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ABSTRACT 

 
 

 
 

Harvesting hydrokinetic energy from flowing water in rivers requires 

construction of special structures. The obstacles that need to be considered in 

designing such structures include shape, size constraints and challenges imposed by 

the river such as unsteady velocity and pressure. The aim of the current study is to 

investigate the hydraulic response of the grid-like floating structure subjected to 

mono-directional flow at different velocities. The study also includes the hydro-

induced stress distribution pattern to determine the critical areas of stress. The 

floating structure considered in this study is a combination of a wedge on the front, 

which is rigidly connected to a grid-like platform supporting 12 hulls at the back. 

The grid-like platform has been designed to accommodate a set of 8 turbines with 

2.3m blade radius each to generate electricity from the river. ANSYS was used in 

this study to simulate the hydro-responses of the floating structure at 6 different flow 

velocities. An experiment was carried out to validate the analysis. In this test, a 

scaled down floating structure model was subjected to running water at various flow 

velocities.  The key parameters such as drag force, pressure, pressure gradient, and 

wall shear stress were plotted to show their variations to the change in velocity. Axial 

and shear stress distribution patterns and formation of vortex had also been observed. 

In general, both the drag force and maximum pressure increase quadratically with 

velocity. Formation of vortices is observed behind the wedge and each hull. These 

vortices become more apparent with the increase in velocity. Strips of large wall 

shear stress are observed at the wedge and on the first row hulls, where maximum 

von-Mises stress occurred at the wedge. These parts of the floating structure may 

require special attention in design. For practical convenience, a series of equations, in 

terms of various hydro responses useful for design purposes, has been determined as 

the main contribution of the study. 
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ABSTRAK 

 
 

 
 

Proses untuk mendapatkan tenaga hidro-kinetik daripada aliran air sungai 
memerlukan pembinaan struktur yang khusus. Perkara-perkara utama yang perlu 
dititikberatkan bagi membina struktur tersebut termasuklah bentuk, kekangan dan 
cabaran daripada sungai itu sendiri seperti halaju air dan tekanan yang tidak stabil. 
Tujuan utama kajian ini adalah untuk mengkaji tindakbalas hidraulik bagi struktur 
terapung jenis grid yang dikenakan arus sehala pada halaju air yang berbeza. Kajian juga 
dibuat terhadap taburan tegasan disebabkan oleh aliran air untuk menentukan bahagian 
struktur yang kritikal. Struktur terapung yang dikaji adalah gabungan struktur baji di 
bahagian depan yang disambungkan kepada struktur grid yang terdiri daripada 12 
pelampung. Struktur grid tersebut telah direkabentuk untuk memegang 8 turbin penjana 
tenaga yang mempunyai jejari 2.3 m setiap satu. ANSYS telah digunakan untuk 
membuat simulasi tindakbalas hidro terhadap struktur terapung tersebut bagi 6 halaju air 
yang berbeza. Ujian makmal juga telah dibuat untuk memastikan kesahihan simulasi dan 
analisa tersebut. Dalam ujikaji ini, satu model struktur terapung skala kecil telah diuji 
dalam aliran pelbagai halaju air. Parameter-parameter penting seperti daya seretan, 
tekanan, cerun tekanan, dan daya ricih dinding telah diperolehi dan nilainya diplotkan 
untuk melihat perubahan parameter-parameter  tersebut terhadap perubahan halaju air. 
Taburan tegasan paksi dan ricih serta pembentukan vorteks telah diperhatikan. Secara 
umumnya, kedua-dua daya seretan dan tekanan maksima meningkat secara kuadratik 
apabila halaju air meningkat. Pembentukan vorteks juga dilihat di belakang struktur baji 
dan setiap pelampung. Pembentukan vorteks ini semakin jelas apabila halaju semakin 
tinggi. Jaluran daya ricih yang besar boleh dilihat di bahagian struktur baji dan 
pelampung di baris pertama. Tegasan von-Mises maksima juga berlaku di bahagian 
struktur baji. Rekabentuk yang lebih terperinci perlu diberikan perhatian pada bahagian 
ini. Untuk kemudahan praktikal, satu siri persamaan, dalam bentuk tindak balas hidro 
untuk kegunaan rekabentuk telah dirumuskan sebagai sumbangan utama kajian ini. 



vii 

 

 

 

TABLE OF CONTENTS 

 

 

 

 

CHAPTER     TITLE    PAGE 

 

DECLARATION       ii 

DEDICATION       iii 

ACKNOWLEGEMENT       iv 

ABSTRACT        v 

ABSTRAK        vi 

TABLE OF CONTENTS      vii 

LIST OF TABLES       x 

LIST OF FIGURES       xi 

LIST OF SYMBOLS      xiv 

 

1 INTRODUCTION       1 

1.1 Introduction and Background of Study   1 

1.2 Problem Statement       3 

1.3 Objectives of Study      5 

1.4 Scope and Limitations of Study    6 

1.5 Significance of Study       7 

1.6 Thesis Organization       9



viii 

 

 

 

2 LITERATURE REVIEW      12 

2.1 Overview        12 

2.2 Types of Open Channels      13 

2.3. Flow Behaviors in Open Channels     14 

2.4  Effects of Floating Structure on Flow Behaviors and Vice  

Versa         16 

2.5 Relevant Studies on Floating Structures    18 

2.6 Concluding Remarks       33 

 

3 RESEARCH METHODOLOGY     35 

3.1 Introduction       35 

3.2 Grid-like Floating Structure      36 

3.3 Introduction to ANSYS     39 

3.4 ANSYS CFX Analysis      39 

3.4.1 General Modeling Description    40 

3.4.2 Meshing       43 

3.4.3 Boundary Conditions      44 

3.5 ANSYS Structural Analysis      46 

3.5.1 Material Properties      47 

3.5.2 Meshing       48 

3.5.3 Boundary Conditions      49 

3.6 Laboratory Test for Validation     51 

3.6.1 Description of Scaled Model     51 

3.6.2 Experimental Set-Up      52 

 

4 RESULTS AND DISCUSSION     56 

4.1 Model Validation       57 

4.2 ANSYS CFX Analysis      59 

4.2.1 Drag Force       59 

4.2.2 Velocity Streamline     60 

4.2.3 Distribution of Pressure     63 



ix 

 

 

 

4.2.4 Pressure at Water Surface        64 

4.2.5 Wall Shear       67 

4.3 ANSYS Structural Analysis      70 

4.3.1 Deformation       70 

4.3.2 Shear Stress       85 

4.3.3 Maximum Principal Stress and von-Mises Stress  96 

 

5 CONCLUSIONS AND RECOMMENDATION   106 

5.1 Conclusions       106 

5.2 Recommendations      107 

 

REFERENCES                 110 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

 

 

LIST OF TABLES 

 

 

 

 

TABLE NO.    TITLE               PAGE 

 

2.1  (a) Trimaran particulars (b) Trimaran configurations   20 

3.1  Boundaries involved in CFX      46 

3.2  Summary of material properties for mooring line, diverter and  

hulls           47 

4.1  Comparison of drag forces obtained from ANSYS vs  

experimental test       57 

4.2   The maximum and minimum pressure at water surface  66 

    

     

 

 

 

  

 

 

 

 

 

 

 



xi 

 

LIST OF FIGURES 

 

 

 

 

FIGURE NO.                 TITLE                    PAGE 

 

1.1  The main components of floating structure     2  

2.1  Typical curves of equal velocity in various channel sections  14 

2.2  Effect of roughness on velocity distribution in an open channel 15 

2.3  Vertical velocity distribution and average velocity for flow in  

an open channel       16 

2.4 Pressure distribution in straight and curved channels of small  

and horizontal slope        17 

2.5  Pressure drag on blunt and streamlined bodies    17 

2.6  Forces from surrounding fluid a) pressure force, b) viscous force,  

c) resultant force        18 

2.7  Catamaran experimental model and its details    19 

2.8 Comparison of initial and refined results of frictional resistance  

at various velocities        20 

2.9  Trimaran configuration with main particulars and relative  

position of side hulls       21 

2.10  Total drag force for various configurations    21 

2.11  The hydrodynamic interceptor of a hull    22 

2.12 Vertical deflection distribution along (a) one-end connector and  

(b) two-end connectors tunnel     30 

2.13  von-Mises stress contour at time 3.8 s    31 

2.14  von-Mises stress distribution of unloaded floating barge   32 



xii 

 

2.15  Time histories of blade tip displacement     33 

3.1  Collecting the cross-sectional velocity pattern using Doppler on  

site         36 

3.2  Overview of fully functioning hydro-turbine system   37 

3.3  The details of a) diverter b) hull and c) arrangement of diverter  

and hulls         38 

3.4  Actual width and depth of river      40 

3.5  Modeled flow region and floating structure     41 

3.6  Flow chart of the CFD modeling      42 

3.7  Convergence Graph        43 

3.8  Mesh distribution used in the final model a) overall view  

b) focused region of the floating structure     44 

3.9   Flow region with defined boundary conditions    45 

3.10   Convergence graph for structural analysis    48 

3.11  ANSYS modeling of the floating structure where mooring  

line is included        49 

3.12  Overall modeling scheme of the whole ANSYS analysis   50 

3.13  Dimensions of scale model       51 

3.14  The equipment and scale model      52 

3.15  Deadweights placed on diverter to achieve half-submergence  53 

3.16  Convergence graph for validation test    54 

4.1  Drag force obtained from lab test and numerical analysis at  

              various velocities        58 

4.2  Drag force on diverter and hulls at applied inlet velocities.   59 

4.3  Total drag force (diverter + hulls) at applied inlet velocities   60 

4.4  The maximum velocity at various inlet velocities    61 

4.5  Velocity streamline for various applied inlet velocities   61 

4.6  The pressure difference at various applied inlet velocities   64 

4.7  Pressure distribution at water surface     65 

4.8  Maximum wall shear at various applied inlet velocities   68 

4.9  Contour of wall shear at applied inlet velocities as seen from  



xiii 

 

 

 

the bottom         68 

4.10  Maximum deformation in the x,y and z directions at various inlet  

velocities         70 

4.11  Total deformation for various inlet velocities    71 

4.12  Deformation in the x-direction      72 

4.13  Deformation in the y-direction     75 

4.14  Deformation in the z-direction     78 

4.15  Angle of rotation for various inlet velocities     81 

4.16  Total deformation       82 

4.17  Maximum shear stress for the xy, xz and yz planes   86 

4.18  Shear stress on the xy-plane      87 

4.19   Shear stress on the xz-plane      90 

4.20  Shear stress in the yz-plane       93 

4.21  Maximum principal stress, minimum principal stress and   

von-Mises stress       96 

4.22  Maximum and minimum principal stress    97 

4.23  von-Mises Stress                  100 

 

 

 

 

 

 

 

 

 

 

 

 



xiv 

 

 

 

LIST OF SYMBOLS 

 

 

 

 

vin   –   Inlet velocity 

vmin   –   Minimum velocity 

vmax   –   Maximum velocity 

P   –  Pressure 

Pmin   –   Minimum pressure 

Pmax   –   Maximum pressure 

Pdiff  –  Pressure difference 

τw,min   –   Minimum wall shear    

τw,max   –   Maximum wall shear  

δx,max   –   Maximum deformation in x-direction 

δy,max  –   Maximum deformation in y-direction 

δz,max   –   Maximum deformation in z-direction 

δT   –   Total deformation 

Ɵ   –   Angle of rotation 

τxy,min   –  Minimum shear stress in xy-plane 

τxy,max   –   Maximum shear stress in xy-plane 

τyz,min   –  Minimum shear stress in yz-plane 

τyz,max   –  Maximum shear stress in yz-plane 

τxz,min   –  Minimum shear stress in xz-plane 

τxz,max   –  Maximum shear stress in xz-plane 

σmax  –  Maximum principal stress  

σmin  –  Minimum principal stress  

σvm   –  von-Mises stress 



1 

 

 

 

CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Introduction and Background of Study 

 

 

Green sources of energy have become more and more favorable in recent years 

since they are considered more sustainable and environmental-friendly. Cultivation of 

energy from rivers through hydro-electric dams has proved to be very popular and 

widely practiced in many countries. Unfortunately, it is known to have a lot of negative 

impacts especially on environment.  Many studies and researches strongly suggest that 

hydro-electric damns deplete fisheries, degrade aquatic ecosystems and biodiversity in 

rivers. Part of the mechanism of a dam requires construction a reservoir that submerges 

forest habitat, wildlife, and human settlements. This will sometimes involve the 

displacement of residents that spark strong protests by various parties.  

 

 

This research program was implemented as part of a project called Sustainable 

Hydrokinetic Renewable Energy (SHRE) – a collaboration between Public Work 

Department (PWD) and Universiti Teknologi Malaysia (UTM) to study the harvesting of 

energy from river currents. This project provides an alternative to generating electricity 

 



2 

 

 

 

through dams and avoid blockage of flow so that the traffic will not be obstructed. This 

is especially important in the interior parts of Sarawak where most of the rivers are 

active passageways for boats, barges, and other means of transportation related to the 

river.  

 

 

The floating structure is a combination of various components including a hull 

set, turbines, and other mechanical as well as electrical components in the turbine system 

itself. The hulls are arranged to form a grid-like platform, which is connected to a 

diverter as part of the major components of the whole floating structure. The floating 

structure is connected to mooring lines which are then be attached to a set of anchoring 

dead weights placed at the bottom of the river.  

 

Figure 1.1: The main components of floating structure 

 



3 

 

The deployment of the floating structure as part of the turbine system that 

cultivates energy from the river is not without challenges. It has to face a variety of 

challenges and difficulties right from the conceptual stage to things related to the 

mooring and structures, environmental challenges, mobilization of materials and 

deployment on site.  

 

 

One of the biggest challenges comes from the hydrodynamics of the river flow 

which is highly unpredictable. The water level for instance changes from time to time 

depending on the weather especially in the upstream area. This will also lead to varying 

velocities, which will affect the flow behaviors tremendously. This study will focus on 

the hydro-responses of the grid-like floating structure at various velocities. Different 

hydrodynamics may need different structural approaches when it comes to a floating 

structure in a mono-directional flow.  

 

 

The outcomes of the study will be very useful in the modification and 

optimization of structure so that it can serve the purpose and hopefully meet the project 

requirements.  A structural design as a product of thoroughly investigated 

hydrodynamics is certainly necessary to ensure the safety of the structure and to 

minimize the risk of a failure.  

 

 

 

 

1.2 Problem Statement  

 

 

This study is intended to utilize the advancement in the numerical technology to 

simulate the flow conditions and their effects on a grid-like floating structure especially 

designed to accommodate a set of hydro-kinetic turbines.  
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Basically, the aim of the study is to investigate two main things – the effects of 

the structure towards the flow and the effects of flow towards the structure. In this study, 

it is very important to note that the structure is considered fully void without taking into 

account the reinforcement, usually in the form of bulkheads, which is usually present in 

typical hull structures.   

 

 

The effects of the structure on the flow of water will include the assessment of 

the velocity streamlines, drag force, pressure, and wall shear distribution patterns. The 

velocity distribution is probably the most basic but very important parameter to predict 

the hydrodynamics of a flow as a whole. It will show how the inlet velocity disperses 

into streamlines once it hits the floating structure. This will in one way or another give 

more understanding on why other parameters such as the drag force and pressure behave 

the way they do around the structure. The velocity streamline will also show the 

formation of vortices which is known to have significant effects on the hydrodynamics 

of a floating structure.  

 

 

The velocity streamline patterns will also indicate the stability of the structure 

under the given conditions (sway effects). This is especially necessary to ensure that the 

structure rotates within an allowable angle without obstructing the traffic and 

endangering the passing motorists.  

 

 

There are quite a number of forces acting on a floating structure in any mono-

directional flow. However, the drag force is known to be the dominant force. The total 

drag force can be important point of reference in designing the mooring system. The 

mooring capacity should be sufficient enough to resist against the drag force so that the 

structure will not be carried away by the river currents. For a more comprehensive 

assessment of the flow behaviors, the distribution of pressure needs to be investigated 



5 

 

 

 

too. In this study, the pressure at the surface of water and the pressure exerted on the 

structure itself will be thoroughly investigated. This will be discussed more in Chapter 3.  

 

 

Another part of the study is to investigate the effects of the flow on the structure. 

This part of the study will investigate the shear stress, deformation of structure, 

maximum principal stress, and von-Mises stress under the given flow conditions. Since 

the structure is considered void with no reinforcement, huge deformations are expected. 

It may not really be indicative of the actual performance of the floating structure with 

reinforcement but the outcomes can become useful references in predicting the 

hydrodynamic performance at the worse possible scenario and potential failure criterion 

of the structure.  The maximum principal and von-Mises stresses are especially 

important when it comes to predicting the ability of the structure to take in the load 

exerted by the flow.  

 

 

All of these need to be assessed in various inlet velocities so that comparison can 

be made and projection of values can be executed in future studies and researches.  

 

 

 

 

1.3 Objectives of Study 

 

 

The aim of this study is to come up with a hydrodynamic assessment for a grid-like 

platform that is placed in a mono-directional flow. It can be attained by achieving the 

following objectives: 

 

a) To validate the resulting drag force of the grid-like structure by means of an 

aquatic experimental test 
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b) To numerically compute the hydro-responses of grid-like floating structure 

subjected to a mono-directional flow at different inlet velocities 

 

c) To establish the essential hydro-response relationships and critical parts of the 

floating structure for future improvement 

 

 

 

 

1.4 Scope and Limitations of Study 

 

 

This study is subjected to some scope and limitations as described in the 

following:  

 

a) Since the subject of study is a floating structure in a river, the flow is considered 

mono-directional unlike in the ocean where the flow of water is multi-

directional.  

 

b) The forces that come from the waves are not considered in this study although in 

the real situation the formation of waves is unavoidable especially when a 

vehicle passes by.  

 

c) Based on the measurement on site, the maximum water level is 10 m while the 

width is 150 m. However in the ANSYS analysis, the flow region is set to be 24 

m wide, 61 m long and 2 m high. Analysis based on the full size requires too 

much time and more computer capacity. A pre-analysis indicates that the extra 

dimension does not give much variation to the results.  

 



7 

 

 

 

d) The drag force and other hydro-responses of the floating structure are analyzed at 

0.5 m/s, 1.0 m/s, 1.5 m/s, 2.0 m/s, 2.5 m/s, and 3.0 m/s of velocity. 3.0 m/s has 

been identified as the maximum velocity in the river where the floating structure 

will be launched.  

 

e) Only the submerged part is considered in the modeling since only the flow 

behavior and its effects on the floating structure are of interest. 

 

f) Only major components of the floating structure are modeled. Connection details 

are excluded. 

 

g) Although the grid-like platform is to hold a set of turbines, the drag force and 

other hydro-responses that come from these turbines are not considered in this 

study.  

 

h) The diverter and grid-like hulls set are modeled as rigidly connected to each 

other. 

 

i) All hydro-responses are investigated at the steady state of the flow. Transient 

effects are not considered. 

 

 

 

 

1.5 Significance of Study 

 

 

This study will contribute a lot on the project itself which, if succeeded, will 

benefit the people in the interior parts of Sarawak. The rivers might be cultivable sources 

of energy but they come with extreme environmental challenges such as the existence of 

floating logs and debris that come from the logging areas upstream. The combination of 
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a wedge and grid-like set of hulls is an outcome of a thoroughly studied concept that 

comes in handy for such environment.  

 

 

Although the platform was designed for hydro-kinetic turbines in rivers, it can 

also be emulated for other purposes especially in rivers where logs and debris are known 

to exert damaging impact on floating structures.  

 

 

This is a special type of floating structure and testing a full scale in the actual 

environment will be very costly. This study provides a cheaper solution to the problem 

by making use of the technological advancement in numerical simulation and validating 

it with a scaled model test.  

 

 

This study investigates the hydrodynamics of a flow region, in which a floating 

structure is placed at different velocities. It also investigates the effects of flow on the 

structure itself. The velocity is known to change from time to time due to the change in 

weather and the hydrodynamics of flow change tremendously along. This study provides 

a structural approach to the ever-changing flow velocities.  

 

 

The outcomes of this study can also be a useful tool of reference in designing a 

floating structure and mooring system especially for rivers. There might be a need to 

minimize the drag force for instance, so the floating structure should be designed in such 

a way that minimizes the drag force. A thorough analysis on the distribution of load and 

pressure is of paramount importance when it comes to the optimization of design for a 

floating structure. This will among others avoid additional costs that come from over-

designing.  In the mooring design, the study provides useful information especially on 

the forces that need to be dealt with.  
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One of the major aims of the study is to ensure the structural integrity of the 

floating structure when it is faced with environmental challenges that come mostly from 

the drag force. The analysis investigates the critical areas of the floating structure where 

failures are most likely to happen so that more attention can be given to these parts.  

 

 

This study also establishes the relationship between parameters of interest so that 

they can be used for future projection in similar studies.  

 

 

Apart from those mentioned above, the outcomes of this study might make good 

references for future studies especially those related to hydrodynamic and structural 

integrity of a floating structure in a mono-directional flow.  

 

 

 

 

1.6 Thesis Organization 

 

 

In short, the study aims to investigate the flow behaviors of a flow region, in 

which a floating structure is placed and how these behaviors may affect the structure. 

This is executed by simulating the flow region and the structure using ANSYS analysis. 

This report begins at the introduction part in Chapter 1 and concludes in Chapter 5.  

 

 

After the introductory chapter, Chapter 2 presents the literature review that 

begins with Section 2.1, in which the overview of study describes popular methods in 

studying the hydro-responses of a floating structure. It also describes how it develops 

from very physical tests to numerical simulations. The next section in the chapter is 

Section 2.2 where the categorization of open channels is briefly outlined. Section 2.3 
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describes the general flow behaviors in open channels.  This section focuses on the 

velocity and pressure distribution in an unobstructed flow. The effects of floating bodies 

on flow behaviors and vice versa are briefly discussed in Section 2.4. Section 2.5 that 

follows is dedicated to studies related to this current subject. Chapter 2 ends with the 

conclusion part in Section 2.6. 

 

 

Chapter 3 is devoted to the research methodology. It begins by describing the 

history of the development of Computational Fluid Dynamics (CFD) and how it slowly 

overtakes the physical model test in assessing a ship’s performance. Section 3.2 is the 

introduction of the grid-like floating structure which is the main subject of research in 

this study. Here, the major components are briefly described together with the visual 

presentation of the structure. Section 3.3 describes on how the ANSYS CFX part of the 

analysis was performed. Each stage from modeling to meshing and application of 

boundary conditions are briefly described. The next section, Section 3.4, is dedicated to 

the structural part of the analysis. Here, the material properties used in the analysis are 

listed. It also describes the meshing and boundary conditions, which are mostly imported 

from the CFX analysis. Chapter 3 ends with Section 3.5, which is on the validation part. 

Here the physical scaled model described together with all the necessary measurement 

details, highlighting the experimental set-up, instrumentation and implementation.  

 

 

Chapter 4 covers the results of analysis. It begins with the laying out of results 

for the validation test in Section 4.1. Here the drag forces obtained from the 

experimental test and CFX are compared. Section 4.2 is dedicated to the results obtained 

from ANSYS CFX analysis. It covers the results for drag force, velocity streamlines, 

pressure and wall shear. The next section, Section 4.3, is allocated for the structural part 

of the analysis results. This section will cover the structural deformation, rotation of 

angle, shear stress, principal stress and von-Mises stress experienced by the floating 

structure in response to the flow behaviors.  
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Chapter 5 offers the conclusion for the research as well as ideas and 

recommendations for future studies.  
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