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Abstract. The use of diffuser on the hydrokinetic turbines improves its efficiency, exceeding the Betz limit (59.26%).
The diffusers are technologies which has the function of causing an effect of increase in flow velocity that arrives on
the turbine blades. This effect is caused by acceleration of the fluid particles due to the pressure drop downstream of
the diffuser. In this paper, one describes a numerical study of the flow around three different geometries diffusers
applied to the horizontal axis hydrokinetic turbine design. We evaluate the behavior of the diffuser velocity speed-up
ratio in order of ranking the efficiencies of three different geometries. The numerical study is performed using
computational fluid dynamic (CFD). The numerical model is validated using experimental data available in the
literature. The results are applied to the case of a hydrokinetic turbine and the horizontal axis shows were satisfactory.

Keywords: Diffusers, Hydrokinetics turbines, CFD.
1. INTRODUCTION

The study of the flow around the diffuser has great importance, since, when applied to wind and hydrokinetic
turbines, the power coefficient can exceed the Betz limit increasing the power generated (Abe et al, 2004, Hansen,
2008, Ohya and Karasudani, 2010). The diffuser is an innovation that has piqued the interest of many researchers for
possible use in generating energy more efficiently, due to the considerable increase in power extracted from the kinetic
energy due to the motion of the fluid. The use of diffusers on the hydrokinetic turbines is a more efficient way of
extracting energy, since even a small increase in mass flow within the diffuser leads to a proportional increase in energy
production (Rio Vaz et al. 2011).
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Oman et al. (1975), Foreman and Gilbert (1979) conducted an experimental study of wind turbines with diffusers
which increase the speed ratio between the velocity at the rotor plane and the undisturbed flow velocity, it may be two
or more times greater compared with wind turbine without diffusers. This fact leads to a considerable increase in turbine
power coefficient, exceeding the Betz limit (1926), which is 59.26%. The Betz limit may be exceeded when the turbine
is positioned in the diffuser, since the flow within the diffuser provides an increase in mass flow through the plane of
the rotor due to the suction pressure caused by the diffuser (Rodrigues, 2007, Hansen, Sorensen, and Flay, 2000). Figure
1 illustrates the flow through a hydrokinetic turbine diffuser.

Figure 1. Simplified illustration of the velocities in the plane of the rotor and on the wake.

whereV, is the free flow velocityV is the axial velocity on the rotor plane avidis the axial velocity on the diffuser

outlet. Thus, in the present work, carried out a study using computational fluid dynamic (CFD) to assess the effect of
the velocity speed-up ratio inside the diffuser on the efficiency of wind and hydrokinetic turbines. Simulations have the
intention to develop a study in order to identify a geometry diffuser that has good hydrodynamic efficiency.

2. NUMERICAL AND COMPUTATIONAL CONDITIONS

The numerical method used corresponds to the finite volume method, using the software ANSYS - FLUENT. The
present flow field is generally expressed by the continuity and the incompressible Reynolds-averaged Navier-Stokes
equations (Abe and Ohaya, 2004). These equations can be written for the Newtonian fluid flow, such as:

Y (1)
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whereuy; denotes Reynolds-averaged value. In the equatiop,(2),U, u; andv, represents respectively, the density,
the static pressure, the mean velocity, turbulent velocity and kinematic viséos#yhe body-force term imposed for
the representation of a load (Abe and Ohaya, 2004).Fwe present study is zero because the analysis does not
consider the rotor loads.

Computational conditions consist in an uniform structured mesh around each diffuser as shown in figure (2), this
model has been implemented in each mesh geometry diffuser. In this work, the flow was considered to be a constant
flow axisymmetric. The input velocity used in the simulation was 2.5 m/s. In this case, the fluid was considered as the
water, temperature to 2&. The Reynolds number was calculated according to equation (6).
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Diffuser

Figure 2. Mesh considered in the simulation.

To validate the model was used the geometry proposed by Abe and Ohya et al. (2004) (see Figure 3). Figures 4, 5, 6
and 7 show the geometries used in this study.

Figure 3. Geometry and computational conditions (Abe e Ohya, 2004) for validation.
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Figure 4. Geometry and computational conditions - Geometry 1.
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wherelL, D, ¢, H andd denote the length of the diffuser, diameter at the diffuser inlet, the opening @anrglis(°) of
the diffuser flange height and length of the du@ndr are the coordinates of the model.

3 RESULTS AND DISCUSSION

In this study the CFD computation is carried out using the ANSYS software wiBSfgShear Stress Transport)
turbulence model. In order to validate the CFD simulation, the experimental data available in the literature was used
Abe and Ohya (2004). Figure 8 presents the results obtained. The good agreement between numerical and experimental

results permits to validate the CFD

model.
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o Experimental (Abe e Ohaya, 2004)
1 e | —Present work I

Figure 8. Validation of the simulation.

Figure 9 show that the presence of the diffuser influences the flow, causing an increase in the velocity inside the
diffuser, this effect occurs at all geometries investigated in this work. This increase occurs due to the shape of the
diffuser geometry. The flange increases the effect of movement behind the diffuser causing a drop in static pressure and
consequently increasing the speed within the diffuser.

The geometry 4 presents the highest speed-up ratio. However this geometry present an adp€ctratim This
fact is not suitable for large diameter rotors. For example, for a rotor diameter of 5 m would result in a length of the
diffuser approximately 7.5 m, considering that the rotor diameter is approximately equal to the diameter of the diffuser
inlet. This would lead to a system with high costs in construction.

Therefore, the geometry 2 is the most appropriate for use in hydrokinetic turbines, since it possesses an aspect ratio
less (/D = 0.35). With this geometry the length of the diffuser with the same rotor would be 1.75 m, making the system
more inexpensive. The implementation of the duct, in the geometry 1, is interesting, because the flow velocity is better
distributed in this region, making it easier to position the rotor, and can have lower drag on the diffuser. It is noteworthy
that, in this work the goal is to present a simplified numerical study on speedup internally in different geometries
diffusers in order to evaluate geometries with good performance and application possibilities in the design of wind and
hydrokinetic turbines, is not to describe in detail the effect of drag on the geometries, nor the effects caused by different
turbulence models in the literature. Figure 10 shows the velocity field for the simulated geometries.
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Figure 9. Velocity Speed-up ratio on the axis of symmetry for the simulated geometries.
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Figure 10. (a) Velocity field for the geometry 1. (b) Velocity field for the geometry 2. (c) Velocity field for the
geometry 3. (d) Velocity field for the geometry 4.

Figure 11 shows the velocity speed-up ratio behavior as a function of radial position within the diffuser. This result
shows that the incident flow velocity on the turbine varies with the radial position and must be taken into account in the

design of an efficient of the horizontal axis turbine. It is noted that the geometry 2 presents the greatest velocity
magnitude. This aspect results in a higher efficiency of the turbine.
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Figure 11. Velocity Speed-up ratio as a function of radial position for all geometries.

The effect of the diffuser on the flow velocity (shown in figure 9) results in the velocity speed-up ratios of speeds
shown in Table 1. Classically, the curve of the free speed decreases to 2/3 to pass through an ideal turbine (Glauert,
1935). The values in Table 1 show that the speed in the rotor plane with diffuser can increase the speed to 1.5 times than
a turbine without diffuser. This fact shows that the suction region at the diffuser outlet induced increases the mass flow
in the plane of the rotor, resulting in an extrapolation of the Betz limit (as described in Ret 1a2011)
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Table 1. Maximum velocity speed-up ratio for each diffuser geometry.

Diffusers geometries ¥max
Geometry 1 1.27
Geometry 2 1.40
Geometry 3 1.20
Geometry 4 1.50

The use of the flange provides a notable increase in the power coefficient of a turbine positioned internally of the
diffuser. Fig (12) shows the results for a ideal turbine. For the theoretical efficiency was used the model described by
Rio Vaz et al. (2011), where the power coefficient is defined by:

Cp=y.C. [1_ J1-C, ]

2
()

wherey is the maximum velocity speed-up ratio, andicthe thrust coefficient.

—-—y=127

—=y=14
08— 1,

""""" it e ol
0.6 L —8— Glauert's theory | S

f= “‘\
R4
i e
O b i e T
N
7
A :
02 ........ ..7" R e P e T R e
0 i i I i
0 0.2 0.4 0.6 0.8 1

Figure 12. Theoretical power coefficient under diffuser effect.

It is observed that the result for the geometry diffuser 2 has a better efficiency, i.e, it has a considerable increase in
the theoretical power extracted of the kinetic energy by the fluid motion, as shown in Fig. (12).

4 CONCLUSIONS

The numerical simulations confirm that the diffuser can increase the efficiency of a horizontal axis turbine. The
results presented in figure (12) shows that the diffusers improve efficiency compared to conventional turbines, without
the use of diffusers and confirmed in the simulations in this work and experimental studies made by Abe and Ohya
(2004), however, still there is a great need to improve the knowledge about the geometry to be used to produce more
energy in wind and hydrokinetic turbines. In this work, the diffuser geometry 2 proves to be the shape that can generate
power more efficiently compared to other diffusers geometries studied, these results are preliminary, however, using a
theoretical comparison shows an increase in the efficiency of wind turbine and hydrokinetic with diffuser.
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