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Flight path analysis on the winged seeds of Honduras mahogany

Abstract

The seed of the Honduras mahogany (Swietenia macrophylla) tree consists of a
pod capsule connected to a single wing. The structure of the seed of this particular
species is interesting due to its ability reduce its terminal flight velocity and increase its
drift distance, thus enabling the wind to carry its fruit farther than that of most other
plant species. This characteristic, along with the simple make and build of the
mahogany’s lightweight, fibrous wing, makes the seed a viable model to recreate in

applications of agriculture or field botany.

In this study, we aim to find the relevant parameters of the single-winged seeds
that will enable us to recreate its flying pattern. We used materials such as wind tunnels
and high-speed cameras capable of shooting 500 frames per second to analyze a sample
of mahogany seeds collected from our school. We also applied the relevant principles of
fluid dynamics to design a single-winged seed model in order to increase our model’s
flight time and sowing distance. We analyzed the seed’s physical attributes in the
following order: (1) the structure and trajectory, (2) the advance ratio (the ratio between
the distance the wing moves through the air during one revolution and the diameter of
the wing), (3) the lift force of the structure versus its pitching and coning angle, (4) its

lodge versus terminal velocity, and (5) the cut-off angle in the wing.

We concluded that the flight path of the seed can be divided into five periods:
free-fall, slow down, slow flight, increasing velocity, and terminal velocity periods. We
also concluded that the advance ratio of the seed is of low advance ratio type (e<1). In
addition, the lodge position and the weight of the rib mark can influence the coning
angle of the seed and path of the flight trajectory. We also found that the pitching angle
has more effect than the coning angle on the lift and drag force of the seed in flight. Last
but not least, we concluded that a higher cut-off angle can increase the rotational
velocity (8.06Hz) necessary to help the seed to fly, and when dropped from a great
height, the weight of the seed’s lodge is proportionally related to how far the seed drifts

from its parent tree.



Finally, we obtained the necessary parameters to build our own flight model. By
using easy-to-obtain, inexpensive materials, we can develop useful tools to disperse

seeds, remote sensors, or other materials in an economic and efficient way.
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