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[bookmark: _Toc170663630]Introduction
This assignment focusses on the structural properties of a kiteboard and how fluid flow (water) acts on the board. We will look at the significance of Reynolds number in comprehending general flow characteristics and how it impacts performance. Boundary flow evaluation will demonstrate how turbulence and separation affect design, and the use of carbon fibre reinforced plastic (CFRP) will be examined in terms of its effects on performance and how improvements have been made over from the initial start of kitesurfing to the current day. Future improvements to kiteboard design will also be discussed. Furthermore, we will investigate and assess several modelling approaches for the purpose of simulating fluid flow and forces on the board. Lastly, the procedure for testing these models in a lab setting and doing experimental validation will be discussed. By combining theoretical understanding with real-world applications, this assignment seeks to improve kiteboard performance and design.





















[bookmark: _Toc170663631]1. Reynolds Number
In fluid mechanics, the Reynolds number (Re) is a dimensionless quantity that is used to forecast flow patterns in various fluid flow scenarios. The Reynolds number calculates the ratio of inertial force to the viscous force in a fluid flow (Ansari, 2023), and from this calculation, it can be can determined whether the flow is turbulent (irregular and chaotic) or laminar (smooth and streamlined) (IdealSimulations, 2019). Figure 1 below illustrates the difference between laminar and turbulent flow around an object.
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Figure 1 - CFD, (2023) illustrating the difference between laminar and fluid flow


[bookmark: _Toc170663632]Calculating Reynolds Number
Reynolds number is calculated using the following equation:
   or     
Where:
 = Fluid Density
v = Velocity of fluid (with respect to the object)
L = Length of object
 = Dynamic viscosity of the fluid
ν = Kinematic viscosity of a fluid (ν = )
(Czernia, 2024)






[bookmark: _Toc170663633]The importance of Reynolds number 
Reynolds number is important because it can be used to predict fluid behaviour. A low Reynold number (less than 2000) would be considered a laminar fluid flow (in a pipe), whereas a high Reynold number (above 4000) would be considered as turbulent flow (in a pipe). This is the same for fluid flow outside of a pipe, however the numbers will vary. The difference in flow patterns around the object can apply different forces on the system. By analysing the flow patterns and calculating the Reynold number, it is possible to predict problems that the flow patterns can bring to the system and these factors can be considered when studying system performance (Cadence CFD, n.d.)
[bookmark: _Toc170663634]Influence of Reynolds number around the Kiteboard
If the Reynold number is low, then the fluid flow around the kiteboard would be considered as laminar. This means that the fluid flow would be smooth and has a reduced frictional drag, which ultimately improves efficiency and allows for greater speeds with reduced energy expenditure (AG, n.d.). If the Reynold number is high, then the fluid flow around the board would be turbulent. Turbulent flow can improve lift by better pressure distribution throughout the board, but it also increases drag because of the chaotic nature of the fluid movement (Park, Choi and Kim, 2021)

[bookmark: _Toc170663635]Estimating the Reynolds number for the fluid flowing around the board.
Assumptions
· Assuming the kiteboard is used in sea water, the average sea temperature was 11.3oC in May 2024 at Porthcawl, Wales (Ltd, n.d.).
· Density of water at 11.3oC = 1027 Kg/m3 (The Engineering ToolBox, 2019).
· Length of the kiteboard = 1.5m.
· Average velocity of the kiteboard is 9m/s (Cawte, 2020).
· Average spring tide peak flow in Porthcawl is 1.5m/s (Offshore Energy SEA 3: Appendix 1 Environmental Baseline 459 Appendix 1D: Water Environment, n.d.).
· Dynamic viscosity at 11.3oC = 0.00139 Kg/ms (The Engineering ToolBox, 2019).
With the assumptions stated above, the Reynolds number can be calculated using the equation below.


 = 1027 kg/m3
v = 9m/s + 1.5m/s (relative velocity)
L = 1.5m
 = 0.00139 kg/ms



Re = 11636870.5
Re = 11.637x106
This high calculation for the Reynolds number suggests that the fluid flow around the kite board is turbulent.
[bookmark: _Toc170663636]2. Boundary flow
The water flows over the kiteboard, causing the boundary layer to shift from laminar to turbulent as it manoeuvres through the water. Because of surface irregularities and geometric characteristics, laminar flow close to the leading-edge transitions to turbulent flow (as seen in Figure 2). Due to the nature of turbulent flow, mixing takes place in the boundary layer, which affects the drag and lift characteristics of the kiteboard (airshaper.com, 2021).
[image: ]Figure 2 - airshaper.com, (2021) illustrates the change in fluid flow

[bookmark: _Toc170663637]Separation, turbulence and design.
Generally, it is better to delay the separation when designing a kiteboard. By delaying the separation in the boundary layer, there will be a reduction in frictional drag. If the flow stays attached, the formation of turbulent wakes which can contribute to drag are minimised (Cengel and Afshin Jahanshahi Ghajar, 2024). Delaying separation and maintaining laminar or turbulent flow along the board will reduce vortices and drag forces which helps achieve higher speeds for the kite surfer. This is advantageous for kitesurfers who in various kinds of wind and wave conditions, strive for efficiency and reactivity. The turbulent flow gives the fluid in the boundary layer more momentum due to its chaotic movement and enhanced mixing of fluid particles. By assisting the fluid in overcoming the unfavourable pressure gradient along the surface, this extra momentum can postpone the point of flow separation. As a result, pressure drag is decreased and the wake zone is narrowed (Cengel and Afshin Jahanshahi Ghajar, 2024). With proper design, controlled turbulence can increase stability and handling, which ultimately allows kitesurfers to maintain a higher level of control of the board during manoeuvres.










An FE model has been designed of the kiteboard to ensure that the kiteboard is fully functional when used on the water. The board has a long separation distance to allow for a higher hydrodynamic force. This larger separation distance means that the kitesurfer will be able to increase their speed in the water. The surface roughness would also be taken into account when designing the board. The roughness of the board will determine whether the fluid flow is laminar or turbulent. An efficiently designed board will be able to determine at which point the fluid flow changes from laminar to turbulent flow, this should be designed to optimise efficiency and performance. The shape of the board is designed so that there are no sharp transitions which can cause sudden boundary layer separation. Sudden boundary layer separation can affect the lift of the board which will decrease efficiency. As the board is the same width along the whole length, the maximum velocity is consistent along the board which increases efficiency and handling. If the board was cylindrical in shape, there would be a notable reduction in the change in velocity when fluid moves along the board, from the peak to the other side. This large change in velocity induces a pressure gradient which prompts an earlier transition from laminar to turbulent flow. This transition between fluid flows can impact the performance of the kiteboard as it increases drag and reduces the overall efficiency of the board (Tec-Science, 2020). Figure 3 illustrates the acceleration, deceleration and early separation from laminar to turbulent flow over a cylindrical shape, which is unfavourable for kiteboards.
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Figure 3 – Tec-Science (2020) illustrates the velocity change and flow separation over a cylindrical shape
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The proposal of using carbon reinforced plastic to construct the kiteboard brings many implications when discussing the performance of the board. Using CRFP for the kiteboard is beneficial when looking at the materials properties such as its strength to weight ratio. CRFP is very beneficial for performance due to it having a very high strength but also light weight properties. The high strength of the material will benefit the rider’s control and manoeuvrability and the light weight of the board will enhance the riding experience, allowing the user to perform aerial moves a lot easier and be more agile in the water (www.kite-line.com, n.d.). CRFP is also beneficial due to its stiffness and flexibility. This is an advantage to the board design as it will help remain steady when forces are applied to the board which will ultimately enhance performance in terms of the speed and precision. CRFP can also be designed to allow slight flexibility in the board to encourage comfort for the rider, it will also help with shock absorption without compromising the stiffness of the board. Buurma, (2022) believes that although carbon fibre kiteboards are strong, they are not great at dealing with impacts such as hitting the sea floor. Buurma believes that these boards are susceptible to cracking or even shattering when met with impact. Cracks would drastically affect the performance of the board and it can also be a danger to the rider due to cyclic loading (fatigue) of these cracks and ultimately failure of the board over time. 
[bookmark: _Toc170663639]Historical, current and future developments
Kiteboards were first made from materials such as wood and wood with fibreglass reinforced coatings. Woods such as marine-grade plywood and mahogany were chosen due to their availability at the time. Wood is easy to shape for efficiency in the water, as well as its strength and buoyancy, however its main downfall it that it is a relatively heavy material compared to today’s materials. Fiberglass reinforcement was incorporated to increase the performance of the board. The combination of fiberglass over a wooden core increased durability and stiffness (Sine Surf, 2024).
Current developments use more advanced composites such as CFRP and Kevlar reinforcement. Kevlar reinforcement is used alongside carbon fibre and fibreglass boards to increase impact resistance and durability of the board. Components such as the tip and tail, fins and even the board core are now made out of CFRP. This major development has helped improve the overall board performance by reducing the overall weight while increasing the manoeuvrability and control (Gardner, 2024). When designing these parts for the kiteboard, ISO standards such as ISO 12215-5 which is for small craft hull construction will be considered. ASTM D3039 may also be considered as it certifies the tensile properties of plastics with reinforced short fibres. These standards guarantee consistent performance and safety by offering rules for certification and testing (14:00-17:00, 2019) (www.astm.org, 2014).
Future developments for kiteboards could include smart materials and embedded sensors which would be integrated into the kiteboard. These sensors will be able to show a real time performance of the board and the rider. From this, riders and teams will be able to analyse where the inefficiencies are in the board. This can lead to further development in board design and FE models can be designed to illustrate the issues the board has been facing. These slight upgrades to the board could greatly increase the performance of the board. The use of 3D printing could be beneficial in production processes, potentially decreasing cost and time spent producing the boards (duckdivestyle.com, 2024)
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[bookmark: _Toc170663641]CFD
Modelling techniques such as CFD (computational fluid dynamics) have been used since the 1960’s. In computational fluid dynamics (CFD), fluid flow issues are solved and analysed through the use of numerical techniques and algorithms. For CFD simulations, programmes like ANSYS Fluent, OpenFOAM, and COMSOL Multiphysics are frequently utilised (Tillman, Dao Duong and Harding, 2012). 
[bookmark: _Toc170663642]Advantages
There are many advantages to using CFD for simulating the fluid flow around the kiteboard. One main advantage is the cost saving of using CFD compared to traditional testing methods. As the simulation is performed on the computer, there is no requirement for physical prototypes. CFD is also used to visually represent flow patterns. Designers and engineers can study these flow patterns over the board and make adjustments to benefit the rider’s performance and safety. CFD is also very flexible as it is possible to simulate different conditions and complex geometries which a physical prototype would not be able to do as easily.
[bookmark: _Toc170663643]Disadvantages
Although CFD is a very beneficial tool to use when simulating fluid flow over a system, it also has its fallbacks. One of these is the difficulty to create a simulation. CFD requires trained professionals who have specialised knowledge who can setup the simulations and analyse results outputted by the software. Uncertainty and inaccuracy can occur in CFD simulations due to a variety of factors, including boundary conditions, mesh size, and turbulence modelling (www.quadco.engineering, n.d.)
[bookmark: _Toc170663644]Finite element analysis (FEA)
FEA is another computerised method of analysing how a product will react to forces, fluid flow and vibrations when they are applied to a body. FEA will illustrate to the designer whether the product will wear, break or work as it was intended to. Simulation software’s such as SolidWorks and Abaqus are used to perform FEA. (Autodesk, n.d.)
[bookmark: _Toc170663645]Advantages
The main advantage for using FEA for the simulation of the fluid flow over the kiteboard is that the designer would be able to see the different forces acting on the board. This can give a good insight into stress distribution across the board and potential deformation. Designers and engineers will be able to analyse the data and make decisions to increase the performance of the board. An example of this is using tougher materials on the board where higher stress concentration are located, this would be highlighted in the FEA. FEA can also be incorporated with CTD to study fluid structure interactions, which in turn allows designers to have a more in-depth knowledge of how the board will react when faced with certain factors (www.goudsmit.co.uk, 2019)
[bookmark: _Toc170663646]Disadvantages
Roylance (2001) suggests that although FEA is a very powerful tool, it is important to consider that FEA does “not necessarily reveal how the stresses are influenced by important problem variables such as material properties and geometrical features”. This can lead to incorrect data results which may not be picked up by the designer. The accuracy of the data outputted by the FEA is dependent on how reliable and accurate the data is inputted into the simulation, this can cause inaccuracies in results (Dassault Systèmes, 2023). The last disadvantage is similar to the CFD, whereby the simulation is complex and requires a trained professional to accurately simulate the product.



[bookmark: _Toc170663647]Estimating forces on the board
The two main forces acting on the kiteboard itself when in the water are the lift force and the drag force (Harris, 2022).
First, we will calculate the drag force on the kiteboard. The following equation explains this:


 = Drag Force
= Drag coefficient
 = Density of the fluid
A = Area of the object facing the fluid
V2 = Fluid velocity (relative velocity)
Assumptions
· Assuming the kiteboard length is 1.5m and the effective width of the kiteboard (the width of the kiteboard that will be in contact with the water) is 0.2m. The area will be:   = 0.3m2
· Assuming the kiteboard is considered a streamlined body. Cd = 0.04 (Biezen, 2015)

= 0.04
 = 1027 kg/m3 (taken from section 1 of the report)
A = 0.3m2
V2 = 10.5m/s (taken from section 1 of the report)

[bookmark: _Toc170663648]Drag Force Calculation

 = 679.36N

[bookmark: _Toc170663649]Lift Force Calculation 

Assumptions
· is the lift coefficient and ranges from 0.5-1.5 for a streamlined body (Anderson, 2016), for this equation, the mean average of 1 will be used.


 = 16984.01N
[bookmark: _Toc170663650]5. Experimental testing 
In order to effectively create a prototype which will be comparable to the simulation design of the kiteboard, the following steps should be taken into consideration:
· Kiteboard design
· Experiment setup
· Experiment testing
· Measuring data
· Analysing data and reporting
Kiteboard design
It is important to ensure that the prototype of the kiteboard is the same as the simulated design. This mean that the materials, size and specifications are as exact to the simulation as possible. This will allow the designers to compare their theories with real world results.
Experiment setup
As this is a kiteboard, the experiment would likely be setup in a water channel. The water will be pumped at a particular flow rate, determined by the operator. Using various sensors along the kiteboard, engineers can gather data on how the board behaves with different fluid flows. These sensors will measure the flow velocity, pressure and overall forces acting on the board (Chandler, 2011).
Experiment testing
The laboratories in which the experiment is being withheld should ensure that they are following the correct iso standards. “ISO/IEC 17025:2017 is the international standard for testing and calibration laboratories” (14:00-17:00, 2021). This is to ensure that the test results which are outputted are accurate and reliable.
Measurements should first be taken without the kiteboard in the water channel. This way, fluid flow measurements and characteristics can be noted. Once this has been completed, the prototype can be placed into the water. The fluid flow should be increased, and the forces acting on the board can be recorded.
Measuring data
Particle image velocimetry is used by engineers to measure and visualise fluid flow (Elliot, 2016). Within the fluid will be particles which are traced and illuminated. The particles should be able to follow the water’s motion. Cameras are also setup to capture images of the particles at different stages along the board, this way, the displacement of the particles can be analysed and fluid velocity fields can be constructed (Roth and Christoph Hartnig, 2012, pp.425–461).
Similar to PIV is using dye injection methods. This is the use of dye at certain points in the fluid. This visualises how the fluid acts when it flows over the kiteboard (Emriver, n.d.) The use of dye will allow the engineers to study the areas of vortices, turbulence and the fluid flow separation.
Analysing data and reporting 
Once the experiment is complete, the engineers and designers will be able to compare the practical experiment with the predicted simulation results. Here, any obvious errors in the practical setup or the simulation can be identified. Once comparisons have been made, improvements can be suggested and further testing may be required to produce more reliable and accurate results. The more testing that is undertaken, the greater chance of the kiteboard being a successful product. A report of all the data from the simulation and practical testing should be produced to compare findings, as this will help engineers, designers and stakeholders get a better understanding of the product and how it performs with various fluid flows.
[bookmark: _Toc170663651]Conclusion
This study examined how kiteboard structural characteristics interact with fluid flow, highlighting the significance of Reynolds number in forecasting flow behaviour. A high Reynolds number is indicative of turbulent flow, which can increase drag while improving lift. Boundary flow, separation and turbulence on the kiteboard showed that it is beneficial for the board and the rider if the separation distance is kept to a maximum. Although impact resistance is still a problem, the introduction of Carbon Fibre Reinforced Plastic (CFRP) has enhanced kiteboard technology by increasing strength and reducing weight. Although they demand precise data and expert interpretation, modelling techniques like Finite Element Analysis (FEA) and Computational Fluid Dynamics (CFD) are essential for simulating performance. These simulations can then be validated through experimental testing with prototype boards in controlled environments. Kiteboard design will continue to be improved by combining theoretical and experimental methods, striking a balance between efficiency, durability, and performance for today's kitesurfing demands.
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