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ABSTRACT

The most common causes of damage to coastal structures include water movement (waves
and tides), sedimentation (silting), faulty construction, and other factors. As a result,
hydraulic systems are being built in order to research the stability of coastal structures in
relation to various coastal phenomena in order to mitigate the effects of these difficulties.
Waves are produced as a result of the interfacial shear that occurs between the wind and the
surface of the water, whereas tides are produced as a result of the gravitational forces that
are exerted by the moon and the sun. The vast majority of hydraulic systems may be thought
of as existing in a dynamic balance between the processes of deposition and erosion. It is of
crucial importance to guarantee that the required level of wave quiet is attained in the
harbor region in order to facilitate the growth of ports. The accumulation of silt and sediment
in a navigation channel results in a difficulty caused by a reduction in the draft of the
navigation channel. Therefore, dredging is essential in order to maintain the appropriate
draft of the navigation channel, and the material that is dredged is deposited at a suitable
spot. An integrated model system is constructed to replicate tides, waves, currents, winds,
and sediment movement. This is done so that all of these things may be studied, as well as the
impacts of morphodynamic coastal processes and estuarine hydrodynamics. These models
also serve to improve our understanding of the morphological shifts that occur in coastal and
estuarine areas. In the process of laying out and designing the structural components of
ports, harbors, and other associated hydraulic structures, physical and numerical modeling
and simulation are indispensable support tools.
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Introduction

The application of controlled force or the controlled movement of pieces is a need that is
frequently encountered in industrial settings. Primarily, electrical machines, diesel, gasoline,
or steam engines are used to power these processes since they are the most efficient prime
movers. By utilizing a variety of mechanical attachments, such as a screw jack, lever, rack
and pinions, and so on, these prime movers are able to impart a wide variety of motions upon
the things they are moving. However, they are not the only factors that have a significant
role. The fluids that are contained within the enclosure (both liquids and gases) can also be
employed as prime movers to give the objects or substances with controlled motion and
force. The uniquely constructed closed-loop fluid systems are capable of generating linear
motion in addition to rotational motion. Utilizing these techniques allows for the application
of a regulated force of a large magnitude as well. Hydraulic systems are a type of fluid-based
system that is contained and uses pressured incompressible liquids as the transmission
medium. Pascal's law, which states that the pressure within an enclosed fluid is constant in all
directions, is the guiding concept behind the operation of the hydraulic system. Figure 1
provides a visual representation of Pascal's law. The force that is exerted by a fluid may be
calculated by multiplying the pressure with the area of the cross section. Due to the fact that
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the pressure is the same in both directions, a smaller piston will experience a lesser force than
a larger piston will experience a larger force. Consequently, by utilizing hydraulic systems,
one may create a significant force with just a little amount of initial force input.
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Figure 1 Principle of hydraulic system

The hydraulic systems are made up of a variety of components to ensure that they work well.
These components consist of a leak proof fluid flow pipeline, a hydraulic cylinder, a piston, a
hydraulic control valve, a pressure regulator, a control valve, a hydraulic storage tank, and a
hydraulic pump. Figure 2 depicts a straightforward hydraulic system's block diagram for
reference. It is comprised of:

e amovable piston connected to the output shaft in an enclosed cylinder
e storage tank

o filter

e electric pump

e pressure regulator

e control valve

e leak proof closed loop piping.

The motion or force is transferred through the output shaft, but all of the other elements
contribute to the system's overall control. The fluid storage tank also doubles as a reservoir
for the fluid that functions as the transmission medium. The liquid that is often employed is
an oil that is incompressible and has a high density. After being pumped via the hydraulic
pump, it is filtered to eliminate any dust or other unwelcome particles that may have been
present. The configuration of the hydraulic system determines the capacity of the pump. In
most cases, these pumps are capable of delivering the same volume with each rotation of the
pump shaft. As a consequence of this, the fluid pressure at the dead end of the piston can
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continue to rise endlessly until the system breaks down. It is the job of the pressure regulator
to prevent situations like these from occurring, which would otherwise send the surplus fluid
back to the storage tank. Altering the flow of liquid from port A to port B allows for precise
regulation of the movement of the piston. The movement of the cylinder may be regulated by
the use of a control valve, which guides the flow of fluid. When the piston has to be raised,
the fluid pressure line is linked to port B; meanwhile, when the piston needs to be lowered,
the line is attached to port A. The flow of fluid via any of the ports can also be stopped by the
valve. Leak proof pipe is vital for a number of reasons, including safety, the risks to the
environment, and the financial implications. Other hydraulic system accessories, such as flow
control systems, travel limit controls, electric motor starters, and overload protection may
also be utilized, however these are not depicted in figure 2. These accessories can be used in
hydraulic systems.

!  Fluid Tank

Cylinder

Figure 2 Schematic of hydraulic system
Applications of hydraulic systems

The primary purpose of hydraulic systems is to precisely regulate bigger forces in a variety of
applications. There are five basic categories that may be used to classify the uses of hydraulic
systems:

Industrial: Plastic processing equipment, steel manufacturing and primary metal extraction
applications, automated production lines, machine tool industries, paper industries, loaders,
crushers, textile machineries, research and development equipment, robotic systems, and so
on are all examples of the types of machinery that fall under this category.

Mobile hydraulics: Tractors, drilling rigs, material handling equipment, irrigation systems,
earthmoving equipment, earthmoving equipment, material handling equipment, commercial
vehicles, tunnel boring equipment, rail equipment, building and construction machineries,
etc.
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Automobiles: It has a variety of applications and is utilized in a variety of systems including
brakes, shock absorbers, steering system, wind shield, lift, cleaning, etc.

Marine applications: It focuses mostly on vessels that travel the ocean, fishing boats, and
naval equipment.

Aerospace equipment: There is hardware and software for controlling the rudder, landing
gear, brakes, flight control, and transmission, among other things, that is utilized in airplanes,
rockets, and spaceships.

LITERATURE REVIEW

The lunar day lasts 24 hours, 50.47 minutes, whereas the solar day lasts 24 hours, 00 minutes.
The tidal period, which lasts for 12 hours, 25.23 minutes, is the duration of the vertical
movement of water. Ebb tide refers to the water flow (tidal flow) that moves from high tide to
low tide as it moves towards the sea, while flood tide refers to the water flow that moves
landward from low tide to high tide. The span of time between the ebb and flood tides is
known as the slack water period. Neap tide refers to the period with smaller tidal ranges, and
spring tide refers to the period with larger tidal ranges. However, the tidal wave has a long
duration and a wave length that can reach several hundred kilometers. The force of attraction
between the sun, moon, and earth creates a tide. The movement of sediments under the
influence of waves and tides, density currents, and tides are all components of the hydraulic
phenomenon. Wide bays and open coasts are vulnerable to wave assault, storm surges from
cyclones, and the consequences of tsunamis. Unlike open coasts and bays, tides and highland
discharges typically have a prominent influence in areas like estuaries. The majority of
hydraulic systems can be thought of as being in a dynamic balance between erosion and
deposition. Over time, the general qualities only very slowly change. In such a delicate
equilibrium, human intervention with the controlling phenomenon will have morphological
repercussions with accelerated effects. It is crucial and significant to have in-depth
understanding of the local morphological variables, such as the bed material size, the settling
velocities of the suspended solids, and the sediment transport rates, in order to forecast these
effects for a particular project [2].

Waves from the offshore area travel to the shoreline, where they transfer wind energy and
cause ongoing disturbance. The dynamic influence of waves on coastal structures that they
have to endure. Additionally, waves affect a ship's ability to navigate and how it moves
during berthing, which in turn affects berthing procedures. Sand moves down the shoreline
due to wave action at the coast, causing erosion or accretion of the coastline line. Siltation in
harbors and approaches may result from waves agitating the bed sediments and bringing them
into suspensions carried by currents. Coastal engineering therefore benefits from an
understanding of wave mechanism [6]. He also introduced us to the significance of dynamic
similitude and dimensional analysis in this paper. Numerous intricate aspects are involved in
the fluid flow difficulties. In general, analytical techniques are insufficient to obtain answers.
Engineers mostly rely on experience, intuition, and empirical formulas to solve issues
pertaining to the design and construction of hydraulic structures. Physical models were then
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used to investigate fluid flow issues. The physical model's scale modeling technique is
founded on similarity ideas. To determine the functional relationship between the
independent and dependent variables, dimensional analysis is utilized. When precise
analytical solutions cannot be obtained by analytical methods, the notion of dynamic
similitude is applied to solve flow issues. It is also possible to utilize a different fluid than the
prototype one. The choice of model and fluid scales is determined by pragmatic factors.

A landform beside a body of water is called a beach. A beach is typically made up of loose
particles, mostly made of rock, such sand, gravel, shingle, pebbles, or cobblestones.
Occasionally, the particles that make up a beach are biological in nature, like coralline algae
or mollusk shells. With regard to the natural factors that are common in the coastal region,
such as waves, tides, currents, winds, etc., the beach is in a state of dynamic equilibrium. The
layout of the shoreline, the beach profile, and the properties of the sediment all influence the
beach's response. Additional factors affecting the coastal processes are sediment sinks and
sources. Because of this complexity, morphological changes in coastal environments require
a thorough understanding of all the many coastal processes involved. The coastal engineer
must carefully plan development projects taking into account the local sedimentation and
coastal processes that may directly affect:

e Prediction of environmental quality and impact.

e Habitat stability.

e Public health risks

e Marine hazards such as ship grounding, oil spills, etc

e Access to ports, sea bed scouring

e Siltation in harbours, infill of reservoirs and artificial lakes.
e (oastline protection.|[1]

An integrated model system to simulate tides, waves, currents, winds, sediment transport, and
morphological changes in coastal and estuarine regions was developed using physical
process-based modeling approaches to computing coastal and estuarine hydrodynamic and
morphodynamic processes. An overview of this comprehensive morphological process
modeling system, which includes modules to simulate sediment transport, tidal and
shortwave-induced currents, random wave deformations, and morphological changes, is
provided by the author in his work. The integrated model system's component parts were
verified by simulating morphodynamic and hydrodynamic processes in field research
scenarios and lab tests. To illustrate the model's ability to accurately simulate the combined
effects of storm waves, typhoons (or hurricanes), river floods, sediment transport, and
morphological changes in the coastal and estuarine environment, an example of its
application to an estuary is provided. In order to promote improved coastal erosion
protection, flood and inundation prevention, coastal storm water management, and
infrastructure protection against hazardous storms, typhoons, and hurricanes, this modeling
system offers engineers and researchers an efficient and effective numerical software
package.[10]
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Both natural and human factors can be used to broadly categorize the causes of coastal
erosion. The organic reasons are:

e A rise in the net littoral drift rate as a result of altered wave conditions.
e Erosion under severe storm surge and wave conditions.

e Sand loss into canyons.

e Arisein sea level.

e Deflation: wind-driven movement of sand

e Subsidence: a localized lowering of the surface.

e Changes in river sand supplies brought on by droughts.

The human causes are:

e Construction-related infrastructure like breakwaters and navigation channels that
impede coastal drift.

e Sand disposal and dredging that preserves the channel and harbor's navigable depths.

e Sand removal from the shore.

¢ Blocking rivers' natural ability to feed land.

Ensuring that the harbor region achieves the appropriate wave tranquility is crucial for the
growth of ports. When evaluating the tranquility of the waves, one should take into account
the disturbance caused by the combined effects of shoaling, diffraction, refraction,
nonlinearity, partial reflection from piers, breakwaters, etc.

The structural design and layout of ports are greatly aided by numerical and physical
modeling and simulation. With the following benefits, physical models are still crucial as
modeling tools:

e Accurate outcomes can be obtained without precisely understanding intricate
internal procedures.

e A visualization of the hydrodynamic processes is being made.

e Direct observation of cause and effect is possible for optimization

e Models offer a synopsis of suggested future developments.

Reduced-scale physical models provide an alternate approach to study coastal phenomena
that are now outside the purview of our analytical capabilities. Dalrymple (1985) identified
two key benefits of simulating near-shore processes with physical models.

1) The physical model incorporates the appropriate equations that regulate the processes
without simplifying any of the assumptions that need to be made for the analytical or
numerical models.

2) Because of the model's small size, it is possible to collect data across the regime more
easily and at a lower cost. This is in contrast to the collection of data in the field,
which is both considerably more difficult and expensive, and simultaneously field
measurements are difficult to perform.
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The following are the three primary objectives that can be accomplished with the use of a
physical model:-

1) Attempt to get a qualitative understanding of a phenomenon that has not yet been
described or comprehended (for example, the production of turbulence when waves
break, or the formation of scour holes at coastal structures).

2) Acquire measurements in order to validate or invalidate a theoretical result (for
example, nonlinear waves on a uniform current or interacting nonlinear waves).

3) Acquire measurements for phenomena that are so involved that theoretical techniques
have not been able to adequately explain them up until this point (for example, the
stability of rubble-mound breakwaters or sediment suspension over a rippled
substrate).[§]

After the model has been finished, the calibration and validation of the model is a very
crucial step that must be taken. This step involves comparing the values of all of the model
parameters that have been modified (such as the roughness coefficient and the eddy viscosity,
amongst others). For the purpose of the evaluation, the values, such as a diagram showing the
difference in water level and one showing the difference in velocity, should be submitted.
After the process of calibration has been completed, the next significant step is verification,
which involves making a comparison between the expected water levels and current
velocities and the actual values that have been measured. It is prohibited for the average
variations in speed and direction to exceed 30 percent and 450 degrees, respectively. [9]

CONCLUSION

Because these models can provide us information about the actual circumstances of the
prototype, hydraulic systems play an important part in the decision-making process that
occurs during the construction of coastal structures. On these models, a wide variety of
studies, including those pertaining to tranquility conditions, the flow of the water, the stability
of coastal constructions, and many others, can be conducted. Depending on the specifics of
the research that are going to be carried out, several kinds of physical models are going to
have to be used. Because of this, the utilization of hydraulic models is particularly necessary
for the research of coastal phenomena such as waves and tides. Additionally, it is very
important to have a solid understanding of how stable coastal constructions are.

REFERENCES

[1] H.B. Jagadeesh, (2016), “Coastal processes and sedimentation”, CW&PRS, lecture
notes, 14-15 September 2016

[2] J.D. Aggarwal, (2013), “Wave and Tidal hydrodynamics”, CW&PRS, lecture notes,
9-10 October 2013

[3] K.H. Barve, Shri L.R. Ranganath, and Shri M.D. Kudale, (2014), “Assessment of
Wave Tranquillity in the proposed Harbour with Ro-Ro Jetty” ”. Published by Hydro
2014 International, 19th Conference on Hydraulics, Water Resources &
Environmental Engineering — 18- 20 Dec 2014.

Volume 15, Issue 10, October/2023 43



Dizhen Dizhi Journal ( ISSN:0253-4967)

[4] M. Phani Kumar,(1991), “Physical Modelling” CW&PRS, lecture notes, 14-15 july
1991

[5] M. Phani Kumar,(2011) “Wave Hydrodynamics”, CW&PRS, lecture notes, 16-19
September 2014 6) M.D. Kudale, (2013), “Coastal erosion and protection”,
CW&PRS.

[6] Prof. Hans Moes, Prof. Dave Phelp, Prof. Marius Rossouw, Stellenbosch, (2005),
“Hydraulic Model studies for Port Structures and Development” Published by
Railway and Harbour Development.

[7] Steven A. Hughes, (1993), “Physical Models and Laboratory Techniques in Coastal
Engineering”, Volume 7

[8] T. Nagendra, (2013)” Coastal processes and sediment transport”, CW&PRS, lecture
notes, 9-10 October 2013

[9] Yan Ding and Sam S. Y. Wang, (N.A.), “Development and Application of a Coastal
and Estuarine Morphological Process Modelling System”. Published by Journal of
Coastal Research, Special Issue 52: pp. 127 — 140.

Volume 15, Issue 10, October/2023 44



