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This research project investigates the feasibility of optimising wind energy systems
(WES) for urban environments as an alternative to conventional wind energy
systems (CWES). The study uses wind data from two University of Chichester
Bognor Regis Campus locations to analyse two existing urban wind energy systems
(UWES) technologies, Aeromine and Ridgeblade. The technologies are evaluated
using mathematical modelling (Weibull distribution) and SolidWorks CFD
simulations. Crucial performance factors are derived, such as wind speed, turbine
efficiency, and swept area. Based on the analysis, the Aeromine core principles
offered the optimal performance. Thus, the urban wind turbine (UWT) concept design
applied the Aeromine principles. The UWT scale ratio (1:9.25 to Aeromine) was
prototyped and examined. Experimental results demonstrated that the UWT
generated electrical power proportional to the wind speed (5.43 - 10~* W at 13.69
m/s) was significantly lower than the existing UWES. Therefore, the research

indicates that direct optimisation based on this design method is not feasible.

The study conveys that while the concept demonstrates potential, further
optimisation and research are required in VAWT (Vertical-Axis Wind Turbine) blade

configuration and low-Kv motor efficiency.
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WT & WTS Wind Turbine and Wind Turbines
WES Wind Energy System

CWES Conventional Wind Energy Systems
UWES Urban Wind Energy Systems
LCOE Levelized Cost Of Energy
O&M Operation and Maintenance
HAWT Horizontal-Axis Wind Turbine
VAWT Vertical-Axis Wind Turbine
POU Point-Of-Use

ABL Atmosphere Boundary Layer
CFD Computational Fluid Dynamics
AOA Attack Of Angle

Ug Free-stream velocity

UWT Urban wind turbine

P (W) Power (Watts)

V Voltage

I Current (Amperes)

Q Resistance (Ohm)

CAD Computer-Aided Design
BLDC Brushless DC Motor

DCM Brushed DC Motor

MW Mega Watt (10°)

KW Kilo Watt (103)



UNIVERSITY OF

@p CHICHESTER

1.0 Introduction:

Student number: 1802118

Wind energy is a crucial part of renewable energy, with a global installed capacity
growing by 11% year on year from 487.279 MW in 2016 to 539.123 MW in 2017 [1].
Wind turbines (WTS) are the core technology, reducing the levelized cost of energy
(LCOE) and making wind power competitive with traditional sources (fossil fuels).
Moreover, the operation and maintenance (O&M) of WTS significantly impact the
cost, representing 25% to 40% of the LCOE [2].

Strategically, WTS are deployed to harvest wind energy in offshore and onshore
locations. Offshore WTS achieve higher capacity factors than onshore due to the
higher hub heights of larger WTS accessing more consistent wind resources and
broader spacing wake effects [3]. In contrast, onshore WTS are employed in terrestrial
locations with favourable wind resources and provide the potential to enhance energy
security for rural communities [4]. Currently, the deployment strategy of WT technology

is based on offshore and onshore site selections [5].

Alternatively, an additional strategy for deployment is the urban environment, which
consumes 75% of generated power; local urban generation could reduce the grid
load and transmission fees [6]. However, WTS deployment in urban environments
faces specific issues: electromagnetic interference affecting TV and radio signals,
high turbulence and multidirectional wind limit the efficiency of WT in harvesting
electrical energy from the wind [7]. Nevertheless, Urban wind energy systems
(UWES) technologies have significantly enhanced efficiency in the low-wind urban
environment by developing efficient WT generators, optimising aerodynamic designs,

and data collection [8].

Therefore, Wind energy systems (WES) comprise three fundamental components:
the available wind resource, WT technology, and WT location. Furthermore, it is
crucial to comprehend WES development by investigating the historical context,
principles, and WT configurations. Thus contributing to this research's detailed

analysis and investigation.
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WES dates back to vertical-axis windmills in Persia around 200 BC, followed by
horizontal-axis windmills used across Europe (1300-1885 AD) for irrigation and milling
flour [9]. The fundamental principle of wind energy systems involves converting the
wind's kinetic energy into electrical power through a WT [10]. In addition, the primary
configurations predominating within the WTs are horizontal-axis wind turbines (HAWT)
and vertical-axis wind turbines (VAWT). HAWTS are designed to maximise
aerodynamic performance, which is crucial for efficient energy capture [11]. VAWT
configurations are noticeably smaller and produce significantly less noise pollution
than HAWT configurations. Furthermore, the VAWT design offers significant flexibility
for adaptation to diverse applications, enhancing configuration suitability for urban and

residential areas [12].

e~ Rotor diameter --1
]
=~ Rotor blade R i .
]
Rotor Gearbox /- Generator l
diameter / ' Rotor
Nacelle Rotor _ , ho_ Oh
tower eight
— | e -
Wind direction Wind direction~
for an upwind of a downwind
rotor rotor
Fixed pitch
Hub rotor blade Equator
Ll height
| " Tower
‘ Rotor base - ' >
BETEE Generator
/ X Gearbox —-
> —_— L —
Horizontal-axis wind "f{lrbine Vertical-axis wind turbine

(HAWT) (VAWT)

Figure 1.1 Overview of HAWT and VAWT Configurations [13].
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Student number: 1802118

Year 1980 1985 1990 1995 2000 2005 2010 2012 2015

Power 50 Kw [ 0.1 MW | 0.5 MW | 0.8 MW | 2MW | 3IMW | 75 MW | 10 MW | 20 MW

Rotor 15m 20 m 40 m 50 m 80 m 124m | 126 m 145 m Expected
diameter

Height 24 m 43 m 54 m 80 m 104m | 114 m | 138 m 168 m

Figure 1.2 Size and Capacity of WT [10].

Based on Figure 1.2, the large WT offers significant power generation benefits, making
large offshore HAWT the optimal WES to harvest wind resources. Therefore, large-
scale offshore wind farms are classified as the optimal conventional wind energy
system (CWES) based on power generation benefits. The selection is due to higher
efficiency and power production capabilities than smaller WTS onshore, and offshore
wind speeds are considered higher and more persistent, leading to significant
electrical power generation [14]. However, CWES face significant challenges. High
installation costs, around £3 million per MW, are driven by increased material prices
and supply chain bottlenecks [15]. Furthermore, CWES's energy production fell by
9.3% in 2021 due to less favourable wind conditions and limited locations for offshore
site installations [16]. In addition, noise pollution is generated at night when wind
patterns fluctuate or high wind speeds contribute to various physiological effects

(irritation, anxiety, and tinnitus) within rural communities near wind farms [17].

In contrast, advancements in urban wind energy systems (UWES) help mitigate the
challenges displayed in CWES. In particular, Aeromine technology employs a
stationary external aerofoil to channel air towards an internal turbine, which operates
at low turbulent wind speed and offers potential LCOE competitiveness for point-of-
use energy generation (POU) [18]. Similarly, the Ridgeblade technology RB1 offers a
2 kW continuous per 5 rotor system designed for residential homes operating at a wide
range of wind speeds [19]. Therefore, these alternative UWES approaches offer
significant POU benefits for the consumer, reduce reliance on the national grid, and
diminish the challenges with the deployment of CWES. Therefore, the research will
investigate the optimisation of Aeromine and Ridgeblade technologies for low wind

speed performance for UNVES, presenting an alternative to CWES.
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Aeromine Technology Ridgblade Technology
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Figure 1.3 Aeromine and Ridgblade Technologies ( [20] and [21])

2.0 Literature review:

2.1 Research on Conventional Wind Energy Systems & Urban Wind Energy
Systems:

E. Radzka et al. (2019) investigated the influence of wind speed and direction on wind
power potential in Poland. The study analysed meteorological data from Zawady
between 2002 and 2006. The analysis determined an average wind speed of 2-4 m/s,
observing seasonal variation with the highest speeds in winter (December-February)
and lower speeds in summer. In addition, the research identified land roughness
topography as a contributing factor to increase or decrease wind speed. Radzka et al.
concluded that approximately 60% of Poland's conditions are conducive to wind

power, highlighting the resource as a significant investment [22].

However, a potential limitation of the research is the reliance on data from a single
location (Zawady). The study lacks applicability to wider regions, as the methodical
analysis and observations would be required for each installation site to account for
the potential wind power accurately. Despite the potential limitation, the study offers
a valuable methodological framework for assessing wind power's feasibility and
importance for a specific location by analysing the meteorological data to determine

the average wind speed for a specific location.
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Moreover, F. Porté-Agel et al. (2019) investigated interactions between CWES and
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the atmospheric boundary layer (ABL) to improve WT layout and operational
strategies. The research utilised analytical models, computational fluid dynamics
software (CFD), and empirical data for validation. The study identified the complexity
of turbine wake dynamics, showing the transition from near-wake regions influenced
by WT geometry to far-wake regions influenced by ambient conditions. In addition,
the research confirms that atmospheric thermal stability significantly affects the WT
performance and suggests that a staggered wind farm configuration reduces wake
effects more effectively than an aligned configuration. Furthermore, the research
determined that CWES can alter local meteorology by modifying the near-surface

temperature and flux [23].

Critically, the research conducted by F. Porté-Agel et al. (2019) is limited to the
reliance on analytical models and CFD, which may not capture the full complexity of
real-world CWES flow. Additionally, the key constraints and assumptions within the
empirical data used for validation restricted the applicability of the findings to those
specific conditions. Potentially not accounting for the complete range of probable
behaviours for the CWES wind farms. Nevertheless, the study highlighted the CWES
influence on the environment and the significance of applying analytical models and

CFD to determine the performance of WT applications.

Furthermore, M. Andersson (2011) explored the ecological effects of CWES on fish
species, addressing the impact of noise pollution and habitat alteration. The research
conducted field observations using hydrophone measurements of sound pressure
and particle motion at CWES sites off the shores of Sweden and Scotland.
Andersson observed that the altered habits at the CWES sites created artificial reefs,
influencing the fish species' behaviours (spawning opportunities). The study
documented a significant noise impact reaction from Cod and Sole species observed
70 km from pile driving activities at the CWES installation site. Furthermore, highly
sensitive fish species, Herring and Cod, detected CWES sound pressure and noise
as far as 16 km from the CWES source [24]. While providing valuable field data, the
study contains limitations. The interpretation of observational data is subjective and

based on the researcher's assessment.
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In addition, the noise impact focuses on installing CWES, which lacks continuous
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long-term monitoring to evaluate the ecological effects of CWES operations
accurately. Notwithstanding, the research provides a comprehensive field
observation, which provides real-world data on the impact of CWES on fish species.
Therefore, the study conveys a clear understanding of the impact CWES have on the
ecosystem and highlights the requirement for alternative WES to mitigate the

environmental challenges.

Moreover, P. Faujdar et al. (2024 ) investigated the integration of wind power and
energy generation in smart cities, focusing on the role of UWES. The study
highlighted various benefits of UWES for smart cities: minimal ecological damage,
reduced carbon emissions, and the ability to collect real-time wind power data that
would allow for optimised energy consumption and management. The research
employed a neural network model for wind forecasting, utilising various data
processing methods and network architectures suitable for short and long-term
predictions. The study determined that UWES, combined with neural network
forecasting, offers a valuable strategy for optimising energy production, reducing

transmission costs, and reducing fossil fuel reliance [25].

Although the study poses substantial challenges, the historical data limits the
scarcity and quality for accurately forecasting wind power. Nevertheless, the study
provides valuable insight into the potential of UWES. Thus, based on the research,
the analytical wind data observations, mathematical models, and CFD simulations
are valid methods for analysing UWES technology. In addition, UWES portrays
significant potential for energy generation, POU, and reduced ecological impact
compared to the significant effects of noise pollution and environmental distress from
CWES.

2.2 Research on design characteristics for Urban Wind Turbine:

The literature on CWES and UWES details the analytical methods, challenges, and
potential benefits. Therefore, it is crucial to comprehend the design characteristics
relating to the research project. S. Bello et al. (2024) investigated VAWT optimisation
for urban environments, determining that VAWT configurations are ideal for urban

environments rather than HAWT configurations.
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The study examined various designs (helical and Savonius-Darrieus hybrid models)
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to improve the performance of the VAWT at harvesting energy from low winds. The
research discovered that with advances in these VAWT geometries, there is a 30%
efficiency in multidirectional low wind speeds [26]. However, the research relied on
CFD simulations with derived assumptions, which limits the generalisability of the
data as the simulation is limited to the predetermined metrics assigned.
Nevertheless, the study provided valuable insight into the potential and optimisation
of VAWT configurations for UWNVES.

Additionally, the research conducted at Texas Tech University's National Wind
Institute by S. Pol et al. (2020) evaluated the performance of Aeromines distributed
wind energy generation without external static parts. The study involved wind tunnel
experiments at 1/3 scale Aeromine on aerofoils at various angle-of-attack (AOA) to
investigate pressure and flow measurements around the aerofoils. The research
discovered that the Aeromine system at 10° The AOA asymmetrical aerofoil achieved
a mechanical efficiency of 18%, which is 1/3 of the Betz limit. Therefore, the
Aeromine system can achieve mechanical efficiency for flow instabilities for low wind

speeds in urban environments [27].

However, the study is limited due to the lack of thorough investigation of the control
mechanisms related to flow instability and AOA. Notwithstanding, the research
provides valuable insight into the influence of aerofoils on the fluid flow at low wind
speeds. Therefore, the design characteristics literature on aerofoil fluid dynamics at
low wind speeds, combined with VAWT configuration designs, provides a critical

foundation for the urban wind turbine (UWT).

asymmetry

Figure 2.2.1 10° AOA asymmetrical aerofoil and Uy, [27].
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3.0 Research Questions:
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Consequently, critical research questions arise that guide the literature review.
Reviews 2.1 and 2.2 examine the implementation of CWES and advances in UWES
to determine the feasibility of optimising WES for urban environments. Addressing
these questions clarifies the scope and validity of the research presented in the

report.

Table 3.1 Research Questions:

Number Description

1 What are the crucial factors and efficiency levels of Aeromine and
Ridgeblade technologies as determined through CAD and CFD

analysis?

2 How do geometry, Bognor Regis wind data, and environmental

factors impact UWES performance?

J How do the benefits of the design of UNES compare against
those of CWES?

4.0 Projects aims and objectives:

The aim is to assess the feasibility of optimising WES for urban environments by
evaluating CWES and current UWES (i.e. Aeromine and Ridgeblade). Therefore,
critical performance factors will be identified through mathematical modelling and
CFD simulations of the existing WES.

Based on these findings, an optimised UWT design concept will be developed and
evaluated in CFD and experimental testing. Thus, the results from the UWT
examination will address the core research question. Hence, Figure 4.1 illustrates

the methodical process for optimising WES for urban environments.
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Figure 4.1 Research Project Flow Diagram.

Page 9 of 81



UNIVERSITY OF

Ep CHICHESTER

4.1 Research Project Objectives:
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The project's objectives provide a methodical sequence of steps to determine the
feasibility of optimising WES for urban environment applications. Therefore, the table
below will demonstrate the steps taken to complete the research query and validate

the core aim.

Table 4.1.1 Research Project Objectives:

Sequence Category: Description:
1 Research/Literature:  WES examination by analysing
CWES and UWES (Aeromine,
Ridgeblade).

e Determine the potential for UWES.
o Categorise the various WES.

2 Research Questions: e Formulated queries that require

data to determine the validity of

optimised WES for urban
environments.
3 Research Project » Average wind speed for 2 data sets.
measurements: » Electrical voltage, current, and

power measurements are applied to
determine UWT energy generation.
4 Data Analysis: e Wind data for sets (1) and (2).
e Mathematical models for both data

sets and various WES.
e CFD Simulations ( Aeromine and
Ridgeblade).
5 Results & Evaluation (1) e Examine the results from the

mathematical models and CFD to
determine optimal design
characteristics.
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6 UWES Design UWT application.
Development:
7 UWT Design UWT scale factor.
Specifications: Material Selection.

Manufacturing Process.

9 Conceptual UWT Design: The fundamental outline of the UWT
and requirements.

10 UWT lterations: Numerous designs were developed
for examination.

1 Motor & Iteration Testing: Generators/Motors.
CFD UWT lIterations developed.

12 Design & Manufacturing: Motor selection.
3D printing time.
Circuit diagram.
Costing.

13 UWT Assembly: Schematic
Construction of UWT.

14 UWT Testing: Electrical generation at various wind
speeds.
Thermal and decimal testing of
UWT operating.

15 Results & Discussion: Examine and determine the

application of UWT.

The project systematically identified WES and categorised the system into CWES

and UWES based on the research. Moreover, the project isolated the two current

UWES (Aeromine and Ridgeblade) for further examination through data analysis.

Therefore, as conveyed in Table 5.1.1, the project applied a methodical process to

determine the optimal attributes from the two UWES and redesign a UWT.

Furthermore, by examining the redesigned UWT, the validity of the preface will be

addressed.
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5.0 Research Project Dependant Variables:
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5.1 Wind Data sets:

The measurements are critical in analysing the data and determining the feasibility of
optimising the WES in urban environments. Similarly to E. Radzka et al. (2019), the
research project will determine the average wind speed for the Chichester University
Bognor Campus (Tech Park) location for two data sets. Data set (1) accounts for six
years of weather data (2019-2024) from a weather station within a 10 km radius of
the prime location [28]. In addition, data set (2) utilised weather data collected from a
weather station (ACCURS) for two months that was installed at the location [29]. The
data sets will provide average wind speed values and be directly substituted into the

mathematical models and simulations.
5.2 Electrical measurements:

Consequently, the average wind speed is synthesised by mathematical formulas and
models to determine the wind power density, actual wind energy harvesting, and
annual energy generation. Therefore, these mathematical formulae will assess the
CWES, Aeromine, and Ridgeblade. In addition, the CFD will apply the method to
assess the Aeromine and Ridgeblade and demonstrate the features highlighted to
increase power generation and estimated RPM. Moreover, the motors will be
compared to determine the power generated against various RPMs. Thereafter, the

UWT will assessed by measuring the windspeed against power generation.

Fundamental electrical metrics collected and applying Ohm's Law [30] :

Voltage (Recorded by DL9206 multimeter).
Resistance (multimeter impedance is 7.8MQ) [31].
Current (V/R=1)

Power (V-1 =W)

The analytical process of research measurements outlined in sections 6.1 and 6.2
enables the evaluation of WES in urban environments. Furthermore, the process
provides measurement traceability, contributing toward data error detection and

ensuring recorded data's repeatability.
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6.0 Projects Data analysis:
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Thus, the research project data analysis is devised to examine the wind data sets
defined as data sets (1) and (2). Both sets' wind data analysis values will be
substituted into the Mathematical models and CFD simulations. Moreover, the
numerical calculations performed and the CFD procedure section will be in the
appendices (20.1 and 20.3). Furthermore, the analysis of sections (7.1-7.3) will be
summarised in tables (7.4.1) to evaluate and identify crucial performance factors for

WES targeting urban locations.

Project Data Analysis

> 4

Wind Data Analysis:

+  Freguency samples graph.

+  Rose wind graphs for data sets.

4 4

Mathematical Models : . .
CFD Simulation:
= Weibull probability ) ]
= Aeromine and Ridgeblade
distribution.
to determine WT energy

= Average Wind Speed for
Data (1) and (2).

generation and RPM.
= Examine fluid flow arcund
= Wind power density. i
the Aeromine and

*  Wind energy harvesting. Rideeblad
idgeblade.

= Annual Energy generation.

¥ ) 4

Results & Evaluation (1):
+  Results from CWES, Aeromine, and Ridgeblade operating at data set

(1) and {2).

+  CFD results for Aeromine and Ridgeblade.

¥

Crucial Factors

Figure 6.0 Research Data Analysis Diagram:
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6.1 Wind Data Analysis for Bognor Regis:
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Data set (1) comprised historical meteorological data (2019-2024) from a weather
station located within a 10 km radius of the Chichester University Bognor Campus
(Tech Park). Data set (2) contains wind data recorded directly on-site at the Tech

Park using an installed ACCURS8 weather station.
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Figure 6.1 10 km radius for Data (1) weather station [32].
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Figure 6.2 Data (2) weather station [29].
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Figure 6.3 Data (1) Histogram Graph.
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Figure 6.4 Data (2) Histogram Graph.
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Data Set (1) Wind Rose
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Figure 6.5 Data (1) Wind Rose Graph.
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Figure 6.6 Data (2) Wind Rose Graph.
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Table 6.1 Wind Data Sets Information:

Student number: 1802118

Data Set (1)

Data (2)

2192 wind speed samples
Latitude: 50.783
Longitude: -0.67528

Standard Deviation (0): 3.45
Mean Wind Speed (u): 7.64

58 wind speed samples
Latitude: 50.788
Longitude: 0.661

Standard Deviation (c): 1.06
Mean Wind Speed (u): 1.77

The wind speed histogram displays data set (1), which is dominated by 4-8 m/s wind
speeds. In contrast, the data set (2) conveys wind speeds of 0-3 m/s. In addition,
data set (1) predominantly exhibits south-west winds (Figure 7.5). Data set (2) wind
rose indicates a high south wind direction while containing significant directional

variation, indicating complex multidirectional wind flow patterns.

Therefore, the data set (1) conveys higher wind speeds with moderate directional
disruption. In comparison, the data set (2) demonstrates lower wind speeds with
multidirectional flow patterns. Moreover, the data set analysis provides crucial values
to substitute into the mathematical calculations and simulations to assess the WES

performance in urban settings (Tech Park)

6.2 Mathematical Modelling:

The Weibull probability function is the critical mathematical model used in the
research report. The function is used to model the wind speed distribution, which is
fundamental for estimating the available wind energy for a specific location [33].

Thus, the two-parameter Weibull probability density function is expressed by:

k-1

p(V) = (%) (g) exp [— (g)k] (Equation 1)

k= Shape Parameter.
C = Scale Parameter.
V= Wind Speed (m/s). (source [34])
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Determining the shape parameter (k):
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w‘
IR

(0)‘1-086 (Equation 2)
U

Ascertaining the scale parameters (C):

(Equation 3)

C= =113y

®

(Source [35])

Therefore, the average wind speed from the examined location can be determined by

applying the gamma function to the two-parameter probability function.
5=C-T (1 + %) (Equation 4)
(Source [36])

Furthermore, the values for the shape and scale parameters are substituted and
values calculated. In addition, linear interpolation and the gamma function table are

utilised to determine the average wind speed (Details in Appendices, [37]).

R, = R, + Ra— R | (t, — t1) (Equation 5)

(Source [38])

The various mathematical calculations analyse and predict the average wind speed
for data (1) and (2). Thus, the mathematical model can be graphically overlayed on
the Histogram to asses the Weibull fit. In addition, the average wind speed can be
substituted into additional mathematical equations to calculate the wind power

density, actual wind energy harvesting, and annual energy generation.
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Figure 6.2.1 Weibull Distribution for Data Set (1).
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Figure 6.2.2 Weibull Distribution for Data Set (2).
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Therefore, the two average speed values determined from the Weibull probability
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distribution can be substituted into the wind power density, WT power output, and
annual energy generation equations for CWES, Aeromine, and Ridgeblade to gain
insight into the potential power for the University of Chichester location for various
WES.

Wind power density equation expressed b:

1 (Equation 6)

p = Power (W).

p = Air Density (1.225 kgim?).

7 = Average Wind Speed (m/s). (Source [39])

Moreover, the WT power output is the energy harvested that addresses the wind
turbines' maximum efficiency (30 - 45)% [40]. Therefore, the assumed efficiency is

35%, as the value is within the low and upper boundary categorised.

Piyrbine = N P - Swept, (Equation 7)
Pryrbine = Actual Power (W).
n= Efficiency of WT (0.35).
. 2 (Source [41])
Swept, = Cross-section area (m*).

Additionally, the swept area varies with WT configurations and scale and requires
mathematical adjustment for accuracy. The estimated power generation from a WT
can provide an annual energy production by multiplying the actual power generated

by the 8760 hours in a year.
Eannuat = Prurbine * 8760nh0urs (Equation 8)

Annual Energy Production (Wh/year).

Eonnual =

87601 urs = Number of hours in a year.
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Both data sets can be analysed against the WES for the urban environment (Tech
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Park) through methodical mathematical calculation and modelling. Therefore, the data
set tables were analysed by applying the equations within MATLAB (details in

Appendices) and values expressed below.

Table 6.2.1 Analysis of Data Set (1) for CWES, Aeromine, and Ridgeblade at 7.65 m/s:

Data Set (1)
Description CWES Aeromine Ridgeblade
Shape Parameter (k) 2.37 2.37 2.37
Scale Parameter (C) 8.63 8.63 8.63
Linear Interpolated Gamma 0.88629 0.88629 0.88629
Average Wind Speed (m/s) 7.65 7.65 7.65
Wind Power Density (W/m?) 274.41 274.41 274.41
Swept Area (m?) 50 1.19 0.76
WT Power Output (W) 4802.24 113.87 72.61
Annual Energy Production (kWh/year) 42067.64 997.51 636.06

Table 6.2.2 Analysis of Data Set (2) for CWES, Aeromine, and Ridgeblade at 1.79 m/s:

Data Set (2)

Description CWES Aeromine Ridgeblade
Shape Parameter (k) 1:37 1.37 1.37
Scale Parameter (C) 1.95 1.95 1.95
Linear Interpolated Gamma 0.89092 0.89092 0.89092
Average Wind Speed (m/s) 1.79 179 1.79
Wind Power Density (W/m?) 3.49 3.49 3.49
Swept Area (m?) 50 1.19 0.76
WT Power Output (W) 43.60 1.45 0.92
Annual Energy Production (kWh/year) 381.96 12.68 8.09
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6.3 CFD analysis:
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CFD analysis was performed on the UWES (Aeromine and Ridgeblade) computer-
aided designs (CAD) to identify the optimal design. In addition, the CFD applied the
WT output and RMP equations to the designs to investigate the behaviour of the
UWES at data sets (1) and (2). Furthermore, the RMP equation applies the optimal tip
speed ratio (TSR) of 4 for all urban VAWT within the CFD [42].

The RPM equation is expressed by:
RPM = (WS,, -TSR-60)/(2-m-Rr) (Equation 9)
WS, = Wind Speed Data set (m/s)

TSR = Tip Speed Ratio (4)
Rr = Rotor radius (m) (Source [43])

Aeromine CAD Ridgeblade CAD

Figure 6.3.1 CAD Designs Analysed in SolidWorks CFD.
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Figure 6.3.2 CFD Fluid Flow for Aeromine at 7.65 m/s.
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Figure 6.3.3 CFD Fluid Flow for Aeromine at 1.79 m/s.

Table 6.3.1 Aeromine CFD Results:

Description Values
RPM for Data (1) 542

RPM for Data (2) 127

WT Output Power for Data (1) 11331 W
WT Output Power for Data (2) 046 W
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Figure 6.3.4 CFD Fluid Flow for Ridegblade at 7.65 m/s.
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Figure 6.3.5 CFD Fluid Flow for Ridgeblade at 1.79 m/s.

Table 6.3.2 Ridgeblade CFD Results:

Description Values
RPM for Data (1) 476
RPM for Data (2) 111

WT Output Power for Data (1) 72.36 W
WT Output Power for Data (2) 0.29W
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6.4 Results & Evaluation (1):
This section evaluates the potential for WES in urban areas (Tech Park) by analysing
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the wind data, applying mathematical models, and conducting CFD on specified
UWES (Aeromine, Ridgeblade). The results and evaluation (1) aim to identify the

crucial factors for optimising the current UWES.

Table 6.4.1 Results (1):

Data Source: Data (1) and (2)
Data (1) e Six years (2019-2024) for data within a 10 km radius of
the University of Chichester Bognor campus.

e Data has higher frequency samples with predominant
wind speeds of 4-8 m/s with a South-West wind
direction.

Data (2) e Two months of data were collected on the University of
Chichester Bognor campus.

e Data has lower frequency samples with abundant wind
speeds of 0-3 m/s and multidirectional wind patterns
exhibited.

Mathematical Modelling
Weibull Probability e Data set (1) determined a k value of 2.37 anda C
Function value of 8.63, calculating an average wind speed of
7.65 m/s.

e Data set (2) contained a k value of 1.37 and a C value

of 1.95, which derived an average wind speed of 1.79

m/s.
Wind Power e Data (1) assessed the potential wind energy
Density (W/m3) harvesting for CWES with a swept area of 50 m? is

274.41 Wim? for the location.

e Data (2) determined the potential wind energy

harvesting for a CWES with a swept area of 50 m? is

3.49 W/m?3for the University location.
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WT Output Power
(W)

Three WES (CWES, Aeromine, and Ridgblade) were
assessed based on the two data sets.

Data (1) determines that the CWES obtained the
highest value at 4802.24 W, followed by the Aeromine
at 113.87 W and the Ridgeblade at 72.61 W.

Data (2) displayed that the CWES conveyed the
highest value at 43.60 W compared to 1.45 W from the
Aeromine and 0.92 W from Ridgeblade.

Annual Energy
Production

(kWh/year)

CWES resulted in higher energy production at

42067 .64 KWh/year for data (1) and 381.96 kWh/year
for data (2).

Aeromine displayed the annual energy production as
997.51 kWh/year for data (1) and 12.68 kWh/year for
data (2).

Ridgeblade obtained the lowest values for the total
annual energy production at 636.06 kWh/year for data
(1) and 8.09 kWh/year for data (1)

CFD analysis:

Fluid Flow for
UWES

CFD assessed the fluid flow of Aeromine and
Ridgeblade.

Aeromine geometries demonstrated higher velocities
with 9.36 m/s and 2.22 m/s for both data set wind
speeds.

Ridgeblade demonstrated lower velocities at 9.22 m/s
and 2.15 m/s for both data set wind speeds.

RMP calculations

Aeromine demonstrated the highest RPM values at
542 RPM for data set (1) wind speed and 127 RPM for
data set (2).

Ridgebalde conveyed low RMP values with 476 RPM
for data set (1) and 111 RPM for data set (2).
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The site-specific Tech Park wind data is vital for assessing UWES. Therefore, the study
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compared two data sets: data set (1), which offered six years of regional data, and
data set (2), which provided two months of site-specific wind speed measurements
and direction. The mathematical modelling demonstrated that the differences in data
sources significantly impacted the WES performance and energy generation due to

the variation in average wind speeds between data sets.

Moreover, the mathematical modelling conveys that wind speed, WT output power
(turbine efficiency), and swept area influence the power generated by WES applied in
urban environments. Consequently, the lower, site-specific wind speed from data set
(2) equated to lower energy production compared to higher regional wind speeds from
data set (2). Furthermore, the CFD analysis of the UWES CAD designs provided
insight into the aerodynamic performance at the data set operating wind speeds. In
addition, by applying the RPM equation based on the TSR assumption, an estimated
RPM range for the UWES was determined.

Accounting for variations calculated in wind speeds, energy production, and RPM, this
analysis defines operational ranges for optimising and examining the UWT. Therefore,
the wind turbine generators (i.e. motors) will be examined on low (70-150 RPM) and
high (200-500 RPM) ranges to evaluate the power generation potential. Furthermore,
due to Aeromine's superior performance, the design will serve as the primary basis for
the UWT design.

6.5 Crucial factors for WES:

Therefore, based on the results, wind speed, WT output power, and swept area are
critical factors for energy production. While CWES is the determined optimal power
generation model, urban deployment has significant limitations. Therefore, the

research aims to optimise WES for urban applications (UWES, UWT).
6.5.1 Crucial Parameters for UWNT Assessment:

e Operational RPM Ranges: Low (70-150 RPM), High (200-500 RPM)
e Power Generation For Wind Speed Ranges: (1.79-7.65 m/s)
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7.0 UWES Design Development:
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UWES target urban or residential areas, providing reduced WT rather than CWES
and generating renewable electricity for POU [44]. Currently, the Aeromine design
targets commercial buildings and is not optimised for residential homes [45]. In
contrast, the RB1 residential Ridgeblade offers domestic UWES installed on the
residential home roofs [46]. A fundamental challenge for residential deployment is

maintaining the roof weight and size constraints. British Standards 6399 part 3
outlines that a maximum uniformly distributed load of 152.9 kg (1.5 kN/m?) or a

concentrated load of 183.5 kg (1.8 kN) allowed on a residential roof [47]. The
research highlights the requirement for a reduced-scale UWES designed for
residential homes, which offers significant renewable energy and POU benefits.
Thus, optimising a reduced-scale UWT potential offers additional renewable energy

sources and contributes to a lower LCOE, which will reduce fossil fuel dependency.

8.0 UWT Design Specification:

Therefore, scaling down UWES for residential environments is crucial for applying
WES. In addition, optimising UWES aerodynamics for low winds in urban
environments allows WES to serve as an alternative to CWES [48]. Furthermore, the
reduced size of UWT facilitates rapid prototyping and performance testing. Thus,
optimised UWTs can be scaled in urban environments to increase power

management and POU for local communities [49].

8.1 UWT Operations:

The optimised UWT design primarily applies Aeromines principles, incorporating
additional features from section 3.2, which are crucial to the approach. Aerofoils
combine Bernoulli's principle and the Venturi effect. Bernoulli's principle states that
the pressure of the fluid decreases when either the fluid's velocity or height increases
[50]. Consequently, the Aeromine design employs aerofoils to create low-pressure
zones, generating suction. The induced airflow is channelled to the internal
generator to optimise kinetic energy harvesting from the wind. Furthermore, the
Venturi effect is based on the conservation of mass and energy in fluid dynamics,
where a decrease in cross-sectional area leads to an increase in fluid velocity to

maintain a constant flow rate [51].

Page 28 of 81



E2C) UNIVERSITY OF

QP CHICHESTER

The Aeromine design utilises the Venturi effect internally, further constricting the
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airflow and accelerating the airflow towards the generator to enhance the power
output. Therefore, comprehension will apply the principles from section 3.2 and the

Aeromines design principles to develop an optimised UWT.
8.1.1 UWT Operations:

e Small-scale design applying Aeromine design principles.
e Asymmetrical aerofoil (10° AOA)

e Power generation across operational wind speeds: 1.79 — 7.65 m/s.

9.0 Conceptual UWT Design:

The conceptual design phase created a structured plan to add the examined
features and principles into an optimised core concept [52]. This plan focused on
critical Aeromine and Ridgeblade performance characteristics identified in the CFD.
Consequently, four prototype UWT iterations were developed based on the physical
features of Aeromine and Ridgeblade. All iterations were evaluated on performance

metrics (WT output power, RPM) and manufacturing and assembly efficiency.

10.0 UWT lteration:

Concept 1 (C1)
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Concept 2 (C2)

Concept 3 (C3)

Concept 4 (C4)
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11.0 Motor & Iteration Testing:
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Wind generators (motors) and CFD iteration testing involved examining sections
independently before summarising the results for analysis. Each section applied a
systematic procedure to minimise data collection errors. Detailed experimental

procedures (19.2 - 19.3) are located in the appendices.

11.1 Generators/Motors Testing:

Based on the results and evaluation (1), the UWT requires generators operating at
low wind speeds (1.79-7.65 m/s) and corresponding low RPM ranges. Therefore, an
outrunner brushless DC (BLDC) motor is ideal for this application, offering higher
efficiency across speeds and significant longevity than brushed DC (DCM) [53].
Additionally, the BLDC selection involved using the Kv equation to identify the

appropriate motor samples for examination.

Ko = wrpm
V'™ Back EMF (Equation 10)

Ky = RPM per Volt.
Wrpm = RPM (100)

Back EMF = Target Volts (14 V) (source [54])

Inrunner Outrunner

Figure 11.1 BLDC Motor Magnets For Inrunner and Outrunner [54].
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The Kv equation determined that the optimal Kv value was 140 Kv BLDC. Moreover,
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the generator required additional motors with varying Kv values to validate the

assumption based on the Kv research.

- e ﬁ:g.!iﬂ:'ﬁ-:"ii.'i: *

Motor 1 (MC1) | | Motor MC2) Motor 3 (MC3) [l Motor 4 (MC4)
Diameter = 0.042m | Diameter = 0.049m | Diameter = 0.063m | Diameter =0.024m
Length = 0.05m Length = 0.0486m | Length = 0.08m Length = 0.0306m

Figure 11.2 Low Kv Motors and Dimensions Examined.

Table 11.1 BLDC motors examined and data information:

MC1 = 350 Ky, Turns: 14T, Voltage: 4-5S LiPo, Max Power: 1000 W [55].

MC2 = 200 Kv, Max Power: 1150 W, Max Current: 32 A, Max Voltage: 12S [56].

MC3 = 120 Kv, Max Power: 4600 W, Voltage: 24-36 V, Current: 2.5 A/ 12V [57].

MC4 = Kv = unknown, Power: 0.55 W, Max output voltage: 5.5v [58].

11.1.1 Motor Testing Experimental Methodology:

Thus, to assess the BLDC suitability for small-scale UWT power generation, this
study examined four low Kv motors. Based on the research project's analysis, motor
testing was applied to low (70-150 RPM) and high (200-500 RPM) ranges generated
by the WARCO WM-180 lathe. Each motor response is recorded and displayed in

section 12.2.
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A ;5—1 ' ak;
3 ’

Figure 11.3 WM180 LATHE Apparatus.

Table 11.2 Detailed Description of WM180 LATHE Apparatus:

Labels Number: Description:

—

Emergency Switch.
Start/Off Button.

Safety Guard.

Mechanical Clamp (Chuck).
Motor examined.

Motor Clamp.

Rectifier.

Bread Board Circuit.

47 (0) Power Resistor (x2)
Potentiometer dial (RPM controller)
RMP indicator.

O 0 ~N O O B W N

— -
- O
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The generated voltage for each RPM was measured using the DL9206 auto-range
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multimeter. The circuit included two 47 () power resistors providing a known load.
Generated power was calculated using Ohm's law from the voltage and resistance
data for the specified RPM ranges. The power data for each motor at various RPMS
was then recorded and graphically projected in MATLAB.

11.2 BLDC Motor Results:

1.5=107

Power Output vs Higher Speed for Low-Kv BLDC Motors (94 Q Load)

— A MC1 (Kv=350)
—8&—MC2 (Kv=200) _
| [e—MC3 (kv=150) E E : :

132107 MG4 (Unknown)| e e e e i

1.0x10"

7.5%107

Output Power (W)

5.0x107

2‘5><1D_2 ............................. .

d : : %

0.0 102 = L. - =

200 250 300 350 400 450 500
Rotational Speed (RPM)

Figure 11.4 Higher RPM Ranges (200 — 500) For BLDC Motors.

Power Output vs Lower Speed for Low-Kv BLDC Motors (94 Q Load)

[ [—2—MC1 (Kv=350)
E|—a—MC2 (Kv=200)
[ |[—e—MC3 (Kv=150) :
E{—©0—MC4 (Unknown)}:::

Output Power (W)

=10 | A A

70 80 90 100 110 120 130 140 150
Rotational Speed (RPM)

Figure 11.5 Lower RPM Ranges (70 - 150) For BLDC Motors.
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11.3 Motor Selection:
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Figure 12.4 displays a linear relationship where increased RPM leads to higher
power generation for the tested BLDC motors. Therefore, MC3 (150 Kv) exhibited
the highest power output, peaking at (1.5 - 107t W at 500 RMP), as well as
generating the highest power output for low range (3 - 1072 W at 70 RMP) increasing
o (1-10~* at 150 RPM). In comparison, MC2 ranked second at high RPMS (2.5 -
1072 W at 500 RPM).

However, MC2 is ranked third in the low range with (1 - 107° W at 70 RMP) reaching
a peak power output of (5-107¢ W at 150 RPM). Moreover, MC4 showed rapidly
increasing power from 90 RPM, reaching (1 - 10~> W at 150 RPM) is the second
optimal motor for low RPM speeds. Conversely, MC1 consistently produced the
lowest power across all RPM ranges, supporting the validity that lower Kv motors

yield higher power outputs.

Despite MC3 offering the highest power output, the significant physical dimensions
(Diameter = 0.063 m, Length = 0.08 m) and large permanent magnets suggest that
the WT blades require substantial force to overcome the significant magnetic field
[59].

Considering that the UWT is required to generate power effectively at low-wind
RPMs, MC4 presents the optimal selection. Therefore, MC4 delivers the second-
highest power critical low-RPM range while possessing smaller dimensions and
permanent magnets than MC3, indicating an ideal generator for the UWT's

operational requirements.

11.4 CFD Iterations Testing:
CFD iteration testing evaluated various UWT designs to identify the optimal

configuration for manufacturing and final examination.

Each concept's fluid flow, RPM, and WT output power generation were assessed
using CFD for calculated wind speeds. The final selection depended on both the

simulation results and the manufacturing feasibility.
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11.5 CFD Results:
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Figure 11.5.1 Concept 1 CFD for 7.65 m/s.
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Figure 11.5.2 Concept 2 for 7.65 m/s.
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Figure 11.5.3 Concept 3 CFD for 7.65 m/s.
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Figure 11.5.4 Concept 4 CFD for 7.65 m/s.
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Figure 11.5.5 Symmetrical Aerofoils CFD for 7.65 m/s.
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Figure 11.5.6 Asymmetrical Aerofoils 10° AOA CFD for 7.65 m/s.

Table 11.5.1 CFD Results For Conceptual UWT Designs:

Description: C1 C2 C3 C4
RPM for Data (1) 46.19 99.34 108.85 99.83
RPM for Data (2) 10.84 2333 2514 23.35

WT Output Power for Data (1)  0.008 W 0.018 W 0.02wW 0.018 W
WT Output Power for Data (2) 0.002 W 0.004 W 0.006 W 0.004 W
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11.6 UWT Design Selection:
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CFD simulations were performed on all UWT iterations at calculated wind speeds
(1.79-7.65 m/s), and fluid flow figures for 1.79 m/s are located in (19.0 Appendices).
Therefore, Concept 4 (C4) achieved the highest velocity (12.70 m/s), outperforming
C1, C2, and C3. Conversely, C3 exhibited a significant low-velocity zone, suggesting
a detrimental high-pressure zone. In addition, the asymmetrical design induced
higher wind speeds (11.27 m/s) than the symmetrical design (11.10 m/s).
Furthermore, the calculated CFD results (Table 12.5.1) indicated that C3 produced
the highest power (0.02 W) and RPM (108.85) at 7.65 m/s.

However, the observed low-velocity flow patterns from C3 raise concerns. Moreover,
the C3 requires additional manufacturing material due to the increased dimensions
and further prototyping. Therefore, C4 was selected as the optimal UWT design. The
design offered significant performance (0.018 W, 99.83 RPM at 7.65 m/s) combined
with the asymmetrical aerofoils, which required less manufacturing material and

offered simplified prototyping and testing.

12152
11.284

L 10.416

- 0548

- 8.680
- 7.812
- 6.944
nr-'ff 6.076
+ 5208

- 4.340
- 3472

. 2.604
1.736
0.868
0

Velocity [mis)

Flow Trajectories 1

Figure 11.1.1 Flow Trajectories For UWT Design.
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12.0 Design and Manufacturing Process:
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The research project is designed to assess the feasibility of optimised WES for urban
environments. Therefore, the analysis identified the Aeromine design as the optimal
design principle. The CFD evaluation of iteration designs determined C4 as the ideal
UWT design. The design and manufacturing process will detail the UWT scaling

relative to the Aeromine concept and the production method.

12.1 UWT Scale Ratio:

14- ?: [a.45m]

IR 530.09mm @

71 aan]

Figure 12.1 Dimensions For C4 UWT & Aeromine [60].

Dimensions:
C4 Height (m) = 0.53m Aeromine Height (m) = 4.45m
C4 Width (m) = 0.3m Aeromine Width (m) = 3.09m

Therefore, the difference between the C4 UWT and Aeromine is calculated from the
dimensions conveyed, and the scale ratio is 1:9. The scale ratio calculation is in the

appendices section (Table 19.1, Eq. 11).
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12.2 UWT (C4) 3D Printing Process:
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3D printing was selected for manufacturing due to the process's flexibility, the ability
to add complex geometries (asymmetrical aerofoils), and faster component
production than machining [61]. PLA (Polylactic acid) was chosen as the printing
material for the UWT due to low melting temperatures and cost-effectiveness [62].
The UWT CAD components were saved as individual STL files and printed
separately using an i3 MK3S Prusa.

Figure 12.2 PrusaSlicer-2.9.0 For 3d Printing the UWT.

Table 12.2 Component Print Times And Filament Infill.

Part Description: Infill Percentage & Pattern: Print Time (s):
Left Aerofoil Base (P1) Infill (5%) Rectilinear 12420
Right Aerofoil Base (P2) Infill (5%) Rectilinear 12420
Left Aerofoil Centre (P3) Infill (5%) Rectilinear 11880
Right Aerofoil Centre (P4) Infill (5%) Rectilinear 11880
Left Top Base (P5) Infill (10%) Rectilinear 30060
Right Top Base (P6) Infill (10%) Rectilinear 29988
Left Bottom Base (P7) Infill (10%) Rectilinear 27216
Right Bottom Base (P8) Infill (10%) Rectilinear 30204
Left Roof (P9) Infill (5%) Rectilinear 7812
Right Roof (P10) Infill (5%) Rectilinear 7812
Turbine Cover (P11) Infill (10%) Rectilinear 12528
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Printing all components took 194,220 seconds (50.95 hours). This time was
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influenced by the base components, which required additional infill for structural
support. In addition, supports and brim features were applied to limit printing failures,
increasing the print duration. Therefore, larger parts were scheduled for overnight

printing, and smaller parts were scheduled during the day to manage the workflow.
12.3 Electrical Circuit For UWT:

Section 11.3 identified MC4 as the optimal generator. MC4's compact dimensions
allow connecting units in series, potentially increasing voltage output. However, this
configuration risks voltage reversal when the connection fails [63]. Therefore, to
increase the voltage and manage risk, the series-connected MC4 generators
required a three-phase rectifier to supply a constant DC voltage measured by the
multimeter [64]. Hence, the comprehension of voltage potential, limitation, and

probable solution leads to the formation of the UWT electrical circuit.

Signal conditioning

E—— . NN D
% dr &,

Cable Connection

Signal conditioning

DL9206 Autoranging
Multimeter

AN1

‘ AN2 . [ DC Voltage Reading ]

Figure 12.3 UWT Electrical Circuit (source [65], [66]).
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13.0 UWT Assembly:
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The assembly of the UWT components was time-efficient due to the individual parts
being designed for assembly purposes in SolidWorks CAD. In particular, the
connection points for each part were compared to the dimensions of the available
material within the CDIO. However, specific components (top and bottom bases)
required additional finishing by removing the rear plate and the 3d prints with tighter

tolerances.

Figure 13.1 The SolidWorks CAD UWT.
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Figure 13.2 The Assembled UWT.

14.0 UWT Testing:

The research project aims to assess the feasibility of optimising WES for urban
environments as an alternative approach to CWES. The UWT testing involves testing
the assembled UWT performance under various wind conditions. The results will be
analysed to validate the optimisation of the UWT design. In addition, the UWT

experimental procedure is located in (19.3 Appendices).
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Figure 14.1 UWT Testing Setup.

Table 14.1 Detailed Description of UWT Testing Setup:

Label Number: Description:

1 UWT Design.

DL9206 Multimeter.

Ventilating Fan.

Ruler (1m)

RS-90 Rotary Vane Anemometer [67].
Note Pad (Recording data).

Rectifier.

~NOoO s WN

14.1 UWT Experimental Methodology:

The experiment employed an adapted ventilating fan at recorded wind speeds for
various distances. Moreover, the experiment measured the DC voltage generated by
the MC4 generators for the various wind speeds and distances. Therefore, the
investigation aimed to determine the power generation at various wind speeds for
the UWT.
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Table 14.2 UWT Experimental Results:

Wind Speed Resistance Voltage Current Power (W) Distance
(m/s) () V) N (m)
2.68 7.80E+06 1.92 2.46E-07 4 73E-07 1
3.43 7.80E+06 2.18 2. 79E-07 6.09E-07 09
4.35 7.80E+06 267 3.42E-07 9.14E-07 0.8
6.15 7.80E+06 3.25 4 17E-07 1.35E-06 0.7
7.35 7.80E+06 3.64 4 67E-07 1.70E-06 06
10.78 7.80E+06 4 96 6.36E-07 3.15E-06 05
12.31 7.80E+06 6.58 8.44E-07 5 55E-06 0.47
13.69 7.80E+06 7.03 9. 01E-07 6.34E-06 0.45

Power Output vs Wlnd Speed for UWT

7.0 x 10

\—e— UWT Output Power\

6.0 x 10°

50 % 10

40 x 10°

3.0 x 100

Qutput Power (W)

2.0 % 10°

10 % 10®

0.0 x 100 F .............. .............. .............. .............. .............. .............. R .............. ............... .............. .............. ._

3 4 5 6 7 8 9 0 11 12 13 14
Wind Speed (m/s)

Figure 14.2 UWT Power Output.
The experiment measured the UWT output voltage and calculated the power and
current based on the known resistance from the DL9206 multimeter as 7.8 M(Q),

while the independent variable is the varied wind speed calculated by the RS-90.
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Table 14.2 demonstrates that the higher wind speeds yielded increased electrical
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generation. The output power curve (Figure 14.2) displayed a non-linear
relationship, with power rising steadily with wind speed. The UWT results are
similar to the behaviour displayed by WT, where the power is proportional to the
cube of the wind [68]. Therefore, the results infer that UNT generated electrical
power from the wind, with output dictated by the wind speed.

15.0 Overall Discussion:

The research aims to determine the feasibility of optimising WES for urban
environments as an alternative approach to CWES. The process was to redesign the
Aeromine concept and generate an optimised UWT design for examination. Results
in section 14.2 confirmed that the development of the UWT prototype generated
power within the site-specific wind speed range. However, the scale potential limits
the research. Critical factors such as the generator's efficiency and aerodynamic
geometry impact the WES performance. While UWES designs avoid the challenges
faced by CWES, the reduced UWT captures less energy due to the diminished
scale. Furthermore, the recorded wind energy power generated by the Aeromine at
4.5-10 m/s is 1500 W [69]. In contrast, the UWT design applied the full-scale
equation (Table 19.1, Eq. 12) to assess the optimisation. Moreover, the UWT full-
scale (1:1) at the maximum recorded speed of 13.69 m/s will generate 5.43 - 10~* W.
Therefore, based on the results, optimising WES for urban environments is not
feasible. However, various optimisation factors that require further consideration

emerged throughout the research.

16.0 Conclusion:

16.1 Limitations:

VAWT blade configuration is crucial in capturing and converting the wind's kinetic
energy into electrical power. Researchers have developed numerous VAWT blade
configurations based on the technology application (Savonius, Darrieus-rotor, H-
Darrieus, and Helix shape) [70]. Extensive research is required to assess the
working application of VAWT blade design to optimise energy generation and
efficiency. Therefore, the UWT employed a multi-scoop Savonius blade

configuration, which was selected due to ease of assembly and time efficiency.
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Nevertheless, additional investigation into the optimal VAWT blade configuration
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tailored for the urban environment may lead to significant optimisation in power
output by the UWT design.

—

/4

Figure 16.1 UWT Blade Configuration [58].

Moreover, the motor selection was limited to four low-Kv motor samples. Therefore,
the analysis indicates the impact of turbine efficiency on the WT output power.
Further research and development in low-Kv motors could significantly boost the
UWT performance towards viable optimisation. Additionally, the complexity observed
suggests that optimal electrical generation performance may depend on currently
unidentified factors. Therefore, further research is required to isolate, categorise, and
quantify these known limiting factors and the effects towards optimised WES in

urban environments.

Additional optimisations in VAWT blade design, motor power generation, and further
research of unidentified factors may lead to optimising WES for urban environments.
However, further limitations may have limited the progression of the UWT design
power generation. In section 14.0, the testing apparatus required constant
adjustment to direct the wind by adapting a ventilating fan. The testing experiment is
limited due to the direct airflow manipulation onto the UWT generators. The 14.0
experiment does not represent real-world conditions, as the UWT design would
experience multidirectional wind patterns due to turbulence generated in urban
areas. Additionally, the WM180 Lathe apparatus required modifications to examine

the motors. The apparatus timing belts required adjustment to reach the lower
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RPMS. Therefore, the examination is limited in the accuracy of the data collected in
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section 11.1 due to the lack of calibration equipment to verify the RPM speeds. The
potential solution for both experiments is to deploy certified scientific equipment
(wind tunnel, rotary RMP apparatus). Moreover, a further potential limitation is
researcher bias. The researcher could develop experimental methods that promote
the feasibility of WES in urban environments. Additionally, the potential for selection
bias exists. In particular, the researcher might unconsciously give undue weight to
higher recorded values during analysis, leading to inaccurate results. Thus, despite
the factor considerations and potential limitations. The research project provided

valuable insight into WES within urban environments.

16.2 Main Findings:

The UWT examination confirmed that the prototype generates power, increasing
non-linearly with wind speed. However, scaling the prototype performance (Table
19.1, Eq 12) predicted that the maximum output power was significantly low (5.43 -
10~* W at 13.69 m/s). Compared to the Aeromine (1500 W at 4.5 — 10 m/s [69]). The
difference indicates that the feasibility of the power output UWT approach is currently
impractical. Moreover, the research has addressed various limitations and possible
solutions to improve the optimisation of the WES for urban environments. Hence,
despite these design specifics being infeasible, The research provided valuable
insight into WES challenges, potential benefits, and optimisation pathways for future

research.

16.3 Future Research:

Further research is required to focus on optimising the VAWT blade configurations
(Derrieus or Helix) customised directly for urban environment wind patterns.
Additionally, extensive research and development into reduced size and efficient low-
Kv motors is vital. The optimised low-Kv would contribute significantly to UWT's
power generation. Moreover, employing calibrated testing equipment that accurately
simulates the urban multidirectional wind patterns would increase the validity of the
experimental data. Future research is obligated to maintain a systematic process of
identifying and categorising various factors influencing the performance and
optimisation of UWES.
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Table 19.1 Mathematical Calculations:

Number Equation Calculation:

Data (1) Standard deviation formula:

5= I(x; — w)?
- N

o = Standard deviation.

N = Population size.

x; = each value from the population.
u = population mean.

5 ~ o\ —1.086

Data (1) Population mean:

2p
> (= —=113u = 1.13(7.64
e U (7.64)

2p
\/E oo :C:@

1
r(1+——)= ra+0421
- <+2.37) (1+0.4219)

~ I'(1.4219) use value in (Eq 5)
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Values obtained from Gamma table:
(1.42) = R, = 0.88636

(1.43) = R, = 0.88604

t; =1.42

t, =1.43

R, — Ry
“(th—ty) |t, =1.4219

th—t

0.88604 — 0.88636

R, = 0.88636 + 143 — 142

- (1.4219 — 1.42)

~ R, = 0.88629

Known values:

_ kg
p=1225-2[71]

Apply data (1) = 7.65 m/s.

P=z-pv - V3 = (7.65)% = 446.01 m3/s?

P = ! <1225kg> 446017n3
2 ' m3 T g2

= P = 273.18 W /m?

Known values:

n = efficiency (35%)

(HAWT) Swept, = 50m?
7 Prurbine = N - P - Swepty

Calculate the WT Output Power:
w 2
Piyrpine = 0.35 - 273'18W. 50m

= Piurbine = 4.78 kW
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* 8760p0urs

Eannuat = Prurbine

Known values:

Piyrpine = 4.78 kW
Amount of Hours (Year) = 8760

Calculation:
= Egnnuar = 478 kW - 8760075
= Egnnuat = 41.8728 MWh/year
Known Values For Aeromine:
Data (1) = WS; = 7.65m/s
TSR = 4
(Aeromine) Swept, = 0.919 m?
Rot dis (RY) 0.919 m?
otor radius Tr) = _—
RPM T
o |=WS, TSR-60)/(2-m-Rr) Rr = 054m
Substitute Known Values and
Calculation:
RPM = (WS, -TSR-60)/(2-m-Rr)
= RPM for Data (1) = 541
Known values:
(Target voltage) Back EMF = 14V
Wrpm = 100
K Wrpm Substitute Known Values and
10 V'™ Back EMF Calculation:
wrpm

Ky = —208
V'™ Back EMF

= KV = 140
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Scale Ratio Based on Known

Dimensions:

C4 Height (m) =0.53 m

C4 Width (m)=0.3 m
Aeromine Height (m) =4.45m
Aeromine Width (m) = 3.09m

Scale Ratio Calculations:

The scale factor for height = 0.53
m/4.45 m = 0.1191

The scale factor for width = 0.3 m/3.09
m = 0.0971

Scale factors sum = (0.1191 +
0.0971)/2 = 0.1081

Scale factor ratio = 0.1081:1, the

reciprocal = 9.25

" Scale Ratio (Sr)

The average scale ratio = 1:9.25

Known Values From (Sr):
L =9.25

L2 = (9.25)% = 85.5625
PUWT_MAX == 634 " 10_6 W (at
12 | Full Scale (Pgyy) 13.69 m/s)

Calculations at (1:1) for UNT

— .12
PFull - PUWT_MAX L

Prun =5.43-107* W at 13.69 m/s
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Fundamentally, the motor experimental procedure upheld the CDIO health and
safety protocols (.i.e. Laboratory coat, safety boots, and eye protection). In addition,
to verify that the equipment is safe to operate. Therefore, the procedure will display

the steps for the motor testing experiment.

1. The WM180 Lathe apparatus was identified as clear of obstructions and safe
to use.

2. Turn on the apparatus.

3. Place the Motor sample into the motor clamping unit (turn clockwise to tighten
the clamp).

4. Manually set the distance between the clamping unit and the mechanical
chuck by applying pressure forward towards the mechanical chuck.

5. Apply the mechanical chuck key and rotate clockwise to tighten the chuck
onto the motor testing sample.

6. Verify that the sample is secure and that the clamping unit and mechanical
chuck are tight.

7. Connect the motor sample power output connectors (XT90) to the three-
phase rectifier and circuit.

8. Release the emergency switch and press the green button.

9. Select the lowest RPM range (70) with the potentiometer dial and indicator.

10. Apply the multimeter DL9206 to the rectifier terminal to collect the DC voltage
at the given RPM.

11.Gradually increase RPM until all ranges and voltages are recorded.

12.0nce the results are recorded, press the red button to stop the movement of
the mechanical chuck.

13.Press the emergency switch and return the potentiometer dial to the original
position (70 RPM).

14.Thus, the apparatus is stationary and releases the motor sample using the
key chuck (anti-clockwise) to untighten.

15. Untighten the clamping unit and replace the motor sample with another
sample for examination.

16. Conduct the process until all results are recorded, then turn off the apparatus.
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Before the CFD procedure, all UWES technologies and iteration CAD models were
saved as parts in specified locations. The individual CAD models examined were
selected and saved as an assembly part. Therefore, the procedure will convey the

sequence of processes conducted to analyse the UWES technologies and iterations.

Open the saved CAD file in Solidworks Assembly.

Add the appropriate-sized wind tunnel for the examination.

Mate, the examined UWES or iteration within the wind tunnel.
Select Solidworks add-ins and press Flow Simulation.

Select the Wizard within tick fluid flow and internal type for analysis.
Press Air (Gases) for laminar and turbulent, with zero roughness.
No input values for initial conditions, and press apply.

Select tools, create lids, and add lids to both sides of the wind tunnel CAD.

© © N o g bk~ wbdh =

Press Boundary conditions and select the lid facing the WT examined within

the wind tunnel. Input the inlet velocity for the examined data set wind speed.

10.Add another boundary condition and select the lid opposite to the inlet velocity
for the WT. Press assigned static pressure to the opposite lid.

11. Apply and save the document at the examined wind speed.

12.Insert Goal: RPM equation, WT output power equation.

13.Select Mesh, and increase the Mesh to 5 on the indicator uniformly.

14.Press Run and select new calculations.

15. Allow meshing to proceed.

16. While calculations are performed within the CFD, select contours.

17.Within contours, select the plane examined (X, Y, and Z) and the state
(Velocity, Pressure)

18.Once calculations of the iterations are completed, save the photos of the fluid
flow behaviour at the specified wind speed in the ideal file location.

19. Select results and insert graph, press all values and show.

20.Copy values and insert results into Excel.

21.Adjust wind speeds if required. However, conduct a similar method throughout
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19.4 UWT Experimental Procedure:

Before the experiment, health and safety protocols were applied (laboratory coat,

safety boots, and eye protection). Therefore, the manufacturer UNT was placed onto

the appropriate bench, and the subsequent steps were conducted to examine the

UWT's performance.

0N~

® N o o

Connect the ventilation fan to a power supply.

Retrieve the 1m ruler.

Design an air direction funnel and attach it to the ventilation fan.
Connect the UWT prototype generators (MC4) to the three-phase rectifier by
(XT90) connectors.

Place the ventilation fan on the support at the maximum 1m distance.
Turn on the ventilation fan.

Press the second indicator on the ventilation fan power switch.
Record the wind speed in front of the UWT prototype with the RS-90
anemometer.

Measure the voltage across the rectifier terminals with the DL9206

multimeter.

10.Record the voltage for the given wind speed and distance within the notepad.

11.Gradually increase the distance towards the UWT prototype and record the

voltage at the wind speed.

12. Thereafter, all values are recorded, the ventilation fan is turned off, and the

power supply is disconnected.

13.Return the ventilation fan, multimeter, and anemometer to the allocated

locations within the CDIO.

14. Verify that the experimental area is clear and that any obstructions are

removed.
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Figure 19.1 Concept 1 CFD for 1.79 m/s
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Figure 19.2 Concept 2 CFD for 1.79 m/s
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Figure 19.3 Concept 3 CFD for 1.79 m/s
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Figure 19.4 Concept 4 CFD for 1.79 m/s
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n I'{n) n I'{n) ] I'{n) n I'{n)
100 100000 125 090640 150 088623 175  0.91906
101 o0go43y 126 080440 151 088659 176 082137
102 0ossad 127 090250 152 088704 177 0.923%
1039 0098355 128 090072 153 088757 178  0.92623
104 097e44 129 089904 154 088818 179  0.92877
105 097350 130 0B974Y 155  O0B8H87 180 093138
106 O0o687 131 089600 156 0.8894 181 093408
107 098415 192 089464 157 069049 182 093685
108 095873 133 089338 158 089142 183 093969

108 09554 134 089222 159 089243 184 094261
1i0 onosias 135 08915 160 089352 185  0.94561

111 094739 136 089018 161 083468 186  0.94869

112 094359 137 088931 162 089592 187 095184
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200 100000

Figure 19.5 Gamma Function

Page 69 of 81



UNIVERSITY OF

Student number: 1802118

§P CHICHESTER

Phase 1: Research |
& Analysis

Proposal Report
structure and
document.
Date: 07/10/2024-
15/10/2024

T
Proposal Report

introduction.
Date: 17/10/2024-
24/10/2024

Research,
background, and
define data set.
Date: 20/10/2024-
03/11/2024

CFD analysis and
SolidWorks models.
Date: 20/10/2024-

10/11/2024

Individual Engineering Projects (IEP) 2024-2025
Road Map.

Electrical
schematics,
wiring diagram.
Date: 03/12/2024-
10/12/2024

CFD analysis and
SolidWorks
optimisation of
WES models.
Date: 24/11/2024-

4

Phase 2: Concept
Generation &
Evaluation

Finalised and
Concluded the
Proposal
document
submitted.
Date: 20/10/2024-
10/11/2024

The costing for
components and
materials
assessment.
Date: 03/12/2024-

Evaluation of
concept, and
design for
manufacturing.
Date: 10/12/2024-
05/12/2024

Phase 3:
Prototyping and
manufacturing

Order the
components,
materials, and
testing
equipment.

26/01/2025

Date: 13/01/2025-

Name: Matheson MacDonald

Student number: 1802118

Data collection
for Final Report.

Date: Phase 4: Final IEP
04/03/2025- E and IEP Awy
09/03/2025

Evaluate the m””_n”_oqﬂn
prototype and : ;
manufacture the omﬂm%&ow%mﬁ.
final model.
Date: 13/01/2025-

26/01/2025

Poster Concluded.
Date: 15/04/2025-

Test the

prototype design
and assess the Conference
data. Presentation.
Date: 04/02/2025- Date: 15/04/2025-
14/01/2025 27/04/2025

3d print the

prototype.
Date: 13/01/2025-

26/01/2025

Figure 19.6 Roadmap for UWT Project.
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Figure 19.8 MATLAB Software.
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