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Tab. 1 Comparison of the average flow velocity of

each measurement point B m/s
IS I fE A 2AH
C 0.684 0.681 0.003
C, 0.665 0.662 0.003
C; 0.711 0.708 0.003
C, 0.738 0.724 0.014
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Fig. 5 Comparison of model test and numerical simulation

of water surface line
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Tab.2 Summary of the pilot programme

VES L r
1 1.7B 0.04B
2 1.9B 0.04B
3 2.1B 0.04B
4 2.3B 0.04B
5 2.5B 0.04B
6 2.7B 0.04B
7 2.9B 0.04B
8 2.3B 0.10B
9 2.3B 0.08B
10 2.3B 0.06B
11 2.3B 0.04B
12 2.3B 0.02B
13 2.3B 0
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Tab. 3 Uniformity of axial velocity uniformity in each section %

VES S, S, S, S, S;

J 68 75 84 90 92
L=1.7B 80 84 91 93 94
L=1.9B 79 85 92 94 94
L=2.1B 80 86 93 94 94
L=2.3B 79 87 92 94 94
L=2.5B 79 85 92 94 94
L=2.7B 77 84 92 94 94
L=2.9B 76 84 92 93 93
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Fig. 11 Relationship between the uniformity of axial velocity uniformity

and the diameter of the top of the backflow surface for each cross-section
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Tab. 4 Uniformity of axial velocity uniformity in each section %

iz S, S, S, S, Ss
=0.108 72.51 78.59 86.88 90.48 92.92
r=0.08B 74.50 80.71 88.65 92.22 93.95
=0.06B 78.65 85.73 92.65 93.74 94.04
=0.04B 80.57 87.72 93.28 94.24 94.05
=0.02B 80.83 87.93 93.55 94.36 94.10

=0 80.95 87.81 93.33 94.28 94.16
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The influence and improvement of curved water flow on the flow pattern

downstream of bridge piers

YANG Daoming"’, WANG Zhiguo'’, ZHANG Caijie’, LI Xinyao"’, ZHENG Dong"’, LIU Lilong"

(1. College of Water Conservancy and Hydropower, Hebei University of Engineering, Handan 056038, China;

2. Hebei Key Laboratory of Smart Water Conservancy, Hebei University of Engineering, Handan 056038, China;
3. Handan Management Office of Hebei Branch of South-to-North Water Diversion Company, Handan 056006, China )

Abstract: In practical engineering, bridge piers are frequently located within the influence of bending water flow.

When there is a deviation in the flow upstream of the bridge pier, the low-velocity area created by the shedding of

vortices downstream of the bridge pier interacts with the deviation flow. This leads to a highly uneven distribution

of flow velocity downstream, posing a hazard to the downstream slopes and related buildings.

To improve the disturbance of flow pattern downstream of the bridge pier caused by curve flow, a method of k-w
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SST 3D numerical simulation and physical model test were established based on ANSYS Fluent. The influence of
different pier tail shapes on downstream velocity distribution was studied, and the causes of downstream deviation
were analyzed. The findings indicated that when the incoming flow upstream shifted and the relative velocity
difference between the shifted flow and the low-velocity area behind the pier increased, it led to an increase in
turbulence in the downstream flow. Enhancing the design of the downstream end of the pier can improve the
distribution of velocity downstream. The length of the tail end of the pier had a positive correlation with the steady
flow effect, while the radius of the arc at the front end of the pier had a negative correlation with the steady flow
effect in the scope of this study.
The research results can reference related projects such as bridge pier construction in curved water flow.

Key words: bridge pier; bend water flow; flow velocity distribution; tail flow state; distribution influence;

mathematical model
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(EEZ 1195 1)

speed of the filling valve is 7 min. When the operating head was greater than 5.99 m, the continuous opening time of
the double-sided uniform speed of the filling valve is 9 min. In each operating water level combination, the
continuous opening time of the double-sided uniform speed of the discharge valve is 7 min. When the upper lock
head valve was continuously opened bilaterally for water filling for 6 to 9 min, the minimum instantaneous pressure
at the top of the upper lock head water conveyance corridor was 2.57 mH,0. When the lower lock head valve was
continuously opened bilaterally for water discharge for 6 to 9 min, the minimum instantaneous pressure at the top of
the lower lock head water conveyance corridor was —0.26 mH,0. Under different water head conditions, the water
level of the lock chamber rose and fell smoothly, the surface was calm, and there was no unfavorable flow pattern
such as vortex and bubble vortex in the lock chamber, and as a whole flow pattern of the lock chamber was better.
Under the recommended valve operation mode, the hydraulic characteristics of the lock, the pressure characteristics
of the water conveyance corridor and bollard force for ships moored in lock chambers meet the specifications and

design requirements.

Key words: North Ship Lock; water conveyance system; hydraulic characteristics; instantaneous pressure; model

test
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