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Sub ject : Hydraulic model studies of the 2- by 2-fod Twin Buttes
regulating gate--San Angelo Pro,ject ’ Texas '

PURPOSE

The purpose of this study was to develop a satisfactory shape for the
bellmouth which must be fitted within the relatively short distance
between the upstream and downstream faces of the fixed-wheel gate. In
addition, flow conditions in the conduit downstream from the gate leaf
were studied and a head—discharge curve for various gate openings was
determined. :

CONCLUSIONS

1. The ellipt:.cal bel.'lmouth entrance 'of the form
X2 , 2
(1*/3)2

results in satisfactory pressures for this applica.tion.

St

2. §Slightly subatmospheric pressures are found in the top &nd bottom:
corners of the bellmouth entrance immediately upstream from the gate
slot. ‘The magnitude of the maximum subatmospheric pressure is 2 feet
of water with 100 percent gs.te opening anid’ ‘maximum vater surface =
elevation in the reservoir. The pressures are all above atmospheric
in the bellmouth entrance for gate openings less than 100 percent. o

3. The maximum subatmospheric pressure in the conduit downstream from
the gate slot is 5 feet of water. This pressure occurs in the bottom
corners of the conduit immediately upstream from the downstream face of
the fixed-wheel gete. The lowest pressure occurs at a gate opening of
30 percent and maximum reservoir elevation. For gate openings greater
than -60 percent, the pressures in the downstres.m condnit are equal to
or greater than atmospheric.




4. The discharge coefficient, Cg = , for 100 percen't ga.te
opening is 0.93. : . A;\/Zsﬁf | ‘

5. For reservoir elevations greater than 1920, the Jet will clea.r the
radial gate reat. \

6. For gate openings between lO and 70 percent ’ crossﬂov and spray
are present on top of the nappe. L ‘

7. To prevent obJectionable operating conditions at small gate open- :
ings, the gate should not opera‘.te at open:l.ngs of less than 2 :anhes for .
extended periods.

8. The 2- by 2-foot reguhtuig‘gate should not be opened more than
25 percent when filling the space between the fixed-wheel and radial
gates. ‘

i ACIWOWLEDGMEM.‘

The development and testing of the bellmouth entrance a.nd gate descri'bed
in this report were the result of the cooperative efforts of the ~
Mechanical Branch, the Dems Branch, and the Hydreulic I.e.bore.tory Branch.

,I\FERODUCTION

Twin Buttes Dam is located across the Middle Concho River, Spring . Creek
and the South Concho River about 9 miles southwest of San Angelo, Texas,
Figure 1. The dam will be an earthfill structure with a crest length -
of 8 miles and will rise about 134 feet - a.bove the Middle Concho riverbed.

The outlet works, Figure 2 is located near the left abutment of the

dam and is designed for a ma.ximm discharge of 34,000 cfs. The outlet ,
works consist of an intake structure, three 15. S-foot-diameter conduits
from the intake structure to the gate cheaber , three 12- by 15-foot
emergency fixed-wheel gates located ,just upstream from three 12- by - -
15-foot topseal radial regulating ga.tes, three 17-foot-diameter horse-
shoe conduits from the gate chamber to the stilling basin chute, the
chute, a stilling basin, and an excavated channel extending from the
stilling basin to the river, Figure 3.

Located within each of the three 12- by l15-foot emergency fixed-wheel
-gates 1s a 2- by 2-foot regulating gate. The purpose of the three small
2- by 2-foot gates is to release flows up to 600.cfs. For flows greater
than 600 cfs, the 12- 'ty 15-foot fixed-wheel gates will be opened, and
outlet releases will be made through the three 12- by 15-foot topseal
radial reguleting gates.




Placing the 2~ by 2-foot regulating gate. in the ;fixed-wheel gate requirgd
fitting a bellmouth entrance and gate within the rela.tively short dis-
tance between the upstream and downstream faces: of the fixed-wheel gate.
It was, therefore, necessary to investigate the pressures in the bell-
mouth and in the short conduit: downs'brea.m n'om the gate leaf to deter-
‘mine if critical subatmospheric pressures would occur. Flow conditions
and ‘head«discharge relationahips ‘are a,lso ‘presented in this report.:

THE MODEL

The studies vere conducted on a 1 5 scale model oi’ the 'bellmouth
entrance, gate leaf, and conduit downstreem from the 2- by 2-foot
regulating gate. The 15.5~-foot-dlameter ‘conduit upstream from the
fixed-wheel gate was represented in the model by e 3-foot-diameter tank
6.4 feet long, Figure 4. The short transition just upstream from the
12- by 15-foot fixed-wheel gate was not represenbed in the model. The
inlet end of the tank was comnected to a 12-inch main by a transition
1.6 feet long. A baffle placed in the inlei; end of the tank distributed
the flow to simulate the flow conditions :I.n the 15 5—foot-dimneter
conduit. « ‘ ‘

Discharges in the model were measured witb calibrated ventu.rl meters
located permanently in the' laboratory.: Re=servoir ‘head was measured by‘
means of o piezometer tap in the side of the 3-foot-diameter tank. The
piezometer tap wes comnected to a direct’ reading differential manometer’
(pot gage). Piezometers were placed in probable low pressure regions

on ‘the bellmouth entrence and downstream conduit, Flgure 5. The pres-
sures acting on the piezometers were measured with single-leg, water-
filled manometers mounted on a manometer board. Pressures that. exc,eeded
the range of the menometer boa.rd vere read on-a. mercury-fi.‘l.led pot gage

TEE INVES? IGATION

In test.mg the model, a series of runs were ma.de with a hea.d equlvalent
to the maximum reservoir surface above ‘the ge.te center line PR

101 feet prototype. Then, a series of runs were made-with a° he&d equiv-f

alent to the normal operating head of 56 feet. Finally, & run was’' mad.e
at 100 percent gate opening with a head equal to twice the maximum
reservoir elevation above the gate. The pressures at each p:lezometer N
the discharge, and head on' the gate center line were determined for
each run. In computing the reservoir head, the hydraulic . losses Were
lgnored because their magnitude from the reservoir to the gate- was only
0.05 foot (prototype).




Bellmouth Entrance Desiﬂ

Considerable data are availeble for shsping the ‘bellmouth entrance to
rectangular conduits. The eatrant flow surfaces ususlly follov ellip-
tical curves based on the height or width of the conduit, ‘Hovever, o
thre.e factors in bellmouth design that have not fully been investigated .
(1) the effect of ending portions of the bellmouth before the full
c\mvature has been developed, (2) the effect of seating & gate on the
curved portion of the bellmouth, and (3) the effect of a short length
of downstream conduit. These three factors became important in tittins ‘
the streamlined entraance and small resuh\ting gate between the upstreanm
and downstream faces of the 12-°by. 15-foox- fixed-vheel gate. A trial I
curve was formulated for the bellmouth shape from date presented in =
Technical Memorandum No. 2-428, U, 8. Corps:of. ‘Engineers, Watemya
Exvperiment Station, v1c14-eburs, Mississippi. 'I'his curve, 5 w

X = distance from the minor axis of the ‘ellip;'e”

Y = distance from the me.,jbr axis of the ellipse

D = dimension of the conduit in the direction
concerned, 22 5 inches in this bellmuth

was then tested in a water mdel ror oritical suba.tmospheric preeeuree
and to determine discharge-gate opening relatiocnships. Tests on the

bellmouth entrance, indicated below » shov this cwr ve to VYe. eaéiefactory. :

Bellmouth and Downstream Conduit Presaurea

In order to fecilitate the comparison of pressures at various points in
the model under various heads, the following pressure coetﬁcient vas
used; ‘

op = B




Cp = preseui'e coefficient

"hy = total head at center line of gate

hy = plezometric head at theﬂiaie‘zometef @

Figures 6 7, 8, 9, .10, and 11 ere plots of these pressure coefficients
for va.rious gate openings. o .

The model tests show this coefficient to be ‘mdepen'dent of reservoir
head. Thus, the pressure gradient can be: computed for any reservoir
head by expressing the pressure da.ta. in thls dimensionless form.

The only subatmospheric pressures on the" bellmouth entre.nce are fou.nd
in the corners immediately upstream from the. gate slot for maximumgate
opening. With the reservoir at the maximum water surface elevation ‘and
the gate 100 percent open, the average subatmospheric prototype pres-
sure is 2 feet of water.. A pressure fluctuation of +l 7 feet of water
with a frequency of 33 cps is superimposed on the average subatmospheric ‘
Pressure. These instantaneous pressures. vere: measured with & pressure
transducer placed on the critica.l piezometers. :

In general, the d.ownstream condult pressures are lowest near the dovn-
‘stream end of the conduit. In fact, subatmospheric pressures exist in
the corners and on the sides of the conduits for less than T0 percent
gate openings. The minimum pressure occurs at a gate: opening of ..

30 percent with the reservoir at the maximum water surface elevation
vhen an average subatmospheric pressure of 5 feet of water was: recorded.
A pressure fluctuation of only +0. 6 foot of water is superimposed on"

the average subatmospheric pressure with a frequency of 31 cps a.t the ‘
downstream corners of the downstrea.m conduj.t. e

D:Lschaige Coefficient

Several reservoir heads and d.ischarge ‘readings were obtained. for ga.te =
openings in increments.of 10 percent, and in: ad.dition, for 5 and i
95 percent gate openings. The expression used to de’bermine the B i g
discharge coefficient is @ = Cq Ay/2gH :




Q = discharge in cfs ,
.Cq = discharge coefficient

A = area of actual gate opening; or area of
gate opening vwhen 100 percent open

H = reservoir head on the center line of the’ ’
gate opening | :

The discharge coefficient for the gafe Pully open was found td be 0.93.

Discharge coefficients for the fu].l range of gate openings ere given :

in Figure 12, g

Flow Characteristics

At partial gate openings, a crossflow was noticed on top of the nappe,
Figure 13. Water leaving the upstream edge of the aete slot spread
into the slot and impinged upon the downstream slot corner. - This flow 5
in the slot was then deflected across the top of the Jjet, causing-a,
rough sgurface and considereable . spray. The ' Jet ‘also 1mpinged upon the
walls of the downstream conduit, forming a fin of water on each side e
of the nappe. These fins are most. prominent for gate openings be'bveenf«/
20 and 50 percent. : 2 3; , ;

At 100 percent opening, the center portion of the na.ppe struck. the ‘
crown of the downstream condvit, causing only m:l.nor spra.y, but the ‘
corners of the conduit were :mlly gerated. -

The model tests showed tha.t the free Jet coming from the 2- by 2-foot
regulating gate does not strike the seat of the 12- by 15-foot radial
gate, Figure 2, for reservoir elevations grea.ter tha.n 1920.‘ s

PROTOTYPE DESIGN CHANGES

Aftey the completion of the model tests, the following changes Were

made in the prototype design: (1) gate leaf moved upstream 1 inch, : ‘

(2) top and bottom of bellmouth moved inward to maintain 1-foot ‘ .
19-3/4-inch height of opening, (3) sides of bellmouth moved inward to o
meintain 2h-inch width of opening, (U4) sides of downstream conduit

moved outward 1/2 inch; new width is 2 feet 2-3/4 inches, and (5) top e
of downstream conduit vnchanged. These changes were required to

provide proper balance in the 12~ by 15-foot fixed-wheel ‘gate.



These alterations should have no: effect upon the coefficients oi’ dis- :
charge noted in this report. The - magnitude of the subatmospheric pres-
sures in the downstreem conduit should decrease. It is also expected
that the severity of the. crossflow and splashing will decrease with the
‘aforementioned changes.

Limitations on Operation of Gate o

The model tests indice.te that “the - gate will operate satisfactorily a.t
free discharge through the full range of gate openings ﬁ'om 5 percen‘b
to 100 percent.

Conmutations shov, however, that “the Jet contraction is such hat the
top of jet will strike the bottom. ga.te seal at ga.te openings less ‘than
1 inch. To prevent vibration in the gate vhen ‘the space “between the Lt
- spring point and bottom gate seal fills, as in a: ‘short tube, and. allow-
ing for inaccurate gate settings and im_perfections in the spring point,
it is recommended that the gate should not be opera.ted. fm: extended
periods at gate openings less tha.n ‘2 .inches. = - -

The regulating gate is not des:.gned to operate submerged a.t low back
pressures. It may be. necessa.ry, ‘however, ‘to.operate the gate submerged :
while filling the tunnel space ‘betvween the 12- by 15-foot fixed-wheel .
gate and radial gate. During: this “tunnel-filling operation, it is
recommended that the 2- by 2-foot .gate be opened no ‘more than 25 percent'
to permit maximum water circulation in the short: conduit immed;u.ately
downstream from the gate leaf.

s
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