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Abstract— This paper chooses the wide and narrow 
alternated channel in upstream of Baoxing River as the 
research object, establishes a three-dimensional flow 
calculation model and studies the effects of gap backwater on 
flow characteristics of the water in upstream channel under 
different conditions. The results show that there is backflow 
along both sides of the mainstream in upstream of gap 
because of the water-resistance effects of gap. With the 
increase of flow rate, backflow presses the mainstream, so 
that cross-sectional velocity distribution in wide section 
becomes more uniform; at the section not affected by the 
backwater, as the flow increases, the bed shear stress 
increases, and the peak is distributed in the middle of the 
channel region; when the flow rate further increases, under 
the effect of the backflow and the backwater, the bed shear 
stress at the middle region of wide section tends to decrease 
first and then increase. And velocity and bed shear stress 
distribution in the cross section has significant peaks within 
a certain flow range. 
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I. THE PRESENT SITUATION OF THE CHANNEL 

The mountain streams are affected by geological 
conditions and riverbed evolution, and the structure and 
lithology are inconsistent where the river flows through. 
So areas with low resistance to erosion and syncline often 
become gully, while areas with hard rock and Anticline 
become narrow. Upstream of Baoxing River has formed 
multiple wide and narrow alternated channels, due to the 
difference of flow capacity between Wide section and 
Narrow section, causing severe backwater in upstream of 
Gap. [1]The width of the wide section is to 75m, while the 
canyon section part only about 10m. Moreover, the 
gradient of the riverbed changes severely. It is estimated 
that the height in wide section reduced to 36‰ ,the height 

in gorge reduced to 17‰. The U-shaped cross section of 
the river is formed in the long process of evolution. In the 
dry season, the water flow is small, due to the arc groove. 
While during the flood period, upstream of gap forms 
numerous backwater so that the upper bottomland and 
farmland are flooded. [2] 
 

II. RIVER CALCULATION MODEL AND 

BOUNDARY CONDITIONS 

Mathematical model is generalized by the actual 
river, with curved bottom surface and duplex trapezoidal 
cross section. The model is divided into 4 typical 
regions ,entrance section, wide section, gap and narrow 
section. The river is 206.5m in length in total, and the 
maximum width of the river is 60m, the minimum is 11m. 
We carried out simulation respectively in four different 
conditions with the inlet flow of 35m³/s, 55m³/s, 75 m³/s, 
105 m³/s .The generalized diagram of watercourse is 
shown in figure 1. 
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Figure 1.Generalized graph model(Unit: m) 

First establish model into Gambit and mesh 
generation, then set up the boundary conditions: the lower 
part of the inlet is the flow inlet, the type is the velocity 
inlet boundary; the upper part is the air inlet, the type is 
pressure inlet boundary; the outlet is the one mixed with 
water and air, its type is pressure outlet boundary; [3]the 
solid wall use the standard wall function method for 
treatment. The model uses FLUENT to do numerical 
simulation, and use the method of VOF, combining the 
standard k   turbulence model coupled to calculate 
the flow field. 

III. THE RESULTS OF THE CALCULATION AND 

ANALYSIS 

A. The backwater range and influence 

Figure 2 is a schematic diagram about reflux area of 
4 conditions. For condition 1,the flow is small and there is 
a small recirculation zone near the shore in upstream of 
Gap, but with no obvious backwater and about 30m 
mainstream in width. In condition 2, the mainstream’s 
width influenced by backflow is reduced from 36m to 
20m in the range of X=116-153m. [4]In condition 3, the 
water spread to the entire wide section. Because of the 
shape of the recirculation regions, the width of the 
mainstream in the range of X=100-135m was not 
significantly decreased, only reduced from 40m to 35m. 
In condition 4, the recirculation zone expands to the scope 
of X=72—150m, and the width of the mainstream is 
reduced to 16m. From condition 1 to condition 4, the 
range of recirculation zone increases gradually, and there 
are apparent differences in the shape of the recirculation 
zones under different flow conditions. 

 
Figure 2.Schematic diagram about reflux area of 4 

conditions 
 
B. Cross-sectional velocity distribution 

Figure 3, figure 4 are respectively the velocity 
contours of condition 1 and condition 3 at the cross 
section X=120m. For condition 1, because of the 
unobvious backwater, there is little influence on velocity 
distribution at the cross section X=120m. The maximum 
velocity zone is in the middle area of riverbed, with the 
size of 1.1m/s. And the velocity decreases from the 
middle region to both sides. 

Negative velocity region caused by reflux near the 
shore is small ,at the range of Y = -12—12m , and the size 
of velocity changes significantly .For condition 3 , the 
maximum velocity is only 0.4 m/s, located on both sides 
of the axis at  the cross section X = 120m.Due to the 
increased flow, and the backwater in upstream of gap 
rising violently, the mainstream is squeezed by reflux 
strongly, causing great differences in the cross-sectional 
velocity distribution compared with non-backwater 
section .Furthermore, negative flow rate region is bigger , 
accounting for 3/7 of the entire cross section. Compared 
with condition 1, there are only small variations in 
velocity ,and the velocity distribution is more uniform in 
the range of Y = -12 —12m . 

 

Figure 3.mode 1(X=120m) 

 

Figure 4.mode 3(X=120m) 
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C. Cross-section bed shear stress distribution 

Figure 5 shows the cross-sectional bed shear stress 
distribution in four conditions at wide 
section (X =120 m). Since the mainstream is squeezed by 
reflux at different degrees, making the bed shear stress at 
wide sections distribute differently with different flow. 
Condition 1 and 2 at X = 120m is in the corresponding 
non-backwater zone, and the peak of the bed shear stress 
lies in middle section; With the flow increasing , the bed 
shear stress also increases. When the flow is further 
increased, the bed shear stress at first decreases and then 
increases at the middle region of wide sections. Condition 
3 and 4 at X = 120m is in the corresponding backwater 
zone, not only having less bed shear stress overall than 
conditions 1 and 2, but also the peaks are off and then 
back to the middle region under the influence of reflux. 

 

 
Figure 5.the cross-sectional bed shear stress distribution in 

four conditions at wide section (X =120 m) 
 

IV. CONCLUSION 

(1) Reflux often happens in the upstream of the gap. 
And as the flow increases, the area affected by the 
recirculation zone also increased. Under different flow 
conditions, there are apparent differences in the shape of 
the recirculation zone. (2) Reflux has great impact on the 
cross-section velocity distribution in the upstream of gap 
by pressing the mainstream channel. Moreover, the 
cross-section velocity distribution becomes more uniform 
with the increase of flow. (3) As the flow increases, the 
bed shear stress also increases in the section not affected 
by backwater, and the maximum is distributed in the 
central cross-section region. While the flow is further 
increased, under the influence of the reflux the bed shear 
stress in the central cross-section region at first decreases 
and then increases. 
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