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Abstract: Unsteady flow is the most common and complicated form of fluid motion in nature. This
paper takes the beaches of key waterways in the middle and lower reaches of the Yangtze River as the
research object, analyzes the water surface distribution and average flow velocity distribution near the
beach, and analyzes the differences. The relationship between the flow pattern of the steep slope and the
water flow pattern of the entire survey area and the steep slope of the beach and its nearby water flow
structure. The water flow near the beach is divided into four major blocks: the swelling water area, the
falling water area, the backwater area and the maximum flow rate area. The water flow structure
characteristics and the cause of each block are analyzed.
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1. Introduction

The beach usually refers to a large-scale, morphologically shaped silt distributed in an alluvial river
channel with a certain scale of silt, which is an important part of the river channelError! Reference source not
found..Under the influence of the erosion and sedimentation of natural rivers, most of the beaches without
protection and control measures will undergo erosion and siltation changes and even displacement, thus
losing their stable river banks and landscaping, maintaining dry water troughs and controlling river channel
patterns. Many waterway improvement projects are carried out to protect and control the beach body with the
above functions. Studying the water flow structure near the beach is of great significance for understanding

the evolution characteristics of the beach and the stability and reinforcement of the project.

At present, there are few studies on the flow structure near the regulation buildings. KabiriError!
Reference source not found. studied the flow structure over a wavy bed with vegetation cover. HuaError!

Reference source not found. studied flow structure in braided rivers. AyseError! Reference source not found.
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studied the flow structure in a compound open-channel flow.Wang et al.Error! Reference source not found.
studied the shape of the main beaches in the middle reaches of the Yangtze River, the structural forms of the
beach protection belts, the simulation techniques, protection of the beach belts and beach remediation effect.
The local water flow structure near the beach is very complex, exhibiting dramatic three-dimensional
turbulence characteristics, and even causing high turbulence intensity and free surface changes and other
water flow phenomena. It is a common consensus that the presence of the beaches causes a significant change
in the flow of water near the beach. However, the influence of the shape of the beach, especially the slope of
the steep slope at the junction of the beachhead and the beach channel, on the water flow near the beach is
remains to be discussed. This study explored this problem through water tank experiment. Based on the
middle and lower reaches of the Yangtze River, this paper analyzes the different surface shoals (mainly the

steep slope) under different unsteady flow processes. The distribution law within the area.

2. Model test

2.1 Model design

The X-shaped mattress generalized model test was carried out in a rectangular glass tank test system of

L30mxW?2mx Hlm . The tank test system is located in the waterway remediation test hall of the National

Inland Waterway Regulation Engineering Technology Research Center, including the flow control system and
the circulating water system. This study does not simulate a specific project or river section, but generalizes
the prototype data, simulates part of the project length, and makes the tank test flow process have some
similar scale relationship with the natural river. The characteristics of the prototype shoal in the middle and
lower reaches of the Yangtze River are analyzed. The basic characteristics of the important channel shoal
(beach) in the middle and lower reaches of the Yangtze River are as shown in Table 1. The model beach is
generalized, and the shrinkage ratio and aspect ratio of the test shoal are determined by the geometric
characteristics of the original beach body in the range of mean+standard deviation (0.28~0.52) and (4~8.8). The
average slope of the longitudinal (water flow direction) of the beach is 3.8%, and the lateral slope is divided

into two sections: gentle slope and steep slope. The gentle slope is 1.5% and the steep slope is 8%.

Table 1 Basic characteristic parameters of the main channel of the Yangtze River

Channel Beach Beach Beach
width ~ Beach

Case Waterwa Shape length width : Width ratio
y body p gt height
Yidu Shakan g oioht
1 1.1~1.8 wan 2.1~3.0 0.20~0.50 0~6.0 0.11~0.45
Waterway beach
Beach
Lutiah Yangjia )
2 tpate 1022  lao Micro-ben g 6~08  0.27~0.66  0~5.9 0.12~0.66
Waterway beach d convex
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beach
Majiaju Baiweiz Straight
3 1.0~4.0 hou 2.1~3.0 0.20~0.40 0~6.0 0.05~0.40
Waterway Beach beach
- Jiaoziyu Micro-ben
4 ougong 5o an d concave 4.0%6.2 0.30~0.50 0~6.0 0.17~0.63
Waterway
Beach bank
. : Straight
5 Jieshui 16~  uosha £ 3.67.5 040~1.12 0~3.1 0.22~0.68
Waterway nBeach beach
Jiayu Wangji Straight
6 1.3~4.2 azhou 3.14.5 0.15~0.70 0~5.2 0.04~0.54
Waterway beach
Beach
: Straight
7 Wugiao 11~ Hanyan £ 1635 0360.82 05.0 0.18~0.75
Waterway g Beach beach
Weijiat .
Straight
8 Huguang 09°1.4  an & 1.52.6 0.51~0.67 0~4.0 0.36~0.74
Waterway beach
Beach
Yak
. Guniuz i
h Straight
9 Guniusha ) 1.1 4 B s 2123 0.58~0.64 0~13.6  0.41~0.58
Waterway ou beach
Beach
Yanggo .
Yaoii Straight
10 aojinao 1013wz £ 3.0%.0 0.30~0.60 0~5.9 0.23~0.60
waterway beach
Beach

Select the X-shaped mattress as the protection of the beach structure in this study, according to the
resource of Wang et al.Error! Reference source not found.. According to the research results, the model scale
is initially determined to be 1:10. According to the geometric characteristics of the prototype X-shaped
mattress, the geometrical dimensions of the model pressure carrier can be obtained: 4.5cmx4.0cmx1.0cm
(lengthxwidthxthickness), and the mass is 43.20g. The density is 2400kg/m3. The geometric characteristics of

the test shoal are shown in Table 2.
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Table2 Geometric characteristics of test beach body

Body Tail Beachhead  Straight Body Steep Gentle
. length length . slope
Case  Height length Length Width Slope
Jcm Jcm .
/cm /em /cm /cm gradient
I 590 310 200 80 120 0.12 0.015
II 12 590 310 200 80 120 0.16 0.015
m 590 310 200 80 120 0.20 0.015

2.2 Test schemes

This test mainly studies the hydraulic characteristics near the beach, so the clear water bed test is used.
Taking into account the water supply capacity of the water supply equipment, the maximum flow rate
considering the flow process in the case of three geometric similarities and similar water flow movements is
designed in the model as Q=93 1/s, 145 1/s, 166 1/s. The test conditions are shown in Table 3.

Table 3 Test conditions table

Case Number Flow process (L/s) Slope
M1 I 93 0.12
M2 I 145 0.12
M3 I 166 0.12
M4 II 93 0.16
M5 II 145 0.16
M6 II 166 0.16
M7 I 93 0.20
M8 I 145 0.20

M9 i 166 0.20
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2.3 Arrangement of test points

2.3.1 Flow velocity measurement

X-shaped soft row intention is shown in Figure 1. Flow rate measuring point arrangement is shown in
Figure 2. In order to observe the flow velocity distribution near the beach and the surface of the beach under
various working conditions, the velocity measuring point section should cover the upstream to the
downstream section of the beach, so some additional arrangements are needed. In the test, a total of 12 flow
velocity measuring sections were arranged. The flow patterns in the vicinity of the beach tail and the upper
and lower shoal bodies were smaller, so the spacing of the measuring points was slightly larger. The flow state

of the beachheads was larger, so the spacing of the measuring points was slightly smaller.

The change of flow state on the beach is larger than that of other locations. The distance between the
measuring points of each section is 20cm on the beach and 25cm in the channel. If all the sections are
equipped with measuring instruments at the same time, it will have a non-negligible influence on the water
flow near the beach. In order to reduce the impact, each water discharging process in the test only selects two
sections with far spacing, and the interval between each water discharge test is large in the far two sections, a

random flow process was repeated 6 times to complete the flow measurement of 12 sections.

current meter

Water level meter

Figure 1 X-shaped soft row intention (unit: cm)
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Figure 2 Layout of velocity measurement points (unit: cm)
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2.3.2 Water level measurement

In order to observe the water surface line under various working conditions, a number of water level test
longitudinal sections are arranged, the water level measuring point and the flow rate measuring point are in
the same position, and the water level test section numbering sequence is V1#. V3#. V4# . V5¢# . V6#. V8#
from the left bank to the right bank, specific arrangement as Figure 3 shown, unit cm. Water level

measurement section and flow rate measurement section combined measurement is adopted in this test.
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Figure 3 Layout of water level survey points

2.4 Test measurement system

2.4.1 Water level and flow measurement

The synchronous automatic measuring system used for water level measurement was developed by
Southwest China Water Transport Science Research Institute. Ultrasonic water level gauge and automatic
tracking system. The system uses the ultrasonic ranging principle, combined with advanced sensing
technology and electronic technology, to simultaneously collect and record the water level data of different
measuring points. The data can be fed back to the user interface in real time and accurately, so that the
observer can grasp the water level change of the measuring point in time. The inlet flow is controlled by the

DCMS flow control system.

2.4.2 Flow rate measurement

The single-point near-surface velocity measurement is measured by the slurry flow meter developed by
Southwest China Water Transport Science Research Institute. The acquisition frequency is 100 Hz. The pulse
sampling method is used. The sampling duration of each point is equal to the duration of the non-constant
flow process, which is 24940s. The flow rate data acquisition used the long-time tracking acquisition system
for the transient flow rate was developed by the Hohai College of Chongqing Jiaotong University, and the
sampling frequency was 3000 /s.
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3. Results and analyses

3.1 Water surface line distribution

In order to facilitate the comparative analysis, the water level of the measuring points on the three
longitudinal sections of V1#, V5# and V8# is selected as the characteristic longitudinal section of the analysis
of this part. The three sections pass through the top of the beach, the steep slope of the beach, and the
longitudinal section of the deep trough. They are well represented in the topographical changes. The V1#
section passes the top of the beach and the terrain is the most undulating; V5# passes through the steep slope
of the beach and changes the terrain is the sharpest; V8# passes through the deep trough, and the terrain is
basically flat.

3.1.1 Longitudinal water surface distribution

Due to the presence of the beach, the longitudinal flow line of the incoming flow will undergo significant
changes. Due to the narrow water flow in the upper part of the beach, local flooding phenomenon will occur,
and the water level will rise. Local water fall will occur near the middle reaches of the beach, and the water
level will drop significantly. The water flow in the downstream of the beach will widen and the water level
will gradually rise smooth. The water level of each measuring point of the longitudinal section under different

flow rates of case M8 is shown in Figure 4.
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Figure 4 Water level of longitudinal section under different operating conditions at M8

Compared with the water surface line under different flow rates of the same section, it mainly starts from
the maximum slope and the changing trend of the water surface line. The maximum slope reflects the rate of
change of the water level along the way, while the trend reflects the local variation of the water level.
Comparing the three sections of V1#, V5# and V84#, it can be found that the lowest water level of each
longitudinal section appears at a position about 4m away from the C1# section, that is, near the C7# section,
indicating that the upper part of the beach is drowning. A slight drop in the straight section of the shoal body
occurred until C7# fell to a minimum, then the water level began to rise and reached the downstream tail
water level, which showed that the water level above and below the beach was higher than the water level in
the middle of the beach. Comparing the water surface line of the rising water 100L/s of each section and the
falling water of 100L/s, the variation of the water level is basically the same, that is, the maximum slope of the
water surface line is basically the same, the overall shape of the water surface line is basically the same, and
the water surface line of the water depth of each section the rising water 70L/s and falling water 70L/s also
conforms to this rule, indicating that the ups and downs of the flood period have little effect on the water
surface line. Comparing the water surface lines at 5 flow rates of each section, the larger the flow rate, the
higher the water level at the corresponding position. This rule is the same as the constant flow condition. The

change of the water level along the path is more obvious, that is, the larger the maximum slope of the water
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surface line, but the water surface the overall shape of the line is basically the same. Taking the V1# section as
an example, the maximum slopes of the water surface lines of flow rates 145L/s, 100L/s, and 70L/s are 0.24%,
0.17%, and 0.15%, respectively, but the corresponding water line changes. The trend is that the middle part is
slightly bent down, and the two ends are gentle, which means that the flow rate has a significant influence on
the slope of the water surface line, and the change trend is not obvious. The water level change of the
longitudinal water surface line is mainly concentrated in the range of 2m-6m from the C1# section ( C4#~C94%),
which is the main part of the beach body, which fully shows that the impact of the beach body on the

longitudinal water surface line is significant.

Compared with the water surface line of each section at the same flow rate, it can be found that the water
surface line of the V5# section changes most sharply under the same flow rate, and V1# is the second, and V8#
is the most gentle. V54 has obvious water drop at a position of about 3m from the C1# section. Then the water
level rises and the water surface line has a steep rise and fall, while the V1# and V8# water surface lines are
basically flat and rising. There is a obvious curved section in the middle of the V1# section of the water surface
line, and the V8# water surface line is relatively straight. This is because the V5# section passes the steep slope
and curved section of the beach, and the narrow water flow phenomenon of the beach is the most at the 3m
section of the V5# section. Obviously, the flow state of the water flow is the most severe. The V1# section
passes through the top of the beach,the shape steeply increases first and then decreases. and V8# terrain is
relatively flat. It can be seen from the above analysis that the influence of the topography on the water
surface line is more significant, and the position of the water surface line is most obvious when the terrain

changes more severely and more complicated.

3.1.2 Transverse water surface distribution

Due to the hindrance of the beach body to the water flow, when the water is in the vicinity of the beach
body, the flow direction of the left bank water changes, resulting in a corresponding change in the water
surface line of a part of the cross section. Analysis of the transverse surface line can help to understand the
effect of the beach on the flow in the transverse direction. In order to facilitate analysis and comparison, the
measurement points on the cross sections of five representative features of C1#, C5#, C7#, C9%, and C12# are
selected as the analysis objects of this part. C1#, C5#, C7#, C94, and C12# are located in the upstream of the
beach, the curved section of the beachhead, the straight section of the beach, the curved section of the beach
tail, and the downstream of the beach. Selecting the representative case M8, the water level of each measuring
point on the cross section of the five characteristic positions under five characteristic flows is shown in Figure
5.

C1# —=—Fall70L/s
0.060 - —— Rise70L/s

oosf e R
0.050 - —+— Fall100L/s

0.045 [
0.040 [
0.035 |- - s X
0.030 |
0.025 [
0.020 [

0015 bt e T
00 02 04 06 08 10 12 14 16 18

Distance from C1# /m

Water level /m



http://dx.doi.org/10.20944/preprints201812.0112.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2018

Water level /m

Water level /m

Water level /m

0.055 [
0.050 |-
0.045 |-
0.040 [
0.035 |-
0.030 |
0.025 [
0.020 |
0.015 |

doi:10.20944/,

C5# ——Fall70L/s
——Rise70L/s
\/\/\+ Rise100L/s
—v— Crest 145L/¢
—+—Fall100L/s

0.0

0.055
0.050
0.045
0.040
0.035
0.030
0.025
0.020
0.015 |

02 04 06 08 10 12 14 16 1.8

Distance from C1# /m
Cr# —— Fall70L/s
—=— Rise70L/s
—— Rise100L/s
—~— Crest 145L/s
—+— Fall100L/s

0.010
0

0.055
0.050
0.045
0.040
0.035
0.030 |
0.025 |
0.020 |
0.015 |-

.0

10 12 14 16 18

02 04 06 08
Distance from C1# /m
Co# —=— Fall70L/s
M+ Rise70L/s
—+— Rise100L/s
—~v— Crest 145L/¢
—— Fall100L/s

0.0

L L 1 L L L L :
06 08 10 12 14 16 18

Distance from C1# /m

02 04

reprints201812.0112.v1


http://dx.doi.org/10.20944/preprints201812.0112.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 10 December 2018 d0i:10.20944/preprints201812.0112.v1

C12# —— Fall70L/s
0.055 -

[ —— Rise70L/s
0.050 T Riset00Us
H —~— Crest 145L/s
0.045 - —+— Fall100L/s
0.040 -
0.035 -
0.030 -
0.025 -
0.020 -

[ J—
0.015 |- —

0.0 0.2 04 06 038 1.0 1.2 14 1.6 1.8
Distance from C1# /m

Water level /m

Figure 5 Transverse water surface line changes at different flow rates in case M8

Compared with the water surface line of 100L rising water and 100L falling water, the variation of the
water level is basically the same, that is, the maximum slope of the water surface line is basically the same,
and the overall shape of the water surface line is basically the same. Similarly, the water level of each section
rises by 70L/s and falls by 70L/s , the water surface line also conforms to this rule, indicating that the ups and
downs of the flood period have little effect on the water surface line, and the effect of the rope sleeve is not
obvious, which is consistent with the longitudinal water surface line. Comparing the left and right banks of
each section separately, it is found that the left bank water level is slightly higher than the right bank, that is,
the water level of the beach where the beach is located is higher than the right bank. For the sections of C1#,
C54#, and C7#, the beach body hinders the water flow. There is obvious drowning at the beachhead. The beach
is located on the left bank, so that most of the water flows from the deep trough on the right bank. That is, the
flow velocity on the left bank near the beachhead is smaller than that on the right bank, and the water level is
slightly higher. For C9# and C12#, because the beach tail bend section and the left bank downstream of the
beach body are in the backwater zone, the water level is slightly higher than the right bank.

The C5# and C7# section water surface lines have a sudden change from 0.5m to 1.0m from the left bank.
This is due to the increase of water in the beachhead (near C1#) and the bank where the beach is located. The
water is process in the C5# and C7# sections. The position from 0.5m to 1.0m from the left bank is the curved
section and steep section of the beach. Because terrain changes drastically, the curved section of the beach
picks up the water flow to the right bank, which causes lateral water falling at this position. There is no
sudden change in the cross-surface water line of C1#, C9# and C12# sections, which is relatively flat. In
particular, the C12# section is basically a straight line, which reflects to some extent that the flow state of these

sections is not changed much.

3.2 Average flow rate distribution

The effect of the beach on the flow velocity of the water flowing through it is very obvious. In this paper,
we will analyze the influence of the shape of the shoal body and the flow rate on the average flow velocity of

the water flow from the distribution of the average velocity of the longitudinal and transverse sections and the
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distribution of the average flow velocity in the survey area. The analysis of the average flow velocity of the
characteristic section is mainly carried out from two aspects: the change of the flow velocity along the

cross-section direction and the distribution of the flow velocity on different sections.

3.2.1 Longitudinal section velocity distribution

The profile of the longitudinal velocity distribution analysis is consistent with the analysis of the
longitudinal section and the longitudinal waterline.The flow rate change diagram of each measuring point on
the three characteristic longitudinal sections at five flow rates under case M8 is shown in Figure 6. Similarly,
the influence of flow rate on the distribution law of flow velocity is mainly reflected in the numerical value,

and the distribution law has no obvious change.
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Figure 6 Flow velocity of longitudinal section of different flow in case M8

The influence of the beach body on the longitudinal flow velocity is still obvious. The performance is as
follows: for the V1# section, the flow velocity in the upstream watershed of the beach is small, and the flow
velocity from the upstream to the downstream gradually increases, flowing through the beach top (around
C1#4m) where the flow rate reaches the maximum value, it flows through the beach body into the backwater
area of the beach. The flow velocity decreases rapidly and even decreases. For the V5# section, the upstream
of the beach body is also affected by the raise water. The flow rate is small and gradually increases along the
process, but The section changes sharply through the terrain of the curved section of the shoal, and the bend
flow picks up the position where the flow velocity of the section is most upstream (about C1#3m), and then
the flow velocity decreases, and the flow flows to the mainstream of the beach from the right bank to the left
bank. Diffusion, the flow rate is gradually stabilized; for the V8# section, the flow velocity in the upstream
and beachhead positions of the beach is gradually increasing, but since the water flow in the section is
simultaneously affected by the narrowing and jumping action of the beach, the maximum flow velocity

appears at a distance of C14#3m~4m, the area with a large flow rate is significantly larger than C5# and C1#.

It can be seen from the longitudinal flow velocity distribution that the upstream water flow rate of the
beach body gradually increases the flow velocity along the course, and gradually decreases after the curved
section and the straight section of the beach body change greatly reach the maximum value, and the bank of
the tail of the beach is the main flow velocity of the bank. Larger impacts occur in the backwater zone, which

tends to accumulate sediment and cause the tail to grow.

3.2.2 Transverse section velocity distribution

The transverse section velocity distribution analysis selected the characteristic section and the transverse
water surface line analysis consistent.Figure 7 shown the flow rate change diagrams of the five characteristic
flow each points of the five characteristic transverse section under case M8 . From the peak flow velocity of
the section, the peak flow velocity of C1#, C5#, C12# is the smallest, C9# is larger, and C7# is the largest; this is
the phenomenon of upstream banked-up water of beach, downstream backwater, and straight water in the

beach. Consistent.
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Figure 7 Flow velocity variation at different conditions of flow under M8 condition

Comparing the flow velocity distribution under the five characteristic flow rates of the same section, it
can be seen that the influence of the flow rate on the flow velocity distribution of the average flow velocity in
the cross section is mainly reflected in the numerical value. The larger the flow rate, the larger the flow
velocity at the same position; but there is little effect on the velocity distribution law. Comparing the flow
velocity distribution of the five characteristic sections of the same flow, it can be found that the flow velocity
of each measuring point on the C1# and C5# sections is small, but only slightly increases from the left bank to
the right bank, because the section is in the banked-up water , and the water flow is caused by the beach body.
The effect is narrow from the left bank to the right bank, and the flow velocity on the right bank is too large;
the C7# section is located in the straight section of the beach body, the left bank passes the top of the beach,
the water flow velocity is large, the right bank flows through the mainstream of the deep channel, and the
flow velocity is also large; the flow velocity of each measuring point on the C94 and C12# section changes
greatly, which is a rapid increase from the left bank to the right bank. This is because the left bank is in the
backwater area of the beach, and the flow velocity in the downstream direction is very small. Some locations

are even counter current, but the right bank is the mainstream, the location, the flow rate is large.
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By comparing the lateral flow velocity distribution, the beaches obviously change the distribution of the
average flow velocity of the water flow in the lateral direction. The beach head and the upper part of the
beach body are banked-up water, the left bank water flow is narrow to the right bank, the left bank velocity is
larger than the right bank; the flat part of the middle of the beach body is the position of the beach top and the
deep trough, and the left and right bank flow rates are large; the beach tail and the downstream left bank is
the return water zone, the flow velocity on the left bank is small or even counter current, and the deep
channel water flow begins to diverge to the left bank, and the flow velocity on the left bank is significantly
smaller than that on the right bank.

3.2.3 Distribution of flow rate throughout the whole survey area

In order to facilitate analysis and comparison, the test can be divided into several regions according to the
flow rate and the variation law. (1) Banked-up water area: The water is infiltrated into the beach head position.
The water blocking effect of the beach head causes the water to be generated at the position, the flow rate is
reduced, and the water flow is deflected to the deep groove position, so that the flow velocity on the left bank
of the cross section is slightly smaller than the right bank; (2) In the falling water area:The falling water will
occur after the flooding area, and the water will enter the position of the curved section of the beach. The flow
rate changes rapidly, the water flow falls to the lowest level in the area, and the flow rate reaches the
maximum. (3) The flow rate maximum zone, where the flow rate remains near the maximum value. (4)
Backwater area: After the water flow reaches the lowest point, the water level gradually rises along the flow
direction, and the flow velocity gradually decreases. The left bank of the area is the beach tail water return

zone with the smallest flow velocity.
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Figure 8 Velocity contour cloud map of Q=145L/s (crest value) (m/s)
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Figure 9 Velocity contour cloud map of Q=100L/s when water rise (m/s)
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Figure 10 Velocity contour cloud map of Q=100L/s when water fall (m/s)

Figure 8, Figure 9, and Figure 10 show the velocity distribution of the test area at the time corresponding
to the peak flow rate of 145 L/s, 100 L/s of rising water, and 100 L/s of falling water, respectively. The flow

velocity distribution of the beaches with different steep slopes was compared in the same flow rate.

By comparison, we can find: (1) Banked-up water area. The range of the drowning area under various
working conditions is basically about y=1m in the Y-axis direction. The slope of the steep slope of the beach
increases, the range of the reclamation area increases slightly, and the flow rate decreases slightly. (2) Falling
water area. y=2m~3m is the area where the curved section of the beach is located. The terrain changes are
complex, and the slopes in the longitudinal and transverse directions are all along the path. The contours of
the flow velocity in each area of the beach are dense, and the flow velocity increases rapidly along the Y-axis.
The increase is faster, and the flow rate on the left bank increases significantly faster than the right bank. (3)
The maximum flow rate zone. The area of y=3m~4m is the location of the steep slope and deep trough of the
shoal, and the flow velocity of each area of the shoal body is the largest. The steeper slope of the shoal body

under the same flow rate, the greater the flow rate. Based on the peak flow rate of 145 L/s, the peak flow rates

of the beach bodies 3, 2, and 1 are respectively Vima > 0.5m N 0.5m > vy > 0.45m N 0.5m >V, > 0.45m.

Although the maximum value range of the beach body 2 and the beach body 1 is the same, the maximum
value distribution area of the beach body 2 is significantly larger than the beach body 1, and the area of the
flow rate value the beach body 3 is larger than the beach body 2. In the Y-axis direction, the flow velocity

values of the beaches with the flow velocity greater than 0.45m are basically developed from the position of
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y=3m to the downstream, and the range gradually increases with the increase of the steep slope of the beach.
(4) Backwater area. y=6~8m at the end of the beach tail, and the range of x=0~0.5m is the backwater area of the

beach. There is no obvious difference between the rising and falling under the same flow rate.
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Figure 11 Contour map of beach body 3 flow process 2 different flow rates (m/s)

Figure 11 shows the flow velocity distribution of the beach body 3 under five characteristic flows in the
flow process 2. It can be seen from the figure that the flow velocity distribution in the test area under each
flow rate is basically the same, the flow velocity in the steep slope and deep trough area of the beach trough is
the largest, the flow velocity in the beach head rake water area is small, and the flow velocity in the backwater
area of the beach tail is the smallest. As the flow rate increases, the flow velocity in each area of the test area
increases, and the range of each area remains basically the same. In addition, the flow velocity distribution of
the same flow rate during the rise and fall of the flood peak is different. For example, the flow velocity
distribution figure of the rising water 70L/s and the falling water 70L/s can be found that the range of the
former in the same flow velocity region is larger or the flow velocity at the same position is larger, this is
because the water flow during the rising period of the same flow rate of the non-constant flow is smaller than
the water level during the water fall period, and the corresponding flow rate value is large. When the water is
dropped, the upstream water is first retreated, so that the slope of the water surface is slowed down, and the

corresponding flow rate value is small.
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4. Conclusions

Under the action of different flow rates, the trend of the longitudinal water surface along the water flow
direction is basically the same; the upstream of the beach body has local water rising due to the narrow water
flow of the beach body, and the water level rises; the midstream of the beach body has local water drop
phenomenon, the water level decreased significantly; the water flow in the downstream of the beach body
widened, the water level gradually increased and reached a stable level. For the middle and lower reaches of
the Yangtze River, the water surface of the river is wide, and the single-width flow changes slowly with time,
so that the water level in the corresponding position of the same flow rate is basically the same during the

flood rise and full period, that is, the rope sleeve phenomenon is not significant.

It can be seen from the distribution curve of the water surface line that the influence of the flow rate on
the longitudinal water surface line is mainly reflected in the maximum slope of the water surface line. The
larger the flow rate, the larger the maximum slope of the water surface line, that is, the water level changes
rapidly along the path. There is little influence on the trend of the water surface line, that is, the local variation
of the water level is not obvious. The influence of the topography of the sink on the longitudinal water surface
is mainly reflected in the trend of the water surface line. The greater the topographical change (such as the

steep slope and the obvious convexity), the more severe the local variation of the water surface line.

The beaches with different steep slopes have no obvious influence on the distribution of flow velocity in
the vicinity, and have a great influence on the flow velocity distribution range. The steeper the gradient of the
steep slope of the beach, the wider the distribution of the maximum velocity range. The distribution of the
flow velocity in the survey area can be divided into several areas according to the flow rate. The steep slope
and deep trough position of the trough are the maximum flow rate. The maximum flow rate is mainly
concentrated at the junction of the curved section of the beach and the straight line. Here, the water flow
energy large and varied, the maintenance of the beach should be strengthened here. The flow rate decreases
symmetrically along the upstream and downstream of the maximum area; the beach head water level is the
median flow rate; the backwater area of the beach is the minimum flow rate area. The steeper slope of the
beach-shoal boundary is the more obvious, the more obvious the effect of rising water, the more obvious the
falling of water after the corresponding drowning, and the greater the turbulence intensity of the surrounding

water.
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