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[bookmark: _Toc170635724]Abstract
This report investigates the fluid dynamics of kiteboarding, focusing on the flow of fluid around a twin-tip kiteboard. The main objectives include estimating the Reynolds number, analysing the boundary layer, evaluating the use of carbon fibre as a building material, and exploring the available modelling and prototyping techniques. The high Reynolds number indicates a turbulent flow, increasing the drag experienced by the board. The boundary layer analysis explores the impact of board shape and fins on flow separation. Carbon fibre is suitable for the skin due to its superior mechanical properties. This report will also discuss modelling techniques and their application to kiteboard design. The experimental procedures proposed include using a towing tank to replicate real-world conditions and strain gauges to collect data and validate the computational models.
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[bookmark: _Toc170635730]Background Information
Kiteboarding is a niche water sport that is growing in popularity in the UK and abroad. It will appear for the first time at the Olympics in Paris 2024 (Olympics, 2018; Olympics, 2024). Some expect this debut to impact the kiteboarding equipment market. One recent report claims the market size will increase by $293.4 million by 2028 (TechNavio, 2024). According to surveys, there has been a rise in individuals only kiteboarding in the UK. The Nursery Research & Planning (2022, 2023) claims it has risen from 36% to 53% from 2020 to 2022.

In his patent, Panhuise (1977) proposed an early idea of using a kite to move across the water. It suggests using a parachute-like device as a water sports training aid. Roesler and Roesler (1994) developed this idea with their patented kite ski equipment. Franz Olry (Gratwick, 2023) invented the twin-tip, the most popular board type still in use today. It is symmetrical on both ends, as shown in Figure 1, so riders can maintain a stance regardless of direction. The twin-tip is a good board for beginners.
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[bookmark: _Toc170634327]Figure 1 Kiteboarding with a Twin-Tip Board (Olympics, 2018)

Kiteboarding uses fluid dynamics principles. It requires a kite, a board, wind, and a body of water. Gratwick (2023) explains that it relies on hydroplaning, which starts at 10 knots. First, the kite generates lift, allowing the rider to mount the board. As the board moves and displaces the water, it produces drag. But, as the speed increases, it starts to plane, increasing lift and reducing drag.

[bookmark: _Toc170635731]Purpose of the Report and Assumptions
This report will assess the fluid flow of a kiteboard. It will focus on the following tasks:
1. Explain the Reynolds number and estimate its value.
2. Examine how boundary flow affects performance.
3. Discuss the effects of using carbon fibre in this application.
4. Speculate what modelling techniques are most appropriate.
5. Consider what experiments could confirm model accuracy.

This report simplifies the dynamics of a kiteboard by making some assumptions. These assumptions help to create a controlled scenario and reduce complexity. First, due to its popularity and simple design, the board under analysis will be the twin-tip. The following assumptions will also apply to the appropriate tasks:
· Steady-state conditions.
· The fluid does not compress.
· Uniform flow.
· Twin-tip kiteboards are flat plates.
· The board is travelling downwind.


[bookmark: _Toc170635732]Reynolds Number (Task 1)
[bookmark: _Toc170635733]Importance in Fluid Flow Analysis
The Reynolds number is the ratio of inertial to viscous forces (Matthews, 2012). Equation (1) expresses this relationship, as Wang (2023) states it. The inertial force consists of density, velocity, and characteristic length. The viscous force represents the dynamic viscosity. Knowing the Reynolds number is crucial as it indicates if the flow type is laminar or turbulent. Gratwick (2023) outlines the kiteboarding styles, all sharing two needs: speed and stability. Turbulent flow impacts a board's ability to move through the water, to the detriment of the surfer.
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Matthews (2012) and Wang (2023) state that the critical Reynolds number is 2000 to 2300 Re. The transition from laminar to turbulent occurs within this range. The sources do not mention how geometry can also have an effect. A twin-tip kiteboard has a slight curve in its design but is still rectangular for the most part. Thus, this report will assume the board to be a flat plate to estimate the Reynolds number. This decision simplifies the following calculations and will provide an approximate value. Nuclear Power (2024) states this will increase the critical number to 500,000 Re.

[bookmark: _Toc170635734]Estimating the Reynolds Number
Kiteboarding is most prevalent along coastlines (Gratwick, 2023; Welsh Government, 2024). Seawater's density is higher than water's due to salt and other substances (Webb, 2023). Thus, this section will assume an average fluid density of 1025 kg/m³ and that water is incompressible. This assumption is reasonable due to water's ability to resist compression (Wang, 2023). Dynamic viscosity in water at 20ºC is 0.001 Pa-s and is acceptable as is (The Engineering Toolbox, 2003; White, 2021). These values cover the parameters associated with the fluid.

The flow velocity and characteristic length will vary from user to user. For example, more experienced athletes can reach higher speeds than beginners. According to Cawte (2020), the average twin-tip rider will cruise between 15 to 25 mph. These speeds are reasonable, as hydroplaning occurs at approximately 11.5 mph (Gratwick, 2023). Meanwhile, the board length will vary based on personal preference, with size charts ranging from 120 to 140 cm (Pastor, 2017). Once averaged and converted to SI units, the velocity is 8.95 m/s, and the characteristic length is 1.25 m. Table 1 summarises these parameters.

	Parameter
	Notation
	Value

	Fluid Density (kg/m³)
	
	1025

	Dynamic Viscosity (Pa-s)
	
	0.001

	Velocity (m/s)
	
	8.95

	Characteristic Length (m)
	
	1.25



[bookmark: _Toc170634328]Table 1 Parameters for the Reynolds Number (Author’s table)

Substituting these values into equation (1) will yield the following unitless number:




The result for this calculation shows a high Reynolds number of 1.146 x 10^7 or 11,460,000. Since the number exceeds 500,000 Re, the flow around the kiteboard will likely be turbulent. Due to the high speeds of the board and low viscosity of the water, this is normal. A turbulent flow will produce more drag than laminar. This knowledge allows designers to optimise the board to increase lift and reduce friction.


[bookmark: _Toc170635735]Boundary Flow (Task 2)
[bookmark: _Toc170635736]Introduction to the Concept
As the kiteboard moves across the water, a thin boundary layer forms near the surface (Wang, 2023). Al-Shemmeri (2012) and Matthews (2012) discuss how water velocity increases from zero at the surface to the free stream velocity. Due to this effect, the boundary layer experiences a lower velocity than the main flow. Due to a low local Reynolds number, this layer starts as laminar at the leading edge. But, as it flows over the length, it can transition to a turbulent flow and detach from the surface. Equation (2) determines the transition distance (Nuclear Power, 2024).
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This calculation suggests the flow will become turbulent at 54.5 mm from the leading edge. Equations (3) and (4) calculate the local Reynolds number and boundary layer thickness (White, 2021). Since Equation (4) only applies to the laminar region, the "x" variable is fifty millimetres. These calculations continue to assume the board is a flat plate. Kiteboards have curved surfaces, but this will provide an initial estimate.

	
	
	[bookmark: _Toc170634331](Equation 3 Local Reynolds Number)




	
	
	[bookmark: _Toc170634332](Equation 4 Laminar Boundary Layer Thickness)




Like surfboards, kiteboards experience both aerodynamic and hydrodynamic forces. However, the airflow over the top of the board is negligible due to the difference in dynamic viscosity. Water is 0.001 Pa-s, and air is 1.983 x 10^-5 Pa-s, exerting a more immense shear stress on the board (The Engineering Toolbox, 2003; Michael Smith Engineers, 2024). Designers aim to reduce drag and affect layer formation.

[bookmark: _Toc170635737]Flow Separation and Design Considerations
The velocity gradient increases when the kite pulls the board through the water due to the difference in flow speed between the board's surface and the main flow. According to the Bernoulli principle, pressure must increase if speed decreases (Johnson, 2020). The boundary layer slows down when pressure increases in the flow direction (SurfHydrodynamics, 2023). This adverse pressure gradient causes the flow to separate from the board's surface. Leading to turbulence and drag.

Kiteboard designers influence the point at which separation occurs through the shape of the board and the placement of the fins. The rocker refers to the curve along the length of the board (Gratiwck, 2023). The curvature depends on the rider's experience and will influence the flow characteristics. Participants consider low rockers the most efficient in choppy waters (Laurinaityte, 2023). This belief is likely due to a low-pressure gradient, like what a flat plate experiences. With a strong rocker, flow speeds up and slows down as it navigates the curve (AirShaper, 2021). These speed changes create an adverse pressure difference that can lead to separation of flow, turbulence, and increased drag.

Another factor to consider is the inclusion of fins, which help to provide lateral lift to stabilise the board (Harris, 2022). But, in exchange, the board will experience more drag. Cabrinha (King of Watersports, 2024) creates dimpled fins to impact the boundary layer. The pattern creates turbulent regions, which delay separation and reduce drag, like a golf ball (Golf Care, 2023).


[bookmark: _Toc170635738]Kiteboard Construction (Task 3)
[bookmark: _Toc170635739]Developments in Manufacturing
Modern kiteboards need speed, durability and manoeuvrability on the water surface. Designers achieve these properties by integrating advanced materials and construction techniques. Manufacturers often produce boards using a sandwich structure (Appletree Surfboards, 2024). This design consists of a lightweight core between two thin but stiff faces and is ideal for sports equipment by reducing weight while maintaining structural integrity (Crameri, Stojcevski, and Usma-Mansfield, 2023). Based on production volume, there are two popular choices for manufacturing boards. Both involve layering materials and forms to create complex shapes.

Fibreglass Supply (2022) uses vacuum bagging to apply pressure during drying. This method is cost-effective for low-production runs but unsuitable for scaling, as each board can take up to three days to cure. Instead, DUOTONE Kiteboarding (2020) uses hydraulic presses to shape and cure the resin through heat. This method is ideal for high-volume production but is more costly to set up. The company must invest in machinery and create the custom shaping elements.

[bookmark: _Toc170635740]Performance Implications of Carbon Fibre
Carbon fibre is an advanced fibre known for having good mechanical properties. These include low density, high strength, and stiffness (Öchsner and Altenbach, 2020). Carbon fibre-reinforced plastic (CFRP) uses fibre as a reinforcement and a polymer as a matrix (Sharma, 2021). When used in kiteboard construction, CFRP shows the potential to improve performance. Gratwick (2023) suggests CFRP boards allow riders to use smaller kites. His observations are likely due to the boards needing less propulsion energy from the kite, making it easier to maintain speed and lift. Crameri, Stojcevski, and Usma-Mansfield (2023) explore the performance of sandwich composites in surfboards. Their research supports using carbon fibre after finding it the strongest composite reinforcement for sandwich facing.

Kiteboarding is demanding, putting strain on the rider and the board. Thus, the materials must be strong enough to handle the forces and conditions. CFRP is a good choice due to its low thermal expansion and high fatigue strength (Wiedemann, 2023). These properties help to maintain dimensional stability and repeated loadings. Despite the many mechanical benefits of the material, there are some drawbacks. According to Öchsner and Altenbach (2020), CFRP can be expensive and abrasive. Also, current trends need workers to prepare and place the layers by hand. New options are now becoming available due to advancements in robotics, artificial intelligence, and the shift towards Industry 4.0. Fraunhofer IGCV (2020) are using robotic arms to deposit layers of CFRP onto moulds. These technologies could replace the hand lay-up processes, and manufacturers could opt for automation. Unfortunately, it may not be appropriate for kiteboarding equipment as automated fibre placement is costly and currently reserved for large structures (Burke, Nguyen, and Tretiak, 2023). Instead, other watersports that utilise larger crafts might benefit from it, like sailing or water boating.

Intentionally left blank; see next page.
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[bookmark: _Toc170635742]Computational Models
Computational fluid dynamics (CFD) is a tool for solving complex fluid flow (Crahmaliuc, 2023). The technology uses the Navier-Stokes equation to describe fluid motion (DMS Marine Consultant, 2019). Recently, Porsche AG (2023) used the software to predict the shear stress distributions in the boundary layer of a surfboard. By doing this, they improved performance by reducing pressure and drag.

Applying CFD to kiteboards could also improve hydroplaning performance. As Quadco Engineering (2024) explored, there are several advantages to using CFD for hydrodynamic analysis. Engineers can tailor the simulations to specific conditions. It enables evaluation under various temperatures, speeds, and angles of attack. Additionally, CFD can predict the different forces acting on a kiteboard from the fluid, such as drag and lift. This flexibility and accuracy empower designers to optimise board design to maximise performance. Based on Gratwick's (2023) guidance on kiteboarding, the following are optimisable using CFD:
· Rocker curvature for optimal lift-to-drag ratio based on the board's use.
· Channel shape and placement to direct the flow of water under the board.
· Fin size and placement can maximise stability and control flow separation.

Despite the potential, there are some disadvantages to CFD. The computational power needed to run the simulation depends on mesh resolution and boundary conditions (Autodesk, 2023). For the most accurate results, a powerful rig is necessary. However, there are some simplifications to increase computation speed while sacrificing accuracy. Only half the model is necessary if the flow is steady, as twin-tip boards are symmetrical (Smith, 2016). Steady flow is a reasonable assumption when travelling downwind. But will not consider any rotational variations. Another issue is the potential for operator error due to the need for knowledge of fluid dynamics to recreate real-world scenarios.

[bookmark: _Toc170635743]Mathematical Models
Mathematical models can provide approximate estimates of the forces acting on a kiteboard. This method uses mathematics and relations to represent and predict real-world behaviour (ElevatEd, 2023). It is much cheaper than CFD, but it is only helpful in the preliminary analysis stages and supports the CFD and experimental process. The models often make simplifications, affecting prediction accuracy.

Kiteboards experience drag and lift forces during operation (Gratwick, 2023). The following calculations will use empirical data and the parameters in Table 1 to estimate these forces. The Engineering Toolbox (2004) details Equation (5), representing the drag forces. The drag coefficient must be an approximation for this report since the value results from experimentation (Benson, 2024). The value 0.005 seems appropriate and matches the common drag coefficient of a turbulent flat plate (The Engineering Toolbox, 2004). The variable "A" represents the characteristic frontal area of the body and will be the wetted area of the board. To simplify the calculations, this will be the surface area of a typical kiteboard but would vary depending on the angle of attack in the real world.
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The calculations estimate a drag force of 128 newtons, meaning the kite must provide a greater propelling force. SurfHydrodynamics (2023b) mentions surfboards experiencing drag forces of 130 newtons. While these boards are different, the construction and usage are similar, so this estimate seems reasonable. The lift force equation is also relevant here but requires the lift coefficient instead (The Engineering Toolbox, 2010). Unfortunately, no specific data is available to estimate the lift force for this application.


[bookmark: _Toc170635744]Prototype Testing (Task 5)
[bookmark: _Toc170635745]Experimental Procedure
Following the computational simulation, the production of a prototype is essential for testing. The experiments will help to understand the fluid flow and correlate the data with the CFD model. Doing so will help verify the model setup and confirm any assumptions. It is also essential that the materials of the prototype board match the simulations. Otherwise, the material roughness might affect the drag force.

The experiment will take place need to replicate real-world conditions. For this, a towing tank like the one used by the University of Southampton (2024). Since towing tanks tend to be large, scale models are unnecessary, and the prototype can be the intended size. Working with the correct measurements simplifies testing by using parameters that match the intended use case without adjusting for size differences. Testers will repeat the experiment while varying the speed and angle of attack, as the tanks can produce waves and sway the prototype during towing (DMS Marine Consultant, 2019b). Some tanks can tow up to 10 metres per second, which is enough to gauge the average speed used in this report (Sintef, 2024).

[bookmark: _Toc170635746]Data Collection and Correlation
These experiments aim to collect quantitative data to correlate and verify the CFD model. One option to achieve this is to install strain gauges into the board. These devices will allow continuous recordings of the various forces during operation (Glenn Research Center, 2023). Strain gauges will help confirm the CFD predictions about drag under fluctuating loads from the waves. Also, it is possible to visualise the fluid flow pattern by injecting a dye into the water (Skow, 2020). Dye will not provide quantitative data but might offer valuable insights into the type of flow around the board. Once the experiments conclude, simulators can compare the results with the simulations. If they do not correlate, the models will need refinement based on the data. If necessary, they will revisit the prototyping stage for further correction.


[bookmark: _Toc170635747]Conclusion
This fluid analysis explores how the design of a kiteboard impacts its performance. The high Reynolds number confirms a turbulent flow around the board, producing more drag than a laminar flow. The boundary layer emphasises the importance of the rocker and fin placement in delaying flow separation. Carbon fibre is a valuable material for increasing performance due to its mechanical properties. Although a powerful simulation device, CFD requires sound knowledge and result validation. A prototype would be necessary for experimentation, using a towing tank and strain gauges. Overall, this report explores how advanced materials, manufacturing, and modelling techniques can optimise the performance of a kiteboard. In the future, it would be interesting to conduct a CFD and research the use of sustainable materials in kiteboard construction. As the sport grows, promoting an environmentally sustainable product becomes more important.


References
AirShape (2021) Flow Separation – Boundary layer separation explained [video]. Available at: https://www.youtube.com/watch?v=HfICmKv9SzE&t=100s (Accessed: 26 June 2024).
Al-Shemmeri, T (2012) Engineering Fluid Mechanics. London: Ventus Publishing,
Appletree Surfboards (2024) Kiteboard technology. Available at: https://appletreesurfboards.com/kiteboard-technology/ (Accessed: 27 June 2024).
Autodesk (2023) How to reduce time necessary to finish simulation in Autodesk CFD? Available at: https://www.autodesk.com/support/technical/article/caas/sfdcarticles/sfdcarticles/How-to-speed-up-simulation-convergence-in-Autodesk-CFD.html (Accessed: 28 June 2024).
Benson, T. (2024) The Drag Equation. Available at: https://www.grc.nasa.gov/www/k-12/VirtualAero/BottleRocket/airplane/drageq.html (Accessed: 29 June 2024).
Burke G., Nguyen D.H., and Tretiak, I. (2023) ‘Real-time Quality Control in Automated Fibre Placement using Artificial Intelligence’, Bristol Composites Institute Blog [blog]. 30 November. Available at: https://composites.blogs.bristol.ac.uk/2023/11/30/real-time-quality-control-in-automated-fibre-placement-using-artificial-intelligence/ (Accessed: 27 June 2024).
Cawte, T. (2020) ‘How Fast Can Kitesurfers Go?’, The Kitesurf Centre [blog]. 29 March. Available at: https://www.thekitesurfcentre.com/news/how-fast-can-kitesurfers-go (Accessed: 23 June 2024).
Crahmaliuc, R. (2023) ‘Introduction to CFD Analysis with Practical Examples’, Simscale [blog]. 1 June. Available at: https://www.simscale.com/blog/what-everybody-ought-to-know-about-cfd/ (Accessed: 28 June 2024).
Crameri, S., Stojcevski, F., and Usma-Mansfield C. (2023) ‘An Experimental Investigation of the Mechanical Performance of EPS Foam Core Sandwich Composites Used in Surfboard Design’, Polymers, 15(12), pp. 1-19.
DMS Marine Consultant (2019a) GUTS OF CFD: Navier Stokes Equations [video]. Available at: https://youtu.be/YIY-lWftuzY (Accessed: 28 June 2024).
DMS Marine Consultant (2019b) NEXT LEVEL HYDRODYNAMICS: Advanced Towing Tank Tests [video]. Available at: https://youtu.be/hHHZdLNznCE (Accessed: 30 June 2024).
DUOTONE Kiteboarding (2020) How our Kiteboards are made – Capita Mothership [video]. Available at: https://youtu.be/5H3w5pAjLsI (Accessed: 27 June 2024).
ElevatEd (2023) ‘Math Application in Science and Engineering’, 98th Percentile [blog]. 22 November. Available at: https://www.98thpercentile.com/blog/mathematical-modeling-applications-in-science-and-engineering (Accessed: 29 June 2024).
Fibreglass Supply (2022) How to Build a Kiteboard: Foam Core Carbon Twin Tip Kiteboard Build [video]. Available at: https://youtu.be/akXFin5muCM (Accessed: 27 June 2024).
Fraunhofer IGCV (2020) Automated Fiber Placement of Helicopter Sideshells [video]. Available at: https://youtu.be/crr6x9ZnQ7E (Accessed: 27 June 2024).
Glenn Research Center (2023) Drag Measurement. Available at: https://www1.grc.nasa.gov/beginners-guide-to-aeronautics/drag-measurement/ (Accessed: 30 June 2024).
Golf Care (2023) ‘Why do golf balls have dimples?’, Golf Care [blog]. 11 October. Available at: https://www.golfcare.co.uk/blog/2023/10/why-do-golf-balls-have-dimples/ (Accessed: 26 June 2024).
Gratwick, A. (2023) The Kiteboarding Manual. 2nd edn. London: Adlard Coles.
Harris, P. (2022) ‘How do surfboard fins generate lift?’, Beachin Surf [blog]. 7 July. Available at: https://beachinsurf.com.au/blogs/news/how-do-surfboard-fins-generate-lift (Accessed: 26 June 2024).
Johnson, L. (2020) ‘Bernoulli's Principle: Definition, Equation, Examples’, Sciencing [blog]. 28 December. Available at: https://sciencing.com/bernoullis-principle-definition-equation-examples-13723388.html (Accessed: 26 June 2024).
King of Watersports (2024) CABRINHA STYLUS KITEBOARD 2015. Available at: https://www.kingofwatersports.com/product/cabrinha-stylus-kiteboard-2015/cabrinha-15-stylus-board (Accessed: 26 June 2024).
Laurinaityte, S. (2023) ‘Guide to Twintip Kiteboard Design, Features and Styles’, The Kitespot [blog]. 10 January. Available at: https://thekitespot.com/twintip-kiteboard-design-features-and-styles/ (Accessed: 26 June 2024).
Matthews, C. (2012) Engineers Data Book. 4th edn. Chichester: John Wiley & Sons.
Michael Smith Engineers (2024) Viscosity and Shear – What are they? Available at: https://www.michael-smith-engineers.co.uk/resources/useful-info/viscosity-and-shear (Accessed: 24 June 2024).
Nuclear Power (2024) Critical Reynolds Number. Available at: https://www.nuclear-power.com/nuclear-engineering/fluid-dynamics/reynolds-number/critical-reynolds-number/ (Accessed: 23 June 2024).
Öchsner, A. and Altenbach, H. (2020) Engineering Design Applications III. Cham: Springer Nature Switzerland AG.
Olympics (2018) Kiteboarding Set for Lift-off at Paris 2024. Available at: https://olympics.com/en/news/kiteboarding-set-for-lift-off-at-paris-2024 (Accessed: 12 June 2024).
Olympics (2024) Olympic Schedule: Sailing. Available at: https://olympics.com/en/paris-2024/schedule/sailing  (Accessed: 12 June 2024).
Panhuise, G.A. (1977) Samenstel Voor Het Beoefenen Van Watersport. Netherlands Patent Office. Patent no. NL7603691. Available at: https://worldwide.espacenet.com/publicationDetails/biblio?CC=NL&NR=7603691A&KC=A&FT=D&ND=&date=19771011&DB=&locale= (Accessed: 14 June 2024)
Pastor, A. (2017) ‘5 Things to Help You Choose Your Twin Tip Kiteboard’, Alex Pastor Kite Club [blog]. 18 November. Available at: https://shop.alexpastorkiteclub.com/blogs/how-to/choose-your-twintip-kiteboard (Accessed: 23 June 2024).
Porsche AG (2023) Ready for the perfect wave. Available at: https://newsroom.porsche.com/en/2023/innovation/porsche-engineering-sebastian-steudtner-ready-for-the-perfect-wave-31221.html (Accessed: 28 June 2024).
Quadco Engineering (2024) Advantages and disadvantages of Computational Fluid Dynamics. Available at: https://www.quadco.engineering/en/know-how/cfd-advantages-and-disadvantages.htm (Accessed: 28 June 2024).
Roeseler, W.G. and Roeseler, C. (1994) Kiteski. United States Patent Office. Patent no. US005366182A. Available at: https://patents.google.com/patent/US5366182A/en (Accessed: 14 June 2024).
Sharma, S. (2021) Composite Materials: Mechanics, Manufacturing and Modeling. Boca Raton: CRC Press.
Sintef (2024) Towing Tank. Available at: https://www.sintef.no/en/all-laboratories/towing-tanks/ (Accessed: 30 June 2024).
Skow, G. (2020) Water Tunnel Facility – Flow Visualization [video]. Available at: https://youtu.be/St5uxZpIk4M (Accessed: 30 June 2024).
Smith, R. (2016) ‘Symmetry for CFD to the Rescue’, Symscape [blog]. 6 October. Available at: https://www.symscape.com/blog/symmetry-to-the-rescue (Accessed: 28 June 2024).
SurfHydrodynamics (2023a) Influence of Rail and Boundary Layer Surfing. Available at: https://www.surfhydrodynamics.com/en/rail_couche_limite.html (Accessed: 26 June 2024).
SurfHydrodynamics (2023b) Hydrodynamics of Surfing. Available at: https://surfhydrodynamics.com/en/index.html (Accessed: 29 June 2024).
TechNavio (2024) Kiteboarding Equipment Market Analysis Europe, North America, APAC, South America, Middle East and Africa - Germany, US, France, Australia, Italy - Size and Forecast 2024-2028. Available at: https://www.technavio.com/report/kiteboarding-equipment-market-industry-analysis (Accessed: 10 June 2024).
The Engineering Toolbox (2003) Viscosity – Absolute (Dynamic) vs. Kinematic. Available at: https://www.engineeringtoolbox.com/dynamic-absolute-kinematic-viscosity-d_412.html (Accessed: 23 June 2024).
The Engineering Toolbox (2010) Drag Coefficient. Available at: https://www.engineeringtoolbox.com/drag-coefficient-d_627.html (Accessed: 29 June 2024).
The Engineering Toolbox (2010) Lift and Drag. Available at: https://www.engineeringtoolbox.com/lift-drag-fluid-flow-d_1657.html (Accessed: 29 June 2024).
The Nursery Research & Planning (2022) Watersports Participation Survey 2021. London: The Nursery Research & Planning.
The Nursery Research & Planning (2023) Watersports Participation Survey 2022. London: The Nursery Research & Planning.
University of Southampton (2024) Boldrewood towing tank. Available at: https://www.southampton.ac.uk/research/facilities/towing-tank (Accessed: 30 June 2024).
Wang, H. (2023) A Guide to Fluid Mechanics. Cambridge: Cambridge University Press.
Webb, P. (2023) Introduction to Oceanography. Montreal: Pressbooks.
Welsh Government (2024) Kitesurfing in Wales. Available at: https://www.visitwales.com/things-do/adventure-and-activities/watersports/spectacular-kitesurfing-around-wales (Accessed: 23 June 2024).
White, F.M. (2021) Fluid Mechanics. 9th edn. New York: McGraw Hill.
Wiedemann, M. (2023) System Lightweight Design for Aviation. Cham: Springer Nature Switzerland AG.
image2.jpeg




image1.png
Prifysgol Cymru

Y Drindod Dewi Sant
University of Wales
Trinity Saint David




