
viii 
 

TABLE OF CONTENTS 

 

FINAL PROJECT i 

VALIDATION ii 

FINAL ASSIGNMENT QUESTION SCRIPT iii 

PLAGIARISM-FREE STATEMENT iv 

DEDICATION PAGE v 

PREFACE vi 

TABLE OF CONTENTS viii 

LIST OF FIGURES xii 

LIST OF TABLES xv 

LIST OF NOTATIONS AND ABBREVIATIONS xvii 

ABSTRACT xix 

CHAPTER I INTRODUCTION 1 

1.1. Background of the Study 1 

1.2. Problem Formulation 3 

1.3. Limitations 3 

1.4. Objectives 4 

1.5. Significances of the Study 4 

CHAPTER II LITERATURE REVIEW 5 

2.1. Renewable Energy Resources in Indonesia 5 

2.2. Numerical Analysis on Wind Turbine 6 

2.3. DAWT Developments 7 

2.4. Numerical Analysis of DAWT 8 

2.5. Hybrid Power System 10 

Design and Performance Analysis of Wind-Lens Turbine and Solar Hybrid System
DUTA ADI HERSETIAWAN, Prof. Ir. Samsul Kamal, M.Sc., Ph.D.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



ix 
 

CHAPTER III THEORETICAL FRAMEWORK 12 

3.1. Wind-Lens Turbine 12 

3.2. Aerodynamics of Wind Turbine 13 

3.2.1. 1-D Momentum and Betz Limit Theory 13 

3.2.2. Airfoils 17 

3.2.3. Momentum Theory and Blade Element Theory 18 

3.3. Solar Energy 20 

3.4. Hybrid Power System 21 

3.5. Heat Transfer by Convection 21 

3.6. Computational Fluid Dynamics 23 

3.6.1. CFD Simulation Processes 23 

3.6.2. Turbulent Flow Modeling 25 

3.6.3. Wind Turbine CFD Simulation 27 

CHAPTER IV METHODOLOGY 28 

4.1. Numerical Simulation 28 

4.2.1. Flowchart of the Numerical Simulation 28 

4.2.2. Simulation Tools, Materials, and Objects 29 

4.2.3. Research Variables 34 

4.2.4. The Steps of the Simulation 35 

4.2.5. Data Collection Method 42 

4.2. Experiment 43 

4.3.1. Flowchart of the Experiment 43 

4.3.2. Experimental Schematic Diagram 44 

4.3.3. Experimental Tools and Materials 44 

4.3.4. The Setup of the Experiment 48 

Design and Performance Analysis of Wind-Lens Turbine and Solar Hybrid System
DUTA ADI HERSETIAWAN, Prof. Ir. Samsul Kamal, M.Sc., Ph.D.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



x 
 

4.3.5. The Steps of the Experiment 49 

4.3. Validation Method 50 

4.4.1. Power Coefficient Validation 50 

4.4.2. Heat Transfer Coefficient Validation 50 

4.4. Design of the Wind-Lens System 50 

CHAPTER V RESULTS AND DISCUSSIONS 52 

5.1. Numerical Simulation Results 52 

5.1.1. Wind-Lens Turbine Performance 52 

5.1.2. Convective Heat Transfer 57 

5.2. Experimental Results 64 

5.2.1. Temperature Drop Data 64 

5.2.2. Experimental Data Processing 66 

5.2.3. Flow Visualization 71 

5.3. Validation 73 

5.3.1. Power Coefficient 73 

5.3.2. Heat Transfer Coefficient 74 

5.4. Wind-Lens Turbine and Solar Hybrid System Design 75 

5.4.1. Wind Turbine 76 

5.4.2. Solar Cell 79 

5.4.3. Supporting Components 81 

5.4.4. Stress Analysis 83 

CHAPTER VI CONCLUSIONS AND RECOMMENDATIONS 87 

6.1. Conclusions 87 

6.2. Recommendations 88 

BIBLIOGRAPHY 89 

Design and Performance Analysis of Wind-Lens Turbine and Solar Hybrid System
DUTA ADI HERSETIAWAN, Prof. Ir. Samsul Kamal, M.Sc., Ph.D.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/



xi 
 

APPENDIX 91 

 

  

Design and Performance Analysis of Wind-Lens Turbine and Solar Hybrid System
DUTA ADI HERSETIAWAN, Prof. Ir. Samsul Kamal, M.Sc., Ph.D.
Universitas Gadjah Mada, 2020 | Diunduh dari http://etd.repository.ugm.ac.id/


