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Abstract: Due to the limited of fossil fuel and environmental concerns, development of renewable energy
including ocean energy is becoming more important. This study on a specific type of vertical axis turbine, which
is called Savonius, appropriate for shallow water and low current velocity applications. Considering the low
efficiency of Savonius, this study to render some for enhancing the performance of Savonius utilization.
Powerful computational fluid dynamic software was used to analyze and compare two types of turbines
conventional turbine and helical turbine. The simulation results showed that the performance of helical
Savonius rotor significantly higher than conventional ones.
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INTRODUCTION the upper part (180 degree). Data on utilization of helical

Currently, the significance of renewable energy is conventional and helical Savonius.
growing. Ocean energy is a huge resource of renewable The  aim  of  this  study  was  to  analyze  and
energy, which encompasses 70% of  the  planet  earth. compare two kinds of turbine, i.e. conventional Savonius
The  current  of  Malaysia   quite  slow (around 0.56 m/s) and helical to survey the effect of renovating
[1, 2], thus the small depth of marine current turbines conventional rotor to helical rotor on efficiency and
makes them suitable for use. There are two types of negative torque.
current turbine horizontal axis marine current turbine
(HAMCT) [3, 4] and vertical axis marine current turbine Savonius Rotor
(VAMCT) [5, 6]. Savonius is considered VAMCT suitable Rotor Geometry: ''S-shaped" cross section of Savonius
for low-speed flows. Designed and invented for utilization rotor is made up of two semicircular buckets based on the
of wind energy [7]. Savonius rotor established by Flettner [7].

Currently, some methods are used to generate Figure 1 displays the characteristic factors of a
electricity from the flow of water current. conventional Savonius marine current turbine with two

The conventional Savonius turbine has low buckets of a semicircular profile subjected to a current
efficiency and negative torque in the series of 135° to 165° with water velocity V  and the rate of rotation represented
and from 315° to 345° [8]. The problem of negative torque. by . The structure of the sample Savonius driven at
First is the number of blade stages of Savonius to two or rather low speeds, has high static and dynamic moment
three steps as reported by Khan [9] and Nakajima [10]. and it can accept any current for the operation. The helical
Static torque can be provided by helical Savonius rotors. Savonius is rather comparable to the conventional
In helical Savonius the blade cross section turns which Savonius, though it has a twist around the vertical axis
maintains semicircular from the background (0 degree) to from 0 degree to the 180 degrees.

Savonius in marine current turbine is scarce. Moreover,

o
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Fig. 1: Schematic representations of a conventional Savonius rotor: (a) 2D representation; (b) 3D representation; (c) flow
pattern the rotor [14].

Fig. 2: 3D view of Conventional Savonius Turbine Having higher average of power output and steady

Fig. 3: 3D view of Helical Savonius Turbine taken by the turbine is equal to:

The driving force on the buckets of the helical
Savonius  acts   drag  force,  while  lift  force  contributes
to  torque  construction  at  small  angles of attack [11].
The static torque at dissimilar rotor angles is not constant.
Fabrication of helical Savonius rotor is very challenging
and it requires individual material and equipment for
production. The helical Savonius has a number of
advantages, which makes it appropriate for power
generation compared to conventional ones [12, 13]:

The twisted buckets of rotor have tremendous self-
start ability.
The capability of smooth running and high round per
minute (RPM) at low fluid velocity.

operation.

Figure 2 shows the three-dimensional view of the
conventional Savonius, while Figure 3 displays a single
helical rotor with two blades. Each blade retains its
semicircular cross section from the lowest (0°) to the
highest (180°).

Mathematical Formulation: The available power of the
turbine analyzed in the water channel is defined as:

P  = 0.5 AV (1)available o
3

P  is Power available in water (Watts). In situationavailable

where Cp is the power of the Savonius turbine, the power
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Table 1: Dimensions and Condition for Model Simulation
No. Specification Value
1 Height of Rotor, H 1.5 m
2 Diameter of Rotor, DR 0.75 m
3 Diameter of Paddles, D 0.375 mB

4 Speed range, V 0.177 m/s

P = P  C (2)available P

The power coefficient Cp of a Savonius turbine is:

(3)

In the area of Savonius rotor is given by:

A = HD (4)

C  coefficient of defined as:M

C  = 2M / ( AVo r) (5)M
2

The tip speed of the rotor is:

U = r (6)

The Tip Speed Ratio (TSR) of the turbine is very
significant parameter is given by:

TSR =  = U / V (7)o

From the aspect ratio ( ) signifies the height of blade
(H) to rotor diameter (D ) which is defined as:R

 = H / DR (8)

 = c / DB (9)

Objective of the Current Study: Table 1 represents some
of the main characteristics of the Savonius turbine.

As mentioned  earlier,  it  is  really  challenging to
make a helical Savonius rotor. In addition, experimental
tests are time-consuming and costly, limiting the
exploration of the parameters. Simulations were used in
this study. 

The CFD simulation was implemented in two stages
as follows firstly, we three-dimensional of conventional
Savonius and helical Savonius rotors with two end plates
and no central shaft.

The simulation results were compared to available
published experimental findings.

(a)

(b)

Fig. 4: Unstructured mesh grid of 3D case for turbine (a)
helical Savonius turbine (b) turbine imported in
the mesh block.

Simulation Works: A three-dimensional design software
Rhinoceros to develop the conventional Savonius and
helical Savonius models. These were saved IGES format
and then ANSYS ICEM CFD 13.0 was used to develop the
mesh.

In this study, the ANSYS Fluent 13.0 code was
applied  to  the  turbine  for  simulation    and  analysis.
The unstructured mesh element number that was used for
the helical Savonius rotor and conventional Savonius
2,500,000 to 3,000,000 and between 1,500,000 to 2,000,000,
respectively. It important that all smooth and adequate to
ensure similar geometrical. The main reasons of inaccurate
findings is undesirable mesh and rough surface.

Figure 4 shows the boundary condition and the
unstructured mesh grid for the helical rotor geometry and
computational domain. Inlet and outflow situations were
taken on the right and left boundaries condition
individually.  The  upper and lower computational domain
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had conditions. The buckets and plates were fixed
standard wall. In order to imprison the separated rotor
wakes, the density of mesh high near the bucket margins,
tips and it declined away from the rotor.

DISCUSSIONS

In this study, the full simulation measures and results
were accredited by comparison with printed experimental
data for the conventional and helical Savonius turbines
Kamoji et al. (2009) and Swapnil et al. (2011). According
to Mohamed et al. [16, 17], one of the best turbulence
models that an outstanding contract between the CFD
and experimental outcomes standard k-  turbulence model
for goal function, Cp. In this study, model was used for
running the application. Tip speed ratio (TSR) from 0.2 to
1.4 for finding the goal function.

According to Yaakob at al [18], second- order upwind
numerical scheme more accurate results, calculations.
Therefore, optimized method of second-order upwind
numerical scheme was chosen for the calculation in this Fig. 5: Vector of velocity of the conventional turbine at
study. 90° of attack

When the fluid motion is healthy, it will enter into
force on the fluid and it can be decomposed into two
forces. One force will be in the direction of the fluid
velocity and the other in perpendicular direction. Force in
the direction of water flow is called drag force while the
one  perpendicular  to  its  direction   is  known  as lift
force.  Drag  force  has deterrent on the fluid motion
around the object and nature of the lift force is lifting.
Rotation of the Savonius blades (vertical axis) the fluid
drag. Unlike vertical axis turbine blades, the torque
required to rotate the horizontal axis turbine blades is the
lift force.

As shown in Figures 5 and 6, the velocity improved
on the back of the advanced bucket. Analysis of the
contour plot the physical flow of a marine current turbine
rotor and its mechanism of energy generation. The relative
velocity vectors show that velocity vectors from the
inside to the downstream side of the rotor.

Relative velocity vectors displayed  in  Figure 5
reveal  that  the  velocity  vector for the conventional
rotor  was  the  highest.  As shown in Figure 6, the
highest speed occurred at the edge of the bucket helical Fig. 6: Vector of velocity of the helical turbine at 90° of
turbine. attack

As described, the flow speed of the rotor initially
defined as the bucket concave. By pressure, the rotation The static pressure contours from unsteady three-
of the rotor in pressure. Correspondingly, this is true for dimensional simulations are to explain the torque
the helical rotor. Due to the structure of the blade, the production mechanisms of the Savonius under unsteady
easier to rotate eventually the momentum. situations.
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Fig. 7: Static pressure contours at 90° angle of attack

Fig. 8: Static pressure contours at 90° angle of attack that except from few cases, there proportional

On the other hand, the flow configuration of study experimental outcomes.
with regard to the acting on the velocity and the maximum Swapnil et al. [19] succeeded in TSR of 0.9 to gain
and minimum pressure of the rotor important as the maximum value power coefficient for two-blade 180
optimization step attempts to obtain a better degrees. Likewise, the coefficient of power at the TSR of
understanding the operating principle for Savonius rotor. 0.7 in the Kamoji et al. [8] for helical 90 degrees. Helical

The results obtained from the simulation and turbine has a unique and fit structure that can accept flow
experimental analysis of conventional Savonius and from any. Moreover, it can move smoothly and steadily.
helical Savonius in Figure 9. Kamoji  et  al  [8]  conducted The simulation higher than the experimental results due to

(a)

(b)
Fig. 9: Computational models (a) torque coefficient; (b)

coefficient of power

several tests on the helical 90 degree different Reynolds
numbers. Figure 9 shows the experimental results, in
which the Reynolds number 120,000 and there no shaft. 

Moreover, Swapnil et al. [19] performed simulations
and experimental measurements on the vertical axis wind
turbine. The results of two-blade straight and two-blade
180 degrees are illustrated in Figure 9. The graph shows

consequences between the simulation data and
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the laboratory conditions. Also be seen from the Greek letters:
simulation  graphs  that  the  helical turbine with 180
degree has higher torque coefficient than the * : Tip speed ratio
conventional one.  * : Aspect ratio

CONCLUSIONS : Angle of blade chord (deg.)

The purpose of the current study was to compare two : Angular velocity of rotor (rad/s)
types of turbines conventional  turbine  and  helical
turbine to analyze the behaviour of marine current turbine. Superscript
In the standard k-  turbulence model as well as the * non-dimensional
simulation scheme to second order for finite volume
solver were used to increase the accuracy. The efficiency REFERENCES
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