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Wind power

The turbine power coefficient
Wind turbine power
Momentum

Radial velocity

Density

Surface

Reference length

Momentum coefficient

Tip speed ratio

Wind Turbine Diameter

Wind turbine radius

Number of round

Blade’s chord

Solidity

Wind turbine height

Shear stress transport
Turbulence kinetic energy
Dissipation coefficient
Specific dissipation rate
Non-dimensional wall distance
The distance to the nearest wall
The wall shear stress

The local kinematics viscosity
Reynolds Nombre

Speed at x Axe
Dimensionless coefficient
Wind Speed

Wind speed vector(m/s)
Wind speed not perturbe
Relative Wind speed
Distance to wall
AttackAngle

Dynamic viscosity
Torque

(W)

(W)
(Nm)
(m/s)
(kg/m3)
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(m)

(m)
(m)
(RPM)
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(m)

(m/s)
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(m/s)
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(deg)
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General Introduction

Vertical Axis Wind Turbines (VAWTS) are becoming ever more important in wind power
generation thanks to its compactness and adaptability for domestic installations. However, it is
well known that VAWTSs have lower efficiency, above all if compared to HAWTSs. To improve
VAWTSs performance, industries and researchers are trying to optimize the design of the rotors.
Some numerical codes like Vortex Method or Multiple Streamtube Model have been developed
to predict VAWTSs performance and optimize efficiency but these codes are based on 1D
simplified equation and they need accurate experimental data for aerodynamic coefficients of the
airfoils. Furthermore they do not provide information on the wakes and they use semi empirical
equations to predict effects like tip vortex and dynamic stall. These codes are so mainly used to
do a first attempt design and the results have to be validated using wind tunnel experiments.
However, as the wind tunnel experiments are expensive in terms of both costs and time, another

way to study aerodynamic behavior of the rotors is to use CFD.

As it is known, CFD resolves the fluid dynamic equations and it is certainly more realistic than
the 1D models but there are many other problematic issues like stall and turbulence modeling,
unsteady rotational effects and long computation time. Some works were found in scientific
literature regarding the application of CFD modeling on VAWTS.

In this study the authors will present the strategy of generating a 2D CFD model to predict H-

Darrieus rotors performance and solve such issues.

Particularly, the CFD model was developed using ANSYS Workbench 18.2 multi-physics
platform. The study was based on the conclusion of previous researches and study performed in

this scoop of work.

In this project consist of designing the optimum vertical wind turbine for an average wind speed
of 3.8 m/s for Ouargla region, furthermore, a 3 blades rotor with NACA 0018 symmetrical airfoil
was chosen as one of the best airfoil comparing to different profile presented in Chapter 11, First
step was to generate a simplified CAD and optimize the computational domain. Then a sliding
mesh was generated to best understand the phenomena and confirm the results, refining the mesh
till the results obtained with different grids were applied. The turbulent model was a challenging
parameter that best approaches the reality, therefore, both a realizable K-€ with an Enhanced

wall treatment and K- was selected to best simulate the turbulence around the rotating domain.
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General Introduction

As the unsteady rotational effects are very important in VAWTS, an unsteady Sliding Mesh

Model with non-conformal mesh was used. Time step of the transient model was optimized also.

Simulations were performed on a DELL LATITUDE E6410, with 2 Intel Quad Core Xeon M560
processors (2.67 GHz) and 8 GB of RAM memory installed. A parallel computing technique was
implemented in ANSYS Fluent solver.

The objective of this project is to optimize the design of VAWT in Ouargla region by running a
2D CFD simulation by using ANSYS 18.2 software after defining the optimum rotor dimension,
Therefore, The project will be splinted into four main chapters as per below:

1. Chapter I: Overview about the various wind turbines and more precisely about the H-
Darrieus wind turbine.

2. Chapter 1I: Mathematical Methodology where the governing equations used by the software
Fluent.

3. Chapter I1I: Designing and optimizing our H-Darrieus VAWT workflow and the steps to
setup the ANSY'S workbench from the beginning till the solver and results.

4. Chapter IV: Simulation results and Discussion.

The use of the Transition model leads to a good prediction of trend of mechanical power and
power coefficient with an overestimation of 6-8 % due to the well-known limits of the 2D
models, However, in order to best optimize the proposed H-Darrieus wind turbine a 3D

simulation is required with an efficient machine.
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Chapter | Wind Turbine Overview

Chapter 01

Wind Turbine Overview

1.1 Introduction

Before we reproduce the design and run the simulations, we will first explore wind energy
technologies and focus more on vertical turbines and more specifically H-Darrieus vertical wind
turbines which called also Vertical Axes Wind Turbine (VAWT).

.2  Theoretical Background

Wind is an inexhaustible energy source available all around the world. In fact, on shore energy is
extremely large and reported to be from 20,000*109 kWh to 50,000*109 kWh [1]. In 2014, the
International Energy Agency (IEA) reported that the global electricity generation reached
23903*109 kWh . The potential onshore wind energy is of course not entirely usable, as the wind
might be too slow or too fast for practical applications. Some of the locations are also very
remote and very far from consumption hubs, making the energy transportation not economically

viable.

Wind turbine sizes vary drastically and have known massive developments in the last decades.
The average size in the 1980s was less than 100 kW ; nowadays the size can reach up to 8 MW

like the Vestas V164, a horizontal axis offshore wind turbine .

There are two types of Wind turbines: the widely spread and most deployed Horizontal Axis
Wind Turbine (HAWT), and the less popular Vertical Axis Wind Turbine (VAWT) as shown in
Figure 1-1. We will explore these types in details in the coming sections.
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Chapter | Wind Turbine Overview

HAWT WVAWT

VAWT

Figure I- 1Type of wind turbines

The principle behind wind turbines is simple, and humanity has been making good use of it for
centuries. The kinetic energy from the flow of a mass of air is transformed to rotational kinetic
energy. This rotational energy is then used as mechanical energy to run machine parts to pump

water out of a well, mill grains, or generate electricity[1].
.21  Betz's law

Betz law, named after German physicist Albert Betz, states the maximum theoretical efficiency
that any wind turbine can attain. It states that there is a maximum power that can be extracted
from a flow of air. Because of conservation of momentum and of mass, energy can never be fully
extracted from wind. Betz proved that the maximum Kinetic energy that can be extracted from
the wind cannot exceed 16/27 (59.3%). Thus according to this law, no turbine can extract all the
speed out of the flowing wind, and the wind will always have a flow after passing through the

turbine.

Figure 1-2 is a plot that shows the power coefficient of a turbine Cp (the ratio of the extracted
power to the available power) vs. the ratio of the speed of the wind before and after passing

through the turbine:
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The derivation of the Betz limit is based on a horizontal axis wind turbine, and does not apply
directly to vertical turbines. The same source argues even that this theoretical limit can be
exceeded using an ideal VAWT system. However, it is reported that VAWTSs are less efficient
than HAWTSs, and are less likely -in their current state- to exceed the limit for horizontal axis
turbine[1].
1.2.2  Tip Speed Ratio

The tip speed ratio (lambda) is the ratio of the speed of the tip of the blades to the speed of the

wind

A= (I-1)

Vwind
As the tip speed ratio varies, so does the power coefficient and hence the efficiency of the turbine.
An optimal value that will result in the maximum Cp is desired. Figure 1-3 shows the Cp lambda

curve for different types of wind turbines as cited in:
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Figure I- 3: Power Coefficient curve for different types of turbines

Low tip speed ratio means not enough energy is extracted from the wind, and consequently a low
Cp. A high wind tip ratio can also result in low Cp, as well as high stresses in the blades.

Therefore, it is very important to have the optimal tip speed ratio, to maximize the efficiency[1].
1.2.3  Power Curve

The power curve is a plot that describes the performance of a wind turbine at different wind
speeds. It shows the electrical energy power output vs. the wind speed, and gives an idea about

the minimum and maximum wind speeds for a wind turbine.

Figure 1-4 shows a typical power curve as obtained from:
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Typical power curve of a wind turbine
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Figure I- 4: Power curve

The power generated is of course less than the extracted kinetic energy, as it has to go through a

gearbox, and a generator, and both have efficiencies less than 100%.

Every turbine has its own minimum necessary wind speed to run, as shown in the Figure.
Turbines are usually shut down at high speeds to prevent mechanical failure that would lead to a

catastrophic failure of the turbine system[1].

1.2.4  Forces Involved

There are two types of forces that cause the wind turbines to rotate. These are drag and lift. Drag
force has the same direction as the fluid flow (wind in our case), and lift forces are perpendicular
to the direction of the flow. Depending on the type of the blades used, a turbine could be using
either lift or drag to cause the rotational motion. Horizontal turbines as we will see in the
following sections, utilize the lift force on their blades whereas Savonius turbines make use of
the drag force to push the blades[2].
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1.2.5  Turbulence

Turbulence is defined as “instability or disturbance” as well as unpredictability of the weather

(wind speeds, direction, duration ...).

Turbulence presents a major challenge for wind turbines as it makes the generation profile
inconsistent and decreases the lifetime of turbine blades because of the mechanical stresses.
Accordingly, predicting turbulence is as important as predicting the general weather conditions.
The random and sudden changes in wind speed and direction pose many challenges on the
turbine components. These components have to be able to accommodate short duration of peak
loads at times of high turbulence, and have to be mechanically strong to resist the vibrations
generated from the turbulent flow.

There are other concepts and variables that impact the performance and characteristics of
turbines, such as twist angle of the blades of HAWTS, pitch angle, friction ..., however as our
project deals with H-Darrieus wind turbine we only discuss the concepts that are most pertinent
to this specific type of turbines. We will review other factors in details in the section detailing H-
Darrieus VAWTSs[2].

1.3  Types of Wind Turbines
1.3.1 Horizontal Axis Wind Turbines

As mentioned before horizontal axis wind turbines are the most mature and widely used wind
turbines on the planet. In this section, we will briefly look at the principal, advantages, and
challenges of this type of turbines. There are multiple factors that determine design of horizontal
wind turbine, from material choice for the blades and stress distribution, to turbulence effects and
vibrations. As this project deals principally with H-Darrieus vertical wind turbines, we will only
give a brief introduction of HAWTSs[1].
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1.3.1.1 Principle

Any turbine whose rotor is connected to a horizontal shaft is a horizontal axis wind turbine. The
rotor’s blades rely on lift in order to make the turbine rotate. This is a result of the aerofoil shape

of the blades of the HAWTSs.

The airfoil blade design works like an airplane wing. The difference of pressure between the two
sides of the blade results in a lift force that is perpendicular to the blade and hence makes it

rotate. Figure I-5 shows the effect of lift and drag [1]:

Figure 2: Lift-based Wind Turbine Concept

LIFT Force
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DRAG Force
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e
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e S
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side of airfoil s ‘ —
Differential pressure caused by flow

over airfoil shaped body leads to net
LIFT force

Figure I- 5:The effect of lift and drag forces

They usually have two or three blades, and the diameter and the height vary depending on the
power output needed. The higher the tower, the higher the wind speed, and the longer the blades,
the larger the area swept and the power output. The rotor is attached to a shaft which goes
through a gearbox and then to a generator. A good blade design suitable for a wind turbine is one

with a high lift to drag ratio, as this maximizes the power output of the turbine. By designing the
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blade in such a way to maximize lift and minimize drag, most of the wind energy is going to turn

the rotor, and hence produce more power [1].
1.3.1.2 Advantages

As all renewable energy sources, HAWTS are a clean and sustainable energy source, with a great
potential. HAWTs particularly have a “high generating capacity, improved efficiency, variable
pitch blade capability, and tall tower base structure to capture large amounts of wind energy”.
Their massive sizes, allows for large-scale generation, and their variable pitch angle allows for
using an optimal angle of attack which increases their efficiency. HAWTs are based on a very
mature technology, and their high efficiencies offer a very competitive energy source for both
onshore and offshore applications. However, they do have many disadvantages discussed in the

following section.
1.3.1.3 Disadvantages

One of the most negative aspects of HAWTS is that they are extremely noisy. This usually makes
them less socially acceptable than other renewable sources. HAWTSs are very difficult to design
and build. There are many variables that go into designing the perfect blade for a horizontal wind
turbine, this makes them rather expensive and difficult to maintain. They require a strong support
to carry the heavy load and resist vibrations. HAWTSs also require an expensive and sophisticated

yaw mechanism to turn the rotor, as they always have to face the direction of the wind[2].
1.3.2  Vertical Axis Wind Turbines

The main reason behind developing Vertical Axis Wind turbines is that they work regardless of
the wind direction. VAWTSs do not require a yaw mechanism and are very fixed in the sense that
no change to their direction or that of the blade is made once installed. The lack of a yaw
mechanism is one of the reasons VAWTS are not as expensive or complicated to make. This
makes them ideal for small-scale applications such as remote areas with very small electric load.
Their blades do not require a mechanism to change their angle as they work with any wind
direction. VAWTSs are considerably less noisy than HAWTSs, which makes them more socially
accepted. In addition to this, the small size means they can be integrated easily within an urban

setting, and present no danger to the wildlife in rural areas.
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They still share many components with HAWTSs however, such as the shaft, the gearbox, the
tower, and the generator unit. The placement of these units is different, since in VAWTSs the
gearbox and generator are placed at the base of the unit and do not require as much support as
HAWTS. This means easier access for maintenance and repairs, which lowers the overall cost of

such systems.

As mentioned before, the way the Betz limit is derived uses some assumptions that are not
applicable to VAWTSs. However, in general VAWTS are far less efficient than HAWTSs.

Their small capacity makes them ideal for light load application such as communication systems
in remote areas. VAWTSs can be used for large capacity installations, but the materials needed
and the massive investment make them undesirable. VAWTS are also suitable for either low
wind speeds at which HAWTs do not function or high wind speeds at which HAWTS are shut off.
As stated in, “a HAWT can achieve higher efficiencies, but only if the energy quality of the wind
is high. High wind turbulence, wind fluctuations, and high directional variability can cause

significant problems for a HAWT, wherecas VAWTs can operate well”’[5].

Table I-1 below is a summary comparison of the characteristics and performance of VAWTSs and
HAWTSs :
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Table I- 1: Comparison of VAWT’s and HAWT’s

VAWTs HAWTS
Tower Sway Small Large
Tower Mechanism No Yes
Overall Formation Simple Complex
General Location On ground Not on ground
Height from Ground Small Large
Blade®s operation space Small Large
Noise produced Low Relatively high
Wind direction Independent Dependent
Obstruction for Birds Low High

As shown in Figure 1-6, there exist three types of rotors for the Vertical Axis Wind Turbines: the

Darrieus rotor, the H-Darrieus rotor, and the Savonius rotor .

Savonius wind turbine Darrieus wind turbine H-Darrieus wind turbine

Figure I- 6:Types of VAWT’s
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1.3.2.1 Savonius Rotor

Savonius wind turbine was invented by the Finnish engineer Sigurd Savonius in 1922. Its most

basic design is S-shaped with two blades.

The Savonius turbine uses drag to push the curved blades to generate a torque that will make the
rotor turn. Aerodynamically it is the simplest wind turbine to design and build which reduces its
cost drastically compared to the aerofoil blade designs of the other VAWTs and HAWTSs.

Its working principle is extremely simple. The turbine rotates because of the difference of the
drag force acting on the concave and convex parts of its blades. Figure I-7 illustrates this

principle:

BLADE

conciny
‘I

rotor

\

RRRNAIREAR!

Figure I- 7: Working principal of a Savonius rotor

The air is trapped in the concave part and pushes the turbine. The flow that hits the convex part
does produce a drag that is lower than the one on the concave part. It is the differential of the

drag force that causes this turbine to rotate.
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This lowers the efficiency of the turbine as some of the wind’s power is used in pushing the
convex part and is hence “wasted”. More blades can be added to the S shape design, and the

same principle causes it to spin as shown in Figure 1-8:

Figure I- 8:Three blades Savonius turbine

A Savonius rotor requires 30 times more surface for the same power as a conventional rotor
blade wind-turbine. Therefore it is only useful and economical for small power requirements.”
This makes Savonius ideal for small applications with low wind speeds. Savonius are hence

desirable for their reliability, as they are able to work at several magnitudes of wind speed[1].
1.3.2.2 Darrieus Rotor

Darrieus turbines are vertical turbines whose blades are aerofoils that use lift force to turn the
rotor and generate electricity. They were designed and first fabricated by the French aeronautical
engineer Georges Jean Marie Darrieus in the 1920s. Their working principle is quite different
from that of horizontal axis turbines, even though they both rely on the forces of lift. After the
turbine starts rotating, the motion of its blades through the air creates an apparent wind that is
relative to the rotating blades. This relative airflow is added to the wind resulting in a force
combination. This creates a force that causes a net positive torque in the rotor, making it rotate in
the same direction it had originally. If the Darrieus turbine is stationary, most of the time the
wind will not cause it to move, as it is the combination of the airflow resulting from the motion

of the blades and the wind that sustains the motion, and not just the wind. The Darrieus rotor has
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to be started by spinning it until it reaches its operation speed, which represents a major

disadvantage. Figure 1-9 illustrates its working principle.

Lift force

How the Darrieus
wind turbine works

Lift force

1 Resultant airflow (red arrow) forms positive
: angle of attack to wing

Airspeed due to rotation

Figure 1- 9:Working principal of Darrieus rotor

The Darrieus rotor takes the shape of an eggbeater. This curved shape minimizes the bending
moments that result from the centrifugal forces that are exerted on the rotating blade.

Figure 1-10 shows an example of a Darrieus eggbeater turbine

Figure I- 10:Darrieus "eggbeater” turbine

Page 15



Chapter | Wind Turbine Overview

The shape of the blades in these designs is quite difficult and expensive to manufacture (airofoil,
curvature). This led to the development of a second type of Darrieus turbines discussed in the

next section[1].
1.3.2.3 H-Darrieus Rotor

The H-Darrieus rotor, also known as the Giromill rotor, is a more efficient version of the
Darrieus rotor. Its blades are easier to manufacture and offer greater efficiency, making it more
attractive both technically and economically. Straight blades replace the curved blades and use
the same principal to operate. The two blades version of the Giromill forms the shape of the
letter H, and hence the name. Its blades can either be fixed or have a variable pitch depending on
the needs, and some of the variable pitch designs are able to self-start.

Figure 1-11 shows the most common 3 blades H-Darrieus rotor VAWT:

Figure I- 11:H-Darrieus rotor

There are other less common experimental variations of the Darrieus rotor, but the ones
discussed are the most used and researched. The last type we will discuss is the Savonius Wind
Turbine, the focus of this project [2].
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1.3.3  Characterization of Vertical Axes Wind Turbines (VAWT’s)

Every vertical wind turbine is characterized by the swept area As. This area influences the
energy output of the turbine, and the larger it is, the more energy the turbine collects. As=H*D

where H is the height of the turbine and D is its diameter.

Vrotor _ w=d

== where V is the wind

The tip speed ratio of the rotor is defined by the equationi =

speed, w is the angular velocity of the turbine, and d is the diameter of the semi-cylindrical blade.

The torque coefficient Ct is the ratio between the torque in the rotor and the theoretical torque
that the wind can cause: The static torque coefficient Cts expresses the turbines ability to self-
start. It is the ratio of the maximum static torque in the turbine and the theoretical wind torque:

_Ts _ T

C.. = =
ts Tw %*p*AS*d*VZ

(1-2)

where Ts is the maximum static torque.

The torque in the rotor can be calculated using the following equation: T=I*«, where | is the
rotor’s moment of inertia and « iS the rotor’s angular acceleration .The power coefficient Cp is
the ratio of the extracted power from the wind to the available power in the wind:

Pw T*w
e — |-
Cp Pa 1/2xp+H*D*V3 (1-3)

Using these factors, we can learn about the turbine’s characteristics and analyze its performance.

1.3.3.1 Two blades Vs. Three Blades

Experimental studies by confirm that H-Darrieus wind turbines do perform well at low to
medium wind speeds (cut in speed at around 2.5 m/s). According to the same study, two blades
perform better than three blades as more drag is wasted in the three blades versions. The power

coefficient of the two blade design is higher than that of the three blade design.

This result is confirmed by . In their experimental study, they found that 2 blades do perform
better than 3 blades. They also found that 4 blades perform even better than 2 blades at low tip
speed ratio (TSR), and that 3 blades perform better at higher TSR[1].
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1.4 Algeria wind speed Potential

Algeria present a good potential in term of wind Energy as shown in the study done before(A
contribution in the actualization of wind map of Algeria ) Whereas, it’s explain the impact
Wind Energy can prove in term of CO2 foot print .

This study has been recalibrate the wind Data that been published on 2004 especially in the
region of Hassi Ramal and Laghaouat where there is an important wind field across this region
considered to be 6 m/s annually, However, the conclusion of this study was used as reference for

my study for the wind speed in Ouargla region[3].
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Figure I- 12: Annual maps of wind speed in Algeria at 10 m high.

1.5 Conclusion

Research and development on the new resource especially on wind energy continue to develop as
the market is promising, there are increasing numbers of manufactures all over the world, where

Large and small scale vertical and horizontal wind turbine been produced.
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Chapter |1
Mathematical Methodology

1.1 Introduction

In this chapter we will discuss the mathematical equations used to resolve a finite volume, ANSYS
FLUENT can handle both steady-state and transientanalyses,and has several different options for
modeling turbulence. Conservation of both mass and momentum is solved in all fluid flow cases, and
in compressible flow. Consider a control volume which encloses a specified mass of fluid in a steady
state flow field. Also consider a control surface around this volume, through which a certain mass of
fluid enters and exits over a specific interval of time. If the flow is steady-state, these quantities are
equal; therefore, there is no change in mass of the volume. Moreover, we will discuss the governing

equation for these phenomena and assumptions taken to simulate this rotor.

1.2 Equations Governing

The equations governing the problem are the continuity equations, which express the mass
conservation, the momentum and Navier Stokes equations For a simple formulation of the problem,
we will suppose some assumption[10].

1.3  Assumptions

» The flow is in stationary (unsteady)-

» The flow is two-dimensional (since we will do numerical calculations in 2D, we will not take
into account the variations of the flow in the vertical plane. On the other hand, we neglect the
losses at the end of the blade. real, the effects of losses at the end of the blade are negligible if
the blades are of considerable length compared to the diameter of the rotor)

Fluid is Air incompressible.
The fluid is viscous.
No heat transfer.

No Shear for the walls.

YV V. V VYV V

No slip for the Airfoils

Page 19



Chapter 11 Mathematical Methodology

Given the above assumptions, the basic equations governing the flow arerespectively presented as
below:
11.3.1 Continuity Equation

du v

wta = 0 (11-1)

11.3.3 Equation of momentum following x

e i\ D N _
U— +vay = pax+v ax2+ay2 ayUlUZ (11-2)
11.3.3 Equation of momentum following Y
0w , ,00) _ _1dp (az_v f’z_”)_i_zf ]
up v = oGt 5) 75, U (11-3)

11.4 The turbulence model

There are several models of closure. As the model k-¢ (STANDARD and REALIZABLE) in this
study i use the turbulence module k- STANDARD.

11.4.1 ModelK- €

It is a model with two transport equations for two turbulence parameters, using the analogy between
momentum exchange by molecular interaction at the microscopic scale (viscous stresses) and the

exchange of motion quantity by turbulence at the macroscopic scale (Reynolds constraints).

The idea of the model k-¢ is that it can be constructed from these quantities a (turbulent viscosity

specific to the flow), or the turbulent viscosity is given by the following relation[10].
Vi=c, (k?/€) (11-4)
*c,.Is a dimensionless coefficient that must be evaluated experimentally

*K: is The kinetic energy of turbulence defined by
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7 1 7 7 7
*g: the dissipation rate of the kinetic energy turbulence k given by the following

e v["’—“'r (11-6)

6x]-

This dissipation term that appears in the equation of turbulent Kkinetic energy-remains to be
determined. The typical length scale of the large structures of the turbulent L is deduced from:

£ =K% /L (11-7)

The modeled equation of turbulent kinetic energy is written in the following semi-empirical form;

_ak_ ow , oq\ow | o (v, w)ok)_ _
+ T 9xj Ve (ax] 0xi> au; + ox; ((Gk,z + Gk,t) axj> € (11-8)
(1 (1 (m (V)

* The terms of Equation (11.8) are referred to as follows:

= (I):Represents the rate of variation of kinetic energy K
= (I):Represents diffusion transport of kinetic energy.
= (I1): Represents the shear production of the turbulent kinetic energy.

= (IV): Represents the dissipation of turbulent kinetic energy K.
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11.4.1.1 Modeled equation of &:

The modeled form of the kinetic energy dissipation rate transport equation is expressed.

de ___ O¢ £ du, , duy\ Jduy i} v vy \ O¢

G = v, (4 ST 2 (¢ 19

at J ox;j €1, "t dx; dxj ) 0x; Oxj|\0sr Ogt) 0 52% ( )
() (1) (1) (V)

The terms of equation (11-9) are:

= (I): Represents the rate of change ¢

= (I1): Represents the production rate (source) of &-2

= (I): Represents diffusion transport of the dissipation of turbulent energy.
= (IV): Represents the dissipation (well) of €

11.4.1.2 Models of constants

To make the system of equations operational we adopt the standard constants of the model given by
Lauder and Spalding (1974). They are gathered in the following table:

Table I1- 1: Coefficients of standard K- ¢ Model

0.09 1.44 1.92 1.0 1.0

11.4.1.3 Mach Number

The number of a Mach is a dimensionless number, Marked Ma, which expresses the ratio of the local
speed of a fluid to the speed of sound in the same fluid. Which change over the nature and
temperature of the fluid[10].

Ma=V/C (11-10)

The compressibility of the air can be neglected for Mach numbers less than about 0.3. The sonic case
defined above as the boundary between the subsonic and the supersonic has no physical reality: it is

replaced by a wide transition zone, in which the phenomena’s are particularly complicated.
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The equation of state allows to rewrite it according to the specific gas constant Rs (287 /J/ Kg /K

for the area) and the temperature T in Kelvin.

C = ./yRsT (11-11)
11.4.2 SST k-omega turbulence model

Shear-stress transport (SST) k-omega turbulence model is a type of hybrid model, combining two
models in order to calculate flow in the near-wall region. It was designed in response to the problem
of the k-epsilon model's unsatisfactory near-wall performance for boundary layers with adverse
pressure gradients. It uses a standard k-¢ model to obtain flow properties in the free-stream
(turbulent) flow region far from the wall, while using a modified k-¢ model near the wall using the
turbulence frequency u as a second variable instead of turbulent kinetic energy dissipation term «.
The transport equation for turbulent kinetic energy k for the k- model is:

0 0 = O [(ggte e i
LIRS a—xj(pku]-) = (u + ok) grad(k)] + P, — B pkw (11-12)
) (1 (1 (v) (V)
Where
(20,20 2V 2 Wi i
Py = (Zut oX; X, 3P k ox; ,]> (11-13)
Table I1- 2: Equation terms definition
Q) Transient term Accumulation of k (rate of change of k)
) Convective transport Transport of k by convection
an) Diffusive transport Turbulent diffusion transport of k
(V) Production term Rate of production of k
V) Dissipation Rate of dissipation of k

o, And B* are equation constants

The transport equation for turbulent frequency u for the k- model is:

%(pw) +01Xi(pU,-w) = aix,-[(” + ﬁ) grad(w)] + 7, (ZptZ—g.z—g— gp wz—;‘:&j) — Bpw? + Z‘Jj%‘%’k (11-14)
(N (1) (1) (V) (V) (V1)
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The general description for each of the terms in Equation (I) to (V) are the usual terms for
accumulation, convection, diffusion, production, and dissipation of u. Last term (V1) is called a ‘cross
diffusion’term, an additional source term, and has a role in the transition of the modeling from ¢ to
o[2].

11.4.3 Turbulence Intensity

The turbulence intensity, I, is defined as the ratio of the root-mean-square of the velocity

fluctuations, u’, to the mean flow velocity, Uayg.

A turbulence intensity of 1% or less is generally considered low and turbulence intensities greater
than 10% are considered high. Ideally, you will have a good estimate of the turbulence intensity at
the inlet boundary from external, measured data. For example, if you are simulating a wind-tunnel
experiment, the turbulence intensity in the free stream is usually available from the tunnel
characteristics. In modern low-turbulence wind tunnels, the free-stream turbulence intensity may be

as low as 0.05%.

For internal flows, the turbulence intensity at the inlets is totally dependent on the upstream history of
the flow. If the flow upstream is under-developed and undisturbed, you can use a low turbulence
intensity. If the flow is fully developed, the turbulence intensity may be as high as a few percent. The
turbulence intensity at the core of a fully-developed duct flow can be estimated from the following
formula derived from an empirical correlation for pipe flows [11].

'
u

I=

= 0.16(Rep, ) /® (11-15)

Uapg
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1.5 Number of Reynolds

The Reynolds number represents the ratio between the inertial forces and the viscous forces.

This dimensionless number appears naturally by sizing the Navier - Stokes equations. We define it in

the following way:
Re = — (11-16)

Wherev=p/pis the kinematic viscosity of the fluid. The characteristic length L is the diameter of a

pipe, or the dimension of an obstacle[11].

» RE <2000: laminar flow
» RE <4000: turbulent flow
» For 2000 <Re <4000, we observe a transition regime.

1.6 Conclusion

The continuity and momentum was used for this project including the turbulence model K- ¢ and the
intensity of the turbulent was used as well. This equation was the sour of the solver Fluent integrated
on ANSYS to resolve the unsteady flow through our H- Darrieus vertical wind turbine in merge of

the sliding mesh technic.
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Chapter |11

Design optimization and Setup

I11.1 Introduction

In this chapter we will discuss the design criteria and parameters that being used to optimize the H-
Darrieus wind turbine and define the optimum 2D dimensions for the wind velocity for Ouargla
region, after defining the optimum dimensions which than will be used as inputs for the CFD
simulation by using ANSYS 18.2, Moreover, we will discuss the important steps for designing, then
Meshing and using Fluent to resolve the unsteady slide and Mesh technic for the proposed wind field

from other study being used as reference.
I11.2  Designing and Optimization of VAWT

Many factors could help in optimizing and designing the best possible wind turbine, thus factors are

Presented in the workflow below

Choose the turbine size

Choose the optimized TSR

Calculate the angle of attack

Choose the best AIRFOIL

Pick the optimum chord lenght

Figure I11- 1: Design optimization work flow
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111.2.1  Choose the turbine size

The area of the wind turbine is presented on the power coefficient equation (l11-1), I calculate the
area of the desired VAWT dimension by assuming a power coefficient of 0.45 with a different wind
speed of Ouarglaand then | choose the optimum size for our case, the calculation and the results are

presented on the table below

~

Txw
C,,=P—‘”=ﬁ (11-1)
a  SpxD+H+V

From this equation | explore the Area of wind turbine As A= D*H The rotor dimension and area of

study presented on the below table

Table I11- 10uargla Wind Speed

Ouargla wind speed (m/s) Calculated area (m?) Turbine size (D*H) (m*m)
High ( 4.9) 1 1*1

Average ( 3.8) 2 2*1

Low (2.8) 5 2.5%2

Note: the above wind speed data was extracted from a technical paper [1]

The table I11-1 explains the interaction between the wind speed and the size of the turbine, by mean
as the wind speed increases the area decrease by calculation. The required wind velocity for a small
scale wind turbine will be low in order to generate the same power.

Looking at table-1 at the average annual wind speed of 3.8 m/s for Quargla we can conclude the

optimum size presented by the (D: Diameter, H: Height) of our case as explained in fig 111-2 below

D=2m

Figure 111- 2The optimized turbine size on 3D
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111.2.2  Choose the optimized Tip Speed Ratio (TSR)

TSR defined as the ratio between the tangential speed at blade tip and the actual wind speed. The
TSR is expressed as below

wxr _ mxN+D

TSR =

(111-2)

UV - 60+v,,

Where o is the angular speed [rad/s], r the rotor radius [m], v,, the ambient wind speed [m/s] and N
the number of rotation per minutes [Round/ min], Furthermore the optimal TSR for a H-Darrieus
wind turbine as described in Chapter 01 fig-3, the optimum TSR for our

TSR=6

111.2.3  Calculate the optimal angle of Attack

The angle of attack of the Airfoil trajectory play in important rule in the lift and drag ration (CI/Cd),
However, in order to obtain the optimum angle of attach we need to calculate the Reynolds number
for our case and then we can extract the angle of attack.

*Vx*l *[
Re =22~ _ "™ (111-3)
u J

Where:

p: The air density (1.22 kg/m3)

v : The wind speed (3.8 m/s)

[ : The intial chord length of the airfoil (0.1 m)

9 : The Kinematic viscosity of the air (1.511E-5 m?/s @20degC)
u : The dynamic viscosity of the air.

3.8x0.1

= 1s511E_5 2148

Re

By using a software called JavaFoil we can check the optimum angle of attack for a different Re
number for a specific Airfoil profile, the below fig explain how the lift and drag ratio change over (-
20 to 20 deg) angle of attack for a two number of Reynolds (25.000 and 100.000).
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Figure I11- 3:CI/Cd ratio for various Angle of Attack

The fig 2 gives an maximum lift to drag ratio equal to 21 at 5.75 deg angle of Attack, therefore, The
airfoil of the designed vertical wind turbine will be tilted with 5.75 deg[13].

Qoptimum = 5.75 deg

111.2.4 Choose the best AIRFOIL

The 2D airfoil profile and dimension has an important rule on increasing or decreasing the lift/ drag
ration and hence the power coefficient.

CFD analysis for H-Darrieus turbine as low speed wind energy converter is a technical study
where it shows that NACA0018 could be one of the best profile due to the generated lift force over
the drag, For that propose I run a several airfoil profile using an airfoil tool available on the internet
http://airfoiltools.comin order to check the best suitable 2D profile for our case. Three airfoil profiles
(NACA0018, NACA0021 and NACA0010-35) were compared and presented on Fig 111-4 and 5 [13].
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Figure 111- 5:1ift to drag ratio for different airfoil profile

From the above Fig.4 the airfoil profile NACA 0018 in blue presented the maximum lift/Drag ratio
comparing to other profiles, therefore, NACAOQ018 is selected as the blade profile for our case.

The chord is the length between leading edge and trailing edge of the blade profile. NACAO0018
present the following parameters[13].

Thickness=18 %

a =5.75 dea

Chord length=0.1m

Figure 111- 6:NACAO0018 profile and characteristics
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I11.3  Simulation and Setup using ANSYS 18.2
111.3.1 ANSYS Overview

ANSYS Workbench combines the strength of our core simulation tools with the tools necessary to
manage your projects. You will work with your ANSYS Workbench project on the main project
workspace, called the Project tab. To build an analysis, you add building blocks called systems to the
Project Schematic. These systems make up a flowchart-like diagram that represent the data flow
through your project. Each system is a block of one or more components called cells, which represent
the sequential steps necessary for the specific type of analysis. Once you have added your systems,

you can link them together to share and/or transfer data between systems.

ANSYS: Fluent. It “contains the broad physical modeling capabilities needed to model flow,
turbulence, heat transfer, and reactions for industrial applications [...] Fluent covers a broad reach,
including special models with capabilities to model in-cylinder combustion, aero-acoustics, turbo

machinery and multiphase systems”[11].
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¥ Explicit Dynamics &5 Geometry v
G Fluid Flow (CFX

8 e 3@ Wesh &,

& Fluid Flow (Fluent)

) Harmonic Acoustics 4 | @ seup &,

Update Option | RuninForeground ¥

Harmonic Response 5 |63 soluton .
4 1¢ Engine (Fluent) 6 @ Results 2
() Magnetostatic VAWT senar2

Modal

) Modal Acousties
{ify Randomvibration
{ Response Spectum
£l Rigid Dynamics
E@ static Structural

Y steady-State Thermal —
) Thermel-£zcnc | esszges = B E
&) Topology Optimization A B c D

[@ Transient Structural 1| Twe Text Association DateTime
|"_§ Transient Thermal " - e
U 2 | Errorl | Update failed for the Solution component in VAWT senar2. Update Solution Faled | AS 06/03/2018 10:56:22
i) Turbomachinery Fluid Flow
urbomachinery Fluid Hov (0P 0) Update of the Solution component in VAWT senar2 faied: Update Solution

Bl Component Systems 3 | Eror! B A5 05/03/2018 10:56:20

Iy ACP(Rost) (DP 0) Unable to update solution. Number of iterations should be greater than zero

4 | Eror! 05/03/2018 10:56:11
iy ACP (Pre) 103/,
@ Avtodyn (OP 0) Warning: Invald nitial data. Probably available initial data file is not
& sladecen 5 | Waming! | compatible to Fiuent's current mesh. Using basic nitialization based on settings. .. 05/03/2018 10:56:09
~%: dpd
@ o udhepfa'ldfnﬂ'\Mh tin VAWT senar2. Error updating cell Mesh
jpdate failed for the Mesh companentin VAWT seniar2. Errar updating cell Mesh in .
& Engineering Data G e system VAWT senar2, View the messages in the Meshing editor for more details. | 05/03/2018 20:43:47
External Data
@ Edernal Model ©
| T view All / Customize. ..

& Ready ¥ Job Monitor..., | = Show Progress || iHide 5 Messages

Figure 111- 7:ANSYS Workbench windows overview

Page 31



Chapter 11 Design optimization and Setup

111.3.2  ANSYS WorkFlow

As mention in the overview the project workbench present the workflow needed to stimulate which

ever domain (Heat Transfer, Aerodynamic, Acoustics....)[11].

Defining 2D wind Turbine and Field Dimension, Materials...

A 4

./ ' Geometry Creation by using (Design Moduler or SpaceClaim)

Mesh Generation by using (Mesh Editor)
MESh '/ j - Define Slide and Mesh Technic, Define the boundry condition
S I]J ./ Solver Setup by using (Fluent)
E p j Data input, Setup the solution monitor
(5 o !
E Sﬂ‘”hﬂn Solution Monitor

@ H.EE“‘E Results visualisation

Figure I11- 8:ANSYS Workflow description

111.3.2.1 Creating Geometry using Design Modular

The field of study is the 2D area whereH-Darrieus wind turbine will be exposed to the wind velocity
in order to test the turbine performance, it’s containing two main domains, Fixed domain and rotating

domain [2].

1. The rotating domainis the designed wind turbine and airfoils, the interface will be 1.25D of
the designed Diameter.

2. The fixed domainis the 2D test area where the turbine will be exposed to the wind speed, it’s
containing the following (Walls, velocity inlet and Pressure outlet), the area is a rectangle
with 25Dx10D of the designed Rotor Diameter.
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The table and figure below presentthe Geometrical field of study which been imported into the

Design Modular software.

Table I111- 2:Main geometrical features of the analysed rotor

Denomination Value |

Rotor Diameter (m) 2
Rotating zone diameter (m) 2.5
Rotor height (m) 1
Study wind area m2 50mX20m
Velocity Inlet (m/s) 3.8
Pressure Outlet (Pa) 0
Blade Type NACAO0018
Blade Chord (mm) 100
Thickness (%) 18
Number of Blades (initial) 3
Angle of Attack(deg) 5.75

50 m (25D)

a

(10D) 20 m

Velocity

[T

Symmetry [

Figure I11- 9:Geometrical dimension of the field study
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111.3.2.1.1

Figure I111- 10:Schema of Rotating Domain

1st Step: Creating a Project file in ANSYS Workbench

25m

Go to ANSY'S Workbench, then Drag Fluid Flow in the Analysis system into project Schematic and

name the project (VAWT) as below

N trsaed et Wakberch

N Unszced Project - Woribench

Fe Vew Tok Uit Extmwow Jbs bep

0S| & /[ et

cax

|

c 3
| secatn | osterme |

D xbhritn... = 5ouFoges |

1 Ewictporic
@ Ficrion (0
6 FidFon Fuest)
@ remencicasss
@ HomcricRespare:
B icessne o)
8 Magoetosc

@ Mol

@ Mosrlicarsic

@ Fancem vz
@ Resporse specm
8 Rosoymns

B Sabe Bt

1D steady-ate hemal

) Themal S
3 Topsiagy otimton
1§ Tt Sevcard

& Trnsent Themal

6 Tubomadiney Fuidfion
T AP (Post)

G AP re)

@ state

& sudean

9 o
P ——
B cueraoe
@ oemaage

oot | Sosemmecr [ZRehesh precr 7 UndstePract | BBACT Srtpoe
- ERR it e

Tax

I Fioent{with Fient Mesiing)
@ cemey

v [el]

3
| asosaton | Daetme |

Figure I11- 11:Creating a Project Flow in ANSYS Workbench
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111.3.2.1.2 2nd Step: Creating the Geometry

After downloading NACAO0018 profile Data from the web site http://airfoiltools.com,The airfoil data
then open the first cell in the project file created before in Step 1. There are two softwares available
SpaceClaim and Design Moduler which ever suitable can be used. In Our case | used SpaceClaim.

SpaceClaim\Open File\ select the .txt* file

|NACAEIEI1E

0.99£43093 -0.07326215 A

0.98815983 -0.0705650%

0.96361473 -0.06289221 g~ -

0.92359455  -0.05020012 ANSYS

0.8£941300 -0.03353240 lees Aﬁ“

0.B8028595% -0.01485354 [ T

0.7261477¢ 0.00581705 S

0.64183633 0.02702035

0.552737¢0 0.04744343 N ,

0.4€1817€7 0.0E571538 o i

0.37205752 0.08044036 L A~

0.286€56221 0.09034539 i z

0.2030€375 0.09447303 LS D PR

0.1392€9€0 0.0%238200 P

0.08251280 0.08414535

0.03376150 0.07033455 3

0.00965413 0.051745838 :

0.00125787 0.02z04702 ¥ s Seaaess
o4&

artiae | Anrasranna A [N y——

Figure I111- 12:Importing Airfoil Data into SpaceClaim

a) Create the first Airfoil profile then rotate it with the optimum Angle of Attack 5.75

Go to Design\Move and Select the Airfoil then rotate it with 5.75 deg

Figure 111- 13:Creating NACAO0018 profile with the Angle of Attack
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b) Move the created Airfoil from in XY by R=1m

Go to Design\ Move\ select the Airfoil and drag it 1 m away from the
XY

PN hoctMetal  Repair
&} Home ~

ANAWT senar? - FFF - SpaceClai
Prepare  Workbench  KeyShot

D MessProperties | P Curves N Nommal <0 Cunvature G Dret
@ - (Measue B

P P volumes 3uGrid A\ Dihedral <G Stripes Devistion
Orient Inspect Qualiy
Struct.
" E - bject to measure. Crl+click to add more objects to the measurement
2 Surface Body
@ Suface
Solid

R18.2
/ \ Academic
| sucture| Layers Selection Groups Views
Options - Measure Tool Options
0 Display 1 m
Precision 4 -
Angular precision: | 2 b
Properties
v
4
(Z)- @'
‘F’rupemes‘:«ppearanee Hﬂl =

Figure 111- 14:Move the blade by R=1 m
c) Creating a 3 Airfoils

Go to Design/ create a circular Pattern then select the airfoil surface and chose the Axe Z, Set the
number of blades to 3 blades in 360 deg.

Inputting a circular
Pattern Data

Figure 111- 15:Creating a 3 Airfoil using a Circular Pattern
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d) Creating a Rotating Domain

The rotating Domain as explained before is circle with 2.5 m diameter.

Go to Design/Sketch/ Create a Circle witha D=2.5m

:
i B tece Bty @ Preas F1 for more ek, or F3 b 2 i R18.2
i Academic
:

Create a Circle

Sevcirs | Lares Skt Grows Viems
e——

i

A=

Figure 111- 16:Create a Rotating Domain
e) Creating a Fixed Domain

As mention before is a rectangle with 50x20 mdimension. Go to Design/Sketch/ create a rectangle

Sketch it
= Rectangle (R)
cyfc an object| 15 Drag or click to draw = rectangle sligned with the o select a solid
sketch grid
@ Pross F1 for mors help. or F3 for  video.

50 m

(Npes

Froperties | Apearance A

Figure I11- 17:Creating a Fixed Domain
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Once the Fixed and Rotating domains are created the Geometry is completed and ready to be

exported for meshing. Save the Geometry file and close SpaceClaimthen go to Mesh Editor.

111.3.2.2  Creating Mesh (3" Step)

After importing the Data into Mesh Editor, we have the check the poor quality of the mesh without
changing anything, for that go to Generate Mesh.

Outline 2
J Filter: Name v

B ad®ea 8l
Project

2 Model (A3)

/& Geometry

-2 Coordinate Systems
(-1 Connections

- @ Named Selections

Details of "Mesh" 2
Check Mesh Qua...| Yes, Errors and Warnings
Target Skewn... | 0.98 1

DES
1

Smoothing Medium
Mesh Metric None

1+ Inflation

Assembly Meshing ¥

[+l Advanced
ot ®
Nodes [3224 X

Elements 12999 v 1] 1e+004 2e+004 (mm)
[ | T ]

Figure 111- 18: Mesh Quality check
111.3.2.2.1  Fixed Domain (Edge Sizing 1)

Choose the two Edges corresponding to (Inlet and Outlet) as described in the figure below. Go to

Mesh\Right click and select Edge Sizing and choose the inlet+QOutlet edges. Input the below Data

Outline

| Fitter:  Name ~ ANSYS

ER R 182
/% Coordinate Systems Academic
/B Connections
-,/ Mesh

. M, Edgesizng

i f JBL Edge Sizing 2
-l Face Meshing
BB, Edge Sizing 4
i N Refinement

Details of “Edge Sizing" - Sizing

Scoping Method [ Geometry Selection 1 | nlet i Outlet
Geometry |2Edges 1 e i
=I| Definition S B
Suppressed [No H o i
[Type | Number of Divisions § i
Number of Divisions | 100 i ;
=) Advanced £
Size Function Uniform ; £
Behavior Soft § E
Growth Rate Defauit (1.2) ¥
Bias Type — e
Bias Option Bias Factor | P
Bias Factor 6.0 .
Q 1e+004 2e+004 (mm)
[ S ES—

Figure I11- 19:Edge Sizing 1
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111.3.2.2.2 Fixed Domain (Edge Sizing 2)

Choose the two Edges corresponding to (Walls) as described in the figure below. Go to

Mesh\Right click and select Edge Sizing and choose the wall edges. Input the below Data

Qutline

J Filter:  Name A

Barea
3 Coordinate Systems
/&) Connections
/& Mesh
ﬂ‘ Edge Sizing
/L Edge Sizing 2
-/l Face Meshing
,/@.( Edge Sizing 4
¢@ Refinement

I Scope

v

Details of "Edﬁ Sizing 2 Sizina i

Scoping Method ‘Geometry Selection

Geometry |2 Edges

= Definition

Suppressed No

Type Number of Divisions

Number of Divisions | 200

=| Advanced

Size Function Uniform

Behavior Soft

Growth Rate Default (1.2)

Bias Type P

Bias Option Bias Factor

Bias Factor 6.0

111.3.2.2.3  Fixed Domain: Face Meshing

0

1e+004

Figure 111- 20:Edge sizing 2

ANSYS

R18.2
Academic

Go to Mesh\Right click and select Face Meshing. Select the Face and input the below

Data

Outline

| Filter:  Name M

| B 44 @& g
(-, A8 Connections
=2 Mesh
& A, Edoe Sizing
L Edge Sizing 2
----- - Face Meshing
..... 3, Edge Sizing 4
t

----- Pk, Edge Sizing 5
Details of "Face Meshing” - Mapped Face Meshing

=) scope
Scoping Method | Geometry Selection
Geometry [1Face
=I| Definition
Suppressed [No
Mapped Mesh Yes

Quadrilaterals
Internal Number of Divisions | Default

Constrain Boundary Mo

Se+003

Figure I11- 21:Face Meshing
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The below table summarizes Fixed Domain Data input

Table I11- 3: Fixed Domain Mesh Data Summary

Scoping Method Geometry Selection ~ Geometry Selection Geometry Selection
Geometry Inlet and Outlet 2 Walls Fixed Domain face
Types Number of Divisions  Number of Divisions Quadrilaterals
Number of Divisions ' 100 200 Default

Size function Uniform Uniform -

Behavior Soft Soft -

Growth Rate Default(1.2) Default(1.2) -

Bias factor 6.0 6.0 -

After inputting the above Data for Fixed Domain Meshing, Go to Generate Mesh. Mesh appears as
below (Total of 68072 Node and 67536 Elements)

Outline 1
Filter: Hame v ‘é’
AREEE ]
[/ Coordinate Systems A
= Connections
- Mesh
_/@.‘ Edge Sizing
oo B, Edge Sizing 2
,/. Face Meshing
B, Edge Sizing 4
x@ Refinement v
Details of "Mesh"
/| Display A
Display Style Body Color
=I| Defaults
Physics Preference | CFD
Solver Preference | Fluent
Relevance 0
Export Format Standard
Element Order Program Controlled
+| Sizing
= Quality
Check Mesh Quality | Yes, Errors and Warnings
Target Skewness | 0,98
Smoothing High
Mesh Metric None X
| inflation v 0 5e.+003 1e+004 ()
= I I

Figure 111- 22:Fixed Domain Mesh Generation
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111.3.2.24 Meshing Rotating Domain:

a- Meshing the Airfoils

The Airfoils section presented by Edge Sizing 4, 5 and 6 required an intensive mesh in order to best
simulate the CFD flow around the turbine section, therefore, The blades section was exposed into
Edge sizing and refinement for the 3 blades as shown in the below figure

Edge Sizing: Go to Mesh\right click and choose the Edge sizing\Select edges one by one

Refinement: Go to Mesh \right click and choose the Edge sizing\Select edges one by one

Outline.
JFvItev: Name Y ANSYS

[Bataa ~ R182
J@‘ Edge Sizing 2 Academic
-/ Hl Face Meshing
¢l Refinement
/B, Edge Sizng 5
/i Refinement 2
., Edge Sizing 6
- Refinement 3

Details of "Multiple Selection”

Figure I11- 23:Meshing the Airfoils
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b- Meshing the Interface

The Edge 7 present in Edge Sizing 7 is the interface between the rotating and fixed Domains, As
explained in the sliding mesh technic is an important interface where the quality of the mesh need to

be sufficient as shown the below figure

Outline L

J Filter: Name A . - - .."%.""-.,_f_ AN SYS
I l 45 a : e
‘,@ Edge Sizing 4 ~ ""._" Academic

---‘,ﬁ Refinemen| t

ﬁ.‘ Edge Sizing 5
‘,ﬁ Refinement 2
ﬂ.‘ Edge Sizing &

o i Refinemen t3

b ML, Edge Sizing 7

- refnement 3 v Interface
Details of "Multiple Selection” n

Figure I111- 24:Meshing the Interface

The below table summarizes the Rotating Domain Data input

Table I11- 4:Rotating Domain Mesh Data Summary

Edge Sizing4  |Edge Sizing5  |[Edge Sizing 5 Edge Sizing 7

Scoping Method Geometry Selection

Geometry Airfoil 1 Airfoil 2 Airfoil 3 Interface
Types Number of Divisions

Number of Divisions = 50 50 50 500

Size function Uniform

Behavior Hard Hard Hard Soft
Growth Rate - - - Default (1.2)
Refinement
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The Table 111-4 shows a number of Nodes for the rotating domain greater than the Fixed Domain due

to the importance of this area and the presence of multiple edges interact in between.

Intensive mesh i +
around the blades |, y

0.00 )

L
X
Figure 111- 25: Rotating Domain Mesh Generation

The figure shows an intensive meshing around the airfoils due to the sensitivity of the Turbulence
module to the meshing nodes and scale. As long as the scale smaller the simulation will be close to
reality. Too many scenarios were simulated in order to minimize the number of nodes and enhance
the quality of the meshing, whereas, the above scenario was the best possible scenario.As seen the
below figure the Mesh Quality around the airfoils was good and hence minimize the computer time

.........

Figure I11- 26:Mesh Around the Airfoils
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After generating the mesh for two domains (Fixed and Rotating), Assembling figures 21 and 24

present the field of study as mention in the figure below

Figure 111- 27:Rotating and Fixed Domain Mesh Generation
c- Mesh Quality Check (Skewness Factor )
Skewness is one of the primary quality measures for a mesh. Skewness determines how close to ideal
(i.e., equilateral or equiangular) a face or cell, A skewness factor close to (0) means and Excellent

meshing while skewness factor close(l) means Poor Quality mesh. Go to Mesh

Detail\Display\change to Element Quality

Mesh Skewness Values

Elerment Quality

23/05/2018 22.48 —
Academir

0.99965 ST T

0.89633
— 0.79301
— 0.6897

— 0.58638
— 048306
— 037974

— 0.27ed2

01731
l 0.06978

2.5e+003 7.5e+003

Figure I11- 28: Skewness values for the generated Mesh
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d- Name the Boundary Conditions

- Fixed Domain

Go to select Edges/right click and select rename (Select Edge by Edge) as per below

ANSYS

R18.2

Academic

Interfacel
. Fized domain

Figure 111- 29:Fixed Domain Boundary Conditions

- Rotating Domain

Go to select Edges/right click and select rename (Select Edge by Edge) as per below

ANSYS

R18.2
Academic

Figure 111- 30:Rotating Domain Boundary Conditions
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Once the boundary conditions being set, the meshing process is completed and ready to be exported

to the solver Fluent. Go to File\Save Project then close Mesh Editor then Go to Setup double click

the below windows will appear

E Fluent Launcher (Setting Edit Only) - O X
7
ANSY S Fluent Launcher
Dimetzion
2D
3D

[] Use Remote Linus Modes

Display Options Make this
Dizplay Mesh After Reading Proceszing Options . .
Warkbench Calor Scheme () Serial modification
] Do not show this panel again (@) Parallel [Local Machine)

Salver
ALCT Option Processes
[ Load ACT

GPGPUs per bMachine
_

[ Show Mare Options

Cancel Help =

Figure I11- 31:Fluent Launcher Setup

111.3.2.3
111.3.2.3.1

Solver Setup (4™ Step)

General and Module

Task Page x Task Page X B viscous Model
Model
General Models O Inviscid
O Laminar
Mesh Models O spalart-alimaras (1 eqn)
@ kepsion (2 eqn)
Scale... Check Report Quality| | | pMultiphase - Off O komega (2 ean)
O Transition kkl-omega (3 eqn)
Display... Energy - Off O Transition SST (4 eqn)
Viscous - Realizable k-e, Enhanced Wall Fn 8 Z;:Uf;ait:]:s;;j:;in (sA)
Solver Radiation - Off O Detached Eddy Simuation (DES)
Type Velocity Formulation Heat Exchanger - Off 6—2202 Mzde\
. Naar
(®) Pressure-Based @ Absolute Species - Off O RiG
() Density-Based Relative Discrete Phase - Off O
P . - Near-Wall Treatment
Solidification 8 Melting - Off s e -
Acoustics - Off O Scalable Wal Functions
i . . O Non-Equiibrium Wal Functions
Time e Electric Potential - Off @® Enhanced Wal Treatment
() Steady ® Planar O Menter-Lechner
. . . O user-Defined Wal Functions
®) Transient (O Axisymmetric
i . . Enhanced Wall Treatment Options
O Axisymmetric Swirl [ Pressure Gradient Effects
Options
[ curvature Correction
[ Production Limiter
U Gravity | units...
Edit...

Model Constants
C2-Epsibn

TKE Prandt] Number

TDR Prandt| Number
1.2

User-Defined Functions
Turbulent Viscosity |
none bl
Prandtl Numbers |
TKE Prandt] Number

none -
TDR Prandtl Number

none -

Cancel| | Help 1

Figure 111- 32:General and viscous Model setup
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111.3.2.3.2 Materials

Choose Air as the material with the following parameters

Create/Edit Materials

Name Material Type
|air | fluid
Chemical Formula Fluent Fluid Materials
| | air
Miture
none
Properties
Density (ka/m3) constant - || Edit...
[1.205 |
Viscosity (ka/m-s} constant * | Edit...

[1.820755e-05 |

Change/Create |  Delete Help

Crder Materials by
~| ® Name
() Chemical Formula

Fluent Database...
User-Defined Database...

Figure 111- 33:Material Editor Panel

111.3.2.3.3 Cell Zone Conditions

Fluid " & Fuid

Zone Name Zone Name
|?n(eE_EDrnam-conEE_regmn-src 1 I\mmtmg_durrain—cunmct_regmn—trg 1

| |

Material Name | air v | | Edit... " Material Name | air v | Edit...

[] Frame Motion [] Laminar Zone [] Source Terms [ Frame Mation [ Laminar Zone [] Source Terms

[ Mesh Mation [ Fixed Values Mash Motion [ Fixed Values

L porous Zone (] Porous Zone

= — a - =
Reference Frame Mesh Motion Porous Zone 3D Fan Zone Reference Fame  Mesh Motion | Porous Zone

3DFen Zone  Embedded LES = Reaction = Source Terms

Rotation-Axis Origin Relative Specfication

X (m) l:l ETEETIE v } Relative To Cell Zone absolute
¥ (m}) constant -
Rotation-Axis Origin

X(m) l:l constant v
¥ (m) l:l constant v

Rotational Velocity

Speed [rad{s}lzl constant
| Copy To Frame Mation

UDF &
¥ Zone Motion Function none v

Transhational Velocity
A X(m{s}lCI constant A
Y(m/s)lCl constant v

Figure 111- 34:Cell Zone Conditions Setup
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Boundary Conditions

Go to Inlet\double click. Input the following

Design optimization and Setup

Backflow Direction Specification Method

Backflow Pressure Specification
Turbulent Intensity (%0)
Hydraulic Diameter

Normal to Boundary
Total Pressure

6

1

Task Page x =
Boundary Conditions Zone Name
Zone [Fitter Text =| =] | lintet
airfoil Momentum Therma Radiation Species DPM Multiphase Potentia upDs
:::E:E Velocity Specification Method Magnitude, Mormal to Boundary -
[ Reference Frame Absolute -
i:z:::z::is?;:;ii:;l:interfa:e'l PESER L e |3'8 | constant 2
interface-sideZ-wall-interface? Supersonic/Initial Gauge Pressure (pascal) [0 || constant -
interfacel Turbulence
?"terface_z . . Specification Method | Intensity and Hydraulic Diameter -
interier-fixed_domain-contact_region-src
interior-rotating_domain-contact_region-trg Turbulent Intensity (%) |D'152 | P
outlet Hydraulic Diameter (m) [0.1 | [F
walls
Cancel Help
Figure 111- 35:Inlet Setup
Table I11- 5:Velocity Inlet input summary

Velocity Specification Method Magnitude, Normal to Boundary

Reference Frame Absolute

Velocity Magnitude (m/s) 3.8

Initial Gauge Pressure(Pa) 0

Turbulence Specification Method Intensity and Hydraulic Diameter

Turbulent Intensity (%) 6

Hydraulic Diameter 1

Table I11- 6:Pressure Outlet input summary

Backflow Reference Frame Absolute
Gauge Pressure (Pa) 0
Pressure Profile Multiplier 1
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Task Page ke Preccure Outlet .

Boundary Conditions s
Zone [Fiker Text |0Ut|Et

airfoil Maomentum Thermal Radiation Species DPM Multiphase Potential uDs
a!'fD!lz Backflow Reference Frame Absolute ~
airfoil3

inlet Gauge Pressure (pasml”ﬂ | constant -
interface-interior-1-1 Pressure Profile Multiplier |1 A
interface-sidel-wall-interfacel

interface-side?-wall-interface? Backflow Direction Specification Method | Normal to Boundary ~
interfacel Backflow Pressure Specification | Total Pressure <~

interfaced . .
Average Pressure Specification
interior-fixed_domain-contact_ n g P

interior-rotating_dormain-contz [] Target Mass Flow Rate
Turbuience

walls Specification Method|Intensity and Hydraulic Diameter -
Backflow Turbulent Intensity (%) |D.152
Backflow Hydraulic Diameter (m) |D.1

-l -]

Phase Type
mixture ¥ | |pressure-outlet

Cancel | | Help

T

Edit... Copy...

Figure 111- 36:Outlet Setup

The Three Airfoils will be set to stationary Wall with No slip for shear condition, while in walls

will be set to Stationary Wall with Specified Shear for shear condition as per the figure below

Wall Wall X
| Zone Name Zone Name
{afoil | [wals |
Adjacent Cel Zone Adjacent Call Zona
| |rotating_donwin—conuct_region—trg | | |ﬁxed_doma\n—conmct_region—src |
Momentum = Thermel  Radiafion = Species DPM  Multiphase = UDS Momentum = Thermal = Radiation = Species = DPM = Muftiphase  UDS = Wal Fim = Potental
Wall Motion Motion Wall Motion Motion
® stationary Wal Relitive to Adjacent Cell Zone ® stationary Wal Relative to Adjacent Cell Zone
O Moving Wal O Moving Wall
Shear Condition Shear Condition Shear Stress
® Ho slp O Mo Sl ¥Component (pasm\) constant v
(O Specified Shear ® Speciied Shear e £ Dl:' dtant .
Speculartty Coefficient Specularity Coefficient | Ll LBIELEE constan
Marangoni Stress Marangoni Stress
Val Roughness Wall Roughness
Roughness Height (m) |0 constant K Roughness Height (m} |0 constant ™
Roughness Constant |0.5 constant T Roughness Constant | 0.5 constant \

0K Help ‘ Cancel | | Help

Figure 111- 37:Airfoils and Walls Setup
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111.3.2.3.5 Mesh Interface

Go to Mesh Interface\ Click Edit\Select Interfacel than Interface2\Click Create\Name it Interface

Mesh Interfaces =

Mesh Interfaces Interface Zones
[2/2]

- : interfacel
| interface interface2

Edit... List Delete Draw
Preview Mesh Motion... Options...

Figure 111- 38:Mesh Interface Setup
111.3.2.3.6  Reference Values

Change Compute from to Inlet and Reference Zone to Rotating Domain, the Reference values

automatically loaded

Reference Values
Compute from

I inlet - | I

Reference Values

Area (m2) |1 |

Density (kg/m3) [1.205 |

Depth (m) |1 |

Enthalpy (i/ka) [0 |

Length (m) |1 |

|

|

|

|

|

Pressure (pascal) | 1]

Temperature (k) |288.16
Velocity (m/s) |3.8
Viscosity (kafm-s) [1.820755e-05
Ratio of Specific Heats |1.4

Reference Zone
rotating_domain-contact_region-trg vI

Figure 111- 39:Reference Values Setup
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111.3.2.4  Solution Setup (5" Step)

111.3.2.4.1  Methods

Set the following input on Solution Methods, as per the table below

Table I11- 7: Solution Methods input summary

Pressure —Velocity Coupling

Scheme

SIMPLE

Spatial Discretization

Gradient Least Squares Cell Based
Pressure Second Order
Momentum Second Order Upwind
Turbulent Kinetic Energy Second Order Upwind
Turbulent Dissipation Rate Second Order Upwind
Transient Formulation
Second Order Implicit
Solution Methods
Pressure-Velocity Coupling
Scheme
SIMFPLE -
Spatial Discretization
Gradient =
Least Sgquares Cell Based -
FPressure
Second Order -

Momentum

Second Order Upwind -
Turbulent Kinetic Energy

Second Order Upwind -
Turbulent Dissipation Rate

Second Order Upwrind hd

Transient Formulation
Second Order Implicit -

[ Mon-Iterative Time Adwvancement

1 Frozen Flux Formulation

[ warped-Face Gradient Correction

[] High Order Term Relaxation Options...

Drefault

Figure I11- 40:Solution Methods Setup
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111.3.2.4.3  Controls
Set the following input on the Solution Controls, as per the table below

Table I11- 8:Solution Controls input summary

Under-Relaxation Factors

Pressure 0.3
Density 1
Body Forces 1
Momentum 0.7

Turbulent Kinetic Energy 0.8
Turbulent Dissipation Rate 0.8
Turbulent Viscosity 1

Solution Controls

Under-Relaxation Factors

Pressure

[0.3 |
Density

1 |
Body Forces

1 |
Momenturmn

0.7 |
Turbulent Kinetic Energy

0.8 |
Turbulent Dissipation Rate

0.8 |
Turbulent Viscosity

1 |

Default

Equations... | | Limits... | | Advanced...

Figure 111- 41:Solution Controls Setup
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111.3.2.4.3 Monitor

The following input must be implanted on Residual Monitors as per below figure

Residua
Options Equations
Print to Console | continuity | |0.0001 [ |
Plot |x-velocity | [0.0001 |
window [y-velocity | l0.0001 |
Curves... | Axes... |k | |E|.IZ|IZ|IZ|1 |
Iterations to Plot |epsilon | |0.0001 | y
1000 = Residual Values Convergence Criterion
] Mormalize Iterations absolute =
Iterations to Store 5 =
|1EIEIEI s | Scale Convergence Conditions...

] compute Local Scale

Click Ok Plut Renormalize | | Cancel | | Help

Figure I11- 42:Residual Monitors Setup

111.3.2.4.4 Initialization

Choose Standard Initialization and choose Inlet for compute, the initial values automatically

loaded than click Initialize as per below

Solution Initialization
Initialization Methods
) Hybrid Initialization
@) sStandard Initialization
Compute from
| inlet e

Reference Frame

@) Relative to Cell Zone

O absolute
Initial Values

Gauge Pressure [(pascal}

[o |
X velocity (my's)

EX: |
¥ Welocity (mys)

[6.750156e186 |
Turbulent Kinetic Energy (m2/s2)
|5.004326e-05 |
Turbulent Dissipation Rate (m2/s3)}
[8.210024e-06 |

I Initialize I Reset || Patch...

Figure I11- 43: Initialization Setup
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Once all the setup completed as described you should be able to check the case in Run Calculation,
this step is very important in order to check if there is any error which not be accepted by the solver
Fluent

111.3.2.45 Run Calculation

First once you click at Check Case you should be able to see (No Recommendations to make at

this time), then click Calculate

Task Page =

}

Run Calculation

Prewvieww Mesh Motion...
Time Stepping Method Time Step Size (s)
Fixed ~| [o.0001 |[F
Settings... Murmber of Time Steps
[1000 =]
Options
EZ Information >

Mo recommendations to make at this time.

User Specified
Max Iterations/ Time Step Reporting Interval

[s0 = [1 z
Profile Update Interval

[1 =

Data File Quantities... Acoustic Signals...

Calculate -

Figure I11- 44:Run Calculation and check setup

I11.4 Conclusion

Designing and optimizing workflow was an Excellent tool to best address the simulation challenges
we face using a sliding mesh technic, Whoever, the setup of the ANSYS workbrench provide a vast
knowledge of this simulation, therefore, the provides setup was implanted in order to confirm the
suitable design for Ouargla wind speed of 3.8 m/s.hence the computing time was a challenging factor

due to the requirement of sliding mesh technic for the rotating and fixed domain.
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Chapter IV Simulation Results and Discussion

Chapter 1V

Simulation Results and Discussion

IV.1 Introduction

In this chapter i will discuss the results of the CFD simulation of my 2D designed H-Darrieus
VAWT, Furthermore; we will be able to observe the Pressure, velocity and turbulence distribution
inside the proposed wind tunnel.Furthermore we will observe the moment coefficient in order to

calculate the power coefficient and validate the proposed 2D design.

1V.2 Pressure Contour

ANSYS

R18.2
Academic

Figure IV- 1: Static Pressure Contour simulation results

The pressure acting on the airfoil results in a total pressure force. Splitting up this total pressure force
into a part normal to the flow and another one tangential to the flow direction, results in a lift force
and a drag force. In some regions, the pressure force acting on the extrados of the airfoil is higher as
shown in red than the surrounding pressure while the intrados of the airfoils shows a low pressure.
The following image shows the static pressure forces at 5.75 degangle of attack. The profile 3 and 1
contribute in the rotation of the wind turbine due the important difference in the static pressure
between the extrados and intrados whereas the lift force is important.
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Moreover, the pressure is high on the concave side of the rotor blade P1 and P2 as that is where the
wind will hit the most and will not escape as fast as on the convex side. Negative pressure (vacuum
gauge pressure — relative to the atmospheric pressure) is generated on the backside of the rotor, which
makes sense as this a static case where the rotor is fixed in this specific orientation. This pressure

differential causes a net force on the blades and hence causes rotation.

IV.3 Velocity Contour

ANSYS

R18.2
Academic

Figure IV- 2: Velocity Contour simulation results

Figure 1V-2 shows a distribuation of the wind velcoity at the rotating domain of the designed wind
turbine, whereas, the velocity decreased on the extrados and intorados of the following profiles (P3 et
P2) due to observed high static pressure as seen in figure 1\V-1, Velocity and pressure are dependent
on each other - Bernoulli's equation says that increasing the velocity decreases the local pressure and
vice versa, whoever, the velocity at the extream left of the leading edge of the profile 1 and 2 seems

to be lightery higher.
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IV.4  Turbulence Kinetic Energy Contour

WVAWT Simulation, Date 02/06/2018

Turbulence Kinetic Energy
Contour 3
5.621e+000
5.326e+000
5.030e+000
4.735e+000
439e+000
144e+000
.848e+000

200
+444
0000

888

LN I N B B B I H B B
S2NNPNEEE S
(41}

[m”2 s-2]

o 0.500 1.000 (m) é
— — ] %

0.250 0.750

Figure IV- 3: Turbulence kinetic energy Contour simulation results

Figure V-3 shows the turbulent kinetic energy distribution at the rotating part of the H-Darrieus
wind turbine, the profile 2 and 3 generate more turbulence due to the interaction of thus profiles with

the streamlines of the incompressible fluid in movement.

This turbulence are created on the inverse direction of the flow as seen on the intrados of the profile 3
and extrados of the profile 2. The profile 1 is not contributing on the turbulence at this position due to

non-intersection with the wind streamlines.
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IV.5 Velocity Vector

vector-1 -~ -
Velocity Magnitude -~

a 1146401
108e#01
102e+01
“9.67e+00°
- 9.10e+00
8.54e+00
7.97e+00
7.40e+00
6.83e+00
6.27e+00
5.70e+00
- 5.13¢+00
~4.57e+00
4.00e+00.
343e+00 -
2.86e+00 -
230400
173e+00
- 1.16e+00
5.95e-01

. 2.77e-02
s 278

Figure V- 5: Velocity streamline
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Chapter IV Simulation Results and Discussion

As seen the Figure 1V-6 the wake created by the profile number 3 at low angular rotation created by
the low velocity turbulence the flow field is fairly uniform and thewake of the advancing blade 1 can
be seen to influence the flow near the following blade espacialy the blade number 3. As the rotor
turns the flow field begins to “polarize” into two diametrically opposed regions. A high speed region
enveloping the single advancing blade — which does no longer “feel” the wake of the previous blade
3 and a low speed region delimited by the other two blades (which are, largely, in symmetrical
positions). This behavior later reduces as the rotor turns and the flow field tends to become uniform.
It is interesting to observe that, in this case, the mere fact that the top blade loses the downwash wake
of the previous blade leads to a slight acceleration of the fluid in its region. However, this

acceleration works “against” the turning of the rotor.

IV.6 Pressure Vector

N |

é'%///

Static Pressure. ~~ O
- T
R

g 1060401
&5.40e+00
2:23e+00
1940400
-6.11e+00:"
~1.03e+07
-1.450+01
-1.88e+01
-2.280%01
-2.70e+01
-3.11e%01
-3 538%01
-3.95+01
-4 37e+(
-4 T86+0T

by

R

NITERTSNSN

5.208+01 —
25.62e+01
-F08e+01
-6 45e+01
-6 876741
B 7 280401,

[paseal ] .

Figure 1V- 6:Pressure vector Distribution

IV.7 Validating the design

Validation of the 2D design by theperformance coefficient, Cp depends on the type of airfoils, blade
thickness and Reynolds number. It is basically given by the ratio between power extracted by the

turbine and available wind power. It can be mathematically expressed as:

Cp = xopt X Tmean (lV-l)
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Where
Kope + The optimum tip speed ratio Equal to 6 for VAWT.

Tean - 1S the average torque reported by coefficient of moment in FLUENT for one complete
revolution. The reportedmomentcoefficient Cm for our simulation is0.0831 presented in the below
figure V-7
Moments - Moment Center (1 0 O0) Moment Axis (0 0 1)
Moments (n-m) Coefficients

Zone Fressure Viscous Total Pressure Viscous Total
airfoilz 0.721582727 0.00105413542 0.7230214 0.082979182 0.0001257611 0.0583104853

Het 0.72192727 0.0010541342 0.7230214 0.082979192 0.0001257611 0.083104953

Figure V- 7: Reported Moment Coefficient by FLUENT

Therefore,
Cp = Aopt X Tean = Aope X Gy = 6 X 0.08310 = 0.4986

Some studies explain that the 2D simulation present an overestimation of 6-8% comparing to 3D,
hence, the above power coefficient will be reduced by 8% to match the reality, therefore, Our
reported power coefficient €, = 0.45 which explain that our design is the best optimized 2D VAWT.

1V.8 Conclusion

The results of the simulation presented above shows the complexity of the velocity, pressure and
turbulence field, where the lift and drag coefficient for the airfoils NACAQ0018 play an importance

rules in generating a rotating movement at speed of 3.8 m/s.

In this simulation we were able to see that blades number 3 and 2 are contributing most on the
rotation of the our wind turbine, Furthermore, the simulation moment coefficient reported on the
FLUENT shows an optimum power coefficient of 0.45 which validate the proposed 2D design, the
2D simulation provide a good understanding on the forces and pressure our H-Darrieus VAWT,
hence the 3D simulation provides an Excellence close to reality, this simulations relay on the viscous
model chosen to best approach the real case, however, a real tunnel test is required in order to
validate the design of the turbine.
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Conclusion and Recommendations

In the present work an unsteady 2D CFD model of H-Darrieus VAWT was developed to
evaluate rotor performance and support rotor design and wind tunnel experiments.
Computational domain, mesh, solver settings and Transition turbulence model local correlation
parameters were optimized. To take into account the unsteady rotational effects, a Sliding Mesh
Model was used optimizing the time step of the transient solver. Grid and time step independent

solutions were reached after a long process of refinement.

In this project | went a through the solid workflow in order to optimize the turbine dimension,
furthermore, the low region wind speed was a challenging factor to best design our rotor,
however, the turbine simulations were performed using a both turbulent k-3 realizable model
with Enhanced wall treatment and K- to demonstrate the superior predictive capabilities of the

modified Transition model.

At this project ANSYS 18.2 was used as a complete set of multiphysic software that best
simulate the CFD simulation through a Fluent solver. The simulation shows a slight
overestimation for the Transition model and this is due to the limits of a 2D modelization that
does not take into account 3D effects (i.e. tip vortex). For this reason the authors will use this
methodology to develop a3D CFD model in the future research and assesses whether
improvements justify the great increase of calculation time. However, considering the good
predictive results of the 2D CFD model, this will be used in the future to support experiments in
the proprietary, furthermore, a tunnel test it’s a most to best evaluate the simulation results which

need to be considered in the next project.

Due to the proposed field of study that represent the tunnel test(50X20m) the number of nodes
and elements were bigger, hence, the calculation time was too long for my machine, therefore, it

was decided to reduce the field of study to its least allowed surface for this type of wind turbine.

Recommendations for the Future Work

» 3-D model of a VAWT can be proposed in the future studies to account forthe tip vortices
and rotor arms. The 2-D CFD simulation does not include the effects of the end tip vortices
present on the real wind turbine and that is why, 2D simulations shows a significantly

increased performance compared to the 3D simulations. Furthermore, the other reason for an

Page 61



Conclusion and Recommendations

overestimated numerical value of Cp of 2-D calculations as compared to 3-D could be the
absence of rotor arms in 2-D simulations.

In lieu of having a blade fixed to the rotor arm, a flapping or plunging mechanism can be
provided which will help reducing the condition of a dynamic stall. It is the same phenomena

used by insects.
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Annex

What is CFD?

Flows and related phenomena can be described by partial differential (or integro-differential)
equations, which cannot be solved analytically except in special cases. To obtain an approximate
solution numerically, we have to use a discretization method which approximates the

Differential equations by a system of algebraic equations, which can then be solved on a
computer. The approximations are applied to small domains in space and/or time so the
numerical solution provides results at discrete locations in space and time. Much as the accuracy
of experimental data depends on the quality of the tools used, the accuracy of numerical
solutions is dependent on the quality of discretization used. Contained within the broad field of
computational fluid dynamics are

activities that cover the range from the automation of well-established engineering design
methods to the use of detailed solutions of the Navier-Stokes equations as substitutes for
experimental research into the nature of complex flows. At one end, one can purchase design
packages for pipe systems that

solve problems in a few seconds or minutes on personal computers or workstations. On the other,
there are codes that may require hundreds of hours on the largest super-computers. The range is
as large as the field of fluid mechanics itself, making it impossible to cover all of CFD in a single
work.

Also, the field is evolving so rapidly that we run the risk of becoming out of date in a short time.
We shall not deal with automated simple methods in this book. The basis for them is covered in
elementary textbooks and undergraduate courses and the available program packages are
relatively easy to understand and to use. We shall be concerned with methods designed to solve
the equations of fluid motion in two or three dimensions. These are the methods used in
nonstandard applications, by which we mean applications for which solutions (or, at least, good
approximations) cannot be found in textbooks or handbooks. While these methods have been
used in high-technology engineering (for example, aeronautics and astronautics) from the very
beginning, they are being used more frequently in fields of engineering where the geometry is
complicated or some important feature (such as the prediction of the concentration of a pollutant)

cannot be dealt with by standard methods. CFD is finding its way into process, chemical, civil,



and environmental engineering. Optimization in these areas can produce large savings in
equipment and energy costs and in reduction of environmental pollution.

Sliding Meshes?

When a time-accurate solution for rotor-stator interaction (rather than a time-averaged solution)
is desired, you must use the sliding mesh model to compute the unsteady flow field. As
mentioned in Section 9.1, the sliding mesh model is the most accurate method for simulating

flows in multiple moving reference frames, but also the most computationally demanding.

Most often, the unsteady solution that is sought in a sliding mesh simulation is time-periodic.
That is, the unsteady solution repeats with a period related to the speeds of the moving domains.
However, you can model other types of transients, including translating sliding mesh zones (e.g.,
two cars or trains passing in a tunnel, as shown in Figure 9.5.1). Figure 9.5.1: Two Passing
Trains in a Tunnel Note that for flow situations where there is no interaction between stationary
and moving parts (i.e., when there is only a rotor), the computational domain can be made
stationary by using a rotating reference frame. (See Section 9.2 for details.) When transient rotor-
stator interaction is desired, you must use sliding meshes. If you are interested in a steady
approximation of the interaction, you may use the multiple reference frame model or the mixing
plane model.
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CO02 footprint

H-Darrieus VAWT Yearly Outputs
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Abstract

In this memory, 2D dimensional unsteady flow around an H-Darrieus vertical axis winds turbine (VAWT)
comprising three rotating symmetric airfoils (NACA0018) was studied numerically with the consideration
of the near wake. The flow around the wind turbine was simulated using ANSYS 18.2. A workflow of the
design was used to optimize the performance of the rotor then, a CFD was used to generate grid for the
designed rotor a sliding mesh technique was generated to create a moving mesh. Realizable k- € turbulence
model was employed for the analysis and simulation was set at the region wind speed of 3.8 m/s. Due to

lack of tunnel test the simulation results was used as reference in order to validate the design.

Key words: H-Darrieus VAWT, Sliding Mesh Technique, ANSYS®, Unsteady Flow, NACA0018
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Résumé

Dans cette mémoire, I'écoulement instationnaire de dimension 2D autour d'une éolienne a axe vertical H-
Darrieus (VAWT) comprenant trois profils aérodynamiques rotatifs (NACAO0018) a été étudié
numériquement en considérant le sillage proche. L'écoulement autour de I'éolienne a été simulé en utilisant
ANSYS 18.2. Un flux de travail pour la conception a été utilisé pour optimiser les performances du rotor

puis, un CFD a été utilisé comme pour générer la grille pour le rotor proposée un maillage de sliding mesh

a été générer. Un modele de turbulence k- € a été utilisé pour l'analyse et la simulation a été réglée a la

vitesse du vent de la région de 3,8 m / s. En raison de l'absence de test en tunnel les résultats de la

simulation ont été utilisés comme référence afin de valider la conception.

Mots clés: H-Darrieus Eolienne, Technique de Maillage Coulissante, ANSYS®, L'écoulement
instationnaire, NACAO0018




