IOP Conference Series: Earth and
Environmental Science

PAPER « OPEN ACCESS You may also like

Experimental research on increasing the static
torque for a small Savonius rotor of helical type

To cite this article: A Ciocanea et al 2021 IOP Conf. Ser.: Earth Environ. Sci. 664 012033

View the article online for updates and enhancements.

c " — - DISCOVER

- Analysis of Cathode Catalyst Layer

Structure and Oxygen Transport

Resistance Depending on Fabrication
Condition in PEFC

Yutaka Tabe, Sho Akabori, Tomoya
Hayashi et al.

- Experience in registration of evaporation

of liquid drops on a substrate by the
capacitive method
AV Kokorin, A D Nazarov and A F Serov

- Spatial accuracy of the stereotactic

Leksell® Vantage™ head frame in
comparison with the standard stereotactic
Leksell® G Frame for Gamma-Knife

Marion Vincent, Géraldine Michel-Amadry,
Jean-Marc Nigoul et al.

how sustainability

The 3 : intersects with
Electrochemical & |
Society

Advancing solid state &
electrochemical science & technology

This content was downloaded from IP address 52.15.135.63 on 07/05/2024 at 11:58


https://doi.org/10.1088/1755-1315/664/1/012033
https://iopscience.iop.org/article/10.1149/MA2015-02/37/1440
https://iopscience.iop.org/article/10.1149/MA2015-02/37/1440
https://iopscience.iop.org/article/10.1149/MA2015-02/37/1440
https://iopscience.iop.org/article/10.1149/MA2015-02/37/1440
https://iopscience.iop.org/article/10.1088/1742-6596/2119/1/012077
https://iopscience.iop.org/article/10.1088/1742-6596/2119/1/012077
https://iopscience.iop.org/article/10.1088/1742-6596/2119/1/012077
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://iopscience.iop.org/article/10.1088/2057-1976/acb54f
https://pagead2.googlesyndication.com/pcs/click?xai=AKAOjsubPA-siSJvcIpJBTXq4x7s9wv2aWLQHdNkpgAZgWrdemDG2xXDAfkagMmLi8lHcp814eF6Aco-H78Brqh13nRRR12_b3vw1NTt58s6T3X5cmVqSTkMmdIO5UBoPpvMFTvigScKg7TcIRb2Rt_TxAZKMmT3Noh7vdKa4Zj3P8a1CQBQjUActagLTuvNTLjIg-7iymqX7NG7Xybpu6b6pvi-o_ilPA7yct2z1tkvS5_EYUh2biTncQSfPwptpZN3QgTIh0vTSFTCXdq7LGMBMXkXt4SioMIbshuAsmqidFzw3xXr-7FbZqKRc8wqSoVcmrP9PiX91tyRctYUGRyK8Ou5ufwYLQ&sig=Cg0ArKJSzLGuXOU8rx2U&fbs_aeid=%5Bgw_fbsaeid%5D&adurl=https://iopscience.iop.org/partner/ecs%3Futm_source%3DIOP%26utm_medium%3Ddigital%26utm_campaign%3DIOP_tia%26utm_id%3DIOP%2BTIA

The 7th Conference of the Sustainable Solutions for Energy and Environment IOP Publishing
IOP Conf. Series: Earth and Environmental Science 664 (2021) 012033  doi:10.1088/1755-1315/664/1/012033

Experimental research on increasing the static torque for a
small Savonius rotor of helical type

A Ciocinea', S Budea"*, S M Simionescu' and O Lambescu'

'Department of Hydraulics, Hydraulic Machinery and Environmental Engineering, Faculty
of Power Engineering, University Politehnica of Bucharest, Romania.

sanda.budea@upb.ro

Abstract. A small Savonius wind turbine of helical type was tested in an open jet wind facility for
identifying the optimum position of the rotor blades aiming the maximization of static torque. The
two blades of the wind turbine of U shape were twisted up to 180° from bottom to top and three
values for blade overlap were considered i.e. 0.35, 0.2 and 0.0. The turbine torque was measured for
no load conditions and wind velocities between 2-8 m/s. In the same time the air flow through
Savonius rotor was observed by using a visualization setup aiming to identify the correlation between
the torque and the flow pattern inside the returning blade at rotating angles where the torque has
highest values. Best results for the torque coefficient of 0.72 and power coefficient of 0.265 were
obtained at a wind velocity of 5.8 m/s and low overlap ratio of 0.2. By measuring the overall torque
of the rotor for each case study, the positive effect of pressure recovery was explained as a result of
air flow through the blade overlap from the concave side of the advancing blade to concave side of
the returning blade for a certain interval of the rotating angle a = 50-60°.

1. Introduction

The Savonius wind turbines are of vertical axis and their rotors are considered as drag-type. These turbines
are preferred for some applications because are independent of wind direction, have simple structure and
good starting torque characteristics, low noise level. On the other hand, all Savonius wind turbines have
poor values for power coefficient and low tip speed ratio. The number of studies related to power producing
mechanism of Savonius turbines is large and irrespective of the turbine structure and design these studies
are focused basically on: visualization of the flow and measuring the pressure distributions in and around
the rotor [1-3], experimental investigations on measuring mechanical parameters for computing power and
torque coefficients [4-6], numerical simulations and experimental validation of various models [7-9]. The
main research issues for Savonius wind turbines are as follows: reducing the fluctuations of dynamic and
static torque by increasing the number of blades [10,11], optimizing the turbine blades design either by
modifying their shape [12] or by using supplementary inner blades [13], modifying the turbine aspect ratios
[14,15] or number of stages [16,17] for increasing output power, assessment the role of blade overlap on
overall flow inside the rotor [19,20], the influence of Reynolds number on the efficiency of the rotor [21,22],
the effect of endplates on turbine coefficients an tip speed ratio [5,23]. A special attention among the studies
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related to Savonius type wind turbine is related to helical rotors due to their ability to enhance classic rotors
performance. Similar research issues like above are considered for such type of rotors aiming to maximize
the torque and power coefficient such as: studies on Savonius rotors with various twist angles of the blades
from bottom to top of the rotor i.e. 0°, 45°, 90°, 135°, 180° [24] or for specific angles - 90° [25] or 180°
[26]. From these researches one can observe that better performance for Savonius wind turbine are obtained
for two rotor blades with endplates, aspect ratio values between 1.0-2.0, overlap ratios of 0.1-0.2 and
increased Reynolds numbers.

In this paper a small Savonius wind turbine of helical type with blades that are twisted up to 180° from
bottom to top was tested. The aim of the study is to evaluate the optimum blade overlap as function of air
flow rate for maximization the torque. It was observed the correlation between the torque and the flow
pattern inside the returning blade at critical rotating angles i.e. where the torque has lowest values.

2. Material and methods

The study on wind turbine performance was performed by using a free jet wind facility consisting of a
propeller - D = 2 m - and honeycomb for turbulence reduction. The various air velocities are obtained by
changing the rotation frequency of the propeller electric motor. A hot-wire anemometer was used for
measuring the air current velocity with an accuracy of £ 0.15%; the maximum air velocity was 8 m/s. The
torque of the rotor shaft was measured by using a DC generator that transformes the torqe on its axis to
electric current and the rotating velocity was measured by means of a laser digital counter. For visualizing
the air flow inside the rotor a laser sheet was used and a video camera placed at the bottom level of the
transparent rotor. The final position of the camera was settled down after assessing its optimum level for
the best flow visualisation - i.e. testing the top and the bottom positions. The shape and the geometric data
of the helical Savonius rotor are presented in figure 2, figure 3 and table 1.
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Figure 1. Experimental setup Figure 2. Savonius rotor

The main relations used for computing the main characteristics for the helical Savonius wind turbine are
as follows:
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where P,y is the theoretical available power from the air current, P, - the effective power extracted from
the wind, Cp - the power coefficient, A - the tip speed ratio and C; - torque coefficient; v = v; and v, are
the average wind velocity values at measuring sections i.e. upstream and downstream the rotor; the
distance between the measuring sections and the rotor was of one diameter both upstream and
downstream to the rotor; R - rotor radius (m); 4 is the swept area of the rotor (m?); w - angular velocity
(s1); p =1,225 kg/m?is the air density.

Table 1. Data for helical Savonius VAWT

— — basic case study 6 = 0.35

_ P Wind speed v (m/s) 2upto8

] Rotor height H (m) 0.80

0 Rotor diameter D (m) 0.456
Swept area A (m?» 0.364
Nr. of blades z () 2
Aspect ratio H/D (- 1.75
Overlap distance e (m) 0.1
Twist angle degree © 180°
Blade chord lenght d (m) 0.228
Overlapratio  8=e/d () 0.35
Solidity ) 0.54

%EI Wheight m (k) 238

Figure 3. Geometry of the Savonius rotor

3. Experimental results

Experiments were carried out for the three overlap cases considered: 0.35, 0.2, 0.0, mantaining the height
of the wind turbine. For each case the wind velocity, torque values and rotation velocity were measured.
Also, the instant flow-field in the Savonius rotor was visualized by using the visualzation setup. The
characteristics for the 3 rotors are presented in figure 4 a,b,c.
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Figure 4. Variation of power coefficient Cp (a), torque coefficient (Cr) (b) and wind power with speed
for various blade overlaps — 0.0; 0.2; 0.35 (¢)

Figure 4 a illustrates that the best operating point of the turbine is obtained at a wind velocity of 5.7-5.8
m/s. For this wind velocity the maximum value for the power coefficient is Cp = 0.265 corresponding to
the overlap value of 6 = 0.2 — comparing to Cp = 0.253 for the overlap value of 5 = 0.35 and Cp = 0.245 for
the overlap value of 6 = 0.0. For the case & = 0.2 the torque was measured at different rotor angles — 0° -
360°. Highest torque value of 0.72 was obtained for the wind velocity of 5.8 m/s corresponding to an angle
of rotation oo = 56° — figure 5. This result is similar with the one reported in [5].

R

N

Figure 5. The Savonius rotor for rotating angles: Figure 6. Bottom section of the rotor
o =0°and 56° selected for visualization for o = 0°
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During the turbine rotation the pressure difference between the concave sides of the rotor blades causes
an air flow through the blades overlap section, from the advancing blade to the returning one. The result is
increasing the value of the pressure on concave side of the returning blade and therefore decreasing of its
negative torque. Hence, higher torque values are related to pressure recovery effect that is the result of air
flow through the blade overlap from the concave side of the advancing blade to concave side of the returning
blade. If 5 = 0.0 the internal flow does not exist and therefore negative torque have high values e.g. at
o =90° e.g. - Cp = 0.4 for the convex side of the blade acting in the wind direction and Cp = 1.7 for the
concave side of the blade acting in the wind direction. For assessing the role of the flow through the overlap,
one observes the flow spectrum inside the returning blade for o = 50° - 60° corresponding to the
experimental data obtained above. Flow spectrum in the concave returning plate for 6 = 0.0 and 5 = 0.2 is
presented in figure 7.

P

a) )

Figure 7. Flow spectrum in the concave returning blade at a rotating angle a = 54° — 56° for: d = 0.0 (a)
and d=0.2 (b)

Figure 7a illustrates that for 8 = 0.0 an air vortex is placed on the surface of the blade and therefore a
low pressure is acting to increase the drag forces of the returning blade; the overall effect is reducing the
torque value of the rotor. For 5 = 0.2 the vortex has the opposite rotating direction and it is not attached to
the blade i.e. the air flow entering the concave side of the returning blade is acting to separate the vortex
from the blade and therefore reducing the drag forces - figure 7b. The overall effect is increasing the torque
value comparing with previous case. Therefore, for the proposed Savonius rotor the effect of blade overlap
is positive for 6 = 0.2. For & = 0.35 similar flow spectrum is obtained but increased recirculation area inside
the rotor increases the aerodynamic losses and decrease the torque values — figure 7b. Also, by increasing
the blade overlap the positive influence of the Coanda effect on convex side of the advancing blade is
decreasing for torque production [27].

4. Conclusions
A small Savonius wind turbine of helical type was tested in an open jet wind facility for identifying the
optimum position of the rotor blades aiming the maximization of static torque. For the U type rotor twisted
at 180" three blade overlaps were selected for assessing the best performances. The results obtained are as
follows:
- the highest value for the power coefficient of Cp = 0.265 was obtained for an overlap value 6 =0.2;
- the best value for the torque coefficient was Cr = 0.72 for a rotating angle of the rotor o = 56°;
- visualization of the absolute flow inside the rotor revealed that increasing the torque value is due to
pressure recovery explained as a result of air flow through the blade overlap (6 = 0.2) from the



The 7th Conference of the Sustainable Solutions for Energy and Environment IOP Publishing
IOP Conf. Series: Earth and Environmental Science 664 (2021) 012033  doi:10.1088/1755-1315/664/1/012033

concave side of the advancing blade to concave side of the returning blade for a certain interval of
the rotating angle: a = 50 - 60°.

The results are in line with similar research on performance of Savonius wind turbines where best results
are reported for blade overlaps of 0.15-0.2 [24, 26] and aspect ratio of 1-2 [24]; for the present study d = 0.2
and aspect ratio H/D = 1.7. Also, visualization revealed that the flow through the blade overlap are similar
with available research that studied the flow and pressure values in and outside the Savonius rotors. Still,
some studies have contradictory outputs specially concerning the influence of blade overlap on turbine
performance — see [24, 26] — e.g for assessing the performance of the Savonius rotors for d = 0.0.

Future research will be focused on studying the relative motion of the air inside the Savonius rotor for a
better design of the blade geometry e.g. providing a gap flow guide to the advancing blade. This type of
study (both numerical and experimental) will reveal more of the wind flow behavior in the vicinity of the
blades, allowing the authors to improve the torque.
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