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Abstract: Irrigation water for agriculture in Ningxia during the summer is primarily sourced from
the Yellow River self-flow irrigation region. However, the water conveyance system in this region
is significantly influenced by hydrodynamic factors, morphological factors, human factors, and the
infrastructure used for social purposes, all of which directly impact the irrigation water utilization
coefficient. In order to improve the irrigation water utilization coefficient, reduce suspended sediment
deposition in the water conveyance channels, and mitigate negative effects on the water supply
system, this study implemented a sediment diversion system at the channel head. This is expected
to increase water usage efficiency to a certain degree. Using actual data on hydrodynamic factors
from the Shizuishan section of the Yellow River in Ningxia, a two-dimensional numerical simulation
was performed, and a two-dimensional hydrodynamic model and sediment model of the Shizuishan
section of the Yellow River in Ningxia were developed using MIKE 21. The water conveyance
method at the channel head was simulated under two different operating conditions. Results
indicated that compared to operating condition 1, operating condition 2 had a beneficial effect on
diverting and reducing sediment at the fish mouth of the channel head: the sediment accumulation
thickness of one day in operating condition 1 was 0.16 m, 0.003 m, 0.15 m, and 0.21 m under actual
flow, scenario 1, scenario 2, and scenario 3, respectively; whereas in operating condition 2, the
sediment accumulation thickness of one day was 0.11 m, 0.001 m, 0.09 m, and 0.12 m under the
same conditions, respectively. Additionally, as the computation period lengthened, the sediment
accumulation thickness of operating condition 2 was significantly smaller than that of operating
condition 1. In conclusion, operating condition 2 is superior for the design of the channel head in the
Yellow River self-flow irrigation region.

Keywords: the Yellow River Irrigation District; numerical simulation; river erosion; sediment
movement; diversion channel

1. Introduction

Agricultural modernization in Ningxia has led to the need for more diverse and
stronger infrastructure in irrigation areas. As the focus of irrigation construction shifts,
there is a need to improve quality and efficiency. One challenge in these areas is the
low water level and high sand content of the Yellow River, which causes sediment accu-
mulation in the channels of self-flow irrigation areas and decreases the irrigation water
utilization coefficient. Researchers from within and outside China have studied the water
and sediment movement in these sedimentary basins to develop models and management
strategies that aim to improve the irrigation water utilization coefficient and enhance the
ecological environment.

At the head of the diversion channel are critical hydraulic structures that serve several
purposes. On one hand, they divert water from rivers into channels to fulfill the needs of
water resource projects such as irrigation, hydropower generation, and domestic water
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supply [1,2]. On the other hand, they prevent the entry of coarser sediment particles into
bends, thus reducing erosion and sedimentation, and ensuring normal bend operation. As
a result, numerous scholars have conducted extensive research on the specific hydrody-
namic and sediment transport characteristics of headworks bends, as well as the evolution
patterns of the riverbed [3,4]. Sediment in channels is a significant factor that controls the
morphological and hydraulic characteristics of the riverbed [5,6], and the grain size of the
sediment significantly affects water flow resistance, sediment transport, and the intensity
of riverbed erosion [7,8]. Furthermore, the sediment transport capacity of rivers can vary
with changing downstream hydraulic conditions, and the difference in sediment transport
capacity during flood events can cause changes in riverbed material. In turn, changes
in riverbed material can result in irregular fluctuations in the bed surface and sediment
transport, which are mechanisms of sediment transport in rivers [9–12].

As the mechanisms of river sediment transport continue to be studied by researchers,
Bognold [13] developed equations for the calculation of suspended sediment and bedload
sediment transport rates, which have significantly advanced our understanding of water
and sediment dynamics. Chen et al. [14] conducted an analysis of annual runoff and
sediment sequences, providing insight into the downstream impacts of water conservancy
projects, including gradual weakening of runoff and sedimentation from upstream to
downstream. An et al. [15] examined hydrodynamic data from the segment of the Yellow
River Basin spanning from Ningxia to Inner Mongolia since the 1960s, determining that
channel erosion and sedimentation are primarily the result of both mainstream and tributary
processes. Krishnappan et al. [16] investigated the relationship between sediment particle
size and settling velocity in the sedimentation process; smaller-grained sediments in rivers
are more susceptible to deposition and accumulation due to their reduced volume, which
results in a lower level of erosive force exerted by the water flow. The river current is
composed of two water layers with varying velocities, with higher water speeds leading
to smaller suspended particle sizes. As the particle size decreases, the likelihood of its
being transported and subsequently deposited by the water flow increases. Therefore,
smaller-grained sediment is more readily deposited and accumulated in rivers. Finally,
Jin et al. [17] analyzed sediment initiation and water flow sediment carrying capacity, and
investigated the advancement patterns of sediment in the Yellow River irrigation area.

With the advancement of computational capabilities and the integration of modern
technologies, computer-aided visualization techniques have been employed to investigate
the hydrodynamic behavior and sediment transport characteristics in irrigation chan-
nels [18–20]. In this context, Soulis [21] conducted a study on the Mornos drainage canal in
Athens, utilizing numerical simulations to reproduce the mechanisms of channel damage
in vulnerable areas. Oyarce [22] employed computational fluid dynamics (CFD) models to
numerically evaluate the hydrodynamic characteristics of agricultural drainage channels
with varying geometries, and analyzed the temporal variations in flow direction, velocity,
relative soil moisture content and head pressure during the drainage process. Alomari [23]
conducted physical experiments to investigate the effects of the channel angle on erosion
and deposition in rivers at angles of 30◦, 45◦, 60◦, 75◦, and 90◦. The results indicated that
as the angle of the channel increased, the thickness of the deposited sediment decreased,
with the smallest amount observed at 90◦. However, it was observed that solely altering
the angle of the channel had a limited impact on the hydrodynamic characteristics within
the channel, and was not found to be an effective means of reducing sedimentation and
erosion. The utilization of fish mouth diversion structures at the Dujiangyan irrigation
hub leverages the principle of fish mouth diversion to optimize the distribution of water
flows [24]. This study aims to investigate the impact of the bedform on sediment transport
in the river channel and to adjust unfavorable flow conditions by changing the hydraulic
characteristics of the river through the construction of fish mouth engineering. The Yellow
River engineering channel serves as the subject of this study and the characteristics of fish
mouth diversion and sedimentation at Dujiangyan are taken into consideration. Numerical
simulation methods are employed to design various operating scenarios. The scouring and
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silting characteristics are analyzed under different conditions, reflecting different periods
of water and sediment characteristics as well as incoming water and sediment conditions.

The integration of SMS software and MIKE21 software can enhance the efficiency
and accuracy of river flow and hydrodynamic simulations [25]. In this study, the SMS
software was utilized to partition the grid of the study region under various operational
conditions. The generated grid files were imported into the MIKE 21 software, where the
water dynamics and sediment transport modules were coupled to simulate the evolution
of channel sediment. The sediment accumulation patterns were analyzed and the changes
in channel sediment under different scenarios and operational conditions were compared
in order to identify the optimal operational condition.

2. Materials and Methods
2.1. Introduction to the Study Area

The Yellow River Diversion Project is a significant engineering project aimed at ensur-
ing the ecological water use of the people living along the route. The annual average flow
of the Yellow River in Ningxia can reach 4 billion m3, with the majority of this water being
used for agricultural irrigation. The irrigation period during the summer and autumn
lasts approximately 40–50 days, while the winter period lasts approximately 10–15 days,
resulting in a total irrigation period of approximately 50–60 days per year. The study area
is located in the Shizuishan section of the Yellow River in Ningxia, with a length of 4 km
(as depicted in Figure 1a). In order to measure the hydrodynamic elements of this region,
acoustic Doppler profilers, GPS-RTK systems, and laser grain size distribution instruments
were utilized on 20 October 2017, 20 October 2018, 20 October 2019, and 20 October 2020.
The present study utilizes data collected on October 20, 2020, as an example, with the
MIKE21 software being utilized to interpolate and generate a 3D view of the region based
on the measurements taken at 10 different cross-sections (as shown in Figure 1b).
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measurement area.

2.2. Mathematical Modelling

The present study employs a grid-based approach to evaluate the hydrodynamic
characteristics of a water intake channel in different operating conditions. Surface Water
Modeling System (SMS) software was utilized to partition the research region into grids,
which were subsequently imported into MIKE 21 for analysis using the hydrodynamic
module and sediment transport module. The sediment transport module is based on the
calculations from the hydrodynamic module.

The present study employs a two-dimensional hydrodynamic model and a non-
viscous mud–sediment coupling model to investigate the study region numerically. The
model is founded upon the incompressible Reynolds-averaged Navier–Stokes equations,
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comprising the continuity equation, the x direction momentum equation, and the y direction
momentum equation.

Hydrodynamic module principle

∂h
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+
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+
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∂y
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The momentum equation in the Y direction is
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where t represents the time variable, while h is the total water depth. The x and y variables
represent the coordinates in a Cartesian coordinate system. The u and v variables represent
the velocity components in the x and y directions, respectively. S refers to the source term,
while f denotes the Coriolis force. The g represents the acceleration due to gravity. The
variable d denotes the static water depth, while represents the density of water. Sxx, Sxy,
and Syy represent the components of the radiation stress, and Us and Vs represent the flow
velocities of the water flow associated with the source term.

The non-cohesive sediment transport calculation is based on a two-dimensional hy-
drodynamic model that considers a single flow event. The calculation employs compre-
hensive sediment transport theory to determine the concentrations of suspended and bed
load sediments.

Control equation of sediment transport model:

∂c
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+ u
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∂y

=
1
h

∂
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(
hDx

∂c
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∂

∂y

(
hDy

∂c
∂y

)
+ QLCL

1
h
− S (4)

where c is the average sediment concentration in the water depth direction (kg/m3), h is
the water depth (m), Dx and Dy are the dispersion coefficients in the x and y directions,
respectively (m2/s), QL is the single wide source term flow in the horizontal direction
(m3/s/m3); this source can be from a single location, such as a stream or river, or from
multiple locations that contribute to the sediment transport in a similar manner; CL is the
source sediment concentration, g/m3, and S is the scouring/silting item (representing any
additional sources or sinks of sediment) kg/m3/s.

2.3. Model Establishment and Parameter Calibration

Terrain data for the study region were processed using SMS software, with boundary
attributes defined as open and land boundaries. The upstream open boundary extended
701 m in length and contained 48 nodes, while the downstream open boundary was 1004 m
long with 78 nodes. The study region was divided into 15,665 unstructured triangular
grid cells, with a grid resolution of 10 m and a minimum angle of 30◦, as depicted in
Figure 2. Elevation data were based on the 1985 Chinese elevation datum and the 1954
Beijing coordinate system was used for plane coordinates.

In the hydrodynamic module, the annual coefficient of the eddy flow is 0.28; the
roughness coefficient of the river bed is calculated using the Manning coefficient, resulting
in a value of 36 m1/3/s. In the sediment module, flocculation settling is selected as the
settling velocity for the suspended sediment, with a rate of 0.01 kg/m3 and a density of
2650 kg/m3 for the sediment.
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2.4. Model Validation

The present study aims to assess the hydrodynamic and sedimentary characteristics
of the Shizuishan section of the Yellow River using the hydraulic and sediment modules,
respectively, in 2.2.2 and 2.2.3 as of 20 October 2020. The hydraulic data used in this study
were obtained from in situ measurements carried out in the study area. The flow velocity
and direction were determined through the use of acoustic Doppler profilers, the sediment
concentration was estimated using laser particle size distribution instruments, and the
water surface elevation was determined using GPS-RTK measurements. The upstream
flow rate was set to 1861.5 m3, based on the measured data, and the downstream elevation
was set to 1092.3 m. For the sediment module, the upstream sediment concentration was
1.25 kg/m3, and the median grain size was 0.15 mm.

The present study validated the hydrodynamic elements and sediment content of
cross-sections CS4, CS5, CS6, and CS7, as the design of the water channel is situated
between cross-sections CS5 and CS6. The results, shown in Figure 3a, demonstrate that
the simulated flow velocity exhibits a similar trend to the measured flow velocity, with a
maximum deviation of 0.37 m/s. Similarly, the sediment content in Figure 3b exhibits a
maximum deviation of 0.21 kg/m3. These results indicate that the model used in this study
is reliable for simulation purposes, as the fitting error is minimal for both flow velocity and
sediment content.
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3. Results
3.1. Experimental Design
3.1.1. Design for Working Conditions

To mitigate the negative impact of sediment on channel sedimentation in self-flow
irrigation areas, two different operating conditions were designed based on the principle
of fish mouth diversion and sediment reduction at the Dujiangyan water conservancy
hub. A fish mouth is a specialized architectural structure designed to manage the velocity
and orientation of fluidic currents (as shown in Figure 4). This study investigated the
utilization of the fish mouth with a diminutive arch-shaped geometrical configuration,
situated near the concave bank of the river channel, thus segmenting the river into an
internal and external flow path. The fluidic flow entering the arch-shaped space through
the upper portion of the fish mouth experienced a reduction in velocity, while the fluidic
flow entering through the lower portion produced a robust fluidic current. Consequently,
the fish mouth serves as a means to optimize fluidic distribution and effectively modulate
fluidic velocity and orientation. Using MIKE 21 software, the erosion dynamics of the two
operating conditions under similar upstream hydrodynamic conditions were simulated.
Operating Condition 1 consisted of a direct water channel with a sediment blocking crest
at the head (as depicted in Figure 4a), 100 m wide, and a channel 800 m long and 20 m
wide with a longitudinal gradient of 1‰. The head of the channel employed a leaky bucket
design to increase the drainage volume. Operating Condition 2 was similar to Condition 1,
but with the addition of a fish mouth at the head of the channel. The sediment blocking
crest connected to the natural river channel was 150 m wide and the outlet was 100 m wide.
The fish mouth was located on the upper side of the bend of the leading river and was
followed by a flying sand weir (as depicted in Figure 4b), 1093 m in elevation and 50 m
wide. The fish mouth divided the flow into inner and outer sections, with the inner section
being 150 m wide and the outer section being 100 m wide.

The design area was gridded using SMS software (as shown in Figure 5). In Condition
1 (as depicted in Figure 5a), the node spacing within the channel was set at 10 m, with a
closer spacing of 5 m at the channel head to enhance the fidelity of this region. In Condition
2 (as shown in Figure 5b), the node division within the channel remained unchanged,
but the node spacing in the vicinity of the fish mouth was decreased to 5 m in order to
accurately reproduce the hydrodynamic and erosion dynamics in this area.
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3.1.2. Scenario Setting

According to the temporal distribution of irrigation in the Shizuishan section of the
Yellow River in Ningxia, flow is typically concentrated from July to October and ranges
from 1000 to 2000 m3/s. However, runoff exhibits dynamic changes due to climatic factors.
Therefore, this study establishes three scenarios based on variations in the runoff: Scenario
1 with a flow of 1000 m3/s, Scenario 2 with a flow of 1500 m3/s, and Scenario 3 with a flow
of 2000 m3/s.

3.1.3. Fish Mouth Flow Field Distribution

To investigate the spatial distribution of the water flow near a fish mouth, a simulation
was conducted to examine the flow field at the fish mouth and the head of a channel under
measured flow rates. As illustrated in the flow field vector distribution in Figure 6, the
flow field in the outer river exhibits a lower intensity compared to that in the inner river,
with flow velocities ranging from 0.2 to 0.48 m/s in the outer river and 0.8 to 0.9 m/s in
the inner river, indicating that the outer river exhibits lower kinetic energy and weaker
sediment-carrying capacity. At a discharge of 1861.5 m3/s, the water surface elevation
near the sand-ejecting weir is 1092.8 m and a vortex–like backflow is formed between the
upstream and the head of the channel. Upon a further increase in the flow rate to the critical
value, the water flow overflows the sand-ejecting weir and the sediment is entrained and
transported downstream. Condition 2 reproduces the operation of the Dujiangyan water
conservancy hub, including the functions of water diversion from the outer river and water
discharge from the inner river in an artificial channel, which can be utilized for the purpose
of simulation in this study.
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3.2. Erosion of Diversion Channels at Different Times

The channel elevation and distribution of sediment concentration can effectively reflect
the erosion behavior under different operating conditions during simulation. In this study,
we simulated the changes in channel elevation and sediment concentration of the measured
stream flow under different operating conditions for a one-day erosion period. As shown
in Figure 7a, both operating conditions 1 and 2 are in a state of sedimentation, and the
sediment thickness increases with the narrowing of the channel in the transitional zone.
However, at the junction between the transitional zone and the 20 m rapid channel, the
increase in hydrodynamic forces causes a sudden decrease in sediment thickness, followed
by an increase. The flow then gradually penetrates deeper into the channel, leading to a
decrease in sediment thickness. The trend of elevation change under operating conditions
1 and 2 is consistent, but the sediment thickness under operating condition 1 is consistently
higher than under operating condition 2. As shown in Figure 7b, the distribution of
sediment concentration in the channel under operating conditions 1 and 2 exhibits some
variations, but the sediment concentration under operating condition 1 is consistently
higher than under operating condition 2 throughout the channel.

Sustainability 2022, 14, x FOR PEER REVIEW 9 of 14 
 

  

(a) (b) 

Figure 7. Erosion change map of rivers, (a) Elevation change map of channels; (b) Sediment content 

change map of channels. 

This study conducted statistical analysis on the average height variation and sedi-

ment concentration along the channel within the study region, as illustrated in Figure 8. 

The maximum accumulation thickness under Condition 1 was 0.16 m, while the maxi-

mum accumulation thickness under Condition 2 was 0.115 m. The accumulation thickness 

was relatively similar in the area adjacent to the transitional zone and the linear segment, 

but the accumulation thickness in the broader region under Condition 2 was significantly 

lower compared to that under Condition 1. Additionally, the maximum sediment concen-

tration under Condition 1 was 1.39 kg/m3, which was significantly higher than the maxi-

mum sediment concentration of 0.477 kg/m3 under Condition 2. Therefore, it can be in-

ferred that Condition 2 effectively reduced the channel accumulation during a one-day 

calculation period when the flow rate was 1861.5 m3/s. 

  

(a) (b) 

Figure 8. Erosion change map of irrigation channels, (a) Elevation change map of irrigation chan-

nels; (b) Sediment content distribution map of irrigation channels. 

3.3. Erosion of Diversion Channels for Different Scenarios 

Based on long–term observations of water and sediment movement in the Yellow 

River in Ningxia, one–day erosion and sedimentation simulations were conducted for dif-

ferent flow scenarios (as illustrated in Figure 9). The results showed that the channel is in 

a state of sedimentation for all three scenarios (as illustrated in Figure 9a), with the sedi-

mentation thickness first increasing and then decreasing. In addition, the sedimentation 

thickness of condition 1 is greater than that of condition 2 under the same scenario, and 

the sedimentation thickness of the channel increases with the increase in flow under the 

Figure 7. Erosion change map of rivers, (a) Elevation change map of channels; (b) Sediment content
change map of channels.

This study conducted statistical analysis on the average height variation and sediment
concentration along the channel within the study region, as illustrated in Figure 8. The
maximum accumulation thickness under Condition 1 was 0.16 m, while the maximum
accumulation thickness under Condition 2 was 0.115 m. The accumulation thickness was
relatively similar in the area adjacent to the transitional zone and the linear segment, but
the accumulation thickness in the broader region under Condition 2 was significantly lower
compared to that under Condition 1. Additionally, the maximum sediment concentration
under Condition 1 was 1.39 kg/m3, which was significantly higher than the maximum
sediment concentration of 0.477 kg/m3 under Condition 2. Therefore, it can be inferred that
Condition 2 effectively reduced the channel accumulation during a one-day calculation
period when the flow rate was 1861.5 m3/s.
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3.3. Erosion of Diversion Channels for Different Scenarios

Based on long–term observations of water and sediment movement in the Yellow
River in Ningxia, one–day erosion and sedimentation simulations were conducted for
different flow scenarios (as illustrated in Figure 9). The results showed that the channel
is in a state of sedimentation for all three scenarios (as illustrated in Figure 9a), with the
sedimentation thickness first increasing and then decreasing. In addition, the sedimentation
thickness of condition 1 is greater than that of condition 2 under the same scenario, and
the sedimentation thickness of the channel increases with the increase in flow under the
same condition. The maximum sedimentation thickness of condition 1 is 0.21 m in scenario
3, which is significantly larger than the maximum sedimentation thickness of 0.12 m in
scenario 3 for condition 2. The minimum sedimentation thickness of condition 1 in scenario
1 is 0.003 m, but it is still larger than the minimum sedimentation thickness of 0.001 m
in scenario 1 for condition 2. The sand content of the channel exhibits a similar trend to
that of erosion and change (as illustrated in Figure 9b), with the maximum sand content
for condition 1 being 1.74 kg/m3 at the flow of scenario 3 and the minimum sand content
being 0.38 kg/m3 at the flow of scenario 1. The maximum sand content for condition
2 is 0.65 kg/m3 at the flow of scenario 3, and the minimum sand content is 0.03 kg/m3

at the flow of scenario 1. These findings suggest that condition 2 can effectively reduce
the sedimentation thickness and sand content of the channel in the three scenarios to
some extent.
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3.4. Erosion of the Diversion Channel under Different Scenarios at the Same Time

In this study, the erosion characteristics of an irrigation area with long-term drainage
were simulated under various operational conditions for a period of three days. The
results showed that both operational conditions were in a state of sedimentation under
different scenarios (as illustrated in Figure 10a). In the same scenario, the erosion thickness
along the channel’s straight segment exhibited a sinusoidal decline, with the sedimentation
thickness of operational condition 1 being greater than that of operational condition 2 and
exhibiting larger fluctuations. In scenario 3, the maximum erosion thickness and maximum
erosion difference for operational conditions 1 and 2 reached their maximum values: the
maximum erosion thickness for operational condition 1 was 0.37 m, with a maximum
erosion difference of 0.25 m; the maximum erosion thickness for operational condition 2
was 0.28 m, with a maximum erosion difference of 0.23 m. In scenario 1, the maximum
erosion thickness and maximum erosion difference for operational conditions 1 and 2 were
at their minimum values: the maximum erosion thickness for operational condition 1 was
0.18 m, with a maximum erosion difference of 0.15 m; the maximum erosion thickness for
operational condition 2 was 0.13 m, with a maximum erosion difference of 0.12 m. The
sand content in the channel was found to vary as shown in Figure 10b, reaching a peak near
the intersection of the gradient section and the straight section before decreasing steadily.
The sand content was found to be similar to the value calculated for one day.
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As the calculation time increases, the sediment accumulation thickness for both work-
ing conditions exhibits an upward trend, while the sediment content in the channel becomes
increasingly stable.

4. Discussion

The present study performed a working condition design for the new water con-
veyance channel at the Shizuishan section of the Yellow River in Ningxia, China. Coupled
simulation calculations were then conducted for various working conditions under various
scenarios. The results showed that, compared to working condition 1, working condition 2
had three impacts on the self-irrigation area of the channel head: (1) the fishtail diverter
divided and sieved the water, introducing outer river water with a lower sand content into
the water supply system; (2) it decreased the flow rate of the channel head, weakening
the water’s sand-carrying capacity and thus reducing the sand content of the channel;
and (3) it changed the hydrodynamic and erosion power changes, ultimately reducing
channel sediment accumulation. The fishtail diverter in working condition 2 was found to
be significantly more effective at preventing sediment accumulation and reducing sand
compared to traditional Yellow River self-flow channel heads. Under scenarios 1, 2, and 3,
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the maximum expected thickness was reduced by 0.05, 0.14, and 0.09 m, respectively, over
a period of three days of erosion. Therefore, it can be concluded that working condition 2
can effectively improve channel sediment accumulation in the irrigation area.

Fish mouths impede the flow of streamflow to some extent [26–29], and there are
significant differences in the hydrodynamic elements of the inner and outer rivers of the
canal. This is due to the fact that the fish mouth causes the outer riverbed of the canal to
sink, while the inner river rises. According to the principle of hydrodynamic circulation,
surface water containing a small amount of sediment flows towards the concave bank, that
is, towards the inner river, and enters the canal via the sand-blocking weir. On the other
hand, bottom water with a high concentration of sediment flows towards the convex bank,
or the outer river, and the sediment is transported into the natural river along the outer
river [30,31]. However, over time, sediment will also accumulate in the inner river due to
canal irrigation. The water in the inner river flows towards the sand-blocking weir with a
high impact force and, due to the top-support effect, forms a vortex near the sand-throwing
weir. The sediment in the water is then ejected from the sand-throwing weir and discharged
into the river through the outlet. When the water volume is high, the water level will
surpass the sand-throwing weir and the sediment will flow over it, exiting the outlet at
a fast speed. The Dujiangyan Irrigation System employs the hydraulic design of a fish
mouth to effectively manage sediment transport, thereby preventing the siltation of the
Inner River and maintaining balance. This system’s design has demonstrated potential
for scientific research and application in various fields [25]. In addition, contemporary
irrigation systems in Africa [32] as well as ancient irrigation system in the Central Negev
desert [33] employ the mechanism of fish mouth structures to achieve equilibrium between
water and sediment.

Therefore, in this study, we apply the aforementioned bend circulation principle to
the design of the head of the canal in the self-flow irrigation area of the Yellow River in
Ningxia, in order to ensure the long-term operation of the water supply system.

The MIKE 21 software is capable of simulating the movement of water and sediment
with high accuracy. The two-dimensional water-sediment coupling model can accurately
depict the movement state of natural rivers through a mathematical model, simulating
the intricate details of the movement of hydrodynamic elements in channels and thus
enabling the visualization of the temporal variation of hydrodynamic elements in the canal
under different hydrological conditions. However, this study also has some limitations.
Firstly, the hydrodynamic elements of the river undergo changes after the addition of the
canal, and field measurements are necessary to assess the changes in the movement of
the natural river under different operating conditions. Secondly, the design in this study
is based on the results of numerical simulation and lacks experimental validation from
actual engineering projects. Therefore, in the forthcoming work it will be necessary to
monitor the actual hydrodynamic elements after the construction of the canal head under
the two operating conditions to ensure that the design of operating condition 2 is effective
in reducing sediment in the canal.

5. Conclusions

The current study aims to simulate the construction of a new channel in the Yellow
River irrigation area using MIKE 21 modeling. Based on observed hydrodynamic data
from the Shizuishan section of the Yellow River in Ningxia, a mathematical model was
developed and its accuracy was verified. The design of the channel’s entrance, referred to
as “Work Condition 1” and “Work Condition 2”, was also carried out, and simulation cal-
culations were performed on the flow under different scenarios. The following conclusions
were obtained:

1. The fish mouth design utilizes the principle of bend circulation to divide the river into
inner and outer channels. The inner channel exhibits higher flow velocity and higher
sediment concentration compared to the outer channel, which has lower flow velocity
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and lower sediment concentration. This design effectively reduces the hydrodynamic
conditions and subsequently lowers the sediment-carrying capacity of the water flow.

2. Simulation calculations using a one-day time frame reveal that under different scenar-
ios, the maximum sediment accumulation thickness for channel condition 1 is 0.21 m,
while channel condition 2 exhibits a maximum sediment accumulation thickness of
0.12 m. These results demonstrate a significant reduction in sediment for channel
condition 2.

3. As erosion time increases, both channel conditions exhibit sediment accumulation.
However, when the calculation time and scenarios are held constant, the sediment
accumulation thickness of channel condition 1 consistently exceeds that of channel
condition 2.

Therefore, after the establishment and verification of the accuracy of the physical
model for channel condition 2 at the head of the channel, it can potentially be applied
in the construction of the head of the self-flowing irrigation channel in the Yellow River
Irrigation District.
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