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ABSTRACT 
 

The paper is based on experiments conducted on the wind tunnel at low wind 

speeds (<4.5 m/s), on an experimental wind turbine model of the Savonius type with 

four blades and a D/H ratio of 2.6. The four blades are periodically coupled 

aerodynamically. The model acted a DC generator with a speed multiplier. 

Experiments were performed by modifying the generator electrical charge. The 

results confirm the validity of the concept proposed. 
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1. Introduction 
 

In the classic structure of VAWT, the Savonius 

or "S" rotor model is considered representative for 

this class of turbines. The main advantages of the 

Savonius turbines are: very simple principle of 

operation, constructive simplicity and independence 

from the wind direction [1]. The main drawbacks are 

their low yield (maximum 14.81%) and constructive 

difficulties at high wind speeds [1, 2]. 

A horizontal section through the turbine 

highlights the "S" shape (Fig. 1). For the position of 

the blade plane perpendicular to the wind, the highest 

of torque to the different resistance to the wind (Fig. 

2) is obtained [1]. Differences between Dcv and Dcx 

resistors determine a result that produces a 

mechanical torque that determines the rotation. At 

wind speed v the ω angular velocity and the blade tip 

u are reached (Fig. 1). Other intermediate positions of 

the pair of blades gives different torque force values 

as measured by (2). There is also a dead point where 

the torque is zero and from which the turbine comes 

out due to inertia [3]. An increase in the VAWT 

efficiency of the Savonius type is achieved by 

changing the blade profile to create a slight 

deadweight load and then balancing faster pressures 

between the convex and concave areas. As a result, 

specific blade profiles have been developed, but the 

blade overlay and gap spacing have been developed 

(Fig. 4, Fig. 5) [4]. 

The power of wind depends on wind speed (v), 

air density (ρ) and swept area (A): 

 

                        (1) 

 

The power extracted from a wind power by a 

VAWT Savonius type depends by Drag force (5) is: 

 

                 (2) 

 

where u is speed of blade and P is: 

 

        (3) 

 

when: 

 

                     (4) 

 

The extracted power (3) is: 

 

             (5) 

 

And the conversion efficiency is: 

 

                (6) 

                        (7) 
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Fig. 1. Horizontal sections trough Savonius 

(”S”- rotor) turbine [1] 
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Fig. 2. Draft force for different shape [4] 
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Fig. 3. Torque coefficient variation on the axis 

of an "S" turbine with the rotation angle [5] 
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Fig. 4. The pair of blades Benesh with gap (g) 

and overlay (a) [6] 
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Fig. 5. Savonius with 2 level and one pair of 

blades (1PB) per level in Benesh profile 
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Fig. 6. Section of the real profile of the two pair 

of blades (2PB) turbine 
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notations: 

v - wind velocity (input), m/s 

u - tip blade speed, m/s 

R - the radius of the disc base, m 

o - overlap, m 

d - width of blade, m 

h - height of blade, m 

ω - angular speed, radians/s 

λ - specific speed 

Cp - power index 

Dcv - drag force for concave surface 

Dcx - drag force for convex surface 

 

abbreviation 

VAWT - vertical axes wind turbine 

TSR - tip speed ratio 

PB - pair of blades 

dc - direct current 

Re - Reynolds number 

EM - experimental model 

VCC - positive potential 

GND - ground potential 

 

2. Experimental conditions and regimes 
 

Experimental (EM) wind turbine models with a 

Savonius (S-rotor) vertical spindle with one and two 

pairs of blades (PB) and one level were developed 

and used as follows: 

- Experimental model (EM) of VAWT type 

Savonius with a level and a pair of blades 

(1L1PB). 

- Experimental model (EM) of VAWT with a 

level and 2 pairs of aerodynamically coupled 

blades (1L2PB-ac). 

Experiments were conducted on an open wind 

tunnel with a measuring area of 0.25m2 (0.5 m x 0.5 

m) and a length of 1.25 m, and an equalization zone 

of 2.5 m long. Measurements were made with: 

LCA6000 for wind speed and an electronic rev 

counter for the speed of rotation of the model. 

The experiments were resumed from the 

proposed maximum speed (4.5 m/s) to the lower wind 

speed limit. The mechanical and electrical load of the 

model has changed. 

The test conditions are coded as follows: 

- N - no load (mechanical or electrical); 

- M - mechanical load (multiplier x 3.5 and rotor 

of dc generator); 

- ML - idem M plus a white LED; 

- ML1 - idem ML plus a 1 kΩ resistor 

(connected VCC to GND); 

- ML1.5 - idem ML plus a 1.5 kΩ resistor 

(connected VCC to GND); 

- ML2 - idem ML plus a 2 kΩ resistor 

(connected VCC to GND). 

 

3. Results and discussions 

 

The variation of the speed of the experimental 

models is shown in Fig. 7. Experimental models that 

have been tested at wind speeds of 0-4.5 m/s without 

load immediately start rotation including low wind 

speeds (S1L1PB, N). EM with different loads (M, 

ML, ML1, ML1,5 and ML2) start wind speed rotation 

of more than 2 m/s and the speed does not exceed 300 

rpm. 

TSR has a clear variation for EMs that are free 

(no load) and load tested (Fig. 8). Experimental 

models N and S1L1PB are sensitive to low wind 

speeds and reach λ = 0.8-1. EM with load (M, ML, 

ML1, ML1,5 and ML2) have a maximum for λ = 0.4-

0.5 at the maximum test speed of 4.5 m/s and rotate 

for wind speed greater than 2 m/s. 

The Re number variation is shown in Fig. 9 and 

Fig. 10. For TSR around 0.5 mA EM load (M, ML, 

ML1, ML1,5 and ML2) Re number has values before 

40000-50000, being higher than in non-load tested 

models. The function of wind speed Re number has 

the same variation altitude as rotation (Fig. 7, Fig. 9). 
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Fig. 7. Rotation speed variation with wind speed 

and for different loads 
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Fig. 8. TSR (λ) with wind speed of EM for 

different load 
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Fig. 9. Re number variation with wind speed for 

different loads of EM 
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Fig. 10. Re number variations with TSR for 

experiments 
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Fig. 11. Wind power, Betz limit (VAWT) and 

some power extracted by EM 
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Fig. 12. Power for EM under experiments 
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Fig. 13. Specific power for al experiments 
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Fig. 14. Specific power with wind speed for all 

experiments 
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Fig. 15. Conversion efficiency with wind speed 

for all experiments 
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Fig. 16. Efficiency with TSR for all experiments 
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Fig. 17. Efficiency with Re number for all 

experiments 

 

The power extracted from the wind falls below 

the Betz limit for VAWT of 14.81% (Fig. 11 Wind 

power, Betz limit (VAWT) and some power extracted 

by EM). In a detailed analysis, it is noticed that the 

power extracted for EM under load (M, ML, ML1, 

ML1,5 and ML2) approaches the Betz limit and the 

EM tested without load (N and S1L1PB) have 

another variation. 

Specific output power increases with Re number 

and for all EMs the maximum value is 7.3/m2. For the 

Savonius Model with 1PB the specific power has 1 

W/m2 (no load). 

 

4. Conclusions 

 

The experiments followed the model of the 

behaviour of a vertical axis wind turbine (VAWT) 

with a level (1L) and two pairs of blades, as the first 

step in model experiments for multistage (2-5 levels). 

Reference was made to a VAWT Savonius 

model with 1PB and one level (Fig. 1). 

All models were tested in the wind tunnel under 

the same conditions (N, M, ML, ML1, ML1.5, ML2) 

from maximum wind speed (4.5 m/s) at the speed at 

which the model did not turn. 

The items to be explored were: wind speed and 

wind turbine rotation. There were calculated the 

specific rate λ (TSR) Re number, the specific power, 

the power extracted, and the conversion efficiency. 

For the range of wind speeds used (4.5-0 m/s), 

the rotation of the experimental models depends on 

the type of experimental model used and the load on 

the model. With rising load, the speed decreases (Fig. 

7). 

TSR (λ) and Re numbers follow this dependence 

mathematically (Fig. 8 and Fig. 9). 

The power extracted from the experimental 

models with load approaches the Betz limit (Fig. 12). 

Different behaviours of the experimental models 

loaded versus those that freely rotate shown by the 

specific power variation with Renumber (Fig. 13). 

 Regarding conversion efficiency, it approaches 

the Betz limit (Fig. 15, Fig. 16, Fig. 17). 

Experimental models tested without load achieve 

maximum efficiency at low wind speeds of 1.5-2 m/s. 

The experimental models loaded have the maximum 

conversion efficiency at 4 m/s. 

Conversion efficiency for TSR values of less 

than 1 indicates that the experimental models have 

suffered from airflow quality, with a below 

approaching of 1 being desirable at least for non-load 

models. 
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