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WHEN BORROWED RETURN PROMPTLY

Cavitation in hydrsulic structures resultis from an adverse combimation
of flow passage shape, flow velocity, and pressure heed at the point
or area of comsideration. The problems oreated by each é&ifferemt
shape must be studied seperstely. The velocity-pressure head
relationship, however, presemts the same type problem for each study.

The probability of cavitatiom occurring at any poiat iam & strusture
varies directly as the welcoity and inversely as the square root of

the ambient pressure head.

Mvenses in the soiemes of ocomstruction methods amd materials bas
permitted the building of kigher amd higher dems. In 1915, the
350-foot high Arrowroek Dem om the Boise River im Idaho was the
kighest in the world. Today, Arrowrock is No. 25 om the list of
kgh dams in the Wnited States. As available heed and welocity of
flow hem insreesed, the prodebility of cavitatiom ia ouwtlet works
and spillways has imsreased. Consequently, the problems ocomfremting
dosign enginsers regarding protection against cavitation damege
boocmes imereasingly complex.

1/ Domald Colgets, Research Rydrsulic Eagimeer, Umited States Duream
of Reelamation.
2/ Bex Klder, Noed, Ryéremlic Laboratory, Temmsesee Valley Authorivy.






surfece irregulerities. Figurs 2 is s photograph of sn opsrating

laboratory spparatus with & 90° offset extemdinmg 3/8 ineh into the

flow, and with s substential cavitation cloud forming om the shery

ge resultimg from en

nt between the comerete forms and the stesl gate frase

cOTRAY |

in the outlet works et Palisedes Dam. The relatively slight
age Bay be easily repaired, However, if aliowed to

ned surface caused by the cavitation will be the

ing cavitation and extemsive demsge may result es

is grephisally illustrated in Figure
ocoafulta et Greand Coulss Des,

4, one of the outlet works

trustion of the TVA's Fomtema Dam, comsideredble leboratory work

. Frem these stedies a abaye




¥odel gtudies have Deen conducied in ithe USER Hydrenlic Laboratory
to determine the vsloclty-smbient pressure relatiomship at whiech
incipient cavitation will ocecur for veriocus shapes of surface

irregulerities.

Figure 6 shows the resultls of the tesis concerning

offsete into the flow., These studies were mede
g fully developed turbulent boundary laver.
ghown that if these offsets were in a some with a blunt velocity
profile?/, all of the curves would fail epproximately where the

1/4-inch offpet eurve appeers on the chart,

test apperatus were redssigned to produce s very blumt velosity
profile at the test station. The resulis sherted in Figure

& are based om the blumt veloeity profile. Pigure 7 shows permi

heed-veloelty relaticaships for various degrees of o

the seme reletiomships for rouméed

Studies were mafe to determine the proper shepe of the vpstream pose
of gplitter plers inm high velosity mﬁitﬂ . The ellipticel &

Tith varicus major 4o mipor axie retlos were tested with the resulis
as shown in Figure 9.




When cevitation demage iz found, and the souwree of the cavitaetiom

ascertainsd, the gensrsl prosedurs is to repair ithe des i eres ond

remove or correct the source of the cavitetion if possible. In a
situation shers corrective measures ere not feasible, or if ihere

is a guestion as to the sdequacy of the corrective mee

e repair material resistent to cevitetiom atiaeck may be

spd revieed operatisg prose

inate the diffisulties
et Lucky Peak Dem.
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At Crand Coulee Dam, the exit end of th@ outlet conduits consisted
of copes shieh reduced the twmel dieseter from 102 imches o

93 inches, see Figure 11, These cones were designed to maintaln
positive pressures in the tummels and at the eontrol getes during
operation. The junction of the sisel liner of the cons exd ithe
somorete trough downstreem formed a break of 20.8:1. With the
veloecities at Grand Coulee Dem this bresk in flow surface was

guffielont to cause cavitetion and the resgultant &

in Figures 4 emd 12. It ie known that edmitting eir o e low pressure
erea will reduce the demeging effect of cavitetion end since et
Coules Dem the outlets were of sguch e sghape that air could be

readily admitted to the downstresm emd of the cume (Sectioms A-A

emd B-B, Figure 11) this method was comsidered to be oms possibdlity

for sorrecting the difficulty. An eeratiom groove (Deteil Z, Figuve 11)

wes out into several of the Grand Coulee cutlets Just ¢

e steel-linmed cons. Previcus work om gete a}.cté/ was used to
determine the proper dimsnsions of the groove, end the current work

rities counserning chems

downstrean from the seratiom groovs,

vod relatively mlld cevitation demage, It
wes thoughtthet an epoxy morter patch might be sulficliemt to resist
the demaging effect of the cavitation. Figuwre 12 shows the epplication
of epoxy morter to a mipor demeged erea. The swrfaece is first




sandblasted, then covered with & prime coat of epoxy and filled to
grade with an epoxy mortar. Feathersd edges may be tolerated with

this material.

Two adjecent outlets, one repeired with an epoxy morter patch, end
the other corrected with an serstion groove, were operated under
about 235 feet of head for 1,800 hours. The one corrected with
the groove® ghowed no damege while the ome repaired with & pateh

suffered demage comparable to that shown in Figure 4. In this

instence the admission of air through a properly shape

4 groove
edequately protected ithe instellation from cavitetlon attack, A

reglstent repeir material wes mot accepiable as a soluticn to the

provles.

In the outlet works et Glenmdo Dam in Wyoming & minor srea of
cavitation demage was found at the begimming of a diverging secticn
downgtreem from the control gates, and smother ai the stoplog slots.

Major cavitation damege had occurred om the chute bloemg. Adr

#3mall erea of overbreak, and sreas where the cavitation d:

extended below the swiace of the essration groove snd bush-h
surfece downsiream, were patched with epoxy mortar. Thase patchss

ware unaffected by the 1,800 hours of opsration.




was sadmitied into the low-pressure sres at ths bresk in the diverging

walls 1o correct the difficulty here. The stoplog slots were in
such a positiom that they could bs easily elimimeied from their
initial poeition emd nev ones instelled away fro= the high-veloslty
stream, The chute blocks, however, were of sueh a design and im such
2 position that simple repeir was not & solution. The blocks were

rastarigtics

letely redsaigne

4 and thelr new hydraulic cha
nocessitated & redesign of the beffle plere. In this instance

major diffiewlly was correcitsd by & coaplsis cha
design.

¢ in hydrsulis

sctor: "Special care shall be teken in the form

work emd fimishes ia all ©

ols which will be subjest to &

velosities, end

ell projectioms or offsets on the surfece ghell

iz satisflectory to the contracting offise.” Ian 1959 the

or by othey

specifications for Trinity Dam come

eralng comorete finishes end

tolerances comtain 9 peges of information incleding




le appeer and are corrested in
Jetiom, simller soures

{pstallatione gtill on the &

40 the isforsaticn givem in




ranlics Divisiom, October 1959
Stedies of Vegusro Dem Owilet Works,

Gutlet Works,
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FIGURE 2 -~ 909 Offset Into The Flow
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FIGURE ly -~ Extensive Cavitation Damage in an Outlet at

Grand Coulee Dam
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PX-D-19142

FIGURE 10 -- Steel Clad Flow Boundaries,

Lucky Pesk Dam
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FIGURE 12 -- Epoxy Moftar Patch in an Outlet Tunnel
at Grand Coulee Dam
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