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Abstract

Hydraulic turbines can convert tidal current energy into electric energy, and the addition of a deflector cover to
the turbine can improve the efficiency of the turbine's energy harvesting. The angle of the inlet section and the
angle of the outlet section of the deflector will further affect the final energy-acquisition efficiency.A three-
dimensional numerical model for turbine flow field analysis is established, and the RNG k-¢ turbulence model is
selected by CFD method, and the best angles of inlet section and outlet section are analysed by the method of
sliding mesh to obtain the best angle of inlet section and outlet section separately, and then three groups of angles
are selected near the best angle of inlet section and outlet section to make orthogonal comparisons. The energy
acquisition efficiency of the turbine is calculated at different angles of the inlet and outlet sections of the deflector,
and the turbine streamline distribution, velocity and pressure maps are analysed with and without the
deflector.The study shows that the deflector can play the role of convergence of the downstream flow, which can
improve the efficiency of the turbine energy acquisition, and the maximum energy acquisition efficiency is at the
inlet angle of 29° and the outlet angle of 40 °, and the maximum energy acquisition efficiency can be improved
by about 32 percent.
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1. Introduction

Energy is an important material basis for economic
development, and human development cannot be
separated from the use of high-quality energy and
advanced energy technology. With the development of
the world economy, human demand for energy is
growing (2016, p.12). In recent years, with the depletion
of traditional fossil energy sources and the increasing
deterioration of the environment(2019, p.12)the
sustainable development of global energy has become a
common challenge for all countries in the world(2017,
p.12). As a kind of green renewable energy in the ocean,
tidal current energy has the advantages of wide
distribution, large energy and stability(2009, p.12-
LUND H, 2007). Water turbine As the core component
of the energy captured by the tidal current energy
generator, the energy acquisition efficiency of the
machine is a hot research topic in the field of sea current
energy generation (2013, p.12). In order to improve the
power generation efficiency of the tidal current energy
turbine, the commonly adopted method is to add a
current-concentrating device, i.e., a deflector cover, to
the periphery of the impeller. The turbine with a
deflector can allow more fluid to pass through the
rotating plane of the rotor, which can increase the flow
velocity and stabilise the flow field, thus effectively
improving the utilisation efficiency of the ocean current
energy (2022, p.12).

Scholars have studied the hydrodynamic performance
of the hydraulic turbine after the addition of the deflector
cover from different angles. Lan Yamei et al (2020, p.12)
selected three factors, namely, the angle of the inlet
section of the deflector hood, the angle of the outlet
section and the spacing, to make a comparative analysis
of the efficiency of the transverse-axis hydraulic turbine
in terms of energy gain, and obtained that the magnitude
of the influence of the energy utilisation rate of the
transverse-axis turbine was in the following order: the
angle of the inlet section of the deflector hood > the
spacing > the angle of the outlet section.Wang Shujie et
al. (2022, p.12).investigated hydrodynamic performance
of the deflector hood with the length of flare section of
250mm, 350mm and 450mm respectively when the inlet
section is 15° and got the best hydrodynamic
performance of the deflector hood at 450mm.SONG et
al. (2019, p.12).selected the deflector hoods with the
inlet section of 6°, 12° 18° and 24°, and found that the

efficiency of the turbine's energy acquisition showed a
trend of increasing firstly and then decreasing.

Up to now, most of the studies by scholars tend to
explore the angle of the inlet and outlet sections as fixed
values. So far, there has not been any study to obtain the
optimal angles of the inflow and outflow sections of the
deflector by comparing the energy acquisition efficiency
of the hydraulic turbine. Therefore, it is necessary to
carry out further related studies to reveal more
comprehensively the influence mechanism of the angle
of the inlet and outlet sections on the hydrodynamic
performance of the deflector hood. In this paper, the
hydrodynamic performance of the hydraulic turbine
deflector hood is analysed based on the CFD method at
different angles of the inlet and outlet sections, so that
the optimal angles of the inlet and outlet sections
associated with the maximum energy-acquisition
efficiency are determined.

2. Numerical method
2.1 control equations

Let the fluid around the turbine be an unpressurised
Newtonian fluid, which satisfies the continuity equation,
i.e., the law of conservation of mass (2012, p.12). and its
fundamental governing equation is:

dp . d(pu)
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where:

p is current density;

ui is the velocity component corresponding to the
point;

P is pressure at a point in space at time t;

w is fluid power viscosity coefficient;

puU; is reynolds stress term;

Sj is adding source items;
2.2 Turbulence model

Under the action of turbulence, the water flow passing
through the impeller will produce rotation. Compared
with the same general turbulence pattern, the rotational
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effect will cause the near-wall pulsating rotation, and the
intensity of circumferential turbulence will be further
enhanced (2005, p.12)and the rotation generates
turbulence with prominent radiation characteristics in all
directions, which is more likely to flow separation
(Wang Shijun, 2016).The RNG k-¢ turbulence model
can better simulate the complex state of the fluid impact,
separation and rotation, so this paper adopts this model
for analysis, and its mathematical model is as follows
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where:
Gk is turbulent kinetic energy k generating term;

e 1S viscosity coefficient of turbulent eddy masse
S

o, Is a constant math(0.72);
o, is a constant math(0.75);
C,, is a constant math(1.42);
C,, is a constant math(1.68);
Cﬂ is a constant math(0.0845);

2.3 Energy efficiency

The energy acquisition efficiency of the turbine in the
sea current is the efficiency of the turbine in acquiring
mechanical energy from seawater, i.e. the ratio of the
mechanical output power of the turbine to the input
current energy. Denoting the energy acquisition
efficiency by Cp

P
Co=i—
Lot ©

where:
v is incoming flow rate;

R is radius of turbine;

P=%Jm2 )

where:

J is moment of inertia of the turbine about its o
wn axis of rotation;

w is angular velocity of rotation of the turbine;

3. Computational model
3.1 Computational models

In order to study the effect of different angles of
attack of the inlet and outlet sections of the def
lector on the hydrodynamic performance of the t
urbine, the 3D model of the turbine is built first.
The NACA airfoil is relatively simple in structur
e, has a high lift-to-drag ratio, and has abundant
data, so it is also used in turbine blades nowad
ays. Because NACA4415 has better pitch balance
and smooth change of lift-to-drag ratio in NAC
A44XX series(Luo Ruidong 2020).this paper adopt
s NACA4415 airfoil to construct the hydraulic tu
rbine blade, and the rotor radius R of the hydrau
lic turbine is 1000mm, and its basic parameters
are shown in Table 1.

Tab. 1 Basic Blade Parameters

r/R ¢/R o/ (°)
0.2 0.092 51
0.3 0.094 6.4
0.4 0.102 8.2
0.5 0.111 10.6
0.6 0.120 135
0.7 0.130 17.0
0.8 0.140 211
0.9 0.152 24.2
1.0 0.156 29.2

In Table 1, r/R is the relative position of the airfoil
blade section, ¢ is the airfoil chord length, ¢/R den
otes the relative width of the airfoil blade section pr
ofile at that position, and 6 is the torsion angle. Th
e torsion angle is the angle between the chord of th
e airfoil section and the plane of rotation perpendicu
lar to the horizontal axis of the turbine (2007, p.12).
Based on the above data, the models of the blade a
nd the turbine obtained are shown in Fig. 1 and Fi
g. 2, respectively.
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Fig. 1 Blade model

Fig. 2 Hydraulic turbine model

Figure 3 shows the side view section of the turbine,
and the basic parameters of the turbine external de
flector are shown in Table 2.
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Fig. 3 Side view profile of the deflector shield

Tab. 2 Basic parameters of the deflector shield

inside diameter D /(mm) 2400
Entrance length Li/(mm) 1100
Intermediate length Lo/(mm) 2400
Outlet length Ly(mm) 1100
Entrance angle o/(°) 0-70
exit angle p/(°) 0-70

3.2 Flow filed region and boundary conditons

Denoting the turbine rotor diameter by D, the length of
the flow field is 30D, the width and height are both 10D,
and the set turbine centre position is 6D from the inlet
and 24D from the outlet to establish the basin. The fluid
domain inlet boundary condition is set as velocity inlet,
the outlet boundary is set as pressure outlet, and the
outer surface is set as intersection interface. The fluid
domain and rotating domain interfaces are set as
intersecting interfaces for data exchange, and the blades
as well as the deflector shield portion are set as no-slip
wall surfaces. (2006, p.12). shown in Figure 4
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Field of rotation

Fig.4 Boundary conditions and catchment modelling
3.3 Irrelevance verification

The grid-independence of the turbine model was verified,
and the results of the energy acquisition efficiency
calculations are shown in Table 4.

serial Grids Rotated domain grid energy efficiency
number size Cp
1 969628 130 9.55%
2 1771504 100 10.26%
3 2832275 70 10.85%
4 3671504 40 11.15%
5 4459934 10 11.15%
3.4 Grid plot

In the near-wall treatment, 6 layers of boundary layers
are set, and the mesh height of the first layer corresponds
to y*=1. Soft behavior is selected for grid size growth to
make sure that the generated mesh is more tightly
connected and the growth rate is set to 1.03. The grid is
shown in Figure 5.

Figure 5: Grid Plot
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4. Analysis conditions

The calculated working conditions are divided into [
is 0° and o changes; a is 0° and [ changes, as sh
own in Table 5.

Tab. 5 Calculation condition

B be 0° and a change a be 0° and B vary

10°, 15°, 20°, 25°, 27°, 28°, 29°,
30°, 35°, 40°, 50°, 60°, 70°

10°, 15°, 20°, 25°, 30°, 35°
39°, 40°, 41°, 50°, 60°, 70°

According to the calculation results, suitable o and 3
were selected to carry out orthogonal experiments, as

shown in Table 5.
Tab. 5 Orthogonal programme

serial All Al2 A13 A2l A22 A23 A3l A32 A33
number

o 27°  27°  27°  28° 28° 28° 29° 29° 29°

p 39°  40° 41° 39° 40° 41° 39° 40° 41°

5. Analysis results
5.1 Energy efficiency results

The turbine flow field is analyzed according to the
aforementioned method to obtain the turbine energy
acquisition efficiency for each operating condition, as
shown in Fig. 6.
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(3) Deflector angle orthogonal scheme
Fig. 6 Results of hydraulic turbine energy efficiency un
der different flare angle

As can be seen in Figure 6:

(1) When o = 0° and B = 0°, the energy acquisition
efficiency Cp of the turbine is the smallest, which is
11.15%; B is unchanged, and with the increase of a, the
Cp of the turbine increases rapidly, and when o= 10°, the
Cp = 24.68%; then, with the increase of a, the Cp
increases slowly, and when a = 29°, the Cp reaches the
maximum, which is 28.86%; and after the o continues to
increase, the Cp begins to decrease.

(2) o is unchanged, as [ increases, the energy
acquisition efficiency Cp of the hydraulic turbine
increases, but the increase is relatively slow compared
with that of changing the inlet angle, when (=10°,
Cp=11.28%; then, as [ increases, Cp increases faster, and
Cp reaches the maximum of 13.35% when $=40°, but it
is smaller than that of the maximum of 28.86% obtained
by changing the inlet angle; when [ continues to increase,
Cp starts to decrease. increase, Cp then starts to decrease.

(3) After the orthogonal optimization of the angles of
the inlet and outlet sections, the turbine energy-
acquisition efficiency obtained is better than that of only
a-angle change or only f-angle change, and the turbine
energy-acquisition efficiency Cp is the smallest when
0=34° and =39° within the range of orthogonal angles,
which is 42.28%; and the turbine energy-acquisition
efficiency Cp is the largest when 0=29° and p=40°,
which is 43.81%.

5.2 Flow field analysis

In order to analyse the mechanism of improving the
energy-acquisition efficiency of the hydraulic turbine by
the deflector, the A32 condition with the highest energy-
acquisition efficiency of the deflector is compared with
the flow field of the hydraulic turbine when the angles of
the inlet and outlet sections are zero (equivalent to the
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absence of the deflector). Fig. 7 shows the velocity cloud
diagrams of the turbine without and with the deflector.

(1) The flow velocities inside the deflector are different,
and overall, along the direction of incoming flow, the
flow velocity at the turbine is greater than that at the inlet
section; the velocity at the turbine paddle shaft is less
than that near the blades and greater than that at the inlet;
Maximum flow velocities in the vicinity of the turbine
can be up to 1.2 times the incoming velocity.

(2) When there is no deflector, the maximum velocity is
located in front of the turbine, and the flow velocity in a
larger area near the turbine is smaller than the incoming
flow velocity, and a larger area of low velocity zone is
formed behind it; when the deflector is installed, the flow
velocity in the inside of the deflector and in the vicinity
of the turbine is greater than the incoming flow velocity,
and the corresponding range is larger. It can be seen that
the velocity gradient of the flow field around the turbine
increases after the installation of the deflector cover, and
the efficiency of energy acquisition is improved.

Velocity Magnituce
18
16
14

0=29°, p=40°
Fig. 7 Velocity cloud diagram

Fig. 8 shows the pressure cloud of the turbine without
and with deflector, from the comparison of Fig. 7 it can
be seen that

(1) A large pressure gradient is generated in the inlet
section of the deflector, which is due to the fact that when
the sea current flows through the deflector, the incoming
velocity is reduced due to the obstruction of the structural
surface of the inlet section, and a high-pressure region is

generated in the inlet section to form a pressure
difference with the low-pressure region of the
intermediate section, which makes the angular velocity of
the turbine accelerate, and thus increases the energy-
acquisition efficiency of the turbine.

(2) The high-pressure area is mainly distributed in the
inlet section, and with the increase of opening angle, the
area of high-pressure area in the inlet section gradually
increases, and the low-pressure area is mainly distributed
in the rear of the turbine and the intermediate section of
the deflector hood, which forms a pressure difference
between the inlet section and the intermediate section to
produce suction, and the deflector hood has a more
obvious accelerating effect on the flow field around the
hydraulic turbine.

Pressure
1200

0=29°, f=40°
Fig. 8 Pressure cloud diagram

The velocity streamlines in the vicinity of the turbine
without and with the deflector are shown in Fig. 9
for comparison:

(1) When the incoming flow passes through the
turbine without the installation of the deflector, the sea
current at the blades, especially at the tip of the blades,
cannot be supplemented and the pressure is lowered,
and the sea current is pressed to flow towards the tip of
the blades. At this time, the upward sea current in the
wall viscous force and the upper and lower pressure
difference force, the sea current speed decreases more;
when the sea current over the blade to reach the back
of the turbine, it will be in the front and rear of the
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reverse pressure difference force under the action of
the backflow vortex, so that the sea current flow line
disorders.

(2) When the deflector is installed, it plays a guiding
role for the sea currents flowing through its vicinity,
and the overall flow line is more gentle, thus reducing
the friction and resistance loss of the sea currents to the
turbine blades, and improving the energy-acquisition
efficiency of the tuibine.
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Fig. 9 Flow diagram

6. Conclusion

In this paper, a three-dimensional model of the horizontal
axis tidal current energy turbine and the deflector cover is
established, and numerical simulation analyses are
carried out based on the CFD method for the deflector
cover with different inlet section and outlet section flare
angles, and the main conclusions are as follows:

(1) The installation of a linear deflector on the turbine can
improve the energy efficiency of the turbine. Among
them, changing the angle of the inlet section contributes
more to the energy-acquisition efficiency of the hydraulic
turbine than changing the angle of the outlet section.
When the angle of the inlet section is 29° and the angle of
the outlet section is 40°, the energy-acquisition efficiency
of the turbine reaches a maximum of 43.81%, which is
nearly three times higher than that of 11.15% without the

deflector.

(2) After the installation of the deflector, the high-
pressure zone formed in the inlet section creates a large
pressure difference with the low-pressure zone in the
intermediate section, and the velocity gradient of the flow
field near the turbine increases, thus increasing the
rotational speed of the turbine and improving the energy-
acquisition efficiency of the turbine.

(3) The deflector can effectively guide the flow of fluid
mass in the vicinity of the turbine, resulting in a smoother
flow line and less flow energy loss, thus further
improving the energy-acquisition efficiency of the
turbine.
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