




[bookmark: _Toc239635546]Abstract
This report focuses on the design of a 5MW, triple-blade, horizontal-axis wind turbine with a blade length (rotor radius) of 61.3m. The NACA4412 airfoil was used as a reference for the design and calculations, allowing aerodynamics to be analysed for manufacturing. Secondary research presents background knowledge of applications, calculations and standard values. Material selection was researched and finalised through a weighted decision matrix to compare suitable materials. Glass fibre reinforced polymer (GFRP) achieved the highest score due to the balance of material properties, density and cost. Vacuum infusion was selected as large components could be manufactured at low cost. 
A CAD drawing was developed to visually represent the wind turbine blade, demonstrating the reduction in chord length from root to tip. Mechanical analysis assessed the force and stress calculations acting on the blade during operation. These calculations highlighted the requirement of a larger chord length at the root, to withstand bending and torsional stresses. A comparative analysis compares the performance of materials and processes and identifies considerations, such as productivity, scalability, manufacturing defects, environmental and safety factors. 
GFRP, using vacuum infusion, was chosen as a suitable solution, providing a balance of performance, manufacturability and cost. Recommendations are suggested to improve this proposal further. 
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Table 1 - Table of Acronyms
	Acronym
	Description

	WT 
	Wind Turbines 

	WTB 
	Wind Turbine Blades 

	KE 
	Kinetic Energy 

	HAWT 
	Horizontal Axis Wind Turbine  

	VAWT 
	Vertical Axis Wind Turbine  

	 TSR
	 Tip Spreed Ratio 

	GFRP
	Glass Fibre Reinforced Polymer

	CFRP
	Carbon Fibre Reinforced Polymer

	RTM
	Resign Transfer Moulding


 
















1. [bookmark: _Toc239635547]Introduction 
Wind energy generation plays a significant role in renewable technologies to meet current demand while reducing emissions, shown in Annex 1. The kinetic energy (KE) in the wind rotates the wind turbine blade (WTB) due to the airfoil shape. Wind turbine (WT) performance is influenced by aerodynamics, affecting efficiency of energy generation, (Karam Maalawi, 2022).
Wind farms consist of multiple WTs producing high quantities of power. Due to larger blade size and more consistent wind speeds, offshore applications can produce higher energy. However, harsher environmental conditions increase installation and maintenance costs. Onshore applications are cheaper to maintain, but wind conditions vary, they add wildlife risk and have a negative visual impact. Renewable power allows countries to reduce emissions and enable self-sufficient generation, (National Grid, 2022). 
Research is conducted to maximise aerodynamics, material selection, manufacturing processes, and understand environmental conditions. This is followed by a cost, mechanical, and comparative evaluation, to analyse the next-generation WTB. To discuss WT performance and aerodynamics, a triple-bladed HAWT design is evaluated to provide 5MW for the customer, (Jamieson, 2018).
Focusing on maximising power output and reducing maintenance, a next-generation, lightweight and durable WT will be designed. 


2. [bookmark: _Toc239635548]Literature Review 
This section presents research of WTB performance, where the findings provide the design specification. The operations and existing WTs are studied to understand aerodynamic profiles & critical design parameters, materials, and environmental factors. 
2.1 [bookmark: _Toc239635549]Wind Turbine Operation
WTBs are attached to a hub and rotate, converting electrical energy through shafts and gears to maximise the energy to a generator. There are two main types of WT; Horizontal-Axis Wind Turbines (HAWT) and Vertical-Axis Wind Turbines (VAWT). Triple-blade HAWTS are used in industry due to aerodynamic performance stability and reduced vibration compared with other blade configurations, (Clayton, 2025).
2.2 [bookmark: _Toc239635550]Existing Wind Turbines
Annex 2 presents existing WT applications to compare blade size to power outputs. Onshore wind farm, Pen y Cymoedd in South Wales, Figure 1, provides 76 Siemens 3MW WTs, generating 232MW, each with a rotor diameter of 101m. In comparison, offshore wind farm, Hornsea Three Project in the North Sea, Figure 2, provides 231 Siemens-Gamesa 14MW WTs generating 2.9GW with a rotor diameter of 230m. (Guy Energy Ltd, 2026) (Keighley, 2026)
[image: ]
[bookmark: _Toc239635575]Figure 1 - Pen y Cymoedd Wind Farm, (Ion, 2026)

[image: Hornsea 3 Offshore Wind Farm | Ørsted]
[bookmark: _Toc239635576]Figure 2 - Hornsea Three Project Wind Farm, (Orsted)
2.3 [bookmark: _Toc239635551]Aerodynamic Profiles
The aerodynamic profile (airfoil) influences lift and drag forces, affecting WT performance. The NACA system defines the airfoil with four digits; NACA4412 states that there is 4% maximum airfoil camber located at 40% along the chord length, with a maximum thickness of 12% of the chord length, (AKGUMUS GOK, 2024).
Camber, Equation 1-2, influences the blade aerodynamics, generating a lift and drag ratio, shown in Annex 3, highlighting large drag caused by 20 º angle of attack, creating flow separation in the airfoil boundary layer, (Mech Proverse, 2025).
To calculate the airfoil shape in a cross-section, see Equations 1-5. 
[bookmark: _Toc239635588]Equation 1 - Camber when x/c less than position of max. camber

[bookmark: _Toc239635589]Equation 2 - Camber line when x/c more than position of max. camber

[bookmark: _Toc239635590]Equation 3 - Thickness distribution along the chord

[bookmark: _Toc239635591]Equation 4 - Y(upper)

[bookmark: _Toc239635592]Equation 5 - Y(lower)
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= Camber line height at given x location (m)
= Distance along the chord (m)
= Chord length (m)
= Maximum camber at 4% of chord length (m)
= Position of maximum camber at 40% of chord length (m)
t = Maximum thickness at 12% of chord length (m)
= Airfoil upper surface height at given x location (m)
= Airfoil lower surface height at given x location (m)

The lift-to-drag ratio, Equation 6, is a comparison of lift to drag. A greater lift coefficient () indicates higher lift generation, Equation 7. The drag coefficient indicates the aerodynamic resistance. Lower drag is desirable to increase efficiency, Equation 8, (Cope, 2025).
[bookmark: _Toc239635593]Equation 6 - Lift/drag ratio

[bookmark: _Toc239635594]Equation 7 - Lift coefficient


[bookmark: _Toc239635595]Equation 8 - Drag coefficient


 = Lift Coefficient
 = Drag Coefficient
L = Lift force (N)
D = Drag Force (N)
 = Air density (kg/ )
A = Airfoil area ()
V  Wind Velocity (m/s)

The power coefficient () is a measure of available wind. Maximum theoretical efficiency, the Betz value, where efficiency is limited at 0.593 where the WT allows airflow between the blades, Figure 3. Therefore, due to mechanical losses, the  is lower in application, Equation 9, (Douak et al. 2018) (“Power Coefficient of a Wind Turbine - iEnergy Plus”)
[image: Tubercle Technology Wind Turbine Blades – VLFG]
[bookmark: _Toc239635577]Figure 3  - Wind Turbine Computation Fluid Dynamic, (“Renewable Energy Engineering”)
[bookmark: _Toc239635596]Equation 9 - Power coefficient
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= Power coefficient
  Power (w)
  Air density (kg/ )
 Turbine area ()
V  Wind velocity (m/s)
2.4 [bookmark: _Toc239635552]Wind Turbine Blade Structure
WTBs consist of a hollow blade structure that forms the airfoil with internal shear web. The skin forms the shape of a leading edge that engages with wind first and a trailing edge where airflow leaves the blade, affecting lift and drag. Spar caps help prevent shear forces and collapsing, reducing bending forces. The blade must be stiff and withstand operational conditions, yet lightweight, (“Diagrammatic Sketch of a Typical Wind Turbine Blade Structure”)
2.5 [bookmark: _Toc239635553]Wind Turbine Blade Optimal Dimensions
The power formula, Equation 10, shows that the area is directly proportional to power output.
[bookmark: _Toc239635597]Equation 10 - Power output
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 = Power (W)
 = Air density (kg/m3)
= Turbine Area (m2)
 = Wind speed (m/s)
= Power coefficient
Power output is determined through the swept area depicted by the blade length. However, larger blade lengths require significant structure strength. Therefore, when increasing the rotor size, the design must consider structural limitations.
Tip-Speed Ratio (TSR) determines the relationship between the speed of the blade tip and the wind speed, shown in Equation 11. Excessively high or low TSR results in reduced efficiency, and can cause noise or vibration. Ideal TSR is between 5-9, (Bakırcı and Yılmaz, 2018).
[bookmark: _Toc239635598]Equation 11 - TSR


= Tip Speed

Angular Velocity (
Variations in TSR, aerodynamic errors and operating conditions affects power output. Figure 4 presents how operating conditions, such as WT position and varying wind conditions, will change the TSR. TSR varies from 6.1 to 9.24 here, (Hosseini et al. 2022).
[image: ]
[bookmark: _Toc239635578]Figure 4 - TSR Operating Conditions Example (Hosseini et al. 2022).
According to Hasan et al., the chord length and twist vary across the blade length, creating a taper. The chord length is the distance between the leading edge and trailing edge of the blade cross-section. The chord length, Equation 12, is larger at the root of the blade and tapers towards the tip. The twist allows the aerodynamic profiles to maximise performance. Annex 4 identifies the change in chord length and twist angle along the blade length. Hasan et al. also notes that the airfoil shape varies along the blade length. 
[bookmark: _Toc239635599]Equation 12 - Chord Length
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 = Chord length at specific distance from the hub
r = Distance from the hub to the radial position (m)
R = Blade length (m)
N = Number of blades
Cl = Lift coefficient
 = Average TSR

2.6 [bookmark: _Toc239635554]Material Properties
Material selection is important when considering environmental conditions and aerodynamic performance. WTs experience cyclic loading during service life and require fatigue resistance properties and high-tensile strength. High stiffness is required to resist deformation throughout operation and maintain aerodynamics. Science direct states low density is desirable, as reducing blade mass reduces inertial loads that lead to mechanical degradation, poor operation, and failure. To achieve these properties, three material categories are considered: metal, ceramic and polymer composites, (Thomas and Ramachandra, 2018).
Metals provide structural stiffness and high strength properties. However, environmental and operational conditions must be considered to prevent accelerated degradation. For example, steel provides high strength and stiffness, yet poor corrosion resistance. Titanium provides strength, stiffness and is lightweight, however it is expensive. Aluminium could be considered due to lower density than steel yet maintaining tensile strength and cost effectiveness, (Reddy N, Ph.D. 2017)
Ceramics provide high stiffness and strength, especially in harsh environmental conditions. However, due to the brittle properties, there is no toughness and ability to absorb energy on impact. Ceramics would not withstand the operational loading of a WT, and material failure would occur on impact. However, it could be used as a coating to another material. For example, silicon carbide coating offers corrosion resistance and a thermal barrier to another material, (Hussain, 2025)
Polymer based composites are commonly used in WTs as they offer a high strength-to-weight ratio that can be modified based on the application. Glass Fibre Reinforced Polymer (GFRP) provides strength and stiffness at a lower cost. Carbon-Fibre Reinforced Polymer (CFRP) offers higher stiffness and strength compared to the weight at a higher price, (“CFRP Vs. GFRP”)
2.7 [bookmark: _Toc239635555]Environmental Factors
WTs experience changing environmental conditions. Storms and unpredictable gusts from varying directions create turbulence and fluctuating loads, affecting the aerodynamic properties and power output. Environmental exposure, such moisture and salts, can accelerate the degradation of the materials therefore, performance and structural integrity. As a result, material selection and design must consider the environmental conditions to prevent failure of the operation to achieve peak performance, (Angeliki Kylili, 2022).



3. [bookmark: _Toc239635556]Design Specifications 
This section identifies the design specification required to meet the brief of the development of the next generation three-bladed HAWT. A power output of 5MW is chosen to understand the difference of design parameters if the power demand is higher. The following assumptions have been made:
· Power = 5,000,000W
· Wind speed = 12 m/s
· = 0.4
· = 1.2
· = 0.02
· Air density= 1.225 kg/m³
· Sections r/R= 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,0.99
NACA4412:
· = Maximum camber = 0.04
· = Camber position = 0.4
· = Thickness distribution = 0.12
3.1 [bookmark: _Toc239635557]Rotor Radius
The blade length is equal to the rotor radius of the WT. Therefore, Equation 10 is used. 










As blade is connected to the hub, the blade length is the radius of the rotor diameter minus the hub measurement, however this is negligible and will be ignored.
3.2 [bookmark: _Toc239635558]Chord length
Chord length is calculated with Equation 12 at ten sections along the blade of 61.3m. This is shown in Annex 5. 


Camber, Equation 1-2, and thickness distribution, Equation 3, is calculated across ten cross-sections of each chord length. The airfoil is presented as the upper measurement, Equation 4, and lower measurement, Equation 5. Annex 6 and 7 highlights the standard values to be applied each chord length.





3.3 [bookmark: _Toc239635559]Dimensions and Profile
Annex 8 shows calculations for all sections, along the blade length of 61.3m. Taking ten cross-sections allows for increased accuracy when designing the blade. The final section of r/R 0.99 allows for a definitive tip, allowing the model to be created in CAD. Annex 9 presents the data on graphs, highlighting the reduction in chord length over the ten cross-sections. 


4. [bookmark: _Toc239635560]Material Selection 
Material selection is critical for aerodynamic and structural performance. The chosen material must provide enough strength, stiffness and fatigue resistance. The brief states lightweight, durable, and low maintenance characteristics are desired. In addition, manufacturability, costs and environmental factors will be considered. A weighted decision matrix (WDM) is used to evaluate materials in Annex 10. 
From the WDM, analyses two examples of each material group, GFRP achieved the highest weighted total of 4.30. This was followed by CFRP with 4.10 and titanium at 3.9. This indicates that GFRP balances the design, operational and customer requirements and is most suitable. Whilst CFRP and titanium also scores highly in mechanical properties, GFRP achieves the highest score for cost, (Rashedi et al. 2011). 
The WDM highlights the trade-offs between different materials. For example, CFRP provides high mechanical properties with low-density, however cost is greater, which reduces the overall suitability. Titanium offers high mechanical properties and durability, but has a higher density, reducing the suitability of a lightweight WT. GFRP therefore provides balance of mechanical properties with good durability and low-density at reasonable costs. 


5. [bookmark: _Toc239635561]Exploration of Manufacturing Routes 
As GFRP was selected, vacuum infusion and resin transfer moulding (RTM) are considered for manufacturing. Criteria has been established to assess a suitable manufacturing method:
· Scalability
· Lightweight Properties 
· Production Costs
· Production Time 
· Environmental Impact
Vacuum infusion, Figure 5, uses a vacuum bag to draw liquid resin through dry fibres, to saturate them, before curing. WT moulds are manufactured, where dry glass fibres, plus reinforcements if required, are laid in the mould prior to the application of the liquid resin. Tooling costs are low, and large, complex, lightweight designs can be manufactured, (Mike, 2024).
However, production time is increased due to cure times, limiting production scalability. Additionally, quality control is required as poor application of resin results in material weakness such as voids and dry spots, increasing labour. Vacuum infusion controls resin quantity to reduce material waste and environmental impact.
[image: Customized resin flow mesh optimises wind turbine blade production]
[bookmark: _Toc239635579]Figure 5 - Vacuum Infusion, (“Customized Resin Flow Mesh Optimises Wind Turbine Blade Production”)
RTM, Figure 6, uses pressure to inject resin in a closed mould around dry glass fibres, controlling resin distribution. RTM provides lightweight and complex components with increased surface finish, and processes can become automated reducing labour further. As a result, production costs are high, especially for larger applications, such as WTBs. With increased tooling, RTM can control the volume of resin to reduce material waste and environmental impact, (“New Technologies for Miniaturized Spacecraft and Multi-Point Cluster Missions”).

[image: Resin Transfer Molding - an overview | ScienceDirect Topics]
[bookmark: _Toc239635580]Figure 6 – RTM, (“New Technologies for Miniaturized Spacecraft and Multi-Point Cluster Missions”)
From research, vacuum infusion will be chosen for the WT manufacturing process using GFRP. Compared with RTM, vacuum infusion provides a balance of large-scale production and costs, despite long curing times. To minimise defects, resin flow is to be monitored with additional quality assurance checks to optimise structural integrity and aerodynamic performance. 


6. [bookmark: _Toc239635562]Cost Evaluation 
GFRP and vacuum infusion was selected due to mechanical properties, large scale producibility and low cost. This section investigates all raw material and manufacturing costs for metals, ceramics, and composites.
6.1 [bookmark: _Toc239635563]Raw Material Costs
Annex 11 highlights the balance between density and material costs and estimates total blade manufacturing costs based on blade mass. However, this estimates the cost if the WTB was a solid component. As researched, this is not the case, as the airfoil is hollow in real applications, with spar caps and internal support structures. Therefore, this is only used to calculate the percentage difference between varied materials. 
Since the airfoil is hollow, there would be considerably less mass and cost than presented in table x. For example, when comparing titanium, GFRP provides 55.6% mass and 89.3% cost reduction, and GFRP costs 63.4% less than CFRP however, is 34.2% heavier. Therefore, is has been decided that GFRP is the most suitable when balancing mass to cost, (Özkan et al. 2025). 
6.2 [bookmark: _Toc239635564]Manufacturing Costs
Vacuum infusion was decided to manufacture the GFRP WTB as manufacturing costs were cheaper. This section highlights the manufacturing costs including labour, equipment and defect mitigation.
10. [bookmark: _Toc239596896][bookmark: _Toc239619910][bookmark: _Toc239621309][bookmark: _Toc239623940][bookmark: _Toc239623975][bookmark: _Toc239627029][bookmark: _Toc239634379][bookmark: _Toc239635295][bookmark: _Toc239635565]
Science direct state the labour costs are 41% of the material costs. Therefore, material cost based on a solid blade will be used. GFRP is 63.4% cheaper than CFRP when using vacuum infusion, Equation 13-14, (Schubel, 2010).
[bookmark: _Toc239635600]Equation 13 - GFRP labour costs



[bookmark: _Toc239635601]Equation 14 - CFRP labour costs



Equipment and tooling costs for vacuum infusion include vacuum pump, moulds and bags to create the vacuum and therefore is considerably cheaper than RTM. Defect mitigation costs will be required to ensure product quality. This can include; inspections, non-destructive testing with potential rework required to control defects such as voids and dry spots.

7. [bookmark: _Toc239635566]Mechanical Properties 
Calculations are conducted to understand the forces acting on the blade. This is compared to yield strengths of the considered materials, where safety factor is calculated. Ten sections of the blade are analysed, where materials are evaluated for each section. 
7.1 [bookmark: _Toc239635567]Force Calculations
Lift and drag forces are calculated at each section midpoint in table x, using Equations 7-8, (Megonigal, 2019):


Angular velocity was calculated from rearranging Equation 11. The tangential velocity, Equation 15, was used to calculate the relative velocity at each section, shown in Annex 12. 




[bookmark: _Toc239635602]Equation 15 - Tangential Velocity



7.2 [bookmark: _Toc239635568]Stress Analysis
Using Equations 16, the bending moment at each section was calculated, using the sum of the lift forces acting on each section. The result of the calculation is shown in Annex 13, (Xi et al.2013.)
[bookmark: _Toc239635603]Equation 16 - Bending moment


= Bending Moment
= Lift Force (N)
= Selected Section Radial Position
= Outward Section Midpoint
The maximum bending moment is when r/R=0.1, experiencing lift forces from all other sections combined. All section properties were obtained from the SolidWorks CAD model, the second moment of inertia was found for each section Annex 14. Therefore, bending stress could be calculated using Equation 17, shown in Annex 13.
[bookmark: _Toc239635604]Equation 17 - Bending stress


=Bending Stress
=Centroid Distance to Critical Airfoil Section (assumed to be )
=Second Moment of Area
Aerodynamic lift also produces torsional loading. The torsional moment was calculated using Equations 18-19, where the results can be found in Annex 15.
[bookmark: _Toc239635605]Equation 18 - Torsional moment

[bookmark: _Toc239635606]Equation 19 - Eccentricity


2
Bethan Dubber
2114470
=Torsional Moment
=Lift Force
=Eccentricity
=Centroid Position
=Chord Length
The greatest torsional moment occurs at section 1, since the chord, lift force and eccentricity are larger. The torsional moment decreases significantly as the sections of the blade approach the tip.
The calculated stresses were compared with the mechanical strength of an 11-year-old retired WTB, constructed using GFRP. When comparing the stresses against the mechanical strength of GFRP, this material does not have a conventional yield point. Therefore, to test structural stability, tensile, compressive and shear strength values are used, (Ramaswamy et al. 2025).
The retired blade achieved a longitudinal tensile strength of 620MPa, and a longitudinal compressive strength of 372MPa before failure. These values are the benchmarks in which the newly designed blade will be compared to. The safety factor using Equation 20, is shown in table x for each section. 
[bookmark: _Toc239635607]Equation 20 - Safety factor

SF = Safety Factor
𝜎RETIRED = Compressive Strength of Retired Blade
𝜎NEW = Bending Stress of New Blade
Table x shows the calculated safety factor decreases as the blade tip is approached. In section 1 – 5, the safety factor is over unity. Section 6 – 9 have a safety factor of below unity, indicating that the model would not provide suitable strength in these sections. These calculations are based on preliminary equations that do not consider a hollow blade structure or shear webs, which increase strength parameters in a real GFRP blade. 


8. [bookmark: _Toc239635569]Comparative Analysis 
Selected materials and manufacturing process are analysed and requirements researched highlights advantages of the selected materials and processes. These include:
· Mechanical Properties
· Productivity and Scalability 
· Manufacturing Defects
· Environmental and Safety considerations 
GFRP provides balanced mechanical properties, such as tensile strength, stiffness and fatigue resistance, including cost effectiveness for WTB application. CFRP provides greater properties, but cost increases. Metal provides high material properties at a higher mass, and ceramics provide lower mass, however, ceramics are brittle and therefore not suitable. Further research to analyse material selection and manufacturing routes of spar caps and internal web structures; lightweight metal could be selected to increase strength and reduce bending and torsional stresses. 
Vacuum infusion was chosen due to the low tooling costs and ability to manufacture large components. However, it’s labour intensive; increasing costs and manufacturing times due to cure times. RTM offers scalability due to automation capabilities and increased quality; however, increased tooling costs reduces suitability. As the turbine has capacity to produce higher energy, the blade lengths were increased to 61.3m. This introduces transportation difficulties to the WT location, requiring specialised vehicles, (Smith, 2024)
Manufacturing defects, such as voids, porosity and surface imperfections can occur during manufacturing processes. These defects reduce mechanical properties and aerodynamics by creating stress or failure points, reducing durability that could lead to safety hazards. GFRP can introduce voids due to dry spots, Figure 7, and delamination, Figure 8.  Therefore, increased quality assurance, such as resin control and frequent inspections, are required, (Shevtsov et al. 2020).

[image: ]
[bookmark: _Toc239635581]Figure 7 - GFRP Dry Spot Defect (Shevtsov et al.2020)
[image: ]
[bookmark: _Toc239635582]Figure 8 - GFRP Delamination, (Das et al.2019)

In comparison, metals could also produce defects such as porosity, inclusions and cracks along the grain boundary, leading to crack propagation and failure, Figure 9. The WT would experience cyclic loading; therefore, fatigue and creep properties are important, Figure 10. Quality assurance, such as non-destructive testing, would also be required if metals were chosen, (Santamaria et al.).
[image: Stress Corrosion Cracking of 316L Stainless Steel Additively ...]
[bookmark: _Toc239635583]Figure 9 - Metal Defect Example, (Santamaria et al. 2023)

[image: ]
[bookmark: _Toc239635584]Figure 10 - Creep Stages Graph (Sattar 2020)
GFRP can reduce material waste through the control of resin application in the manufacturing process. GFRP is difficult to recycle at end-of-life, therefore, durability is important to prolong the product in service. Due to the large blade length, additional safety requirements are required during handling and transportation, (Agecko UK, 2025).
[bookmark: _Toc239635570]

9. Blade Drawing 
To present the proposed design, the geometry of the proposed WTB has been designed on SolidWorks, Figure 11. Using Annex 8, ten cross-sections, from root to tip, were drawn using the chord length and upper and lower surface, using the thickness distribution, Figure 12. This was extruded and the WTB CAD model was constructed. 
[image: ]
[bookmark: _Toc239635585]Figure 11 - Blade Length of 61.3m CAD Drawing
[image: ]
[bookmark: _Toc239635586]Figure 12 - CAD Drawing Cross-Sections
The chord length decreases from root to tip; larger at the root to provide structural integrity and the smaller toward the tip to aid aerodynamic performance. The chord lengths, Annex 8, was used to produce the taper; with chord lengths of 8.976m at the root to 0.010m at the tip. To visualise the full length of the blade, cross-section 0 has been applied to represent the blade connecting to a hub. Similarly, section 10 has been calculated at r/R=0.99 for a definitive tip. 
NACA4412 was used for geometry reference and calculations of the thickness distribution for the ten cross-sections of the blade is shown in Annex 8. This relative thickness distribution across each section, Figure 13, was used to calculate y(upper) and y(lower) that forms the geometry airfoil.
[image: ]
[bookmark: _Toc239635587]Figure 13 - Thickness Reduction
[bookmark: _Toc239635571]
10. Conclusion
This report has studied design of the next-generation WT, by focusing on the design parameters, materials, manufacturing and costs.  A WTB of 61.3m was designed with calculations based on NACA4412 airfoil. Material selection identified GFRP to be most suitable with a weighted decision matrix, and vacuum infusion was chosen as a manufacturing route. 
Mechanical analysis demonstrated the aerodynamic loading, bending stresses and torsional moments on the blade. Then, the stresses of the blade were compared to the yield stresses of GFRP. Highlighting the strength required at the root of the blade for operation, specifically when increased. This is shown in the chord length, sections are wider when closer to the hub. Comparative analysis highlights the research conducted and demonstrates the suitability materials and manufacturing processes chosen compared to alternatives. GFRP and vacuum infusion were confirmed as the most appropriate.
The 5MW WT offers the potential to reduce the quantity of WTs onshore; if the blade length increases, without reducing the power output. However, with larger blades, constraints increase as structural integrity, transportation and manufacturing becomes problematic. 
10.1 [bookmark: _Toc239635572]Recommendations 
Further development would focus on increasing the accuracy of calculations for increased geometries of the WTB. Ten sections of the blade length were taken, however, to increase accuracy, additional points can be added. Similarly, research into dimensioning the hub would allow increased accuracy of the calculations and CAD drawing. 
The CAD drawing displayed the outer surface of the blade; however, internal structures were not considered. Therefore, further research is recommended to analyse the internal structures and calculate the airfoil thickness. This will provide accurate measure of volume and cost. Similarly, blade structure, such as internal structure webs and spar caps, could be analysed in addition the GFRP airfoil skin.
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Annex 1: Wind turbine application growth from 1979 to 2025
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Annex 2: Comparison between onshore and offshore design parameters 
	Parameter
	Pyn y Cymoedd Wind Farm
	Hornsea Three Wind Farm 

	Application
	Onshore
	Offshore

	Number of Turbines 
	76
	231

	Turbine Output
	3MW
	14MW

	Wind Farm Output
	232MW
	2.9GW

	Rotor Diameter 
	101m
	230m

	Rotor Radius 
	50.5m
	115m









Annex 3: Wind turbine airflow streamlines at 20-degree angle of attack 
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Annex 4: Change in chord length and twist angle along the blade length
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Annex 5: Chord length calculations
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Annex 6: Standard values to be applied each chord length
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Annex 7: Standard values to be applied for y upper and y lower graph
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Annex 8: Proposed wind turbine blade geometry calculations over the ten cross-sections. Calculating camber, thickness distribution, y(upper) and y(lower) across 10 sections of each chord length.
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]
[image: ]


Annex 9: Proposed wind turbine blade geometry reduction over the ten cross-sections. 









Annex 10: Weighted Decision Matrix for Material Selection, using two examples of each material group.
	Weighted Decision Matrix: Wind Turbine
	Metal 
	Ceramic 
	Polymer 

	Criteria 
	Weighting 
	Titanium 
	Aluminium
	Silicon Carbide
	Aluminium oxide
	GFRP
	CFRP
	
	

	Tensile Strength and Stiffness
	0.2
	1
	0.8
	1
	0.8
	0.8
	1
	
	

	Fatigue Resistance 
	0.2
	1
	0.8
	0.6
	0.2
	0.8
	0.8
	
	

	Lightweight
	0.15
	0.45
	0.6
	0.6
	0.6
	0.75
	0.75
	
	

	Durability 
	0.15
	0.75
	0.6
	0.75
	0.6
	0.75
	0.75
	
	

	Maintenance and Manufacturability
	0.1
	0.3
	0.3
	0.2
	0.2
	0.4
	0.3
	
	

	Cost
	0.1
	0.1
	0.4
	0.1
	0.3
	0.5
	0.2
	
	

	Environmental factors 
	0.1
	0.3
	0.3
	0.4
	0.4
	0.3
	0.3
	
	

	Weighted Total
	1
	3.9
	3.8
	3.65
	3.1
	4.3
	4.1
	
	






Annex 11: Comparison between density and costs for each considered material to highlight the trade off
	Material
	Density (kg/m³)
	Material Cost (£/kg)
	Blade Volume (m³)
	Blade Mass (if solid) (kg)
	Blade Cost (if solid) (£)

	Titanium 
	4500
	£12.58
	175.89
	791505
	£9,957,132.90

	Aluminium
	2700
	£1.64
	175.89
	474903
	£778,840.92

	Silicon Carbide
	2800
	£26.64
	175.89
	492492
	£13,119,986.88

	Aluminium Oxide
	3900
	£1.41
	175.89
	685971
	£967,219.11

	GFRP
	2000
	£3.03
	175.89
	351780
	£1,065,893.40

	CFRP
	1490
	£11.1
	175.89
	262076
	£2,909,044.71














Annex 12: Lift and drag calculations for each section of the proposed blade geometry. Highlighting tangential and relative velocity 
	Section
	Section Length (m)
	Midpoint (m)
	Chord Length (m)
	Section Area (m^2)
	Tangential Velocity (m/s)
	Relative Velocity (m/s)
	Lift Force (kN)
	Drag Force (kN)

	1
	0.00- 6.13
	3.065
	8.98
	55.047
	4.2
	12.713
	6.54
	0.109

	2
	6.13-12.26
	9.195
	3.991
	24.465
	12.6
	17.4
	5.444
	0.091

	3
	12.26-18.39
	15.325
	2.328
	14.271
	21
	24.187
	6.136
	0.102

	4
	18.39-24.52
	21.455
	1.497
	9.177
	29.4
	31.758
	6.801
	0.113

	5
	24.52-30.65
	27.585
	0.998
	6.118
	37.8
	39.658
	7.072
	0.118

	6
	30.65-36.78
	33.715
	0.665
	4.076
	46.2
	47.733
	6.827
	0.114

	7
	36.78-42.91
	39.845
	0.428
	2.624
	54.6
	55.904
	6.026
	0.1

	8
	42.91-49.04
	44.975
	0.25
	1.533
	63
	64.133
	4.633
	0.077

	9
	49.04-55.17
	52.105
	0.111
	0.68
	71.4
	72.403
	2.622
	0.044

	10
	55.17-61.3
	58.235
	0.0101
	0.06173
	79.8
	80.698
	0.295
	0.005









Annex 13: Bending stress calculations for each section of the proposed blade geometry. 
	Section
	Bending Moment (kNm)
	Max thickness 
	y (m)
	Moment of Inertia ()
	Bending Stress (kPa)

	1
	1181.64
	1.0771
	0.53855
	0.45192
	1408.152377

	2
	900.53
	0.4787
	0.23935
	0.017632
	12224.47003

	3
	652.81
	0.2793
	0.13965
	0.002042
	44644.91503

	4
	442.69
	0.1795
	0.08975
	0.000349
	113843.6318

	5
	274.27
	0.1197
	0.05985
	0.000069
	237899.413

	6
	149.2
	0.0798
	0.0399
	0.000014
	425220

	7
	65.97
	0.0513
	0.02565
	0.000002
	846065.25

	8
	19.69
	0.0299
	0.01495
	2.9065E-07
	1012783.416

	9
	1.81
	0.0133
	0.00665
	1.0368E-08
	1160927.855

	10
	0
	0.0012
	0.0006
	8.15243E-13
	0



Annex 14: Bending stress calculations for each section of the proposed blade geometry. 
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Cross-Section at r/R =0.2
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Cross-Section at r/R =0.3
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Cross-Section at r/R =0.4
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Cross-Section at r/R =0.5
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Cross-Section at r/R =0.6

yc	0	6.4549999999999996E-2	0.12909999999999999	0.19364999999999999	0.25819999999999999	0.32274999999999998	0.38729999999999998	0.45184999999999992	0.51639999999999997	0.58094999999999997	0.64549999999999996	0	1.1296249999999999E-2	1.9364999999999997E-2	2.4206249999999992E-2	2.5819999999999999E-2	2.5102777777777776E-2	2.295111111111111E-2	1.9364999999999997E-2	1.4344444444444443E-2	7.8894444444444437E-3	0	yupper	0	6.4549999999999996E-2	0.12909999999999999	0.19364999999999999	0.25819999999999999	0.32274999999999998	0.38729999999999998	0.45184999999999992	0.51639999999999997	0.58094999999999997	0.64549999999999996	0	4.1523533085783604E-2	5.6400840001974983E-2	6.294739545730782E-2	6.32784350215672E-2	5.9275710444146729E-2	5.2407658431287661E-2	4.3015517830336615E-2	3.127667100839443E-2	1.7234459431795218E-2	8.133299999999856E-4	Ylower	0	6.4549999999999996E-2	0.12909999999999999	0.19364999999999999	0.25819999999999999	0.32274999999999998	0.38729999999999998	0.45184999999999992	0.51639999999999997	0.58094999999999997	0.64549999999999996	0	-1.8931033085783602E-2	-1.7670840001974993E-2	-1.453489545730783E-2	-1.1638435021567205E-2	-9.0701548885911802E-3	-6.5054362090654419E-3	-4.2855178303366215E-3	-2.5877821195055464E-3	-1.4555705429063325E-3	-8.133299999999856E-4	Chord Length (m)


TitThickness Distribution (m)




Cross-Section at r/R =0.7

yc	0	4.2720000000000008E-2	8.5440000000000016E-2	0.12816	0.17088000000000003	0.21360000000000001	0.25631999999999999	0.29903999999999997	0.34176000000000006	0.38448000000000004	0.42720000000000002	0	7.476E-3	1.2816000000000001E-2	1.6019999999999996E-2	1.7088000000000002E-2	1.6613333333333334E-2	1.5189333333333334E-2	1.2816000000000001E-2	9.4933333333333328E-3	5.221333333333333E-3	0	yupper	0	4.2720000000000008E-2	8.5440000000000016E-2	0.12816	0.17088000000000003	0.21360000000000001	0.25631999999999999	0.29903999999999997	0.34176000000000006	0.38448000000000004	0.42720000000000002	0	2.748079525057592E-2	3.7326783654289264E-2	4.16593762035041E-2	4.1878462341151841E-2	3.9229408987977513E-2	3.4684045982720513E-2	2.8468209476560504E-2	2.0699293345911855E-2	1.1405981517061067E-2	5.3827199999999047E-4	Ylower	0	4.2720000000000008E-2	8.5440000000000016E-2	0.12816	0.17088000000000003	0.21360000000000001	0.25631999999999999	0.29903999999999997	0.34176000000000006	0.38448000000000004	0.42720000000000002	0	-1.252879525057592E-2	-1.1694783654289258E-2	-9.6193762035041118E-3	-7.7024623411518361E-3	-6.0027423213108479E-3	-4.3053793160538461E-3	-2.8362094765605021E-3	-1.712626679245188E-3	-9.6331485039440057E-4	-5.3827199999999047E-4	Chord Length (m)


TitThickness Distribution (m)




Cross-Section at r/R =0.8

yc	0	2.4920000000000001E-2	4.9840000000000002E-2	7.4759999999999993E-2	9.9680000000000005E-2	0.1246	0.14951999999999999	0.17443999999999998	0.19936000000000001	0.22428000000000001	0.2492	0	4.3609999999999994E-3	7.476E-3	9.3449999999999974E-3	9.9680000000000012E-3	9.6911111111111121E-3	8.8604444444444451E-3	7.476E-3	5.5377777777777769E-3	3.0457777777777775E-3	0	yupper	0	2.4920000000000001E-2	4.9840000000000002E-2	7.4759999999999993E-2	9.9680000000000005E-2	0.1246	0.14951999999999999	0.17443999999999998	0.19936000000000001	0.22428000000000001	0.2492	0	1.6030463896169286E-2	2.1773957131668735E-2	2.4301302785377392E-2	2.4429103032338573E-2	2.2883821909653553E-2	2.0232360156586967E-2	1.6606455527993627E-2	1.2074587785115248E-2	6.6534892182856225E-3	3.1399199999999444E-4	Ylower	0	2.4920000000000001E-2	4.9840000000000002E-2	7.4759999999999993E-2	9.9680000000000005E-2	0.1246	0.14951999999999999	0.17443999999999998	0.19936000000000001	0.22428000000000001	0.2492	0	-7.3084638961692866E-3	-6.821957131668735E-3	-5.6113027853773988E-3	-4.4931030323385711E-3	-3.5015996874313265E-3	-2.5114712676980767E-3	-1.6544555279936271E-3	-9.9903222955969369E-4	-5.6193366273006714E-4	-3.1399199999999444E-4	Chord Length (m)


TitThickness Distribution (m)




Cross-Section at r/R =0.9

yc	0	1.1070000000000002E-2	2.2140000000000003E-2	3.3210000000000003E-2	4.4280000000000007E-2	5.5350000000000003E-2	6.6420000000000007E-2	7.7490000000000003E-2	8.8560000000000014E-2	9.963000000000001E-2	0.11070000000000001	0	1.93725E-3	3.3210000000000002E-3	4.1512499999999996E-3	4.4280000000000005E-3	4.3050000000000007E-3	3.9360000000000003E-3	3.3210000000000002E-3	2.4599999999999999E-3	1.353E-3	0	yupper	0	1.1070000000000002E-2	2.2140000000000003E-2	3.3210000000000003E-2	4.4280000000000007E-2	5.5350000000000003E-2	6.6420000000000007E-2	7.7490000000000003E-2	8.8560000000000014E-2	9.963000000000001E-2	0.11070000000000001	0	7.1210768591731134E-3	9.6724600901915286E-3	1.079516138981251E-2	1.0851933008346228E-2	1.0165485896463275E-2	8.9876495559156385E-3	7.3769447309345688E-3	5.3637916043830581E-3	2.9556230195193355E-3	1.3948199999999755E-4	Ylower	0	1.1070000000000002E-2	2.2140000000000003E-2	3.3210000000000003E-2	4.4280000000000007E-2	5.5350000000000003E-2	6.6420000000000007E-2	7.7490000000000003E-2	8.8560000000000014E-2	9.963000000000001E-2	0.11070000000000001	0	-3.2465768591731139E-3	-3.0304600901915283E-3	-2.4926613898125114E-3	-1.9959330083462274E-3	-1.555485896463274E-3	-1.115649555915638E-3	-7.3494473093456848E-4	-4.4379160438305816E-4	-2.496230195193354E-4	-1.3948199999999755E-4	Chord Length (m)

TitThickness Distribution (m)




Cross-Section at r/R =0.99

yc	0	1E-3	2E-3	3.0000000000000001E-3	4.0000000000000001E-3	5.0000000000000001E-3	6.0000000000000001E-3	6.9999999999999993E-3	8.0000000000000002E-3	9.0000000000000011E-3	0.01	0	1.75E-4	2.9999999999999997E-4	3.749999999999999E-4	4.0000000000000002E-4	3.8888888888888892E-4	3.5555555555555557E-4	2.9999999999999997E-4	2.2222222222222221E-4	1.2222222222222221E-4	0	yupper	0	1E-3	2E-3	3.0000000000000001E-3	4.0000000000000001E-3	5.0000000000000001E-3	6.0000000000000001E-3	6.9999999999999993E-3	8.0000000000000002E-3	9.0000000000000011E-3	0.01	0	6.4327704238239505E-4	8.737542990236249E-4	9.7517266393970276E-4	9.8030108476479028E-4	9.1829140889460481E-4	8.118924621423341E-4	6.6639067126780197E-4	4.845340202694722E-4	2.6699394936940696E-4	1.2599999999999778E-5	Ylower	0	1E-3	2E-3	3.0000000000000001E-3	4.0000000000000001E-3	5.0000000000000001E-3	6.0000000000000001E-3	6.9999999999999993E-3	8.0000000000000002E-3	9.0000000000000011E-3	0.01	0	-2.9327704238239511E-4	-2.73754299023625E-4	-2.2517266393970296E-4	-1.8030108476479019E-4	-1.4051363111682697E-4	-1.0078135103122295E-4	-6.6390671267802079E-5	-4.0089575825027812E-5	-2.2549504924962563E-5	-1.2599999999999778E-5	Chord Length (m)


TitThickness Distribution (m)
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Section r/R r Chord Length

0 0 0 N/A

1 0.1 6.1313 8.97598

2 0.2 12.2627 3.98932

3 0.3 18.3940 2.32711

4 0.4 24.5253 1.49600

5 0.5 30.6567 0.99733

6 0.6 36.7880 0.66489

7 0.7 42.9194 0.42743

8 0.8 49.0507 0.24933

9 0.9 55.1820 0.11081

10 0.99 60.7002 0.01007
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Cross-

Section Splits

x/c

Max Camber 

(m)

Camber Position 

(p)

Camber Line Height 

(yc)

t

Thickness 

Distribution (yt)

y(upper) y(lower)

0 0 0.04 0.4 0.0000 0.12 0.0000 0.0000 0.0000

1 0.1 0.04 0.4 0.0175 0.12 0.0468 0.0643 -0.0293

2 0.2 0.04 0.4 0.0300 0.12 0.0574 0.0874 -0.0274

3 0.3 0.04 0.4 0.0375 0.12 0.0600 0.0975 -0.0225

4 0.4 0.04 0.4 0.0400 0.12 0.0580 0.0980 -0.0180

5 0.5 0.04 0.4 0.0389 0.12 0.0529 0.0918 -0.0141

6 0.6 0.04 0.4 0.0356 0.12 0.0456 0.0812 -0.0101

7 0.7 0.04 0.4 0.0300 0.12 0.0366 0.0666 -0.0066

8 0.8 0.04 0.4 0.0222 0.12 0.0262 0.0485 -0.0040

9 0.9 0.04 0.4 0.0122 0.12 0.0145 0.0267 -0.0023

10 1 0.04 0.4 0.0000 0.12 0.0013 0.0013 -0.0013
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.8976 0.1571 0.4203 0.5774 -0.2632

2 0.2 1.7952 0.2693 0.5150 0.7843 -0.2457

3 0.3 2.6928 0.3366 0.5387 0.8753 -0.2021

4 0.4 3.5904 0.3590 0.5209 0.8799 -0.1618

5 0.5 4.4880 0.3491 0.4752 0.8243 -0.1261

6 0.6 5.3856 0.3191 0.4096 0.7288 -0.0905

7 0.7 6.2832 0.2693 0.3289 0.5982 -0.0596

8 0.8 7.1808 0.1995 0.2355 0.4349 -0.0360

9 0.9 8.0784 0.1097 0.1299 0.2397 -0.0202

10 1 8.9760 0.0000 0.0113 0.0113 -0.0113

Cross-Section 1
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.3989 0.0698 0.1868 0.2566 -0.1170

2 0.2 0.7979 0.1197 0.2289 0.3486 -0.1092

3 0.3 1.1968 0.1496 0.2394 0.3890 -0.0898

4 0.4 1.5957 0.1596 0.2315 0.3911 -0.0719

5 0.5 1.9947 0.1551 0.2112 0.3663 -0.0561

6 0.6 2.3936 0.1418 0.1820 0.3239 -0.0402

7 0.7 2.7925 0.1197 0.1462 0.2658 -0.0265

8 0.8 3.1915 0.0887 0.1046 0.1933 -0.0160

9 0.9 3.5904 0.0488 0.0578 0.1065 -0.0090

10 1 3.9893 0.0000 0.0050 0.0050 -0.0050

Cross-Section 2
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.2327 0.0407 0.1090 0.1497 -0.0682

2 0.2 0.4654 0.0698 0.1335 0.2033 -0.0637

3 0.3 0.6981 0.0873 0.1397 0.2269 -0.0524

4 0.4 0.9308 0.0931 0.1350 0.2281 -0.0420

5 0.5 1.1636 0.0905 0.1232 0.2137 -0.0327

6 0.6 1.3963 0.0827 0.1062 0.1889 -0.0235

7 0.7 1.6290 0.0698 0.0853 0.1551 -0.0154

8 0.8 1.8617 0.0517 0.0610 0.1128 -0.0093

9 0.9 2.0944 0.0284 0.0337 0.0621 -0.0052

10 1 2.3271 0.0000 0.0029 0.0029 -0.0029

Cross-Section 3
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.1496 0.0262 0.0701 0.0962 -0.0439

2 0.2 0.2992 0.0449 0.0858 0.1307 -0.0410

3 0.3 0.4488 0.0561 0.0898 0.1459 -0.0337

4 0.4 0.5984 0.0598 0.0868 0.1467 -0.0270

5 0.5 0.7480 0.0582 0.0792 0.1374 -0.0210

6 0.6 0.8976 0.0532 0.0683 0.1215 -0.0151

7 0.7 1.0472 0.0449 0.0548 0.0997 -0.0099

8 0.8 1.1968 0.0332 0.0392 0.0725 -0.0060

9 0.9 1.3464 0.0183 0.0217 0.0399 -0.0034

10 1 1.4960 0.0000 0.0019 0.0019 -0.0019

Cross-Section 4


image27.emf
Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0997 0.0175 0.0467 0.0642 -0.0292

2 0.2 0.1995 0.0299 0.0572 0.0871 -0.0273

3 0.3 0.2992 0.0374 0.0599 0.0973 -0.0225

4 0.4 0.3989 0.0399 0.0579 0.0978 -0.0180

5 0.5 0.4987 0.0388 0.0528 0.0916 -0.0140

6 0.6 0.5984 0.0355 0.0455 0.0810 -0.0101

7 0.7 0.6981 0.0299 0.0365 0.0665 -0.0066

8 0.8 0.7979 0.0222 0.0262 0.0483 -0.0040

9 0.9 0.8976 0.0122 0.0144 0.0266 -0.0022

10 1 0.9973 0.0000 0.0013 0.0013 -0.0013

Cross-Section 5
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0665 0.0116 0.0311 0.0428 -0.0195

2 0.2 0.1330 0.0199 0.0381 0.0581 -0.0182

3 0.3 0.1995 0.0249 0.0399 0.0648 -0.0150

4 0.4 0.2660 0.0266 0.0386 0.0652 -0.0120

5 0.5 0.3324 0.0259 0.0352 0.0611 -0.0093

6 0.6 0.3989 0.0236 0.0303 0.0540 -0.0067

7 0.7 0.4654 0.0199 0.0244 0.0443 -0.0044

8 0.8 0.5319 0.0148 0.0174 0.0322 -0.0027

9 0.9 0.5984 0.0081 0.0096 0.0178 -0.0015

10 1 0.6649 0.0000 0.0008 0.0008 -0.0008

Cross-Section 6
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0427 0.0075 0.0200 0.0275 -0.0125

2 0.2 0.0855 0.0128 0.0245 0.0373 -0.0117

3 0.3 0.1282 0.0160 0.0257 0.0417 -0.0096

4 0.4 0.1710 0.0171 0.0248 0.0419 -0.0077

5 0.5 0.2137 0.0166 0.0226 0.0393 -0.0060

6 0.6 0.2565 0.0152 0.0195 0.0347 -0.0043

7 0.7 0.2992 0.0128 0.0157 0.0285 -0.0028

8 0.8 0.3419 0.0095 0.0112 0.0207 -0.0017

9 0.9 0.3847 0.0052 0.0062 0.0114 -0.0010

10 1 0.4274 0.0000 0.0005 0.0005 -0.0005

Cross-Section 7


image30.emf
Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0249 0.0044 0.0117 0.0160 -0.0073

2 0.2 0.0499 0.0075 0.0143 0.0218 -0.0068

3 0.3 0.0748 0.0093 0.0150 0.0243 -0.0056

4 0.4 0.0997 0.0100 0.0145 0.0244 -0.0045

5 0.5 0.1247 0.0097 0.0132 0.0229 -0.0035

6 0.6 0.1496 0.0089 0.0114 0.0202 -0.0025

7 0.7 0.1745 0.0075 0.0091 0.0166 -0.0017

8 0.8 0.1995 0.0055 0.0065 0.0121 -0.0010

9 0.9 0.2244 0.0030 0.0036 0.0067 -0.0006

10 1 0.2493 0.0000 0.0003 0.0003 -0.0003

Cross-Section 8
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0111 0.0019 0.0052 0.0071 -0.0032

2 0.2 0.0222 0.0033 0.0064 0.0097 -0.0030

3 0.3 0.0332 0.0042 0.0067 0.0108 -0.0025

4 0.4 0.0443 0.0044 0.0064 0.0109 -0.0020

5 0.5 0.0554 0.0043 0.0059 0.0102 -0.0016

6 0.6 0.0665 0.0039 0.0051 0.0090 -0.0011

7 0.7 0.0776 0.0033 0.0041 0.0074 -0.0007

8 0.8 0.0887 0.0025 0.0029 0.0054 -0.0004

9 0.9 0.0997 0.0014 0.0016 0.0030 -0.0002

10 1 0.1108 0.0000 0.0001 0.0001 -0.0001

Cross-Section 9
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Cross-Section Splits x/c x Camber Line Height (m) Thickness Distribution (yt)y(upper) y(lower)

0 0 0.0000 0.0000 0.0000 0.0000 0.0000

1 0.1 0.0010 0.0002 0.0005 0.0006 -0.0003

2 0.2 0.0020 0.0003 0.0006 0.0009 -0.0003

3 0.3 0.0030 0.0004 0.0006 0.0010 -0.0002

4 0.4 0.0040 0.0004 0.0006 0.0010 -0.0002

5 0.5 0.0050 0.0004 0.0005 0.0009 -0.0001

6 0.6 0.0060 0.0004 0.0005 0.0008 -0.0001

7 0.7 0.0071 0.0003 0.0004 0.0007 -0.0001

8 0.8 0.0081 0.0002 0.0003 0.0005 0.0000

9 0.9 0.0091 0.0001 0.0001 0.0003 0.0000

10 1 0.0101 0.0000 0.0000 0.0000 0.0000

Cross-Section 10
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[Secton properties of Sketch of Aerofoil

|area = 6560804323675 millmeters2

(Centroid rlatve to sketch origin: milimeters )

¥ = 28067112659

(rillmeters)

Y= 28067112650

7= 000000000
[Moments ofinetia of the area, t the centroid:( millmeters * 4)

Lix = 451952269787.00207520 Ly = 509403511102

Lyy = 2846155936263

L2z = 2091351163241

IPolar moment of inertia o the area,atthe centroid

591351163242000781250 millin
|Angie betueen principal axes and sketch axes = 0.10420190 degrees.
[Principal moments of nerta ofthe area, at the centroid  milimeters » 4)

M = 451859626182.68762207
My = 2846165200623098828125
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