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Abstract 
This assignment examines the hydrodynamic and structural design considerations for a CFRP hydrofoil wing used in kitesurfing. The 855 Slingshot One-Lock Kite Front Wing was used as a representative example to calculate Reynolds number using seawater properties, estimated chord length and maximum operating velocity. The results suggest mainly turbulent flow, with a short laminar region near the leading edge. CFD is discussed as a useful method for predicting lift, drag, pressure distribution, flow separation and cavitation, although its results require validation. Laboratory testing, including towing tank, water tunnel and structural testing, is therefore essential to confirm performance. Overall, effective hydrofoil design requires hand calculations, CFD, FEA and experimental validation to ensure efficient and reliable operation.
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1. Introduction 
This report assesses and critically analyses the fluid flow around a kiteboard hydrofoil, building on the structural assessment completed in Assignment 1. A hydrofoil operates in a similar way to an aircraft wing, but it is designed to generate lift while moving through water rather than air. Hydrofoils vary greatly in scale and can be used on large vessels, such as ships and boats, as well as smaller applications such as kitesurfing boards (The Ship Report, 2025).
When the hydrofoil reaches a sufficient speed, the lift generated by the submerged wing raises the supported object above the water surface. This reduces the wetted area of the system and therefore lowers hydrodynamic drag. The remaining components below the water are shaped to minimise resistance and improve efficiency, allowing greater speed and smoother motion through the water.
2. Reynolds Number
The Reynolds number is a dimensionless unit that is used to categorise the nature of fluid flow. The equation is  where   is the fluid density, v is the fluid velocity, L is the chord length and  is the dynamic viscosity (NASA Glenn Research Center, n.d.). There are three categories of fluid flow that the Reynolds number signifies, these are laminar flow, transitional flow and turbulent flow. For a flat plate fluid flowing unrestricted over the top, a laminar flow would be subject to the Reynolds number being , transitional flow would be when the number is  and turbulent when (Cimbala, n.d.).
Hydrofoils used in kitesurfing are capable of reaching speeds of up to 45 mph, equivalent to approximately 20.1 m/s (The Kitesurf Centre, n.d.). However, due to the highly variable and dynamic nature of kitesurfing, it is difficult to define a representative average velocity. The operating speed may vary substantially between the minimum velocity required to generate sufficient lift and the maximum attainable speed. Therefore, for the purposes of this analysis, the maximum velocity will be adopted as the rated speed.
Kitesurfing is typically undertaken in marine environments, where exposure to high wind conditions is common. Consequently, seawater density will be used in the calculations, with an approximate value of 1030 kg/m³ (LaValley, 2002). The 855 Slingshot One-Lock Kite Front Wing is selected as a representative example for determining chord length. This wing has a mid-aspect-ratio geometry, and the 855 model represents an intermediate size within the product range. It also has a profile comparable to the hydrofoil considered in Assignment 1. The wing span is 684 mm and the aspect ratio is 5.5:1; therefore, the mean chord length can be estimated as approximately 124 mm (King of Watersports, n.d.). The dynamic viscosity of seawater at room temperature is taken as 1.009 mPa·s (Engineering ToolBox, n.d.).

Although the overall Reynolds number indicates that the flow is likely to be turbulent, this does not necessarily imply that turbulent flow occurs across the entire chord length. A portion of the flow near the leading edge may remain laminar before transitioning to turbulence further downstream. The approximate location of this transition can be estimated using the relevant Reynolds number relationship provided by Cimbala (n.d.).

Rearranged to make x the subject with  5×10^5 which is at the approximate flow transition phase. 



Therefore, transition occurs at 24.4mm which is approximately 20% of the length of the chord. 
3. Boundary Flow and Turbulence
As water flows over a hydrofoil, a boundary layer develops from the leading edge as a result of the no-slip condition, whereby the fluid velocity is zero at the foil surface and increases progressively to the free-stream velocity away from the surface (Anderson, 2011). Initially, the boundary layer is laminar near the leading edge, where the flow is relatively smooth and produces lower skin-friction drag. For the hydrofoil analysed in the previous section, the boundary layer transition was calculated to occur at approximately 24 mm from the leading edge. Figure 1 provides a simplified two-dimensional representation of flow over a hydrofoil, helping to illustrate the general flow behaviour around the section.


Figure 1 - Hydrofoil flow example (Leishman, 2023).
Although turbulent flow produces greater skin-friction drag than laminar flow, it contains more kinetic energy close to the hydrofoil surface. This allows the boundary layer to remain attached for longer under an adverse pressure gradient, particularly towards the rear of the chord, where flow separation is more likely to occur (Leishman, 2023). If separation does occur, a turbulent wake forms downstream of the hydrofoil, increasing pressure drag, reducing lift, and introducing unsteady forces that may cause vibration and reduce hydrodynamic efficiency (Leishman, 2023). Therefore, when controlled appropriately, the transition from laminar to turbulent flow is beneficial. For the 855 Slingshot One-Lock Kite Front Wing, the calculated transition point suggests that the foil supports an effective balance between laminar and turbulent boundary-layer behaviour. Laminar flow is maintained near the leading edge, where reduced skin-friction drag is advantageous, while turbulent flow develops further along the chord, where increased boundary-layer energy helps delay separation. This indicates that the hydrofoil geometry is effective in producing the appropriate flow characteristics in the regions where they are most beneficial.
4. Appraisal of Forces
In Assignment 1, the hydrofoil was assessed using a 500 N vertical point load applied at the centre of the wingspan. This simplified the structural analysis, but it does not accurately represent the loading experienced by a hydrofoil in operation. In reality, the lift generated by the hydrofoil results from a distributed pressure acting over the entire wing surface. For simplified structural calculations, this can be approximated as a uniformly distributed load (UDL) acting along the span, which more closely represents how the hydrodynamic force is transferred to the structure than a single point load (Anderson, 2011).
For a UDL, the load intensity is given by:

where w is the distributed load (N/m), F is the total applied force (N), and L is the span over which the load acts (StructX, 2024). However, a UDL is still only an approximation because the pressure acting on a hydrofoil is not evenly distributed. The load changes continuously across the hydrofoil surface depending on its geometry, angle of attack, flow speed and turbulence (Leishman, 2023). Since the hydrofoil analysed in this project has a predominantly rectangular planform, its lift distribution is closer to that of a rectangular wing than an elliptical wing. This typical lift distribution is shown in Figure 2.

Figure 2 - Wing distribution of a rectangular platform wing (Gatelli et al., 2018)
A more accurate alternative to a simple UDL is to calculate the local lift per unit span at different positions along the hydrofoil. This can be estimated using;

5. Evaluation of CFRP
Carbon fibre reinforced polymer (CFRP) is a composite material. Its suitability for hydrofoil wings is mainly due to its high strength-to-weight ratio as shown in Figure 3., stiffness, fatigue resistance and ability to be tailored through fibre orientation. Hydrofoil wings operate under demanding hydrodynamic loads, where low mass and high stiffness are essential to reduce drag, maintain shape accuracy and improve overall efficiency. Research on marine fibre-reinforced polymers notes that FRPs are increasingly used in marine applications because they offer high stiffness, low weight and damage resistance (Osa-uwagboe, Silberschmidt and Demirci, 2024).

Figure 3 - Density vs Strength Chart of Engineering Materials (Ashby, 2011)
A key advantage of CFRP for hydrofoil wings is its low density compared with metals such as aluminium or stainless steel. Lower structural mass improves acceleration, handling and energy efficiency, particularly in applications such as electric foiling boards and high-performance marine vessels. At the same time, carbon fibres provide high tensile strength and stiffness, allowing the hydrofoil wing to resist bending under lift loads. This is important because excessive wing deflection can change the angle of attack, increase drag and reduce stability. Liao et al. (2019) state that composite materials are increasingly used in hydrodynamic lifting surfaces because of their high specific strength and favourable fatigue properties.
CFRP is also suitable because its anisotropic properties can be engineered. Unlike isotropic metals, CFRP laminates can be designed with fibres aligned in specific directions to resist bending, torsion or combined bend-twist loading. This gives designers control over the hydroelastic response of the wing. For hydrofoils, controlled flexibility can be beneficial, as fibre orientation can influence vibration behaviour, bend-twist coupling and hydrodynamic performance (Liao et al., 2019). 
CFRP is also resistant to corrosion, which is a major benefit in saltwater environments. However, it is not without limitations. Marine composites may suffer from moisture absorption, matrix degradation, impact damage and complex failure mechanisms, so careful material selection, sealing, inspection and manufacturing control are required (Osa-uwagboe, Silberschmidt and Demirci, 2024). 
Overall, CFRP is a highly suitable material for hydrofoil wings because it combines lightweight construction with high stiffness, strength, fatigue performance, corrosion resistance and design flexibility. When manufactured and protected correctly, it enables efficient, strong and hydrodynamically refined hydrofoil structures.
6. Modelling and Simulation Techniques
Computational fluid dynamics (CFD) is a suitable modelling method for analysing hydrofoil wings because it enables the prediction of pressure distribution, flow separation, lift, drag, wake behaviour and potential cavitation before physical manufacture. A hydrofoil can be modelled in software such as Autodesk CFD by importing a three-dimensional CAD wing, defining the surrounding water domain, applying an inlet velocity, pressure outlet and no-slip wall boundary condition, and generating a mesh with refinement near the leading edge, trailing edge and wing surface. Autodesk CFD also includes cavitation modelling, where vapour volume fraction can be plotted to identify regions where the local water pressure falls below vapour pressure and vapour bubbles may form (Autodesk, 2024). 
CFD should not be used on its own; it should be checked against standard hydrofoil calculations. Initial lift can be estimated using the equation:
L = 0.5ρV²SCL
where ρ is water density, V is flow velocity, S is planform area and CL is the lift coefficient. Drag can be estimated similarly using:
D = 0.5ρV²SCD
These calculations provide a useful baseline for comparison with CFD force outputs. If the simulated lift and drag differ significantly from hand calculations, this may indicate issues with the mesh, boundary conditions, turbulence model, reference area or solver setup. Validation is essential because studies have shown that numerical results should be compared with experimental or analytical data to confirm accuracy (Amano et al., 2019). Similarly, van Marrewijk, Schonebaum and Schwab (2018) developed a dynamic hydrofoil model and validated it against experimental measurements, demonstrating the importance of comparing simulation results with physical test data to ensure that the model represents real operating behaviour. For marine simulations, verification and uncertainty assessment are also recommended to ensure that the results are not dominated by poor mesh quality, numerical diffusion or solver error.
CFD is particularly useful for comparing different angles of attack, hydrofoil sections and aspect ratios. It allows designers to identify the angle at which lift is maximised without producing excessive drag, flow separation or cavitation. Therefore, Autodesk CFD and similar simulation tools are most effective when used alongside standard lift and drag equations, experimental validation and engineering judgement. This combined approach improves hydrofoil efficiency, reduces design risk and supports the development of lightweight, structurally reliable CFRP hydrofoil wings.

7. Laboratory Test Validation
Laboratory testing is required to validate hydrofoil wing designs because CFD and hand calculations are only predictions. A typical validation method is to test a scaled or full-size hydrofoil in a towing tank or water tunnel. The hydrofoil is mounted on a rigid strut or test rig, then exposed to controlled flow speeds and angles of attack (Cook and Banks, 2025). A force balance is used to measure lift and drag, while pressure sensors, strain gauges or fibre-optic sensors can record surface pressure, bending strain and structural response. These measured results are then compared with CFD outputs and standard lift and drag calculations.
Laboratory testing is also important for CFRP hydrofoil wings because composite structures may deform under load. Maung et al. (2021) tested a full-scale carbon composite hydrofoil cantilever loading and experimental modal analysis. Their results showed that experimental bending stiffness and modal frequencies were approximately 20% lower than finite element predictions, showing why physical validation is necessary for composite hydrofoils. Laboratory strain measurement can therefore be used to confirm whether the CFRP lay-up, fibre orientation and bonding quality meet the design requirements.
Cavitation testing is another important validation stage. In a cavitation tunnel or high-speed water tunnel, the pressure and flow conditions can be controlled so that vapour cavities form on the low-pressure side of the foil. Krishnaswamy (2000) developed numerical models for partially cavitating hydrofoils and validated them through comparison with published experimental and numerical data. 
Overall, laboratory validation ensures that the hydrofoil performs safely and efficiently under real hydrodynamic loading. The best approach is to compare hand calculations, CFD results and experimental measurements, then refine the design before final manufacture.
8. Conclusion
In conclusion, this assignment has shown that the design of a CFRP hydrofoil wing for kitesurfing requires a balance between hydrodynamic efficiency, structural stiffness and practical validation. The use of seawater properties, estimated chord length and maximum operating velocity allowed the Reynolds number to be calculated for the selected 855 Slingshot One-Lock Kite Front Wing. The results suggest that the overall flow is likely to be turbulent, although a short laminar region may still exist near the leading edge before transition occurs. This is beneficial because laminar flow can reduce skin-friction drag at the front of the chord, while turbulent flow further downstream can help delay separation and maintain lift.
The analysis also shows that CFD is a valuable tool for predicting pressure distribution, lift, drag, flow separation and potential cavitation before manufacture. However, CFD and hand calculations are only predictive methods, so their results should not be accepted without validation. Laboratory testing in towing tanks, water tunnels and cavitation tunnels is necessary to confirm whether the hydrofoil performs as expected under realistic hydrodynamic loading. This is especially important for CFRP hydrofoils, as composite lay-up, fibre orientation and bonding quality can affect stiffness and structural response. Experimental studies have shown that measured stiffness can differ from finite element predictions, demonstrating the importance of physical testing and manufacturing quality control.
Overall, the most effective hydrofoil development process combines analytical calculations, CFD, FEA and laboratory validation. For the selected CFRP hydrofoil wing, this approach would help ensure that the design generates sufficient lift, avoids excessive drag and cavitation, and remains structurally reliable under load. Therefore, successful hydrofoil design depends not only on achieving efficient fluid flow, but also on verifying that the manufactured composite structure can maintain its intended shape and performance in real operating conditions.
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Figure 1: Wing lift distribution on a rectangular planform wing.
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