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This thesis focuses on the design, simulation, and prototype testing of a new portable hy-
drogenerator with a non-axial propeller configuration intended for use as an auxiliary power
source on cruising and racing sailboats. The iterative CAD approach resulted in the design
of a hydrogenerator unit utilising commercially available standard components and eight
modelled parts, along with a robust mounting system. Geometric and form-factor analyses
were performed using physical prototypes produced via 3D printing and manual stator wind-
ing tests. Static structural FEA showed that the mounting structure can achieve a very high
safety factor under an exaggerated static operational load, whether the transom bracket was
mounted with bolts or epoxy.

Hydrodynamic testing determined a baseline propeller angular velocity utilised in the 2D
transient magnetic FEA analysis in ANSYS Maxwell, which showed that the initial design
with a model depth of 30 mm limits power output, making it incapable of generating the
targeted 200 W at normal operating speeds of 10 to 20 knots. Nevertheless, parametric
scaling showed that increasing model depth would make generating 200 W feasible. This
research sets the basis for non-axial hydrogenerators for portable applications, with future
research focusing on marine fatigue testing and seaweed entanglement resistance testing.
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Symbols and abbreviations

Latin characters

F force N
I current A
| length m
P power W
R resistance W
Vv voltage \%
Greek characters

w (Omega)

w (omega) angular velocity rad=s
r (rho) density kg=m?>
S (sigma) von mises stress Pa
t (tau) shear stress Pa
q (theta)

Abbreviations

2D two-dimensional

3D three-dimensional

CAD computer-aided design

FEA finite element analysis

fps frames per second

GASB great atlantic sargassum belt

IMOCA international monohull open class association
RPM rotations per minute

STEP standard for the exchange of product data
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1 Introduction

Hydroelectric power generation exploits the kinetic and potential energy of owing or falling
water to produce electricity via electromagnetic induction. While the term hydropower or hy-
droelectric power is commonly associated with large-scale power generation infrastructure,
such as hydroelectric dams, as shown in Figure 1, the scale extends to micro-hydropower
systems designed for localised applications (Arora, 2024).

Figure 1. Dam in Imatra (Photograph by author).

Regardless of scale, the fundamental mechanism remains the same: moving water exerts
torgue on a mechanical turbine, which rotates a generator to convert mechanical rotation
into electrical energy. This thesis investigates the application of micro-scale hydroelectric
power generation as a sustainable auxiliary power source in the maritime sailing industry,
tackling unique challenges.
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