first one and one~halfl
montha and wee then aggravated by operating at 90 percent open aflter
the initiel damapge hed reduced the effectiveness of the 2« inch vent
pipes.

The presence of pressures on the valve needles, which exaceed the
clrarance-ring pressure at vulve operings in excesgs of 95 percent, pre-
vent closure of the valves by this pressure whon the plungers are in
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thie region. ‘

Though the subatmospheric pressures tend to leasen as the head Qn
the valve decreases, & substantial reduction would be necossary to
allevicte the damaging sotion on the present field dauign.:

From the model calibration data on. tha pressnt field installation :
it was found that the increase in Ilow is small compared with the ‘in= = .
crease in the valve plunger movemen* when the plunger operates naar full
opening, +the increase in dischurgs being 3-1/2 percent when open be-
tween 80 end 90 percent and 2- 1/% percent when open between 90 and 100
percent. Since §7-1/2 peroant of the mmxlmum discharge through the .
valves can be obtained at 50 percent opening, it is not important that
the valves operate beyond this point, particularly sinoe it is difficult
to close the valves when this opening 1s exceeced. .

Darage by cavitation on the valve'néedlep and discharge conduits
can be entirely eliminuted by revising the needle tips, the valve seat,
the conduit throat, and the aeration system (nnpendix I).  This solution
would be appllcabla to similar outlet installations. Maintenance cosy
would be reduced to & minimum by thie revision and valves could be operated
at any desired opening without the rlear of damage due to. subntmoaphorio
pressures. The seration system for the proposed redesign is. ~ntiufactory, B
probebly over-adequate. The ocutlet capacitv, however, will be. substan~
tially reduced, and consideration should be given to this fact when
future revisions ere planned, :

Damage to the conduit can be eliminated in the present design by
streemlining the exposed edge of the bronze sealing ring, removing the
throat liner, end providing an adequate air-supply syatem,at ‘the looa-
tion as shown on figuro 19. However, operation of this modified design
at openings smaller than 23 percent would have to be avoided to prev=nt
dams e o the nesedle, o ‘

Openings intc an area of low pressure, .such as those to the throat
of the Shoshone outlet, should not be placed too near the surface of -
the [lowing water, for *his condition constricts the flow of air and
prevents complete eerstion of the jet. For example, the seme size opene
ing into the outlet throut will provide more acration when the tnroat
liner is removed. An eir-supply duct equivalent to three 12-inch dia-
meter openings intc the throat of the outlet should provide ample quan-
titles of air at all valve openings in the modified design. The modi=
fied cutlet is likely to be noisy since the sir taken into the conduit
via the aeration system will bs under pressure when released at the ‘
condult exit, and explosive reports mey accompany its expansion.

Transference of model pressures to prototype,by ussuming all scaled

values exceeding the vapor pressure Yo be equal to it, is incorrect,
The pressurs distributics, when such conditions sxist, does not correotly
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‘ repreuant that of the prototypse, for all prassuresobtaxned in this marmer
{except the control pressure) are too low, It is not possible to predict

_accurately the pressure distribution in casss where the soaled values
‘exceed vapor pressure and the atream tubes chango with the head unless
the model is ehcloaed in a partie) vacuum to give the proper relation
between the artificial ntmoapher*c prassurs of tha model and the natural

. atmoapheric pressure of the prototvpa.

It is difficult, and in many cases 1mpossibla, t0o detarmine oontrol
pressures in & hydraulio structure from air tests alcne, ' This means: ‘that
the control pressures must be known or must be determined by oomputation
or from a carefully constructed hydraulioc model bafore the prototype pros-
sure distribution can be predicted accurately.‘. _

Aerodynamic models are extrenaly uaeful as an expedient in tusting
prelicimary designs of hydraulic devices with closed-conduit flow. ' The
models can be oonstructed easily and quiokly and the tests ocan be con=
ducted rapidly and without the cumbersois piezometer boards and connec-
tions. Calibretion date 48 well &s pressure data may be obtained, proe
viding extreme care is taken to assure that the model is being teated
under comparable conditions. It is necessary to. meke radical alterations
to the serodynamic model in some cases to attain the required effects’

The removal of the downstream portion of the model of the proposed re-
design outlet to give desired proasurea 'is an example.

The poaitive-displaaement rotar; blower used in tha aerodynamio
tests had insufficient cupacity and was too infloxibla to permit exten-
_8ive tests by this method. This type of blower is not as well adapted -
“to aerodynanic studies ms the ocentrifugsl or axial~flow types which de-
liver large quantities st low pressures. The 4-inch positive-type blower
in the laboratory is imadequate for all except small scals models and

larger scale sector models which are dif”icult to oonstruct and operate.' 

When the difforence in head across a standard airqmuasuring orifice

is small, the hydraulic equation Q = CA /2 gh may be used, since the.
error introduced is negligible. . i e ‘
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