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Abstract
In the actual urban development context, the smart city concept is frequently used. This concept has not an unique
definition, but is always defined as of positive impact. At the base of this concept, is placed the challenge to reduce the
environmental impact and the carbon footprint. Smart city is a system with people, financing, services, materials and
also energy development. To create a sustainable smart environment is crucial to integrate different renewable energy,
transport and data flows in city planning and management. However, the implementation of new technologies must be
fitted with the existing structures. In this paper, we study a counter rotating vertical axis wind turbine. To investigate the
flow in this new concept we used the CFD methods. For solving the Navier-Stokes system equation the commercial
CFD ANSYS Fluent was used. The vorticity magnitude and the momentum and power coefficient variation by blade
position resulting from the numerical simulations are presented.
Keywords: Smart city; wind energy; VAWT; CFD; power coefficient.

1. Introduction
The biggest challenge of our times is the development of cities into intelligent and sustainable environments. In the
EU's energy policy the smarter energy systems play a key role. The targets of EU for 2020 are to consume 20 % less
energy, to increase the share of renewable energy to 20 % and to reduce greenhouse gas emissions by 20 % [1]. The
problems associated with the energy sector and climate changes are the top priorities for the EU agenda. The ever
diminishing oil resources, combined with ecological concerns have led to a focused attention on renewable energy,
which should be inexhaustible and pollutant free [2]. Without the use of fossil fuels, without the change of natural
course of rivers and without emitting any green house gases, wind energy has proven itself as a viable solution to the
energetic independency of EU member countries. Therefore, the development of wind farms continues to be a
successful endeavor, particularly in the EU [3] where multiple member states have already joined the forefront of wind
turbine engineering.
The main objective of the smart energy system is to mitigate the environmental impact (climate change) due to the
population increase [4]. It became more and more important to optimize all the processes of energy generation and
consumption.
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The smart energy system allows to integrate energy from unpredictable and intermittent renewable sources and to
distribute power much more efficiently [5]. A smart system will deliver electricity more cost-effectively and with lower
greenhouse gas emissions (Fig. 1).

Fig. 1 Schematic smart energy system [6]
It was estimated that in the Earth’s wind the available energy is around 10 million MW [7]. Wind turbines are of two
types, Horizontal Axis Wind Turbine (HAWT) and Vertical Axis Wind Turbine (VAWT). VAWT is mostly viable for
places with low wind speed regimes where HAWT is highly uneconomical [8]. The combination of two vertical axis
wind turbines was studied by many researchers [9-11]. The common combination is between Darrieus and Savonius
[12-14]. This configuration, Darrieus-Savonius was done to help Darrieus wind turbine at the starting moment. It's well
known [15] that Savonius rotor creates high torque and is self-starting even at low wind speeds, but is relatively low in
efficiency rating. The Darrieus rotor is not a self starting rotor [16], but has much higher efficiency than the Savonius
rotor. The combination of rotors increases the total power of the turbine in lower wind speeds [17]. The advantages of
VAWT are based on the wind direction independency, but also on the simple design and low cost.
A new counter rotating (CR) VAWT concept was developed at COMOTI. The concept is a combination between
two VAWT Darrieus H-type wind turbines, placed concentricallyas shown in Fig. 3, and rotating in opposite directions.
A Permanent Magnet Generator (PMG - Fig. 4) is placed on the common rotation axis of the two turbines, and consists
in a set of permanent mangnets rotating together with inner wind turbine, and a set of inductance coils, rotating together
with the outer wind turbine. The relative movement achieved between the magnets and the coils produces the electrical
power generated by the assembly. One of main the advantages of the new concept are related to the fact that it contains
no statinary parts, as the two armatures of the PMG (one with permanent magnets and one with coils) will rotate, but in
opposite directions. Also, the fact that the two armatures are both rotating increases the relative speed between them,
and, consequently, the magnetic field variation rate through the coils increases, leading to the production of more
electrical power.
A small model of CR-VAWT with three straight blades will be designed, manufactured and studied in the NRDI
COMOTI's wind tunnel. The blades airfoil used is NACA 0021 [18]. In this study, a series of numerical analyses on
was carried out in order to validate a new concept. Usually, wind turbine can generate electric power only when it
reaches certain speed [19], so the tests will be carried out at 3 wind speeds. The maximum current velocity of
COMOTI's wind tunnel is 20 m/s. Also, to capture the streamlines and the interaction between this two VAWT the PIV
installation will be used [20].
2. Theoretical approach
The vertical axis wind turbine Darrieus type is based on the lift force [21]. The Darrieus design consists of two or
more blades attached to a vertical shaft. In Fig. 2, the forces and the three velocity vectors acting on the Darrieus
VAWT are presented [22]. The orientation and magnitude of the drag (FD) and lift (FL) forces and the resultant force
(FR) are also represented. The FR can also be decomposed into a normal force (FN) and a tangential force (FT).
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Fig 2. Force components and velocity and for VAWT Darrieus type
For a VAWT rotor with N blades, the average lift and drag forces can be defined as [23]
𝐹𝐿 =

𝑁𝑐 𝐻 2𝜋
∫ ∫ 𝑞(−𝐶𝑁 𝑠𝑖𝑛𝜃𝑏 + 𝐶𝑇 𝑐𝑜𝑠𝜃𝑏 )𝑑𝜃𝑏 𝑑𝑧
2𝜋 𝑧=0 𝜃=0

(1)

𝐹𝐷 =

𝑁𝑐 𝐻 2𝜋
∫ ∫ 𝑞(𝐶𝑁 𝑐𝑜𝑠𝜃𝑏 + 𝐶𝑇 𝑠𝑖𝑛𝜃𝑏 )𝑑𝜃𝑏 𝑑𝑧
2𝜋 𝑧=0 𝜃=0

(2)

where:
𝐶𝑁 = 𝐶𝐿 𝑐𝑜𝑠𝜑 + 𝐶𝐷 𝑠𝑖𝑛𝜑

(3)

𝐶𝑇 = 𝐶𝐿 𝑠𝑖𝑛𝜑 − 𝐶𝐷 𝑐𝑜𝑠𝜑

(4)

and CL and CD are the lift and drag coefficients.
The torque varies is function to azimuthal angle and the rotor height [24]. For a rotor with N blades, we have:
𝑇𝑅 =

𝑐𝜔 𝐻 2𝜋
∫ ∫ 𝑞𝐶𝑇 𝑟𝑑𝜃𝑏 𝑑𝑧
2𝜋 𝑧=0 0

(5)

The average power is defined as [25]:
𝑃=

𝑁𝑐𝜔 𝐻 2𝜋
∫ ∫ 𝑞𝐶𝑇 𝑟𝑑𝜃𝑏 𝑑𝑧
2𝜋 𝑧=0 0

(6)

So, the power coefficient can be obtained as [26]:
𝐶𝑃 =

𝑃
𝑃𝑚𝑎𝑥

=

𝐻
2𝜋
81 1 𝑁𝑐𝜔
∫
∫
𝑞𝐶𝑇 𝑟𝑑𝜃𝑏 𝑑𝑧
64 2𝜋 𝜌𝑉∞3 𝑅𝐻 𝑧=0 0

(7)

3. Geometry definition
In this section, we present details about the geometry definition of the new vertical axis, Darrieus type wind
turbinedeveloped at COMOTI. Fig. 3 presents the 3D virtual model of the wind turbine, developed using the
SolidWorks software.
This turbine is designed to generate up to 2.5 kW power at a wind speed of 12 m/s. Two variants of the wind turbine, of
different diameter and blade chords were studies. Table 1 shows the geometric parameters of the entire system in the
two cases. Using the theoretical approach [27], the dimensions of the wind turbine rotors were defined. In this way, the
characteristic dimensions, such as height and rotor diameter, were determined. Given that it is desired to have high
turbine efficiency at values of TSR's (Tip speed ratio) as small as possible, a value of 0.5 was used for the first turbine

- 0508 -

27TH DAAAM INTERNATIONAL SYMPOSIUM ON INTELLIGENT MANUFACTURING AND AUTOMATION
solidity and 0.35 for the second one. Thus, using 𝜎 =
axis wind turbine blade.

𝑁𝑐
𝐷

we determined the aerodynamic chord length of the vertical

Table 1. Geometric parameters

Fig. 3 CR-VAWT design

Fig. 4 Generator components and rotation directions

4. CFD methods
Starting from the operating parameters in table 1, we used the CFD (Computational Fluid Dynamics) approach to
estimate the efficiency of this new CR(Counter-Rotating) -VAWT Darrieus type. In this case, we used the commercial
code ANSYS-Fluent [28]. The SIMPLEC type pressure based solver with a second order upwind discretization scheme
was used.
This presented numerical simulations use the URANS (Unsteady Reynolds Average Navier-Stokes) approach, with
the k-ω SST turbulence model [29]. This model solves for two additional transport equations for the turbulent kinetic
energy (k) and the specific dissipation rate (ω) and combines two standard turbulence models, k-ε and k-ω. The first full
turbulence model imagined was the k-ω model. This model was introduced in 1941 by Kolmogorov [30].
The transport equation for the turbulent kinetic energy, k is written as [31]:
𝜕𝑘
𝜕𝑘
𝜕𝑘
𝜕𝑘
𝜕2𝑘 𝜕2𝑘 𝜕2𝑘
+ 𝑢̅
+ 𝑣̅
+𝑤
̅
= Γ𝑘 ( 2 + 2 + 2 ) + 𝐺̃𝑘 − 𝑌𝑘
𝜕𝑡
𝜕𝑥
𝜕𝑦
𝜕𝑧
𝜕𝑥
𝜕𝑦
𝜕𝑧
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Also, the transport equation for the specific turbulent kinetic energy dissipation rate, ω has the form [32]:
𝜕𝜔
𝜕𝜔
𝜕𝜔
𝜕𝜔
𝜕2𝜔 𝜕2𝜔 𝜕2𝜔
+ 𝑢̅
+ 𝑣̅
+𝑤
̅
= Γ𝜔 ( 2 + 2 + 2 ) + 𝐺𝜔 − 𝑌𝜔 + 𝐷𝜔
𝜕𝑡
𝜕𝑥
𝜕𝑦
𝜕𝑧
𝜕𝑥
𝜕𝑦
𝜕𝑧

(9)

where: k and  are the effective diffusivities for k and ω; D is the positive portion of the cross-diffusion term; G~k
represents the production of turbulence kinetic energy; and G represents the production of ω.
This numerical study was conducted on a combination of two vertical axis wind turbines in a 2D domain. The
computing domain consists of three fields with an interface at the boundary between them (Fig. 5). The rotor1 domain
has a radius R = 1.6 m, and the stator domain is 6 times bigger. Also, in the Fig. 2 the mesh and the value of y+ for all
the blades are presented.

Fig. 5. Computational domain with y+ value for all blades
For the grid generation, the blocking method included in the ICEM CFD meshes software was used. To solve the
problems that could occur in the boundary layer, the value of y + was maintained at values less than 1, and the ratio of
adjacent elements sizes was kept below 1.05.
The boundary conditions were imposed so that the flow to be close to the real one. On the inlet of the stator domain
a 12 m / s velocity was imposed, normal to the boundary surface, and solid, no-slip wall boundary conditions were
imposed on the blades and the shaft. Six cases were studied, with TSR values were set between 0.5 and 3.
5. Results
Figs. 6 and 7 present, respectively, the vorticity magnitude for each TSR value and the power coefficient variation
around the each of the two wind turbine: the outer turbine is denoted Turine 1, and the inner turbine is Turbine 2.
As the TSR increases, the vortical pattern resulting from the CFD simulation can be observed to change
significantly. Thus, at low TSR, large vortices are detaching from each blade. The vortex trail oscillates downstream of
each profiles due to the interaction between the inner and the outer blade networks. As the TSR increases, the
interaction intensity increases, and the vortex trail tends to become attached to the trailing edges of both the inner and
the outer blades. The vorticity intensity decreases, and the volume of the wake increases. At the highest TSR, the waves
extend to cover almost the entire circumference of the circles on whch the blades are rotating, and they are deflected
either inside, or outside, in an oscillatory motion, by the presence of the leading edge of the adjacent blade.
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a)

b)

c)

d)

f)

e)

Fig. 6. Vorticity magnitude for: a) TSR=0.5; b) TSR=1; c) TSR=1.5; d) TSR=2;
e) TSR=2.5; f) TSR=3;

Fig. 7. Cp variations for each wind turbine
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Fig. 7 indicates an optimal TSR can be found with respect to the TSR value. Thus, the outer turbine power
coefficient is maximum at about TSR = 2.4.
6. Conclusion
In this paper work the flow field around new concept of Darrieus-type (lift-based) vertical axis wind turbine has
been predicted numerically using CFD method, namely URANS. Both the wind turbines flow has been analised. The
study has been conducted to determine the influence of the inner turbine on the global turbine efficiency. It is found that
this influence has a positive impact on the overall turbine performance, due to the interaction of the wakes generated by
the two blade networks rotating in opposite directions. An optimium value is found at TSR = 2.4.
The simulations presented here use standard NACA 0021 airfoils, but optimization methods, such as Genetic
Algorithms (GA) [33], or ANN [34] can be used to increase also the efficiency of the assembly.
This paper contributes to a better understanding of the flow field around vertical axis wind turbines and suggests
strongly that accurate modeling of the unsteadiness effects is an essential condition to high fidelity prediction of the
aerodynamics performance of such devices.
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