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ABSTRACT

General studies were made to determine design parameters for
hydraulic downpull and uplift forces on downstream seal, roller-
mounted gates located in entrance transitions of large conduits.
Effects of various gate lip extensions, and recesses in the gate
shaft, were investigated for one seal extension. Uplift forces _
great enough to prevent closure of gates under their own weight
were found. Uplift forces were controlled by proper shaping of
offsets and recesses in the face of the gate shaft or bonnet. A
gate lip extension to leaf thickness ratio of 0. 55 was selected as
the optimum compromise between structural and hydraulic con-
siderations. Pressures on the gate bottoms, and hence the down-
pull, were significantly affected by the gate slots and side walls.
Effects of air admission were also determined. The data were
applied to the 17. 50 by 22. 89-foot San Luis Qutlet Works gates
operating under a 273-foot head. Data are presented in both dimen-
sional and nondimensional form.

DESCRIPTORS--*hydraulics/ *hydraulic downpull/ *air demand/
roller gates/ gate seals/ instrumentation/ hydraulic models/ intake
gates/ cavitation/

IDENTIFIERS-~-hydraulic uplift/ lip extension/ seal extension/ bonnet
recesses/ emergency closures
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WITH SPECIAL APPLICATION TO THE SAN LUIS
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PURPOSE

General studies were made to determine design parameters for
hydraullc downpull on downstream-seal, roller-mounted gates
located in entrance transitions of large conduits. Data are pre-
sented in both dimensional and nondimensional form on the effects
of gate leaf and gate shaft geometry and of air vent size. The
data were used o obtain downpull values for the San Luis Dam
17.50- by 22. 89-foot outlet works emergency gates.

CONCLUSIONS

1. Dimensionless downpull coefficient data are presented and may
be used with confidence orn gate structures of similar geometric
design.

2. The test data are in reasonable agreement with results of other
investigators considering differences in the geometries studied,

3. Uplift forces severe enough to prevent closure of the gates under
their.own weight can act on the gates unless provisions are made to
prevent or reduce the uplift (Figure 11),

4, The proximity of the downstream wall of the gate shaft and the

‘top and bottom seals of the gate leaf have great effect upon downpull
- and uplift forces. With proper shaping of this wall by recesses and
' offsets.the forces can be significantly reduced (Figures 4 and 14A),

-_45 The ratio of gate lip extension to leaf-thickness greatly affects
‘downpull and uplift:(Figure 14A). .Increases in lip extension reduce
both downpull and uplift. A lip extension ratio of 0.55 was selected
as the best compromise between structural and hydraulic: considera-
tions. : :




6. The lip extension ratio of 0,55, and the revised offsets on the
downstream wall of the well, produce reasonable downpull forces

and sufficiently low uplift forces so the gates will operate satisfac-
torily.

7. Three-dimensional effects, i.e., the effects of gate slots and
sidewalls, significantly influence the pressures on the underside
of the gate leaves, .

8. A maximum downpull force of abr.)ut 710, 000 pounds (710 kips)
will occur during emergency closures of the San Luis gates if free
discharge conditions occur at the downstream gate irame.

9. A downpull force of about 800 kips will occur if a catastrophic
rupture occurs in the penstocks some distance downstream from
the San Luis gates. This force is greater than for free discharge
conditions because subatmospheric pressures would exist under
the top seal.

10, A downpull force of about 405 kips will occur on the San Luis
gates if the closure is made while maximum power generating
flows of 4, 225 cfs are passing through the turbines.

11. A minimum of 4, 230 cfs of free air must be admitted to the
conduit just downstream from each San Luis gate to maintain an
ambient pressure not lower than one-half atmosphere subatmos-
pheric during closures with severely ruptured penstocks.
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obtain sufficient appropriate data for analyhcally determining
downpull and uplift forces on large gates. The program is jointly
shared by the Mechanical Branch of the Division of Design, and the
Hydraulics Branch of the Division of Research. The cooperative
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the test equipment and performed part of the test program.

INTRODUCTION

- ‘General Considerations

Downpull is produced by the reduction of pressures when a- flu1d
- flows under a gate. ‘In the absence of any flow, a gate that is com-
. .pletely submerged is-subject to-hydrostatic_pressure that produces
' :a'buoyant force. This static condition is characterized-by.a uni-
. form value of the piezometric head. The nonuniform distribution

‘.2




of piezometric head that is observed under flow conditions is due
solely to the reduction of pressure, and the component of the force
in the direction of gate travel computed from this pressure distri-
bution is defined as downpull. It is taken as positive in the direc-
tion of gate closure.

Downpull is primarily of concern to the designer of gate hoisting
equipment. He must take into account the weight of the gate, the
buoyant force, friction forces, and downpull. Downpull may be
many times greater than the weight of a gate, and under some con-
ditions it may become negative, indicating an uplift., This latter
condition was observed during the course of this investigation.

A long-range program has been undertaken by the Bureau of
Reclamation to establish general downpull design guidelines for

a variety of gate designs, and for the three principal types of gate
installations. The gates include upstream and downstream seal .
designs, roller train and fixed-wheel designs, and various bottom
shapes. The types of gate installations consist of locations on the
face of the dam over the conduit entrances, within the entrance
transitions, and within or at the downstream end of the conduits. .

Scope of the Present Investigations

This present study was part of the above long-range program and.
the objectives were fourfold:

1. To determine the downpull characteristics of a downstream
seal roller-mounted gate located in the entrance transition of a
conduit, and discharging under controlled conditions simulating
maximum power generation at the powerplant and under 'free -
discharge' conditions simulating a rupture in the tunnel.

2, To generalize the results into a form that would be applicable
to future designs of a similar character. To this end the effect
of lip extensions, seal size, gate thickness, and rounding of the
upstream edge of the gate bottom were to be investigated. In -
addition the influence of holes in the bottom beam of the gate,

the shape of the tunnel entrance, and the presence of a trashrack
were to be determined. B

‘3. To correlate the results of this investigation with the resulis
of previous downpull ‘studies.

4, To compare the pressure-computation method of determining
downpull with the we1gh1ng method




Objective 1 has been achieved, and Objectives 2 and 3 are partially
completed. Additional studies are necessary for their completion.
Objective 4 awaits studies to be made by the direct-weighing method.

Dimensibnal Analyélis'

The .variables and parameters to be considered are given in the
following list. The geometric parameters are shown in Figure 3.

downpull force :
-velocity in the contracted jet issuing from beneath the gate
density
- viscosity,. dynamlc
. gravitational acceleration
.gate thickness
gate - width
tunnel width
tunnel height -
-gate opening
‘length of lip extension.
length - of seal extension
depth of recess in the gate well
-width of gate slots
radius of the roundmg on the upstream edge of the gate
bottom 7

@ '1ncl1nat1on of the. bottom plate

Hbmu‘im%éd ocWamt o<

E;From the pri nc;;:ies of dimensional ana1y51s, it is known. that the

" ‘functional relationship among these 16 variables can be expressed

| -as.a function of 13 dimensionless groups. With the gate thickness
- .as the characteristic linear dimension. the ‘following functional
,-relatlonshlp can be estabhshed :

"P‘ ]- Ay, e, s, T, a, _ , Vdﬂ; V2
(a 73 .

T—zd PV d.d.a CE 'aE) (Eq. 1)

Introductmn of: the plan area of the gate. body (A Bd) and mampula— ]
ition:of some of the .variables: produces an. equlvalent functlonal form =
i : W1th more meamngful vanables : - S
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The: last of the dlmensmnless varlables w:ll be recogmzed aga.
Freude number It‘only:has s1gmf1cance for free dlscharge because,_‘ -

fec onm th _free dzscharge 6w pattern is’ neg11g1b1e Its effect




on downpull is therefore negligible too; and since this investigation
is limited to high headgates, the Froude number can be eliminated.

The dimensionless variable Vd p/e¢ is a Reynolds number. Its
value for the prototype is so large that it ceases to be a significant
variable; but models are generally operated at much lower Reynolds
numbers than the prototype, and care must be taken to insure that
this does not have a significant effect.

In this investigation a potential source of difficulty with Reynolds
number arises when the upstream edge of the gate bottom is rounded.
If the flow separates from this surface the point of separation
depends on Reynolds number; thus, the flow pattern and pressure
distribution become dependent on Reynolds number. In the first
phase of this investigation Reynolds numbers as low as 2 x 104 were
encountered; but for reasons that are presented in the following
section, this did not create any problem. In subseguent phases of
the general study it will be a problem.

The effect of the parameters a/d, c/d, yo/d, yo/B, b/B, and «
lie outside the scope of the proposed investigation. The values that
- were used are given below:

a/d = 0.564 Yo/B = 1.308
c/d =1.3086 b/B = 0.759
Yol/d = 5.353 a=0

The functional relationship to be determined in the proposed inves-
tigation now reduces to:

2P . 1{(:::, e B8, I, _w) (Eg. 3)
f o

A5 V2 yo d d d

The dependent variable will be called the downpuil coefficient and
will be denoted by ‘K Thus

K= .ﬁw (Eq. 4)

Scope of Tests and Report .

- In the tests reported herein, s/d and r/d were held at the constant
values of 0,15 and zero, respectively. With a sharp corner on the
upstream edge of the gate-there is no question but that the flow
‘geparates at this corner (Figure 3). The second point of separation,
:if one occurs, -depends upon gate opening and length of lip extension.
. 'With the point of separation fixed at the upstream bottom :corner of
the leaf under:test, and since boundary shear is assumed to be .




negligible, the Reynolds number is eliminated as a variable. The
functional relationship for the first phase of the investigation is
therefore represented by

K=K(y/yo, e/d) {Eq. 5)

Four values of the parameter, efd, were investigated: 0.2, 0.4, 0.6,
and 0. 8. Each value was tested at three flow conditions: controlled
discharge representing maximum power generation, free discharge

of the gate, and free discharge 4 tunnel diameters downstream

from the transition section to represent a ruptured tunnel.

In addition to curves showing the downpull coefficient, curves giving
the computed prototype downpull forces and the flow rates are pre-
sented. A few selected pressure distributions on the'model are also
given,

THE MODEL .

The gate used for the investigation was a 1:35 scale model of one of
the four.closure gates in the outlet works of San Luis Dam in the
Central Valley Project (Figures 1 and 2). The gate leaves have
downstream seals and downstream skinplates. They are roller
mounted in a gate well near the bellmouth entrance of the tunnels
that lead to the powerplant at the base of the dam. At the gate well
the tunnel has a rectangular cross section that is approximately

23 feet high and 17.5 feet wide. Just downstream from this section
there is a transition to a 17. 5-foot-diameter circular tunnel. The
maximum water surface elevation in the reservoir is 273 feet above
the invert of the tunnel at the gate section.

Test Apparatus

The test apparatus is shown in Figures 4, 5, and 6. A 3-foot-
diameter pressure tank with flow distributing baffles at the upsiream
end represented the reservoir, The 1:35 scale intake structure of
the San Luis outlet works was mounted on a bulkhead at the end of
the tank. The model was built from galvanized sheet metal, brass ’
plate, and bar stock. The bottom portion of the leaf was made :
removable so that lip extensions of 0,2 d, 0.4d, 0.6d, and 0.8d
. could be tested. ' ' '

To-maintain the same overall height of the gate leaf for different lip 3
-extensions, .the model leaf was made intwo parts and bolted together - :
(Figures 4 and 6). This made it possible to insert shims between the

two parts to compensate for different lip extensions, This construction,




especially when shims were inserted, interrupted the equal spacing
of the horizontal beams. The effect which this may have had on the
results is discussed later in the report.

In certain details the model deviated from the San Luis gate. These
deviations are as follows:

1. The top and side seals of the prototype were represented in
the model by brass bars of rectangular cross section.

2. The bottom seal was modeled by a strip of sheet metal across
the bottom of the skinplate.

3. The roller trains of the prototype were represented on the
model by brass bars on the front and back surfaces, and by brass

plates placed on edge across the bottom to form the gate roller
extensions,

4, The roller extensions were omitted on the bottom of the leaf
for the smallest lip ex‘tension.

In addition to the above model deviations from the San Luls gate,
certain features of the model should be noted.

1. The model of the tunnel was terminated 4 diameters down-
stream from the transition section without incorporating the
small horizontal bend (less than 10°) of the prototype.

.The air vents in the top of the downstream gate frame were
originally modeled to the equivalent size of the proposed 12~inch
vents, Later they were revised and considerably enlarged. How-
ever, the length of the air ducts was not modeled. Instead,
valves located near the gate were used to control the airflow,

3. The trashrack éhd its founda.tion were omitted from the model.

‘4, The full height of the gate well was not modeled.

‘The implications of: terminating'the tunnel and not modeling the air
ducts are discussed later in this report. The effect on downpull of
omitting the trashrack is to be the subject of a later phase of the
investigation, but it is believed that the effect is negligible.

" The model of the gate well was terminated at a sufficient height

~ above the gate to insure a negligible:influence on downpull. This
_statement is supported by the uniformity of the pressures measured
in- the gate well - The pressure exerted by the cover plate of the model




well is the same as would be exerted in a taller open well by the
higher column of water that would form.,

The recess near the bottom of the downstream wall of the gate well
was modeled to conform to the preliminary prototype design, . After
testing the first two lip extensions (e/d = 0.8 and 0.6), the recess
was revised to minimize the "uplift" that was discovered during the
tests. This revision is discussed more fully later in the report.

Instrumentation

The gate model was instrumented with 27 piezometers: 18 on the
bottom beam, 4 on the gate lip, 2 on the bottom of a roller exten-
sion, 2 at the top of the skinplate, and 1 on the top beam {Figure 4).
In addition, 1 piezometer was located in the pressure tank, 1 was
located at the top of the tunnel just downstream from the gate and
midway between the two air vents, 7 were located on the centerline
of the invert downstream from the gate, and 28 were located on the
bellmouth entrance, After the first series of tests (e/d = 0, 8)

3 piezometers were installed in the walls of the gate well to indicate
bonnet head.

The piezometers on the invert were intended to reveal the head and
‘location of the vena contracta of the jet issuing from beneath the

gate, but the expectation was not realized because of the influence

of the transition section and of the secondary flows down the gate
slots and down the back face of the leaf (skinplate) from the gate well,

The piezometer lines from the model were taken to a manometer
board where the piezometric heads were indicated by water columns
(Figure 5A). The scale on the manometer board was expressed in
feet and subdivided to hundredths of a2 foot. The reading of 0.79
corresponding to the elevation of the tunnel invert at the gate was
determined with a surveyor's level, This was the, datum used for
all head measurements.

The manometer board was divided into four sections, each of which
‘could be independently pressurized with air. The air pressure was
measured by mercury U-tube manometers. - This arrangement, while
causing a small loss of accuracy, €liminated the need for a tall manom-
eter board equipped w1th a ladder for taking readings.

‘The gate was raised and lowered by a threaded shaft that passed
through the cover plate on the gate well. A series of spacer tem-
plates were used between the top of the cover plate and the screw
handle to set the gate openings. All settings were made with the
screw being turned to open the gate, -and the templates provided
'approxlmately 10-percent: increments of gate opening., For inter-
mediate openings:the distance from the top of a template tc the bottom
-of the screw handle was mea.sured '

8




After the first series of tests it was deemed necessary to measure
the depth of water in the free discharge jet. This was accomplished
with a point gage. The measurement could not be made accurately
because of the turbulent surface, but a satisfactory estimate was
obtained for most gate openings.

Flow rate was measured with calibrated Venturi meters in the
laboratory's main water-supply system.

INVESTIGATION

Experimental Procedure

For the condition of controlled discharge, representing maximum
power generation at the powerplant, a hollow-jet valve was mounted
~ at the end of the 4D-long model tunnel and adjusted to pass a flow of
0. 583 cfs with the model gate fully opened and with a head in the tank
of 7.80 feet. These values were equivalent to 4, 225 cfs and a 273-
foot kead. To obtain these conditions the hollow-jet valve and a gate
valve located upstream from the pressure tank had to be adjusted
simultaneously. After the proper settings had been achieved, the
hollow-jet valve was left without further adjustment, but the gate
valve was adjusted for each gate opening of the model to maintain a
tank head representing 273 feet. This value could not be set pre-
cisely for every gate opening, so small discrepancies were adjusted
by computation.

For free discharge downstream from the transition section, repre-
genting a catastrophic rupture in the penstock, the hollow-jet valve
was removed and the proper tank head was maintained by adjusting
the gate valve. For large gate openings-the reduction of area through
the transition section produced a back pressure at the gate. The gate
was thus completely submerged and the flow pattern was dynamlcally
similar to the flow pattern for controlled discharge.

As the gate was cloaed from the full open position, the contraction
in the flow pattern caused a reduction in pressure downstream from
-the~gate. For the first series of tests (e/d = 0. 8) the valves to the
12-inch-diameter- (prototype) air-vents were opened wide as soon as
the pressure indicated by Piezometer 28, located at the crown of the
tunnel between the air vents, became atmosphenc With ventilation
and fairly large gate openings, the flow: pattern became similar to a
free discharge flow pattern, with a hydraullc Jump in the transition
sectmn :

"When the gate was closed further the prototype 12-inch air vents
were not adequate to maintain a pressure close to atmospheric. In
~fact, even w1th the valves on the air’ vents removed the pressure




downstream from the gate dropped to a value equivalent to minus
three atmospheres on the prototype--a physically impossible situa-
tion on the full-sized structures. Nevertheless, data were recorded,
and the downpull was adjusted by computation to correct for this
unrealistic condition. I.ater, the vents were enlarged to represent
two 36-inch-diameter conduits.

With more closure of the gate the hydraulic jump was swept out, the
flow became ventilated from the downstream end of the tunnel, and
the pressure downstream from the gate became nearly atmospheric.

As soon as the air vents were opened, it became impossible to main-
tain the line to Piezometer 28 full of water. For measurements
under these conditions the piezemeter line was blown free of all water
and connected to a U-tube manometer containing either water or
mercury, depending on the magnitude of the negative pressure to be
measured.

After the first series of tests, it was decided that the size of the air
vents on the model should be increased so that enough air could be
introduced to prevent the pressure in the model from dropping below
the cavitation threshold of the prototype. This threshold was taken
as -32.5 feet of water which on the model would be -0.93 feet. The
following procedure was adopted and used for all subsequent tests.

1. The air vents were closed whenever the equivalent prototype
pressure indicated by Piezometer 28 was greater than -32. 5 feet
of water.

. 2. When the equivalent pressure became less than -32.5 feet
the air vents were opened just enocugh to maintain the threshold
pressure.

3. After the flow became vent:.lated from the end of the tunnel,
the a1r vents were closed

The purpose of this procedure was to test the gate under the worst

- possible prototype conditions, namely, the pressure levels that

would occur in the absence of any ventilation. When the air vents

were opened, it was not to simulate the effect of air vents in the

.prototype, “but rather, to simulate the void or vapor filled region

~ that-would be produced by severe cavitation, and which would pre~
vail at a pressure of about -32 5 'feet of water at San Luis Dam.

A photograph of the model operatmg under simulated cavitation

conditions is given in Figure 5C. Undoubtedly the flow pattern

- would be ‘somewhat different with real cavitafion, bu* ~this was the

_best- s1rnu1at1on that-could be ach1eved in the model.




On closure cycles, the gate opening at which the cavitation thresh-
old was reached was between 60 and 70 percent for lip extensions of
0.2, 0.4, 0.6, and 0.8d. Ventilation from the end of the 4D-long
tunnel occurred hetween 30 and 40 percent gate openings with

e/d = 0.8 and 0.4, and between 40 and 50 percent openings for
ef/d=0.6. For e/d=10.2and a gate opening of 30 percent, suf-
ficient -air to hold the cavitation threshold could not be introduced
through the two 36-inch vents without having the flow ventilate

from the downstream end of the tunnel.

However, when the air vents were closed, the tunnel again filled
and the pressure fell below the cavitation threshold. No data were
recorded for these conditions. At a 20 percent gate opening the
flow was freely ventilated from the end of the tunnel,

For opening cycles-with e/d = 0.8 the flow ventilated from the down-
stream end of the tunnel until a gate opening in the 50 to 60 percent
range was achieved. But because only the gate closure sequence
seemed to have practical sigrificance, tests of gate opening sequences
were discontinued.

Free discharge at the gate was obtained by replacing the transition
‘section and tunnel with an open channel. The pressure associated
with Piezometer 28 was taken as atmospheric for all gate openings
even though small positive pressures were observed for gate open-
ings close to 100 percent. These positive pressures were due to
the sloping crown of the tunnel.

Readings of the water columns on the manometer board were
recorded photographically. Because there was some fluctuation of
the water columns, an attempt was made to take the pictures when
‘the:piezometric head in the tank was at its mean value.

It was soon observed, however, that the readings of the other pie-
zometers were not always the same for a given tank piezometer
reading. In fact, there was no detectable correlation at all. This
was particularly true of the piezometers located on the bottom beam
of the 'gate and on the roller extension. Readings of the piezometers
located nearand within the gate slots were espec1a11y erratic.

It was' also»observed that when the head at some locations on the -
‘bottom beam increased, the head at other locations decreased.
There was no periodicity to the fluctuations, however. The sup-
.position of an unstable eddy formation beneath the gate and within
.the gate: slots: prowdes ‘a possible: explanatlon for the observed
”rbeha\nor :




For the most part the fluctuations were reasonable, amounting to
only a few hundredths of a foot, model. Frequently, however, the
heads on the bottom of the roller extensions and within the gate
slots fluctuated by several tenths of a foot, and on rare occasions
they fluctuated as much as 2 feet, model.

The severest fluctuations were encountered when operating at the
cavitation threshold, especially when the flow was on the verge of
becoming ventilated from the end of the tunnel, for then both the
downstream pressure and the tank pressure fluctuated badly. For
free discharge at the gate, large fluctuations were observed in the
70 to 90 percent range of gate openings. For free discharge down-
stream from the transition section and with the smallest of the lip
extensions, there were large fluctuations at the 90 percent gate
opening.

In view of the nature of the fluctuations, particularly their compen-
sating characteristics, the manometer board was photographed in a
more or less random manner. Care was taken, however, not to
photograph an extreme condition. The resuilts obtained by the pro-
cedure were satisfactory and plotted as reasonably smooth and
reproducible curves,

Computation of Results

The piezometers on the bellmouth were observed during the first
series of tests {e/d = 0. 8); but since nothing of a disturbing nature
was detected (except as noted below), their observation was discon-
tinued. The exception was the erratic fluctuation of Piezometer 61
(and occasionally Piezometer 62) when the flow rate was high.

These piezometers are identified in Figure 6, The fluctuations can
be atiributed to the re-entrant-type: flow that occurs around the base-
plate of the model. The trashrack foundation will prevent this type
of flow from occurring in the prototype

To compute the downpull all ma.nometer readings were converted to
piezometric heads relative to the tunnel invert at the gate. To each
external surface area of the gate having a horizontal projection, a
mean piezometric head was assigned based on the measured values,
Products of these heads and areas were summed algebraically with
top areas being taken as positive and bottom areas as negative,
Their total was multiplied by the specific weight of water to obtain
the model downpull. Details of these calculatlons are given in the
appenduc

- In associating piezometric heads and areas certain arbitrary assump-
tions had to be made. Only three piezometers were located on top of
- the gate (Figure 4): No. 27 on the top beam near, but not in a gate




slot, No. 26 on the skinplate on the gate centerline, and No. 25 on
the skinplate at the same lateral location as No, 27. With no flow
passing over the top of the gate all three piezometers indicated
essentially the same head as was measured by the piezometers in
the gate well (bonnet head). When flow over the top of the gate
occurred, the three piezometers indicated different heads, all of
which were slightly less than the bonnet head (Figure 7).

One might expect the piezometer on the top beam to always indicate
a higher head than the two at the top of the skinplate. The expecta-
tion, however, was seldom borne out by observation due, no doubt,
to the three-dimensional character of the flow, The head indicated
by Piezometer 27 was generally between the heads for 25 and 26.
In view of these observations, the arithmetic mean of the three
piezometric heads was used with the entire top area of the gate
including the projections of the side seals and roller trains.

There were no piezometers under the top seal, It was assumed
that with flow over the top of the gate the heads above and below the
top seal would be equal and there would be no contribution to down-
pull. With no flow over the top of the gate it was assumed that the
head beneath the top seal was equal to the head downstream from
the gate when the gate was submerged. For free and air-vented
discharges the pressure head beneath the top seal was the same as
the pressure head downstream from the gate. The head downstream
from the gate was measured by Piezometer 28. The head on top of
the top seal was taken to be the same as on top of the gate. Head
differentials across the seal contributed to downpull on the gate,
and were taken into account in the downpull computations.

Pressures on top of the bottom seal were not measured on the model.
Although the area involved is small compared with the total gate area,
the associated force component can be significant under some operat-
ing conditions. For free and air-vented discharges and with gate
openings greater than 10 percent (and less than 90 percent after revi-
sion of the recess) a high-velocity jet from the gate well flowed down
the downstream face of the gate leaf and impinged on the top of the
bottom seal. Under these conditions the head on top of the seal was
assumed to be equal to the average head on top of the gate. Use of

- this head, which was somewhat less than the bonnet head, tended to

‘compensate for unknown losses in the jet.

With free discharge downstream from the transition section, the gate
‘was.submerged for gate openings greater than 60 percent. Neverthe-
- less, it was assumed that the bottom seal was close enough to the slot
. from which the gate well jet igsued for the head on top of the seal to
"be significantly influenced by the jet. The head on top of the seal was
computed in.the same way as for free and air-vented discharges.
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In spite of low downstream pressures when the cavitation threshold
was simulated, the pressures under the gate lip remained above

the model vapor pressure. This indicated that the gate lip was
effectively screened from the region of prototype cavitation by the
jet flowing down the gate leaf. The measured values of head beneath
the lip were therefore used in computing the downpull.

For gate openings less than 20 percent {(and greater than 80 percent
with the revised recess) the top seal prohibited flow down the face
of the gate leaf, and the pressure on top of the bottom seal was con-
sidered equal to the pressure indicated by Piezometer 28.

When the model was operated with a back pressure to simulate the
flow for maximum power generation, the bottom seal was generally
submerged. For gate openings of 70 percent and greater the flow
from the bonnet was negligible, and for smaller gate openings it was
assumed that the jet was sufficiently dissipated for its effect on the
bottom seal to be negligible, Under these conditions the heads above
and below the bottom seal were assumed to be equal.

For controlled discharge flow and for a gate opening of 3.6 percent
the pressure downsiream from the gate was negative. On some
tests the air vents were then opened and a hydraulic jump that sub-
merged the gate lip was formed in the transition section (Figure 8A}.
The downpull on the bottom seal was computed in the same manner
as for other air-vented discharges except that the head on top of the
seal was computed taking the apparent depth of submergence into
account.

There was one exception to this procedure. For e/d = 0. 8 the

- hydraulic jump had not been observed because at the time of the tests
a sheet metal transition section was being used. As a result, no cor-
rection was made for the depth of submergence. The effect of sub-
mergence was considered to be s0 small that the computations were
not revised after discovering the presence of the jump.

The head on the bottom of the side seals and on the portion of the gate
lip -and bottom seal that was within the gate slot was assumed to be
the arithmetic mean of the heads on the gate 1lip and on the bottom of
the roller extension.

The pressure distributions under the bottom beam of the gate leaf

for emergency closures with 0,6 and 0.4 d lip extensions are shown
. ‘in Figure 8. 'The effect of three-dimensional flow is clearly evident.
- In regions of maximum downpull the pressures near the sides of the
- gdate-are much higher than on the centerline. In regions of uplift the

. reverse is true. Assuming that the pressures on the centerline are

“-characteristic-of two-dimensional flow, it can be concluded that-both -
downpull and ‘uplift are reduced with three-dimensional flow,




The head in the reservoir (pressure tank) was measured directly.
For submerged discharge at the gate the piezometric head of the
‘contracted jet was assumed to be the same as the head indicated by
Piezometer 28. For free and vented discharge it was taken as the
depth of water at the contracted section plus the pressure head
indicated by Piezometer 28. The depth of the jet for vented dis-
charges was assumed to be the same as for free discharge at the
same gate opening. Free discharge depths were measured with a
point gage except for:e/d = 0,8. For this lip extension a coefficient
of contraction curve was assumed.

‘With the net head across the gaté denoted by HN, the downpull coef-
ficient can be expressed as

P

K= toamn

(Eg. 6)

a being the specific weight of water and A being the product of
gate width and thickness. According to Equation 5, the downpull
coefficient has the same value for model and prototype when y/yo
~and e/d have the same values for model and prototype.

Using subscripts m and p to denote model and prototype respec—
t1ve1y,

£y - pof8n000 =2,

 With H as the reservoir head and h as the head in the contracted
jet, HN =H - h. Equation 7 can now be expressed as

Pp - Pm( ) (Hp) 1-<h/mp)

m) (h7H)m
If the 'relatiohship between H and h is governed by potential ﬂow,
| '(h‘/-H)p = (h'lH)m

Pp Pme;-p ) , _ '(-Eq..HB) .

As closely a8 posslble the reservoir head in the model was. set at

- 7.:80- feet, ‘which is the model.scale equwalent of -a-273-foot prototype . _
“ “head.’ To compensate for small dlfferences ‘the followmg substrtutlon '

"?;Lwas made-' S




7.80 H
Hm X gy X by

Hp _ 35 (7.80)
H

Equation 8 now becomes

Pp = (35) Pm

(Eq. 9)

In the first series of tests, efd = 0.8, the head downstream from
the gate fell below the cavitation threshold. To compute the proto-
type downpull for this condition it was assumed that the downpull
would be proportional to the net head. The correction factor of
7.80/Hm in Equation 9 was therefore replated by (HNP/HN) in
which HN is the measured net head for the model and HNP is the
net head that would have been held at the cavitation threshold.

To carry out all of the computations described above, a computer
program was written in the FORTRAN language for a 7090 computer.
This program is included in the Appendix.

‘The flow rate information obtained from the model study is pre-
sented in Figure 12 as a percent of the flow for a wide open gate.

In computing points for these curves the measured flow rates were
adjusted to what they would have been if the reservoir head had been
the model scale equivalent of 273 feet. To do this it was assumed
that for the small corrections involved

Ql=qQ 7 2 (Eq. 10)

Here Q1 is the adjusted flow rate, @ is the measured flow rate,
and H is the measured reservoir head.

The pr‘ototype flow rates corresponding to 100 percent gate openings
‘were-computed in the following manner. In the equation

Q =CA \’ZgH

-C "was assumed to have the same value for model and prototype
-under correspoudmg operating conditions® Tt follows immediately

QpQ(;rB(H-p-)llz)
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With the head ratio equal to the model scale ratio,

Qp = (35)2- 5 Qm = 7250 Qm

RESULTS
Flow Rates

-Curves giving the flow rate as a function of gate opening for each
flow condition and lip extension are presented in Figure 10. The
curves for each flow condition are radically different, but the effect
of lip extension is almost negligible,

For flows simulating maximum power generation the flow rate was
nearly constant for the first 50 percent of gate closure, Control
then gradually shifted to the gate, and for the last 20 percent of
closure, control was exercised almost entirely by the gate.

With free discharge downstream from the transition section, control
gradually shifted from the transition section to the gate as the gate
was closed. From the 60 percent open position to complete closure,
the gate had full control except for the effect of air supply.

For completely free discharge the gate was the only control, and
the flow rate was very nearly a linear function of gate opening. The
increased slope for gate openings between 90 and 100 percent is
probably due to a reduction in the jet contraction.

General Downpull Characteristics

The curves in Figure 11 give the computed prototype downpull as a

- function of gate opening for each flow condition and lip extension. In
‘Figure 11A curves for each flow condition with the single lip exten-
sion of e/d = 0. 8 are presented. In Figures 11B, C,-and D families
of curves for different flow conditions with e/d as the parameter are
presented.

All of the curves clearly show the effect of the offsets and recess.in
the downstream wall of the gate well (Figure 4}. With the gate fully
.closed the downpull was entirely due to the difference in head across
the top'seal. As the gate was started upward from the closed posi-
tion, the head on the hottom of the gate decreased while the head on
‘top. remamed hipgh. The downpull increased. But at gate openings of
about 10 percent the top seal reached the top of the lower offset and
-8eal seat-and began moving into the region of the recess. This
-allowed flow'to pass out of the gate well, downward behind the gate,
~and.into.the downstream conduit. As a result, the head on top.of the
‘gate decreased, and downpull diminished. At a 20 percent opening the
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seal was well within the recessed area and enough flow occurred
‘'over the top of the gate to significantly reduce the head in the gate
well and on top of the gate (Figure 7). The net effect was a large
reduction of downpull. In fact, for e/d = 0.8 an uplift was encoun-
tered at a 20 percent gate opening (Figures 11B and C).

As the gate was opened more, the downpull again increased due to

a further reduction of head beneath the gate. There were two excep-
tions. For flows representing maximum power generation the down-
pull did not increase, but decreased for e/d = 0.2 and 0.4, and
increased only shghtly for e/d = 0.8 (Figure 11B). These actions

at maximum power generation flows were due to the shift of control
from the gate to the hollow-jet valve (representing the penstock and
“turbine back pressure), and to the reduction in net head across the
gate.

For both types of free discharge, maximum values of downpull
occurred in the 10 and 90 percent range of gate openings for

e/d =0.,2, and in the 50 to 80 percent range for the other e/d ratios.
For e/d = 0.4 and 0, 6, these maximums were greater than the
maxirmums encountered at 10 percent gate openings.

The rapid reduction of downpull at gate openings greater than those
at which maximum downpulls were observed is due primarily to the
increase in head beneath the gate. This increase in head is prob-
ably due to a reduction of flow curvature at the upstream edge of
the gate bottom as the bottom of the gate moves closer to the crown
of the tunnel,

For all flow conditions and lip extensions an uplift was observed
in the 90 to 100 percent range of gate openings. For both types
of free discharge the uplift was severe, The uplift was caused by
the simultaneous reduction of head in the gate well and increase of
“head beneath the gate as the bottom beam of the gate moved into the
gate well. When the body of the gate extends sufficiently into the
‘tunnel, for instance at a 75 percent opening, the flow approaching
the gate is divided by the obstruction of the leaf, and part passes
upward in front of the leaf to enter the bonnet while the rest turns
‘downward to pass under the leaf. Thus, there is a stagnation point
“.on‘the'upstream side of the gate. .As the gate approaches the full
open position, the stagnation point shifts from the front of the gate
“to'the lip extension or to some region along the’ bottom beam., The
result is a reduced tendency for water to enter the bonnet, and an
increased tendency for higher-: pressures to occur on the bottom beam
-of the gate leaf.

- /Aftér: evaluatmg the first two series of tests (e/d =:0,.8 and 0.6)
Lwhere -uplift was found to be a problem the recess.in' the gate well
_'*was remsed ‘A second offset was placed on the. downstream wall at
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a point where the top seal of the gate reached it at an 88 percent
gate opening (Figure 4). A clearance equivalent to 1 inch prototype
was maintained between the seal and the face of this second offset.
This design effectively blocked most of the flow from passing over
the top of the gate for gate openings larger than 88 percent and pro-
duced a significant increase in the bonnet head to counteract the
fairly high leaf bottom pressures. The uplift was greatly reduced,
as can be seen from a comparison of Curves 2 and 2' in Fig-

ures 11C and 14A. The revised recess was used in all subsequent
tests. :

San Luis Prototype Gate Downpull

A lip extension of 27 inches, or an e/d ratio of 0. 55 was selected
as the best for the San Luis gates after taking into consideration
allowable downpull and uplift forces and the formidable structural
problems involved in supporting large extensions. By interpolation
between the downpull curves obtained for e/d ratios of 0.4 and 0.6,
the maximum prototype gate downpull forces for the San Luis gates
were computed to be 405 kips for maximum power generation flow,
800 kips for a severe break in the penstock, and 710 kips for free
discharge conditions at the downstream gate frame (Figure 11).

.Downpull Coefficients

The dimensionless downpull coefficients for e/d = 0. 8 were deter-
mined for submerged and iree discharge conditions, and for free
discharge downstream from the transition section (Figure 12A}),
Curves of the downpull coefficients for the various discharge condi-
tions are also presented with e/d as a parameter (Flgures 128, C,
and D). Ry using these dimensionless coefficients, K, in the equa-
tion, Downpull = KA @ (HN), the downpull for any geometrica]ly simi-
lar gate can be computed ‘In this equation A is the cross-sectional
area of the gate, « is Spec1f1c weight of water, and HN is the net
head across the gate

All the curves have the same general shape except at the large gate
~openings. The difference between the downpull coefficient curves
for controlled discharge and the prototype downpull curves for the
‘same condition is due to the influence of the net head across the gate
that appears in the denominator of the downpull coefficient. For con-
trolled discharge the variation of net head with gate opening was very
-large whereas for free dis charge it was relatively small

The downpu]l coeff1c1ents for free discharge downstream from the
transition section agree remarkably well with the coefficients for

. free: dlschav-ge at the gate {(Figures 12Cand D). The greatest devia~
- tion'is in'the 20 to 60" percent range of. gate opemngs for which the
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pressure downstream from the gate was subatmospheric. The agree-
ment at large gate openings is noteworthy, for here the discharge
was submerged rather than free.

There is also fair agreement between the downpull coefficients for
free discharge downstream from the iransition section and the down-
pull coefficients for submerged discharge (Figures 12B and C). The
greatest discrepancy here is in the range of gate openings from

60 to 90 percent. In this range the net head across the .gate for con-
trolled discharge was very small and was determined by taking the
‘difference of two relatively large values. The surprising features
are that the agreement is as good as it is and that the points for the
submerged discharge downpull coefficients plot as smoothly as they
do.

Air Requirements

Measurement of the quantity of air that must be admitted downstream
from each San Luis outlet works gate to maintain ambient pressures
above the cavitation range during emergency closures were required
'so that properly sized air vents could be provided in the structures.
Information was obtained from the model for one, three-fourths, and
one-half atmospheres of negative {(or subatmospheric) pressure meas-
ured at the top of the conduit just downstream from the gate (Pie-
zometer 28). Sharp edged orifice plates ranging in size from 1/2 to
1-1/2 inches in diameter were used in conjunction with a U-tube water
‘manometer to measure the airflow into the model. A tank head -
representing 273 feet prototype was maintained for all tests. The
negative head for no air supplied was recorded for each gate position.
Air vents were then opened until negative pressures equal to one, three---".
fourths, and one-half atmosphere (prototype) were recorded down-
stream from the gate. Adjustments in the discharge were necessary
-to maintain the appropriate model tank head for each downstream nega-
tive pressure (Figure 13A). The downstream conduit was equipped
with the hollow-jet valve in-an attempt to prevent venting from the
downstream conduit when operating the outlet works gate at openings
below 40 percent. The pressure head in the downstream conduit for
gate openings below 40 percent also was recorded.

The prototype air demand was obtained by multiplying the model air
demand by the model-to~prototype length ratio raised to the 5/2.
.power, This relationship as a criteria for air demand is not yet
‘supported by accurate field data, but -must be assumed to provide a
-satisfactory approach to the. problem pendmg further field tests and
model-prototype.correlations. Refinements, such as the effects of
-compresmbﬂ;ty, ‘were not considered.




The data showed that the maxinium air requirements occurred with
a subatmospheric pressure of one-half atmosphere (Figure 13B).
The peak demand occurred between the 50 and 55 percent gate open-
ings and was 4, 250 cfs. This value should be used for design pur-
poses. Higher air discharges would, of course, be required if
pressures nearer atmospheric were required downstream from the
gate. A value of one-half atmosphere subatmospheriz was consid-
ered acceptable for this installation becaus. emergency operation
which require air will be infrequent and of short duration.

Data on air demand were unobtainable between gate openings of
15 and 40 percent (Figure 13B) with the model arrangement using
the hollow-jet valve for back pressure control. When settings were
attempted at these gate openings, air would intermittently be drawn
upstream through the top portione of the hollow-jet valve to upset

~ the flow conditions and change the readings. Readings were diffi-
cult but possible at 15 nercent and smaller openings. However,
the degree of reliability of these data is less than for data obtained
at cpenings greater than 40 percent.

Tests by:the Corps of Engineers at Pine Flat Dam indicated a
secondary air demand peak at about a 5 percent gate opening. 1/ A
similar peak wzs sought in the San Luis model gate, but could not
be determined-iecause of the operational difficulties at small
openings.

Major modifications to the model wculd have been required to
- obtain more accurate air demand data for small gate openings, and
it was felt that a secondary peak, should one occur, would not
appreciably exceed the primary peak. The time-consuming modifi-
“cations and additional testing were considered unjustified and were
not undertaken, P

DISCUSSION

Effect of Flow ‘Conditions

The downpull for controlled (submerged) discharge is much less
than for iree discharge, and its variation with gate opening is quite -
different. Nevertheless, the downpull coefficient curves'for con- .
trolled discharge and for free discharge are very similar. In view
of the uncertainty in the downpull coefficients for controlled dis-
- .charge, and-in view of the good agreement between the coefficients
- for free.discharge at the gate, and for free discharge downstream
‘from: the transition when the latter produced submerged discharges

_"}.;’H}dz‘_faﬁﬁc;Des_ign-‘Critéri_.a, .Corpé of..Eqéinee}s, (;hart' 050- .1,/1'_‘
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at the gate, it can be speculated that a:single family of curves valid
for both free and submerged discharges can be developed. Addi-
tional tests of submerged discharges with larger net heads across
the gate are requlred to substantiate the speculation.

. ‘Effect of Lip Extension

The maximum downpull increased with every reduction ¢ ' lip exten-
sion (Figure 14A). The maximum uplift increased with aecreasing
lip extensions until the e/d ratio reached a value of 0.4. For

e/d = 0,2 the maximum uplift was somewhat less than for e/d = 0.4.

Effect of Shaft Wall Recess

The recess in the downstream wall of the gate well was extremely
effective in reducing downpull. The revision of the recess to pre-~
vent flow over the top of the gate in the 90 to 100 percent range of
gate-openings was also effective in reducmg uplift. The recess is
expected to be somewhat less effective in both respects 1f the exten-—
- sion of" the seals is decreased

Three-_d1men51onal Effects

,The presence of sidewalls and flows in the gate slots definitely
‘affected the pressures on the bottom beam of the gate (F1gure 9).
These effects are sufficiently large to be a significant factor in com-
puting downpull forces.

Bxpe rlmental Accuracy

Because of the many asSUmPtloﬂS that were made in computmg the

‘model downpull and because detailed information on the random:-
fluctuations of piezometric heads is lacking, no reliable estimate of
experimental accuracy can be made, Probably.the greatest source
of uncertainty is in the use of the arithmetic mean of only three
_-plezometer readings to determine the effective head on top of the
‘gate. Undoubtedly the effective head is less than the bonnet head,
‘but it. may'be more than the mean value that was used. For gate
~openings lese- than 20 percent and- greater than 80 percent, the

- differenice between the bonnet head and the head on top of the gate
was: neghglble :in the middle range of gate: openmgs the difference

.. was approximately-constant. Using half of the maximum difference

in‘héads to: .compute a poss1b1e increase in downpull, anincrease:of

S approx1mate1y 50 kips.is obtained for the middle range of gate open--
ings.’ This is: probably a conservative estimate and a more reason-
" able. correctmn is somethmg less than 50 kips.




Fortunately the piezometric heads exhibiting the greatest fluctua-
tions were associated with relatively small areas of the gate. It

is estimated that the uncertainty in downpull due to fluctuations in
piezometer readings is much less than 50 kips., In view of the con-
servative estimate of the uncertainty in head at the top of the gate,
an estimate of 50 kips for the overall probable error in downpull
seems reasonable, -

Using the above estimate of probable error in downpull and assum-
ing a 1 percent uncertainty in the net head across the gate for free

discharge, a probable error of plus or minus 3 percent in the free-
discharge downpull coefficients is obtained.

Because of the very large uncertainty in the net head across the
gate for controlled discharge (in some cases the uncertainty is as
much as 50 percent), no significant estimate of probable error for
the submerged-discharge downpull coefficient can be made.

The peak in downpull at 90 percent gate opening for e/d = 0.2 might
appear to be attributed to a2 gross experimental error. However,
since the peak occurs in two independent tests {free discharge and
free discharge downstream from the transition section), its exist-
-ence is undoubtedly real. It can be traced to a sudden increase in
‘bonnet head which was probably caused by the body of the gate
extending farther into the flow for this lip extension than did any of
the others at the same gate opening. '

Comparison with Other Investigations

"The work of two other investigators has been presented in a non-
dimensional form that makes direct comparison with the resulis of
this investigation feasible. It must be pointed out, however, that
in neither case is there complete geometric similarity with the
irnstallation reported on here. '

H. E. Kobus, under the direction of Professor Naudascher at the
State University of Iowa,; studied the downpull on high headgates for

the special case of two-dimensional submerged discharge flow with-
out a reces$ in the downstream wall of the gate well,2/ The upstream
edges of these gates leaves were well rounded (r/d =0.4).

For e/d ='0,6, Kobus found a maximum downpull coefficient of 0, 46
at a 40 percent gate opening. This can be compared with a maximum
value of 0, 42 for free discharge at a 57 percent. gate opening of the

© San Luis gate and with-a value of 0. 38 for submerged discharge.
‘However, it can be estimated that values as high as 0,68 and 0, 82
for free and submerged discharge, respectively, might have been

: obtained if there had been no recess in the gate well,

T7™Effect of Iip Shape Upon Hydraulic Forces on High Head Gates, " a
‘Thesis by H. E. Kobus, State University of Jowa, February 1963.
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By interpolation, values for other lip extengions can be determined
fror Kobus' work. Fore/d = 0.4, k = 0.72. Comparable values
for the San Luis gate are 0.49 and 0.51 for free and submerged dis-
charge, respectively. With an estimated correction for the effect
of the recess, these values go up to 0.78 and 0. 88.

For e/d = 0.2 on the San Luis gate, the maximum values of the
downpull coefficients are 0. 85 and 0.71 for free and submerged dis-
charge, respectively. With an estimated correction for the effect

of the recess the values change to 1.01 and 1.10 at 75 and 65 percent
gate openings, respectively. The corresponding value from the work
of Kobus is 0.94 at a 30 percent gate opening.

P. M. Smith, working for the U.5. Army Corps of Engineers, studied
the downpull on the Ice Harbor powerhouse gate. 3/ His study was
three dimensional and included a recess in the downstream wall of

the gate well, but his gate featured a combination of sloping bottom
and extended lip designs. For this reason, a direct comparison with
e/d values for the San Luis gate is not possible. Maximum values

of the downpull coefficient ranged from 0.92 to 1. 16, the downpull
increasing with decreasing lip extensions.

The downpull coefficients reported by both Kobus and Smith are based
only on the top and bottom beams of the gates. They do not include
‘the effects on downpull of the seals, roliers, or the gate lip.

Use of Downpull Coefficients in Design

The downpull coefficients presented in this report, particularly the
‘ones for free discharge, can be used for high-head installations that
are geometrically similar to the San Luis installation. In using the
coefficients a reasonable estimate of the velocity head in the con-
‘tracted jet issuing from beneath the gate must be made. This esti-
mate can be based on flow rate information if contraction coefficients
for the gate are known. Curves of contraction coefficient vs gate
opening with e/d as a parameter are given in Figure 14B. Flow
. 'rate information will, of course, depend on the particular instaliation.

~ APPLICATION OF RESULTS

Problem --Find the maximum downpull during closure of a 10. 0~ by
‘18.0-Toot gate with a 200-foot.operating head and a severe conduit.
rupture immediately downstream from the transition. The gate instal~

E -;lation.is similar to the San'Luis installation; the thickness, d, is 2.5

:feet and: the 11p extension ratio, .e/d, is 0. 5

: ..31 Hydraullc Downpull on-Ice Harbor Powerhouse Gate, " by Peter M
- ‘Smith; a paper: presented at the: May 1963 ASCE Water Resources .
-i-Engmeermg Conference in: Mllwaukee Wlsconsm '
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‘Solution --Using Figure 12C and :'Zinterpolating"betWe‘én‘f the curves

-Tor.e/d = 0.4 and 0.6, ‘the maximum downpull coefficient, K, is

-0.45 'a1_:.a_-61,_perc‘en'_|:'.op_ening. S ' R o

. The gate, which closes an opening 10. 0.feet wide, extends into'the

“glots 1.5 feet on‘each side to produce a total length of 13. 0 feet.
The cross-sectional area is-2.5 by 13 20, or 32.5 ft2. '

" Thenet head, HN, -across the"fgaLté,fé.i':-'thisfdischarge‘ condition is
-200 plus 15 = 215 feet, assuming a'sibatmospheric pressure of
~about’ _o_r_l_e.-h_alfratmosphere downstream from the gate. o

1 _'=:;1]§iﬁ-gfme:e"'g':{uatio'n-{from Figure 12»

Maximum downpull = ‘K ‘A-o HN N

L . T .=0.45(32.5)(62.4) (215)
‘=196, 000 pounds
= 106'kips.
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. APPENDIX

+A:digital computer :performed ‘most-of ‘the ‘computations ‘involved
‘in‘transforming Taw data into-the ‘equivalent downpull forces:on the
gdte ‘leaf.” The manometer readings were first:converted ‘to net’

. piezometer:heads referred-to the:gate invert. . Spe cifie‘net heads
were‘then multiplied by the. appropriate external:surface areas-of

"the ‘gate ‘having:a horizontaliprojection. These products were .
summed-algebraically withtop .areas ‘being taken.as positive.and .
bottom ‘areas:as negative. ~Their'total was ‘multiplied by ‘the :gpe- - "~
cific :weight of ‘water to-obtain‘the downpull force:in.pounds. e

“A'flow:-diagram of the computer program, definitions of the. sym-
‘bols used; ‘the:program itself, and a .sample of computer:printout:
follow. .- == - e - o Sy '




AVL 2'31:‘:

 DPM

Symbols Used in 'Computer Program

-i=1-8 Areas

i=1-28 Piezometer readings, from photographs

i =1-28 . Head relative to invert (computed by

computer)

number of lip extension 1is e/d
2 is efd
Jisefd
4 is efd

0.8
0.6
0.4
0.2

- number of gate -opening (1 is wide open).
number of flow condition (see below) |
~ ‘tank head, from data sheet

~an index to make printout go to top of next page

mercury readings for sections of piezometer board
' (see'below)

eleva.tmn differences used in computatmns
(see ‘below) _

_ imdex to adjust’ for location of Piezometers 16 and 1":'
averages-computed by computer (see.computer program)
model downpull : | !

_net ‘head |

- -dQWhpull coefficient

R ;"e.dj-i.isted' 'nef' head

N 'L;:prototy'pe downpull ‘

. {for last card in a data setto be followed by another Er o

data set Otherw1se Zero or blank

' if.16 and 17 are-in. Section Il

6-and /17 are in‘Section’ L.




NFC .Code -
Maximum power condition (air vents closed)
Maximum power condition ‘(air vents open)

"Free discharge' downstream from transition
(pipe -not full)

"Free discharge'' (air vents closed, pipe full)
"Free discharge' (air vents open, pipe full)
. Free dlSChaI‘ge at gate.

‘When the air vents are open, it is assumed: that the
- net head = HEAD - (H(28) - (0.640 - C¢ (geometry of Gate Opening) -

= HEAD - (H(28) - E)

= o' E ='0.640 ~ C, (geometry of Gate Openihg)
Otherwise, ‘B =0 '

o --B.---‘Hg_readilt'i‘g-fo_r..Section o
- C -=”Hg-reading for Section II1
D = Hg readmg for Section IorT
(Deflned above)
B =Elevation of the. bot.tom' of the top'.seal above the elevation
of: (28) when the flow is ventilated- and NGO 2 10
or -

- NGO < 2
Otherw1se rF=0 ' o

/G = BElevation- of the top of the bottom seal above the 1nvert when
NGO 210 -
.. NGO € 2 .
.. :Otherwise G = O
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" 'DIMENSION: AREAS,

PIEZOMETERS, KEADS

CALCULATE DOWNPULLS
FOR GIVEN BREAS

-ADIUST PIEZOMETERS

[ : .
EAD
LIPEXTENSION

S LiF ERTENSION

SuM DOWNPULLS FOR
TOTAL NOREL DOWKFPULL

GATE DPERING: FLOW
HEAD, PIEZOMETERS
"AND ELEVATIONS

0o ANY
PIEZOME TERS
NEED ADJUSTING

GALGULATE: |
QOWNPULL COEFFICIENT
ADJUSTED NET MEAD
PROTOTYPE OOWNPULL

GALGULATE HEADS

ADJUST BT/AREAS -

. :
-LRE ADJUST -

MENTS HECESSARY
* FOR FORCGE
GALTULATIONS

FLOW DIAGRAM

‘GATE QPENING
FLOW CORDITION
LDJUSTED NET HEAD

VALUES OF
HEAD

MQDEL DOWNPULL
PRATOTTRE DOWNPULL
DOﬂHPUl L CGZFFICIENT

718 THERE.
NUT“ER DATA
SET FOR LIP

‘PROGRAM FOR ‘GOMPUTING: DOWNPULL ‘ON .A L

GATE FROM ‘MODE L DATA
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A. Overall view of pressure tank, gate structure,
downstream piping, splash deflector, and
manometer board. '

‘B. Gate with down- C. Flow at 60 percent opening with transi-

stream conduit tion and short downstream conduit in
removed. place,

HYDRAULIC-DOWNPULL STUDIE
ON'LARGE GATES -

Photographs of 1:35 Scale Mcdel
San Luis Gate




Figure 6
Report Hyd-530

View looking downstream into bellmouth entrance,
showing open upstream face of gate leaf. Bottom
extension is 0.8 d.

HYDRAULIC DOWNPULL STUDIES
ON LARGE GATES

Photograph of 1:35 Scale Model
San Luis Gate




‘FIGURE T

ACPOAT HYD-530 .

HEAD IN FEET OF WATER. :

B

1 T 1

20 40 ) [ ) 0 0 %0 @
- GATE OPENING -, o "GATE ‘OPEMING = %,

A LIP EXTENSION = 0.2d h B. .LIP EXTENSION = 0.4d
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M. FEE
- 8

]J(}\A.i

T *0 L T T T ] :
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eal:Extension
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‘Ffﬂlild .gote: uil

HYDRAUL’IG .OWNPUI..I.. S'ruprss
ON LARGE 'GATES ;

BDHHET ,RESSURE AND PRESSURE DISTRIBUT!ON ON: TOP OF:GATE I..E AF

FREE: DISGH‘ARGE DOWNSTREA“ FROH ‘TRANSITIOH

. DATA' ?ROH i 58 HDDEL
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_ F1gure 8
X i‘iReport Hyd 530

‘In certam tests thh controlled dlscharge condltmns.
with'the: alr»vents open, a ‘jumpithat suhmerged the
.gate hp w;' »/formed 1n the trans:tmn gectio :

)

B, At smaller gate openings ventilation occurred from
downstream, as well as through the vents, and a
fluctuating, contmum_sly free dlscharge condition
.prevaﬂed Opening = 1%, e/d =

HYDRnJ LIC. DOWNPULL STUDIES
ON LARGE (.:ATES :

‘Open- Channel Flow Conditions Downstream From
‘Gate At Small Openings
San Luis Gate




FIGURE 9
REFDRY HYD-530

MEAD IN FEET OF WATER
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LI8VRE 1,

FLOW, */ OF FULL OPEN DISCHARGE

FLOW, %7, OF FULL OF!i DIBCHARGE

WAKIMUM POMLR GEWLRATION WAXIBUM pOEER OENERATION

FLOW 4,230 CFS. 100 s FLOW %230 CFS. 100
OPENING— OPEMING__
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ABSTRACT

General studies were made to determine design parameters for
hydraulic downpull and uplift forces on downstream seal, roller-
mounted gates located in entrance.transitions of large condmts
.Effects of varioug gate lip extensions, and recesses in the gate
shaft, were investigated for one seal extension. Uplift forces
great enough to prevent closure of pates under their own weight
were found. Uplirt forces were controlled by proper shaping of

" offgets and recesses in the face of the gate shaft or bonnet. A

- gate lip extenrslon to leal thickness ratio of 0,55 was selected as
““the optlmum comprorise between structural and hydraullc con-
s1deration5 Pregsures on the gate bottoms, and nence the down-
pull, were gignificantly affected by the gate slots und side walls.
Effects of air admission were also determined. The data were
applied to the 17. 50 by 22, 89-foot San Luis Outlet Works pates
operating under a 273-foot head, Data are pregented in both dimen-
gional and nondimensicnal form.

ABSTRACT

General studies were made to determine design parameters for
hydraulic downpull and uplift forces on downstream seal, roller-
mounted gates located in entrance transitions of large conduits.
Effects of various gate lip cxtensions, and recesses in the gate
shaft, were investigated for one seal extension. Uplift forces
great enough to prevent clogure of pates under their own weight
were found. Uplift forces were eontrolled by proper shuping of
offsets and recesses in the face of the pate shaft or bonnet. A
gate lip extension to leaf thickness ratio of 0. 55 was selected as
the optimum compromise between structural and hydraulie ¢on-
siderations. Pressures on the gate bottoms, and hence the down-
. pull, were 51gnit'icant1y affected by the gate slots and side walls.
Effects of air admission were also determined. The data were
applied to the 17. 50 by 22, 89-foot San Luis Outlet Works gates
‘operating under a 273-foot head. Data are presented in both dimen-
" sional and nondimensional form.

ABSTRACT

General studies were made to determine design parameters for
hydraulic downpull and uplift forces on downstream seal, rolier-
mounted gates located in entrance transitions of large conduits,
Effects of various gate lip extensions, and recesses in the gate
shaft, were investigated for one seal extension. Uplift forces
great enough to prevent closure of gates under their own weight
were found. Uplift forces were controlled by proper shaping of
offsets and recesses In the face of the gate shaft or bonnet. A
gate lip extension to leaf thickness ratio of 0,55 was selected as
the optimum compromise between structural and hydraulic con-
siderations. Pressures on the gate bottoms, and hence the down-
pull, were significantly affect:d by the pate slots and gide walls.
Effects of air admission were also determined. The data were
apptied to the 17. 50 by 22. B8-foot San Luis Qutlet Works gates
operating under a 273-fcot head. Data are presented in both dimen-
sional and nondimensional form.
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General studies were made to determine desipn parameters for
hydrauli~ downpull and upiift forces on downsiream seal, roller-
mounted gates located in entrance transitions of large conduits,
Effects of various gate lip extensions, and rccesscs in the gate
shaft, were investigated for one seal cxtension. Uplilt forces
great cnough to prevent closure of gailes under their own weight
were found. Uplift forces were controlled by proper shaping of
offsets and recesses in the face of the gate shaft or bonnet. A
gate lip extension to leaf thickness ratio of 0. 55 was selected as
the optimuwin compromise between structural and hydraulie con-
siderations, Pressures on the gate hottoms, and hence the down-
pull, were significantly affected by the gate slots and side walls,
Effects of air admission were aiso determined. The data were
applied to the 17, 50 by 22. B8-font San Luis Qutlet Works gates
operating undcr a 273-foot hecad. Data are presented in both dimen-

.sional and nondimensional form.




