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Tab.1 Simulation cases of ship-shaped floating dike

TG WRTREE B BRI KEE LB K MERIPRIR SRR AEUIRSRAARE TR I
d/cm D(D=dh,,) L/cm (K=L/W) Blem 0/(°) S,
1 0 0 0 0 0 0 0
2 2 0.4 10 1/3 1 0 0
3 1 0.2 10 1/3 1 0 0
4 4 0.8 10 1/3 1 0 0
5 2 0.4 5 1/6 1 0 0
6 2 0.4 15 172 1 0 0
7 5 1.0 10 1/3 1 0 0
8 2 0.4 15 172 1 =30 0
9 2 0.4 15 12 1 +30 0
10 2 0.4 15 172 1 +30 -0.1
11 2 0.4 15 12 1 +30 0.1
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Fig. 2 Distribution of normalized streamwise velocity on different longitudinal profiles under different submerged ratios
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Fig. 4 Distribution of normalized streamwise velocity on different longitudinal profiles under different length ratios
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Abstract:

Objective A spur dike is an in-stream structure that is widely employed for the protection of riverbank erosion. In river engineering, traditional
regulating structures exhibit certain limitations, such as occupying large areas, requiring significant quantities of stone, being difficult to maintain,
and involving high construction costs, which make them unsuitable for use in some regions. Therefore, scholars propose the application of float-
ing dike structures in river regulation engineering. These structures exhibit advantages such as minimal impact on sediment transport, improved
adaptability to upstream water and sediment discharge, and reduced impact on the riverbed and ecological environment. However, research on the
effects of floating dikes on flow structure and the riverbed remains insufficient, and the understanding of their practical application is limited.
Considering practical application, ships are used as substitutes for floating dikes; therefore, this structure is also referred to as a ship-shaped float-
ing dike. This study focuses on the effects of the submergence ratio (D is submergence depth/water depth), length ratio (K is ship length/river
width), arrangement angle (6 > 0 indicates the dike oriented downstream), and transverse bed slope at the location of the ship-shaped floating dike
on the surrounding flow field and turbulence characteristics. The findings provide a hydrodynamic basis for further understanding the influence of
ship-shaped floating dikes on sediment transport and riverbed evolution, as well as technical support and reference for their application in practi-
cal river engineering projects.

Methods This study investigated the influence of geometric characteristics, including submergence depth and ship length, as well as arrangement
parameters, including ship angle and transverse bed slope, of ship-shaped floating dikes on the surrounding flow field and turbulence structure,
with the objective of identifying the optimal arrangement configuration. The same flume dimensions (length is 1.4 m, width is 0.3 m, and height
is 0.05 m) and simulation conditions as those used in the physical model experiments were adopted to enhance the reliability of the numerical
model. The RNG k—¢ turbulence model was employed to simulate the flow structure around the ship-shaped floating dike. Considering the negli-
gible variation in the water surface, the rigid-lid assumption was applied, with a constant inlet velocity and free outflow conditions at the outlet.
The velocity-pressure coupling equations were solved using the semi-implicit SIMPLE algorithm.

Results and Discussions The numerical simulation results for velocity distribution and Reynolds shear stress across different longitudinal sec-
tions were consistent with those obtained from physical experiments, confirming the reliability of the numerical model. The three-dimensional
flow structure and turbulence kinetic energy distribution were analyzed by considering variations in the submergence ratio (D), length ratio (K),

arrangement angle (), and transverse bed slope (S; ) of the ship-shaped floating dike. The numerical results were verified against experimental ob-
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servations. The results demonstrated that: 1) As D increased from 0.2 to 0.8, the maximum relative streamwise velocity below the ship-shaped
floating-dike (SSFD), defined as the ratio of local maximum flow velocity/inlet average flow velocity (U/U,,

to 1.69. The length of the back-flow area and U/U,,

may)» gradually increased, from 1.52

max inCreased from 1.0L to 3.5L (L is the length of SSFD) and from —0.35 to —0.51. Increasing
D also intensified near-bed flow velocity and enhanced turbulence intensity downstream of the SSFD. 2) As K increased, the effective flow-
passed cross-section decreased, resulting in increased flow velocity below and outside the SSFD. The area of the back-flow and low-velocity
zones expanded with increasing K, whereas the length and intensity of the back-flow region remained nearly unchanged. Turbulence kinetic en-
ergy gradually increased and formed a concentrated core region near the bottom and downstream of the SSFD. 3) When the SSFD was tilted up-
ward with 6 = -30°, a strong blocking effect was observed, with U/U,, . upstream of the SSFD reduced to 0.4, while near the shore and bottom of

the SSFD, U/U,. = 1.53, which was less than 6 = 30° with U/U,,

max

= 1.63, but both were less than =0 with U/U, . = 1.72. The distribution of

max max max

the slow-flow zone behind the SSFD was larger when 6 = —30°. When 6 = 30°, the flow remained relatively stable, characterized by weak turbu-
lence kinetic energy, and localized acceleration zones and circulation structures developed downstream of the SSFD. When the SSFD was posi-
tioned on the deeper side of the channel, the flow concentrated beneath the structure, resulting in an intensified back-flow region. The transverse
slope of the riverbed enhanced downstream circulation. The results indicated that the SSFD achieved optimal slow-flow and sedimentation pro-
motion effects when it was arranged on the deeper side, tilted downward, with a submergence ratio < 0.4 and a length ratio < 0.5.

Conclusions The geometric dimensions and spatial arrangement of the ship-shaped floating dike, along with the transverse bed slope, play a sig-
nificant role in influencing the surrounding hydrodynamic characteristics and turbulence structure. As an innovative river regulation structure, the
ship-shaped floating dike exhibits advantages including the formation of a stable slow-flow zone downstream of the dike, well-developed second-
ary circulation, and minimal disturbance to the bottom flow field, which collectively contribute to favorable ecological compatibility. These find-
ings provide valuable technical support and practical reference for the application of ship-shaped floating dikes in river regulation engineering
projects.

Key words: ship-shaped floating-dikes; hydrodynamic structure; river regulation; numerical simulation
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