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[bookmark: _Toc170473982]Introduction
Kiteboarding is a high intensity water sport where riders rely on winds to catch their kite and pull them through the water, riders aim to go the fastest and highest they can for the thrill (Figure 1). To achieve optimal performance and safety, kiteboarders require equipment that is extremely efficient and aerodynamic. This report focuses on fluid in kiteboarding, including a brief history of the sport and what fluid flow is, how it effects the kiteboard and what design consideration can be implemented to combat weaknesses such as turbulence and boundary layer separation. 
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[bookmark: _Toc170476391]Figure 1 - Kiteboarder (Vista, 2024)
Additionally, different materials are considered for the build of a kiteboard and how materials such as Carbon fibre reinforced plastics can be use to improve the kiteboard and the riders experience. The attributes are then confirmed by the discussion of Fluid analysis simulation and real world prototype testing such as wind tunnels and how the two can be compared and contrasted. 
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[bookmark: _Toc170473983]Task 1 
[bookmark: _Toc170473984]Reynalds Number
“The term Reynolds number is the ratio of inertia force to the viscous force present in the fluid. It is denoted by the symbol Re.” (Patrik, 2021) Reynalds number can be used to determine whether the fluid flow is turbulent or laminar in different situations. 
Turbulent flow - turbulent flow or turbulence is a phenomenon that occurs when a fluid, such as water or air, moves in an irregular and chaotic manner. It is characterised by the formation of eddies and vortices within the fluid. Instead of travelling in parallel paths, fluid particles collide and mix, resulting in eddies and disturbances. Turbulent flow is usually caused by low-viscosity fluids moving at high speeds. (Bhuyan, 2023)
Laminar flow - Laminar flow is a type of fluid flow in which particles move smoothly and uniformly. Every fluid particle follows the same trajectory as its predecessor. (Bhuyan, 2023a)
[image: ][image: ]Laminar flow in ocean waves refers to smooth, mild, and orderly waves that occur in calm conditions (Figure 2), whereas turbulent flow refers to rough, chaotic, and strong waves that occur during storms or high winds (Figure 3).[bookmark: _Toc170476392]Figure 2 - Turbulant Sea (Scantlebury, 2024)
[bookmark: _Toc170476393]Figure 3 - Laminar Sea (WallpaperPro, 2024)




[bookmark: _Toc170473985]Estimating Reynalds number 
By Calculating Reynolds number, the fluid flow state can be determined. If the Reynolds number is greater than  the fluid flow is considered turbulent, if it is lower it is considered laminar. 

Velocity (m/s) – u
The average kitesurfer needs 12mph winds (Tuckwood, 2023). The kitesurfer can then travel up to twice that speed (24mph). However, as the water surrounding the board is being calculated, it must be relative velocity. Assuming that the kitesurfer is on the sea and riding against the currents which is moving at 1.5m/s, the relative velocity is 10.73 + 1.5 = 12.23m/s
Significant Length (m) – 
The significant length for this is the board length. The board length is determined by the riders weights, in this case the weight of the rider is 70kg with an average board length of 1.35m (Tuckwood, 2023).
Density (kg/m³) – 
The density of seawater is relative to the temperature of the sea. In June the average temperature of South Wales seawater is 15°C (LtTemp, 2024). From this temperature we can assume that the desity of South Wales sea water is 1026 Kg/m³ (The Engineering ToolBox, 2019)
Dynamic viscosity (kg/m.s) – 
With another reference to the sea temperature, we can assume the dynamic viscosity of seawater is 0.00122Kg/m.s (The Engineering ToolBox, 2019).

	13885059.84 / 138x
From this Reynalds number we can assume that the water around the kitesurfing board is turbulent. 


[bookmark: _Toc170473986]Task 2
The boundary flow around the kiteboard is the interaction between the fluid (the sea water) and the surface of the board. This interaction has a strong influence on the boards performance such as its speed, manoeuvrability and stability. With such influences it is important to understand boundary flow with the thought how it relates to the separation, turbulence and overall design of the board (Figure 4). 
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[bookmark: _Toc170476394]Figure 4 - Boundary Flow Diagram (tec-science, 2020)
[bookmark: _Toc170473987]Boundary Layer
When fluid flows over the kiteboard's surface, a thin layer of fluid adjacent to it behaves differently than fluid further away. This thin layer is referred to as the boundary layer. Within the boundary layer, the fluid velocity varies from zero at the surface (due to the no-slip condition) to free-stream velocity at the layer's outer edge (Landau and Lifshit︠s︡, 1995). The properties of the boundary layer are critical in determining the overall flow behaviour across the board.
[bookmark: _Toc170473988]Flow Separation
Flow separation occurs when the boundary layer detaches from the board's surface. This typically occurs when fluid particles near the surface slow significantly due to adverse pressure gradients (areas where pressure increases in the flow direction) (Landau and Lifshit︠s︡, 1995). When the boundary layer is unable to overcome the adverse pressure gradients, it separates from the surface, resulting in the formation of vortices and turbulent wake behind the board.
Flow separation is generally undesirable because it increases drag and decreases lift, lowering the board's performance. The kiteboard's design aims to minimise flow separation in order to maintain a smooth and efficient flow across the surface. 
[bookmark: _Toc170473989]Turbulence
Turbulence in the boundary layer impairs kiteboarding performance by increasing drag, lowering speed and efficiency. It can also fluctuate forces on the board, making control and stability more difficult for the rider. Turbulence can also cause increased vibration and noise, reducing rider comfort and potentially increasing board wear. (White, 2017)

[bookmark: _Toc170473990]Design Considerations
The board's design aims to optimise the interaction between the boundary layer and the board surface, reducing the negative effects of flow separation and turbulence. The board can achieve higher speeds, greater stability, and better control by maintaining attached flow for as long as possible and effectively managing the transition to turbulence. This kiteboard will have been designed around these aspects: 
[bookmark: _Toc170473991]Streamlined Shape
The kiteboard is designed with a streamlined shape to allow water to flow smoothly around it. A streamlined shape reduces adverse pressure gradients, which aids the attached flow and delays separation. The board's nose and tail are typically shaped to minimise abrupt changes in flow direction, lowering the possibility of flow separation (mceachern, 2024).
[bookmark: _Toc170473992]Surface Smoothness
The kiteboard's surface is kept as smooth as possible to minimise frictional drag and maintain laminar flow within the boundary layer. Laminar flow, defined by smooth fluid motion, has less drag than turbulent flow. Surface coatings and finishes are optimised for improved smoothness and hydrodynamic performance (Smith, 2014).
[bookmark: _Toc170473993]Concave and Rocker
The concave (curvature across the width of the board) and rocker (curvature along the length of the board) are both important design elements. A moderate rocker allows the board to rise and glide over the water, lowering drag and increasing manoeuvrability. Concave shapes can help channel water flow more efficiently, increasing lift and stability. (Smith, 2014)
[bookmark: _Toc170473994]Edge Design
The kiteboard's edges are specifically designed to effectively manage flow separation. Sharp, well-defined edges can help shed vortices in a controlled manner, lowering turbulent wake and drag. These edges are especially useful for maintaining grip and control during turns and manoeuvres. (mceachern, 2024)

[bookmark: _Toc170473995]
Task 3
Carbon fibre-reinforced plastic (CFRP or CRP) is a composite material made up of a polymer matrix reinforced with carbon fibres (Figure 5). It combines the high strength and stiffness of carbon fibres with the lightweight and flexible features of the plastic matrix to create a material that is strong, light, and versatile. (Masuelli, 2013).
[image: ]
[bookmark: _Toc170476395]Figure 5 - Polymer Matrix with Carbon Fibres (Researchgate, 2023)
[bookmark: _Toc170473996]Implications of CFRP
Using carbon fiber-reinforced plastic (CFRP) in kitesurfing boards improves performance in a variety of ways, including increased strength, reduced weight, customisable flexibility, and greater stability and control.
First, CFRP significantly improves the strength and longevity of kitesurfing boards. The material's high tensile strength enables the board to withstand the harsh stresses and impacts typical in kitesurfing. This covers the force required to land from jumps and the impact of collisions. As a result, CFRP boards are less prone to sustain structural damage such as dents, cracks, or delamination, which are frequent on boards made of traditional materials such as wood or fibreglass. This increased durability extends the board's useful life, ensuring that it stays functional and efficient for a longer duration (ClubTechnical, 2018).
Another key advantage of CFRP is its lightweight design. CFRP boards are significantly lighter than conventional boards. This weight decrease considerably improves manoeuvrability, allowing riders to perform tricks and control the board throughout difficult manoeuvres. The reduced weight of a CFRP board can be especially useful to kitesurfers who compete in freestyle and wave riding events. Reduced weight also results in faster acceleration and easier handling. Riders can better utilise the power of their kite, resulting in faster speeds and more accurate control over their motions. (Johnson, 2019)
CFRP also provides fine control over the board's flex characteristics. Manufacturers can create boards with specific flex patterns that cater to different riding styles and situations. For example, a board can be designed to be stiffer in the middle for greater control and softer at the tips for smoother turns. This level of customisation improves the board's responsiveness, allowing it to rapidly and precisely transform the rider's input into action. This responsiveness is critical for doing technical feats and making quick directional changes, both of which are necessary skills in kitesurfing (ClubTechnical, 2018).
The stiffness of CFRP improves both stability and control. The material provides a sturdy base, particularly in choppy water, allowing riders to maintain control at high speeds and during violent manoeuvres. The rigidity of a CFRP board ensures improved edge hold, which is essential for upwind riding and carving. This enhanced stability enables riders to keep a solid grip on the water's surface, which improves overall performance and safety. (Johnson, 2019)
[bookmark: _Toc170473997]Historical development
[bookmark: _Toc170473998]Early Developments
Kiteboarding got started in the late 1970s and 1980s, with modified surfboards made of wood or foam cores covered in fibreglass. (Kuch, 2024)
[bookmark: _Toc170473999]1990s Advancements
The sport gained popularity in the 1990s, prompting innovations in board design that used lighter, stronger materials such as fibreglass and epoxy to improve performance and longevity. (Kuch, 2024)
[bookmark: _Toc170474000]Introduction of Carbon Fiber
Carbon fibre reinforced plastic (CFRP) made its first appearance in kiteboards in the early 2000s. CFRP's superior strength-to-weight ratio improved board stiffness, responsiveness, and performance, allowing for thinner, lighter boards while maintaining strength. However due to it being a new design it was not available to everyone due to the cost (Figure 6). (Khasturi, 2023)
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[bookmark: _Toc170476396]Figure 6 - Carbon Fibre Kiteboard - (SPLEENE Kiteboarding, 2024)
[bookmark: _Toc170474001]Current State
CFRP is now the industry standard for high-performance kiteboards due to its advanced manufacturing techniques and customisable properties. This material has significantly improved the board's agility and durability.
[bookmark: _Toc170474002]Future Developments
Future advancements are likely to improve the use of carbon fibre and other advanced composites, incorporating smart materials and optimising aerodynamic and hydrodynamic properties. There is also an increasing emphasis on sustainable and environmentally friendly materials. (Khasturi, 2023)



[bookmark: _Toc170474003]Task 4
Simulating the fluid dynamics around a kiteboard and analysing the forces acting on its structure calls for advanced modelling techniques such as Computational Fluid Dynamics (CFD), Finite Element Analysis (FEA), and Fluid-Structure Interaction (FSI) (Figure 7). These methods provide valuable information into how the board interacts with water and air, however they all have their disadvantages.  
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[bookmark: _Toc170476397]Figure 7 - Fluid Dynamics Simulation of Surfboard - (AnneMarie, 2021)
[bookmark: _Toc170474004]Computational Fluid Dynamics (CFD)
A CFD creates a 3D model of the kiteboard and surroundings. By dividing the models cells its able to solve Navier-Stokes equations using turbulence models. It simulates real-world conditions such as water flow and air interaction, providing information on lift, drag, and flow patterns.
CFD provides detailed insights into complex fluid behaviours surrounding the kiteboard, which is critical for optimising aerodynamics and hydrodynamics. However, CFD simulations can be time-consuming and computationally intensive, particularly for high-fidelity models with fine resolution (Ansys, 2023).
[bookmark: _Toc170474005]Finite Element Analysis (FEA)
An FEA simulates the kiteboard's structure, including material properties, using a mesh of finite elements. It analyses striains, stressed and displacements using CFD simulation forces. This aids in predicting structural response under various loads, thereby ensuring durability and optimal performance.
[bookmark: _Toc170474006]FEA accurately predicts structural behaviour, allowing designers to improve the board's strength and performance under fluid forces. However, the FEA requires accurate material properties and boundary conditions, which can sometimes be difficult to define (English, 2019).
Fluid-Structure Interaction (FSI)
FSI combines CFD and FEA to examine the mutual influence of fluid flow and structural deformation. It uses coupled simulations in which fluid forces deform the structure and vice versa. Iterative solving ensures an accurate representation of how fluid dynamics influence the kiteboard's structural behaviour and performance.
FSI provides a thorough understanding of the dynamic interactions between fluid and structure, which is critical for designing flexible and resilient kiteboards. However, FSI simulations are computationally and technically demanding, needing an experts interpretation and set-up, which can extend development time and costs (www.comsol.com, 2017).
These simulations significantly improve kiteboard design. They improve aerodynamics, durability under fluid forces, and overall performance to provide safer and more efficient kiteboarding experiences.
[bookmark: _Toc170474007]
Estimation of forces
Forces that will be exerted on a kiteboard when in use include Hydrodynamic (interaction with water) and aerodynamic (interactions with air) forces. Both these forces have lift and drag that can be estimated. To estimate these assumptions, need to be made of the conditions to calculate the equations. These assumptions are: 
Velocity (V) – Relative velocity of the board – 12.23m/s
Air Density (pa) – Air desity at 18*c – 1.208kg/m3
Water Density (pw) – Sea Water density at 15*C – 1026Kg/m3
Lift coefficient (CL) – Similar geometries – 0.5
Drag Coefficient (CD) – Average for streamile object – 0.1 
Referenced area for air (A) – Area exposed to airlow – 0.5m2
Hydrodynamic lift coefficient (CLW) – Ability to lift in water – 0.7
Hydrodynamic drag coefficient (CDW) – Board characteristics affecting drag – 0.15
Reference are for water (Aw) – Area where hydrodynamic forces are exerted - 0.3m2

Aerodynamic lift and drag:
Aerodynamic lift – 


Aerodynamic Drag – 


Hydrodynamic Lift and Drag: 
Hydrodynamic Lift - 


Hydrodynamic Drag = 





[bookmark: _Toc170474008]Task 5 
[bookmark: _Toc170474009]Prototype Testing 
Prototype testing is still essential for understanding fluid flow and forces because it provides direct insights into how designs interact with air or water in real-world settings. Unlike theoretical models or simulations, prototype testing validates assumptions and demonstrates actual performance characteristics, which are critical for optimising design parameters while also ensuring operational efficiency and safety.
A wind tunnel (Figure 8) is a controlled testing environment in which air flows over objects at specific speeds and conditions. It is made up of a test section in which the object (such as a kiteboard) is mounted, paired with a powerful fan that produces airflow. Wind tunnels are ideal for kiteboarding because they can precisely measure aerodynamic forces such as lift and drag at various wind speeds and angles. This controlled environment enables the users to methodically analyse the aerodynamic performance of kiteboards and make data-driven design improvements (NASA, 2017).
[image: ]
[bookmark: _Toc170476398]Figure 8 - Example of Wind Tunnel - (Jones, 2013)
Several key steps are required when measuring fluid flow and forces in a wind tunnel:
[bookmark: _Toc170474010]Instrumentation
Pressure taps and strain gauges can be attached to the prototype kiteboard as well as the use of flow visualisation techniques (Smoke or dye injection).
[bookmark: _Toc170474011]Data Collection
Once the wind tunnel fan generates airflow, these sensors collect real-time data on characteristics like pressure distribution throughout the board's surface, structural stresses caused by aerodynamic forces, and airflow pattern visualisation.
[bookmark: _Toc170474012]Analysis
The obtained data can then be used to calculate aerodynamic forces like lift and drag coefficients. Factors such as boundry layer behaviour and turbulance lvels can also be evaluated. 
The board properties have a considerable impact on kiteboard wind tunnel testing outcomes. The stiffness, weight, and aerodynamic properties of the board are affected by the materials used, such as fibreglass, carbon fibre, or composites. Stiffer carbon fibre boards, for example, may have different aerodynamic properties than more flexible fibreglass boards. Furthermore, weight distribution and surface finish can influence boundary layer development and flow separation, affecting the aerodynamic forces recorded in the wind tunnel (Lum, 2017). These material qualities and design aspects to can be used to analyse test findings and make informed decisions about kiteboard performance and design efficiency.
Because wind tunnels offer empirical validation for numerical simulations, they are correlated with Computational Fluid Dynamics (CFD). Based on input parameters, CFD predicts fluid flow behaviours and aerodynamic forces using intricate mathematical models. By delivering real-world data, wind tunnel testing confirms these simulations and guarantees the precision and dependability of CFD forecasts. On the other hand, by providing insights into flow processes that may be costly or challenging to assess experimentally, CFD simulations supplement wind tunnel experiments. The aerodynamic performance of kiteboards can be optimised by combining wind tunnel testing and computational fluid dynamics (CFD), which improves design efficiency, stability, and control.

[bookmark: _Toc170474013]Conclusion
The complex interactions between fluid dynamics and material science in the development of high-performance kiteboards have been brought to light by this report. The analysis of the Reynolds number demonstrated how important it is for forecasting flow behaviour, which has a big impact on aerodynamic forces like lift and drag. Comprehending these forces is essential to maximising the board's stability and effectiveness.
The significance of controlling flow separation and turbulence was demonstrated by the research of boundary layer dynamics. Better control and improved kiteboard performance are partly attributed to design elements that reduce these impacts. It has been demonstrated that using carbon fibre reinforced plastic, or CFRP, has several advantages. These include improved durability, higher stiffness, and a better strength-to-weight ratio. This selection of materials promises more performance increases as kiteboard technology continues to progress.
The use of sophisticated modelling methods to forecast fluid flow and structural responses, such as Finite Element Analysis (FEA) and Computational Fluid Dynamics (CFD), was highlighted. But empirical validation via prototype testing is what makes them effective. To ensure that theoretical models match real performance outcomes, wind tunnel tests were suggested as a means of collecting precise data.
All things considered, the foundation of contemporary kiteboard design is the combination of advanced simulations, cutting-edge materials, and empirical testing. This all-encompassing method pushes the limits of kiteboarding technology while improving performance and safety.
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