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PURPOSE

The modet study was necessary to evaluate the control

gate-energy dissipator combination pro_b}o's'ed for; the
canal outlet .works at Teton. Dam. Head losses, dis-
charge coefficients, cavitation characteristics, and back-

prassure requlrements were: needed from the model'

study, '~

CONCLUSIONS

1. A two—dlameter expans:on Iocated downstream
from the jet-flow ;gate was/ not farge enough to
eliminatz:the posslblllty of damage from cayitation
occurring on the expansion walls.

2. A three?d_iameter expansion greatly reduced:the
model cavitation index and will eliminate . the
possibitity of damage to the expansion section for
the canal outlet works operating conditions.

3. The model gate cavitation’ charactenstics are the
most severe at a 75- -percent gate openlno with either

the two-dlameter or three diametar sudden expan-

g ston

4. Head Iostes for. the structure equlpped:with the" _
three-diameter ‘expansion are acceptable and will -
' pro\rlde the requrred t:apac:lt',r of 110 ft fs {3.115 .

m? /s} per gate:

5. Canal outlet works -‘back pressure should be

adequate to. prevent damagmg cavitation at_ all’

_ releases Incipient cavitation;, however, will eccur at
. some combmatlons of releases and gate openmgs.

- No cavitation pressures were measured at the

. plezometer tocations in . the model for a maxlmum_ '

single-gate releaseof 110 t3 /s of at’a maximum

reservoir’ head of- 310 feet. (94 5 meters] for the

" smaller gate openlngs

7. Although the model was ‘not equupped to meas—' :

udre hydraulic downpu!l, operating the- lifting stem
~ srevealed that downpull ‘is a sizable quantity and

appears 1o reéach a maximum at openlngs between |

45 and 55 percent ‘ . %
: SR W

Lo

8 A whate plgmented concrete curlng compound
used durmg the tests, provrdes good results as a
cavitation damage Indlcator S :

.incipient cavitation ' curves, ‘
. cavitation scaling problems are contained in the report,

- APPLICATIONS

This report contains mformatlon pErtalnlng to use of a.
control* gate ‘and’ sudden expansion.energy dissipator
under submerged conditions. Discharge coefficients,
head loss values, and’

and should be*useful in desrgnlng future facilities. Also,
a materlal which may be used as a cavitation damage
|nd|cator was obtalned and tested |n the Iaboratory

.tN'_TRoouc*r_loN_l_' -

Tetoni Dam- will be. locatedon the Teton River in
southeastern’ Idaho. The canal outlet works Will draw

“water from a branch pipe attached to the 9-foot-

diameter river outlet works pipe as'shown on figure 1.’
By branching from the river outlet-works, the require-
ment for a separate. canal headworks structure rs
ellmmated resultlng ina large cost sawngs '

Canal outlet works flow will be regulated by two_ .
“ide- -by-side: 20-inch (50 .B0-centimeter) jet-flow gates - -

- 'which discharge. into slidden ‘expansion energy dissi- =~ .

pators. ‘The. expandeéd sections will be attached to a
comman well where the flow will be directed into a
‘single .72-inch-diameter {183-centimeter) pipeline. The
system’ wdl provide a’ maxlmum dlscharge of 220 ft'fs
- {6.23 m?/s) or 110 1* /s per gate while operating at a -
back pressure of about 108 feet’ {32 a2 meters) of

water . : '

: 'l'he jet flow gate'deueloped by the Bureau of Reclama- -

tion -was intended for releases made to atmospherlc
. (free discharge} or very “nearly . atmospherrc prassure
thighly aerated downstream pipe}. The use of 2 jet-flow

- gate discharging to-an unaerated closed pipe is unusual.

Only a slight deviation in the concentricity, of releases
to an &xpanded section can increase.the’ cavitation
potential considerably '[1]7 This is supported.by the

_increase in the camtatlon lndex measured when gomg-

‘from ‘a gate opening of 100 percent to an -opening. of_ :
90 percent with the jet-flow gate, as described later in
“this report. From a fiow standpoint; the most appro--

. pr:ate control for concentric releases would be a valve

where .all* partials openings also produce a concentric

release. A needle valve seems best suited to this end;
. however, the cost is conslderably greater than. for.at-

. jet-flow gate. Some of the major advantages in the use

" of the jet-flow gate for free discharge are eliminated -

when - the gate |§ ._.op_erated‘ sibmerged. Hydrautic

Numbers in hrackets desugnate referenoes Ilsted at the end of.this’ report




do'wnpull nonextstent with - free flow, becomes a.
sizable qua'mty Also, flow inta the gate slots becomes

~a prablem with submergence. Downpull and flow into .
the gate slat are common problems encountered with -

" conventional slide: gates . operating .under similar sub-
merged conditions. The gate slot of the jet-flow gate,
‘which is considerably wider than the slot in present-
day high-pressure slide gates; could be 2 source of low
pressure -and possible cavitation damage if high- back
pressure were not malntalned A 5ubsequent desrgn
[21, which was in part due to findings from this study,
-utilizes a very narrow slot far removed from the orifice
flow area, and should prowde exceilent circulation ta
the jet and provide a mlnlmum potenttal for cawtatlon
damage

THE MODEL

The structure was modeled on a scale of 1:5.66 to

conform to the arifice size of an existing mode! gate

shown in frgure 2. The model components upstream of

the gate weré made of metal for strength as observation
of flow in this area Was ‘unnecessary. Downstream
components, lnciudlng ‘the initial two- dlameter expan-
. sign sectian, ‘subsequent three-diameter expanston and -
rectangular well, were made of :trarisparent acryhc
‘plastic. A" 10-inch -{25.4-centimeter)- gate valve was

placed downstream of the well to ad]ust back pressure -

.and ‘an elbeiw downstream of the,ealve was - turned

vertlcaliy upward to maintain the pipe full at.all times:

Flow .-was supplied to the -model from- permanent
!aboratory pumps through calibrated 4-, 6-, and 8-inch

_{10.16-, 15.24-, and 20.32-centimeter) venturi meters.

- THE INVESTIGATION:

: determlne when cawtatlon

]

A series of tests was performed ta define the ca\rltatlon
- characteristics of the modet gate with the two- -diaméter
expansron attached d0wnstream A hydrophone and a
~ sound level meter were initially used in an attempt to
detect the presence of cavitation in the model. Con-
struction ‘work adjacent to the model produced an
extremely- hlgh level of background noise and made the
_electronic- equtpment readlngs unreliable. As the tests

" were performed in a clear plastic pipe, vis.-al and aura1

" observations - ‘were f!nally .used as the ‘method to
‘is just begmnlng {i.e.,
tncrptent cavntatloni For these tests, mc:p|ent cavita“
tlon was - arbltrarrly defined. as that magnltude whlch

1 Produced a crackhng sound whlch could just be_
‘heard wher, the ear was placed on the wall of the
- expanded. pipe near the gate. The sound had to. be

present between 50 and 75 percent of the trme

2. Produoed a famtly wsrble vortex emanatmg from‘
“the gate—onflce intersection. The vortex had to be -
visible  between 50 and - 75 percent of ‘the time.
In*r.nssty with a fully opened gate .was based on
“ ‘sound.-along, as_the origin: of the vortex varied, -
maklng its presence difficult ta detect ‘ :

If on a partrcular run the l::a\.rltatlon :ntensrty was- 100

“low, a reduction’ in ‘back pressure.was made. Con-
versely,nf the intensity was: too hlgh an increase in back .-
" pressure was made, In’ both casas shght adjustments in.

”d|scharge were requred sr\’as to malntaln a constant
- total upstream head f0r all gate openings :

To better deﬁne the cawtatlon charactenstlcs of the '
gate an |ndex K was used as deflned by Ball [3] i

The initial‘phase of the investigation was to determine'_ L

whether the gate size was adequate to pass the required y
flaw; therefare, head losses anly for the fully opened.. - . wn
gate were investigated. See head .loss curves shown on. -

figure 3. Later, while checking partial gate openmgs,

mild cavitation was observed -at several gate settlngs R
prototype’

~ cavitation could be expected to be more. severe This"

is based on: past experience’ of other

With " cavitation ‘occurring in  the _model;

expectatlon
observers, and on ‘the fact that in SCullng by Froude
‘relationships, atmospherlc pressure” and. vapor ‘pressure

are not. scaled. Only ‘one Instance can be recalled in’

" which cavltatlonr appeared. to_be greater ‘in a scaled

" mode! than ‘in the prototype which it represented. -
Mention. of -this is found in reference {1} page 1633,
where it states that cavrtatlon formed at ‘an mdex of -

.‘!ess than about Q. 7 in The prototype compared to 1 5.
in the model

pressure head downstream of the gate
|n an area where flow is unlform, o

- vapor pressure head of water relatwe

to atmospherlc .Pressure” {i.e., ap- - :

g proxlmately 27 feet (8.23 meters}
~ of water below atmospheric at ap-
_ proxlmatelv 5280 feet - of e!eva-
f-tlon)

upstre M total h'ead {pressure head -
_ plus velocity head inthe’ prpelup- .
stream of the jet-ﬂow gate) :

The heads h and h2 were obtamed wh|Ie operatmg the' '
‘model at. the conditions defined as incipient ca_wtat_ro_n :




for a range' of: gate ope'nin'gs.jA'peak cavitation index

value of 4.2 at ‘a gate opening. of 75 percent was
determined_ for the initial model configuration. The
curvé of model InClpIEHt cawtatlor' VETSus gate openlng
ls shown on. ‘lgure 4, - ‘

An atter"lpt to lower the index by: lncree_slng thﬂI ‘back

_ pressure was- suggested by engineers of the Design

‘Division. This was accomplished by the addition of an
onflce at the downstream:-end of the two- dlameter
expansron As- flow condmons near the . gate ‘and

upstream end of the expans|on sectlon were not .

affected and sys:tem capacity . was . decreasedy thns
method was not pursued for the. recommanded deslgn

* Within !|m|ts a !u.ger dlameter expansion was expected
1o, improve the circulation to the jet and reduce the

cawtatlon potentral

A length of three-dran'teter expansion was installed

downstream of the gate as shown in figure 5. To -

Slmpllf\/ the madel modnﬂcatlons, only three dlameters
- of length were included. ‘After the system was’ tested
for, Iosses (ﬂgure 8), the cavatat. on_indey. was investi- -
__gated as’ before. A sizable improvernent to the cevlta-
tion ‘characteristicé resulted from this. modlﬁcatlon as
can be seen by comparing the test. resuhs shown in
figure 710 thoss in-figure 4. While possessmg the. same.

general shape the peak index- value was lowered frorn .
4. 2 to-2.7. As before, the peak value occurred ata 75

- percent gate openmg This lmprovement was’ consid-
ered adequate for the .Teton |nsta|lat|on
' -improvements resulting -from the use of larger expan-
sions to improve circulation are discussed by Tullis and
Marschner [4]. Rouse (5] discusses the advantage of
large; expansions on the index of incipient damage for
a submerged- jet. He states “‘From knowiledge of the -

s-characteristics of submerged jets, one would expect - the
'. index for |nc1p|ent damage - necessarily .0 at_the .

expansion limit 1:eo - to increase .with mcreasmg
expansion ratio. The eddy zone of_' the 'submerged jet, -
in other words, expands linearly, and the intensity of
the turbulence varies inversely, with distance from the =
efflux section; the ‘lergth of ‘the zone of eddy
cavitation should therefore: increase with décreasing
cavitation index, as should the diameter of an expan-

sion chamber barely subject to damage from the

collapsmg cavitation pockets.”

Wlth cavitation occurring in the model, the possib__ility_

exists that it may be more severe in the prototype. As
scaling, of cavitation from model to prototype (see -

reference {61, page 254, summary item 2) does not
follow the Froude refationships, an attempt was made
to establish some significant values” through a series of
graphs. The graphs were made fora range of ‘gate

" the  model,

Similar -

openings which show. " the :expected conditions for

" prototype inciliient cavitation. Shown on figure 8 are

; graphs ‘which cover gate openings - from 100 percent to -
25 percent in-5- percent increments. The graphs are all
. similar and.are based on the assumption that lnmplent
‘Cavitation in. the model is a. valid startrng point;
Worklng with water and using Froude relationships, no -
sumalanty exists between -mode! and’ prototype when

i operatlng ‘below a model head which scales to proto-.
: type -yapor: pressure “However, no -error is ex'\ected'

“when merely’ rnereassng ‘pressure from the ‘obsérvable )
{not measurable} point- of .model -vapor pressure to.a

“value in the model whlch corresponds to vapor pressure

m the prototype. } E . )
[ P : - ﬂ )

Beglnnlng wrth a dlscharge coefftclent surve for partlal‘ .

openings {figure 9} and .the mc:plent Cawtatlon coeffi- .
cient curve (flgure 7}, the graphs were developed in the
fo!low:ng manner. Plotting total head upstream against
"total head downstream, a no-flow line was estabhshed .
.on a 1:1 slope. Above and parallel to ‘the no-flow line a

_ géries -of  lines of constant d:scharge was laid out. In

“addition, begmnlng at a vapor pressure head. of - mlnus

-2 27 feet ‘of. water,>a mryde! incipient-cavitation line was_;
- drawn, which” was determmed from- the back -pressure .

requlrements to barely rr =|nta|n IP"Iplent cavitation in
Based -on tests in. the model, which ° were-- -
||m|ted by . model- structura! strength the 1nc1p|ent-
" cavitation coefﬁcuent was found to'be a constant for a
f:xed-gate opening: This is supported by reference [71,
page 423, where pressure scale’ effects on orlflces are
* discussed. By dividing- vapor pressure head by the
- model scale ratio” (- 27/5 66}, the _prototype lnclplent

. cavitation polnt for “‘no-flow " was ‘obtained - 4.77).

- Based ‘on the fact that a pressure scale’ effect doas not -

exist for orifices, the prototype_cawtatuon character- .

istics were determiried from figure 7. As an approxima--

“tion to' thé prototype incipiént cavitation characteris- . = "

ties, a line could” be! drawn. parallel to the ‘'model
|nc1p1ent .cavitation llne, but’ dlsplaced to the right and
passlng through vapor pressure condition in-the proto-

type. The slope of the constant discharge‘tines 10" the -

Ieft of the incipient- line ‘was_not muest;gated to any
" great’ extent in the. model; however, it' was assumed
_that an extremely high degree’ of cavitation would be .
‘required ‘before the dlscharge COEfflClEnt would be

affected (choklng) h

Whlle at was cons:dered posslb!e to extend the opera-
_tion ‘of the prototype beyond the point of |nc|p;ent
‘cavitation without. incurring: damage, the ~point at
which damage would oceur could not be determined
from ‘the. model. or the series of graphs. While other
investigators feal that’ incipient cavitation “is not a

" practical’ de5|gn limit [B]; the only scaiabie ‘cavitation . ..
: cond:t:on was thought to be- that of” :nceptlon Wath S

i
3




incipient condrtrons defined for a range of gate .

openings, releases may be’ made to avoid cavitation.

For exampie, gate openings of 75 percent should be.

restricted to low-head operation only, as the_cavitation
index is a maximum for this setting. Full gate opening

with its .reduced index may be- used to. release the -

_max'mum dlscharge per-gate- (110 ft /s] without ‘the
occurrence - of cavitation. Figure i relates the dis-
charge for incipient cavitation for both single gate and

double gate operation. The symmetry of the full gate’
opening makes. it less conducive to cavitation than .-

partial openings. Wlth partlal openings, a yortex ema-

nates from the points of I.'!tErsectlon of the S‘l‘.ralgl'lt.

horlzontal gate bottom and CirCuI onf:ce

Somejadditional cavltation tes_13 were perforr_ned at
exaggerated heads and discharges to seek out areas of

potential. damage  for the jet-flow gate. Initially, sec-
tions of .the gate, gate slot, and downstream conduit.
-expansion were spray -painted with- machinist’s dye -

with the thought that the fairly mild cavitation would

remove the dye where the cloud contacted the solid .

boundary. Madel parts were’ flrst pamted ona Frlday,

reassembled; allowed to cure over the, waekand, and -

" tested on.Monday. No removal was observed during a

2-hour test at a gate opening of 76 percerit and a single
gate discharge of 208 ft° /s {5.89 ft°/s) (nearly double .

the maximum of 110 ft° /s per. gate). The long curing
time allowed the machmrsts dye to become highly
resistive to cavitation “erosion. Addttlonal tests on the
machinist’s dye . were perforrned in ‘a cavitation -taest
. facility in the laboratory. A’ sample sprayed with the

dve was allowed to cure for varying Eengths of time
before testing.” Hemovai -characteristics were found to:
- vary greatly with curing time, making the dye very -~
© total head ‘fevels 'of about 260 feet (79.25 mefers) and:.

‘resistive to cavitation if cured for more than an hour

~ before testing. As more’ than an hour was reguired to_-
reassemble the model after coating,= enother material .
was sought which would have removal ciiaracteristics -

. that were nearly. mdependent of curing time and which

was readily erodible, not water soluble, and was easy to -

apply. A white-pigmented concrete curing eompound

was found to meet these requirements, The compound

felt waxy and could remain under water for:long
“periods of time without changing its feel or appearance
after an initial 1- to 2-hour air-drying period:=The

photographs in figure 11 show compound removal for '
1-hour continuous cavitation tests with ciring times'of-
4, 24, and 312 hours. Very little difference can be seen .
for the Iarge var:ation in:curing time. The compound

"'gate Opening.: _
tap 1 but on the upstieam corner: ot the parallel fracie - ‘_
-downstream. of - ‘the’ orifice. Taps.3 and 4 were placad ;

has been used as a cavitation damage indicator on other
 vaives with good success since its initial use. -

The. compound was applied to the gate and frame area

and: to' the left half of the. plastuc three-diameter

expansion. To increase the contrast, the compound was -
oversprayed ‘with machinist's dye. The gate and piping

were reassembled and an B- hour {model} test was run -
.-the foliowmg day at.a gate openlng of .75 percent with

a discharge of 207 #7/57{ 5\86 m>7s}. No erosion was
observed in the three-diameter expansion; however, the -
sides of the parallel gate frame showed some pitting

from the tesf {figure 12) The' “damage;, was heaviest
- along the downstream side of th E'parallel frame and‘i

almost nonexistent along the ‘upstream - corner. To -

“improve | crrculatlon to the upstream. corner of the
“frame, a divergence at a 45" angle away from the flow

would minimize the potentlal for cavitation erosion. -

- The vortex which caused the pitting of the downstr’*am' '

frame s shown in flgure 13. The vortex intensity varies
sornewhat w:th time and was photographed at, or very i
near, peak :ntenslty P

Plezometer taps were |nstaQed on the; model gste i
<elected areas to detect adverse pressures{figure 14).

Tap 1 was- placed on the downstream side of the orifice =

twhnch corresponded to ‘a 72-percent.
l;ap *2 was placed at thefame E|BV..|tl0I‘| as

on the upstream and downstream corners, respecnvely,"”

:of the parailel frame at an elevation corresponding to a

40 percent gate op°n|ng Electronic transducers were

: USEd tO record lnstantaneous pressures at VaI'IOUS ‘gate

‘openings and. discharges. Data were taken at- upstream

120 feet (36. 58 meters) while |nc1p|ent cavltatlon was. .

~oceurring in’ tha modef. (Hefer to figure 8 to define.

“dtscharge and back pressure for the partrcular gate ..

-'openmgl Traoes of these pressures are shown in figure -
15. Note. that onlv ‘at a 100- percent ‘gate opemng and

low back pressure were low pressures observed on-the
osclllograph ‘and that at no time were model cavltatlon :

: pressures recorded. Th|s indicates a stight separatron of - )
the vortex from"the gate frame boundar\/ Add:tronal'_' _
- ‘pressures were recorded  at ‘gate_openings of 100,75, ~
60, 50, and .30 percent while operat[ng at. maximum
B dlscharge of 110 2 f5or maxrmum head. Sections of . .
_these osc:llographs are -shown in ftgure 16. Note the:. @
. exlstence of posntwe pressures for all tests. Sl
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Figure 2.—1:5.66 mode} equipped with two-diameter expansion. PBO1-D-74766
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Figure 5.~-Model equipped with a three-diameter length of three-diameter expansion. PE01-D-74768
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DISCHARGE GOEFFICIENTS (Cg and Cq') =

0.9,

0.2

Q /i

A\/29 \/H| '-HQT

Hit = The. total head~2 83 feet ups’rream of ’rhe gafe,'
" Hop = - The total head 965 feet downstream of the well, |

No_’r_e Total -head equa!s ‘the sum of pressure

' head and:velocity head at the same

elevm‘lon for the Two: s’ra'rlons

A ‘”The area of - the 24=inch- dmme'rer pupe,
g =grava1‘u‘hona[ .acceleration,. and '

Q -—daacharge In cubuc fee’r per second (FT3/S)

_ A\/E r__..___hl = Where, :

'hl' and. hz are the pressure heads a’r ’rhe

’rwo smhons
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© - Figure 9.—Discharge coef‘_fmlen__t curves for gate_wuth__three-daameter expan‘.‘ n
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7-1750 (3.71)
Bulm of Reclamation

CHNVERSION FACTDRS BRITISH TO METRIC 'UNITS OF MEASURE\IENT

The foilowing conversion: facturs adoptad by the Bumau of Rac1arnatlcrn are lhose published by tn&Amerlmn o
Society for Tesl‘.lng and Materials {ASTM Metric Practice Guide, E 380-68} except that additional factors (*)
commonly used in.the Bureay have been added. Furiher dlscussmn nf deﬁnmons of quantmes and urnls is gwen in
the ASTM Metric Praul.e Gunde ’ i . :

. _The metrie units and conversion facmrs adnpted by the ASTM are based on the "Internahnnal Svstem of Unlts“
(designated SE for Systeme Intemational d’Unites), “fixed . by the. Enternaticnal Committee for Weights and -
Measures; this system is also known-as the GIDI’QI or MKSA {meter-kilogram {mass}-second-ampere} ‘systermn, Th|s
] system_ has been adupted by _the !n;ernatmnal_ Orgamzatio_n for Smudardlzalmn in !SO Recomrnendal:on R 31,

The metrie teckinical unit of force is the k:!ngram -foree: this is the force wh:ch “when apptied w0a body havinga™ © - ‘

mass of 1 ke, gives it an‘acceleration of 9.80665 m/sec/sec, the standard acceletauon of free fall toward the earth's

center for sea level at 45 deg latiude. The metric unit of force in Sl units is the newton [N); which is defsned as. . R S
that force which, when applied to 8 body having a mass of 1 kg, gives it an acceterstion of 1 misec/sec. Thess units - ..~

must be d:stlngmshed from the {inconstant) local’ ‘weight of a body having a-mass of 1kq that is, the wmght of s
by s that force with which a body is attracted 1o the eanh and is equal ta the mass of a body multiplied by the

acceleration. due to gravity. However, becausa’it'is generat practice to use “pound” rather-than the technically

correct term “pound-force,” the term kllogram {or derived- mass unlt] has been used in this gulde finstead of -

“kilogram-force” in enpresung the conversion factors for forces. The newmn umt of :'orce wilt fmd |m:reasmg use,. o

and is esentlal in 51 units

Where appmmmate or nominal English u'mts are used 10 express a value or range of va1ués the converted matric
units in parentheses are also approximate; or nominal. Where precuse Enghsh umts are used the converted -metric- .
un:tﬁ are expressed as equailv s:gmﬁcant values . .

Table l

OUANTITIES AND UNITS OF SPACE

Multiply .

By

To obtain

LENGTH;
25, 4-(énact|-v]
25,4 {exactly) .

2,54 [exacﬂv]

. 30 48 {exactly)
0.3048 {exactly}*-

0.0003048 (exactly).‘

s 09144'{exactly)

'1 609.344 (exactly}”

1 60934d [exactlvl

- Miltimeters

.- Centimeters -

.. Centimeters

Meters

“Kilometers.
... Maters:
. Meters',

Kitometers . -

AHEA O

Square inches .
Square feet
© :Square feet
" Square yards, |

. 6. 4516 lexa:tlv)

929 03 =
~:0,092003

-0 836‘!27
“0.40469".

*4,046.9 . ...~

*0.0040469 - .

-, . .Square centimeters
" Square centimeters

‘Squiare meters
Square melers
‘Hectares
. Square meters

- Sguare kilometers

vdLUME o

- Square kitlomesters

. Cubic in:HeS'
Cubic feet

"163871
- 00283168
. 0.7845855 . |

.. Cibic centimeters

- 7" Cubic meters
Cuibic meters .

Cubic yards

“CAPACITY

Fluid ounces (U.S.}
" Fluid ounces (U.S.1
Liquid pints {U.5.)
" Liquid pints {U.5.}
JCuartz (US) -
“'Quarts {U.S.}
Gallons (U.5.}
Gallons {U.S.}
Gallons (US) ...
- Gallons {US) ..
Gallons {U.K.}- =
" Gallons (UK}
Cubic feet. . . . .
Cubic vards
Acre-teet
Acre-fect

29, 5737
29,5729 . .
0473179 0
0473156
'946 358
*0.946331
3 78543

Cubic centimeters
: . .Mitlititers

Cubu: decimeters
; Liters

- Cubu: centimerers

Liters
Cublc centimeters
" Cubic decimeters
‘ Liters
2., Cubic meters
Cublc demmeters
Liters
© Liters
. Liters
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Figure 15.—0scillographs of pressures at piezometers in Jet-flow gate while
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incipient cavitation was occurring in the model.
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ABSTRACT

Studues were made on a 1:5.66 scale mode! of 2 smgle jet-flow gate and sudden7=
expansmn energy .dissipator to determine discharge coefficients for full and parnal gate -

opcnings, head losses through tha fecility, cavitation characteristics, and the back-

. pressure requirements for the submerged jet-flow gate. The two- dlamelar expansion was
inadequate and was taplaced by a three-diamater section. A mathod of ca\ntatmn scaling

s discussed whereby visible andfor auraily detectable model incipient cavitation is used

" to determine incipient cavitation lires for a series of smgle gate openings and a ranpge of

discharges from no-flow through that abtained at ‘maximum head. Using the slope of the
model ling and "the scale:vapor prassure. the prototype lnCIplEnt cavitation line was

obtained. A white-pigmented concrete curing compound was found to be saus-factorv for .

us8 as a cawlam:m indicator, (8 ref}-
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ABSTRACT

Studaes were made on a 1 566 scaie rnode! of a smgle 1et-lluw gate and sudden_
- expansion -energy dissipator 10 determing discharge coefficients for fuil and partial gate -

openings, head losses- through the facility, cavitation characteristics, and the back-

‘pressure requirements for the submerged jet-flow gate. The two-dismeter expansmn was
inadequate and was replaced by 2 three-diameter section. A method of cavitation scalmg ’
is discussed whereby visible and/or aurally detectable model lnciplent cavitation is used

to determine ingipient cavitation lines for a saries of smgIa gate openings and a range of
discharger, fram no-flow through that obtained at maximum head. Using the slope of the

modet line and the scale vapor -pressure, the prototype incipient cavitation line ‘was*
obtained. A white-pigmented concrete curing compound was inund 10 bo s.ansfactnrv fur

use as d cavitation indicator. (8 refj -
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ABSTRACT

Studms were mede on a 1 :5.66 sca!e mode! of a slngle jet- flow gate and sudden
expansion energy dissipator to determine discharge coefficients for full and purual gate
openings, head losses. through the faclhty. cavitation characteristics. and the "back-

" piessura requlrements for the submarged jet-flow gete. The two-dnamater expansion was

inadequate and was replaced by a three-diamater section. A method of cavitation scaling
is discussed whareby visible and/or aurally detectable modal incipient cavitation is used
to detarmine incipient cavitation lines for a series of single gate opanings and a range of
discharges from ny-flow through that ubtalr.ad at maximum head. Using tha slope of tha

“model line and the scale vapor: pressure, the prototype mcnp!ant cavitation line was

abtamad A white- -pigmented concrete curtng compound was found to be satusfactorv for

'use 85 a cavitation |ndu:ator (B ref} -
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ABSTRACT,

" Studies were made on a 1:5.65 st;bia modeiut')f a single |at-flow gate and sudden

expansion anergy dissipator to detarmine discharge coefficients for full anJ’partial gats

" ‘Dpenings, head losses- through the facility, cavitation charactaristies, a"d the back-
" pressure requirements far the subrmerged Jet-low gate. The two-diameter expansion was
- ~inadequate and was replaced by a three-diameter section. A method of cavitatlon sealing

i discussed whereby visible and/or aurally detectsble model incipient cavitation is used

" to determine inciplent cavitation-lines for ‘a series of single gate openings and a range of -
. :dlscharges from no-flow through that obtained at maximum haad. Using the slope of tha
“modelline a 'd the scale vapor pressure, the prototype mclplant tavitation line was

obtamed A u.mte-plgmentad cancreto, curmg compound was fuund to be satisfactory for
use as 8 ca\ntatlon |ndu:ator {B reﬂ . .




