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ABSTRACT

Spur dykes are river training structures commonly installed for erosion control and bank
protection purpose. The installation of groyne however results in highly turbulent flow resulting
in high local scour in the vicinity of the tip of groyne. Several research works have shown that
impermeable groynes are more effective in river training but results in high local scour,
permeable groynes results in lower local scouring but are not effective as river training structure.
In this dissertation work an attempt is made to combine impermeable and permeable groynes
and analyze the performance of resulting hybrid groynes as an alternative groyne with
minimization of local scouring phenomenon. In general, the flow structure around a hybrid spur
dyke has the combined effect of a permeable and an impermeable spur dykes. Flow around the
hybrid groyne is analyzed by numerical modelling using CFD code ANSYS FLUENT. The
Realizable K-e model is used for turbulence modelling. The groynes are tested for their
performance at various flow depth and Froude number. Performance of these hybrid spurs is
compared with impermeable and permeable spur based on the tip velocity, maximum velocity,
and separation length. The bandall structure with permeable base is found to provide separation
length comparable to impermeable groynes and at the same time shows considerable reduction

in velocity and bed shear amplification.
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CHAPTER 1 INTRODUCTION

Spur dykes are elongated hydraulic structures protruding from the bank of the river perpendicularly or at some
angle towards centre of stream. These structures are widely used for river training work in alluvial rivers for a
number of different Purposes such as bank protection, maintenance of navigation channel, improving river
ecology etc. they protect the bank from which they are extending by deflecting the flow away from the bank,
the water is unable to take a sharp embayment and the bank gets protected for some distance upstream or
downstream. By constructing series of spur dikes perpendicularly to the river banks the flow is kept away
from the erodible banks. At the same time the laterally confined flow attains a sufficiently high velocity to
keep the navigation channel at proper depth. They are made of gravel, stone, earth embankment, rock, or piles,
beginning at the riverbank with a root and ending at the regulation line with a head.

An interesting criteria in the design of these structures is the disturbance the structure will cause in the flow
field, Local erosion and siltation induced etc. the study of flow field hence becomes necessary to find how far
downstream the disturbances extend. High strength vortices forms near the tip of groyne. The tip of the groyne
is hence subjected to tremendous forces.

Plan View of Groyne Profile View of Groyne
along Centerline Shoulder Section
Key Bankful Height
Section fﬁ_/_ _

Weir Slope

River Bed Section

Weir \ o Tangent Line
Section to Bank

Cross Section a-a

3D

Groyne Angle

Groyne J

Centerline

/ \ Outer Bank Line

FLOW

Fig 1.1 cross sectional view of typical groyne

Groynes can be classified as normal, reflecting and attracting which depend on their alignment. A groyne built
perpendicularly to the flow is termed as normal or ordinary groyne. A groyne pointing upstream has the
property of repelling the flow away from it and is known as repelling groyne, whereas groyne pointing
downstream have a tendency to attract the flow towards it and is called as attracting groyne.

Groynes can also be classified as impermeable and permeable groyne.
Impermeable groyne:

Impermeable groynes also termed as embankment groyne or solid groyne may be rock fill embankment or
earthen embankment armoured with stone pitching etc. these groynes do not permit any significant flow
through them.
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Permeable groyne:

These groynes permit restricted flow through them. These are usually tree spurs or balli spurs driven in the
bed.

A lot of research works have been done on impermeable groynes and groynes of varying permeability.
However works on combination of the two is very scarce. Such combinations can be termed as hybrid
groynes, and are explained as follows.

Hybrid groyne:

These are the different combinations of impermeable and permeable groyne arrangements. Various
combinations can be made some of them are as under.

» Impermeable root near bank and permeable at head.
» Permeable near bank and impermeable towards head.

» Permeable lower portion and impermeable upper portion. This structure with permeable lower portion
is commonly known as Bandall type structure.

IMPERMEABLE ROOT PERMEABLE TIP PERMEABLE

BOTTOM PERMEABLE PERMEABLE

Fig 1.2 Some typical hybrid groynes
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1.1 Flow around a spur dyke

When a groyne is installed in a river it causes sudden reduction in the width of the stream. The width
reduction causes increase in velocities and flow separation occurs as shown in the fig3. Recirculation zone is
formed downstream due to the difference in velocities in main flow and recirculation zone flow, shear layer is
formed between main flow zone and recirculation zone. A large vortex is formed in the recirculation zone
coupled with some small vortices. Further downstream the recirculation zone reduces and finally mixes with
main flow to return to the main channel flow pattern. This distance after which recirculation zone mixes with
main flow is called as separation length.

Impermeable groynes are relatively active structures and permeable spur dykes are relatively passive ones
regarding their controls on the flow. Impermeable spur dykes have great impacts on the local flow structures.
The flow velocity is altered in both its direction and its magnitude, resulting in significant toe scouring and
corresponding wake deposition.

Main flow zone

Separation angle
Separation streamline (Shear layer)

'—’ - -
[ —

B Spur dike
e 5 Reattachment point
L lﬂ\emm flowzone ™ /

ey
~
Ny
2

Fig 1.3 Flow around a single groyne

1.2 Objective of Dissertation
i.  To investigate the effect of groyne installation on flow field.

ii.  To investigate the performance of different combinations of permeable and impermeable structures as
groyne (hybrid groyne) and hence identify the best combination for spur dyke based on the results of
separation length and maximum bed shear stress.

iii.  To identify the maximum velocity in the area near the spur and its position from the tip of the spur.

iv.  To study the streamlines and vortex for different hybrid groyne structures.

1.3 Scope of the project

Construction of a spur dike perpendicular to river flow decreases the width of river and causes flow separation
around the spur dike and recirculation zone is created downstream. Due to contraction of streamlines and
increasing velocity, the river bed is subjected to extensive scouring. Local scour around spur dikes is a
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problem because of the potential for high and damaging erosion which may even cause structural failures
creating hazards to the public.

In most of the cases impermeable and permeable groynes are used presently however impermeable groynes
have demerit of high local scouring near the tip which can also be dangerous for groyne structure. Whereas in
case of permeable groyne the diversion of flow is much small and comparatively more number of groynes will
be required for same diversion in flow field. Hence flow around different hybrid structures is analysed in this
project work to see their applicability as groyne.

The study of shear amplification factor and maximum bed shear will provide us location of potential scour
zones and hence will help in choosing the best suitable combination to be used as groyne. Tip velocity and
maximum velocity values will provide for predicting scour factors. The study of separation length will assist
in determining the installation interval of successive groynes.

ANSYS FLUENT v.15 has been used throughout this dissertation work for the analysis of flow field around
groynes. This CFD package has may closure models for turbulence modelling. In this project work realizable
k-e model is used with enhanced wall function for wall water interaction.

1.4 Introduction to ANSYS FLUENT

Computational fluid dynamics is a mathematical tool used for modelling fluid dynamics problems using
computers. Due to its many advantages over physical models it has emerged a lot of interest. The basic
principle in the application of CFD is to determine fluid flow in-detail by solving a system of non-linear
governing equations over the region of interest, after applying specified boundary conditions. The CFD based
simulation confides on combined numerical accuracy, modelling precision and computational cost.

FLUENT is 3D CFD software package which can be used for numerical simulation of nearly all kind of fluid
problems. It uses finite volume approach to solve 3D incompressible continuity and Reynolds-averaged
Navior-Stokes equations. Fluent offers a large number of turbulence models such as k -e, RNG k -¢, Reynolds
stress model, Spalart-Allmaras model, shear stress transport k-Q model, large eddy simulation, detached eddy
simulation models etc. The pressure velocity coupling can be done using SIMPLE, SIMPLEC or PISO
algorithms. ANSYS Fluent is integrated into the unified ANSYS workbench platform. ANSYS Fluent
software gives complete mesh adaptability, including the ability to solve flow problems using unstructured
meshes that can be produced about complex geometries. It supports quadrilateral, triangular, tetrahedral,
hexahedral, pyramid, prism and polyhedral type of meshes. It also allows dynamic refinement or coarsening
of the mesh based on condition. ANSYS Fluent runs conveniently for all physical models and flow types
including steady-state or transient, incompressible or compressible flows, laminar or turbulent flows and
Newtonian or non-Newtonian flows. Post-processing tools for ANSYS Fluent can be used to make
animations, graphics and reports that make it easy to show results. Path lines, vector plots, contour can also be
plotted in CFX post embedded in the ANSYS Workbench.
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Fig 1.4 Overview of ANSYS FLUENT

1.5 Organisation of the dissertation work:

The work presented in this report has been organised into six chapters. The first chapter gives a brief
introduction about flow characteristics around groyne, states the importance of the matter and aim of the
study. Chapter two gives the review of previous research works on the topic. The methodology involved is
presented in chapter 3. The numerical model data output from ANSYS fluent is given in chapter 4. The results
and discussions are enlisted in chapter 5 and chapter 6 concludes the study with future scope of study.
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CHAPTER 2-LITERATURE REVIEW

Flow around spurs have been an interesting phenomenon for researchers in the past and many research work
have been done for analysing flow around groynes. The first research in this respect was carried out by
Francis et al [1]. They conducted various experimental study to examine downstream groyne separation zone
in a rectangular flume, but they did not measure velocities. They found out that the extent of the eddy zone on
the channel bed is strongly influenced by lateral slope of groyne. Also they found out that the length of eddy
zone does not show any clear dependence on width contraction ratio and lateral slope.

Rajaratnam and Nwachukwu [2], performed experimental study on groynes installed on smooth and uniform
roughness bed for the analysis of structure of turbulent flow around groynes and studied bed shear stress near

tip.

Asayama and Kadota [3] conducted field investigation to measure the sizes of groynes as well as bed
morphology around the groynes. A Particle tracking velocimetry (PTV), 3D flow numerical analysis of flow
and bed variation around the groynes were investigated. They proposed a simple arrangement of river
structure for stable bed morphology.

Tingsanchali and Maheswaran [4], computed depth-averaged velocity and bottom shear stress distributions in
a rectangular channel near groyne using 2-D depth averaged model. They found that the bottom shear stress is
found to be largely influenced by the 3-D effects and introduced a 3-D correction factor to improve the
computed bottom shear stresses.

Ouillon and Dartus [5], used the porosity method to track the free surface for flow computations around spur
dyke. They concluded that maximum shear stress is located at the upstream corner of the tip of the spur.

Mioduszewski et al [6], performed experimental study on effect of permeability on flow characteristics and
reported lesser erosion in permeable spurs.

Ettema and Muste [7], performed a series of flume experiments to determine the scale effects in small scale
models of flow around a single spur dike placed in a fixed and flat bed channel. They used hydraulic
similitude based on the shear stress parameter u*0 /u*C.

Baba et al [8] performed experimental study on permeability of groyne to illustrate the difference of the flow
pattern around the foot of the spur dyke between impermeable and permeable spurs.

Uijttewaal [9], performed experiments in physical model of a river reach geometrically scaled to 1:40. Four
different types of groynes were tested and all of them were arranged in an array of five identical groyne fields.
Flow velocities were measured using PTV. The design of experiment was such that the cross sectional area
blocked by the groyne was same in all the experiments. They concluded that turbulence properties near and
downstream of the groyne can be manipulated by changing the permeability and slope of the groyne head.

Yeo et al [10]. performed experimental study in a flat and fixed open channel with groynes of different
permeabilities, relative lengths and approach velocities. He suggested an empirical equation for tip velocity in
terms of approach velocity and groyne area ratio. He also suggested an empirical equation describing the
relationship between the ratio of the separation length to groyne length and Froude number.

Kang et al. [11] performed hydraulic experiments in fixed and movable beds to examine the flow pattern, bed
change and scour depth and hole around a groyne. Both permeable and impermeable groynes were used for
testing. The maximum scour depth for each groyne type moved along a linearly downward path with
increasing permeability. The scour depth was decreasing with increase in permeability. The maximum scour
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depth was greatest with perpendicular groyne. The scour area was much larger for impermeable groyne than
permeable groyne.

Ghani et al. [12] performed numerical study on flow around groynes and studied streamlines over vertical
sections and turbulence kinetic energy. He found that TKE is affected considerably due to presence of spur-
dike and was found maximum behind the spur dike and distributed over the major part of the cross section for
some distance behind the dike.

Ghaldarbandi [13] et al. performed numerical study on lateral slope of impermeable groynes on varying cross
shore bed slope. They used standard K-e model for numerical modelling.

Zhang et al. [14] performed experimental study on the local flow and bed variation around different types of
spur dykes in sediment mixtures to study the scour patterns for different structures. He used 3 different type of
hybrid structures along with impermeable and permeable structure. He concluded that desirable flow
characterstics can be achieved by hybrid permeability groyne. He also found that the max scour depth is
considerably less for bandall like structure.

Yossef and Vriend [15] performed experiments on a fixed bed flume for a schematized river reach with
groynes on one side to study the dynamics of the flow near groynes. The flume was made to a geometrical
scale of 1:40 based on the dimensions of the river waal. Large scale velocity fluctuations were found in all the
test cases. The submerged groynes showed different turbulence pattern from the emerged groynes. The
sediment transport rate was found to be proportional to the velocity to a certain power.

Xuelin et al. [16] used large eddy simulations to model the three dimensional flows around a non-submerged
spur dike. The finite volume method was used to discretize the Navier-Stokes equations, and the SIMPLEC
algorithm was used to solve them. The computational results were in good agreement with experimental
results.

McCoy et al. [17] performed a Large eddy simulation(LES) on the groyne field in a straight open channel.
The mean velocity at the free surface was found to be in good agreement with the experimental results. The
bed shear stress was found to be more in the region close to downstream of the groyne.

Safarzadeh et al. [18] performed experimental measurements to investigate the head shape effects on bed
shear stress distribution around single straight and T-shape groynes. Distribution of shear stress was more
uniform downstream of the T-shape groyne.

Yazdi et al. [19] used Fluent software to study the flow patterns around a single spur dike. He used standard k-
o turbulence model with VOF method to get the results. By comparing the reults with experimental data, the
model was found to produce flow around a spur dike with sufficient accuracy.

Shahrokhi and Sarveram [20] used Flow-3D software to provide a numerical model of groyne surrounding
flow by using large eddy turbulence model while studying the effects of these factors on separation length and
width of separation region behind a groyne by applying various installation angles, groyne lengths and flow
velocities. The separation region length and width were maximum for angle of installation of 105°.

Hakimzadeh et al. [21] studied the effect of structural slope of model groynes on scour reduction. Total 8 tests
were performed with different lateral slopes of groynes. The experimental results showed that the maximum
scour depth at the head of groynes was reduced by 22% by reducing the structural slopes of groynes. The
transported sediments volume for mildest lateral slope groyne reduced significantly when compared with
rectangular groyne.

Mansoori et al. [22] investigated three-dimensional flow structure around two simple series of groynes with
different shapes of head using a numerical model known as SSIIM. Two case studies were considered: a
simple series of straight groynes and a simple series of groynes with T-shape head. A brief discussion about

17 |Page



the physics of flow was done in order to compare the performance of a series of T-shape groynes with that of
straight ones based on the primary objectives of the designs of the groynes.

Acharya et al. [23] presented a 3D numerical simulation of turbulent flow field around a series of three
experimental dikes in a flat and scoured bed surface using Flow-3d software. They used three different
numerical models in Flow-3d to compare the results from the experimental data.

Ghaidarbandi et al. [24] studied the effects of the cross shore and groyne wall slopes on flow parameters
around an impermeable groyne using Fluent software. They used k-¢ RNG model to analyse the flow. The
numerical model results were in good agreement with the experimental work and they revealed that by
increasing the cross shore bed slope magnitude of maximum velocity and bed shear stress decreased. These
valued decreased further as the structural slope was reduced.

Shamloo and Pirzadeh [25] used Fluent software to validate the experimental results of Yeo et al. [10]. They
used Reynolds stress turbulence model(RSM) in Fluent software to estimate the turbulent flow field. The
numerical results showed satisfying agreement with the experimental data.

Karami et al. [26] investigated scour phenomenon around a series of impermeable, non-submerged spur dikes
with both experimental and numerical methods. The experiments were conducted with different states of flow
intensity. For numerical simulation SSIIM 2.0 was used to compute the data. They used RNG k-€ turbulence
model and compared experimental and numerical data.

In this dissertation work the experimental setup and hybrid spur dykes used by Zhang et al. [14] is modelled
numerically using ANSYS FLUENT software.
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Chapter 3: METHODOLOGY

3.1 Overview of the study:

In this study, impermeable and permeable spur dykes are combined in different ways and the hydraulic and
morphological consequences of the resulted new types of spur dykes in flat bed is analysed. Five types of spur
dykes are analysed in this study, as shown in Fig.3.1. the permeable pat of all the structures is kept 50%
permeable.

1. Impermeable spur (S1)

2. root part permeable and the tip part impermeable (S2)

3. Root part impermeable and tip part permeable (S3)

4. upper part impermeable and the lower part permeable (S4)

5. permeable spur (S5).

100 10 10

A
A

S1: IMPERMEABLE S2: ROOT PERMEABLE S3: TIP PERMEABLE

10.0 L0

N

S4: BOTTOM PERMEABLE S5:50% PERMEABLE
(Bandall Structure)

FIG. 3.1 Spur dykes used in the study; permeable part is 50% permeable; all dimensions are in cm

The experimental setup performed by Zhang et al. is remodelled using fixed flatbed on ANSYS FLUENT for
this study. The experimental setup consisted of a flume which is 8m long, 40cm wide and 40cm in deep. The
length of spur is kept at 10cm and permeability is provided by using 1cm diameter cylinders alternatively. The
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permeability of permeable regions of spurs is 50%. The spur dyke is installed perpendicular to the flume wall

and remains non-submerged throughout the experiments.

e e e ]

Groyne
length

| Grovne

Incidence
angle

Separation
length

Channel
width

Fig.3.2 Schematic sketch of the experimental setup

-

The flow around these spurs is analysed at three different flow depths, for four different Froude numbers.

Hence a total of sixty models are analysed.

3.2 Nomenclature of the models

F1 0.25
F2 0.4
F3 0.5
F4 0.75

Y1 3.75 cm
Y2 5.00 cm
Y3 6.25 cm

Impermeable spur S1
Root part permeable and the tip part impermeable S2
Root part impermeable and tip part permeable S3
Upper part impermeable and the lower part permeable S4
Permeable spur S5
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3.3 Numerical method

A CFD code, namely ANSYS FLUENT, has been used in the present work for analysis of flow around
groyne. The finite volume numerical approach is used for the solution of conservation equations. Numerical
modelling involves solution of the Navier—Stokes equations, which are based on the assumptions of
conservation of mass and momentum within a moving fluid. The flow around a spur dyke is highly turbulent
and Realizable k-e turbulence closure model is used for turbulence modelling. The near wall interactions are
simulated using enhanced wall treatment function.

The process of the numerical simulation involves three steps:
(a) Pre-Processing

e Geometry set-up and domain discretization.

e Defining the flow conditions (models for computation) and boundary conditions.
(b) Solver

e The equation emphasizes over and over till desirable level of accuracy is attained.
(c) Post processing

e Analysis of result.

3.3.1 Model validation

Before the hybrid groynes are analysed the numerical model is validated for its performance in analysis of
flow around groyne. The validation of model is done by modelling the experimental work of yeo.et al. and
comparing the numerical result with the experimental results obtained by yeo.et.al.

The experimental setup of Yeo et al. consisted of flume 40 m long, 2.0 m wide and 0.65 m deep. The spur
model used was made of acrylic and permeability is provided in case of permeable groynes by changing the
interval of cylinders of 2cm diameter. The experiments on spur length 0.2m, 0.3 and 0.4m for 0%, 20%, and
40% permeability are modelled for the purpose of model validation.

Symbol length Symbol Permeability
L1 0.2m P1 0%

L2 0.3m P2 20%

L3 0.4m P3 40%

3.3.2 Geometry setup

ANSYS FLUENT has its own geometry modelling embedded in the workbench and is used for modelling the
geometry. Geometry for three different flow depth are created for all structures considered. A total of fifteen
different geometries are made.

The width of the flume is taken as 40 cm and length of the spurs is taken as 10 cm. The flume is kept
symmetrical about x axis and the groyne is kept at the location of Z=0 in xz plane. And flow occurs
perpendicular to Xy plane in negative Z direction ie. Negative Z coordinate represent downstream of the
groynes. The created geometries for all cases is shown in fig.3.3.
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Fig 3.3 Geometry of the numerical model for S1 and S2
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A

Fig 3.4 Geometry of the numerical model for S3 and S5
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Fig 3.5 Geometry of the numerical model for S4 at different flow depths
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3.3.3 Meshing

ANSYS workbench has its own meshing software which generates unstructured mesh. For the present work
unstructured mesh with tetrahedral elements is used.

Fig 3.6 Meshing for model spur S1

Fig 3.7 Meshing for model spur S2
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Fig 3.8 Meshing for model spur S3

Fig 3.9 Meshing for model spur S5
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S4 Bottom

(b)
Fig 3.10 Meshing for model spur S4 (a) top view (b) bottom view
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3.3.4 Fluent setup

In the first step gravity is defined in —ve y direction for open channel flow. Realizable k-e model coupled with
enhanced wall treatment function for near wall treatment is used in this dissertation work for modelling of
turbulent flow around groynes.

Viscous Model bt
Model  Model Constants
() Inviscid C2-Epsilon ~
() Laminar | 15 ]
() spalart-Alimaras (1 egn) |
@®) k-epsion (2 eqn) TKE Prandt] Number
(O k-omega (2 eqn) ¢ ]
() Transition k-k-omega (3 egn) I |
O Transition SST (4 eqn) TDR Prandt! Number
(C) Reynolds Stress (7 egn) 12
(O) Scale-Adaptive Simulation (SAS) I i
(C) Detached Eddy Simulation (DES)
(O Large Eddy Simulation (LES)
k-epsilon Model »
() standard User-Defined Functions
O RNG Turbulent Viscosity
(®) Realizable
e a none St
Near-Wall Treatment
(O standard Wall Functions
(O Scalable Wall Functions

(C) Nen-Equilibrium Wall Functions

(®) Enhanced Wall Treatment

4 | O user-Defined Wall Functions
Enhanced Wall Treatment Options

Pressure Gradient Effects

Options

t | [ curvature Correction

[C]Production Limiter

i OK | |Cancel| | Help :

Fig 3.11 viscous models in Fluent

Realizable K-¢ model:
The realizable K- € model differs from the standard K- € model in two important ways:
o The realizable K- € model contains an alternative formulation for the turbulent viscosity.

e A modified transport equation for the dissipation rate, € has been derived from an exact equation for
the transport of the mean-square vorticity fluctuation.
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The modeled transport equations for K and ¢ in realizable K- € model are

O 00 + o (oleu) = | (w4 1) Xy g, 1 g Y+ S
ac P ot P T ox [\H T ) B | T T e T PET M T 0k

And

2

€ £
4 CL-Gy+ S
k+vok  FkP €

d d d Us\ 0€
5;(Pe) + 5o (pew) = aT,[(" + 0—8) a_x,] + pCiSe — Coep

Where, G, represents the generation of turbulence kinetic energy due to the mean velocity gradients, G, is the
generation of turbulence kinetic energy due to buoyancy. Yy, represents the contribution of the fluctuating
dilatation in compressible turbulence to the overall dissipation rate. C; ., and C,, are constants. oy, and g, are
the turbulent Prandtl numbers for k and ¢ respectively. S, and S, are user-defined source terms.

The turbulent (or eddy) viscosity, y;, is computed by combining k and ¢ as :
kZ
Uy = pCﬂ? ............. Eq.3.3

The difference between the realizable K- € model and the standard and RNG K- € models is that C,, is no
longer constant. It is computed from.

J =i
..(..)” = .(2” - 2¢ U’(\ (.
.._)” - Z:)—” _""f,ff\'(”/\'

Where Q is the mean rate-of-rotation tensor viewed in a moving reference frame with the angular velocity .
The model constants Ay and As are given by

A, =4.04, A, = J6 cos¢ .

Where,
1 =1 Sij,-"ka'f - | alf’,' du
= =C0S 6!11/ ; I/V =—h_‘n‘-, —_ SS’ S g— —-+ !
¢ 3 (NOW') =7 AR Y FFRFTS



The model constants Cy,, C,., 0}, and g, have the following default values

Cie = 1.44,,Cyr = 1.9,0, = 1.0,0, = 1.2

These default values have been determined from experiments for fundamental turbulent flows including
frequently encountered shear flows like boundary layers, mixing layers and jets as well as for decaying
isotropic grid turbulence. They have been found to work fairly well for a wide range of wall-bounded and free

shear flows.

Cell zone conditions - In the next step materials are defined and cell zone conditions are set as solid for the
spur and fluid for the model space.

Boundary conditions: the boundary conditions set are as follows;

Table 3.1 Boundary conditions

Inlet Velocity inlet

Outlet Pressure outlet with multiphase open channel
flow

Free surface Symmetry

Bed, channel Walls, and groyne wall Wall with no slip condition

All surfaces were considered to be hydrodynamically smooth, including the bottom bed.

E Velocity Inlet =
Zone Name Phase
| inlet [ mixture
Momentum ] Thermal | Radiation | Species| DPM | Multiphase| uDS |
Velodity Specification Method | magnitude, Normal to Boundary ~
Reference Frame | aheolute hd
Velodty Magnitude (m/s) || -0.285 constant ~
Supersonic/Initial Gauge Pressure (pascal) || 0 | | constant w
Turbulence
Spedification Method | 1ntensity and Viscosity Ratio ~
Turbulent Intensity (%) || 5
| [P
i Turbulent Viscosity Ratio || 10 B

OK Cancel Help

Fig 3.12 Velocity inlet window in Fluent
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Pressure Outlet

Phase

Zone Mame
‘ ” mixture

|ouﬂet

Mumentum' Thermal] Radiation | Speces| DPM  Multiphase | uos |

Open Channel Outlet Group ID [ -
-

Pressure Spedfication Method | Free Surface Level >
Free Surface Level (m) ” 0.05 ‘ constant A
Bottom Level (m) “ 0 ‘ constant .

Density Interpolation Method | £rqm Neighbaring Cell hd

oK Cancel  Help

Fig 3.13 Pressure outlet window in Fluent

Solution methods —

The SIMPLE scheme is used for pressure-velocity coupling. Pressure is computed using body force weighted
discretisation, second order upwind discretisation is used for turbulence kinetic energy K and dissipation rate

€.
Solution initialisation and calculation -

Reference values are set to be computed from inlet and solution is initialized. Number of iterations is set to
1000 and the solution is calculated to get a converged result.

After the analysis, the results can be viewed in the CFX-POST which also is embedded in ANSYS
workbench.
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1e-07
0 25 S0 75 100 125 150 175 200 225 250
iterations

Scaled Residuals

Fig 3.14 Window in fluent during calculations
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CHAPTER 4 - NUMERICAL DATA

This chapter contains the data obtained from the Fluent. In total 60 models were analysed for 5 different shape
of groyne, 3 flow depth at 4 different Froude number.

4.1 Model validation Data

The experimental work of Yeo et al. is used in this study for the purpose of model validation. The experiment
setup is modelled in ANSYS Fluent and numerical data obtained is compared with the experimental data for
tip velocity and the percentage error in estimation is found to be well below 10% in all cases.

Table 4.1 Model validation data

Spur Vapp Viipexp) Viipexp)/ Vtip(uum) Vipmum/ Vape o arror in

Vapp Vtip
L1P1 0.25 0.31 1.24 0.3 1.2 -3.22581
L2P1 0.25 0.35 1.4 0.337 1.348 -3.71429
L3P1 0.25 0.39 1.56 0.386 1.544 -1.02564
L1P2 0.25 0.31 1.24 0.281 1.124 -9.35484
L2P2 0.25 0.33 1.32 0.303 1.212 -8.18182
L3P2 0.25 0.34 1.36 0.334 1.336 -1.76471
L1P3 0.25 0.3 1.2 0.278 1.112 -7.33333
L2P3 0.25 0.32 1.28 0.297 1.188 -7.1875
L3P3 0.25 0.32 1.28 0.322 1.288 0.625

4.2 Model data:

In this section the numerical analysis data for all models is presented.
4.2.1 Tip velocity data

The data based on tip velocity is shown in the following table. Tip velocity is measured at 70% of flow depth
for all cases.

Here,

V.app = approach velocity to the spur (m/s),
Viip = velocity at tip of groyne (m/s),

Y = depth of flow (cm)
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Table 4.2 numerical data for tip velocity

MODEL Y(cm) Froude No.  Vapp (m/s)  Vtip (m/s) Vtip/Vapp
S1Y1F1 3.75 0.25 0.15 0.23 1.49
S1Y1F2 3.75 0.40 0.25 0.37 1.49
SIY1F3 3.75 0.50 0.30 0.45 1.49
S1Y1F4 3.75 0.75 0.46 0.68 1.50
SIY2F1 5.00 0.25 0.18 0.25 1.42
S1Y2F2 5.00 0.40 0.29 0.44 1.54
S1Y2F3 5.00 0.50 0.35 0.49 1.41
S1Y2F4 5.00 0.75 0.53 0.74 1.41
S1Y3F1 6.25 0.25 0.20 0.29 1.48
S1Y3F2 6.25 0.40 0.32 0.47 1.48
S1Y3F3 6.25 0.50 0.39 0.58 1.49
S1Y3F4 6.25 0.75 0.59 0.89 1.52
S2Y1F1 3.75 0.25 0.15 0.22 1.46
S2Y1F2 3.75 0.40 0.25 0.36 1.48
S2Y1F3 3.75 0.50 0.30 0.45 1.47
S2Y1F4 3.75 0.75 0.46 0.67 1.48
S2Y2F1 5.00 0.25 0.18 0.26 1.50
S2Y2F2 5.00 0.40 0.29 0.42 1.48
S2Y2F3 5.00 0.50 0.35 0.51 1.45
S2Y2F4 5.00 0.75 0.53 0.76 1.45
S2Y3F1 6.25 0.25 0.20 0.29 1.46
S2Y3F2 6.25 0.40 0.32 0.47 1.48
S2Y3F3 6.25 0.50 0.39 0.58 1.47
S2Y3F4 6.25 0.75 0.59 0.85 1.44
S3Y1F1 3.75 0.25 0.15 0.21 1.41
S3Y1F2 3.75 0.40 0.25 0.35 1.42
S3Y1F3 3.75 0.50 0.30 0.43 1.42
S3Y1F4 3.75 0.75 0.46 0.64 1.41
S3Y2F1 5.00 0.25 0.18 0.26 1.46
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S3Y2F2
S3Y2F3
S3Y2F4
S3Y3F1
S3Y3F2
S3Y3F3
S3Y3F4
S4Y1F1
S4Y1F2
S4Y1F3
S4Y1F4
S4Y2F1
S4Y2F2
S4Y2F3
S4Y2F4
S4Y3F1
S4Y3F2
S4Y3F3
S4Y3F4
S5Y1F1
SSY1F2
S5Y1F3
S5Y1F4
S5Y2F1
SSY2F2
SSY2F3
S5Y2F4
SSY3F1
S5Y3F2
SSY3F3
SSY3F4

5.00
5.00
5.00
6.25
6.25
6.25
6.25
3.75
3.75
3.75
3.75
5.00
5.00
5.00
5.00
6.25
6.25
6.25
6.25
3.75
3.75
3.75
3.75
5.00
5.00
5.00
5.00
6.25
6.25
6.25
6.25

0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75
0.25
0.40
0.50
0.75

0.29
0.35
0.53
0.20
0.32
0.39
0.59
0.15
0.25
0.30
0.46
0.18
0.29
0.35
0.53
0.20
0.32
0.39
0.59
0.15
0.25
0.30
0.46
0.18
0.29
0.35
0.53
0.20
0.32
0.39
0.59

0.41
0.51
0.78
0.28
0.45
0.55
0.83
0.22
0.35
0.44
0.67
0.25
0.39
0.49
0.74
0.29
0.47
0.58
0.88
0.18
0.28
0.36
0.56
0.21
0.35
0.44
0.67
0.23
0.38
0.47
0.70

1.45
1.46
1.48
1.41
1.41
1.41
1.40
1.47
1.41
1.46
1.47
1.45
1.36
1.40
1.40
1.46
1.48
1.49
1.50
1.16
1.15
1.19
1.22
1.17
1.21
1.25
1.28
1.16
1.19
1.20
1.20
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4.2.2 Maximum velocity data.

The maximum velocity based data is given in the following table. Here,
Vmax = maximum velocity attained by flow (m/s),

X = distance from tip across the direction of flow (m),

Z = distance from tip in the direction of flow (m).

The negative values of X indicates that the location is towards the bank on which groyne is installed.

Table 4.3 Numerical data for maximum velocity

MODEL Vapp (m/s) = Vmax(m/s) Vmax/Vapp
S1Y1F1 0.1516 0.3088 2.0369
S1Y1F2 0.2468 0.5210 2.1110
SIY1F3 0.3032 0.6460 2.1306
S1Y1F4 0.4550 0.9838 2.1622
SIY2F1 0.1751 0.3760 2.1473
S1Y2F2 0.2860 0.6350 2.2203
S1Y2F3 0.3500 0.7860 2.2457
S1Y2F4 0.5253 1.2100 2.3034
S1Y3F1 0.1958 0.4300 2.1966
S1Y3F2 0.3187 0.7400 2.3219
S1Y3F3 0.3915 0.9100 2.3244
S1Y3F4 0.5872 1.4200 2.4183
S2Y1F1 0.2468 0.4800 1.9449
S2Y1F2 0.1516 0.2900 1.9129
S2Y1F3 0.3032 0.6600 2.1768
S2Y1F4 0.4550 1.0200 2.2418
S2Y2F1 0.1751 0.3500 1.9989
S2Y2F2 0.2860 0.5800 2.0280
S2Y2F3 0.3500 0.7400 2.1143
S2Y2F4 0.5253 1.1200 2.1321
S2Y3F1 0.1958 0.4223 2.1572
S2Y3F2 0.3187 0.6896 2.1638

z (m)
0.5690
0.5510
0.5130
0.4944
0.5245
-0.4790
0.5075
0.4763
0.5146
0.5015
0.5015
0.4588
0.0002
0.0015
0.0002
0.0007
-0.0011
-0.0008
0.0010
-0.0018
-0.0014
-0.0019

X(m)
0.1410
0.1487
0.1431
0.1530
0.1830
0.1486
0.1846
0.1710
0.1472
0.1616
0.1616
0.1508
-0.0710
-0.0707
-0.0710
-0.0710
-0.0585
-0.0790
-0.0710
-0.0700
-0.0592
-0.0590

36| Page



S2Y3F3
S2Y3F4
S3Y1F1
S3Y1F2
S3Y1F3
S3Y1F4
S3Y2F1
S3Y2F2
S3Y2F3
S3Y2F4
S3Y3F1
S3Y3F2
S3Y3F3
S3Y3F4
S4Y1F1
S4Y1F2
S4Y1F3
S4Y1F4
S4Y2F1
S4Y2F2
S4Y2F3
S4Y2F4
S4Y3F1
S4Y3F2
S4Y3F3
S4Y3F4
S5Y1F1
SSY1F2
S5Y1F3
S5Y1F4
SSY2F1

0.3915
0.5872
0.1516
0.2468
0.3032
0.4550
0.1751
0.2860
0.3500
0.5253
0.1958
0.3187
0.3915
0.5872
0.1516
0.2468
0.3032
0.4550
0.1751
0.2860
0.3500
0.5253
0.1958
0.3187
0.3915
0.5872
0.1516
0.2468
0.3032
0.4550
0.1751

0.8582
1.3088
0.3118
0.5127
0.6350
0.9651
0.3523
0.5898
0.7295
1.1085
0.4005
0.6680
0.8229
1.2840
0.2970
0.4917
0.6022
0.9159
0.3200
0.4850
0.6600
1.0300
0.3756
0.6139
0.7500
1.1640
0.2300
0.4100
0.5400
0.8740
0.3060

2.1921
2.2289
2.0567
2.0774
2.0943
2.1211
2.0120
2.0622
2.0843
2.1102
2.0459
2.0960
2.1019
2.1866
1.9588
1.9923
1.9860
2.0130
1.8275
1.6958
1.8857
1.9608
1.9187
1.9263
1.9157
1.9823
1.5172
1.6613
1.7810
1.9209
1.7476

0.0008
0.0017
0.0006
-0.0025
-0.0028
0.0025
0.0007
-0.0015
0.0010
0.0010
0.0011
0.0028
0.0008
-0.0023
-0.0011
-0.0011
-0.0010
-0.0010
-0.0010
-0.0008
-0.0007

-0.0009
-0.0014
-0.0014
0.0023
0.0044
0.0044
0.0046
0.0046
0.0044

-0.0707
-0.0710
-0.0208
-0.0097
-0.0100
-0.0098
-0.0208
-0.0206
-0.0206
-0.0206
-0.0206
-0.0100
-0.0206
-0.0100
-0.0107
-0.0107
-0.0107
-0.0108
-0.0107
-0.0100
-0.0107
0.1000

-0.0107
-0.0110
-0.0110
-0.0100
-0.0305
-0.0305
-0.0500
-0.0500
-0.0191
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SSY2F2
SSY2F3
S5Y2F4
SSY3F1
S5Y3F2
SSY3F3
SSY3F4
S5Y2F3
S5Y2F4
SSY3F1
SSY3F2
S5Y3F3
SSY3F4

0.2860
0.3500
0.5253
0.1958
0.3187
0.3915
0.5872
0.3032
0.4550
0.3187
0.1958
0.3915
0.5872

0.4800
0.6140
0.9830
0.3580
0.5480
0.7450
1.1400
0.5400
0.8740
0.5480
0.3580
0.7450
1.1400

1.6783
1.7543
1.8713
1.8288
1.7195
1.9029
1.9414
1.7810
1.9209
1.7195
1.8288
1.9029
1.9414

0.0051
0.0047
0.0047
0.0049
0.0049
0.0042
0.0049
0.0046
0.0046
0.0049
0.0049
0.0042
0.0049

-0.0373
-0.0304
-0.0305
-0.0104
-0.0104
-0.0191
-0.0300
-0.0500
-0.0500
-0.0104
-0.0104
-0.0191
-0.0300
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4.2.3 Maximum bed shear stress (tm) data

In the following table values based on maximum bed shear stress (tm) and bed shear stress of undisturbed flow
(to) is presented. The maximum bed shear stress (tm) is found near the tip of groyne in almost all cases.

Here,
10= Bed shear stress of undisturbed flow on the centreline before the installation of spur (Pa),
Tm = maximum bed shear stress (Pa).

T/ To = shear stress amplification factor.

Table 4.4 Values of bed shear stress and shear amplification factor

MODEL 10 (Pa) Tm (Pa) Tm/To
S1Y1F1 0.34 1.64 4.82
S1Y1F2 0.63 2.975 4.72
S1Y1F3 0.82 3.819 4.66
S1Y1F4 1.4 7.12 5.09
S1Y2F1 0.24 1.406 5.86
S1Y2F2 0.47 2.9 6.17
S1Y2F3 0.63 4.139 6.57
S1Y2F4 1.34 9.085 6.78
S1Y3F1 0.28 1.932 6.9
S1Y3F2 0.59 4.148 7.03
S1Y3F3 0.83 5.943 7.16
S1Y3F4 1.66 12.18 7.34
S2Y1F1 0.34 1.1 3.24
S2Y1F2 0.63 2.865 4.55
S2Y1F3 0.82 4.25 5.18
S2Y1F4 1.4 9.25 6.61
S2Y2F1 0.24 1.339 5.58
S2Y2F2 0.47 2.994 6.37
S2Y2F3 0.63 4.145 6.58
S2Y2F4 1.34 9.152 6.83
S2Y3F1 0.28 1.831 6.54

39| Page



S2Y3F2
S2Y3F3
S2Y3F4
S3Y1F1
S3Y1F2
S3Y1F3
S3Y1F4
S3Y2F1
S3Y2F2
S3Y2F3
S3Y2F4
S3Y3F1
S3Y3F2
S3Y3F3
S3Y3F4
S4Y1F1
S4Y1F2
S4Y1F3
S4Y1F4
S4Y2F1
S4Y2F2
S4Y2F3
S4Y2F4
S4Y3F1
S4Y3F2
S4Y3F3
S4Y3F4
SSY1F1
S5Y1F2
SSY1F3
SSY1F4

0.59
0.83
1.66
0.34
0.63
0.82
1.4

0.24
0.47
0.63
1.34
0.28
0.59
0.83
1.66
0.34
0.63
0.82
1.4

0.24
0.47
0.63
1.34
0.28
0.59
0.83
1.66
0.34
0.63
0.82
1.4

4.295
5.921

1.12

2.656
3.859
7.23

1.108
2.145
3.355
7.55

1.508
3.476
4.627
9.46

1.08

2.157
3.418
6.23

0.785
1.983
2.772
6.124
1.316
3.009
4.499
9.362
0.874
2.147
2.967
5.87

7.28
7.13
6.69
3.29
4.22
4.71
5.16
4.62
4.56
5.33
5.63
5.39
5.89
5.57
5.7

3.18
3.42
4.17
4.45
3.27
422
4.4

4.57
4.7

5.1

5.42
5.64
2.57
3.41
3.62
4.19
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SSY2F1
S5Y2F2
SSY2F3
SSY2F4
S5Y3F1
SSY3F2
SSY3F3
S5Y3F4

0.24
0.47
0.63
1.34
0.28
0.59
0.83
1.66

0.718
1.521
2.394
5.15

1.154
2.328
3.874
7.83

2.99
3.24
3.8

3.84
4.12
3.95
4.67
4.72
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4.2.4 Separation length data

The numerically obtained values of separation length is given in the following table. Here,

Lsp=separation length obtained numerically (m),

L=length of spur in m.

MODEL
S1Y1F1
S1Y1F2
SIY1F3
S1Y1F4
SIY2F1
S1Y2F2
S1Y2F3
S1Y2F4
S1Y3F1
S1Y3F2
S1Y3F3
S1Y3F4
S2Y1F1
S2Y1F2
S2Y1F3
S2Y1F4
S2Y2F1
S2Y2F2
S2Y2F3
S2Y2F4
S2Y3F1
S2Y3F2
S2Y3F3
S2Y3F4
S3Y1F1

Table 4.5 Values of separation length

Vapp (m/s)
0.18
0.285
0.35
0.5253
0.15
0.25
0.3
0.455
0.195
0.38
0.39
0.59
0.18
0.285
0.35
0.53
0.15
0.25
0.3
0.455
0.195
0.38
0.39
0.59
0.18

sep length (m)

1.08
1.13
1.091
1.06

1.21
1.25
1.27
1.075
1.046
1.016
1.055
0.504
0.5347
0.5655
0.4232
0.493
0.54
0.56
0.596
0.4933
0.4618
0.548
0.58
0.55

L (m)
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Lsep/L
10.8
11.3
10.91
10.6
11.8
12.1
12.5
12.7
10.75
10.46
10.16
10.55
5.04
5.347
5.655
4.232
4.93
54
5.6
5.96
4.933
4.618
5.48
5.8
5.5
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S3Y1F2
S3Y1F3
S3Y1F4
S3Y2F1
S3Y2F2
S3Y2F3
S3Y2F4
S3Y3F1
S3Y3F2
S3Y3F3
S3Y3F4
S4Y1F1
S4Y1F2
S4Y1F3
S4Y1F4
S4Y2F1
S4Y2F2
S4Y2F3
S4Y2F4
S4Y3F1
S4Y3F2
S4Y3F3
S4Y3F4
S5Y1F1
SSY1F2
SSY1F3
S5Y1F4
SSY2F1
S5Y2F2
SSY2F3
SSY2F4

0.285
0.35
0.5253
0.15
0.25
0.3
0.455
0.195
0.38
0.39
0.59
0.18
0.285
0.35
0.5253
0.15
0.25
0.3
0.455
0.195
0.38
0.39
0.59
0.18
0.285
0.35
0.5253
0.15
0.25
0.3
0.455

0.66
0.566
0.505
0.3952
0.3923
0.3642
0.3763
0.44
0.465
0.476
0.49
0.7298
0.7948
0.81
0.8427
0.74
0.788
0.801
0.813
0.7837
0.804
0.8261
0.8284

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

6.6
5.66
5.05
3.952
3.923
3.642
3.763
4.4
4.65
4.76
49
7.298
7.948
8.1
8.427
7.4
7.88
8.01
8.13
7.837
8.04
8.261
8.284
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SSY3F1
SSY3F2
SSY3F3
SSY3F4

0.195
0.38
0.39
0.59

0.1
0.1
0.1
0.1
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CHAPTER 5-RESULTS AND DISCUSSIONS

5.1 Model validation result

In this section the results of numerical model for experimental setup of Yeo et al.(10) is compared
with the experimental result obtained by them for validation of model. The values of tip velocity
obtained numerically are compared with experimental values of tip velocity.

Chart Title

p

B

N B OO
[

Vtip/Vap

© o o '
> o oo R

©
o N

1 2 3 4 5 6 7 8 9

model serial no.

=== cxperimental numerical

Fig 5.1 comparison of experimental and numerical values of tip velocity

For model validation
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5.2 Results based on Tip velocity

Here the results based on tip velocity are presented. Flow at the tip of spur dyke is highly turbulent and
changes abruptly towards the centre of channel forming intensive vortex near the tip, which leads to high local
scour. The tip velocity was measured at the middle layer (70% of the water depth).
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The above plots show that tip velocity is maximum for impermeable structure and minimum for spur 5 ie
permeable spur. The tip velocity for spur type 3 is also found lower than other spur. Froude no seems to have

little effect on tip velocity in any case.
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5.3 Results based on maximum velocity

Vmax/Vapp at Y=3.75cm Vmax/Vapp at Y=5cm
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The graphs show the variation of velocity amplification factor for flow at different Froude number for different
hybrid groynes considered. The graph shows that permeable groyne have least velocity amplification factor
followed by bandall like structure. While the performance of structure with permeable root is found poorest in
controlling velocity amplification. Froude number is found to have little or no effect on velocity amplification
however the value of velocity amplification factor is found to increase slightly with increase in Froude number

for all cases.
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5.4 Results based on separation length.

This section contains results based on the separation length obtained from numerical data. The ratio of
separation length to the spur length is compared at different Froude number for all the considered structures.

comparision of L/I for

Y=3.75cm
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8
S 6 g&oﬁ
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comparision of L/l for Y=5cm

0.25 0.4 0.5 0.75
Fr. No.
QeS| e S) a3 s4

Fig 5.4 variation of separation length
with Froude no. at different flow depth

The above graphs show the variation of separation length for all the spurs. From the plots it is clear that
impermeable groyne gives the largest separation length as compared to any other spur with the bandall spur
also providing a good value of separation length, the performance of S3 and S4 is found to be nearly half of
that of impermeable one and is considered poor. The separation length shows little variation with Froude

number.
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5.5 Results based on maximum bed shear stress

tm/T0 for Y=3.75cm tm/T0 for Y=5cm
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0.25 0.4 0.5 0.75 Fig 5.5 variation of shear amplification
Fr No. factor with Froude number for
different flow depths.
=S| ) emQm—S3 S4  emdi— g5

The above plots show the variation of bed shear stress amplification for the spurs at varying Froude number.
The shear stress amplification increases with increase in Froude number in all the cases. From the plots it is
clear that shear amplification is highest for impermeable spurl and spur 2 which is permeable at root. From
the above plots it can be seen that bandall structure works considerably well in reducing the shear stress at
bed. The spur with permeable tip also shows considerable drop in bed shear stress.
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5.6 Results based on separation length and maximum bed shear stress

To check the performance of the spurs a parameter based on bed shear amplification factor and separation
length is used. The ratio of L/1 to tw/to for all the models is computed and compared.
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The above plots show that spur4 and spur 5 shows nearly similar behaviour on this parameter. The values of
[L/1)/[tm/t0] decreases with increase in Froude number. It can also be seen that the spur dyke S4 and S5
shows the highest values on this parameter. So it can be said that spur dyke S4 (Bandall structure) gives
performance nearly similar to impermeable groyne.
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5.7 Results based on separation length and Velocity amplification

Separation length/ velocity
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The above plots show the variation of ratio of separation length and velocity amplification with
Froude number for different flow depths. The plots show that impermeable groyne gives best
separation length velocity amplification ratio. The spur4 also shows high value of separation length
velocity amplification ratio. These plots show that spur4 can be used as replacement for impermeable
spur.
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5.8 Software plots

This section contains the plots contour diagrams of bed shear stress and velocity, and streamlines of flow.

5.8.1 Velocity contour diagrams.
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Fig 5.7 velocity contour for different
groynes at flow depth of 5cm and

approach velocity 0.285 m/s
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5.8.2 Bed Shear Stress
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Fig 5.8 Contour of bed shear
stress for different groynes at
flow depth of 5cm and approach
velocity 0.285 m/s
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5.8.3 Velocity streamlines.

0 0.400 0.800 (m) 3
0.200 0.600 S1Y2F2 .

0.050 0.150 : SZYZFZ -

Fig 5.9 Stream lines for S1 and S2 spurs at flow depth of Scm and approach velocity 0.285 m/s.
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Fig 5.10 Stream lines for S3 and S5 spurs at flow depth of Scm and approach velocity 0.285 m/s.
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Fig 5.11 Streamlines for S4 at flow depth of Scm and approach velocity 0.285 m/s

The velocity stream lines given above shows the characteristics of flow near spurs. A large vortex can be seen
in case of impermeable spur. In case of spur 2 ie. Spur with permeable root two major vortices can be seen
easily. Also it can be seen that the major vortex is separated from bank. The flow characteristics of third spur
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S3 ie. The one with permeable tip shows little difference from spur of type 1 with smaller vortex region for
spur3. In case of Spur 4 the top does not show much details of the complex flow involved. But views from
other angles show that the vortices are formed in the upper flow region. The vortex is weak and is confined in
the shade of the impermeable part of the structure and their effect on bed is minimized by the flow from
permeable region resulting in reduced values of bed shear stress. In case of permeable spur 5 no major
vortices are seen as the flow passes through the permeable region and with less disturbance.
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1)

2)

3)

4)

5)

6)

7)

8)

CHAPTER 6-CONCLUSIONS

The realizable K-e model is validated for flow around spur dyke and percentage error in computing is
found to be less than 10 %.

The tip velocity is found to increase upto a maximum of 1.54 times the approach velocity in case of
impermeable spur dyke to a lowest of 1.16 times for permeable spur. Hybrid structures do show some
drop in tip velocity owing to their permeability.

The tip velocity for hybrid spurs show lower values than impermeable spur. With spur3 and spur 4
showing considerable drop in tip velocity. Spur 4 shows lower maximum velocity than other hybrid
and impermeable spur.

Impermeable spur shows maximum separation length of 13.2 times the spur length. Among other
spurs considered spur4 ie bandall spur shows highest values for separation length of 7.5 to 8.5 times
spur length.

Hybrid structures show lower bed shear amplification with spur 4 giving best results among hybrid
spurs. Spur 4 shows bed shear values of about 1.5 times lower than that of impermeable spur. Spur 2
shows increased values of bed shear in some cases.

Based on the parameter of separation length and bed shear stress amplification results it is seen that
bandall structure shows similar performance to that of impermeable groyne.

Streamlines of flow show a large vortex in the downstream of impermeable spur. And two major
vortices in case of spur2. The streamlines for spur4 shows that vortices are formed in upper flow
regions their strength is low towards bed. The flow from lower permeable part intercepts the vortices
resulting in lower bed shear stress in case of spur 4 ie. Bandall structure.

From the plots of ratio of separation length and velocity amplification it can be seen that impermeable
groyne provides best separation length, Bandall structure shows better results for separation length
when compared with other hybrid structures and shows values comparable to impermeable groyne.

Overall Conclusion

9)

On the basis of above conclusion it can be concluded that spur4 ie bandall like structure may be used
as an alternative to impermeable groyne to achieve desired performance in terms of separation length
with decreased bed shear stress values. the reduction in bed shear will result in reduced local scouring
as compared to impermeable groyne. Also models can be developed to keep the bed shear stress under
threshold shear stress.
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Future scope of study

Study of hybrid groynes needs more study to understand the flow characteristics around these structures
especially the bandall structure. In future studies these groynes can be tested for performance when installed
in series. Other hybrid structures can also be purposed Also studies on moveable bed can be conducted. The
study of behaviour of these groynes in case of surge pass is also needed.
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