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Abstract— Swietenia Mahogani (Mahogany) seeds shows an extraordinary falling characteristic known as autorotation. The 

mahogany seeds are equipped with a small wing, which starts to auto rotate within 1 meter after they are detached from the tree. The 

seeds rotates in its axis centre similar to that of the gyration of propeller about its pivot point. This motion generates lift which slows 

down the falling speed and provides an additional time to stay afloat. In this paper the flow field around a mahogany seed under free 

fall condition is analyzed to discover its aerodynamic characteristics  and study about its potential use as a wind turbine. 

 

Keywords— Autorotation, Axis centre, Gyration, Pivot point,  Swietenia Mahagoni, Wind turbine.  

I. INTRODUCTION 

Nature is the best fascinating source of creativity and inspiration. Nature can inspire us about systems structures, designs, 

materials, processes, aesthetics, etc. Biomimetics is the term used to describe the substances, equipment, mechanism, and 

systems by humans to imitate natural systems and designs, aiming at solving problems by first examining, and then imitating or 

drawing inspiration from models in nature [1,2,3]. Mahogany seeds are one of the most generally interesting specimens for 

biological aerodynamic study within nature. 

II. SEED GEOMETRY AND ROTATIONAL PROPERTIES 

A Swietenia mahogany is a medium-sized semi-evergreen tree that belongs to the species of Swietenia and native to South 

Florida in North America, Brazilian Amazon, The Caribbean, and in South East Asia. The fruit of a mahogany tree is a woody 

capsule about 5 – 10 cm long and 3 – 6 cm broad which contains several sized winged seeds. The fruit capsule contains 50 to 60 

winged seeds and among this, about 70 to 75 percent are germinal seeds. The seeds with wings vary their wingspan from 8.713 

cm – 9.827 cm and the mass of the seed varies between 0.578g – 0.685g with their significant differences existed from different 

localities. These winged seeds are dark brown and the seeds consist of embryo positioned peripherally at one side which is 

covered by the dark brown coloured spongy tail like wings. 80%-85% percentage of the mass is located in the embryo part. 

During the dry season, the woody pericarp or capsule of the fruits dehisces and falls to the ground. The seeds will then 

gradually disperse from the columnella and will germinate or lose their viability shortly after the fall. To forestall food 

competition, the mahogany tree uses wind dispersal mode to spread the seeds around the parent tree [4]. 

 
Fig – 1: Photograph of a mahogany seed 
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Due to the geometry of the seed, it starts to auto rotate while falling through a certain height. This rotation is about a point 

close to its centre of mass [5]. The gyration slows down the falling time which maximises the falling distance of mahogany 

seeds from their parent. This is caused by the effect of aerodynamics that works on seed while rotating in its axis centre. The 

effect of aerodynamics on mahogany seeds is caused by its geometry which is formed by a particular airfoil pattern. When the 

airfoils of the mahogany seeds are powered by air, they will produce aerodynamic effects such as lift force, drag force, thrust, 

and torque. During the initial phase, since there is no effective lift produced until the seed attains the stable rotating phase, the 

terminal velocity increases gradually. After this transition phase, the lift force counteracts the weight and reduces the increment 

of terminal velocity and finally attains a stable rotatory state [6]. 

 The principle of the mahogany seed is to convert the kinetic energy of the falling motion into a lift that allows the seed to 

stay aloft and travel longer distances from the tree. This principle is analogous to that of a wind turbine, which is to convert the 

kinetic energy in the moving fluid (wind) to rotational energy and further to electricity [7]. After a million generations of 

mahogany trees, the seed species had developed to numerous survivable optimum geometries for travelling additional distance 

from the tree. This natural aerodynamic shape of a mahogany seed species can help understand the degree of evolution as well 

as flow parameters around a rotating airfoil. 

A. Seed Geometry 

The mahogany seeds used for the work were gathered from numerous mahogany trees in the locality. There are many species 

of mahogany trees and the seeds which have been collected are identified in the species of Swietenia Mahagoni. The mahogany 

seeds that were collected where in different sizes and four different sized samples were selected for the study [8]. 

B. Falling Experiment  

The falling of the seeds was recorded in a high-speed camera with a 20x20 cm dimension of the field view. Consecutive 

images were recorded at the frame rate of 1000 frames per second. The free fall test was conducted in a closed room to preclude 

any disturbance by the surroundings. Collected samples seed were released 2 m above from the floor and a reference scale was 

vertically attached on the wall. From the experiment conducted on the different samples, the terminal velocity on average and 

the angular velocity was found. 

 

 
 

Fig – 2: Stills of the falling mahogany seed. 

 

During the fall, it is observed that the seed maintains an inclination with the horizontal. This angle was almost constant in 

various trials of the experiment. The experiment done with the scanned model showed a coning angle of 16°.  

R.A. Norberg in 1983 was the first to conduct a scientific experiment on rotary seeds, he used momentum theory for 

explaining the performance of its motion. He explained that the axis centre passes the centre of mass of the seed which lays 

slightly displaced from the CG towards the left and thereby a net centrifugal force acts towards the right. This centrifugal force 

is balanced by an aerodynamic force that acts horizontally. The stable angle created by the seed surface with the horizontal is 

called the coning angle or roll angle [9]. 
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TABLE I 
RESULTS FROM THE FREE-FALL EXPERIMENT  

 

SEED TRIAL ω(rpm) Terminal Velocity(m/s) 

1 1 480 1.42 

2 483 1.43 

3 485 1.41 

4 485 1.42 

2 1 478 1.43 

2 472 1.45 

3 470 1.44 

4 473 1.45 

3 1 450 1.47 

2 453 1.49 

3 450 1.48 

4 450 1.49 

4 1 423 1.53 

2 423 1.55 

3 423 1.52 

4 425 1.53 

Average  457 1.47 

 

In 1989 Azuma A and Yasuda K, conducted a study on auto rotative descending characteristics of different rotary seeds in an 

experimental setup. The following conclusions were made that the lifting force is generated near to the top of the seed and the 

horizontal force acting on the seed is negative at the tip and positive at the root. This creates a driving torque on the midpoint of 

the wing [10,11]. 

 
Fig – 3: Stills image for measuring the coning angle. 

 

C. 3D Scanning 

For generating the 3D model, the collected seeds were dispatched to a 3D engineering solutions company. They provided 

high fidelity, watertight “STL‖ models of mahogany seed [12,13]. The reverse engineering method was used for model creation. 

The purpose of reverse engineering is to convert a physical object into digital parametric models. A 3D scanner outputs a 3D 

file of the physical object. A highly precise and accurate blue light 3d scanner (Solutionix C500 Blue Light Scanner) was used 

for scanning the mahogany seed [14,15]. Scanned or faceted data was converted into a usable STEP 3D format. Once the seed 

models are generated, the CFD simulation process could be started with geometry preparation and then constructing a control 

volume and grid. 
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Fig – 4: Scanned 3D model of the Mahogany seed. 

III. CFD SIMULATIONS 

Once the solid mahogany seed model was imported into ANSYS software and the fluid volume could be generated. 

A.  Geometry and Domain 

The fluid volume is generated by extruding a cylinder of more than 4 span lengths in diameter, around the mahogany seed 

model and then Boolean subtract the mahogany seed from the cylinder. This leaves a control volume with four regions: inlet, 

outlet, mahogany seed, and the far-field cylinder. The assignment of the cylinder as the domain shape is for simplicity, it could 

be rectangular, spherical, or any other form. The seed is defined as a wall, the inlet is a velocity inlet, and the far- field cylinder 

and outlet are both pressure outlets. The large domain radius ensures that wall effects from the cylinder do not alter the solution 

due to restricting the stream tube's expansion [16]. 

B. Mesh Generation. 

ANSYS includes a built-in automated meshing tool as well as a 3D CAD interface. Once the fluid volume is generated, the 

desired meshing model is chosen. Since the meshing towards the seed walls has to be fine, the following meshing models are 

employed. In fluid dynamics applications, it is the most desirable to divide the domain into hexahedral (HEX) control volumes 

denoted red, as the resulting mesh is characterised by low numerical diffusion predominantly in case of flow perpendicular to 

the faces of control volumes. Since it is not always likely to construct structured hexahedral mesh for complex geometries or it 

can be a particularly time-consuming part of CFD analysis. Therefore tetrahedral (TET) mesh generation has been implemented 

before doing a hexahedral mesh. 

 

 
Fig – 5: Scanned .step file in the ANSYS software. 
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Fig – 6: Seed model inside the cylindrical fluid domain. 

 

 
 

Fig – 7: Mesh generated on the cylindrical domain. 

C. Flow Solver 

The objective of the simulation was to model the autorotation of the mahogany seed as it falls from a tree. To replicate the 

autorotation of the descending seed, the cylindrical duct domain was generated with an inlet velocity of 1.469 m/s, and thereby 

a reference frame for rotation was established. The reference frame was given angular velocity of 457.59 rpm. Both the angular 

velocity and vertical velocity came directly from Table 1 averages. Creating the rotating reference frame is the most elegant 

way of modelling the situation since it allows all surfaces to be stationary in the frame of reference. For the mesh and boundary 

condition, models and assumptions are made to numerically solve the Reynolds Averaged Navier-Stokes equations and are 

defined as follows: 

 • Incompressible Flow 

 • Couple Flow 
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 • K-Epsilon Turbulence Model 

 • Steady Flow 

 • Three-Dimensional  

 • Two Layer y+ Treatment 

 

D. Performance Analysis 

Axial Induction Factor is one of the significant performance parameters of a wind turbine. It represents the percentage of 

kinetic energy in the free-stream which is converted to worthwhile turbine work. The axial induction factor is defined as: 

 

𝑎 =
U1 − U2

U1 
 

 

Balancing linear momentum across the actuator disk, the coefficient of power can be derived as: 

 

𝐶𝑝 =
p

0.5µU3A 
= 4𝑎(1- a)² 

 
The maximum power is obtained by setting  

dCp

da  
 = 0 and solving for a: 

Cp,max = 0.5926  

 

a max = 
1

3 
 

The expression was developed using linear momentum theory and this value is known as the Betz’ limit. Modern wind 

turbines are designed using the axial induction factors that are near this limit. The solution to the mahogany seed in autorotation 

will be analysed as a wind turbine focusing on the rotor power coefficient and the axial induction factor. The auto rotative 

descent of mahogany seed is analysed for the performance of basic aerodynamic effects as well as the performance of a single 

blade turbine. From the pressure analysis, it is apparent that pressure on the lower surface is greater than the free stream 

pressure, and also the seed experiences high pressure on the bottom side and low pressure on its top side. Also in velocity 

analysis, it shows the difference in velocity contours on the two sides of the seed which explains the formation of resultant 

effective lift force acting perpendicular to the free stream flow direction. 

 

 
Fig – 9 : Pressure contour of the falling seed in the cylindrical domain. 
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The highest pressure difference is visible on the tip of the seed rather than at the root end, which explains the conical rotation 

pattern of the seed to its mass centre. Another pronouncement was made that the pressure difference from the half of the chord 

to the trailing edge, on the suction side is almost negligible compared to the leading edge. This phenomenon shows that how a 

mahogany seed will reach in a steady-state condition in autorotation even though they exhibit a flow separation in the lifting 

surface. The effective lift production of the mahogany seed resembles the lift production of the wind turbine rotor, while it is 

rotated by the wind stream. The wind turbine blades are airfoil-shaped Blades which work by generating lift perpendicular to 

the flow. The curves surface of the airfoil in a fluid flow generates low air pressure at the top of the airfoil and high air pressure 

at the bottom of the airfoil. The high pressure at the bottom surface pushes the airfoil to the other side and thereby producing lift. 

Thus mahogany seed can be successfully bio mimicked for wind turbine rotor.  

The axial induction factor is the primary performance characteristic is chosen for this investigation since; it represents how 

much energy is extracted from the air by the model. To calculate the axial induction factor, the equation provided in 

performance evaluation is used. The calculated axial induction factor is plotted concerning the span wise positions. The 

distribution of the axial induction factor for the mahogany seed is shown first in graph 1. The power coefficient can be obtained 

from the equation provided in the performance analysis. The value can be plotted span-wise. This is shown in graph 2. 

 

 
Graph 1: Percentage of chord length vs. Axial Induction Factor graph. 

 

 
Graph 2: Percentage of chord length vs. Power Coefficient graph. 
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TABLE – 2 
Axial Induction Factor (a) & Power Coefficient (Cp) corresponding to the percentage of chord length 

 
Percentage of 

Chord 
Axial Induction 

Factor (a)  
Power Coefficient 

(Cp) 

10 0.2962 0.5868  

20 -0.0625 -0.2823 

30 0.1538 0.4406 

40 0.2081 0.5218 

50 0.4305 0.5584 

60 0.3898 0.5805 

70 0.0792 0.2686 

80 0.0666 0.2320 

90 0.1686 0.4629 

100 0.2061 0.5196 

 

 The analysis of the wind turbine airfoil in different angle of attacks ranging from -2° to 14° and calculating the 

coefficient of lift and drag of the blade, it is found that as the angle of attack increases the coefficient of lift and drag also 

increases because of the airfoil shape, which provides lift and rotates the wind turbine blade [20]. From the result, we can 

observe that there is a high velocity formed in the upper surface of the airfoil and a lower velocity on the lower surface. At 

higher Mach numbers there exists the possibility of formation of shockwave on the lifting surface that discontinues the flow.  

The pressure at the upper surface of the airfoil is lower than that of the high pressure on the incoming glow stream, and 

thereby it creates a suction that pulls the airfoil upwards, normal to the incoming upstream flow. The maximum lift to drag ratio 

is achieved from the angle of attack 4° to 8° and beyond this angle of attack, the drag force increases rapidly. The maximum L/ 

D ratio of the blade is found at 5° or 8°. The force component acting parallel to the flow stream is known as the drag force. 

There is a distribution of pressure drag and skin friction drag around the airfoil.  

The selection of optimum efficient airfoil from the mahogany seed can be aided with the graph potting coefficient of pressure 

vs. percentage of the chord. The maximum efficient wind turbine rotor inspired by a mahogany can be selected between 50 to 

60 percent of the chord. There is a considerable amount of variation in the size and mass of mahogany seeds and that influences 

the physical properties in autorotation significantly and to effectively use the force-weight balance as a constraint in simulation, 

an accurate weight of the sample that is scanned would be necessary. 

IV. CONCLUSIONS 

The aerodynamics characteristics of the mahogany seed showed that the seed airfoil illustrate a correspondence in 

aerodynamic characteristics with wind turbine blades. Both the seed and the wind turbine blade convert kinetic energy into 

rotary energy. The seed uses the rotary energy to produce lift to remain aloft while the wind turbine uses the energy to produce 

electricity. From the free-fall experiment the seed produced an RPM of 457 in a wind speed of 1.47m/s while at a lower wind 

speed of 3.4 m/s, the wind turbine can only produce a rotational speed of 10 rpm. Based on the analysis of the seed and the wind 

turbine, both performed a similar performance for obtaining lift, and thereby we can say that mahogany seed airfoils could be a 

better candidate for performance as a wind turbine. The efficiency in conversion of the kinetic energy to useful energy is 

calculated from the power coefficient. For the mahogany the power coefficient is calculated to be 0.5805 while the power 

coefficient for conventionally used turbine blades is only 0.4579. Since the Betz limit or the maximum power coefficient 

possible is 0.5929, conventionally used wind turbine blade is only capable in attaining less than 70% efficiency in energy 

conversion, while the mahogany seed is having a nearly optimum Power coefficient by achieving 99.9% of the Betz limit. 

V. FUTURE SCOPE 

Since the mahogany seeds are an excellent energy extractor, it can be useful in projects like designing wind turbine blades, 

helicopter rotors, and water wheels etc. Due to their auto-rotative characteristics, it could serve as a decelerator or it can be used 

for replacing parachute for supply crates in numerous situations like in wars, disaster effected regions, emergency situation 

areas etc. The blades resembling the mahogany seed can slow the descent, so it can also be useful in designing future ICBM 

(Intercontinental Ballistic Missiles) for targeting a large geographical area. Overall, the blades inspired mahogany seeds are 

useful for creating green energy in the future. 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VIII, Issue II, February/2021

ISSN NO: 2394-8442

PAGE NO:30



REFERENCES 

[1]  Helms, M., Vattam, S. S., & Goel, A. K. (2009) Biologically inspired design: process and products, Design Studies, 30(5), 606Ͳ622 

[2]  Marzieh, Imani., Michael, Donn., & Brenda, Vale. (2017). Biomimicry as Innovation: a systematic review. Back to the Future: The Next 50 Years, (51st 

International Conference of the Architectural Science Association (ANZAScA)), ©2017, Architectural Science Association (ANZAScA), pp. 635–644. 

[3]  Camposano, A., Virtudes, N., Otadoy, Roland, Emerito., & Violanda, Renante. (2015). Vertical and rotational motion of mahogany seed. IOP 
Conference Series: Materials Science and Engineering. 79. 012006. 10.1088/1757-899X/79/1/012006. 

[4]  Injae, Lee., & Haecheon, Choi. (2017) Flight of a falling maple seed. GALLERY OF FLUID MOTION PHYSICAL REVIEW FLUIDS 2, 090511.  

[5] R a o , M u k u l . , H o y s a l l , D h r u v , C . , & G o p a l a n , Jagadeesh. (2014). Mahogany seed - a step forward in deciphering autorotation. In: 
CURRENT SCIENCE, 106 (8). pp. 1101-1109.  

[6] Kumar, Atul., Khan, Muhammad., & Pandey, Bishwajeet. (2018). Wind Energy: A Review Paper. Gyancity Journal of Engineering and Technology. 4. 

29-37. 10.21058/gjet.2018.42004. 
[7]  MacBryde, B. (1998). CITES Species Update: Mahogany. TRAFFIC North America, 1(2), 4–5.  

[8] Norberg, R. (1973). Autorotation, self-stability, and structure of single-winged fruits and seeds (samaras) with comparative remarks on animal flight. 
Biol Rev 48:561–596.  

[9]  Azuma, A., Okuno, Y. (1987). Flight of a samara, Alsomitra macrocarpa. J Theor Biol 129:263–274  

[10]  Azuma, A., Yasuda, K. (1989). Flight performance of rotary seeds. J Theor Biol 138:23–53  
[11]  Ebrahim, M, A, B. 3D laser scanner’s techniques overview. (2015). Int J Sci Res. 4(10):323–331.  

[12] Haleem, Abid., & Javaid, Mohd. (2018). 3D Scanning Applications in Medical field: A Literature-based Review. Clinical Epidemiology and Global 

Health. 10.1016/j.cegh.2018.05.006.  

[13]  Straub, J., & Kerlin, S. Development of a large, Low-cost, instant 3D scanner. Technologies. 2014;2(2):76–95. 

[14]  Ross, M, T., Cruz, R., Hutchinson, C., Arnott, W, L., Woodruff, M, A., & Powell, S, K. Aesthetic reconstruction of microtia: a review of current 

techniques and new 3Dprinting approaches. Virtual Phys Prototyp. 2018;13(2):117–130.  
[15]  Ion, Paraschivoiu., Philippe, Fraunie., & Claude, Beguier., (2012) Streamtube expansion effects on the Darrieus wind turbine. Journal of Propulsion and 

Power; Vol 1, No.2. 

[16]  Ansari, S. A., Phillips, N., Stabler, G., Wilkins, P. C., Żbikowski, R. and Knowles, K. (2009). Experimental investigation of some aspects of insect-like 
flapping flight aerodynamics for application to micro air vehicles. Exp. Fluids 46, 777-798 . 

[17]  Varshney, Kapil., Chang, Song., & Wang, Z. (2011). The kinematics of falling maple seeds and the initial transition to a helical motion. Nonlinearity. 25. 

C1. 10.1088/0951-7715/25/1/C1.  
[18]  Crossley, Richard., & Schubel, Peter. (2012). Wind Turbine Blade Design. Energies. 5 10.3390/en5093425.  

[19]  Srinivas, G., Mahesh, G. T., Chethan, K. N., & Arjun, N. (2013). Analysis of Wind Turbine Blade. International Journal of Current Engineering and 

Technology. 2. 358-362. 10.14741/ijcet/ SPL.2.2014.65.  
[20]  Lee, Sujin., Lee, Eui., & Sohn, Myong. (2014). Mechanism of autorotation flight of maple samaras ( Acer palmatum). Experiments in Fluids. 55. 

10.1007/s00348-014-1718-4.  

[21] Nigam, P.K., Tenguria, Nitin., & Pradhan, Dr. Mohan. (2017). Analysis of horizontal axis wind turbine blade using CFD. International Journal of 
Engineering, Science, and Technology. 9. 46. 10.4314/ijest.v9i2.5.  

[22] Benyus, J.M., (1998). ―Biomimicry: Innovation Inspired by Nature. Perennial‖(Harper Collins).64 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

Volume VIII, Issue II, February/2021

ISSN NO: 2394-8442

PAGE NO:31


