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Abstract

A small scale vertical axis wind turbine with bamboo blades was built at the

University of Vermont in 2014. Prior to 2016, the efficiency of the wind turbine

was not fully quantified. Thus, it was desirable to estimate the efficiency using

computational fluid dynamic models. Thus, a SolidWorks file of the geometry

was created and imported into SimScale, a cloud based CFD software, for anal-

ysis. Steady-state, quasi 2D simulations of the geometry were simulated with

a constant unidirectional wind flow to mimic wind tunnel testing conditions.

Simultaneously, a UVM Senior Design team was completing a physical wind

tunnel test of the bamboo wind turbine. From the simulations the VAWT was

found to have a range of efficiencies from 0-0.55% at TSR’s of 0.06-0.11, while

from the wind tunnel test the efficiencies were in the 0-0.13% range for TSR’s of

0-0.125. Though the simulations calculate a slightly higher efficiency of the wind

turbine than physically obtained data, they provide a good estimate. Because

the wind turbine’s efficiency is < 1%, future work will be done with CFD to

test altered geometries for the bamboo VAWT to improve its’ performance.
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Nomenclature

ρ = Air density (kg/m3)

F1 = Blending Function

x, y, z = Cartesian Coordinates (m)

u, v, w = Cartesian Components of the Velocity vector (m/s)

D = Diameter (m)

y+ = Dimensionless Wall Distance

~V = Direction Vector (m/s)

µ = Dynamic Viscosity ( kg
m•s)

Pk = Effective Rate of Production of k ( kg
m•s3 )

µk = Effective Viscosity ( kg
m•s)

U∞ = Free-Stream Velocity (m/s)

u∗ = Friction Velocity (m/s)

~g = Gravity Vector (m
s2

)

ν = Kinematic Viscosity ( kg
m•s)

Pm = Mechanical Power (W )

P = Pressure (Pa)

Ω = Rotational Speed (rad/s)

ω = Specific Turbulent Dissipation Rate (1
s
)

k = Specific Turbulent Kinetic Energy (m
2

s2
)

t = Time (s)

λ = Tip Speed Ratio

T = Torque (N ·m)

I = Turbulence Intensity

β∗ = Turbulence Modelling Constant

l = Turbulent Length Scale (m)

Cµ = Turbulent Modelling Constant

R = Wind Turbine Radius (m)
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1 Introduction

1.1 Project History and Current Scope

A small-scale vertical axis wind turbine was built during the 2013-2014 academic

year by a Student Experience in Engineering Design (SEED) team at the University

of Vermont. Vertical axis wind turbines have gained popularity in recent years due

to the simplicity of their design. Vertical axis wind turbines accept wind from all

directions, thus do not require yawing mechanisms, a key component to horizontal

axis wind turbines. They are also smaller and quieter than HAWT’s, thus fit better

in urban areas where there is not a lot of space or desire for noise pollution.11 The

possibilities for vertical axis wind turbines are vast. They typically have 2 to 5 blades,

which come in a wide variety of geometries. Research into VAWT’s has even led to the

development of similarly shaped hydro-kinetic turbines, which are under investigation

to harness the energy of rivers and oceans around the world.

The wind turbine designed at the University of Vermont was built in the Gorlov

style with three helical blades. This wind turbine differs from other wind turbines,

because it’s blades are built from a 3D printed ABS plastic skeleton that has been

wrapped in bamboo veneer. The blades are connected to bamboo culms by custom 3D

printed parts, which in turn connect to the carbon fiber rotor of the wind turbine. The

wind turbine was constructed with the guidance of Dr. Ting Tan and Dr. Tian Xia,

professors in the civil engineering and electrical engineering departments, respectively.
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Figure 1: VAWT with Bamboo Blades
Built and Designed at the University of

Vermont

The wind turbine was a component

to the “Wind and Solar Powered Street

Light” project. The goal of the project

was to create a hybrid energy system

that could power a streetlamp. The sys-

tem was to be both sustainable and aes-

thetically pleasing in a natural setting.

Thus, the idea of using bamboo as a building material instead of the carbon fiber

reinforced composites that are typically used in wind turbine blades, came about.

Bamboo is a naturally strong and resilient material, having an average tensile strength

of 503 MPa.1 It is also a fast-growing renewable resource, growing a maximum of 35

inches per day. This makes it an incredibly sustainable structural material.

Figure 2: SolidWorks
Model of Bamboo VAWT

The objective of this thesis is to quantify the power ef-

ficiency of the described wind turbine using computational

fluid dynamic (CFD) modelling. CFD modelling based on

Reynolds-Averaged Navier–Stokes (RANS) equations, has

become an effective method of characterizing the efficiency

and flow field of vertical and horizontal wind turbines.

Advancements in computational power and the ability to

characterize complex flows have made CFD modelling an

effective and time-efficient means of estimating turbine efficiency. Today, there are
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even free cloud-based simulation softwares, such as SimScale, that make CFD mod-

elling more accessible than ever. Due to its’ convenience and afordability, Simscale

will be used to analyze the bamboo wind turbine. A Solidworks model of the turbine

is shown in Figure 2.

The dimensions of the wind turbine are as follows:

Table 1: Wind Turbine Parameters

Component Dimension

Airfoil NACA 0018
Turbine Height 0.588547 m

Turbine Diameter 0.489665 m
Rotor Diameter 0.0508 m
Rotor Length 0.91187 m
Twist Angle 80◦

Pitch Angle 0◦

It should also be noted that a 2016-2017 UVM SEED team, including myself,

has been working this year on the physical wind tunnel testing of this wind turbine.

The team designed and built a test frame and testing system that collected the data

needed to characterize the efficiency of the wind turbine. The team conducted their

initial test at the SOH Wind Engineering wind tunnel facility in Williston VT, on

March 7th, 2017. Thus, CFD results can be compared to the real-life testing to prove

the model’s accuracy.
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6.3 Mesh Attempts

Figure 22: Mesh Attempt 1

Figure 23: Mesh Attempt 2

Figure 24: Mesh Attempt 3

31


