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Abstract 
 

Floating offshore wind energy harnesses high-quality wind resources in deep waters, but traditional 

platform designs face challenges in mitigating extreme marine forces and maintaining cost-effectiveness. 

This paper introduces a nature-inspired, droplet-shaped floating platform that addresses these challenges 

through innovative design and hydrodynamic optimization. Conventional floating platforms such as Spar, 

Tension Leg Platform (TLP), and Semi-Submersible concepts each provide unique advantages, including 

stability, reduced motion, and robust mooring systems, yet encounter limitations like extreme load 

variability and high dynamic response under harsh conditions. Drawing inspiration from the streamlined 

geometry of water droplets, the proposed platform leverages biomimetic principles to enhance 

hydrodynamic efficiency, minimize drag, and improve stability. A mathematical framework is developed to 

define the droplet shape, integrating linear and semicircular functions to optimize angles, radii, and 

submerged volumes. Analytical derivations establish boundary conditions, enabling precise calculations 

for structural parameters and buoyancy. The droplet-shaped design aims to mitigate pitch, heave, and surge 

motions, offering a robust foundation for supporting multi-megawatt wind turbines in extreme 

environments. This study proposes a cost-effective, scalable alternative to existing platforms, highlighting 

the potential of biomimicry to revolutionize floating offshore wind technology. Further validation through 

numerical simulations and experimental wave-tank testing is recommended to optimize performance and 

reliability. This novel approach signifies a step toward innovative, sustainable solutions for harnessing 

renewable energy in deep-water regions, paving the way for the next generation of offshore wind 

deployment. 

 

Keywords: Floating offshore wind, droplet-shaped platform, biomimetic design, 

hydrodynamic optimization, renewable energy, multi-megawatt turbines 

 

 

1. Introduction 
 

The exploitation of offshore wind resources in deep-water environments represents one of 

the most promising pathways toward sustainable energy generation. Conventional floating 

platforms—including Spar, Semi-Submersible, and Tension Leg Platforms (TLP)—offer partial 

advantages in terms of stability and load management, but they are limited by large dynamic 

responses, extreme loading conditions, and high construction costs. Addressing these challenges 

requires innovative geometries that enhance hydrodynamic efficiency while ensuring structural 

robustness. 

This study introduces and develops a biomimetic droplet-shaped floating platform, inspired 

by naturally optimized hydrodynamic forms observed in water droplets, icebergs, and marine 

mammals. The central premise is that the droplet’s streamlined profile can substantially reduce drag 

forces, minimize pitch, surge, and heave motions, and optimize buoyancy distribution. A 

mathematical framework is formulated to define the geometry of the droplet, integrating linear and 

semicircular functions subject to specific boundary conditions. Analytical derivations provide 
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closed-form solutions for volume, cross-sectional area, and buoyancy requirements, enabling 

scalability for multi-megawatt turbine applications. 

The proposed design offers a cost-effective and hydrodynamically efficient alternative to 

traditional platforms. By leveraging biomimetic principles, the droplet-shaped concept aims to 

mitigate extreme environmental loads, improve structural survivability, and enhance performance 

under harsh marine conditions. The geometry further demonstrates potential scalability and 

adaptability, aligning with current industrial needs for robust, deployable solutions in deep-water 

regions. 

Future research will focus on numerical and experimental validation of the proposed 

concept. High-fidelity Computational Fluid Dynamics (CFD) simulations, coupled aero-hydro-

elastic modeling, and wave-basin testing are recommended to assess drag coefficients, 

hydrodynamic stability, and long-term fatigue behavior. Additional investigations into mooring-line 

configurations and material optimization will strengthen the platform’s applicability for commercial 

deployment. 

In conclusion, this thesis advances floating offshore wind technology by presenting a nature-

inspired structural paradigm that unites mathematical precision with biomimetic insight. The 

droplet-shaped platform contributes to the development of next-generation offshore wind systems 

by offering enhanced stability, reduced costs, and sustainable scalability, thereby supporting the 

global transition toward renewable energy. 

 

2. Methodology 
 

One of the most aerodynamically and hydrodynamically stable shapes found in nature is the 

droplet (Figure 1). Its streamlined geometry minimizes resistance and maximizes stability, making 

it an ideal inspiration for various design applications. This natural form is not only visually elegant 

but also functionally optimized, as it allows for minimal drag in both air and water. When a droplet 

falls, it adopts a shape that balances surface tension, gravitational forces, and fluid dynamics, 

forming an efficient structure that reduces energy loss. 

 

 
Figure 1. A Droplet Hanging from a Leaf, Illustrating Natural Streamlined Geometry 
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The principles derived from these natural forms have far-reaching applications in 

engineering and design. For instance, they inspire the hydrodynamic profiles of ships, submarines, 

and now floating wind turbine platforms. By mimicking the droplet’s streamlined structure, these 

platforms can achieve reduced drag, improved stability, and enhanced durability, even in harsh 

marine environments. The droplet serves as a testament to nature’s ability to create solutions that 

balance form and function, making it a cornerstone for biomimetic engineering. 

As depicted in Figure 2, the shape of an iceberg closely resembles an inverted droplet 

beneath the water, with its wide base providing stability, while the portion above water mimics the 

shape of a falling droplet. This dual geometry plays a critical role in its ability to remain resilient 

against dynamic marine forces. The submerged section, which constitutes the majority of the 

iceberg’s mass, provides buoyancy and resists tipping by maintaining a low center of gravity. 

Meanwhile, the above-water portion serves as a streamlined form, reducing wind resistance and 

minimizing wave impacts on the exposed surface. This natural design is an exquisite example of 

evolutionary optimization for harsh environments. Icebergs are subjected to constant wave motion, 

varying currents, and environmental changes, yet their shape ensures equilibrium and durability. 

The droplet-like profile beneath the waterline contributes to smooth hydrodynamic interactions, 

effectively dissipating energy from waves and stabilizing the iceberg. Additionally, the wide 

submerged base enhances the structural balance, acting as a natural counterweight to the forces 

acting above the water. In the context of engineering, the iceberg’s structure offers invaluable 

insights into designing offshore platforms. Its dual nature—a wide, stable base and a streamlined, 

minimal-resistance profile—can inspire floating structures that must endure similar challenges, such 

as strong ocean currents, high winds, and rough seas. 

 

 
Figure 2. An Iceberg with Submerged and Above-Water Portions, Demonstrating Natural 

Hydrodynamic Stability. 

 

Similarly, large marine mammals such as whales (Physeter macrocephalus) demonstrate 

remarkable balance and stability. These creatures have been observed resting near the water’s 

surface in a vertical position, relying on their streamlined bodies and slight movements to maintain 

equilibrium. Studies, such as those published in Current Biology (Miller et al., 2008), reveal that 
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whales often enter brief, near-vertical resting states. During these periods, they leverage their body 

shape to stabilize themselves, even amidst surface currents and wave activity [33]. 

As illustrated in Figure 3, the body of a whale resembles an inverted droplet, further 

emphasizing the prevalence of this efficient geometry in nature. This alignment between form and 

function provides critical insights for biomimetic design. By studying these natural examples, we 

can develop advanced engineering solutions, such as stable and efficient offshore platforms. The 

droplet-shaped geometry serves as a guiding principle, enabling the creation of structures that not 

only withstand environmental challenges but also operate efficiently in dynamic marine conditions. 

 
Figure 3. Whales Resting in a Vertical Position, Exemplifying Natural Hydrodynamic Balance [34]. 

 

Likewise, centuries of trial and error have led to the development of highly effective fishing 

floats, which serve as simple yet robust markers on the water. Their shapes have evolved to minimize 

oscillations, maintain buoyancy, and reliably signal fish bites, as shown in Figure 4. Notably, fishing 

floats share a key objective with floating wind turbine platforms—namely, remaining upright and 

stable in a dynamic marine environment. Although wind turbines operate at a vastly different scale 

and carry much heavier loads, the underlying principle of distributing volume and mass for optimal 

stability is remarkably similar. 
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Figure 4. Various Fishing Floats Showcasing Hydrodynamically Stable Designs. 

 

By integrating such natural design insights, the droplet-shaped floating platform proposed 

in this study mimics the hydrodynamic advantages of streamlined shapes found in nature. Its 

tapered submerged profile, akin to an iceberg’s hidden volume or a whale's vertical resting posture, 

aims to minimize drag and wave excitation forces. This approach directly supports the platform's 

goals of reducing pitch, heave, and surge motions while providing the buoyancy required to support 

multi-megawatt turbines under extreme conditions. 

To translate these principles into a functional design, the study employs a mathematical 

framework to define the droplet shape with precision. By systematically analyzing the relationships 

between boundary conditions, geometric parameters, and hydrodynamic performance, the design 

ensures maximum stability and efficiency. 

The mathematical model, depicted in Figure 5, illustrates a mathematical representation of 

the drop shape, which can be obtained by rotating the function 𝑓1(𝑥) = 𝑥 ∙ tan 𝛼 (1) over the interval 

[𝑥1, 𝑥3] and the function 𝑓2(𝑥) = √𝑦3
2 − (𝑥 − 𝑥4)

2 (2) over the interval [𝑥3, 𝑥5] around the x-axis.  

 

 
Figure 5. Mathematical Model of Drop Shape Defined by Boundary Conditions. 

 

From Figure 5, we aim to determine the values of all relevant coordinates by applying the 

defined boundary conditions and using the mathematical model of the drop's shape. The boundary 

conditions are as follows: 

1. First Boundary: 
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𝑦1 = 𝑟                                                                (3) 

Here, r is the top radius of the conical section in the droplet’s profile. This boundary 

corresponds to the narrower (lower) limit of the droplet shape. 

2. Second Boundary: 

𝑦3 = 𝑅                                                                (4) 

Here, R denotes the radius of the semicircle and represents the largest cross-sectional 

width (upper limit) of the droplet. 

3. Third Boundary: 

 

𝑥1 = 𝑟 ∙ cot 𝛼 = 𝑟 ∙
cos𝛼

sin 𝛼
                                                    (5) 

This condition defines the horizontal position of the boundary as a function of the angle of 

inclination, 𝛼. Here, 𝛼 is the angle between the tangent at the boundary and the horizontal 

axis. 

From triangles OAB and ABC in Figure 5 we can see that:  

1) AB is the radius of the semicircle which is equal to R:  

𝐴𝐵 = 𝑅                                                               (6) 

2) From triangle OAB: 

sin 𝛼 =
𝐴𝐵

𝑂𝐵
=

𝑅

𝑥4
                                                          (7) 

3) From triangle ABC:  

cos 𝛼 =
𝐴𝐶

𝐴𝐵
=

𝑦2

𝑅
                                                          (8) 

From (7) we will find 𝑥4: 

𝑥4 =
𝑅

sin 𝛼
                                                              (9) 

From (8) we will find 𝑦2: 

𝑦2 = 𝑅 ∙ cos 𝛼                                                       (10) 

From (1) and (10) we will find 𝑥3: 
𝑓1(𝑥3) = 𝑦2 = 𝑅 ∙ cos 𝛼 = 𝑥3 ∙ tan 𝛼 

then 

𝑥3 = 𝑅 ∙
cos 𝛼

tan𝛼
= 𝑅 ∙ cot 𝛼 ∙ cos 𝛼 = 𝑅 ∙

cos2 𝛼

sin𝛼
                                  (11) 

From Figure 5 we can see that: 

𝑥2 = 𝑥4 − 𝑅                                                        (12) 

and 

𝑥5 = 𝑥4 + 𝑅                                                        (13) 

From (9) and (12) we find 𝑥2: 

𝑥2 =
𝑅

sin 𝛼
 − 𝑅 = 𝑅 ∙ (

1

sin𝛼
− 1)                                     (14) 

From (9) and (13) we find 𝑥5: 

𝑥5 =
𝑅

sin 𝛼
 + 𝑅 = 𝑅 ∙ (

1

sin𝛼
+ 1)                                     (15) 

After defining analytical values all vertical 𝑦1, 𝑦2, 𝑦3 and horizontal 𝑥1, 𝑥2, 𝑥3, 𝑥4, 𝑥5 

coordinates we will write them into Table 1.  
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Table 1. Analytical Values of Vertical and Horizontal Coordinates for the Drop Shape with given 

boundary conditions r, R and 𝛼. 

Vertical Coordinates (y): Horizontal Coordinates (x): 

𝑓1(𝑥) = 𝑥 ∙ tan 𝛼 𝑥1 = 𝑟 ∙
cos 𝛼

sin 𝛼
 

𝑓2(𝑥) = √𝑅2 − (𝑥 −
𝑅

sin 𝛼
)
2

 𝑥2 = 𝑅 ∙ (
1

sin 𝛼
− 1) 

𝑦1 = 𝑟 𝑥3 = 𝑅 ∙
cos2 𝛼

sin 𝛼
 

𝑦2 = 𝑅 ∙ cos 𝛼 𝑥4 =
𝑅

sin 𝛼
 

𝑦3 = 𝑅 𝑥5 = 𝑅 ∙ (
1

sin 𝛼
+ 1) 

 

Table 1 represents all coordinates values for defining drop shape that represented by 

combination of two functions: linear function 𝑓1(𝑥) = 𝑥 ∙ tan 𝛼 and semicircular function 𝑓2(𝑥) =

√𝑦3
2 − (𝑥3 − 𝑥4)

2 with offset 𝑥4. 

The total volume for drop shape represented by combination of two functions: linear function -  

𝑓1(𝑥) = 𝑥 ∙ tan 𝛼 and semicircular function - 𝑓2(𝑥) = √𝑦3
2 − (𝑥 − 𝑥4)

2 with offset 𝑥4 will be 

calculated as: 

1. For the interval [𝑥1, 𝑥3]: 

𝑉1 = 𝜋∫ [𝑓1(𝑥)]
2 𝑑𝑥

𝑥3

𝑥1

 

2. For the interval [𝑥3, 𝑥5]: 

𝑉2 = 𝜋∫ [𝑓2(𝑥)]
2 𝑑𝑥

𝑥5

𝑥3

 

The total volume of the drop is given by: 

𝑉𝑡𝑜𝑡𝑎𝑙 = 𝑉1 + 𝑉2 = 𝜋 ∫ [𝑓1(𝑥)]
2 𝑑𝑥

𝑥3
𝑥1

+ 𝜋 ∫ [𝑓2(𝑥)]
2 𝑑𝑥

𝑥5
𝑥3

                       (16) 

Substituting the limits in (16) from Table 1, the total volume is: 

𝑉𝑡𝑜𝑡𝑎𝑙 = 𝜋 ∙

{
 
 

 
 

∫ (𝑥 ∙ tan 𝛼)2

𝑅∙ 
cos2 𝛼
sin𝛼

𝑟∙ 
cos𝛼
sin 𝛼

𝑑𝑥 + ∫ [√𝑅2 − (𝑥 −
𝑅

sin 𝛼
)
2

]

2𝑅∙ (
1

sin 𝛼
+1)

𝑅∙ 
cos2 𝛼
sin 𝛼

𝑑𝑥

}
 
 

 
 

         (17) 

After solving and simplifying (17): 

𝑉𝑑𝑟𝑜𝑝 =
𝜋 ∙  [(1 + sin 𝛼)2  ∙  𝑅3  −  𝑟3  ∙  cos 𝛼]

3 ∙  sin 𝛼
                                (18) 

When designing a floating body, the buoyant force—determined by the weight of the 

displaced (submerged) water—must equal the total weight of the structure itself, including both the 

platform and the wind turbine. Because we can calculate the required displaced-water volume, it is 

crucial to express all geometric relationships in terms of that submerged volume. In our case, these 

geometric unknowns are r (the smaller radius of the droplet), R (the maximum radius of the droplet), 

and the angle α. Rearranging the volume formula (18) for R gives: 

𝑅(𝑉𝑑𝑟𝑜𝑝) = √
3 ∙ 𝑉 ∙ sin 𝛼 + 𝜋 ∙ 𝑟3 ∙ cos 𝛼

𝜋 ∙ (1 + sin 𝛼)2

3

                                              (19) 
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In this study, 𝑟 is assumed to be equal to the wind turbine tower’s bottom diameter. 

Meanwhile, α can be obtained experimentally or via simulations of drag force, since the angle affects 

the frontal cross section on which the drag force depends. 

The cross-sectional area A of the droplet-shaped platform can be found by integrating the 

functions 𝑓1(𝑥) and 𝑓2(𝑥) (without rotation), namely: 

𝐴 = 2 ∙ ∫ 𝑓1(𝑥)𝑑𝑥

𝑥3

𝑥1

+ ∫ 𝑓2(𝑥)𝑑𝑥

𝑥5

𝑥3

                                               (20) 

After evaluating these integrals, the result is: 

𝐴 = (𝑅2 − 𝑟2) ∙ cot 𝛼 + 𝑅2 ∙ (
𝜋

2
+ 𝛼)                                            (21) 

where 

𝛼 ∈ [0;
𝜋

2
] 

When analyzing the hydrodynamic performance of the droplet-shaped platform, it is 

important to consider the drag force, 𝐹𝑑𝑟𝑎𝑔. This force is given by: 

𝐹𝑑𝑟𝑎𝑔 =
1

2
𝜌𝑣2 ∙ 𝐴 ∙ 𝐶𝐷 

where ρ is the fluid (or air) density, 𝑣 is the flow velocity, 𝐴 is the characteristic area (often taken 

as the projected area on the plane perpendicular to the velocity vector), and 𝐶𝐷 is the drag coefficient, 

determined experimentally or via CFD simulations.  

 
Figure 6. Design concept of droplet-shaped floating platform for offshore wind turbines. 

 

Understanding and accurately estimating 𝐹drag is essential for evaluating the platform’s overall 

stability and performance, particularly under high wind and wave conditions. 

The mathematical derivations described thus far form the foundation for a biomimetic droplet-

shaped platform, which aims to balance hydrodynamic efficiency with sufficient buoyancy for multi-

megawatt wind turbines. By systematically arranging the conical lower section and semicircular 

upper region, the design seeks to reduce wave-induced motions and structural loads. To offer a 
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clearer perspective, Figure 6 presents a conceptual rendering of the droplet-shaped floating platform, 

highlighting its overall geometry, approximate immersion depth, and turbine placement. 

As illustrated in Figure 6, the narrow base of the platform transitions into a broader hull near 

the water surface, maximizing stability and minimizing wave-excitation forces. The conical profile 

in the submerged section helps control hydrodynamic drag and vertical motions, whereas the 

semicircular upper portion enhances buoyancy and overall structural robustness. This integrated 

form directly corresponds to the derived volume expressions and boundary conditions outlined 

earlier, ensuring that the required displaced water volume can support the turbine’s mass while 

maintaining optimal trim and pitch characteristics. It is recommended to conduct numerical 

simulations and wave-tank tests to refine the droplet-inspired geometry and validate its 

performance under various operational and extreme sea conditions. 

 

3.    Conclusion 

 
1. This paper introduced a biomimetic droplet-shaped floating platform designed to harness 

wind energy in deep-water regions. The proposed geometry combines a linear (conical) 

function with a semicircular profile to mitigate extreme wave-induced loads and platform 

motions—specifically pitch, heave, and surge—while supporting multi-megawatt wind 

turbines. 

2. Analytical formulations were provided for boundary conditions, key geometric parameters, 

total volume, cross-sectional area, and drag force. These closed-form expressions facilitate 

rapid estimation of buoyancy requirements based on a targeted submerged volume, 

simplifying scaling for different turbine capacities. 

3. The droplet-shaped platform concept leverages efficient hydrodynamic principles inspired 

by nature, offering the potential for improved motion response in harsh marine 

environments. 

4. Validation of this geometry through numerical simulations, including coupled aero-hydro-

elastic analyses, and wave-basin experiments is recommended to confirm its performance 

and reliability. 

5. Further studies should focus on exploring mooring-line layouts, structural optimization, and 

cost trade-offs. These aspects are critical for refining the platform design and enhancing its 

practical implementation. 

6. This innovative approach aims to advance floating offshore wind technology by providing a 

hydrodynamically efficient and adaptable solution suited to a wide range of environmental 

conditions. 
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