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ABSTRACT

At present time there is a concern over global climate change, as well as a growing
awareness on worldwide population about the need of reducing the greenhouse gas emissions.
This in fact, has led to.an increase in power generation from renewable sources. The tidal
current energy has the potential to play a vital role in a sustainable energy future. The tidal

current turbines are used to extract the tidal energy.

The main focus of this thesis was to investigate the horizontal axis tidal current turbine
(HATCT) dynamics using fluid structure interaction (FSI) using the simulation software
package ANSYS 17.0. In order to achiéve this aim a iumber of key steps were performed. The
HARP_Opt (Horizontal Axis Rotor Performance Optimization) code was used in this research
work for BEM Design of the turbine and result validation. The performance of tidal current
turbine was predicted using ANSYS-CFX 17.0 and compare with ‘BEM ré;{llts. The
performance curve, pressure distribution on the blade and velocity streamline was visualized

for sex repetitive analysis at different tip speed ratio.

The hydrodynamic loads calculated by CFD analysis was transferred to finite element
model (FEM). Finite element method (FEM) was used to investigate the structural response of
tidal current turbine. The modal analysié, pre-stressed vibration analysis and forced vibration
analysis were performed for the structura} response of tidal current turbine. Natural frequencies

and mode shapes were visualized for vibration response of tidal current turbine.

In the last section” of this thesis, some interesting conclusions were drawn. The
recommendation for future work presented at the end is expected to provide a basic guideline

to the new researchers.
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the improvemént and development in technology in design configuration predict that there is
higher availability of sites of tidal energy than earlier assumed, and environmental and economic

costs can beé decreased to reésonablejlevels.
T R

1.2 Energy situation in Pakistan ' “ﬁ*%mm,?m

Pakistan is facing a worst electricity crisis now a day. Electrici::y shortfall has reached up
to 4406MW in 2014 and as per state of industry (NEPRA) report 2014 [2], this shortfall is
increasing day by day. To overcome this shortfall different conventional and renewable energy
techniques should be explored. Due to the environmental effects of conventional energy

. e g . - “» .
resources, Pakistan should.pay, attention towards renewable” energy resources. The alternative
TN e

energy resources, i.e. solar and wind energy have a “Y‘?‘E;fi%:;i i%:sues as their power production
output is not predictable, but the source of tidal energy is completely predictable as it takes place
because of the well-known astronomical phe‘r.lomenon and haVe more capacity than any other
renewable resource. Tidal power have ability to become the major source of electricity in the

universe due to the low operational cost and no fuel cost.

In Pakistan several significant locations of higher tidal velocities are available along the
990 km area of coast. In a survey conducted by institute of occansiongraphy it was estimated that
more than 1100 MW power may be generated along the 170 Km coastline of Arabian Sea from
Indus Deltaic stream areas [3]. The creek areas from Korangi to Kajhar mainly has a tidal current
velocity of 4-5 knots range, but values of higher velocity upto 8 knots were also observed. The"
difference between tidal hides varies from 2 to 5 km along the coastline of Sindh. The cast area
of Kalamat and Sonmianiin Baluchistan are the other significant sites for tidal power [4]. Another

oceanographic survey is required to explore the other tidal power sites.

]

1.3 Tidal Energy in World Prospective

The estimate potential of tidal power varies in several surveys. Although it is strongly
accepted that the glob;ll tidal power capacity i$ greater than 120 GW. United Kingdom (UK) has
the largest resource estimate of more than 10 GW. The United Kingdom is ideally situated to
explore tidal current energy with 10 to 15 % of the global resource and around 50 % of the

European resource. A map of world tidal power resources is shown in figure 1.2 [5].
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barrages technology and causes the adverse effects on the environment. On the other hand there

is no need of huge capitals for the development of tidal current technology.

1.4.2 Tidal current technology

~ The tidal current technology is a different methodology as the tidal barrage technology that
uses the head of water or potential energy. In this technology tidal power is produced from the
water kinetic energy and construction of dam like structure does not require. The instram devices
called the hydrokinetic turbine are directly installed in the water. The energy is extracted on the

basis of two types of devices such as vertical axis and horizontal axis etc.

1.5 Thesis Scope and Objectives

Vibration in tidal current turbine is produced due to hydrodynamic forces. The vibration
causes resonance and dynamic loads on the structures which leads to failure of the structures. The
purpose of this research .work is to investigate the integrity of the tidal current turbine (TCT)
against the influence of vibration caused by the fluid forces. This research work will hefp to
provide base line information to the device designer about the importance of vibration
consideration in the design process. The proposed research work will be a contribution to the

existing studies on the vibration behavior of TCT. This was met by the following objectives.

1. Computational fluid dynamic (CFD) analysis of tidal current turbine (TCT) operating in
tidal channel.

2. Free vibration response of tidal current turbine (Natural frequencies, mode shapes)

3. Development of a computational methodology using FSI in ANSYS workbench to
analyze the vibration response of a tidal current turbine undeér the influence of forces
caused by tidal flow.

The research work is proceeded after the observation of higher tidal power resources
throughout the country and theses resources may be used to complete the energy requirement as
well as to sure the environmental protection from the power plant smoke. This research is the
addition of already conducted research by the name of tidal current technology at International
Islamic University, Islamabad. On the basis of continuous research, it is expected that after the
result of this research ITU, Islamabad be ca;;able to design its own experimental tidal current
model and other requirement for the development of tidal current technology. Hopefully this
research study will provide the solution of tidal energy to the national industry.
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1.6 Research Methodology
The method of the research was software based. A 3-D model of the turbine rotor was
developed in Autodesk Inventor Professional 2014. ANSYS workbench 17.0 software was used
for the computational fluid dynamic analysis of the turbine rotor. The 3-D geometric model was
converted in IGES type format and then imported to ANSYS workbench 17.0 for computatic?ﬁal
analysis in ANSYS CFX.
1 Exhaustive literature review was carried out on the computational fluid dynamic (CFD)
and vibrational behavior of tidal turbine throughout the research work.
2 Investigation for the determination of natural frequencies and mode shapes have been
carried out during the free vibration analysis.
3 Computétional fluid dynamics (CFD) modeling of TCT operating in a tidal channel.
4 Fluid structufe interaction (FSI) analysis of TCT under the influence of fluid loads.




CHAPTER 2
LITERATURE REVIEW

2.1 Types of Tidal Current Turbine

There are many types of tidal current turbine in the development stage. Most of which
can be categorized based on whether they produces a motion in the rotary or linear direction.
The main categories, into which the tidal current turbine falls, are vertical axis and horizontal

axis tidal current turbine.

2.1.1 Horizontal Axis tidal Current Turbine (HATCT)

The main feature of horizontal axis tidal turbine is that, the rotational axis of the turbine
is in line to the fluid flow. The rotor of such turbine is of propeller type turbine [11]. The HATCT
have higher efficiency, but more complexes in design. The blades of HATCT required twist and
taper to achieve the maximum efficiency. Typical peak efficiency range of HATCT is around 39
to 48% [12]. The tidal current turbine is shown in figure 2.1 [13].

Figure 2.1: Horizontal Axis Tidal Current Turbine [13]

The design of horizontal turbine is same as the design of wind turbine. The HATCT is
commonly used for tidal energy conversion. There are many forms of HATCT differing, on how
many blades the rotor has and how the device is fixed in position. The most develop HATCT is
the 1.2 MW seaGen developed by Marine current turbine (MCT) [14]. It is a first tidal current

turbine that used on commercial scale to generate power in UK.

10



2.1.2 Vertical Axis tidal Current Turbine (VATCT)

VATCT also works in same way as the HATCT and extracts energy from the tidal current
in a similar way to HATCT, but the rotational axis of vertical axis turbine are at perpendicular to
the flow direction. In such devices both axis of rotation and surface of water are vertically to each

other. The VATCT are shown in below figure 2.2.

Figure 2.2: Vertical Axis Tidal Current Turbine [15]

The VATCT can be operating re_.-dless of the directions of tidal current flow without
loss of operational efficiency. Such turbines have straight blades reducing the design and
manufacturing cost as compared to HATCT b’ les. The rotational velocity of VATCT is lower
than HATCT due to which they produce less noise. But they produce less energy and they are
less efficient. The efficiency range of VATCT is around 37 to 40% [16].

11
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of immediately whirling of water flow around the device that causes the scouring. Several other
effects include noise pollution, the striking of sea habitants with moving parts or rotor blades,
migration of ocean organism and generation of electromagnetic field [20]. No evi.dence has yet
been found that electromagnetic fields from generators and cables affect the migratory and
feeding habits of marine mammals and fish, hc'>wever this is still a controversial area [21]. The
effect on shipping is a concern and this may limit the location and size of device arrays. Pollution
from the machinery used should.also be considered such as the release of hydraulic fluids,
lubricants, etc are very harm for the marine life [22]. There are also concerns of the cavitations
effects produces in tidal current turbines, »g;ausing sudden pressure changes. This sudden pressure

changes could harm the marine mammals and fish [23].

2.3  Advantages and Disadvantages ,

The evolution of tidal curr'.ent technology is increasing. In this é effort h\;le been done to
explain the several issues and benefits of tidal current turbine. Advantages and disadvantages of
vertical axis tidal current turbine (VATCT) and horizontal axis tidal current turbine (HATCT)

based on technical features are given below.

2.3.1 Advantages of VATCT

The vertical axis tidal current turbine is an old technology. VATCT rotor rotates in vertical

aow W

————

direction around its axis instead of horizontal direction. Advantages of vertical axis tidal current
turbine are given below. ’
1) The vertical axis tidal current turbine has smaller cost of manufacturing; installation
mechanism, and easy transport from one place to other. |

2) They can produce electricity in any flow direction.

O L

3) »It¢ is not required to change the direction of turbine with the variation of direction

- o e yegtat
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of flow so pitch mechanism and yaw drive is not needed.

4) The floating structure and mooring mechanism in of vertical axis turbine is very
easy.

5) The blades of VATCT rotates telatively at low speed so they do not harm the

marine life

%
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2.3.2 Disadvantages of VATCT
1) These are very less efficient as compared to horizortal axis tidal turbine, because
of the additional drag force during the rotation of blades. ,
2) These types of turbines are not typically well suited for use in areas where the flow
velocity is high. |
3) Such turbines have relatively high vibration due to the turbulent flow of water.
4) Maintenance cost is high due to the increase of vibration bearing wear.

5) Such turbines produce noise pollution.

2.3.3 Advantages of HATCT ' S

In horizontal axis tidal turbine axis of the rotor and flow stream are parallel to each other.
Multi blades HATCT are using now a days. Many drawbacks of vertical axis tidal current turbine
can be eliminated from horizontal axis tidal turbine. Some benefits bf such turbines are listed
below.

1) The HATCT collects maximum amount of tidal energy by allowing the angle of attack

to be remotely adjusted. )

2) The horizontal axis tidal current turbines are self-starting.

3) It is more cheaper because of higher production volume.

4) The HATCT can be controls easily for both stall regulated and active pitch control.

Both controls provide flexibility against over speeding and ensure efficient operation.

2.3.4 Disadvantages of HATCT

1) The); have complicated design and blade manufacturing is very difficult.

2) Placement of moisture sensitive parts, generator and gear box is under water.

3j It is difficult to place the power supply cables for HATCT under the water.

4) Installation procedure is relatively difficult due to the transportation of long blades

and tall tower.

14
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2.4 Previous Study on Performance predigﬁon of TCT

Now a days variety of tidal current devices have been developed, However closest to
commercially available turbines are usually open-bladed horizontal axis turbines, such as current
installed turbines for tidal current generation Ltd’s Deep Gen, SeaGen and Andritz Hydro
HMeﬁest’s HS1000 are horizontal axis turbines (Renewable UK, 2012) [24]. The “Seaflow”
is considered as the first tidal energy project throughout the world on commercial scale [25]. In
2008 a new commercial 1.2 Mega Watt turbine “SeaGen” was developed by a company known
as marine current turbine and then installed in Strangford lough, Northern Ireland that is
connected to the national grid station for eletn'cify [26]. The technology of both “SeaGen” and
“Seaflow” is similar. The Marine Current Turbine limited tried to introduce the sea current turbine

into the market for the future commercial purpose. The company aim was to do experiment on

- this turbine on large scale [26]. Verdant Power Company developed a turbine for the Roosevelt
-Island tidal energy (RITE) project in New York east river [27].

A tidal current turbine (TCT) system utilizes the tidal current and kinetic energy is
converted into the rotational energy of turbine to produce the electricity. Therefore, turbine design
and performance verification is important in developing TCT systems. The capability to develop
the optimal tidal current turbines (TCT) design and prediction of turbine performance and life is
critical for the success of the tidal current turbine industry. The performance of a TCT can be
predicted in two ways. One way is the e)'(perimentaI! procedure, which uses the towing tank and
circulating water channel (CWC). Bahaj and Joo et al. [28] developed an experimental setup for
the investigation of the performancé of tidal current turbine, and Jo et al. [29] carried out the
experimehtation for the comparison of three different types of tidal turbines. National Nature

Science Foundation of China funded the Zhejiang University (ZJU) in 2005 for the investigation

of horizontal axis tidal turbine and installéd’a’s kW model in 2006 [30]. It was ability this model

to produce 2 KW power at a 1.8 m/s flow spéed of water. A multi blade turbine system was
developed by Northeast Normal University (NNU) for the generation of electricity at lower flow
rate (< 1 m/s) and it was predicted the efficiency of can be improved by reducing the power loss
at the rotating seal [31]. In January, 2013 IEEE student member developed the experimentation
as well as numerical simulation model for the determination of the performance of tidal current
turbine [32] The performance of turbine was evaluated on the basis of efficiency of the entire
design. The turbine was installed in a circulating water channel and the torque, lift, drag, and
thrust were calculated at different flow velocity. The dynamometer was used to measure these

values, from which the performance of the entire system can be calculated [33].
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The development of experimental setup for the actual performance of tidal turbine design
is more reliable bu‘t for this purpose a lot of experience, time and huge capital is required. However
numerical analysis not only reduces the time for analysis and almost no cost is required for
analysis. For this reason many industries of fluid machinery are using the numerical analysis [41].
Also the scaling issue is not applying in numerical methods, so the model may be specified at any
dimension [42]. The BEMT approach was adapted from wind turbine technologies and has low
computational demand as compared to CFD but due to assumption of uniform flow, the result of

BEMT is not reliable and accurate as compared to CFD.

2.5 Previous Study on FEM Analysis of TCT

Extensive researches have been carried out to investigate the structural loading effect on
wmd and gas turbine blade. Modal v1brat10n analysis of rotatmg turbine for the comparison of
two experimental approaches on the basis of dynamic response of turbine"was developed by
Tcherniak, S. Y. D. and Allen, Matthew S. [43]. Edgewise mode shapes of the blade on the basis
of time and blade variation have been examined in this study. Alshroof, Osama N. et al., [44] used
the commercial software ANSYS 12.1 for the development of the one way fluid structure
interaction (FSI) model of turbine blade and investigated the interaction between the blade motion
and pressure on the turbine surface. The accurate motion of vibrating blade was considered and
pressure around the blade is also investigated. The results show that there is no significant
variation of pressure in between rotor blade tip and casing surface. Gunjit, B., and Jonkman, J.
[45] also darried out the dynamic analysis of wind turbine by considering the three configurations
of turbine floating platform supported turbine, land based turbine and floating platform supported
turbine. It is observed that the influence of elastic foundation and hydro-dynamic plays significant

role in dynamic analysis.
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3.2 Numerijcal Modeling }

In order to reduce the time and cost to move from initial concept to commercial
development of TCT, the numerical modeling can be used to reduce the number of design iteration
in the described physical prototype. The numerical aiaproach depends on time and computational

resources and is often based -on one or more of the following methods.

3.2.1 Blade element momentum Theory

In 1892 Drzwiecki proposed the blade element momentum theory (BEM) for the
investigation of airplane propeller. It is faster and very less expensive computationally as
compared to other numerical methods. BEMT is considering as a basis for the commercial wind
and tidal current turbine design, due to the number of design iterations that can be performed in

a very short period of time.

BEM theory is the combination of the drag and lift coefficient of a blade profile (blade
element theory) and momentum theory. According to the blade element theory blade is subdivided
into several small parts by considering that these can move hydrodynamically independent from
surrounding elements as 2D airfoils. The total momentum and forces experienced on the tidal
turbine may be estimated from the resultant forces of all elemental forces in the direction of the
rotating blade. On the other hand, the loss of momentum in rotor due to the work done by the
water flow on blade element is assumed. With BEM theory, the induced velocities can be
calculated from the loss of momentum in the axial and tangential flow directions. It is because of

the effect of the inflow in rotor plane by induced velocities and this also alter the calculated forces.

" The blade element momentum theory is based on two theories that are blade element
theory and momentum theory. Momentum theory is based on the principle of conservation of
momentum in which control volume analysis of the forces at the blade is considered. On the other
hand in Blade element theory a specific section of blade is selected for the analysis of forces in
which the blade is split intd a number of segments and each section of the blade is analyzed
separately. The BEMT is faster and very less expensive computationally as compared to other
numerical methods. And it is considering as a basis for the commercial wind and tidal current
turbine design, due to the number of design iterations that can be performed in a very short period
of time. With BEM theory it is possible to calculate the steady loads, thrust and power for different

setting of flow speed, rotational speed and different pitch angle.
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3.2.2 Computational Fluid Dynamics (CFD)
Computational fluid dynamics (CFD) is the branch of fluid mechanics which deals the

algorithms and numericdl methods to analyze and solve the problems that involves fluid flows.
This method can give more detailed information and more accurate results of forces on tidal
current turbine. CFD is a numerical tool that is used to analyze the horizontal axis tidal current
turbine (HATCT) through discretsation method. This has the advantage of saving time and the
cost associated for the initial design of tidal current turbine. For all the work presented in this
thesis, the available software ANSYS CFX is used for tt}e CFD analysis in which the finite
volume method is used to solve the governing equation fof a fluid flow for a predefined or user
defined material properties for 2D and 3D domains. Finite volume method (FVM) is the standard
and classical approach and most widely used in research codes and commercial software. In FVM
a set of partial differential equation of Navier stroke equation is converted in conservative form
and "fhen discretize this equation. All the governing equations are solved on discrete control
volumes. . |
The CFD code is used for the working,;of CFD. These codes are developed from the
algorithms that are used to solve a problem. The user guide and input parameters are defined in
all commercially available CFD packages. So it is easy to use this software for problem solving.
Hence the simulation process of any problem is completed in four different phases.
1. Design of Geometry and Meshing
2. Assigning the Physics of the geometry.

3. Problem solution
4

. Analyzing the results in postprocessor

3.2.2.1 Geometry and Mesh generation

Geometric modeling and mesh generation are the pre-processing processes. First of all a
model is designed and mesh is generated to provide an input to preprocessor. The geome&y can
be designed in any design software and mesh is generation of mesh is done using meshing
command. In geometry the region of interest can be defined, the surface, boundary name and the
region of the fluid flow can be specified. In ANSYS CFX the designed model in native format
can also be imported from Major CAD software, and then meshing of control volume is generated

automatically.
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44 Boundary condition
In order to complete CFD simulations, it is necessary to specify the boundary conditions

to CFD domain. The results can be obtained from the CFD post on the basis of applied boundary

é;a conditions. The boundary conditions used in this thesis is based on the circulating water channel

(CWC) specifications. The specifications of the circulating water channel are shown in below

table 4.4.
Measuring Main particular
section
Length (m) 23 6.0
Height (m) 0.9 3.0
Breadth (m) 1.0 - 1.0 . ,
T ' Max.velocity (m/s) - ‘ 1.2 A-

TTrTT Tt T T Table 44 Specification of circulating water channel

&,\

The circulating water channel is used to experimentally predict the performance of tidal
current turbine. They can obtain more reliable and accurate results, but is expensive and required
a great deal of experiment and time. On the other hand, numerical analysis can obtain various
results at low cost and is used in a variety of fields. Therefore in this research work the
performance of tidal current turbine was predicted numerically using ANSYS CFX.

.
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4.44 Walls

The sides and floors of the external domain used the wall condition. The mass and
momentum option were chosen to no slip wall condition and the wall roughness option were
chosen to smooth wall condition. The top of the exterqal domain used the wall condition and in

boundary detail tab the mass and momentum option were selected to free slip wall condition

4.4.5 Turbine Blades

All the blades of the turbine were used the wall condition. The mass and momentum option

were chosen to no slip wall condition and the wall roughness option were chosen to smooth wall

condition.

4.4.6 Interfaces ‘

The th{es types of interfaces were defined in both circular and external main domain. All
the three interfaces include the interface_Circular, Interface Inlet and interface oulet. The
interface type was selected to fluid-fluid interface in all interfaces. The interface model option
was set to general connection, and the frame change or mixing model option were set to frozen
rotor. The frozen rotors were selected because in rotating analysis it reduces the simulation time
and produce more appropriate solution. The pitch change option was set to automatic, and the
mesh connection method was set to general grid interface (GGI) method. The GGI is a coupling
interface used for joining two faces of non-conformal meshes, in which the mesh points on either
side do not match with each other. So instead of remeshing the GGI connection is used to match

and connect the meshes of both sides for the simulation.

4.4.7 Rotation of Turbine Using MRF

In situation where the rotating body moves through the fluid, a moving reference frame -

* A i F
(MRF) or dynamic mesh model is required. The dynamic mesh models are very complex and
have very high computational cost. Therefore instead of dynamic mesh, the MRF model was

applied to internal domain. The rotation of the turbine was simulated by selecting frame motion

in the cell zone conditions for the circular domain named turbine. The rotation-axis origin was set

as 0, 0, 0 and the rotation-axis direction was along the z axis. The rotational velocity was varied
to cover the operational range of the turbine while the translational velocity was set to 0 ms~tin

all 3 directions.
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The figure shows the coefficient of power values increasing linearly both for BEM and

'CFD analysis at tip speed ratio (TSR) 2, 3 and 4 respectively. And the maximum power coefficient

(Cp) value 0.43 occurs at a TSR value 5 in BEM analysis, while maximum Cp value 0.41 occurs
at a tip speed ratio of 6 in CFD analysis. Passing through the TSR 5 and 6, the power coefficient
(Cp) value starts decreasing by increasing the TSR in both cases. Hence the BEM and CFD
analysis have the same trend and creates equal power, so the BEM result validate the CFD result
of this research work. Also According to Betz’s law no turbine can capture more than 59.3 % of
kinetic energy (KE). And the peak efficiency value of the tidal current turbine is in range of 39 to
48%. It is clear from the figure and above discussion that, the BEM and CFD have the same result
for tidal current turbine designed in this research work and creates reasonable estimates of power

-
* R +

output.

4.6.2 Pressure at Front Side of the Turbine

The pressure at front side of the tidal current turbine is shown in below figure 4.8 for a tip
speed ratio (TSR) 2 to 7. The figure shows that, at a lower TSR the fluid is rapidly flowing on the
leading edge of the rotor which produces high pressure at the tip area. And the pressure values
increaseé from root to tip at'leading edge at TSR value of 2, 3, 4 and respectively. By increasing
the TSR value further reduces the pressure area which causes to negative pressure. The negative
pressure occurs at TSR value of 6 and 7 respectively. The negative pressure causes to produce
less torque in tidal current turbine, which reduces the power coefficient (Cp) of the tidal current
turbine. So at higher value of tip speed ratio (TSR) the efficiency of the tidal current turbine is

minimum.
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4.7 Dynamic Analysis of Tidal current turbine

The dynamic analysis normally refers to transient vibration analysis of the structures. The
vibration in tidal current turbine is a complex phenomenon. It is produced due to hydrodynamic
loads. The vibration can cause resonance which leads to damage of the structures. TCT should be
designed to avoid resonance in structure and prevent destruction of related components. The
purpose of this research work is to investigate integrity of TCT against vibration caused by the
fluid forces. Three principal aspects of dynamics of TCT behavior will be presented in this thesis,
(1) modal analysis, (2) Pre-stress analysis, (3) forced vibration analysis. Finite element analysis

method is used to simulate dynamic behavior of tidal current turbine.

4.8 Finite Element Analysis (FEA)

FEA is a numerical approach based on the principle of variation calculus which is used |

for solution of complicated prof)lems. The accuracy of response of physical system is based on
discretization and boundary conditions. Commercially available FEA software packages like
ELFINI, NASTRAN, ABACUS, ANSYS, ADINA, STAAD and NISA, provide solution to
investigate the number of problems i.e., monotonic and cyclic analyses, thermal analysis etc. In
this work, ANSYS workbench is used for the analysis of Finite Element (FE) model of a TCT to
investigate the structure response through fluid structure interaction (FSI).

4.8.1 Advantages of Finite Element Method (FEM)
As previously stated, FEM is applicable for both types of problem such as structural and

non-structural. Because of the large number of advantages this method is very popular.

This method has ability to
1 Handle the irregular geometries simply.
2. . Handle static and transient loading conditions easily.
3. Geometries composed of several materials can be examined indiviaually.
4. Handle large number of boundary conditions.
5. Mesh sizing is an.effective tool for controlling mesh sensitivity.
6. It can update mesh model easily for iterating same parameters on new
geometries.
7. Include mass scaling and concentrated masses for dynamic effects.
8. It can be incorporated by nonlinear behavior due to large deformations and

materials nonlinearity.
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Structural analysis facilitates designer to calculate the vibration, stress and thermal
problems to evaluate design changes before construction of prototype with least number of

iterations before product manufactufing.

4.9 FSI Models

When a deformable solid structure interacts with internal fluid pressure is exerted because
of fluid that causes the deformation in structure and fluid flow alters then Fluid-structure
interactions (FSI) occurs. A TCT operating in tidal currents can be regarded as typical fluid
structure problems. Recent advances in FSI have enabled high fidelity solutions of complex fluid
and structural problems. FSI modeling approach has been extensively used in the wind turbine

industries for the determination of the structural response due to flow.

Fluid forces acting on blades, whilst resulting in torque which causes turbine to rotate. It

also deforming blade due to pressure acting on it. Deformation of blades will change flow field

around turbine which change flow field around blade” CFD models were coupled with FEA
models to predict deformation of the blades and the resulting change in hydrodynamic forces. In
this thesis hydrodynamic forces were calculated by CFD and it was transferred to FEA model

where TCT deformations were then calculated.

4.10 Modal Analysis of TCT

The phenomenon of resonance due to the excessive vibratory motion occurs in many
actual processes. It is important to determine the frequency quality and quantity to analyze the
vibration problems. Modal analysis is mainly used to investigate response of structure for applied
boundary conditions. It is used to determine the mode shapes and natural frequencies of the

vibration of any structure.

- Py

Modal analysis of TCT has been conducted taking into account constraining effect on the
back side of rotor. The constraints are applied in all degrees of freedom on rotor. And rotor or
TCT is analyzed in static conditions. First three natural frequencies and mode shapes are

calculated by using ANSY'S, which are given in table in table 4.5 and figure 4.14 to 4.16.
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4.13 Forced vibration Analysis

The oscillation due to the external force is known as forced vibration. The oscillation that
arises in moving objects i.e. turbine and airplanes wings are the example of forced vibration. The
vibration produced in tidal current turbine due to the repeated hydrodynamic loads. Thc?5 Vrepeated
hydrodynamic load causes resonance in the turbine, due to which the turbine failure occurs. In
order to avoid resonance in tidal current turbine (TCT) the transient structural analysis were
carried out in ANSYS workbench to find out the structural response of the TCT against the
influence of the fluid loads. The transient analysis was carried out for time duration of zero to
three seconds, and directional deformation and total deformation of TCT were visualized. The
deformation becomes constant as steady state CFD analysié and random vibration spectrum is

more suitable for simulation on actual spectrum of vibration. The results of the transient analysis

for fogced vibration are shown in table 4.7. 1,
Directional deformation obtained by FEM, from transient
structural Analysis
Time (S) Minimum(mm) Maximum(mm)

0.2 "~ -7.28E-02 2.91E-02

04 -7.30E-02 | 2.92E-02

0.6 -7.30E-02 2.92E-02

0.8 -7.30E-02 2.92E-02

1 -7.30E-02 2.92E-02

1.2 -7.30E-02 2.92E-02

14 -7.30E-02 2.92E-02

N S I =7 30E-02 2.92E-02
1.8 -7.30E-Oi 2.92E-02

2 -7.30E-02 2.92E-02

22 ) -7.30E-02 2.92E-02

2.4 -7.30E-02 2.92E-02

2.6 -7.30E-02 2.92E-02

2.8 -7.30E-02 2.92E-02

Table.4.7: Directional deformation of TCT
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9.

10.

11.

The accurate results of dynamic analysis of tidal current turbine may be‘ investigated
through Finite element package ANSYS. R

The transient analysis was performed to accurately predict the forced vibration
response of tidal current turbine.

Analysis of the tidal current turbine blade and hub assembly through ANSYS 17.0

saves analysis run time and provides accurate results.

Recommendation for future work

1.

{“9._’,{.
10.

11.

A detail investigation of velocity along the sea depth can be investigated to properly

design the tidal current turbine to extract maximum energy from the flowing water.

JInvestigation of the economic and Technical feasibility for the actual installation of

tidal current turbine at the defined site.

On the basis of available information the sea model may be.developed to define the
boundaries of the available sites for the installation of array of tidal current turbines.
The survey for the identification of new site is required for the estimation of the total
potential of tidal energy in Pakistan.

Investigations of different type’s materials are required to increase the life time of tidal
current turbines.

Identification of the protection method of turbine infrastructure from corrosion and
other environmenta] effects.

Development of mathematical and numerical model to investigate the behaviour of

- impact load that is caused by the sediments and habitants of marine animals.

Development of computational fluid dynamics (CFD) algorithms and software based
programs for the analysis and performance estimation of specific turbine models.
Two way FSI analysis are required to validate the performance of tidal current turbine
Detail fluid structure interaction research is required for the effective development and
continuous improvement of tidal turbine technology.

Two way FSI analysis are required to investigate the structural response of tidal

current turbine against repeating fluid loads.
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