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Abstract

:

Technological advancements have improved energy efficiency and increased energy requirements requiring improved energy density solutions to optimally utilize the existing landscape. The renewable energy density of urban rooftops can be increased by introducing micro wind farms consisting of vertical axis wind turbines (VAWT). VAWTs do not require directed flow thus a feasible choice. In this paper, the preliminary study for parametric design of horizontal distance between two identical Savonius wind turbines is presented. Three different simulations were performed to reveal important insights about this problem with an inlet velocity of 2 m/s. The results suggest 3D analysis for accurate insights.
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1. Introduction


Fossil fuels-based lifecycle has led to serious environmental issues [1]. The severe climate impact has pushed us to find renewable resources of energy. The transition towards renewable sources of energy should be made in a smooth fashion and now is the time to act upon it. Due to improper utilization of energy resources, Pakistan has been facing an average shortfall of 5 GW with 64% of the energy mix coming from fossil fuel-based thermal power plants [2,3]. However, there is an active transition for wind energy and wind power going on especially for the countries of Europe [4]. The global wind power capacity has reached 760 GW in 2020 [5]. The smooth transition may be made possible by installing wind turbines on urban rooftops.



Wind energy being an important renewable energy requires wind turbines to capture wind energy to produce power. The wind turbines can be categorized into horizontal axis and vertical axis turbines. These devices are used to convert kinetic energy into mechanical energy. In this work, the vertical axis turbine (VAWT) is used due to its omnidirectional capability at low wind speeds [6]. A drag-driven VAWT considered in this study is a two bucket Savonius wind turbine.



In this work, computational fluid dynamics (CFD) has been used to study the aerodynamic changes in the wind flow caused by a building. The turbine is analyzed in both single and double configurations separate from the building case. The dimensions of the wind turbine are shown in Figure 1. The physical properties of the turbine are shown in Figure 1. The building configuration is shown in Figure 2. The boundary layer formed on the top of the building is analyzed. The velocity profiles of the turbine were measured to account for the time required for the flow development.




2. Methods


The kinetic power that flows into wind turbine can be calculated as follows:


P = ½ρ A v3



(1)




where ρ is air density (kg/m3), A is rotational area and v is wind speed (m/s)



In the free-stream, the SST formulation moves to a k-ε behavior, avoiding the usual k-problem of the model being too responsive to the inlet free-stream turbulence properties. Therefore, the SST k-ω model is selected [7].



CFD Simulation Parameters


The simulation program used for the study is ANSYS® Fluent [8], the parameters for simulations are shown in Table 1.





3. Results and Discussion


In this section, results from three transient simulations are presented and discussed. One result is from the building analysis and two are from the wind turbine analysis.



3.1. Building Analysis


3.1.1. Results


The transient simulation of the building was performed to investigate the wind flow behavior on the rooftop. The results are presented in Figure 2.




3.1.2. Discussion


The boundary layers at different values of x/D are presented in Figure 3. The boundary layers support that the wind turbine should be placed near the leading edge.





3.2. Single Turbine Analysis


3.2.1. Results


In this section, the analysis of the single turbine is presented. The contours of velocity and pressure are present in Figure 4.




3.2.2. Discussion


The time series plot of the x component of the velocity is presented in Figure 5. The plot shows that time of four second was required for the flow development.





3.3. Horizontally Distributed Turbines Analysis


3.3.1. Results


In this section, the analysis of the two horizontally distributed turbines is presented. The contours of velocity and pressure are present in Figure 6.




3.3.2. Discussion


The time series plot of the x component of the velocity is presented in Figure 7. The plot shows that a time of 15 s was required for the flow to develop across the first turbine. For the second turbine flow was not developed even after 30 s.






4. Conclusions and Future Work


The problem of wind turbine placement for urban rooftops has been studied from different perspectives. The turbine should be placed near the edge of the rooftops instead of placing it at the center. The turbine analysis should be performed using dynamic meshing and the simulation time should be more than that required for the flow development. Moreover, the building simulations should be limited to case-specific 3D simulations to model the atmospheric boundary layer and its effects on the VAWT.
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Figure 1. (a) Geometry of two bucket Savonius Turbine; (b) Computational domain for building. 
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Figure 2. Building analysis (a) Velocity contours; (b) Pressure contours. 
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Figure 3. Boundary layer on the rooftop. 
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Figure 4. Single turbine analysis (a) Velocity contours; (b) Pressure contours. 
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Figure 5. Time series plot for single turbine. 
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Figure 6. Horizontally Distributed Turbine Analysis (a) Velocity contours; (b) Pressure contours. 
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Figure 7. Horizontally Distributed turbine analysis (a) Velocity behavior behind first turbine from left; (b) Velocity behavior behind second turbine from left. 
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Table 1. Numerical values of simulation parameters.






Table 1. Numerical values of simulation parameters.





	Parameter 2
	Values





	Wind speed
	2 m/s



	Air density
	1.225 kg/m3



	Air viscosity
	1.7894 × 10−5 kg/m·s
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