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Abstract

Siltation is a problem in every harbour, suspended sediments come into the harbour with the
flood tide or via flows from surrounding land. Because of the lower velocities in the sheltered
basin the suspended sediments settle down. Many harbours at the northeast coast of Scotland
are transformed from a fishing harbour into a recreational harbour which involves the
placement of pontoons. In these new marinas an increase of siltation is detected which might be
caused by the effect of the pontoons on the flow fields within the harbour. The aim of this
research is therefore, to investigate these effects in small tidal harbours.

A 3D hydro dynamical model for a schematic harbour was made in FLUENT. This Computational
Fluid Dynamical software from ANSYS uses the Navier-Stokes equations to calculate the flow
guantities, such as velocities and direction, inside the harbour domain. The schematic harbour
domain was 120m long and 80m wide, with a 10 wide inlet located in the corner. A structured
grid is used to divide this domain in multiple control volumes for which the equations can be
solved. The tidal range used in this research resembles the spring tide in the northeast of
Scotland and is 4.5m. The simulated period was 1 hour instead of the real 12hrs, which leads to
higher velocities in the results. A velocity inlet was used to prescribe this time varying boundary
conditions which are necessary for this tidal model. The Volume of Fluid method is used to solve
the equations for two fluids (water and air) and to simulate the free surface.

After the model was set up three different scenarios with pontoons were designed and
simulated in the model. Each of the scenarios had different pontoon depths or number of
pontoons but all simulations started with the same boundary conditions. Therefore the resulting
differences in horizontal flow fields could be related to the differences in pontoon depth or the
number of pontoons.

The main conclusion of this research is that the placement of pontoons has an enormous effect
on the flow velocities and circulation inside the harbour. The velocities in all scenarios with
pontoons were more than twice as low as the scenario without pontoons. Furthermore in the
scenario without pontoons one circulation cell was seen inside the harbour during the whole
tidal cycle in contrast to the multiple circulation cells which occurred in the scenarios with
pontoons during flood tide and the lack of circulation during ebb tide.

The depth of the pontoons influences the circulations inside the harbour as well. In the case of
deeper pontoons stronger circulations are formed between the pontoons. Secondly in the cases
with the less deep pontoons the flow directions are more scattered and the flow underneath the
pontoons is more similar to the scenario without pontoons. The number of pontoons changes
the number of circulation cells in accordance to the number of pontoons and does not include
other big changes in the flow fields. However the direction of these circulations can be different
when the distance between the pontoons increases.

To conclude, the pontoons have multiple effects on the horizontal flow patterns inside a
harbour, depending on the depth and number of pontoons. The main effects are the decrease of
velocities and an increase in the number of circulation cells inside the harbour. These effects
may contribute to the sedimentation in the new marinas such as the Abroath harbour.



Contents

1.

INEFOAUCTION ...ttt e e e e s et e e e e e e e s b areeeeeeeeenannns 1
1.1 Research MoOtivatioNn .......occuuiiiiiieieie ettt e e e e s e e e e e e e 1
1.2 Research aim and research questions.........cccccceeiiii 2
1.3 0Outline of StUAY cooeeeeeeeeecece 2
1.4 Outline of FEPOIt .o 3

Background: FIOW in harbouUrsS..........uuuiiiiiiiiiiiiiiiiiciiiieiseceeeeeceeeee e eeeeeeeeeeeeseeeeeeeeereenene 4
2.1 Water MOVEMENTS ...cooiiiiiiiiiiiiiii 4
2.2 Influence of entrance eOMEetry .....ccccoeiiiiiii i, 5
2.3 Influence of harbour shape ... 5
2.4 Influence of iNternal StrUCTUIES .......cooiiiiiiiiiiiie e 6
2.5 Chapter ClOSUME ..o, 6

The harbour MOAEl ........ciiiieiiiie e e 7
3.1 INtroduction tO FLUENT ....coiiiiiiiieiiiiee ettt ettt st e e s 7
3.2 Application of FLUENT to the present problem.............uevviiiiiiiiiieriiieiiiiiiiiieeeeeeeeeennn. 9

3.2.1 GO et s s es 9
3.2.2 DOMAIN coiiiiiiiieeeeee 9
3.23 Geometryand mesh.......ccccooiiiiiii 10
3.2.4  PRYSICS coieeeeeeeee e, 10
3.2.5  Boundary conditions...........ceoeeiiiiiiii 11
3.2.6  SOIVEr SELHINGS ccceee e 14
3.2.7 SOIVE e e e s 14
3.2.8  POST PrOCESSING oiiviiiiiiiiie ettt ettt e et e e e et s e e eab s s e see e e eaea s e eaana e eneranes 15
3.2.9  SCONAIIOS e 15
S T @ o F-1 o <] gl el [ 1Y U PP PPPPPPPPRS 16

RESUILS ...ttt ettt e et e e st e e e st e e s e bt e e e s e e e e s areeee s 17
4.1 SCENAMO O e 18
4.2 SCENAMO L oo s 20

421 ODBSEIVALIONS ...eeiieeieieee ettt ettt et e st e e s e s e e e 20
4.2.2 Comparison With Scenario O........ccooeeiiiiiiii 20
4.3 SCENAMO 2 oot s 22
4.3.1  ODBSEIVALIONS . .eeieieitieee ettt et ettt st e e s nee e e e 22
4.3.2 Comparison With Scenario O .........ccoeeiiiiiiiii, 22
4.3.3 Comparison With Scenario 1 .......ccccoeeiiiiiiiii 22
4.4 SCENAIMO 3 oo s 24
441 ObBSEIrVAtIONS ....ceeeiieiiiee ettt e e e e e e e e e e e 24
4.4.2 Comparison with Scenario 0 and L.........coovviiiiiiiiiiiiiiiiiccee e 24



5. [ TR 18 3] o o I 26

6.  Conclusions & recOMMENdatioNs .........cceiieiiiiiiiiiiiiiiee e e e e e 27
6.1 CONCIUSION eetieiiiiiiiiteee ettt ettt e e e e st e e e e e e s st b e et e e e e e s sannnreeeeaeeens 27
6.2 ReCOMMENAATIONS ...uviiiiiieiiiiiiicee ettt e e e e st e e e e e s s sabrreeeeeeeens 28

RO EIENCES ..ttt ettt e e e e s ettt e e e e e s s bbb et e e e e e e e abrreeeeeeeeas 29

Appendix A. User Defined FUNCLION ..., 30

Appendix B. Effect of shorter tidal cycle ... 31

Appendix C. Vertical water movements.......ccccoeiiiiiii 32

Vi



1. Introduction

In this research the water movements in small tidal harbours are investigated. In these small
harbours the tides create an in- and outflow of water which results water circulations inside the
harbour basin. The shape of these circulation patterns depend on the dimensions of the harbour
such as length, width and width of the harbour entrance. Pontoons are nowadays placed in
many of the small harbours to facilitate mooring places for small yachts; do these pontoons
influence the flow patterns as well? For this research the flow fields in the harbour were
simulated using a numerical model known as ANSYS FLUENT.

1.1Research motivation

In the northeast of Scotland a lot of fishing harbours exist. These harbours are situated along the
shoreline of the sea and are influenced by the tide, therefore these are known as tidal harbours.
Most of the tidal harbours have an inner basin where the vessels are protected from big waves
coming from the North Sea. Nowadays many of these old harbours have lost their fishing origin
and are transformed into a marina for smaller yachts and sailing boats. The bigger fishing vessels
do not come into the inner basin anymore and stay in the outer basin. To create enough places
for the smaller boats to moor, several pontoons are placed in the inner basin (see Figure 1 and
2). In these new marinas sedimentation is a bigger problem than it was when the harbour still
had a fishing purpose.

Siltation is a problem in every harbour and the sediments have to be removed to secure a save
passage for yachts. Suspended sediments come into the harbour with the flood tide or via flows
from the surrounding lands and because of the lower velocities in the sheltered basin the
suspended sediments settle down. In the new marinas sediments seem to build up faster than
before, when the pontoons were not present. Sedimentation is a bigger problem in these new
marinas because the pontoons make it impossible for a dredger to come into the harbour and
remove the sediments.

A possible reason for the increased sedimentation in new marinas could be the effect of the
pontoons on the flow fields within the harbour. These pontoons may possibly decrease velocities
inside de marina, which enhances sedimentation.

Figure 1 - Arbroath harbour before marina Figure 2 - Arbroath harbour with marina and pontoons
(Arbroath boating and sailing club, 2013) (maps.bing.com, 2013)



1.2Research aim and research questions
As introduced above the effect of pontoons on flow field could affect the sedimentation in a
harbour. Therefore the aim of this research to gain insight in the change of flow fields in a tidal
harbour due to the transition of a fishing harbour to a recreational harbour and the related
placement of pontoons.

The main research question and the sub questions are the following:
How does the placement of pontoons influence the flow field inside the harbour?

1. What type of water movements exist in small tidal harbours and what do they look like
according to literature?

2. What flow patterns and velocities are seen in a hydrodynamic model of a simplified
harbour?

3. How do the different configurations of the pontoons (number and depth) influence the
flow patterns and velocities in a small harbour?

1.3 Outline of study
This section gives the outline of the study, which is a model study that started with a literature
study. Meanwhile a few concepts are presented to define the scope of this study. To give a quick
overview Figure 4 visualizes the outline of the study.

To start the research, a small literature study is conducted. The study was set up to gain insights
in water flows in small tidal harbours around the world and to answer research question 1. For
the following parts of this research the focus is tightened to small harbours at northeast coast
Scotland (Figure 3). These small marinas are  ~-3
nowadays meant for recreational purposes
and therefore many of them have or will get
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model for this application. Figure 3 - Northeast of Scotland (Map of UK.co.uk, 2013)

A schematic geometry of a small harbour is used to make the harbour model. The dimensions
are roughly based on the inner basin of Arbroath harbour (Figure 1 and 2), which is situated on
the east coast of Scotland. This harbour was chosen because in this marina a big problem with
siltation exists. This basin has a rectangular shape with a length and width of 120m by 80m.

The primary characteristic of harbours on the northeast coast of Scotland is the influence of
tides. The tides are semi-diurnal and have an average range of 4.5ms during spring tide and 2m
during neap tide. The average flood time is 6hrs and 20mins and the ebb time is 6hrs (Centre for
Coastal & Marine Sciences, 2013).



Finally, when the FLUENT model was set up, it was used to simulate the flow fields for several
scenarios of pontoons. The scenario without pontoons will give the basic flow fields in a small
harbour and are compared to the found water movements in the literature. The effects of the
pontoons on the flow fields are visible when the other scenarios are compared with this basic
scenario. Analysis of these results will give answer to the second and third research question and
conclusions for the entire study could be made.

1.4 Outline of report
This report has the same structure as the conducted research and is structured as follows. The
gained insights with the literature study are presented in Chapter 2. After that, basic knowledge
about FLUENT and belonging fundamental equations are introduced in section 3.1, and the
implementation of FLUENT is described in the following section 3.2. In Chapter 4, the analysis of

the results is presented and these are discussed in Chapter 5. This report ends with the
conclusions and recommendations.
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Figure 4 - Research methodology (including CFD modeling overview (ANSYS, Inc. 2009))



2. Background: Flow in harbours

This chapter provides information about water movements in harbours and will simultaneously
answer the first research question. In the past, several studies have been executed concerning
water movements in harbours. Most of these were aimed at indicating the flushing capacity, the
amount of water flushed out and replaced during one tidal cycle. Therefore some of them also
show results about water movements inside the harbour basin. The next paragraph will
introduce the different water movements in harbours before explaining the influences of several
geometrical features on the water movements in the harbour in the rest of this chapter.

2.1 Water movements

In a small tidal harbour several water exchange processes contribute to the water movements
inside the basin. Stoschek and Zimmerman (2005) summarized the processes, as illustrated in
Figure 5. The flow effect, caused by the river flowing by, initiates circulations inside the harbour.
The velocities of this circulation are depending on flow velocities of the river as well as the
harbour geometry. The tide or unsteady river flows change the directions of these circulations,
which is the tide effect. When a river is discharging in the harbour this freshwater will cause
stratification due to the density differences with the salt water. This results in vertical density
currents, the density effect. In this research no river is discharging in the harbour, therefore
there will be no large scale vertical water movements. Additionally the considered harbour is
situated inside another basin and is therefore not affected by the flow effect. The tide effect is
the biggest contributor to the water movements in the scope of this study.

Density Effect

+ Harwurﬁ + = Harbour i

Flow Effect Superposition

Figure 5 - Water exchange processes in a tidal harbour (Stocheck and Zimmerman, 2005)

In the studies that have been conducted about the tide induced water movements in a harbour,
is found that the tide also forces circular water movements in the harbour (e.g. Jiang & Falconer,
1983 or Saalbach, Zorndt, Kramer & Schlurmann, 2012). The velocities and directions of these
movements are highly dependent on harbour geometry, such as the harbour entrance and the
shape of the basin.



2.2 Influence of entrance geometry

Harbours can have different shapes of entrances: an open entrance (Figure 6a) or a narrow
entrance (Figure 6b). Yin, Falconer, Chen & Probert (2000) investigated the influence of an
entrance on water movement in a harbour. This experimental research was conducted with
scale models (0.7 by 0.7m) and a tidal current with a period of 360s, mean water depth of 173.5
mm and amplitude of 52.5mm. They found that the effect of the tide on the velocities in the
harbour is lower with a narrow entrance compared to an open harbour. Figure 6 shows both
models at 90s: at this time the patterns show the highest velocities. Both harbours show the
same circular pattern, but the velocities in harbour A are about 1.5 times higher than in harbour
B.
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Figure 6 - Tidal flow velocity vectors in a harbour with different entrance geometries (Yin et al. (2000))

2.3 Influence of harbour shape

The geometry of the harbour also influences the water movements in the harbour. Within
harbours with a single asymmetric entrance and a simple rectangular shape, the plan-form
geometry has a marked influence on the basins’ flushing response (Jiang & Falconer, 1983). With
experimental studies, they determined the influence and observed pathlines for several harbour
configurations, all with the same plan-form area. The formed circular eddies inside the harbour
are strongly dependent of the geometry of the harbour, which is also confirmed by Yin et al.
(2000). For a square harbour or a harbour with geometry L/B between % and 2 the circular
eddies will generate the biggest flushing capacity and the highest velocities. When the geometry
L/B exceeds these limits a second eddy is formed in the harbour as shown in Figure 7. In the
cases with two circulation cells in the harbour, the cell nearest to the entrance will always be in
counter clockwise direction, while the second cell rotates in the clockwise direction. Where a
clockwise circulation means the water is flowing from north to east and then south and
concurrently a west direction.

|~
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Figure 7 - Observed pathlines at mean water level for four harbour configurations (Jiang & Falconer, 1983)




2.4 Influence of internal structures
Pontoons or other internal structures in the harbour influence the water movements in the
harbour as well. Although the flow around floating rectangular structures has been studied in
example by Jung, K.H., Chang, K., Huang, E.T. (2003), which shows a vertical flow around the
object (Figure 8), the effect of pontoons on the horizontal water movements in a limited space
such as a harbour has not been studied yet.
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Figure 8 - Mean velocity flow field around a floating rectangular structure (Jung et al, 2003)

Falconer (1980) made a numerical model of a square
harbour with an impermeable barrier inserted in one of
the models to investigate whether or not the flushing
characteristics would be improved. The placement of
the barrier did not improve the flushing characteristics,
but delivered the flow patterns illustrated in Figure 9. |
This shows that the single circular cell as expected ina |
square harbour without a barrier is split in two
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different cells at each side of the barrier. Whether |
pontoons have the same effect on the flow patternsis | * o v
investigated in this research. e e e
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Figure 9 - Tidal circulation in harbour
with barrier (Falconer, 1980)

2.5Chapter closure
All in all, out of the three major effects described by Stochek & Zimerman (2005), the tide effect
is the main contributor to the water movements in this study. The tide effect mainly results in
horizontal water flows and causes a circular flow field inside the harbour. This flow field is
affected by the entrance geometry as well as the harbour geometry. The effect of pontoons on
these tidal flow fields is not investigated yet and that is the aim of this research.



3. The harbour model

ANSYS FLEUNT is the program which was used to simulate the flow field in the harbour. The
following section will explain the most important equations behind FLUENT. The second section
will explain how FLUENT was used in this project.

3.1 Introduction to FLUENT

In this chapter a short introduction to FLUENT is given with the most important equations and
physical models which are used in this research. FLUENT is the software package of ANSYS which
provides modelling capabilities for a wide range of flow problems. The program is based on
Computational Fluid Dynamics (CFD) methods. This branch of fluid dynamics can simulate flows
by the numerical solution of governing equations. The fundamental equations of fluid motion
that form the basis of these methods have been known for 150 years. Calculating solutions for
complex geometries however cannot be done
analytically. Computational Fluid Dynamics can
provide approximate computer-based solutions by
replacing the fundamental equations with systems
of algebraic equations (Sayma, 2009).

The role of these computer-based solutions has
become so important that today CFD can be
viewed as a new third dimension in research
about fluid dynamics, the other two dimensions
being pure experiment and pure theory (Figure
10) (Wendt, 2009).

Computational
fluid dynamics

Pure

. Pure theory
experiment

Figure 10 - Relationship between pure
experiments, CFD and pure theory (Wendt, 2009)

The governing equations which FLUENT solves are the conservation equations for mass and
momentum. These are the continuity equation (3.1) and the Navier-Stokes equations for
momentum (3.2-4). The equations used in this case are the following equations, which are
simplified for constant density and temperature:
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where u, v, w, are velocity components in 3 orthogonal directions x, y, z; W is viscosity; p is fluid
density and p is pressure.

FLUENT uses a discrete domain to calculate a solution for these equations and find the values of
flow quantities at a large number of discrete points spread around the geometry. These points
are connected together in a grid which fills the whole domain.



This grid (also called mesh) can exist of cells with
different sizes and shapes. The main two categories of
grid are a structured and the unstructured grid which are
defined by the shape of the cells. A structured grid
consists only of hexameter shaped cells (like cubes) in
the whole domain (Figure 11a). An unstructured grid can
consist of a lot of different shapes of cells such as
pyramid, tetrahedron or prisms (Figure 11b). The (a) (b)
unstructured grid is especially helpful when a domain Figure 11 — (a) Structured grid (b)
consists of a lot of different parts or contains small ynstructured grid

corners or round edges. For each of these cells FLUENT

calculates the flow quantities, therefore more cells inside the domain means a longer calculation
time but more detailed results of the flow.

After that different boundary conditions are assigned to bound the flow inside the domain and
give the initial values for the calculations. These boundary conditions can be the friction
coefficient of the walls or the flow conditions (such as velocity and direction) at the entrance and
outlet of the domain.

The Volume of Fluid (VOF) solver is used to enable FLUENT to calculate the flow quantities for
two fluids at the same time. This is necessary to simulate the free surface level which in this
project rises and falls according to the tidal cycle. The VOF method makes it possible to locate
the fluid-fluid or fluid-gas interface, in this case the free surface between water (liquid) and air
(gas). The Volume Fraction (VF) is introduced as a new variable and resembles the volume
fraction of a phase (in this case air or water) inside a control volume. Each grid cell is one control
volume and the sum of all volume fractions of all phases in each cell is one. In this case the
following three conditions are possible, with VF, as the volume fraction of air:

1. VF,=0, the cellis filled with air
2. VF,=1, the cell contains no air (so is full of water)
3. 0<VF,< 1, the cell contains both water and air.

The third condition is called a mixture in FLUENT and these cells contain an interface between air
and water. According to the Volume Fraction, appropriate values are assigned to each control
volume. These values are represented by the

volume average values for each cell. In this way the 0 0 0
governing equations can be solved for each cell in

the domain. L — 0 03 | 05
To visualize the free surface after the calculation, 05| 09 1

the interface in the cells containing a mixture has to
be reconstructed with the volume fractions in each
cell. FLUENT uses the geometric reconstruction
scheme (Figure 12) (Theory Guide), where
information about inflow from the neighbouring cell
and the volume fraction of the cell itself is used to =
generate a linear slope inside each cell. This
piecewise-linear approach is shown in Figure 12d.

(a) True Interface (b) Volume Fractions

(c) SLIC Approximation (d) Piecewise Linear
Approximation

In summary, FLUENT is able to simulate the flow

patterns and calculates quantities such as velocity Figure 12 - Interface (a) and associated volume

fraction (b) Reconstruction of the interface
done with the SLIC method (c) or the
piecewise linear approximation (d) (Theory
Guide)



and directions for this project. To do so a domain is made which was the basis for the geometry
and the mesh. Boundary conditions were then set up to bound the flow inside the domain and
give initial values for the calculations of the governing equations. The VOF method enables
FLUENT to calculate the flow quantities for both water and air in this project, which is necessary
in this project to simulate the free surface inside the harbour.

3.2 Application of FLUENT to the present problem

To explore the effect of pontoons in a harbour basin, the model in FLUENT was first set up for a
basin without pontoons (Scenario 0). When this model worked, the other scenarios with
pontoons were simulated. In each of these scenarios the number or the depth of the pontoons
were altered. In this way the effects of the pontoons on the water flows could be examined. In
this section the input data, boundary conditions, settings and assumptions for the FLUENT model
are described according to the nine steps to set up a FLUENT model (Figure 4). The time it took
to run the calculations in FLEUNT produced the biggest challenge for the short period of this
project. To make sure it was still possible to simulate several scenarios within the given time,
some choices are made to prevent the calculation time increasing too much. Unfortunately,
some of the choices therefore do not resemble the reality as much as possible.

3.2.1 Goal
The aim of this model is to simulate the flow fields in a harbour. The model was set up for a
schematic harbour which resembles the marina of Arbroath. In the model the water level has to
rise and fall according to the present tidal cycle in the northeast of Scotland and the results of
the simulations have to show velocities and direction vectors inside the harbour.

3.2.2 Domain

The domain of this project is illustrated in Figure 13. It is 120m long by 80m wide, with a 10m
wide inlet located in the corner. The domain could have included the several outer basins of the
Arbroath harbour, then the inflow conditions at the inlet of the marina would be more
developed. On the other hand, this bigger domain should contain much more grid cells which
would increase the calculation time of the simulation, which is not possible in the given time for
this project. To simulate a more developed flow entering the harbour, the inlet is extended with
40m to give the inflowing water space to develop a non-uniform flow profile.

The domain is bound by the vertical
harbour walls and the bottom (grey
and blue in Figure 13). The upper
boundary simulates the connection
of the domain with the open air. To
ensure that only air and no water can
leave the domain through this
boundary layer, this boundary is
situated at a level which is above the
water surface at all times. The initial
water depth in the harbour is 1m
(low tide) and the simulated tidal
range is 4.5m (similar to northeast
Scotland), therefore upper boundary
layer is at a height of 6.5m with a
safety margin of 1m.

15.000 4500 I ®

Figure 13 - Domain of the simulated harbour



3.2.3 Geometry and mesh
The geometry is based on the harbour domain and the mesh divides this domain in smaller
control volumes for the calculations of FLUENT. The geometry and mesh of the harbour domain
could not be made in FLUENT, therefore these were made in a geometry builder and a meshing
application which are also provided by ANSYS. This way the geometry and the mesh could be
imported to FLUENT.

A structured mesh is used to divide this geometry in many control volumes as shown in Figure
14. This structured mesh provides advantages in this case to an unstructured mesh because the
number of cells needed, is lower and the calculation time is reduced. In most cases it is not
possible to use a structured mesh since a complex geometry is used. In this case it is possible
because the geometry is not complicated since no round edges, sharp corners or small objects
are present in the domain. Furthermore a structured mesh is necessary in a shallow domain,
where the length and width exceed the height multiple times (Stamou, Katsiris, Moutzouris &
Tsoukala, 2004).

The grid is refined in parts of the domain with bigger changes in velocities and directions. The
refinement is done near the boundaries and especially around the entrance and pontoons so
FLUENT can calculate a more detailed flow. This refinement is best visible at the inlet boundary
in Figure 15. The initial grid was set at 25000 cells and then progressively refined until further
grid refinement resulted in little difference in results. The final grid had approximately 300.000
grid cells. The simulated results are not completely independent of the mesh size, but an even
finer grid resulted in a much longer calculation time. An optimum between the needed detail
and the calculation time was reached at this point.

S Y
0.00 30.00 60.00 (m) z/j\ X 0 5 10 (m) Z‘/j\ X
— — ) N .
15.00 45.00 25 75
Figure 14 - Structured mesh of the harbour Figure 15 - Refinement of mesh near the inlet boundary

3.2.4 Physics

After setting up the grid, the general physics and the physical models had to be determined. To
start the general physics were set in FLUENT, gravity as -9.81 m/s” and operating pressure as 1
atm. The operating pressure is initialised at a point (0; 6.5; 0) which always contains the density
of the lightest fluid of the domain. If this had not been done an incorrect distribution of the
hydrostatic pressure would occur. Simultaneously the transient solver is activated instead of the
steady solver because this case is time dependent due to the time varying velocities and the
water level at the inlet of the harbour.
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Of the physical models available in FLUENT, the laminar flow was selected rather than a
turbulence model. A turbulent model would be more realistic, but the calculation time expanded
rapidly when a turbulent model was chosen. Additionally a turbulent model has to be selected
carefully; not all turbulence models are appropriate in each case (Theory Guide). In this project
time was too limited to sort out which turbulence model represented the most realistic flow in
the harbour.

The Volume of Fluid multiphase model was used to simulate the interface between two different
fluids in this project. This model is designed for two or more fluids where the interface between
the fluids is of interest (Theory guide). For this project, the VOF model is best of the multiphase
models if compared to the Eulerian model and the Mixture model which are focussed on
simulating mixtures of multiple fluids or fluid and particulates. Air and water are selected as the
two phases, where air is the primary and water is the secondary phase (as prescribed in ANSYS
FLUENT User’s Guide, 2013a).

3.2.5 Boundary conditions
The boundary conditions are determined for three different kinds of boundaries; the walls, the
outlet and the inlet (Figure 16). The boundary conditions are designed to resemble the reality as
good as possible.

=

o

-»,- .~.. L TR

"".J:.-z":-'::*«z-z::*%" s

R s

.-:~ S ~:-'.-.~'-.-r.~'-'-.~'.~
e z. s

Figure 16 - Boundary conditions: walls (white), outlet (red) and inlet (blue).

Walls

The ‘wall function’ is used for the wall boundaries (white). This function resembles the friction of
the walls. It bounds fluids and solid regions, enforces a zero velocity of all velocity components
in the fluid at the boundary and relates the shear stress at the wall to the cell velocity
component parallel to the wall.

Pressure Outlet

The red boundary is the connection of the domain with the open air. At this boundary air should
be able to move in and out the domain without any obstructions. During flood tide the water
level rises and air should leave the domain, while during ebb tide, the air should (re-)enter the
domain due to the falling water level. The Pressure Outlet is used to resemble this boundary,
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because it allows the air to move in and out of the domain even though it is called an outlet. To
ensure that the boundary simulates the same pressure profile as the normal atmospheric
pressure (1 atm), the Gauge pressure is set as zero.

Velocity Inlet

The inlet (blue boundary) is determined as a Velocity Inlet so that the water in- and outflow
caused by the tides can prescribed during the simulation. The Velocity Inlet makes it possible to
change the velocity and phase properties at each cell of this boundary during each time step of
the simulated tidal cycle, this is necessary because of the rising and falling water level and the
time varying velocities at the inlet.

Input formulas

To determine the velocities at the inlet during the whole tidal cycle, a formula for the water level
during spring tide was set up according to gained tide tables from the Arbroath harbour. The
simulated time was initially intended to be a full tidal cycle of an average of 12 hrs and 24 mins,
the average time of one tidal cycle in the northeast of Scotland. Concerning the long time it took
to calculate such a period, the simulated period is brought back to a 60 minute cycle with the
same tidal range of 4.5 meters. Consequently the velocities at the inlet are much higher than
realistic because the same amount of water needs to enter the domain in a 12 times shorter
period. The difference between the original and the used velocities is shown in Appendix B.
However if the tidal range was adapted to simulate more realistic velocities the range had to be
18cm. The initial water depth of 1m would then be much higher compared to the tidal range
which might implicate that only the upper water layers will show any signs of circulation during
the tidal cycle. This would not give a good representation of the flow patterns in the whole
harbour. Therefore the original tidal range is used as input for the inlet boundary even though
the velocities are higher.

The data for the water level during spring tide was collected at the harbour master of Arbraoth
marina. This data is schematized in the formula 3.1 for the water level and represented by the
green graph in Figure 17. The variation of the water level is formulated by the following formula:

h(t) = —2.25m * cos(wt) + 3.25m (3.1)

. 27
where tisin seconds and w = —
3600

The mass flow and velocity at the inlet to reach the water levels have been derived from the
formula 3.1 as follows:

oh
Q(t) = ot * Aparbour (3.2)

V) = —2L0 (3.3)

Aentrance (t)

width of inlet

where Ay grpour is the area of the harbour and Agperance (t) = e
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Figure 17 - Variations of the water level and corresponding velocity and mass flow under tidal conditions with a
period of 3600s, mean water depth of 3.25m and amplitude of the water level’s variation 2.25m.

User Defined Function

The inlet boundary has these time varying boundary conditions (velocity and water level), which
have to be determined for each time step according to formulas 3.1 and 3.3. To prescribe the
time varying boundary conditions according to formulas 3.1 and 3.3 a User Defined Function
(UDF) is needed. This UDF is written in C++ (Appendix A) which enables FLUENT to determine the
properties for each cell at the inlet boundary; whether it contains water or air and which velocity
it has at that specific time step. Just like the whole domain this inlet boundary is divided in many
different cells. The properties of each cell have to be changed at each time step of the
simulation to simulate the tidal cycle.

At the first time step, the initial water level at the inlet boundary is 1m and all the cells above
this level should contain air and all cells below should contain water to simulate this free
surface. In the following time steps the water level rises and more cells of the inlet boundary
contain water. Simultaneously velocity has to be assigned to these cells filled with water to
simulate water flowing into the domain. Meanwhile fewer cells are filled with air and no velocity
should be assigned to these cells because no air is simulated to flow into the domain. This
process is done by the UDF during the calculations of FLUENT. Figure 18 shows a flow diagram
which resembles the effect of the UDF for each cell at the inlet boundary for a certain time step.

13
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Figure 18 - Calculating the properties of Cell A, a cell inlet boundary at t = x and height h,

This UDF implies that the velocity at the inlet is initialized as a uniform flow, because all cells at
which contain water at a certain t have the same velocity. Therefore the entrance is stretched
(as mentioned before) to allow the flow to create a more non-uniform flow profile before
entering the basin.

Even though the UDF sets the correct boundary conditions and these conditions are in
correspondence with the inflow during the simulation, the water level inside the harbour basin
does not rise according to the inlet conditions. The maximum water level in the harbour is 3.9m
instead of 5.5m. To correct this limitation several adoptions are made to the model but it took
too much calculation time the correct solution for this problem. This limitation is therefore still
present in the final results (Chapter 4).

3.2.6 Solver settings
The solvers settings were chosen to prescribe the numerical solution method that FLUENT uses
to solve the governing equations. The following settings were used because these were
recommended by the User’s Guide for incompressible, two phase flows, with a structured mesh
and circulations of the fluids within the domain. Also these options did not increase the
calculation time too much.

Implicit pressure-based solver containing:
e Pressure-Velocity Coupling scheme:  PISO
e Interpolation Scheme for Pressure: PRESTO!
e Interpolation Scheme for Momentum: First order Upwind

After the solver settings the solution variables were initialized. The initialization in this case
consisted of allocating the initial water level of 1m in the domain at t=0s. First all the cells in the
whole domain were assigned a volume fraction of 0, so that all the cells contain air. Secondly a
volume fraction of 1 was patched in all the cells situated below 1m, so that all these cells contain
water.

3.2.7 Solve
At this point all the settings for the model were made and the solution could be calculated. To
calculate the solutions for this model the time step size was 0.4s and the number of time steps
was 9000, which sums up to a period of 3600s. To monitor if the solution convergences the
convergence behaviour was monitored in a residual plot during the simulation. The time step of
0.4s was selected so that the residuals reduced around three orders of magnitude within one
time step. The time step was kept as large as possible to prevent the calculation time from
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increasing. The number of iterations per time step was kept at the default 20, because it was
better for the calculation time and convergence to reduce the time step size than to do to many
iterations per time step (ANSYS, 2009). The total calculation time of each simulation was around
24 hours.

3.2.8 Post processing
The analysis of the results was done using the Post-Processing application of ANSYS Workbench.
This made it possible to visualize many kinds of results of the simulation, such as velocity, water
surface and flow patterns.

During the assembly of the model the Post-Processing application was used to validate the
model. The results of the simulations have been compared to the flow patterns as described in
the literature. The model was updated several times to make sure that the results were mesh-
independent and the simulations provided good results which were in accordance with the
literature. After the validation, the application was used to compare the different scenarios. The
Post Processing application makes it possible to compare different scenarios in one image.

3.2.9 Scenarios
Three different scenarios were designed and simulated to discover the impact of the pontoons
on the flow patterns. These scenarios have been simulated after the model was validated for the
basic scenario without pontoons. To be able to compare each scenario with the others scenarios,
all the scenarios have the same boundary conditions as the basic scenario which is described
above.

The scenarios are designed to see the effect of the number of pontoons and depth of the
pontoons on the flow fields in the harbour. The measurements of the pontoons have been
derived from the pontoons which are already situated in the marina of Arbroath. These are 40m
long and 3m width. Though in the Arborath marina the pontoons float on the water surface and
have a depth of approximately 50cm, this was not possible to simulate in this project. Therefore
the pontoons have a fixed position and the depth of the pontoons is changed in the scenarios.
The number of pontoons is the second variable, the last scenario has only 2 pontoons instead of
the 3 pontoons in the first two scenarios. The scenarios’ plan form area and the pontoon
dimensions are shown visualized in Figure19.

Scenario 1 Scenario 2 Scenario 3

m

=]

.25.5m " 30m " 30m "25.5m 25.5m 30m 30m 25.5m 35m 40m 35m

E/L ><
Figure 19 - Above: plan form area for each scenario. Below: pontoon dimension for each scenario
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To simulate the pontoons in the geometry
the shape of the pontoons is cut out of the
domain, resulting in gaps in the domain as
shown in Figure 20. In this figure is also
visible that the mesh around the pontoon
is refined to make sure the velocities and
changes around the pontoons can be
simulated in detail and the solution is mesh
independent.

Y

5

0.000 5.000 10.000 (m)
.
2.500 7.500
Figure 20 - Refined mesh near the pontoons

3.3 Chapter closure

A lot of settings and boundary conditions are necessary to simulate the harbour in this project.
The domain of the model is made to resemble the geometry of a schematic harbour. The
structured mesh enables FLUENT to divide the domain in many different cells for which the
governing equations can be solved. The physics and boundary conditions are set to resemble the
reality as good as possible in the limited time of this project. Three different scenarios are
designed to see the effect of the number of pontoons and depth of pontoons in this harbour. To
make sure that the simulations for each scenario can be compared to the other ones all
boundary conditions and settings are exactly the same. The input for the inlet boundary is
shown in Figure 21. The time steps within Figure 21 resemble the time steps for which the
horizontal velocity flow fields are presented in Chapter 4. The time steps 900s, 1800s, 2700s and
3600s resemble respectively mid tide, high tide, mid tide and low tide. Time steps 460s and
3140s are the moments with the highest and lowest velocities.

h (m), v (m/s)
(s/:w) O

| : | A0

4 L L )
0 500 1000 1500 2000 2500 3000 3500
4605 900s 1800s 2700s 3140s

Time (s)

Figure 21 - Variations of the water level and corresponding velocity and mass flow under tidal conditions with a
period of 3600s, mean water depth of 3.25m and amplitude of the water level’s variation 2.25m. Including
indications of time for which the resulting horizontal velocity flow fields are presented in chapter 4.
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4. Results

The simulations of the four different scenarios produce an enormous amount of data for the
complete 3D flow field inside the harbour. In such a short report it is a challenge to show the
most important results without excluding significant data. As indicated in Chapter 2, the
horizontal water movements are the biggest contributors to the flow fields in a small tidal
harbour without a river discharging in the harbour. Concerning the time for this research the
vertical water moments and flow patterns are therefore not further investigated or presented in
this research. This does not mean there are no vertical water movements and that these
movements do not affect the flow patterns or the sedimentation in the harbour. An indication of
the presence of vertical water movements is given in section 2.4 (Figure 8) and in Appendix C.

The results presented in this chapter are the horizontal velocity flow
fields at mid depth for 6 time steps for each of the four scenarios |t =900s
(Figures 23 till 26). These flow fields are selected to analyse the
effect of the pontoons in the harbour. The time steps and the
corresponding inlet parameters; velocity, mass flow and water level
are shown in Figure 21. The vectors shown in the flow fields are
composed by the horizontal velocity components (u and w). A small
indicator (Figure 22) is included to indicate the height of mid water
depth for each horizontal flow field. The indicator shows the Figyre 22 - Depth indicator
corresponding water level, depth of the pontoons and the height of of horizontal flow field.
the flow field plane for each time step.

The flow fields are presented for a mid depth because these flow fields show the most important
features of the horizontal flow in the harbour. Using a fixed height to study the flow fields would
cause a distorted picture of the flow because of the big tidal range. The fixed height should be
0.9m or lower to secure it is always below the water surface. In the beginning and end of the
tidal cycle the flow field would be situates in the top layer of the flow and at mid tide the flow
field at this fixed level would not even be situated near the mid depth of the flow, which shows a
distorted picture of the velocities (as shown in Appendix C). Therefore the flow fields at a fixed
height for one tidal cycle could not be compared with each other. Secondly these mid depth flow
fields are also used in other studies to show the horizontal water movements and can therefore
be used to compare the results of different studies.

First the results of Scenario 0 are described since this is the basic scenario. After that the other
scenarios are described and compared to scenario 0 in the following sections. Scenario 2 and 3
are also compared to Scenario 1 to indicate differences caused by the depth of the pontoons
(Scenario 1 and 2) and the number of pontoons (Scenario 1 and 3).
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4.1 Scenario 0
Figure 23 presents the results of scenario 0 at mid depth for the 6 different time steps. These are
horizontal velocity flow fields for Scenario 0, which is the scenario without pontoons. The
following main observations are made for Scenario O, first the overall observations and then the
main observations per time step:

e A circulation of the water is visible during the whole tidal cycle. The water flows in a
counter clockwise directions starting at the inlet and flowing along the west wall to the
south, east and north wall.

e The velocities during flood tide are the highest of the tidal cycle, especially until mid tide
which is in accordance with the inlet velocities.

e The velocities during ebb tide are low even though the velocities at the inlet reach the
same level as during the flood tide. Secondly the velocities are more similar across the
circulations in the harbour basin in comparison to the flood tide.

e During the first two time steps the circulation is still developing. The circulation is not
fully developed around a point in the middle of the basin and the velocities are not
universal in this circulation.

e Inthe flow field of t=900s a small second circulation is formed in the southeast corner.

e At 1800s the circular pattern is fully developed but the velocities in the harbour are still
high (around 1m/s) while the inlet velocities are zero at that moment. The high inlet
velocities in the beginning of the tidal cycle caused a big circulating momentum in the
water body inside the basin.

The results of this scenario form a base to compare the other three scenarios with. The strong

circular movement within this harbour is consistent with the observed pathlines which are found
by Jiang & Falconer (1983).
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4.2 Scenario 1
Figure 24 shows the results of the first scenario with pontoons in the basin. The three pontoons
are situated at the south wall of the harbour and are 6m deep. As a result the water depth
underneath the pontoons is 0.5m. Scenario 1 has exact the same input as scenario 0, the six flow
fields are made at the same time steps and at the same mid depth water level as scenario 0.
Therefore Figure 24 can be compared with the results of scenario 0. The main observations for
Scenario 1 are presented first.

4.2.1 Observations

The main observation in this scenario is development of four separate circulation cells
between the pontoons and between pontoons A, B and the walls. Each of this circulation
cells has another direction, alternately clockwise and counter clockwise, starting counter
clockwise at the most west circulation. These alternately circulations arises because the
incoming flow (southwards), bounded between the wall and pontoon A, starts a
circulation (counter clockwise). This influences the flow direction underneath pontoon A
and creates an incoming flow between pontoon A and B in northeast direction. Again
the flow is bounded by pontoons and the flow starts circulating, this time clockwise
because of the reversed inflow direction. This process influences also the flow direction
of the other circulations between pontoons B and C and pontoon C and the wall.

The velocities during flood tide are the highest in the most west circulation cell, the
further east the velocities decrease to almost zero.

During ebb tide the flow fields do not show any sign of circulation any more. The water
flows in almost straight lines to the exit of the harbour. At t = 3600 the velocities inside
the basin are almost zero and all smaller than 0.1m/s.

At the first time step (460s) a scattered flow field is developing in the basin. Even though
the flow field is at 0.7m which is higher than the flow underneath the pontoons, the
vectors in the flow field seem to go through the pontoons. This suggests that the water
flow under de pontoons (below 0.5m) affects the water at the mid depth of 0.7m to flow
in the same direction as the flow underneath the pontoons.

At t = 900s however the mid depth is situated at 1.5m, the distance between the flow
underneath the pontoon and mid depth is larger and the pontoons form a barrier for the
flow through the basin. The four circulations between the pontoons are developed at
this point.

4.2.2 Comparison with Scenario 0
Scenario 1 shows a few significant changes, when compared to Scenario 0 (without pontoons).

Scenario 1 does not show a single circulation cell inside the harbour, between the
pontoons and the harbour walls four smaller circulations are developed.

Nevertheless the inlet velocities are exactly the same as Scenario 0, the velocity at the
various time steps of Scenario 1 are lower. Where the velocity of the circulation in
scenario O reaches velocities of 1.8 m/s, the velocities of the circulations in Scenario 1
does not exceed the 1 m/s. Finally at 3600s in Scenario 1, the velocities in the water are
almost zero compared to the 0.3m/s in Scenario 0.

The water in Scenario 0 continued to make a circular movement during the ebb tide. In
contrast to the flow patterns in Scenario 1, these show the water flowing out of the
basin without any circulation.

A lot of directions in the flow field of Scenario 1 are different compared to Scenario 0
because of the increase of circulations. The biggest difference is the flow directions at
the north wall. At t=900 in Scenario O the flow near the north wall is directed west, at
the same time in Scenario 1 the flow is directed in the opposite direction, flowing east.
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4.3 Scenario 2

The resulting horizontal velocity flow fields of Scenario 2 are presented in Figure 25. This
scenario has exactly the same plan form layout as Scenario 1; the only difference is the depth of
the pontoons. Due to the less deep pontoons the water depth beneath the pontoons is 1m,
twice as much as in Scenario 1. All the other conditions are the same as in the previous scenarios
and the resulting flow fields are made at the same time steps and water levels. Consequently the
results of this scenario can be compared to the previous ones. First the main observations of
Scenario 2 are described and these are compared to Scenario 0 and 1.

4.3.1 Observations

During the tidal cycle no obvious development of circulation cells is visible. Only at 460s
a circulation is visible and at 900s a smaller circulation cell seems to develop between
pontoon A and the west wall, but neither of this circulation continues during the rest of
the tidal cycle.

The flood tide produces high velocities inside the domain, but at different places. At
460s these velocities are the highest in the southwest corner and at 900s these
velocities are the highest near the north wall.

4.3.2 Comparison with Scenario 0
The most important changes and similarities of Scenario 0 and 2 are the following:

The flow pattern at t=460 in Scenario 1 looks similar to the circulation at t=460 of
Scenario 0, both of the circulations are centred on a point in the southeast corner. The
velocities in Scenario 2, however, are lower than the ones of Scenario 0. Even though
the flow field in Scenario 2 is situated below the pontoons, the velocities do not reach
the same level as the velocities in the scenario without pontoons. As introduced in
Section 2.4 vertical flows around pontoons affect the flow underneath the pontoons.
The effect is visible here because the flow velocity between the pontoons is lower and
vertical flows affect the flow velocity underneath the pontoons to decrease.

In contrast to flow patterns at 460s, all the other flow patterns do not show any
similarities at all. Just as Scenario 1 during the ebb tide this scenario does not show any
circulation during ebb tide.

The velocities during the whole tidal cycle for Scenario 2 are much lower than the
velocities in Scenario 0.

4.3.3 Comparison with Scenario 1
The geometry of Scenario 1 and Scenario 2 look alike, only the depth of the pontoons is
different. These are most important differences between these two scenarios:

The flow fields during flood tide do not look the same. Especially at t=460s the contrast
is big. In contrast to the scattered flow field in Scenario 1, were the velocities in the
southeast corner stay almost zero, a circulation exists in Scenario 2 which covers the
whole basin and the in the southeast corner reaches velocities of 1m/s.

The four circulations between the pontoons which develop in Scenario 1, do not arise in
Scenario 2. The flow field between the west wall and the Pontoon A, shows a similar
circulation as Scenario 1, only the velocities are lower. But on the other hand, there are
no circular movements between the other pontoons in Scenario 2.

The different pontoon height results in a flow with an opposite direction at the north
wall, especially at t =900.

Ebb tide looks the same in both scenarios; the water leaves the basin without any
circulation and straight to the exit. The velocities at 3600s are just as in Scenario 1
almost zero.
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4.4 Scenario 3
The results of Scenario 3 are presented in Figure 26. In this last scenario the pontoons have the
same depth as in Scenario 1, only the number of pontoons is different. There are only two
pontoons placed on the south wall of the basin. The boundary conditions in this scenario are
exactly the same as the previous scenarios so one can compare the results of Scenario 3 with the
other scenarios.

4.4.1 Observations
The main observations for Scenario 3 are described below. But because the results of this
scenario look so much like Scenario 1, the observations of Scenario 1 are not repeated; only the
differences with Scenario 1 are described.

The flow patterns in Scenario 3 develop three circulation cells, one less than in Scenario
1. Though this is consistent because the number of pontoons in Scenario 3 is also one
less, the directions of these circulations are different. The directions in Scenario 1 are
alternately clockwise and counter clockwise, but both the directions in Scenario 3 are
not. The two most west circulations are both counter clockwise, while the third
circulations is clockwise. The bigger distance between the pontoons enables the flow to
develop the same direction in two circulations next to each other.

Despite of the extra pontoon in Scenario 1, the flow fields at t = 460 look almost the
same in both scenarios, only the velocities near the north wall in Scenario 1 slightly are
higher. This continues in the following time step where in Scenario 1 the flow near the
north wall is in an east direction while the flow pattern in Scenario 3 is more scattered.

4.4.2 Comparison with Scenario 0 and 1
When Scenario 3 is compared to the scenario without pontoons a few big differences are visible.
Most of them are much the same as the comparison between Scenario 1 and Scenario 0.

Just like Scenario 1, Scenario 3 does not show a development of a single circulation
either during the tidal cycle. The flow field is more scattered and finally ends up in a
circulation between each pontoon and the walls and the pontoons.

Velocities in this scenario are much lower than the ones in Scenario 0. They have the
same magnitude as the velocities in Scenario 1.

Finally the ebb tide in Scenario 3 shows no sign of circulation at the flow fields, just like
the flow fields during ebb tide of Scenario 1.
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5. Discussion

In this project a 3D hydrodynamic model of a schematic harbour has been developed to predict
horizontal flow fields in the harbour basin. The resulting flow fields are consistent with found
flow patterns in the literature. However some assumptions and simplification have been made,
mainly to reduce the time necessary for the calculations. This chapter discusses these limitations
and the influence of choices that were made on the results. More time should be addressed to
improve this model to gain better and more reliable results.

A first limitation of the model is the simulated period of the tidal cycle. The simulated period of 1
hour, using the same tidal range as in a 12 hour cycle, does not represent a real harbour. This
results in much higher velocities at the inlet (as shown in Appendix B) and these high inlet
velocities cause higher velocities through the whole domain. Due to the high inlet velocities a
momentum is created inside the water body and the shown circulations in the basins probably
last longer than circulations with lower initial velocities.

Secondly the results should be completely independent of the mesh size. As mentioned in
Section 3.2.3 this point is not reached yet. Therefore the results could be slightly different when
a finer mesh is used. However the maximum differences in the predicted velocities should not be
higher than 10%, which is the difference between the predicted velocities of the used mesh and
the second finest mesh.

Another issue is the water level during the simulations. The water level inside the domain does
not rise as expected with these inlet boundary conditions during the simulation. The maximum
water level at high tide in the harbour is 4m instead of 5.5m. The cause of this shortcoming is
not figured out yet, but it might result in higher velocities through the domain because the
boundary conditions are set for the same discharge with higher water levels.

By using FLUENT for the simulations, the air flow had to be included in the model. In all the
simulations the air seems to have the same and sometimes even higher velocities than the
water. This was not expected because the boundary conditions were set that no velocity was
initialized for the air and the air should not interact with the water. The reason for these
velocities in the air has not been found yet, but improvement must be made to increase the
reliability of the model.

Finally, the laminar flow assumption is not realistic for a real harbour situation. When a
turbulence model would be included in this project’s simulations, the predicted velocities
probably would be lower because of the turbulent flow pattern.

The use of a CFD model to simulate the water flow inside the harbour has lots of advantages
compared to physical models. The simulations are more flexible, cost a lot less time and money
to set up and the scenarios can be adapted very fast. However calculating mathematical models
still has computer limitations and their accuracy depends on empirical values of constants used
for the calculations. A sort of spurious precision is therefore present.

In brief the model has delivered flow fields that are in accordance with the used literature, but

these results could be more reliable if some improvements to the model are made. However to
implement these improvements a lot more time has to be spent on this project.
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6. Conclusions & recommendations

This chapter answers the main research question of this research: ‘How does the placement of
pontoons influence the flow field inside the harbour?’. The following section provides the
conclusion of this research and the last section gives recommendations about the use of the
results and for further research about this subject.

6.1 Conclusion

In this research a hydrodynamic model for a harbour has been established and is capable of
simulating water flows inside a harbour. This model has been applied to a number of different
scenarios for the placement of pontoons in a small rectangular harbour. Because of some
limitations of the model the results are interpreted qualitatively. The essential effect of the
pontoons is clear. The model has to be improved further for more reliable quantitatively results.
The main effects of the pontoons on horizontal flow field inside a small tidal harbour are as
follows.

The calculated effects of pontoons on horizontal circulations in a harbour are big and are visible
in the direction and magnitude of the horizontal flow velocities. A single circulation cell, which is
seen during the whole tidal cycle in a harbour without pontoons and is consistent with the
literature, is not present in any case of a harbour with pontoons. Even when horizontal flow field
at mid depth is situated below the pontoons this single circulation cell is not visible. Instead of
this single circulation cell, several circulation cells are formed in harbours with pontoons, most
of them between the pontoons or the pontoons and the walls. And whereas the circulation in a
harbour without pontoons continues to circulate during ebb tide, the water in the harbours
without pontoons shows no signs of circulation at all. The horizontal flow velocities inside the
harbour with pontoons are more than twice as low compared to a harbour without pontoons.
The pontoons form a barrier for the horizontal flow through a basin, which lower the velocities
and change the flow patterns drastically.

The pontoon’s depth affects the circulation of horizontal flows in the harbour as well. Deeper
pontoons enforce several circulations between the pontoons, while a more scattered flow field,
lacking clear circulations, is developed when the pontoons are less deep. During ebb tide
however, the depth of the pontoons does not affect horizontal flow field.

The number of pontoons in a harbour does not change the horizontal flow very much, taking
into account that the number of circulations between pontoons and walls increase in accordance
to the number of pontoons. However, the direction of these circulations can be different
depending on the distance between the pontoons or the pontoon and the wall. Just like the
pontoon depth, the number of pontoons does not affect the flow fields during ebb tide.

On the whole the pontoons have multiple effects on the horizontal flow fields inside a harbour.
These effects can be influenced by the depth and number of pontoons. Finally, the effects of
pontoons on the flow fields may contribute to the sedimentation in the new marinas such as the
Arbroath harbour.
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6.2 Recommendations
In this study a lot of information has been gathered about horizontal flow fields in a harbour.
This information can be used to discover the effect of the pontoons on sedimentation if studied
further. Meanwhile the used model can be further developed to investigate much more other
features about flow fields in harbours.

This research shows harbour masters and other people associated with small harbours that
pontoons affect the flow patterns inside the harbour. It shows that these people should think
about the consequences of pontoons before placing them inside the harbour; however more
research needed to indicate the exact consequences of the placement of pontoons. On top of
that, the changed flow patterns could affect sedimentation in the harbour, which is a main issue
and biggest expense for all harbour masters. It could lead to lower maintenance costs for small
harbours when the influence of pontoons on sedimentation is further investigated and harbour
designs are based on the outcomes.

Simultaneously the hydrodynamic model used in this project has much more potential than
what is shown in this study. Using FLUENT creates a lot of opportunities and delivers much more
output which can be used to investigate much more than only the horizontal flow fields.

For example more analysis of the obtained results in this project can describe the influence of
pontoons on vertical velocities or describe how water flows around the pontoons. Adapting the
simulated scenarios can lead to much more insights about the influences of pontoons in a
harbour. To make the scenarios more realistic the pontoons can be modelled as floating objects
and the pontoons can be modelled as a porous media which is more realistic when floating
pontoons are used. Of course at the same time more plan form orientations of the pontoons can
be analyzed using the same model.

Secondly, when the model would be further adapted it is possible to use particle tracking and
include particulate materials. This enables the possibilities to follow the sediments through the
harbour basin and analyze where the highest siltation is happening and where artificial
measures have the most impact on reducing siltation. This would be a major contribution to the
main reason for starting this project.

When one would like to investigate flow patterns in tidal open water systems maybe less
complex models can be used such as Princeton Ocean Model (POM). These could probably be
set up and calculated in less time than this project and will give insights in the water movement,
but these models do not use the same fluid mechanics and do not deliver the same amount and
detailed information as FLUENT.

All in all, this study provides information to think about for harbour masters or other people
concerned with small harbours. Secondly much more useful information can be gained from this
model in the future which can lead to results about how siltation is influenced by pontoons in
the harbour.
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Appendix A. User Defined Function

The following C++ code is used as a User Defined Function in the FLUENT model to prescribe the
input properties for each cell of the Velocity Inlet at each time step.

ttinclude "udf.h"

DEFINE_PROFILE(velocity,thread,index)
{

face tf;

real x[ND_ND];

real PI;

real f_time = RP_Get_Real("flow-time");
real Y;

begin_f_loop(f,thread)

P1=3.1415926;

{ F_CENTROID(x,f,thread);
Y=-2.25*cos((2*PI/3600)*f_time)+3.25;

if (x[1]<=Y)
F_PROFILE(f,thread,index)=4.5*P1/3600*sin((2*P1/3600)*f_time)*(120*80+10*40)/(10*Y
);
else
F_PROFILE(f,thread,index)=0.0;
}
end_f _loop(f,thread)

}

DEFINE_PROFILE(volumefraction,thread,index)
{

face_tf;

real x{ND_ND];

real Y;

real Pl;

real f_time = RP_Get_Real("flow-time");
begin_f loop(f,thread)

PI=3.1415926;

{ F_CENTROID(x,f,thread);
Y=-2.25*cos((2*P1/3600)*f_time)+3.25;

if (x[1]<=Y)
F_PROFILE(f,thread,index)=1;
else
F_PROFILE(f,thread,index)=0.0;
}
end_f loop(f,thread)

}
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Appendix B. Effect of shorter tidal cycle

The following two figures show the water level, mass flow and velocities at the inlet for the tidal
harbour, both have the same scale to enhance comparison. Figure 1 shows the quantities when
the tidal cycle is 12 hours. The second (Figure 2) shows the same variables for a 1 hour tidal cycle.

Due to this shorter tidal cycle the change of the water level per minute is much higher and
therefore the mass flow and the velocity at the inlet are higher. The highest inlet velocities for the
12hrs cycle are 0.14 m/s compared to the 1.7 m/s for the 1 hour cycle.

h (m), v (m/s)
(s/sw) O

Time (s)
Figure 1 - Variations of the water level and corresponding velocity and mass flow for a 12hrs tidal cycle. Mean
water depth of 3.25m and amplitude of the water level’s variation 2.25m
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Figure 2 - Variations of the water level and corresponding velocity and mass flow under tidal conditions with a
period of 3600s, mean water depth of 3.25m and amplitude of the water level’s variation 2.25m.
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Appendix C. Vertical water movements

This appendix shows that horizontal flow fields at the same time on different water depths do
not show the same flow fields, the flow is affected by the vertical flow around the pontoons.

Figure 1 shows the horizontal flow fields for two scenarios, for each scenario the left flow field is
at mid depth and the right flow field is at a fixed height of 0.9m. For Scenario 0 both flow fields
are almost the same. But in Scenario 2 the flow fields differ from each other. The flow field at
0.9m is situated below the pontoons and the flow has higher velocities and a more clear
circulation than the flow field at mid depth.

Scenario 0

t=1800s
——

O

t=1800s
—

Scenario 0
Velocity

2.63
0.9m

1.97

1.31

0.66

0.00
[m s”-1]

Scenario 2

Om 15m 30m

Scenario 2

0.9m

Figure 1 - Horizontal flow fields at different depths for Scenario 0 and 2
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Figure 2 shows the absolute water velocity on 4 different vertical lines(Figure 3) in the domain at
900s for Scenario 2. The pontoons in this scenario are situated a meter above the bottom. The
graph does not indicate the directions of the velocity vectors, only the magnitude, but it shows
that the velocities are highly influenced by the pontoons. The velocities in the water under the
pontoons(0-1m) are a lot higher than inbetween two pontoons or the pontoons and the walls(1-
3m).

—— Pontoon depth
> ——
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Figure 27 — Velocity magnitude between 0 and 3m for Scenario 2, t=900s

15.000 45.00

Figure 3 - Measure points A, B, C and D situated in domain
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