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Abstract: This paper focuses on the analysis of the flow field of Danjiangkou Reservoir under the action 
of wind stress. Based on the analysis of the annual wind field data of Danjiangkou Reservoir, the 
three-dimensional hydrodynamic model of Danjiangkou Reservoir was established. The distribution of 
water flow field in the reservoir area under five different wind directions and two different wind speeds was 
studied. The simulation results were compared with the flow field without wind. The results show that when 
the wind speed in the reservoir area is 3.3m/s, the surface velocity and flow direction change less under the 
same wind conditions as the potential flow direction. Under the wind condition opposite to the potential 
flow direction, the reservoir area is locally generated. The small circulation and surface flow are more 
disordered; when the wind speed reaches 10.0m/s, under the same wind condition as the potential flow 
direction, the surface velocity of the reservoir area increases significantly. Under the wind condition 
opposite to the direction of the potential flow, a stable counterclockwise circulation is generated, and the 
wind direction dominates the surface layer. seriously affecting the flow field distribution in the reservoir 
area. The research results in this paper can provide support for the reservoir in the formulation of emergency 
water pollution emergency strategy and the formulation of real-time scheduling plan. 

1 Introduction 
Danjiangkou Reservoir is the water source of the Middle 
Route of the South-to-North Water Transfer Project， 
which spans the Hubei and Henan provinces, and is 
composed by the Hanjiang reservoir area in Hubei and 
the Danjiang reservoir area in Henan[1] The average 
annual reservoir water volume of this reservoir is 39.5 
billion m3, and the average annual area of the reservoir 
exceeds 700 km2[2]. At the same time, the Danjiangkou 
Reservoir is the water source for water diversion from 
the Middle Route of the South-to-North Water Transfer 
Project. The safety of water quality in the reservoir area 
is crucial[3, 4] Since the flow field is the main 
hydrodynamic factor for the migration of pollutants and 
suspended materials in the reservoir area, studying the 
impact of wind on the Danjiangkou Reservoir water flow 
field is particularly important for the water quality 
simulation in the reservoir area. 

In recent decades, domestic scholars have carried out 
a large number of two-dimensional simulation studies on 
reservoirs and lakes[5-7]. Ma Shengwei et al.[8] studied 
from the governing equations and based on the Galerkin 
finite element method[9]. The two-dimensional upwind 
finite element numerical model suitable for the 

calculation of wind-flow generation in shallow lakes is 
derived and analyzed. The morphological characteristics 
of the wind-flow field in Taihu Lake under the 
continuous action of uniform and steady wind field are 
analyzed. Ji Yong et al[10] applied the Osher form 
two-dimensional flow numerical model of non-structure 
grid finite volume method to simulate the flow pattern of 
Xuanwu Lake in Nanjing under different wind conditions, 
and the characteristics of wind flow in the case of small 
throughput and no inflow along the coast are discussed. 
Lei Hongcheng, etc.[11] established a two-dimensional 
water flow model by means of SMS surface water 
software, and studied the effects of different wind speeds 
and wind directions on the Dongping Lake water flow 
field. He Guofeng et al[12, 13] combined with the 
topographical features of the lake, the hydrological and 
meteorological conditions, and the hydraulic principles 
under the normal design and temperature conditions of 
the upper lake in the Nansi Lake and established the 
mathematical model of water flow by Galerkin finite 
element method, and the influence of different wind 
conditions on the water flow field of the upper lake of 
Nansi Lake was studied. The above scholars' research 
shows that the wind has different degrees of influence on 
the flow field in the waters, but the previous studies have 
less involved the influence of the wind field on the 
hydrodynamics of the Danjiangkou reservoir. 
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In this paper, with the help of environmental fluid 
dynamics model (EFDC), the effects of five different 
wind directions and two different wind speeds on the 
water flow field of Danjiangkou Reservoir under normal 
design water transfer conditions are studied. The research 
results in this paper can provide support for reservoirs in 
the formulation of emergency water pollution emergency 
strategies and real-time scheduling schemes. 

2 3-dimensional hydrodynamic model of 
Danjiangkou Reservoir  

2.1 Control equation 

The EFDC model is based on the three-dimensional 
hydrodynamic equation[14]. The curve orthogonal 
transformation and σ coordinate transformation are used 
in the horizontal and vertical directions respectively. The 
main control equation is: 

The continuous equation: 
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Where: z = (z* + h) / H = (z * + h) / (ζ + h), z ranges 
from [0, 1]; z* represents the actual vertical physical 
coordinates before σ conversion, The total depth H = h + 
ζ, h is the bed elevation, ζ is the free surface elevation, m; 
u and v are the velocity components in the x and y 
directions of the orthogonal coordinate system; w is the 
vertical velocity at σ coordinates; mx, my and m are the 
Jacobian curve orthogonal coordinate conversion 
coefficients, m = mxmy; QH is rainfall, evaporation, 
groundwater interaction, water abstraction or point 

source and non-point source inflow; p is the relative 
hydrostatic pressure; f is the Coriolis force parameter; Av 
is the turbulent viscous coefficient of the vertical 
turbulence; Qu and Qv are the momentum source terms. 

2.2 Research area and meshing 

Danjiangkou Reservoir is located in the middle and 
upper reaches of the Han River and is distributed in 
Danjiangkou City of Hubei Province and Nanyang City 
of Henan Province. It is divided into Hanjiang Reservoir 
Area and Danjiang Reservoir Area. The average annual 
inflow of Danjiangkou Reservoir is 39.48 billion m3, and 
the water source comes from the Han River and the 
tributary Danjiang. The average annual area of the 
reservoir is 700km2. After the Danjiangkou dam is raised 
in 2012, the water area of the Danjiangkou Reservoir will 
reach 1022.75km2 and the water storage capacity will 
reach 29.05 billion m3[15, 16]. 

According to the topographical and boundary 
variation characteristics of the reservoir area, the grid is 
divided into rectangular grid structures with a grid size of 
500 m×500 m and a total of 2155 rectangular grids. In 
the vertical 6-story, considering that the measured data is 
measured from 0.5m below the surface to 0.5m above the 
bottom of the reservoir, the ratio from the bottom of the 
intermediate water depth to the top 6 is 0.1. 0.15, 0.25, 
0.25, 0.15, 0.1, which ensures the accuracy of the vertical 
simulation and better fits the actual monitoring value[17]. 
The specific mesh is shown in Fig. 1. 

2.3 Boundary conditions and initial conditions 

According to the normal design water transfer conditions 
given in the first phase of the South-to-North Water 
Transfer Project, this paper sets 4 flow boundaries (3 
inflow boundaries and 1 outflow boundary (Danjiangkou 
dam)), 1 water level boundary and 1 simulation 
monitoring point A. The specific locations are shown in 
Fig. 1

. 

 
Fig. 1 Boundary point position 

According to the meteorological data of Danjiangkou 
Reservoir in 2012, the wind direction of the reservoir 
area is: southeast wind, east wind and south wind in 

summer, and north wind and north wind in winter, and 
the wind level is mainly 2 or 3. In this paper, the wind 
direction is selected as windless (C), Dongfeng (E), 
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southeast wind (SE), and south wind (S) northeast wind 
(NE). The wind speed is 3.3m/s and 10.0m/s respectively. 
The simulated calculation conditions are shown in Table 
1. 

The simulation calculation time is from July 2, 2012 

to August 2, 2012, and the time step is 20s. Considering 
that there is no flow field data at the initial time, the 
initial flow field full field velocity is firstly set to 0, and 
the initial flow field water level is 145 m.

Table 1  simulated working conditions 

working condition Wind direction Wind speed（m/s） 
1 C 0 
2 E 3.3 
3 E 10 
4 S 3..3 
5 S 10 
6 SE 3.3 
7 SE 10 
8 NE 3.3 
9 NE 10 

3 Flow field simulation results and 
analysis 

3.1 Analysis of simulation results of water flow 
field windless 

The change of the Danjiangkou Reservoir water flow 
field is mainly affected by the Danjiang River, the Han 
River inflow and the dam front outflow. In 2012, the flow 
field of the Danjiangkou Reservoir changed greatly. The 
distribution results of the surface water transport flow 
field under normal design and water transfer conditions 

are shown in Fig. 2. It can be seen from Fig. 2 that in the 
situation of windless, the overall shape of the flow field 
in the reservoir area is similar to the potential flow, that is, 
flowing along the three inflow points toward the outflow 
point. There is no obvious circulation distribution and 
stagnant water area in the reservoir area; the area with 
large surface water transport rate is mainly concentrated 
in the inflow port of the reservoir area and the narrow 
area near the outlet, and the maximum surface velocity 
appears at the inlet of the Hanjiang reservoir area, and 
the minimum flow velocity of the surface layer mainly 
occurs on the border.

 

 
Fig. 2 C 

3.2 Water flow field at a wind speed of 3.3 m/s 

Fig. 3(a-d) shows the distribution of the surface water 
flow field in the reservoir area under normal design water 
transfer conditions with a wind speed of 3.3 m/s. It can 
be seen from Fig. 3(a-d) that at the wind speed of 3.3 m/s, 
the surface velocity of the reservoir area is increased 
compared with the windless condition, and the surface 
flow velocity under the southerly wind is more obvious 

(Fig. 3: b). The area with large flow velocity is mainly 
occurred in the inflow port of the reservoir area and the 
narrow area near the outflow port, which is not 
conducive to the occurrence of eutrophication. The 
minimum flow velocity of the surface layer is 
concentrated near the boundary; under the action of the 
wind field, the water flow in the reservoir area. The 
direction of the field is offset, and its direction is affected 
by the wind direction. The easterly and northeast winds 
with the same direction of the potential flow have less 

velocities

Layer: 6

Velocities
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influence on the flow direction (Fig. 3: a, d), and the 
southerly and southeast opposite to the direction of the 
potential flow. The influence of wind on the flow 
direction is large (Fig. 3: b, c), but the offset angle is 
small and the flow direction angle is unstable, which 
leads to the disorder of the flow field in the reservoir area; 
the small circulation occurs locally in the reservoir area, 
which aggravates the water flow. The mixing 
phenomenon improves the water exchange capacity, and 
the circulation is mainly concentrated in the relatively 

wide Danjiang reservoir area. Under the action of the 
east wind and the northeast wind, the circulation in the 
reservoir area is not obvious (Fig. 3: a, d). Under the 
influence of the south wind and the southeast wind, the 
formation of small clockwise circulation in the reservoir 
area is relatively obvious (Fig. 3: b, c). Compared with 
windless condition, the 3.3 m/s wind field affects the 
distribution of the water flow field in the reservoir area. 
The water transfer in the reservoir area has some effects, 
but the water transfer project can operate normally.

 

 
(a) 3.3m/s，E                          (b)3.3m/s，S 

 
   (c)3.3m/s，SE                          (d)3.3m/s，NE 

Fig. 3 Flow field at 3.3m/s wind speed 

3.3 Analysis of water flow field and point A 
simulation results when wind speed is 10 m/s 

Fig. 4 (a-d) shows the distribution of the water flow field 
in the reservoir area at a wind speed of 10 m/s under 
normal design water transfer conditions. It can be seen 
from Fig. 4(ad) that when the wind speed increases to 
10.0m/s, the surface velocity of the reservoir area 
increases significantly, and the difference of the velocity 
of the different regions becomes smaller. The surface of 
the reservoir area under the action of the southerly wind, 
the southeast wind and the northeast wind, the flow rate 
increase is more significant (Fig. 4: b, c, d). The 
difference in flow velocity between different areas of the 
reservoir area under the action of easterly wind is smaller 
(Fig. 4: a); the flow field in the reservoir area is almost 
completely controlled by the wind direction, and the east 
wind The overall surface flow of the flow field in the 
reservoir area under the influence of southerly wind, 
southeast wind and northeast wind is west, north, 

southwest and south respectively (Fig. 4: a, b, c, d), 
except for Danjiang reservoir area; wind field drives 
water flow The circulation in the reservoir area is more 
significant and the range is larger. There are significant 
large circulations from the local small circulation to the 
Danjiangkou reservoir area, and the circulation is 
relatively stable and the flow direction angle is small. 
The wind direction also affects the circulation direction 
and circulation pattern. The circulation of the Danjiang 
reservoir area in the wide watershed is more pronounced. 
The southerly wind and the southeast wind produce a 
stable counterclockwise circulation (Fig. 4: b, c). The 
northeast wind produces a stable clockwise circulation 
(Fig. 4: d). The direction of the circulation is not stable, 
but the flow angle wave Small (Fig. 4: a). The results 
show that compared with the windless condition, the 
overall distribution of the water flow field in the 
reservoir area changes greatly when the wind field is 10 
m/s. The wind direction becomes the dominant factor in 
the flow direction of the reservoir area.
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(a)10.0m/s, E                          (b)10.0m/s, S 

 
     (c)10.0m/s, SE                          (d)10.0m/s, NE 

Fig. 4 Flow field at 10.0m/s wind speed 

3.4 Simulation monitoring results at point A of 
the circulation area 

Based on the qualitative analysis of the flow field in the 
Danjiangkou reservoir area under five different wind 
directions and two different wind speed conditions, this 
paper selects the surface point A of the relatively 
significant circulation area in the reservoir area 
(Danjiang reservoir area) for flow velocity and 
Quantitative monitoring of flow direction. Fig. 5 to 6 
show the simulation results of the flow rate and flow 
direction of point A. 

From the simulation results and simulation values of 
flow velocity and flow direction at point A (Fig. 5~6), the 
wind field has a great influence on the distribution of 
flow field in the reservoir area. When the wind speed is 
3.3m/s, and under the influence of easterly wind and 
southeast wind, point A maximum flow velocity is 
1.4~1.7 times when there is windless, and the average 
flow velocity is increased to 3~4 times when there is 
windless. Under the action of southerly wind and 
northeast wind, the maximum flow velocity at point A is 
1.5~1.9 times when there is windless. The average flow 
velocity increases to 5 times when there is windless; 
when the wind speed increases to 10.0 m/s, the maximum 
flow velocity at point A is 4.4 to 5.1 times when there is 
windless under the action of easterly wind and southeast 
wind, and the average flow velocity increases to none. 19 
times of wind; under the action of southerly wind and 
northeast wind, the maximum flow velocity at point A is 
5.6~6.1 times when there is windless, and the average 
flow velocity is increased to 23 times when there is 
windless. Through the analysis of the flow field in the 
windless reservoir area, the wind field will increase the 
flow velocity of the reservoir, change the flow direction, 
and generate circulation. The higher the wind speed, the 

more significant the change of the reservoir area, among 
which the south wind and the northeast wind. The impact 
of the reservoir area is more significant. 

It can be seen from Fig. 5~6 that the flow velocity 
and flow direction at point A from 1st to 7th days in the 
simulation calculation period are relatively stable, the 
flow velocity value is 8th-14th days, and the flow 
velocity and flow direction at point A of 15th-31st days 
are relatively stable. The temporal evolution of the 
wind-flow stream in the Danjiangkou Reservoir has 
similar characteristics: in the early stage of the wind field, 
the dragging effect of the wind on the reservoir water 
dominates; then, the pressure gradient force and the 
Coriolis force of the water level gradually increase, and 
the flow field gradually deflects, and then The 
compensation flow or the circulation is formed; when the 
steady state is reached, the shear stress of the wind, the 
pressure gradient force of the water level, the Coriolis 
force, and the internal friction reach a balance. 

The results show that the initial time from the 
simulation of the reservoir area to the steady state can be 
divided into three stages: in the first stage, the flow 
direction of the flow field is consistent with the wind 
direction, and the shear stress of the wind surface is in 
the equation of the model. Dominant, this feature can be 
maintained for up to 7 days; in the second stage, the flow 
direction of the coastal area is basically consistent with 
the wind direction, and the compensation flow opposite 
to the wind direction appears in the reservoir area, and 
the flow field distribution fluctuates slightly; The 
compensation flow in the near windward bank area has 
gradually strengthened, and the water flow compensation 
or flow direction shift has occurred in the reservoir area 
as a whole, and the circulation area has gradually formed. 
After about 15 days, the circulation patterns of these 
circulation areas are stabilized and remain unchanged.
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Fig. 5 The calculation of the flow velocity of the A point 
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Fig. 6 The calculation of the flow direction of the A point 

4 Conclusion 
According to the meteorological and hydrological data 
analysis of the Danjiangkou Reservoir in 2012, this paper 
establishes a three-dimensional hydrodynamic model of 
the Danjiangkou Reservoir based on the EFDC model, 
and studies the water flow field distributions in the 
reservoir area under two different wind speeds and five 
different wind directions. The flow velocity of the 
measuring point A was also studied. The following 
conclusions were drawn: 

(1) Under the influence of wind field with wind speed 
(wind speed of 3.3m/s), the surface velocity of the 
reservoir area increases slightly. Under the same wind 
condition as the direction of the potential flow, the 
change of surface flow velocity and surface flow 
direction is small; Under the action of the wind direction 
opposite to the direction of the potential flow, the 
direction of the flow field in the reservoir area shifts 
slightly with the change of the wind direction, the offset 
angle is not large, the surface flow direction is disordered, 
and the small circulation is generated locally in the 
reservoir area, and the circulation range is small. 
Therefore, the wind field with a general wind speed 
(wind speed of 3.3 m/s) has little effect on the flow field 
of the Danjiangkou Reservoir under normal design water 
transfer conditions. The water quality (solute pollutants) 
in the reservoir area can be considered without 
considering the wind. influences. 

(2) When the wind speed is high (wind speed is 
10.0m/s), the surface velocity of the water flow field in 
the reservoir area increases significantly with the 
increase of wind speed; the circulation pattern in the 
reservoir area is more significant, in the same wind 
direction as the potential flow direction. Under the action, 
the reservoir area produces a stable clockwise circulation; 
under the action of the wind direction opposite to the 
direction of the potential flow, a stable counterclockwise 
circulation is generated; the circulation range of the 
reservoir area is increased; and the dominant flow 
direction of the water conveyance flow field in the 
reservoir area is changed. Under the action of the wind 
condition opposite to the direction of the potential flow, 

the wind direction becomes the dominant factor 
controlling the surface flow direction of the water flow 
field in the reservoir area. The wind effect enhances the 
convection and turbulence of the reservoir water, thereby 
affecting the transport of sediment in the lake, the 
diffusion of pollutants and the migration of plankton. 
Therefore, it is necessary to consider the effect of wind 
when simulating the water quality (solute pollutants) in 
the reservoir area under conditions of large wind speed 
(wind speed up to 10.0 m/s). 
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