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In this report the board is estimated to have a Re number of , showing that the fluid flow over the surface is turbulent. Understanding this value is crucial for understanding how the board will flow through the water, and the amount of drag effecting it. 



The boundary layer is stated to be is a thin layer next to the surface of a body, where the viscous effects cannot be neglected as they are significant (Jog, C.S 2015, p.326). Skin frictional drag is the main form of drag effecting the board as it travels parallel to the fluid flow, turbulent flow causes large skin frictional drag than laminar flow. The design of the board is shown to channel water under a concave shape, causing the water to speed up which in turn lowers the pressure under the board, causing it to stick to the water more. This is beneficial as it stops the kite pulling the rider and the board from the surface of the board. Rounded tips at the corner of the board decrease surface area during turn, which lowers drag. 
CFRP is shown to have high strength-to-weight ratio and durability when compared to historical materials used in the construction of kiteboards. The impact resistance higher than these historical materials, but CFRP does come at a higher cost. 
Computational Fluid Dynamics (CFD) were discussed to simulate the fluid flow around the board. The techniques and methods were FVM, FEM and LES. The advantages and disadvantages of each of the methods were covered. The common disadvantage of each method being the computing power required to run the simulation. Meshing techniques used with FEM can limit the required power required by selecting the density of the mesh at important areas, near the boundary layer for example. Estimates of parameters were used to estimate forces affecting the board. These are shown in Table 2. 
	Forces
	Values

	Dynamic Pressure 
	

	Drag Force 
	

	Lift Force 
	



Finally, an experiment was described and outlined to compared CFD and the estimate results to real life data gathered using a prototype in a water tank. The prototype being a 1:1 scale of the actual kiteboard was highlighted as a requirement to limit the cost of running the tests. Sensors would be used to capture the data and dye used to track the fluid flow over the board. These results would be compared to the CFD to refine it or the experiment. A tolerance range set for the results, would allow the results to be validated.
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This report will cover several tasks relating to the design, manufacture and modelling of a kiteboard. Fluid flow across and around the board will be discussed and calculated using estimates gather from sources. Boundary conditions effecting the board and the design of the board discussed. Next the material in the construction of the board, compared to historical materials used. Modelling techniques and forces affecting the board estimated in task 4. Finally, an experiment will be theorised to compare the estimated values to a prototype, and how these results are compared to the simulation results. 
[bookmark: _Toc170230574][bookmark: _Toc170324557]Task 1 
[bookmark: _heading=h.15zb5o6trxj8]			
Reynolds number is a dimensionless group, named after Osbourne Reynolds, who first demonstrated that fluid streamline within laminar flow would remain parallel, and how the streamlines change to different flow types as the fluid velocity was increased. (Al-Shemmeri, 2012). 





[bookmark: _Toc170324566]Equation 1: Reynolds Number and the components
The Reynolds number of a fluid dictates what type of flow flows over its surface. Based on Reynolds number, three regimes of fluid flow are observed. These regimes are as follows Laminar (<2000), transitional (2000< Re < 4000) and turbulent (>4000). For a flat plate, like the kiteboard, the values for these regimes differ. The values for a flat plate are as follows, Laminar (1*105), transitional (1*105 <Re< 5*105) and turbulent (>5*105). 
To calculate the Reynolds number for the board some assumptions must be made. These assumptions are as follows, the velocity of the fluid travelling over the surface, the length of the board and the viscosity of the fluid. The average speed of an intermediate kiteboard in a normal session can be assumed to be 45kph or 12.5m/s (Kitesurfist, 2020). The length of the board will be 142cm for an average rider height (Alex Pastor Kite Club, 2021). Taking the viscosity and density of seawater at 18oC as 0.00114Pa*s and 1025kg/m3 respectively (The Engineering ToolBox, 2019).   



[bookmark: _Toc170324567]Equation 2: Calculation of Reynolds Number of Fluid flowing over Kiteboard
As the Reynolds number is higher than 5*105 over the board, the fluid is flowing turbulently.

[bookmark: _Toc170230575][bookmark: _Toc170324558]Task 2 

The boundary layer is a thin layer next to the surface of a body, where the viscous effects cannot be neglected as they are significant (Jog, C.S 2015, p.326). This is due to the fluid sticking to the surface of the body, causing it to have no relative speed. Al-Shemmeri (2012) defines the requirement for zero relative flow at the surface as the ‘no slip condition’. 
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[bookmark: _Toc170324564]Figure 1: Development of Boundary layer on a flate plate (Al-Shemmeri, 2012, p.80)
As can be seen in the figure above, the boundary layer thickness increases as the Reynolds number increases, and the flow changes from Laminar, through transition to turbulent flow. When the flow enters turbulent flow, the velocity profile of the layers of fluid becomes more uniform. Turbulent flow creates a more uniform velocity profile for the fluid up to the boundary layer as momentum exchange is easier due to the chaotic behaviour of the flow.
Fluid exerts a tangential force due to shear stress on the body. When a body is aligned parallel to the flow, skin friction drag is a frictional shear force exerted as an effect of a viscous boundary layer. As turbulent flow has greater shear stresses at the body wall, skin friction drag is higher than laminar flow. As Veldman (2011) simply states “The wall shear stress is larger, resulting in a larger drag”. The kiteboard profile is predominantly orientated parallel to the flow of the water, meaning that it is affected by skin friction drag.
The board would preferably maintain a laminar boundary layer over the length to minimise drag, allowing the board to efficiently move over the water. As Equation 2 shows the Re number of the board is above the Re number for turbulent flow over a flat plate. Using Rex,crit we are able to estimate the distance the boundary layer changes to turbulent flow. 



[bookmark: _Toc170324568]Equation 3: Distance of Laminar to Turbulent transition
Equation 3 calculates that only a small portion of the flow overboard is laminar, while the majority is turbulent. 
Twin Tip kiteboards allow the rider to easily travel in either direction in the water, as there is no nose to the board. The smooth and equal curvature of the design increases the fluid ability to stick to the profile and not lift off or separate. Flow separates from the surface of the body when the flow in the “boundary has very low energy (relative to the free stream) and is more easily driven by changes in pressure” (Al-Shemmeri, 2012, p.81). By decreasing fluid separating the amount of wake/drag is decreased. Rounded tips also have less surface area when carving, causing less resistance throughout the turn.
The FE model shows that the board is concaved. The concave channels the water down through the channel, speeding the water up which decreases the pressure under the board. This decrease in pressure sticks the board to the surface of water. 
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Historically kiteboards have been made from solid wood or plywood, full fibreglass or fibreglass over a wooden or foam core.  In the modern era, more advanced materials are now used for the construction. Composites, more advanced foam cores, wood veneers and epoxy resins are used.
Carbon fibre reinforced plastic (CFRP) is a composite material that combines carbon fibre reinforcement in a polymer matrix. Fibre-reinforced polymer composites have a high strength to weight ratio when compared to metals or wood. CFRP other properties are desirable such as, high durability, flexural strength, stiffness and corrosion and impact resistance (Ilyas, Sapuan and Emin Bayraktar, 2023). 
Modern boards can be created using sandwich construction then moulded into the desired shape. Sandwich construction involves layering composite material, like CFRP over or around a foam or wood core and then laminating them together. Boards can also be made only from CFRP and moulded into the desired shapes, but these boards are more costly. 
Fully carbon fibre boards are the strongest and lightest boards available on the market, while also being the more long lasting due to the materials properties. The increased impact improves the lifespan as it can withstand the impacts during riding. 
Improved manufacturing techniques have allowed designers to experiment and develop new shapes and curvatures for boards. 

There are industry standards covering all manner of aspects that effect the construction of a kiteboard. The materials and manufacturing standards of the board, and the safety and testing standards of the materials used and the boards themselves. 

· ASTM D3039/D3039M: This is a material standard for testing tensile strengths of polymer matrix composite material, such as CFRP. These tests ensure that the materials used can withstand the stresses applied to them. (www.astm.org, 2017)
· ISO 6185-4: While this safety standard is primarily for inflatable boats, it includes guidelines which are relevant to water sports such as kiteboarding
· ISO 9001: Manufacturing standard that ensure that the company producing the boards maintains a consistent quality and employ continuous improvement to their processes
[bookmark: _Toc170230577][bookmark: _Toc170324560]Task 4

Computer fluid dynamics or CFD, is used to analyse fluid flow of a system using computer-based simulation. It has several uses across different industries, such as aerodynamics and hydrodynamics. These two areas are relevant to the subject discussed in this report. 
If the flow around the board remained laminar for the full length, the Navier-Stokes equations could be solved analytically to plot the flow. This would require a large amount of time and effort. The flow does not remain laminar, it is turbulent, thus computer techniques are required. CFD techniques, such as finite volume method, are used to numerically calculate without using additional approximations (Versteeg and W Malalasekera, 2011). 
The finite volume method (FVM) uses the Navier-Stokes equations to calculate and simulate the fluid flow. The computational area of the simulation is divided into small volumes, and Navier-Stokes equations are completed from each of these volumes. FVM has the advantage of applying conservation laws during the simulation. It considers the conversation of mass, momentum and energy. By doing this, the technique is more accurate. The technique is flexible and robust, able to be used with complex geometries and boundary conditions. The flexibility allows its use with unstructured meshes. The disadvantages of FVM are the high computational power needed to simulate the fluid flow and the implementation. The computer power required to simulate the fluid flow increases as the volume areas decrease. Specialised software and expertise are required to set up and solve the simulation. 
Finite Element Method (FEM) is a method like FVM. For this method divides the domain into smaller areas called finite elements. This method is useful for solving partial differential equations by approximating fluid dynamic equations over the elements. Adaptive mesh techniques, such as unstructured grid, are used in this method. According to Versteeg and W Malalasekera (2011) adaptive meshes, such as unstructured grid, are easily modified to be concentrated at desired areas, near body surface for example. By concentrating the mesh only at these areas, less computer power is used, and the simulation has more accuracy in these areas. FEM is still computer intensive for simulations that are 3D. While the meshing allows for greater accuracy, it is more complex to set up and requires careful consideration to gain the best results. The complexity is displayed in Figure.2. 
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[bookmark: _Toc170324565]Figure 2: Unstructured grid mesh (Versteeg and W Malalasekera, 2011 p.311).
The final simulation method to be discussed is Large Eddy Simulation (LES). An Eddy is a circular movement of fluid found in turbulent fluids. Eddies are split into large and small, smaller eddy being formed from the breakdown of large Eddy. 
For other simulation method that use Reynolds-averaged equations, a single turbulence model is used to describe the behaviour of all Eddy. For LES, the large eddies are “computed for each problem with a time-dependent simulation” (Versteeg and W Malalasekera, 2011, p.98) and the small eddies are computed using a compact model. Large and small eddy are separated using a spatial filtering operation. This allows it to simulate transient features of turbulent flow effectively and more accurately than RANS modelling but is more complex to setup than RANS models. For high Reynolds number fluid flows, the simulation requires significant computer power.
To estimate the forces exerted on the board, some assumptions must be made for the key parameters. Surface roughness of the board is not considered.
[bookmark: _Toc170324572]Table 1: Parameter Estimate Values
	Parameter
	Estimate Value

	Fluid Density ()
	1000 kg/m3

	Board Speed (v)
	12.5m/s

	Board Surface Area (A)
	0.5m2

	Drag Coefficient (Cd)
	0.8

	Lift Coefficient (Cl)
	0.5
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	Forces
	Values

	Dynamic Pressure 
	

	Drag Force 
	

	Lift Force 
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The prototype must be made to the same size, scale and design as the FE model to gain consistent results for comparison. The results of using scaled models in a smaller water tank or wind tunnel, do not produce scaled results. The distance of laminar flow remains the same for a scaled model as the actual size, is the same fluid velocity is used. The fluid velocity must also be scaled with the model. For example, is the model is scaled down by 4, the fluid velocity must increase by 4. This increase in fluid velocity for a water tank or wind tunnel, increases the cost of manufacturing the water tank or wind tunnel, as the must be able to produce and withstand these higher velocities. It is more cost effective to produce a 1:1 model in a larger water tank or wind tunnel. 
For this experiment, as a kiteboard will be travelling over water, a water tank will be used with the same conditions outlined in the estimate parameter, fluid velocity will be set to 12.5m/s. This is consistent with the parameters above. Sensor will be equipped to the board to record the force, pressure distribution and flow velocity. Sensor such as strain gauges, pressure transducers and accelerometers can be used. These sensors must be calibrated before the experiment is conducted to ensure correct readings. Dye or particular in the fluid enable the fluid flow over the board to be tracked. This allows for the flow patterns simulated to be compared to the prototype. 
The test should be run multiple times to account for any variability and clarify the repeatability of the results gather. The data gathered should be recorded following each test to compare with the simulation results. 
When all results have been gathered, they must be compared to the CFD results. If any discrepancies in the results are found, this will help to refine the setup of the CFD model. Mesh density, boundary conditions and turbulence model used in the CFD model, can be refined. The model should be re-run using these new refinements and then compared to the experiment data. The experiment may require some improvement.
To establish acceptable results, a tolerance range for the results should be agreed. If the results for both fall within this tolerance range, the model can be validated. The comparison result can also be used to improve the setup for the CFD, and experiment if required. 

A report should be completed following acceptance, outline the method, results, tolerance range and conclusion. 
[bookmark: _Toc170324562]Conclusion

In conclusion, the board is estimated to have a Re number of , showing that the fluid flow over the surface is turbulent. Understanding this value is crucial for understanding how the board will flow through the water, and the amount of drag effecting it. 
The boundary layer is stated to be is a thin layer next to the surface of a body, where the viscous effects cannot be neglected as they are significant (Jog, C.S 2015, p.326). Skin frictional drag is the main form of drag effecting the board as it travels parallel to the fluid flow, turbulent flow causes large skin frictional drag than laminar flow. The design of the board is shown to channel water under a concave shape, causing the water to speed up which in turn lowers the pressure under the board, causing it to stick to the water more. This is beneficial as it stops the kite pulling the rider and the board from the surface of the board. Rounded tips at the corner of the board decrease surface area during turn, which lowers drag. 
CFRP is shown to have high strength-to-weight ratio and durability when compared to historical materials used in the construction of kiteboards. The impact resistance higher than these historical materials, but CFRP does come at a higher cost. 
Computational Fluid Dynamics (CFD) were discussed to simulate the fluid flow around the board. The techniques and methods were FVM, FEM and LES. The advantages and disadvantages of each of the methods were covered. The common disadvantage of each method being the computing power required to run the simulation. Meshing techniques used with FEM can limit the required power required by selecting the density of the mesh at important areas, near the boundary layer for example. Estimates of parameters were used to estimate forces affecting the board. These are shown in Table 2. 
Finally, an experiment was described and outlined to compared CFD and the estimate results to real life data gathered using a prototype in a water tank. The prototype being a 1:1 scale of the actual kiteboard was highlighted as a requirement to limit the cost of running the tests. Sensors would be used to capture the data and dye used to track the fluid flow over the board. These results would be compared to the CFD to refine it or the experiment. A tolerance range set for the results, would allow the results to be validated.
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