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Objective of this research is to accurately stimulate the hydrodynamic process in reservoirs
thereby summarizing the hydrodynamics in reservoirs and figuring out its impact on the
migration, conversion, and concentration of pollutants. For this purpose, this paper
employed a 2D unstructured shallow water hydrodynamic model to perform numerical
simulation on the flow field of the Yazidang Reservoir, one of the major reservoirs in the
Ningxia Hui Autonomous Region of China; grids of shore boundaries in the model were
densified to better fit the terrain changes at the boundaries, and the impact of wind field,
and inflow/outflow on the flow field in the target reservoir was studied. The research
findings suggest that, wind velocity has a great impact on the circulation intensity of the
target reservoir, but it has no obvious impact on the circulation structure; the inflow and
outflow have a certain impact on the area near the water inlet and outlet, and the range of
this impact is related to the size of water volume of the inflow/outflow; under calm wind
condition, the flow field of Yazidang Reservoir is entirely determined by the inflow and
outflow, but the impact on the area far from the water inlet and outlet is very small, and
wind field is one of the decisive factors for the flow field of Yazidang Reservoir. The
research conclusions attained in this paper could provide useful theoretical evidences for

the water ecological security of Yazidang Reservoir.

1. INTRODUCTION

Among the various types of reservoirs, lake reservoirs are
the most frequently visited by humans, and the frequency of
human activities around lake reservoirs is the highest. Under
the threats of both natural and human factors, the water
ecology of lake reservoirs has been damaged to varying
degrees in recent years, which has also seriously endangered
the living quality of local residents and the sustainable
development of surrounding environment. In this context, if
we want to change this status quo of lake reservoirs, then it’s
necessary to study the hydrodynamics of lake reservoirs and
figure out the influencing factors of it, and this work has
important scientific meaning and practical value for the
management of lake water environment and the improvement
of water quality of lake reservoirs [1].

Since the hydrodynamics of shallow lakes generally have
the features of uneven spatial distribution and small circulation
volume, which makes it difficult to study it through
simultaneous observations [2], so the numerical simulation
method is often adopted to solve this problem [3]. For example,
scholar Simons [4] developed numerical models to study the
hydrodynamics of Lake Ontario for the first time, and briefly
introduced the construction of 3D hydrodynamic equations. In
the Chinese academic circle, key targets of research on lake
reservoirs include 6 major lakes and 3 major reservoirs [5]
such as the Taihu Lake and the Three Gorges Reservoir. Xu
and Liu [1] established a 2D shallow water hydrodynamic
model for Taihu Lake, analyzed the basic flow state of the
wind-induced circulation in Taihu, and carried out numerical
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simulation on the features and laws of the hydrodynamic
distribution of Taihu under different wind conditions. Hu et al.
[6-8] carried out numerical simulation on the 3D
hydrodynamics of Taihu Lake, and respectively studied the
wind-induced circulation of Taihu from the aspects of wind-
driven surges, typical wind field, and the reclamation project
of Wuxi Mashan. Han et al. [9] studied the impact of wind
velocity on the structure of stratified flow field and the vertical
average flow field in Zhuhu Lake, they gave the critical wind
velocity value under the combined effects of wind field and
inflow/outflow, and discovered that wind direction and
inflow/outflow are the primary influencing factors of critical
wind velocity. Through these research findings, we can
understand the changes in the wind-induced circulation of the
lake area under different wind fields, however, studies about
the impact of terrain and inflow/outflow on the lake flow field
are insufficient. Zhang et al. [10] studied the impact of some
typical lake bottom terrains on the lake flow field, and found
that the changes of lake bottom terrain have an impact on the
average wind flow field of each layer. Jiang et al. [11] studied
the flow field of Taihu Lake under two conditions: one
condition is the actual lake bottom terrain of Taihu, while the
other condition assumed the lake bottom is flat; and their
research found that no circulation has been formed under the
flat lake bottom condition. Han et al. [12] studied the impact
of inflow/outflow on the flow field structure of Zhuhu Lake.
Existing studies mostly focus on the impact of wind velocity,
wind direction and terrain on lake circulation. Although it’s
clear that lake shore boundaries do have a certain impact on
lake circulation, the quantitative research is insufficient, and
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fewer of them have concerned about the impact of terrain,
wind field, and lake inflow/outflow on the flow field of the
Teservoir.

Based on previous studies, we designed multiple work
conditions for the numerical simulation of circulation in the
Yazidang Reservoir, and established a 2D shallow water
hydrodynamic model to simulate different wind fields,
inflow/outflow volumes, and inlet/outlet methods to study the
circulation in the target reservoir and its influencing factors, in
the hopes of offering evidences for ensuring water safety of
Yazidang Reservoir.

2. THEORY AND METHODOLOGY
2.1 About the model

Since the simulation and calculation of the hydrodynamics
of the target reservoir must deal with irregular boundaries and
complex terrains, this paper built a 2D hydrodynamic model
using unstructured triangular grids, in which any triangular is
taken as the unit of calculation. A finite-volume unit center
method was adopted to solve the equations, and the established
2D hydrodynamic model was used to -calculate the
hydrodynamics of the target reservoir [13-17] and analyze the
hydrodynamic process under different influencing factors,
thereby providing theoretical evidences for the management of
water environment and the improvement of water quality of
the Yazidang Reservoir.

Water flow continuity equation:

0z a(hu)

2z () _
at ax -

=0 (1)

Hydrodynamics equations of the water flow:
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where, t represents the time, unit is s; X represents the
horizontal coordinate in space, unit is m; y represents the
vertical coordinate in space, unit is m; Z represents the water
level at (x, y), unit is m; h represents the water depth at (x, y),
unit is m; u represents the component of flow velocity in the x
direction, unit is m/s; v represents the component of flow
velocity in the y direction, unit is m/s; g represents the
acceleration of gravity, unit is m/s?; n represents the Manning
coefficient; fv and fu are the Coriolis acceleration terms;
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gﬁ and g% are surface water level acceleration terms;
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stress terms; Fu and Fv are horizontal eddy viscosity terms;
usS and vsS are the acceleration terms generated by the inflow
of the source term.

The model was solved by the finite volume method, the
vertical direction was transformed by o coordinates, the
horizontal direction was solved by rectangular or orthogonal
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curvilinear coordinates. The dynamic equations were solving
by the finite difference method, the horizontal direction was
subject to staggered grid discretization, the second-order
precision finite difference method and the internal/external
schema splitting technology were adopted for time integral,
and a limiter function in second-order TVD format was used
to avoid numerical oscillations.

2.2 Model configuration

Since the Yazidang Reservoir only covers a small area and
it is irregular in shape, this paper used unstructured grids to
better fit the complex lakeshore boundaries. 6295 nodes and
21626 units had been set; the meshing of the Yazidang
Reservoir area is shown in Figure 1. The terrain was
interpolated into each grid node using an inverse distance
weighted method. To better fit the terrain changes at the
boundaries, the grids near the lakeshore boundaries were
densified, a map of the topography was attained, as shown in
Figure 2. The initial water level of model operation was taken
as an approximation of the actual initial conditions, the initial
water level was set as an elevation of 346m, and the initial flow
velocity was Om/s.

Figure 1. Meshing of the Yazidang Reservoir
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Figure 2. Topography of the Yazidang Reservoir
2.3 Model verification

Based on the measured data of the water level in dam-front
positions of the Yadidang Reservoir Management Office from
March 23, 2018 to November 25, 2018 (248 days in total), the
proposed hydrodynamic model was verified and the results are
given in Figure 3. The water level data include situations of 9
times of inflow water and 8 times of no inflow water. The



simulated values were in good agreement with the measured
values, which had verified the applicability of the proposed
model on the target reservoir to a certain extent.
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Figure 3. Measured values and simulated values of water
level

3. NUMERICAL SIMULATION OF CIRCULATION
FEATURES OF YAZIDANG RESERVOIR

3.1 The impact of wind velocity on flow field

U3

(b) Flow field distribution under 3.21m/s N wind

Figure 4. Flow field distribution maps of the Yazidang
Reservoir

Wind is an important factor that can disturb the flow field
in reservoir. According to statistics, in the eastern part of
Ningxia, the maximum hourly average wind velocity is 3.21
m/s, the minimum hourly average wind velocity is 1.40 m/s,
the annual dominant wind direction is N wind, the dominant
wind direction in summer is SSE wind, and the dominant wind
direction in winter is N wind. In order to compare the impact
of wind velocity on the flow field in the target reservoir, this
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chapter gave the reservoir flow field distribution structure
under two typical conditions: 1.4m/s N wind, and 3.21m/s N
wind. The two figures (a) and (b) in Figure 4 give the
distribution maps of the simulated flow field under these two
conditions.

According to the numerical simulation results, under the
continuous action of N wind, the target area reached a steady
state. There’re great differences in the flow velocity of
different areas of the Yazidang Reservoir. The flow velocity
in the nearshore area was much larger than that in the center
of the reservoir. In the entire reservoir area, the flow velocity
of the west side was much greater than that in other areas, and
the flow velocity in the rest part was relatively small. Basically,
wind velocity had no impact on the circulation structure of the
target reservoir, there’re two circulations of different sizes, the
one at the center of the reservoir was larger in size, and the
circulation direction was counterclockwise.

3.2 The impact of wind direction on flow field

In this section, the impact of wind velocity on the flow field
in the target reservoir was studied, and it’s found that wind
velocity didn’t have a great impact on the structure of the flow
field, but its impact on flow velocity was relatively large. In
previous studies, different wind directions have similar flow
patterns but different directions of lake circulations, the
research about the impact of wind direction on flow velocity
is insufficient. Therefore, we designed simulation test to
investigate the changes in the flow field structure, flow
velocity, and flow direction of the target reservoir under
2.7m/s N wind and SE wind.

Figure 6. Flow field distribution under 2.7m/s SE wind

According to Figures 5 and 6, wind direction had a very
significant impact on the flow field under the condition of no
inflow water. Similar to the impact of wind direction with
inflow water, when the wind direction was N wind, a



counterclockwise circulation was formed in the north area of
the reservoir, while in the south area, under the impact of wind
direction and water intake power, two counterclockwise
circulations were formed. When the wind direction was SSE
wind, a clockwise circulation was formed in the north area of
the reservoir, while in the south area, two circulations were
formed under the impact of wind direction and water intake
power. At this time, the circulation in the west area was
clockwise, while the circulation in the east area was
counterclockwise. Under the condition of same wind direction,
the flow velocity under no inflow water condition was slightly
lower than that under inflow water condition.

Then, the reservoir flow fields under the conditions of
N/SSE wind and with/without inflow water were compared
comprehensively, and the results suggested that under a same
wind direction, the flow fields with/without inflow water were
distributed similarly, forming circulations in the same
direction. For a same area, the flow velocity with inflow water
was slightly greater than that without inflow water. In terms of
the direction of mainstream flow, N wind had a promotive
effect on flow velocity, while SSE wind can weaken it; in the
southwest area of the reservoir, the flow velocity under SSE
wind was greater than that under N wind. In summary, wind
direction had an obvious impact on the flow field in the
reservoir.

3.3 The impact of water volume of inflow/outflow on flow
field

Figure 7. Flow field distribution of target reservoir under
work condition 1

Figure 8. Flow field distribution of target reservoir under
work condition 2

Inflow and outflow are main water movement forms in
reservoirs. They control the migration and diffusion of
pollutants in the reservoir through water body exchange. In
cases that the water quality of lake reservoir has seriously
deteriorated, ecological water transfer is considered to be an
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important means to improve the water environment of
reservoir, this measure increases the water volume of inflow
and outflow of reservoir using human intervention method,
thus it’s particularly important to master the impact of the
changes in the water volume of inflow and outflow on the flow
field in the reservoir, only in this way, can the water volume
of ecological water transfer be determined reasonably.

We designed two work conditions to study the impact of
inflow/outflow on the flow field structure of Yazidang
Reservoir. Under work condition 1: the inflow volume was
400,000 m?/d, the outflow volume was 400,000 m?3/d; under
work condition 2: the inflow volume was 400,000 m?/d, the
outflow volume was 600,000 m?3/d.

According to the simulation results, under both conditions,
there’re obvious mainstream flows from the water inlet to the
water intake tower, and the flow velocity increased with the
increase of inflow water volume (Figure 7 and 8). When water
was supplied, with the increase of inflow volume, the flow
velocity values at each point of the reservoir area increased as
well. Near the water inlet, the flow velocity reached 0.2~0.3
m/s, which then decreased gradually along the mainstream
flow direction; Near the reservoir center, the flow velocity
decreased to around 0.002~0.003 m/s. Near the water intake
mouth, due to the action of water intake power, the flow
velocity also reached about 0.2~0.3m/s. In the southwest area
of the reservoir, the impact of mainstream flow and water
intake was the smallest, therefore, the flow velocity was the
lowest, only about 10-*~10-m/s.

4. CONCLUSION

This paper constructed a 2D shallow water hydrodynamic
model to simulate the flow field in the Yazidang Reservoir and
study the impact of wind velocity, wind direction, and
inflow/outflow on the flow field in the target reservoir, and
attained the following conclusions:

(1) Wind is one of the most important factors affecting the
flow field of the Yazidang Reservoir. Wind velocity has little
impact on the flow field structure of the target reservoir; flow
velocity is closely related to wind velocity; under the
conditions of same wind velocity and opposite wind directions,
circulations formed in the reservoir are similar but in opposite
directions; after comparing several different wind directions,
it’s found that circulations in the target reservoir show
clockwise, counterclockwise, and transitional circulations.

(2) The inflow/outflow only have a certain impact on the
area near the water inlet and outlet, and the range of this impact
is related to the size of the water volume of inflow/outflow;
under calm wind condition, the flow field in the target
reservoir is determined solely by the inflow/outflow, and its
impact on the area far from the inlet and outlet is very small.
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