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( SUMMARY >

Purpose &
Contents

L
1)

. Purpose

Complicated flow structures, such as recirculation, secondary flow, and
horseshoe vortex inducing strong turbulent flows, are observed downstream of
the spur dike

Only a few studies have been conducted on three dimensional velocity field
measurements with high resolution

It is necessary to obtain knowledge on flow structure changes caused by the
spur dike to develop reliable hydraulic structure design method.

. Contents

Experimental measurements and analysis on three dimensional turbulent flow
characteristics downstream of the spur dike considering the structure height
and the incoming flow conditions

Numerical analysis based on 3D Computational Fluid Dynamics (CFD) model
Introduction of crucial design factors based on the three dimensional
velocity field data extracted from the physical and numerical experiments
Visualization of the three dimensional turbulence structure by using the
results of the physical and numerical experiments

Main contents of this project are as below

Experimental measurements and analysis on three dimensional turbulent flow

characteristics downstream of the spur dike considering the structure height

and the installation angle

2)

3)

4 open channel flume experiments were conducted
Experiment design: the relative structure height (h/H=the structure
height /water depth) of 0.5, 1 and incoming flow conditions of Fr=0.10 and
0.18 are chosen for the experiments. The design parameters might be changed
after the literature review
Measuring three dimensional velocity field by using ultra sonic velocimeter
which can collect three dimensional velocity components and ultra sonic
water elevation sensor

Numer ical analysis based on 3D Computational Fluid Dynamics (CFD) model
Conducting 2 numerical experiments considering the results of the physical
experiments
Employing more than 10 million grid nodes for the numerical calculation
Faster and more reliable numerical analysis is possible due to the super
computing technology

Introduction of crucial design factors based on the three dimensional

velocity field data extracted from the physical and numerical experiments

Qualitative and Quantitative results are induced based on 4 crucial design
factors through the experimental and numerical investigations

4 crucial design factors are recirculation length, bed shear siress,
maximum velocity, secondary flow patterns




Results

Suggesting the new pé?gaigm on hydraulic structure design research area
using the numerical experiment to establish the design criteria. The
concepts in this research will make institutions in other countries
interested in our work because the concepts are rare in the literature. Also
promoting the technology development in hydraulic structure by publishing
the paper in a prominent journal

The hydraulic structure design including, dam, spillway, fish way, and drop
structures, will develop if the results of this research are applied in the
different hydraulic structures

Minimizing the economical loss caused by over design with the research
results and occupying the global market in a hydraulic structure industry by
accumulating the knowledge about the flow around the spur dike

Contributing the hydraulic design development by educating the research
fellows analyzing the complicated three dimensional flow characteristics
around hydraulic structures

Expected
Contribution
and
applications

1

Expected contribution

1) Technological contribution

Establishing the database based on scientific principle such as, direction
of the flow and turbulence energy, and the resistance force caused by the
spur dike

Suggesting the new paradigm by employing the super—computing technology with
three dimensional numerical scheme in hydraulic structure design research
area

Developing the spur dike design in a straight open channel by demonstrating
the relationships among the crucial design factors of the spur dike

Being the first natural river design criteria based on scientific principle
Advertising our the hydraulic structure technology by publishing a paper in
a prominent journal

Providing the three dimensional velocity field data to lead hydraulic
structure design technology in long term

2) Social and economical contribution

minimizing the economical loss cause by the hydraulic structure failure in
the flood

Preventing the over-design of the structure, leading saving the budget in
the structure maintenance

Occupying the global market in a hydraulic structure industry by
accumulating the knowledge about the flow around the spur dike




2. Applications

B The research results are going to be used to help improving the drop
structure or weir design by demonstrating the three dimensional turbulence
characteristics and the relationships among the design factors in the spur
dike

B Parts of the research output, three dimensional velocity field data from the
physical experiment and the numerical experiment, are useful to develop spur
dike design guide lines

W Especially developing the design guide lines which are difficult to be
I established by the physical experiments. For example, the scour occurs at
the conjunction between the structure and the bank caused by the complicated
three dimensional turbulence flow. However the situation is almost
| impossible to describe in the physical experiments. Therefore It will help
improving the design method if the three dimensional data is collected in
Expected high resolution numerical experiment
Contribution | ™ The results will be used to solve the safety issues by analyzing the shear
and stress at the conjunction in the high resolution numerical experiment
applications | m Developing the hydraulic design technology by demonstrating the crucial
design factors and the relationship between the design factors and the flow
characteristics in the spur dike

B Design factor graph obtained in this research can be employed in improving
the spur dike design method. For instance the recirculation length can
determine the spacing in the spur dike group. The shear stress, maximum
velocity, and the secondary flow is going to be used to anticipate the scour
patterns

| ® Establishing the spur dike design criteria considering the flow
characteristics change due to the crucial design factors and preventing the
2nd and 3rd damage caused by the hydraulic structure failure

B The obtained results contribute river design refinement

B Helping Establishing policies related to river management and river
restoration

B New technology can be suggested if this project finishes successfully

q Acoustic
Flume Hydraulic ;
Keywords exper iment structure Turbulence Ve?gg?égiry 3D CFD model ing
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£ FUZ (Kang et al., 2005; Yeo et al., 2006; Kang et al., 2009; Kim et al., 2014).
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(Dey and Barbuiya, 2006; Duan, 2009; Duan et al., 2009; Safarzadeh et al., 2016).
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