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Abstract. Flow characteristics are the driving force to the riverbed evolution in 

straight channel with crisscross bars. The variation laws of longitudinal velocity, 

transverse velocity and turbulent intensity were studied by flume experiment. The 

results show that: ① the longitudinal time-average velocity decreases along the 

channel direction and its transverse distribution presents the velocity at the edge 

of the bar is the largest, far from the bar takes the second, and on the bar is the 

smallest. The transverse time-average velocity is mainly the periodic change of 

flow direction. ② the longitudinal turbulence intensity tends to increase along 

the channel, which the increase amplitude decreases from upstream to down-

stream. The transverse turbulence intensity is mainly the largest in the middle of 

the bar, followed by the head and the tail. 

Keywords: Straight channel; Flume experiment; Flow velocity; turbulence in-

tensity. 

1 Introduction 

Straight channel is a typical river type in natural rivers, widely existing, such as the 

Jiepai reach, Taipingkou reach, Tianxingzhou reach, Dongliu reach in the middle and 

lower reaches of the Yangtze River. Its main feature is the crisscross distribution of 

banks on both sides. And its evolution has always been emphasized. 

Previous researches mainly focus on the formation mechanism and the characteris-

tics of water and sediment transport of crisscross bars [1-4]. With the human activities, 

especially the construction and operation of large water conservancy projects, the 

downstream riverbed is nearly scoured by clean water, and the original balance moves 

to a new balance. In view of this, lots of researches were conducted by analysis, labor-

atory experiment and numerical simulation. For example, Xia et al. [5] analyzed the 

evolution characteristics of Jiepai reach in the lower reaches of the Three Gorges Res-

ervoir and the impact on the channel condition. Lu and Yao [6] studied the impact of 

upstream reservoirs on the evolution of typical reaches of the Yangtze River; Liu et al. 

[7] studied the section shape and riverbed change of different river types downstream  
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the dam after the impoundment of Xiaolangdi Reservoir on the Yellow River. Li [8] 
simulated the formation process of the bank under the condition of channel erosion. Shi 
et al. [9] studied the influence of water and sediment conditions on the evolution of 
crisscross shoals along straight channel. 

In general, lots of researches on the evolution of the downstream straight channel of 
the reservoir were carried out, but there are still some deficiencies in the understanding 
of the horizontal and vertical changes of the flow velocity, turbulence characteristics, 
etc. Therefore, the flow characteristics of the crisscross bars along the straight channel 
were studied. 

2 Materials and method 

2.1 Experimental design 

The experiment was carried out in a flume with the dimension of 40×2.6×1m and the 
bottom gradient of 1.5‰. The flume is composed of water pump, water transmission 
pipeline, test water tank, collecting tank, and so on. The inlet adopted an automatic 
water control system to govern the flow discharge with an accuracy of 0.5%. A meas-
uring needle was used to dominate the outlet water level. Ten measuring pins were 
arranged every 5m on the guide wall at the right side of the water tank. Four bars were 
set on the both sides according to the statistical dimensions of the bars in typical reaches 
of the Yangtze River, which the height of is 13cm, the maximum length of the bottom 
is 3.81m, the maximum length of the top is 2.72m, the maximum width of the bottom 
is 0.7m, and the maximum width of the top is 0.35m. The distance between the two 
nearest bars is 4.06m, as shown in Figure 1. 

 

Fig. 1. Schematic diagram of flume experiment 

2.2 Test and measurement contents 

This experiment is to study the flow characteristics under the influence of the bar, and 
the flooding conditions were employed with the upstream flow discharge of 215m3/s 
and the downstream water level of 18.72cm. Taking the cement surface on the left bank 
of section 0 # as the coordinate origin (section 0 # is located 0.2m in front of the test 
section), the X, Y, and Z axis points to the downstream, the left bank and the bottom, 
respectively. Fourteen sections were arranged at unequal intervals in the X-axis. The 
flowing characteristics were studied by Acoustic Doppler Velocimeter (ADV) meas-
urement techniques. Sections 1 # to 12 # was distributed at the head, middle and tail of 
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the four bars, and the section 13 # was located at the end of the flume, as shown in 
Figure 1. At each section, measuring points were set determined by the lateral distance 
and vertical height. For example, the first measuring point is at the position where the 
lateral distance is 0.1m from the starting and the vertical height is 5.2cm from the bot-
tom. The interval of lateral distance was 0.2 or 0.3m. And the spacing of each measur-
ing point upward is 0.5cm, 1cm, 3cm, 3cm, 3cm and 3cm. The sampling frequency and 
time of the ADV are 25Hz and 20s. A total of 500 samples were taken from each point, 
and the data was processed by the winADV. 

2.3 Analysis parameters 

Time-average velocity. 
In turbulent flow, fluid particles are mixed with each other and move in disorder, 

and the velocity have stronger pulsation phenomenon. According to the principle of 
statistics, it is more significant to use statistical average to study the turbulence flow, 
but we need to conduct multiple groups of tests at the same time under the same condi-
tions, and process the data obtained from each test to obtain the statistical average. 
Obviously, this is not easy to achieve in the actual test [10]. Therefore, time-average 
velocity is adopted in the data processing of this test, and the calculation formula is  
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where ū is the time-average velocity, ui is the instantaneous velocity, N is the number 
of samples. 

Turbulence intensity. 
Turbulence intensity is a characteristic value reflecting the degree of fluctuation. It 

can be calculated formula from 
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where σ is the turbulence intensity. 

3 Results and discussion 

3.1 Time-average velocity 

Distribution along the flume direction. 
The distribution characteristics of time-average velocity along the flume direction 

were analyzed based on the cross sections at the head, middle and tail of the bar I, II, 
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III and IV, where the starting point distance of the measuring points is 1.2m, approxi-
mately in the middle of the flume. 

Figure 2 shows the distribution of longitudinal time-average velocity of bar I and 
IV. The z/h indicates the relative water depth, z and h is the water depth at the measuring 
point and the total water depth, respectively. The velocity at the measuring point with 
relative water depth above 0.7 cannot be measured due to the limitation of ADV meas-
urement. But it basically obeys the exponential distribution from the measured points, 
which is consistent with natural waters. Taking the bar as a unit, the average values of 
bar I, II, III and IV were calculated when the relative water depth is 0.6, and obtained 
77.83cm/s, 73.85cm/s, 73.37cm/s, and 68.35cm/s. the results show the longitudinal 
time-average velocity tends to decrease along the flume direction. Moreover, a large 
decrease occurs between bar I and bar II, bar III and bar IV. For a certain bar, the vari-
ation of the longitudinal time-average velocity is characterized by a small velocity at 
the head section and a slightly larger velocity at the middle and tail sections, but the 
difference is not significant (except for the point bar III). 

.  

Fig. 2. Change of longitudinal time-average velocity (X direction) of different bars and sec-
tions: a. bar I; b. bar IV, where the starting point distance of measuring points is 1.2m. 

Figure 3 shows the variation of the transverse time-average velocity, where a posi-
tive value indicates the transverse flow flows from the right bank to the left bank. Due 
to the existence of the bar, the water level on both sides is different, and a transverse 
flow forms. Its value and direction change with the different position. It is mainly 
shown as follows: when the water flows into the bar I from upstream, the transverse 
time-average velocities of the head and middle part are positive, and the water flows 
from right bank (the side of the bar) to the left bank due to the existence of the bar. 
However, this effect gradually decreases under the influence of centrifugal force, and 
the transverse velocity has become negative at the end of the bar. After continuing to 
enter the bar II, the transverse time-average velocity is still negative and increases as 
the bar II is arranged on the left side. And it gradually decreases because of the influ-
ence of centrifugal force. At the end of the second bar, the transverse flow velocity 
decreases to -4.01cm/s. The change of transverse time-average velocity along the third 
and fourth bar is similar to the former, so it is not repeated here. 
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Fig. 3. Change of longitudinal time-average velocity (Y direction) of different bars and sec-
tions: a. point bar II; b. point bar III, where the starting point distance of measuring points is 

1.2m. 

Transverse distribution. 
Sections at the head (4 #), middle (5 #) and tail (6 #) of bar II were selected to study 

the transverse distribution, and the section was divided into three parts: on the bar (dis-
tance from 0.3m to 0.5m), edge of bar (distance from 0.7m to 0.9m) and far from bar 
(distance of 1.7m). Figure 4 shows the longitudinal and transverse distribution on the 
head and the middle of the point bar II. As the vertical time-average velocity does not 
change significantly, it is not shown in the figure. It can be seen from the figure that the 
longitudinal time-average velocity is significantly distributed along the transverse di-
rection. And the velocity at the edge of bar is the largest, followed by the velocity far 
from bar, and the velocity on the bar is the smallest. This law is more obvious in the 
middle and tail sections. The change of transverse time-average velocity is slightly dif-
ferent at the head, middle and tail sections. The head section shows that the transverse 
time-average velocity gradually decreases with the distance from the bar. On the other 
hand, the middle section is characterized by the maximum velocity at the edge, the 
velocity far from bar takes the second and the minimum flow velocity is on the bar. 
And the edge section behaves the same, which is related to the distribution of transverse 
time-average velocity along the flume direction. 
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Fig. 4. Variation of longitudinal and transverse time average velocity at different positions of 
bar II, where section 4# is on the head, section 5# is in the middle 

3.2 Turbulence intensity 

The changes of turbulence intensity in three directions of the head section (1 # and 7 
#), the middle section (2 # and 8 #) and the tail section (3 # and 9 #) of point bar I and 
III were studied, where the starting point distance of measuring points is 1.2m, as shown 
in Figure 5. 

For the vertical distribution, it can be seen from the figure that the longitudinal tur-
bulence intensity near bottom area is the largest, and the intensity changes little at the 
relative water depth between 0.3 and 0.6. The vertical distribution characteristics of 
transverse and vertical turbulence intensity are similar, but the turbulence intensity de-
creases in turn. 

For the distribution along the flume direction, the longitudinal turbulence intensity 
tends to increase along the path, and the increase amplitude shows as decreasing from 
upstream to downstream. For example, the average turbulence intensity from bar I to 
bar III increases from 4.39cm/s to 4.94cm/s, and the longitudinal turbulence intensity 
raises 50.3% from the head to the tail of point bar I, while it increases by 5.63% of bar 
III. The variation characteristics of transverse turbulence intensity along the flume are 
mainly related to the shape of the bar, which is shown as the largest in the middle, 
followed by the head and tail, but the difference between the latter is not significant, 
such as, the average value of the transverse turbulence intensity at the middle of the bar 
I is 2.90 cm/s, and the values at the head and tail section are 2.43 cm/s and 2.32 cm/s 
respectively. The vertical turbulence intensity is relatively small, which is about 1/3 of 
the longitudinal turbulence intensity, and an increasing trend also appears. However, 
the shape of bar has little influence. 

886             X. Wang et al.



  

  

Fig. 5. Changes of turbulence intensity at typical locations of different point bar: a. point bar I; 
b. point bar III where the starting point distance of measuring points is 1.2m. 

Taking the middle section (5 #) of bar II as an example, the transverse distribution 
characteristics of turbulence intensity was studied. Due to the large difference in the 
velocity of these three parts, the relative turbulence intensity T was used, as shown in 
Figure 6. It can be seen from the figure that the longitudinal, transverse and longitudinal 
relative turbulence intensities is the largest on the bar, followed by the part far from 
bar, and the minimum at the edge, moreover, the latter has little difference. 
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Fig. 6. Transverse distribution of relative Turbulence Intensity in three directions on the section 
5 # on the point bar II 

4 Conclusions 

The impact of crisscross bars on the velocity and turbulence intensity in straight channel 
were studied through laboratory tests. The results show that the existence of bar has an 
important influence on velocity and turbulence intensity, and the influence changes 
with the position and shape of crisscross bars. As the test was carried out under single 
factor, which is different from natural rivers, it will be further studied in combination 
with on-site observation. 

Acknowledgment 

This work was mainly supported by National Natural Science Foundation of China 
[grant numbers: U2240206] and Special Fund for Basic Scientific Research Business 
of Central Public Research Institutes [grant numbers: CKSF2023189/HL]. 

References 

1. Ni, J.R., Wang, S.J. (2000) On straight river Journal of Hydraulic Engineering, 12: 14-20. 
(in Chinese) 

2. Eekhout, J.P.C., Hoitink, A.J.F., Mosselman, E (2000) Field experiment on alternate bar 
development in a straight sand-bed stream. Water Resources Research, 49: 8357-8369. 

3. Xu, H.Y., Bai, Y.C. (2012) The nonlinear theory for sediment ripple dynamic process of 
straight river. Sci China Tech Sci, 42: 603-621.  (in Chinese) 

4. Defina, A. (2003) Numerical Experiments on Bar Growth. Water Resources Research, 39: 
1085-1092. 

888             X. Wang et al.



5. Xia, J.Q., Lin, F.F., Zhou, M.R., et al. (2020) Recent morphodynamic evolution of the Jiepai 
reach and its effect on the navigation condition. Journal of Basic Science and Engineering, 
28: 28-39.  (in Chinese) 

6. Lu, J.Y and Yao, S.M. (2018) Response mechanism of the river and lakes in the middle and 
lower reaches of the Yangtze River under the combined effect of reservoir groups[J]. Journal 
of Hydraulic Engineering, 49: 36-46.  (in Chinese) 

7. Liu, W and Wang, S.J. (2019) Temporal and spatial change of the sedimentation rate on the 
channel cross-sections in the lower reaches of Yellow River and its influence factors. Re-
search of Soil and Water Conservation, 26:167-174.  (in Chinese) 

8. Li, M. (2018) Preliminary experimental study on the formation of bars in a straight channel 
under scouring condition. Hubei: Wuhan, Wuhan University. (in Chinese) 

9. Shi, Q., Zhang, X.F., Xu, Q.X. (2020) Evolution of alternate bars in straight channel under 
different discharge and sediment conditions Journal of Yangtze River Scientific Research 
Institute, 37: 7-13, 24. 

10. Shi, K. (2007) Study on turbulence characteristics of curved channel flow. Chongqing: 
Chongqing Jiaotong University.  (in Chinese). 

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.

Experimental Study on Flow Characteristics of Crisscross Bars             889

http://creativecommons.org/licenses/by-nc/4.0/

	Experimental Study on Flow Characteristics of Crisscross Bars in Straight Channel

