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Abstract

The largest part of the water control project belongs to the low-head riverbed floodgate project, and its discharge capacity can
be accurately determined in design, which can avoid the inundation of the upstream fertile land and at the same time achieve
the purpose of reducing the scale of flood discharge structures and saving project investment. In this paper, the influence of
different height difference between the dam floor and the upstream and downstream riverbeds on the discharge capacity is
studied through the model test of the discharge capacity and its related parameters of the spillway gate of the orifice outflow
dam, and the three-dimensional flow field of the discharge flow of the spillway gate is numerically simulated by FLUENT
commercial software. The Reynolds equation is closed by using the standard K-e turbulence numerical model, and the free
liquid level is tracked by using the volume of fluid (VOF) method. The tetrahedral unstructured grid is used to divide the
grid, and the calculation results of the discharge capacity, flow pattern, water level elevation, velocity field, and pressure field
of the floodgate are obtained. Compared with the observation results of the model test, they are in good agreement, which

shows that the model used in the numerical simulation is reasonable and the method is correct.
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Introduction

In the water conservancy and hydropower project, the dis-
charge structure is a hydraulic structure used to discharge
the excess water, floating objects, sediment, and ice in the
reservoir. The discharge structure plays a vital role in the
safe and smooth operation of the reservoir. Flood discharge
capacity is an important data basis in building shape design
[1]. When the designed discharge of the discharge struc-
ture is less than the actual discharge of the project, it will
lead to flooding of the fertile land downstream of the hub
and major property losses. When the designed discharge of
the discharge structure is larger than the actual discharge
of the project, resources will be wasted in the project con-
struction. Therefore, it is crucial to accurately determine the
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discharge capacity of flood discharge structures in the design
and research of hydraulic engineering.

As early as 1950s, someone established the mathematical
model theory, but it was not put into use immediately. Later,
with the advent of computers, numerical models began to be
used in hydraulics research. Literature [1] and literature [2]
use some new methods, such as the control volume method
of non-orthogonal grid and the turbulence model of k-¢
equation, to solve the N-S equation of two-dimensional time
average, and discuss the treatment of the free water surface
with unknown position. Literature [3, 4] use volume of fluid
(VOF) mathematical model of water—gas two-phase flow to
carry out two-dimensional numerical simulation of surface
hole flood discharge and compare the experimental values
and find that they are very consistent, thus finding a new
solution for solving such problems and obtaining more infor-
mation. Literature [5] analyzes that the flow characteristics
of submerged jet in plunge pool are different from those of
submerged free jet due to the constraint of solid boundary
and discusses the significance of applying numerical simula-
tion method to study this problem. Literature [6] simulates
the discharge capacity curve of spillway by FLUENT soft-
ware. The pressure value of the center line of the bottom
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plate is obtained by post-processing software and compared
with the data measured by hydraulic experiment, it is con-
cluded that the calculated maximum and minimum pressure
values are basically consistent with the test data at the same
position (Literature [7, 8] and Literature [9]). Based on the
1: 50 model test results of a power station inlet, the flow field
at the inlet is simulated and calculated, and the influence of
inflow and complex terrain boundary on the flow pattern at
the inlet is studied. Literature [10] uses FLUENT software
to simulate the hydraulic jump behind the gate, uses stand-
ard K ~ & turbulence model to close Reynolds equation, and
uses VOF method to track the free water surface. Finally, the
numerical simulation results are in good agreement with the
measured results of model test, which shows that FLUENT
software can simulate turbulent flow well.

Based on the research on the water flow capacity of
spillway gate of orifice outflow dam at home and abroad,
it mainly focuses on the study of high-head bottom hole
and lacks the corresponding systematic analysis of the
flow pattern in the outlet of diversion bottom hole and its
downstream open channel. This paper is based on the actual
hydraulic physical model, aiming at solving the practical
problems of hydraulic engineering. With the help of FLU-
ENT software, the author carried out the three-dimensional
numerical simulation of the overflow flow field of the spill-
way gate of the orifice outflow dam. After we compared it
with the hydraulic model test results, we began to verify the
reliability and feasibility of the numerical simulation and
provided constructive guidance for us to carry out this kind
of work in the future.

Research Technique

Computational fluid dynamic (CFD), which integrates many
disciplines such as computational mathematics, computer
technology, physical model, and CAD visualization, has
become an interdisciplinary science. With the rapid develop-
ment of computer technology and continuous improvement
of numerical methods, more and more researchers pay atten-
tion to the numerical simulation of turbulence. Turbulence,
also known as turbulence, is a common highly nonlinear
complex flow in nature, and its characteristics play an impor-
tant role in engineering. In this section, the commercial soft-
ware FLUENT is used to simulate the three-dimensional
flow field of the spillway sluice. The VOF method is used
to track the free liquid surface, and tetrahedral unstructured
grid is used for grid division.

Numerical Simulation of Turbulence

Direct numerical simulation and indirect numerical simula-
tion are two major methods of turbulent numerical simulation.

@ Springer

Direct numerical simulation method is abbreviated as DNS
method. That is to say, solving the governing equation of
instantaneous turbulence directly, without any simplified or
approximate treatment of turbulent flow, can theoretically
obtain relatively accurate calculation results [11, 12], which is
the greatest advantage of this method. The indirect numerical
simulation method, that is, by trying to approximate or sim-
plify the turbulent flow to some extent, can be divided into sta-
tistical average method, large eddy simulation, and Reynolds
average method. Statistical average theory mainly involves the
motion of small-scale vortices, which is not widely used in
engineering. Large eddy simulation uses instantaneous N-S
equation to directly simulate large-scale eddy, while small-
scale eddy is closed and approximated by model, so large eddy
simulation requires higher computer memory and CPU speed.

Reynolds average method is an indirect numerical simu-
lation method widely used in engineering. Its core is not to
directly solve the instantaneous Navier—Stokes equation, but
to find a way to solve the time-averaged Reynolds equation
[13]. In this way, it can not only avoid the problem of large
amount of calculation of DNS method, but also achieve good
results in practical engineering application. Figure 1 is the
classification diagram of Reynolds average method.

Reynolds stress model and eddy viscosity model are
two commonly used turbulence models. In Reynolds stress
model, the Reynolds stress equation is established directly,
and the time-averaged continuous equation and the time-
averaged N-S equation are solved simultaneously. Accord-
ing to the form of Reynolds stress equation, Reynolds stress
model includes Reynolds stress equation model and alge-
braic stress equation model.

In the eddy viscosity model, Reynolds stress term is not
directly dealt with, but viscous eddy coefficient is intro-
duced, and turbulent stress is expressed as a function of eddy
viscosity coefficient. Determining eddy viscosity coefficient
is the key of the whole calculation. The eddy viscosity coef-
ficient comes from the eddy viscosity hypothesis proposed
by Boussinesq, which establishes the relationship between
Reynolds stress and average velocity gradient [14, 15],
namely:

aui auj 2 aui
—puilly = | = + |3 pk + Hig— 3 (D)
) i

l

In the formula, y; represents turbulent viscosity, u; repre-
sents time-averaged velocity, 6; is the symbol “Kronecker
delta” (when i is equal to j, 6,]- = 1; when i is not equal to j,
6; = 0), and k represents turbulent kinetic energy:

k==t =2+ P+ ) )
2 2\ i

Turbulent viscosity g, is a spatial coordinate function,
not a physical parameter, and its size depends on the flow
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Fig. 1 Classification diagram of
Reynolds average method

Reynolds stress
model

state. How to determine turbulent viscosity g, is the key
to calculate turbulent flow. Vortex viscosity model is a
relational expression that combines turbulent viscosity g,
with time-averaged parameters. According to the number
of differential equations to determine y,, the eddy viscos-
ity model can be divided into zero equation model, one
equation model and two-equation model.

VOF Model

VOF method was proposed by Hirt and Nichols in 1981
[16]. It determines the free surface and tracks the change
of fluid by studying the ratio function F of fluid and mesh
volume in the mesh unit. If F =0, it means that the unit
is all occupied by the specified first phase fluid; if F=1,
the unit is completely occupied by the designated sec-
ond phase fluid, and there is no first phase fluid; when
0 < F< 1, the unit is called interface unit, which has both
the first phase fluid and the second phase fluid.

In VOF model, it is considered that water and gas
have the same velocity field and pressure field, so the
water—gas two-phase flow can be described by the same
set of equations:

e

Vortex viscosity
model

*

p:pr+(1—F)pa 3)

u="F, +0-Fu, 4)

in which p,,, p, is the density of water and air and p,,, 4,
is the molecular viscosity coefficient of water and air,
respectively.

Boundary Conditions and Convergence Judgment

The mathematical and physical conditions that flow field
variables should meet on the calculation boundary become
boundary conditions, which are an indispensable part of
numerical simulation. Whether the boundary conditions are
correct or not directly affects whether the program can be
carried out normally and whether the calculation results are
correct. The determination of boundary conditions includes
two aspects: given accurate boundary shape and accurate
boundary conditions. When dealing with these two prob-
lems, the flow mechanism will be involved, and it will be
very difficult to solve them.

Basic boundary conditions include [17, 18] inlet bound-
ary, outlet boundary, wall boundary condition, symmetric
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boundary condition, and periodic boundary condition. In the
three-dimensional numerical simulation of the spillway gate
of the orifice outflow dam, only three boundary conditions
are involved: the inlet boundary, the outlet boundary, and
the wall boundary conditions, and only these three boundary
conditions are introduced below:

(1) Import boundary condition

Velocity inlet boundary condition and pressure inlet
boundary condition are the most commonly used inlet
boundary conditions. The boundary condition of velocity
inlet, that is, the magnitude and direction of velocity on the
inlet section, is known, which can only be given by physical
model. In this paper, the pressure inlet boundary condition
is used to define the pressure of the flow inlet and the param-
eters of other scalar characteristics of the flow. Parameters
such as absolute pressure, turbulent kinetic energy, and dis-
sipation rate should be considered when using pressure inlet
boundary conditions. Therefore, the boundary conditions are
described as follows:

Setting of reference pressure

In the process of numerical simulation, the actual pres-
sure value is relative to the inlet pressure, not absolute value.
Therefore, it is necessary to set the pressure value at the
inlet to solve the pressure value at other points. Sometimes,
in order to reduce the digital truncation error, the reference
pressure point is deliberately raised or lowered, so that the
calculated pressure fields in other places are consistent with
the magnitude of the whole numerical calculation. In this
paper, the highest point at the entrance of the reservoir area
is selected as the pressure reference point, and the pressure
value is the standard atmospheric pressure.

Estimated values of k and ¢

In this paper, the standard k — € model is used to close
the turbulence model. It is necessary to give the estimated
values of turbulent kinetic energy k and turbulent kinetic
energy dissipation rate € at the boundary of the port and
choose the following empirical formula to determine these
two parameters [19]:

k =0.003174> 5)
e

=X 6

“T04L ©

In the formula, y takes the average flow velocity at the
inlet section, L is the characteristic length of turbulent flow,
and the hydraulic radius R is used instead in calculation.
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(2)Exit boundary condition

Outlet boundary refers to the setting of flow param-
eters at the outlet boundary. The outlet is generally located
far enough away from geometric disturbance. Turbulence
is fully developed and changes little along the fluid flow
direction. The cross section perpendicular to the flow
direction can be selected. In this paper, the boundary con-
dition of pressure outlet is adopted, that is, static pressure
is set at the outlet position, and the outlet pressure is con-
sidered as atmospheric pressure.

(3)Boundary condition of solid wall

The wall is used to distinguish between fluid and solid
areas. In viscous flow, the default boundary condition at
the wall is no slip boundary condition, but a “slip” wall
can be simulated by specifying shear, or a tangential veloc-
ity component can be specified according to the rotation
or translation of the wall boundary region. Compared with
the low Re number model, the wall function method is
more efficient and practical in engineering [20]. When
using k — e model with low Re number, because the physi-
cal quantity changes greatly in the wall area (viscous bot-
tom layer and transition layer), it is necessary to use fine
grid to divide the calculation area, which greatly increases
the calculation cost. Therefore, this paper adopts the wall
function method to deal with the flow near the wall.

Analysis of Experimental Results

Influence of Height Difference on Discharge
Capacity

According to the test data, the relationship curves between
discharge coefficients m and P, /H, with different P, values
are drawn with P, as the parameter (Fig. 2).

It can be seen from Fig. 2 that, within the test flow
range, under the condition of the same bed surface eleva-
tion, that is, the P, value is unchanged, the flow coeffi-
cient m increases with the decrease of P,/H, (that is, the
larger the relative head H,,/P)). For different P, values, the
curves with relatively large P, values in the curve cluster
are all located above the relatively small P, values, which
indicates that the lower the upstream riverbed, that is, the
larger the P, value (which can be described by the relative
height difference P, /L), the stronger the flow capacity of
the gate hole, the more adequate the streamline develop-
ment, and the larger the discharge coefficient m.
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Fig.2 The relationship between flow coefficient m and P,/H,,

Flooding Degree Affects Discharge Capacity

See Fig. 3 for water flow pattern and velocity distribution in
the reservoir area and the downstream of the floodplain under
check, design, flood once in 30 years, and other working condi-
tions. It can be seen from the figures and photographs that the
flow patterns of the reservoir areas under three working con-
ditions are basically similar. After entering the reservoir area,

Hydropower station *
¢ t

I

-~

Fig.3 Energy dissipation and
scour prevention test down-
stream of the hub

the water flows from the center to the left, with rapid flow (the
maximum velocity in the reservoir area is over 5 m/s), large
water surface waves, and unstable and smooth flow pattern
(see Fig. 3b and Fig. 3c). Before entering the dam, the water
flow forms a top impact on the auxiliary dam on the left bank
and produces backflow (the maximum backflow velocity is
about 0.3 m/s), so the water level on the left bank before the
dam is higher than that on the right bank.

The water retaining structures of flood control pro-
jects mostly adopt the design scheme of full sluice or flood
gate +overflow dam. In any layout mode, in order to reduce
the discharge requirements and reduce the project cost, it is
necessary to reduce the number of sluice holes or the discharge
width [21]. Because of the lower gate floor and the lower weir
crest elevation, the flood discharge and submergence degree
of the low gate hub are large, and it is difficult to accurately
calculate its discharge capacity. Therefore, there is some error
in the formula of the weir flow with wide crest, which is ana-
lyzed as follows.

Weir flow formula:

0= o'smB\/ZgHg/2 @)

(c) Flood in 30 years
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h possible error of o, is Aoy, and the relative error between
o, =f Fo ®) discharge and water level variable can be deduced from weir
flow formula (7):
" |0 |ex20-0)_ (0, + A0, )mB/2gH,” — omBy/2gHy" |1 Ao,
Hy=H+ g ® 0 0 oymB/2gH] o1 (10
Among them, 0 2/3 0
AHy | _ ’ (Hy + AH,) _ ((ﬁ\m\)msm) - <a\m3@) _ 1 »
Q  Flow rate (m>/s); H, Hy (6’"5@)2/3 1+
B Width of weir (m); \ 11
h,  The water depth exceeding the weir crest (m); ) )
H  Head on weir (m); When the other assumptions remain unchanged and the
H, Total water head (’)n weir (m); submergence error is'AhS /H0 = 0.02, the relative values of
m  Flow coefficient; submergen?e coefﬁc1er.1t, d1scbarge, and water level error
o, Submerged coefficient. can be obtained according to Fig. 4 and Eqgs. (10) and (11).

By drawing the relationship curve between inundation
coefficient o, and inundation degree /,/H,, (Fig. 4), it can be
seen that with the increasing inundation degree, the inunda-
tion coefficient decreases, and the curve changes smoothly
at the beginning. However, when A /H,, exceeds 0.82, the
curve gradually becomes steep, the submergence coefficient
drops rapidly, and the value becomes more and more unsta-
ble. Other assumed conditions are unchanged, so that the

04 I

0 1 1 1
0.2 0.4 0.6 0.8 1

h/H,

Fig.4 Relationship between submergence coefficient o, and submer-
gence degree h,/H,,

According to Table 1, after the submergence degree i, /H,
of flood gate or overflow dam exceeds 0.86, the value of
submergence coefficient decreases rapidly, and when there
is a slight deviation in the calculation process of submer-
gence degree, the change range of submergence coefficient
is larger, so the error of water level in front of dam under the
given discharge calculated by formula (7) is larger.

According to the calculation of weir flow formula and the
relationship between inundation coefficient ¢, and inunda-
tion degree A /H,, it is shown that the calculation error of
flood discharge capacity of floodgates with higher inunda-
tion degree is large, and the model test must be used to fur-
ther determine the accuracy of the error, so as to achieve the
ideal goal of reasonably determining the number of flood-
gates and overflow width.

Cross-Section Velocity of Spillway Gate

The free water surface is extremely important for the struc-
tural design of flood gates and the operation of reservoirs.
When the water flows down, it will be accompanied by
atomization. The water surface is a transition interface from
water to gas, and the position of the water surface is gen-
erally difficult to be clearly defined. During the hydraulic
model test, the water surface position is clear, with little
change, and can be measured, which is an obvious differ-
ence between prototype observation and hydraulic model
test [22]. In the hydraulic model test, the velocity of the

Table 1 Table of relative values

, hy/H, 0.30 0.40 0.50 0.60 0.70 0.80 0.90 1.0
of submergence coefficient,
discharge, and head error on Ah,/H, 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
weir o, 0.96 0.99 0.98 0.88 0.85 0.80 0.77 0.75
Ao, -0.03 -001  -003 -002 -001  —004 —002 —003
AQ/O(%) 0.33 0.51 0.66 0.87 1.25 2.14 4.96 10.24
AH,/Hy(%) 0.22 0.32 0.51 0.66 0.89 1.52 2.69 15.24
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typical section of the floodgate was measured by the pitot
tube and the time-moving pointer bracket device. Figure 5
shows the comparison between the calculated value and the
measured value of the vertical velocity in the typical section
under the check condition of the spillway gate:

It can be seen from Fig. 5 that the test results are in good
agreement with the calculated results in the trend, and the
mathematical model can better reflect the variation law of
the flow velocity of the flood gate, and the error between the
two is small at the same section, which is in line with the
actual situation.

Outlet Flow of Gate Hole

Outlet flow of gate dam includes outlet flow of gate orifice
and breast wall orifice, and its water flow condition is mainly
affected by upper and lower boundary of orifice. The lower
boundary of the orifice is generally a practical weir, a wide
crest weir or a flat bottom (gate), while the upper boundary
includes a flat gate, a radial gate, and the bottom edge of
the breast wall [23, 24]. The bottom edge of breast wall is
generally made into circular arc or elliptic curve in engineer-
ing. Therefore, the boundary conditions of the orifice can
be summarized as different combinations of practical weir,
wide crest weir, flat gate, flat gate, arc gate (breast wall), and
elliptical breast wall; meanwhile, the submerged influence of
downstream water level should be considered.

In this test, the orifice outflow of the cross-section
model of the spillway gate of the orifice outflow dam is a
combination of a wide-topped weir and a flat gate, and this
combination is also very common in cascade channeliza-
tion of the orifice outflow dam and many similar pivotal

1870

Computed value
1860 [

Measured value
1850
1840

1830

Elevation (m)

1820 |

1810 |

1800

1790 1 L
0 5 10 15
Flow rate (m/s)

Fig.5 Velocity distribution of vertical line in typical section of spill-
way gate

projects, so it is of great use value to study its discharge
capacity [25].

(1) Experimental situation in this paper

Q = peb+/2gH,, (12)
In which:
p=¢g@y\/1-¢(e/Hy) (13)

In the above formula:

Flow coefficient of gate hole over current;
Opening of gate hole, m;
Width of gate hole, m;

[N SR N

Vertical shrinkage coefficient.

In the calculation of gate outlet, the discharge coeffi-
cient y of gate outlet is generally determined. Because u
is related to the form of gate sill, gate type, and relative
opening e¢/H of gate outlet, the calculation is complicated.
In the calculation of practical projects, empirical formulas
are generally used.

In this test, the outlet form of sluice gate is the combi-
nation of flat gate and wide-topped weir, and the empirical
formulas for the free outlet flow coefficient of this combi-
nation are as follows [26]:

Method 1: The empirical formula of flow coefficient is:

i =0.60 —0.18(e/H) (14)

The applicable range of relative opening is
0.1 <e/H<0.65.

Method 2: The formula form is:

1 = 0.60 — 0.176(e/H) (15)

Method 3: Sokonov formula: According to the test data of
him and Leltov, the calculation formula of flow coefficient
is as follows:

H, = 0.62 — 0.074(e/H) (16)

In the formula, y,, is the discharge coefficient correspond-
ing to the head above the midpoint of the hole and its rela-
tionship with y is as follows:

u=1/1-e/(2Hy)u, an
Method 4: The given flow coefficient formula is:
H, = 0.352 - 0.264/[2.178(e/H)] (18)
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The applicable range of relative opening is
e/H=0.05~0.68.

In order to explore the outflow condition of the gate hole
under different relative gate openings, in this test, the water
level elevation of the upstream reservoir is kept at 328 m,
and the free outflow under the sluice gate is determined by
the needle reading of the water measuring weir under differ-
ent relative openings [27, 28], and then the discharge coef-
ficient u is calculated by the following formula
u=0/(ebv/2¢H, ) (19

Comparing the y value of discharge coefficient measured
by experiment with the calculated results of the above four
methods and formulas, it is found that there are differences
between the calculated values of the above four methods and
formulas and the experimental values, as shown in Table 2.
The analysis of the reasons may be related to the fact that
each formula only reflects the linear relationship between
the discharge coefficient and the relative opening, but the
actual relationship between them is non-linear. When using
the formula of East China Institute of Water Resources, the
results are not ideal, which may be caused by different test
conditions, so the calculation results are not listed in Table 2.

In order to reflect the actual situation of the project more
accurately, so that it can be applied in similar projects, we
processed the test flow coefficients under various relative
openings in Table 2, regressed the test data by the principle
of least square method, and deduced that there is a logarith-
mic distribution law with high correlation between the dis-
charge coefficient y of the gate hole and the relative opening
e/H of the gate, and its regression equation is:
p= 0425 — 0.056ln(%> (20)
The correlation coefficient between the discharge coeffi-

cient ¢ and the relative opening e/H of the gate is as follows:
R=0.981

The applicable scope of formula (20) is e/H=0.06~0.65

When the calculation results of formula (20) are listed
in Table 2, it can be seen that the deviation is much smaller
than other formulas, and the absolute value is all within 1%.
The relationship between the calculation results of different
formulas and the test values is plotted in Fig. 6, from which
it can be seen that the empirical calculation formula (20) has
better calculation accuracy and can be applied to the calcula-
tion of sluice discharge of similar sluice dams.

In this chapter, FLUENT software is used to simulate
the steady flow of the flood gate of Pianqiao Hydropower
Station. The calculation results show that the simulated cal-
culated values of hydraulic parameters such as discharge,
water surface line, pressure distribution, and velocity distri-
bution of flood gate are in good agreement with the meas-
ured values of hydraulic model experiment. It is reasonable
and feasible to use the standard K-¢ turbulent flow model
and VOF method to track the free water surface, especially
that the calculation method using steady VOF method to

0.75
— — Method 1
0.7 Method 2
N Method 3
0.65 - \\ Empirical formula
N Experimental value
= 06 A\
2
N \
g 055 \\ 5
Q -~
> 8
g 05 | N\
S ]
5 Moy
2 045 =
04
035 1 1 1 1 1
0 0.1 0.2 0.3 0.4 0.5 0.6

Relative opening degree

Fig.6 Comparison of calculation results of various formulas of flow
coefficient u

Table 2 Comparison of
calculation results of outlet
discharge coefficient u of each
formula

Gate opening e(m)

Relative opening degree e/H
Experimental value u
Method 1

Method 2

Method 3

Empirical formula (20)

1.0 2.0 3.0 4.0 5.0

0.062 0.122 0.174  0.221 0.302

0.614 0.547 0.551 0.540 0.527
Computed value 0.554 0.560 0.553 0.520 0.511
Deviation% -4.320 —1.254 1.023 1.841 3.210
Computed value 0.561 0.552 0.533 0.526 0.517
Deviation% —4.025 —1.226 1.242 1.339 2.501
Computed value 0.669 0.524 0.517 0.503 0.479
Deviation% -2.011 1.226 2.581 3.026 3.450
Computed value 0.663 0.564 0.552 0.531 0.510
Deviation% 0.552 -0.502  0.036 -0.921 0.225
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track the free water surface has high timeliness. To sum up,
the numerical simulation data are in good agreement with
the measured data of the model, which shows that the model
used in numerical simulation is reasonable and the method
is correct, which can provide a scientific and convenient way
for the design and research of practical engineering.

Conclusion

The problem of discharge capacity is an important issue
related to whether or not to give full play to the benefits of
the middle and low head sluice and dam hub and ensure the
safety of the hub. Through model test and relevant theoreti-
cal analysis, this paper has made some discussions and stud-
ies on the discharge capacity and related parameters of the
spillway gate of the orifice outflow dam and obtained some
experimental and theoretical conclusions. The main aspects
are summarized as follows:

(1) According to the experimental study, in the normal dis-
charge range, the discharge coefficient m of the flood
gate hub increases with the increase of the upstream
relative height difference P,/L. It decreases with the
increase of d/L. It increases with the increase of relative
water heads H/P and H/d. Through regression analy-
sis, the empirical formula (20) considering discharge
coefficient under different conditions is obtained, and
it is verified that it can be applied to the calculation of
discharge capacity of similar sluice-dam junction.

(2) When the water flow into the floodgate is asymmetric,
it is easy to form a large vertical axis suction vortex in
front of the floodgate, which leads to the decrease of
the flow capacity. At the inlet of the orifice, the water
flows quickly and is easy to escape. Affected by suction
vortex and outflow, the water surface in the discharge
tank fluctuates greatly.

(3) The results show that the discharge capacity of the
spillway gate of the outlet dam mainly depends on the
size of the head above the gate and the submergence
degree below the gate. When the flood diversion level
of the main stream is determined, controlling the sub-
mergence degree below the gate becomes the key to
ensure the discharge capacity, which is closely related
to the flood diversion channel in the flood storage and
detention area.

(4) In the optimization scheme of this paper, increasing
the radian of the side wall makes the water flow into
the gate smooth and basically eliminates the vortex in
front of the gate. At the same time, increasing the cross-
sectional area of the orifice meets the requirements of
over-flow and avoids the occurrence of off-flow, so that

the water flow in the discharge tank is smooth and the
water surface does not fluctuate. In view of the simpli-
fied body shape used in this paper, the over-flow capac-
ity should be different from the actual project.

In this paper, the standard K-e turbulence model is
adopted, and the turbulent viscosity coefficient is an iso-
tropic scalar, which cannot reflect the anisotropy of stress. In
the future research, we can consider using other turbulence
models to make up for this defect.
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