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Abstract
For centuries, propellers have been used to propel ships, in the beginning through
water, and later they began being used to propel aircraft through the air. Pro-
pellers increase the pressure in the fluid and are beneficial for low-speed aerospace
applications. Today, a common use for propellers is in drones, where the concern
for noise emissions arises due to their popularity and in-city use. Therefore, this
thesis studied the aerodynamic performance of a 14x8-inch propeller by Advanced
Precision Composites and the vortices generated by it using Computational Fluid
Dynamics simulations solving steady-state Reynolds Averaged Navier-Stokes equa-
tions. The results from these simulations are then compared to experimental data
from the University of Illinois Urbana-Champaign.

The results of the simulations showed the model most closely following the experi-
mental results for low advance ratios with an error for efficiency around 10%. The
simulations were performed with a rotational rate of 4038 rpm and inlet velocities
ranging from 10.4 m/s to 17.7 m/s. The simulation model also showed the most
common occurrence of vortices being from the hub and the tip of the blades. A
reduction in tip vortices would be beneficial to reduce the aero-acoustic noise gen-
erated by the propeller.
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1
Introduction

This chapter introduces propellers, their uses, and the current research. It also
includes the purpose of this thesis and possible limitations in its completion.

1.1 Background

A propeller is, as the name suggests, a propulsion device. It is found in several
domestic, industrial, and military applications. They are used for both marine
and aircraft propulsion. In the aerospace industry, propellers are used primarily to
propel small-to-medium-sized aircraft. More recently, propellers have also been used
to propel drones and other small Unmanned Aerial Vehicles (UAVs)[1].

A propeller is a turbomachine. A turbomachine is a device that transfers energy to
or from the �ow by the dynamic action of the rotor blade on a continuously moving
�uid. Depending on the direction of energy transfer, turbomachines are classi�ed
into turbines or pumping devices. A turbine is a turbomachine that produces power
by expanding the �uid �owing through it to a lower pressure. A pumping device,
instead, absorbs power and increases the pressure or head of the �ow. A propeller
is a power-consuming turbomachine, i.e. it requires energy to perform work on
the �ow. The �ow may be either a liquid or a gas, like water or air. A propeller
consists of two or more rotor blades attached to a common hub, which is connected
to a powered shaft. The rotor blades rotate around this hub and displace air by
performing work on it, producing thrust. Thrust is a force directed in the direction
parallel to the propeller's rotational axis.

The propeller is an old machine part used as a propulsion device for several cen-
turies. The regular fan is a commonly used propeller-like structure, often found in
everything from household appliances and electronics to a standalone human cooling
device. As early as the 18th century, ideas about using four-bladed screws to propel
ships were proposed [2]. In the 1830s, the �rst propeller ships were patented. In
Fig. 1.1a an example of a propeller used for marine applications can be seen. In the
early days, propellers were primarily used for ships and lighter-than-air aircraft. It
was not until the early 20th century and the success of the Wright brothers that a
rapid progression was observed in the use of propellers for heavier-than-air aircraft
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