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This study constructs an optimization model to address ski-jump energy dissipation problems in different reservoir environments.
The multiobjective genetic algorithm is herein applied as the calculation method. In the process of changing the ski-jump flow
model, the runoff of ski-jump flow is changed (especially the abnormal flip bucket). Water flow might go from having a single
falling point to multiple falling points. Optimization is only performed after the stabilization of the fall of the water because the fall
of the water from the starting point to the ground is not stable over a short period. Only a stable flow can reduce the computation
time for optimization. The optimal overflow width and height of the flip bucket were calculated through optimal computation,
which can minimize the scouring force of the water flow as it falls to the ground. The results obtained provide theoretical
references for practical engineering and reduce the potential safety hazards. The energy in flip buckets following the optimization
of the water flow can be fully dissipated, creating an ecosystem where water can flow unobstructed. Guiding a water flow to water-

deficient areas is of great significance in ensuring the long-term protection of environments and ecosystems.

1. Introduction

Ski-jump energy dissipation is the common energy dissi-
pation mode in water bodies and in hydropower engi-
neering. With its simple structural design and its economical
and practical performance, ski-jump energy dissipation is
often the first choice in practical engineering situations [1].
There are many influential factors during the process of ski-
jump energy dissipation. This study focuses not only on full
ski-jump energy dissipation but also on the scouring effect as
water flows to the ground. Therefore, achieving an optimal
design in a ski-jump flow requires the consideration of two
factors: (1) the interaction of streams, such as the maximum
dissipation and adulteration of high-speed water flow in the
air and (2) controlling the shape and scouring force of a
water flow as it flows to the ground in order to realize the
minimum scouring force and range [2, 3].

In middle- and high-release structures, flow kinetic
energy is high and it is often used in ski-jump energy
dissipation. Water flows out of the flip bucket and decel-
erates in the air due to resistance, accompanied by a re-
duction in kinetic energy. Water flows to the ground and
forms scouring pits. With an increase in scouring time, fixed

scouring pits are formed and kinetic energy again decreases,
thus resulting in the effect of energy elimination. Given the
allowable environmental and topographical conditions in
downstream regions, ski-jump energy dissipation is often an
appropriate choice, but consideration must be given to at-
omized rain [4].

The shapes of the bottom and side walls in abnormal flip
buckets are diverse. There are various combinations that take
many practical conditions into consideration. In terrain
environments, the falling point of a water flow often has to
be controlled at a preset position to protect the terrain. This
can be realized by changing the shape of the flip bucket so as
to change the direction of the water flow [5, 6].

The ski-jump spillway is a compact structure designed to
release the dam overflow. In this dissipation system, the flow
digs a scour hole in the river bed, which is shape dependent
on the rock bed resistance as well as the effort caused by the
jet. Numerical modeling of the hydraulic phenomenon
through computational fluid dynamic (CFD) approaches is
one of the main parts of high-cost hydraulic structure studies
[7]. To model hydraulic characteristics, several methods such
as physical and numerical methods can be used. Nowadays,
by utilizing new methods in computational fluid dynamics
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(CFD) and with the development of fast computers, nu-
merical methods have become accessible for use in the
analysis of such sophisticated flows [8, 9]. Studies on the flow
through the hydraulic structures are usually conducted using
physical modeling. Physical modeling is based on basic fluid
mechanic equations. The physical modeling of hydraulic
structures means that a scaled laboratory model of the
prototype is constructed; this approach is a safe way to
analyze the flow through or over the hydraulic structures.
Due to the high cost of laboratory experiments, researchers
have attempted to use numerical simulations along with
physical modeling [10-12]. Flow pattern recognition that
uses physical modeling and numerical simulations helps
designers to propose an optimal shape for hydraulic
structures. The optimal shape of a hydraulic structure can
result in an increase in their performance [13].

In this paper, the influence of the overflow width and
height of the flip bucket on the pressure of the water falling
point, as well as the kinetic energy at the falling point, have
been studied. When the overflow width and height of the flip
bucket are fixed, the optimization is then geared toward
attaining minimum absolute values for pressure and kinetic
energy at the falling point of water flow by using a genetic
algorithm. The final optimization goal is to study the influ-
ence of the model design size of the abnormal flip bucket on
ski-jump flow and to provide theoretical guidance for ex-
perimental simulations and practical engineering. Our results
demonstrate that pressure intensity and kinetic energy were
reduced compared with the original program, indicating that
reasonable optimization results had been obtained.

1.1. Experimental Section

L1.1. Right Triangular Thin-Walled Weir Flow. The right
triangular thin-walled weir flow was applied by adjusting the
water gate to change the flow rate. The flow rate could not be
read directly but had to be calculated using the formula Q =
C,H?*> after the head on the weirs (H) was read through the
U-shaped connector. In the formula, C, is the flow coeffi-
cient of the right triangular thin-walled weir flow, which is
generally C, = 1.4.

When H >25cm, the calculation formula is revised as
Q = 1.343H2%%, where Q is the flow rate (m?/s) and H is the
head of the weirs (m) [14].

1.1.2. Rectangular Thin-Walled Weir Flow. The flow rate of a
nonsubmerged rectangular thin-walled weir without lateral
shrinkage was calculated as Q = mb+/2gH;”. The flow rate
was adjusted continuously for multiple measurements. The
stage-discharge curve was drawn based on the measured
results. Finally, the flow coefficient (m) was calculated [15].

1.1.3. Indexes for Cavitation Judgment: the Number of
Cavitations. The one-dimensional number of cavitations is
often used as the measurement index of cavitations in actual
water flow when studying cavitation problems, which is
expressed as K:
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where p and v are the absolute pressure intensity and the
average flow rate at the places where the water flow was not
influenced by the local variation of boundaries, p, is the
steam pressure, and p is the water density.

The primary number of cavitations is determined by the
boundary conditions. For some boundary profiles, the
number of cavitations is a fixed number and is often de-
termined by the experiment.

The number of cavitations in an actual water flow (K)
and the primary number of cavitations (K;) were compared.
When K > K;, no cavitation was formed. When K < K;, there
was a cavitation [16].

1.2. Experimental Project. The total capacity of the studied
reservoir was 49.921 million m>, and the normal pool level
was 2048.50m. The design flood level (P =2%) was
2047.90 m (major flood period), and the discharged volume
of the spillway tunnel was 88.90 m’/s. The maximum flood
level (P = 0.1%) was 2050.85m, and the discharged volume
of the spillway tunnel was 135.00 m’/s. The flood standard
for the downstream energy dissipation and erosion control
was a frequency of 30 years (P = 3.33%), and the discharged
volume of the spillway tunnel was 88.50 m?/s.

The spillway tunnel was reconstructed from a diversion
tunnel (Figure 1). It is on the right dam abutment and covers
a length of 450.60m (horizontal distance), including the
inlet section, the repairing chamber section, the Longtaitou
section, the pressure section, the working chamber section,
and the outlet energy dissipation section. The floor elevation
of the inlet horn section (0+ 000.000~ 0+ 003.200) was
2007.00 m, which is connected to a 48.80 m long round
pressure section with a hole diameter of 3.20m. The
repairing chamber section was (0+ 062.000 ~ 0 + 068.000)
6.00 m long. A 10.00 m long round-to-square pressure slope
section (D3.2m — 2.8x2.8m) was set on the upstream
side and another 10.00-m-long square-to-round section
(3.2%x3.2m — D3.2m) was set on the downstream side.
The Longtaitou section was 0+ 078.000 ~ 0 + 129.447, with a
hole diameter of 3.20 m. The round pressure section was
0+ 129.447 ~ 0+ 410.600, where the hole diameter was
3.20m, and the longitudinal slope was 1/200. The working
chamber section (0 +416.000 ~ 0 +430.600) was 14.00m
long, and a 6.00m long round-to-square pressure slope
section (D3.2 m — 2.5 x 2.5 m) was set up on the upstream.
Subsequently, the outlet section of the ski-jump energy
dissipation (Figure 2) was established, which was 20.00 m
long and 2.50 m wide. The elevation at the top of the flip
bucket was 1980.724 m, the arc radius was 20.00 m, and the
ski-jump angle was 25°. An area downstream from the flip
bucket was connected to a 10.00 m long apron.

1.3. Flip Bucket of the Spillway Tunnel. The coverage and the
horizontal length of the arc section of the spillway tunnel
were kept constant while the arc radius decreased from
20.00m to 10.00m. The ski-jump angle was gradually
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FiGUre 1: Positions of sections in the model.

FIGURE 2: Three-dimensional diagram of the outlet section of the
spillway tunnel.

changed from 57°41'50.2306" to 25° from the left to the right.
The elevation of the nose of the weir at the left wall was
1983.506 m, and the elevation on the right wall was 1979.787 m.
The right wall of 0+441.148 ~0+449.600 was eliminated,
while the left wall deflected toward the downstream from
0+ 444.267 at a radius of 12 m on the plane. An oblique nose of
the weir was set from the ski-jump angle of 0° at the right wall
to the axis of the 0 + 449.600 mileage. Meanwhile, the ski-jump
flow was measured close to the nose weir to prevent too great
an angle in the right flow. An arc connected to the oblique nose
weir with a plane radius of 0.724m was set in position
(0 +445.374) with a ski-jump angle of 25" on the right wall. The
design of the abnormal flip bucket is shown in Figure 3.

1.4. Experiment of the Spillway Tunnel

1.4.1. Experimental Design. The model was designed
according to gravity similarity, and a normal model was
applied. According to the calculations and comparisons, the
final scale of the model was AL =40, and the corresponding
scale parameters were as follows:

Flow scale: A\Q=AL % 5/2=10119

Time scale: AT =AL/2=6.325

Flow rate scale: A\V =\L/2=6.325

Roughness scale: A\n=AL/6 =1.849

1.4.2. Experimental Manufacturing. The downstream ter-
rain at the outlet of the spillway tunnel started from the arc
section. It was mainly filled with scouring materials and
cement dies. The pressure section and nonpressure section of
the spillway tunnel were manufactured using organic glass
according to the shape and size provided by the design unit
(Figure 4). The roughness rate met the experimental re-
quirements (the roughness rate of organic glass was
n=0.007 ~0.009, the roughness rate of concrete was
n=0.014~0.017, and the roughness scale of the prototype
and model was 1.56 ~ 2.43).

1.5. Water Jet Shape of the Spillway Tunnel and Downstream
Scouring. Taking into consideration the energy dissipation
and erosion control during a flood, which occurs once every
30 years (P = 3.33%), the water depth on the left increased
to 2.40m as the water flow at the outlet section was
influenced by wall deflection, while on the right, the depth
of the water did not significantly change. The cross section
of the outflow was approximately a Z-shaped section. The
jet trajectory length of the left flow was 72 m, and the water
flow fell by 18 m on the right of the axis (downstream). The
greatest height of the middle water jet was 24 m, and the jet
trajectory length was 96 m, while the water flow fell by 30 m
to the right of the axis (downstream). The right-hand water
flow was injected by different layers (the upper water flow
was injected along the axis and the lower water flow was
injected along the axis toward the right at 25°). The jet
trajectory length was 30 m. The lower edge of the water jet
was only 2.40 m away from the water surface (depth of
water = 3.2 m). After continuous scouring over a period of
4h, the left-hand flow and the middle flow dropped,
without a scouring pit formation. The scouring pit of the
right-hand flow was 5.50 m long, 5.00 m wide, and 2.40 m
deep.

Taking into consideration energy dissipation and erosion
control during flood conditions, the water jet from the
spillway tunnel is shown in Figure 5, which is approximately
“Z-shaped”. The water jet from the bottom layer is shown in
Figure 6.
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FIGURE 3: Design of the abnormal flip bucket.

2. Numerical Simulation in Contrast with the
Experimental Results of the Abnormal
Flip Bucket

2.1.Standard k — e Model. The standard k — ¢ model requires
the turbulence energy and the dissipation rate equation to be
solved. The transport equation of the turbulence energy is
deduced from an accurate equation, while the dissipation
rate equation is inferred from physics and is gained from the
mathematical simulation of similar round equations. The
standard k — & model hypothesizes that the flow has full
turbulence, and the influences of molecular viscosity can be
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FIGURE 4: Experimental model of the ski-jump flow section in the
spillway tunnel.

FIGURE 5: Left view of the ski-jump flow experiment in the spillway
tunnel.

FIGUre 6: Right view of the ski-jump flow experiment in the
spillway tunnel.

neglected. Therefore, the standard k — ¢ model is only ap-
plicable to simulations of the complete turbulence flow
process. This model was proposed by Spalding and Launder
in 1972 [16, 17]. The dissipation rate of turbulence (¢) is
defined as follows:

!
et (a_“) @
p \0x;
The turbulence viscosity coeflicient is y, which can be
expressed as the function of k and e

= pCy— (3
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In the standard k — ¢ model, the transport equation of k
and ¢ is introduced as follows.
The k equation is
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where G, is the production term caused by buoyancy. For
incompressible fluid, G, = 0. For compressible fluid,

y; oT

Gy = ﬁgiﬁ P (6)

where Pr; is the turbulent Prandtl number, Pr; = 0.85 in this

model, g; is the gravitational acceleration, and f is the

coefficient of thermal expansion:
1 dp

B= 5 aT (7)

G, is the production term of the turbulence energy (k), and it
is caused by the average velocity gradient:

Oou. Ou;\ ou.
Gy = | =+ ) =—
k ”’(aij’ax,.)axj ®

For incompressible fluid, Y,; =0. For compressible
fluid,

Yy = 2paMf, 9)

where a is the sound velocity and a = \/yRT and M, is the
turbulence Mach number and M, = Vk/a?.

In the standard k-¢ model, C, =009, o, =13,
C,, = 1.44, and g, = 1.0.

The standard k — ¢ model is the simplest complete two-
equation turbulence model, which has wide applicability, is
economical, and achieves reasonable accuracy. It is exten-
sively applied in the industrial flow field and in heat-ex-
change simulations [18, 19].

2.2. Comparison of Calculated Results. The greatest height of
the water jet and the jet trajectory length were calculated as
22.88 m and 91.64 m, respectively. The simulation results are
shown in Figure 7, Figure 8, Figure 9, and Table 1.

2.3. Analysis of Calculated Results

2.3.1. Contrast Analysis of the Theoretical Values and Ex-
perimental Values. Three conclusions can be drawn from
Table 1.

Conclusion 1: the theoretical value of speed is generally
consistent with the actual value of the speed.

Conclusion 2: water flows in the pressure circular tube
to keep a constant flow velocity.

Conclusion 3: the water flow rate increases suddenly
after the gate and then decreases gradually. Using the
calculated results, the software can effectively simulate
the whole water flow process [20].

2.3.2. Analysis of the Relationship between the Theoretical
Value and the Actual Environment. It can be seen from
Figure 7 that the ski-jump flow only has one falling point in
the numerical simulation. The greatest height of the water jet
and the jet trajectory length are calculated as 22.88 m and
91.64 m, respectively. These two parameters are similar to
those in the experiment (24 m and 96 m, respectively). To
calculate the jet trajectory length, attention should be paid to
the position with the deepest scouring pit. The actual jet
trajectory length is different from the theoretical value.
According to different engineering cases, the actual jet
trajectory length greatly differs from the theoretical value
due to variations in environmental conditions in real-world
scenarios. These include thin air, low atmospheric pressure,
and small resistance in plateau regions with high altitudes.
However, there is high atmospheric pressure and strong
resistance in plain regions with low altitudes. In windy
regions, water flow experiences aerated flow dissipation due
to the influence of winds. The calculation of such aerated
flow dissipation is highly complicated, and it is difficult to
express through mathematical equations [17, 21]. The
pressure intensity distribution is shown in Figure 8, and the
volume rendering of the volume fraction of the water flow is
shown in Figure 9.

3. Multiobjective Optimization Design of the
Abnormal Flip Bucket

The complicated optimization of a ski-jump flow involves
many problems. In the process of changing the ski-jump
flow model, the runoft of the ski-jump flow is changed
(especially the abnormal flip bucket). Water flow might go
from having a single falling point to multiple falling points.
In the optimization of a high-speed water flow, optimization
goals were set to obtain maximum kinetic energy and
pressure at all water falling points. Therefore, the minimums
among these maximums would provide the optimal scheme
[22].

3.1. Multiobjective Optimization Model

3.1.1. Objective Function. Due to the influence of ski-jump
energy dissipation on the scouring pit in real-life engi-
neering situations, the pressure of the water flow at the
falling point influences the depth of the scouring pit, while
the kinetic energy of the water flow influences its shape. The
optimization objective is determined at the minimum water
flow pressure at the falling point, where the minimum
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TaBLE 1: Hydraulic elements of the spillway tunnel Q=71.96 m*/s (P = 3.33%).

Number of measuring points Mileage Measured flow rate (m/s) Calculated flow rate (m/s) Notes

1 0+052.000 8.95 8.95 Round-to-square
2 0+ 062.000 9.18 9.06

3 0+ 064.500 9.18 6.77 Maintenance

4 0+ 064.500 9.18 6.77

5 0+ 068.000 7.03 7.81 Square-to-round
6 0+078.000 8.95 8.97

7 0+ 105.000 8.95 8.92 Longtaitou

8 0+ 129.447 8.95 8.94

9 0+410.200 8.95 9.01

10 0+411.000 8.99 9.16 Pressure slope section
11 0+416.600 11.51 12.84

12 0+420.600 31.82 32.46 After the gate
13 0+442.148 28.89 27.25 Arc section
14 0+ 450.600 27.77 24.79

kinetic energy is measured. The objective function is the
minimum pressure caused by the water flow impacting on
walls and the minimum impact velocity of the water falling
on the walls. Since the pressure is negative, its maximum is
set as 0. The geometric model corresponding to the mini-
mum pressure and minimum speed at the falling point has to
be identified.

3.1.2. Design Variables. The overflow width of the flip
bucket and the height of the water from the flip bucket
(height of the flip bucket) were defined as the design var-
iables. They are direct influencing factors on the width and
the height of the water jet. The height of the flip bucket
influences different arc angles in the modeling. Therefore,
the angle was not used as a design variable [3, 23, 24].



3.1.3. Constraint. The boundary condition of the flip bucket
model was used as one constraint for the optimization of ski-
jump energy dissipation. The inlet flow rate was kept con-
stant, and it was used as another constraint. The movement
range of the ski-jump flow in the air was defined as a
constraint, and a reasonable size range of the flip bucket was
determined according to that in the experimental model,
which was viewed as another constraint. The optimal so-
lution could be found within this range [19, 25].

3.1.4. Optimization Algorithm. It is necessary to choose
multiple objectives in the optimization of the flip bucket. The
ski-jump flow process is highly complicated. Having a single
objective makes it difficult to find a relatively reasonable
optimization result [26]. The multiobjective optimization
algorithm can generally be divided into two types: the
normalized type and the nonnormalized type.

A normalized multiobjective optimization algorithm
changes multiple objectives into a single objective for op-
timization, and the weight is determined subjectively by the
optimizer rather than the decision maker. The normalized
multiobjective optimization algorithm is very sensitive to the
optimal leading shape of the Pareto distribution. It can
neither process the leading valley of the Pareto distribution
nor does it have high problem-solving efficiency.

The nonnormalized multiobjective optimization algo-
rithm processes multiple objectives directly through the
Pareto mechanism. It does not have to transform multiple
objectives into a single objective to make the leading edge of
the solving set as close as possible to the leading edge of
Pareto. Meanwhile, the leading edge of Pareto can be cov-
ered uniformly. The nonnormalized multiobjective opti-
mization algorithm is a multiobjective genetic algorithm. In
this study, the multiobjective genetic algorithm NSGA-II
was applied [27].

3.1.5. Optimal Design scheme 1. A model was constructed,
and it was then meshed well. The model was input into the

angle is the ski — jump angle,
r, isthe ski — jump arc,

hy is height of the inlet wall,
h, is height of the outlet wall,
w s the inlet width,

r, is the radius of deflected arc,
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Sculptor ICEM Fluent Calculator

FiGgure 10: Calculation procedure for Isight software.

sculptor software, which was used for the deformation of the
grids of the flip bucket. Later, the grids were processed using
ICEM and calculated using the Ansys fluent software. Fi-
nally, the sculptor software ICEM and the Ansys fluent
software of the model were integrated using Isight software
(Figure 10).

Advantages include the fact that parameterization of the
calculation model was not necessary. A model was con-
structed and then meshed, the grid deformation was carried
out directly by the sculptor software of the design model, and
the model size was changed. Grids were processed by ICEM,
and the Ansys fluent software was applied for calculation.
Finally, the optimal computation was performed after in-
tegration with the Isight software. Moreover, the optimal
design scheme 1 has a high operation speed and saves time.
Moreover, it does not construct a model for every
computation.

Disadvantages include the simulation accuracy of the
sculptor software in the model deformation being lower than
that of parameterization modeling.

3.1.6. Optimal Design scheme 2. For parameterization of the
model in the Ansys software, the mathematical relation
among the initial design points had to be determined.
Coordinates of 10 points in the initial design were calculated
by solving the equation of a circle and a proportional method
corresponding to the triangle similarity:

75 is the radius of the arc, which is connected to the oblique flip bucket,

wr, sin (angle)

ry =

4(\/(7’1 sin(angle))2 +(w/2)* - (w/2),
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The grid part cannot be directly realized in the work-
bench from the construction of the model to the gridding
and, finally, to computation. Putting simply, this scheme
requires the recording of the macroefficiency in the work-
bench to record the gridding program, which makes the
scheme easier to use.

Advantages include this scheme being able to accurately
determine the relationship between the model size and the
optimization objective. Disadvantages, however, include
each computation requiring the construction of a new
model, followed by meshing. It often requires hundreds of
repeated computations, or more, to realize the optimization
objective. The model construction in each computation
significantly increases the workload of the computer.

3.2. Reasons for Using Optimal Design scheme 1 as the Opti-
mization Scheme. Optimal design 1 does not require
modeling in each computation. Instead, it only has to draw
the original design model, which changes according to the
given size range. This requires a shorter computation time.
Optimal design 2 requires the parameterization of the
model, and a new model has to be constructed for each
change to the computational model, thus resulting in a
longer computation time. Therefore, the optimal design 1
was chosen for this study.

4. Results and Discussion

4.1. Optimization Results. The following optimization results
were gained from repeated computations of different ski-
jump flows based on the computer program:

- +
2\/(1’1 sin(angle))2 + (w/2)? <2

(10)

w

7>2 014w 157, sin (angle)

(ry sin(angle))2 + (w/2)?

4.2. Discussion of Optimization Results

4.2.1. Analysis of Computation Time. Based on the above
results, the water pressure against the ground over different
periods varies. Therefore, the optimal body cannot consider
the optimal body simply at one time point. Moreover, at-
tention should be paid to the corresponding period of the
optimal body shape. By doing this, a reasonable optimal
solution can be realized. In this study, this period is chosen
to be 1s. Hence, the optimal body shape can only be realized
during this 1-s period, and only the optimal model during
this 1s is calculated. In Table 2, the optimal solution is to
decrease the overflow width by 0.26574 m and decrease the
height of the flip bucket by 0.23634 m. Compared with the
original scheme, this optimal solution showed an 18.29%
lower pressure intensity and 17.74% lower kinetic energy. To
increase the accuracy of the research results, the compu-
tation time was increased by setting the time period as 10,
for example. This can prolong the operation time of the
computer. Optimization is only performed after the stabi-
lization of the water fall because the water fall from the
starting point to the ground is not stable over a short period.
Only a stable flow can shorten the computation time for
optimization [2, 25, 26].

4.2.2. Discussion of the Relationship between the Size of the
Flip Buckets and the Hydraulic Elements. Relevant laws
among hydraulic elements can be found from optimization.
Optimization should consider not only the pressure of the
falling points and the relationship between the flow velocity
and the size of flip bucket [28] but also the relationship
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TaBLE 2: Comparison of the optimization results and the original design scheme.

Variables

Original design value Optimal value

Pressure at falling points

Velocity arriving at the falling points
Overflow width

Height of flip bucket

-667pa —545pa
32.89m/s 29.83m/s
3.2m 2.93426 m
4.6561 m 4.41366 m

0399 236] 03

ez i

h Step W
FIGURE 11: Relationship between numerical values and the positions (h) w, and step.

1) T

5 ol al

P v Design feasibility

Objective and penalty Objective function Penalty function

FIGURE 12: Relationship between the numerical values (p) w, design feasibility, objective and penalty, objective function, and penalty.

between the pressures at falling points and the sizes of
different flip buckets, aiming to identify the size that has the
greatest influence on the pressure at the falling point.
Similarly, attention should be paid to the relationship be-
tween the flow velocities of the falling points and the sizes of
different flip buckets, identifying the size that has the most
influence on the kinetic energy of the falling point. By doing
this, the determined model size can be used in the opti-
mization, providing an important reference for any modi-
fication of the model design. Moreover, the model size can
again be used as the optimal design variable for secondary
optimization, again providing important references for the
selection of design variables. Multiple design variables can be
subjectively selected for optimization. After the optimiza-
tion, the size of some flip buckets are hardly able to influence
the objective function [29-32].

4.2.3. Information Obtained from the Results Diagram.
The above results diagram mainly indicates the relations
among all the variables in the optimization. Variables in-
clude the overflow width, height of the flip bucket, com-
putation time step, pressure at the falling point, velocity at
the falling point, and objective functional value. The over-
flow width influences the scouring range of the falling points
of the ski-jump flow. According to model parameterization,
the height of the flip bucket is closely related to the arc angle
in different models. Variations of heights directly influence
the size of the arc opening. The height of the flip bucket is

positively related to the degree of the opening, and the
degree of the opening is positively related to the length of the
flip bucket. In view of the above, the degree of the arc
opening along the horizontal direction of the flip bucket is
large. This indicates that the height of the flip bucket is
related to different arc angles. Representing the height of the
flip bucket as different arc sizes directly in an optimization
can reduce the workload involved in model processing. The
calculation time step mainly serves to assist in optimization,
its main function being the division of time periods. Time
will also influence the pressure and the velocity at falling
points. Using a single time point makes it difficult to prove
that the results are optimal; therefore, one time period was
chosen. The pressure and the velocity at the falling points in
one time period are variable, which can allow for a better
interpretation of the influences of the water flow on the
surface scouring. The pressure at the falling points mainly
reflects the vertical scouring effects of the flow and can also
influence the depth of the scouring pit. The velocity at the
falling points mainly reflects the kinetic energy when the
flow hits the ground surface, and it also influences the shape
of the scouring pit. The objective functional value mainly
reflects the comprehensive value of the two objectives.
Finally, the above result diagram was analyzed. Numeri-
cal relation diagrams of different variables were drawn
(Figures 11 and 12). The two-dimensional and three-
dimensional contour maps of the relations of the overflow
width and height of the flip bucket with pressure and flow
velocity at the falling points are shown in Figures 13-15, and
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FiGure 13: Contour map of the three-dimensional relationship of
the overflow width and height of the flip bucket with the intensity of
the water pressure.
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FIGURE 14: Contour map of the two-dimensional relationship of
the overflow width and the height of the flip bucket with the in-
tensity of the water pressure.
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F1Gure 15: Contour map of the three-dimensional relationship of the
overflow width and the height of the flip bucket with the flow velocity.
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F1Gure 16: Contour map of the two-dimensional relationship of
the overflow width and the height of the flip bucket with the flow
velocity.
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F1GURE 17: Contour map of the three-dimensional relationship of
the overflow width and the height of the flip bucket with the
objective functional value.
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FIGURE 18: Contour map of the two-dimensional relationship of
the overflow width and the height of the flip bucket with the
objective functional value.
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16. Based on these maps, the influence of the shape of the flip
bucket on the two optimization goals was analyzed. The two-
dimensional and three-dimensional contour maps of the
relations of the overflow width and the height of the flip
bucket with an objective functional value (Figures 17 and 18)
were used to analyze the comprehensive influence of the
shape of the flip bucket on multiple objectives. The two-
dimensional numerical relationship matrix among different
calculation parameters (Figure 19) can identify the relations
among different parameters. Finally, the optimization
process of the two optimization goals (Figures 20 and 21)
reveals multiple optimal solutions [33-38].

5. Conclusions

Optimization should be based on an original design scheme.
The model size has to be corrected, and the relationship
among different model sizes must be reflected in the
mathematical relation of the model size in the original
design scheme. In the design scheme, changing one model
size might influence the size at other positions. Therefore,
the chosen optimization variables should be representative
and be able to evaluate the whole model size. Optimization
seeks to improve the original design scheme. The original
design schemes mainly come from experience; faced with
varied real-life conditions, optimization only becomes
meaningful when certain theoretical bases are combined.
In this study, a shape modification program of the flip
bucket is proposed, and the results are calculated using a
genetic algorithm. The results demonstrated that the optimal
design scheme produces a weaker scouring force from water
flowing onto the ground compared with the original scheme,
indicating the reasonability of the optimization results.
The path and location of the high-speed water flow
significantly influence the environment. Regarding the size
of the flip bucket, it can be concluded that the water flow
direction can be changed by changing the model size of the
flip bucket or by splitting one flow into two so as to prevent
landslides due to a scouring effect, thereby protecting the
environment and the ecosystem from damage [19, 39-42].
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