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ABSTRACT 

 

In this work, it is planned to design and test a prototype of Savonius rotor in free wind based on 

the results of the previous experimental study. The prototype is designed and tested in El-Arish at 

the Faculty of Engineering, Sinai University. Although El-Arish has lower average yearly wind 

speed compared to other locations with higher average wind speed, like Hurghada. The results 

show that Savonius rotor prototype in El-Arish gives considerable efficiency and begins to give 

power at a relative low wind speed. While the energy generated from the Savonius rotor prototype 

in El-Arish is small, the cost of energy generated is competitive with other energy sources. The 

cost of kW hr generated from Savonius rotor is expected to be very low specially in locations with 

high average wind speed. The majority of the Egyptian locations having an average wind speed 

between 3.5 and 4.5 m/s. The cost of kW.hr generated from Savonius rotor in these locations is 

expected to be between 0.42 and 0.28 LE.  In locations where average wind speed is 6 m/s, the 

cost of kW hr is expected to be 0.1 LE. Therefore the use of Savonius rotor will be attractive in 

many locations in Egypt and it can be used to pump water for irrigation of lands. This will save a 

great part of conventional energy sources used for this purpose and consequently reduces the 

environmental pollution. 

 

فَٕيٕص انٕٓائيّ ْٗ يٍ انحٕربيُبت انزأطية انحٗ جحًيش بأَٓب رخيصة انثًٍ ٔطٓهة انحصنُي  ٔاضانب جلًنم  ُنع طنز بت جٕربيُّ طب

 .ذنك ضجلهٓب يٍ افام انحٕربيُبت انٕٓائيّ انحٗ ضًكٍ اطحخعايٓب فٗ انعٔل انُبييّ ٔيُٓب يصز, ْٕاء يُخفاّ

بيُنة طنبفَٕيٕص انٕٓائينة فنٗ انٓنٕاء انتنز يلحًنعا  هنٗ َحنبئت ان يبطنبت فٗ ْذا انلًم جى جصًيى ٔجصنُي  ٔخخحانبر ًَنٕذو أٔننٗ نحز

انًلًهية انحٗ أجزضث  هٗ ًَبذو يٍ جزبيُة طبفَٕيٕص فنٗ يلًنم ييكبَيكنب انًٕائن  انًح نعوم ب ظنى ُْعطنة ان نٕٖ انًيكبَيكينةم بكهينة 

 .انُٓعطةم جبيلة انًُٕفية

 . بكهية انُٓعطةم جبيلة طيُبءجى جصُي  ٔخخحابر انًُٕذو الأٔنٗ فٗ يعضُة انلزضش 

ٔن ع ٔجع اٌ انًُٕذو الأٔنٗ ضلًم بكفبءة يل ٕنةم ٔضاعأ فٗ جٕنيع طبقة  ُنع طنز بت رضنبن يُخفانةم ْنذا بنبنزأى ينٍ أٌ انلنزضش 

 .جلحاز يٍ انًُبطق انًصزضة ذات طز بت انزضبن انًُخفاة

ننعة ينٍ انحزبيُنبت الأف ينة ذات انظنز بت انلبنينة ٔذننك لأٌ  فنبءة انطبقة انًحٕنعة يٍ جزبيُة طبفَٕيٕص جلحاز اقنم ينٍ انطبقنة انًحٕ 

جزبيُة طبفَٕيٕص أقمم ٔنكٍ جكهفة ٔحعة انطبقنة انًُحجنة ينٍ جزبيُنة طنبفَٕيٕص جلحانز يُخفانة ٔجُنبفض انًصنبلر الأخنزٖ نهطبقنة 

  .ٔذنك بظاب انحكهفة انًُخفاة لإَشبء ْذِ انحزبيُة

قدم m/sٔ 4.5 -3.5 بطق يصنز ج ن  بنيٍ خٌ طز ة انزضبن انًحٕططة فٗ يلظى يُن انًُنحت ينٍ جزبيُنة   kW hrٔجنع أٌ جكهفنة   ل

 LEْٔنٗ جكهفنة يل ٕننة جنعام بيًُنب طنٕا ج نم انحكهفنة نحصنم خننٗ  LE 0.28-0.42طبفَٕيٕص فٗ يلظى يُبطق يصز طح   بيٍ  

ُة طبفَٕيٕص نحٕنيع انطبقنة فنٗ يُنبطق  ثينزة ٔنذنك فإٌ خطحخعاو جزبي . m/s 6فٗ انًُبطق انحٗ بٓب طز ة انزضبن انًحٕططة   0.1

ٔيننٍ انًًكننٍ خطننحخعاو ْننذِ انحزبيُننة فننٗ خلارة انطهًاننبت ناننر انًيننبِ ا سيننة نننزٖ الأرا ننٗ . فننٗ يصننز طننيكٌٕ نننّ أًْيننة  ايننزة

لإَالبثنبت انشرا يةم ْذا طٕا ضٕفز  ًيبت يل ٕنة يٍ انٕقٕل انح هيعٖ انًظحخعو فٗ خلارة ْذِ انطهًابتم ٔطنٕا ض هنم أضانب ينٍ ا

 .انتزارضة انًظااة نهحهٕخ انايئٗ

 

Keywords: Renewable energy, wind energy, vertical axis wind turbine, Savonius rotor, prototype. 

 

NOMENCLATURES 

 

A projected area for the rotor, m
2
  

a shaft diameter, m 

Cp power coefficient =pm/pw , --- 

D diameter of the rotor, m 

Do end plate diameter, m 

d diameter of the blade, m 

e overlap distance, m 

H height of the rotor, m 

pave  average power, W 

pm mechanical power, W 

pw        wind power, W 

T         mechanical torque,  N.m 
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u wind speed, m/s 

α aspect ratio =H/D, --- 

β over lap ratio =(e-a)/d, --- 

λ tip speed ratio R u , --- 

ρ air density, kg/m
3
  

ω angular velocity, rad/s 

 

1. INTRODUCTION 

 

    It is a well-known fact that the world population 

increases rapidly from time to time, as a result of 

which energy consumption also increases. This 

increase in energy consumption comes parallel to the 

developments in technology and industry to meet the 

needs of the growing human population. Another 

fact known to us apparently but alarmingly is that the 

supplies of fossil energy resources is limited and 

decreases in the face of the increased demand for 

energy. Considering the negative impact of fossil 

energy sources on the environment together with the 

scarcity of these resources, it appears urgent and very 

important to find new energy resources that are clean 

and renewable. Wind energy is; therefore, very 

important as one of these clean energy resources. 

Wind rotors are the most important tools of the wind 

energy. One of the wind rotors of a vertical axis is 

the Savonius wind rotor. It is simple in structure, 

cheaper, has good starting characteristics, relatively 

low operating speeds, and an ability to capturing 

wind from any direction. But it has a low 

aerodynamic efficiency. It is constructed simply of 

two vertical half cylinders, as shown in Fig. 1.  

The ratio between rotor height H and rotor diameter 

D is called the aspect ratio α. Another parameter that 

affects the performance of Savonius rotor is the 

overlap ratio β which is expressed 

as:  e a d   ; where e is the over lap, a is the 

shaft diameter and d is the blade diameter. 

    Performance of the Savonius rotor has been 

studied by many researchers from 1977 until 2010 in 

order to determine the optimum design parameters of 

this rotor.  

    Effect of blade aspect ratio, blade overlap and gap 

besides effect of adding end extensions, end plates 

and shielding were tested by Alexander and 

Holownia [1]. They concluded that, there is an 

improvement in rotor performance with increasing 

the aspect ratio. The tests for three and four bladed 

geometries gave appreciably lower values of 

efficiency than two blades rotor. They use four 

values of extensions and find that the efficiency 

increases with the increase of the extension. They 

concluded also that the efficiency for the rotor with 

end plate and shielding is greater than that with end 

plate and without shielding. Furthermore, the 

efficiency obtained for a rotor with end plate and 

without shielding is greater than that of rotor without 

end plate. They found also that, increasing the rotor 

over lap ratio rises the rotor efficiency. Modi et. al. 

[2] reported that the optimum values of aspect and 

over lap ratios are 0.77 and 0.25 respectively. Mojola 

[3] concluded that the effect of over lap ratio on rotor 

performance depends on its tip speed ratio. 

Nobuyuki [4] investigated the aerodynamic 

performance and the flow fields of Savonius rotors at 

various overlap ratios. The static torque performance 

of the rotor, specially of the returning blade, is 

improved by the presence of the overlap and the best 

value was found to be 0.15. Menet [5] constructed a 

prototype of Savonius turbine to charge a battery. He 

utilized a rotor with aspect ratio of 4 and over lap of 

0.25. He found that starting velocity was 3 m/s, 

velocity for maximum production is 13 m/s and the 

mean efficiency between 5 and 10 m/s was found to 

be 29%. The range of rotational speed was 200 to 

800 rpm. Kamoji et. al. [6] examined helical 

Savonius rotors in an open jet wind tunnel. From 

their results the helical rotors with shaft have lower 

power coefficient than the helical rotors without 

shaft. Saha et. al. [7] carried out a comparison 

between savonius rotor with different geometries. 

They reported that, the optimum number of blades is 

two for Savonius rotor whether it is single-, two- or 

three-stages. Twisted geometry of blade profile has a 

good performance as compared to the semicircular 

blade geometry. Two-stages Savonius rotor has 

better power coefficient as compared to the single- 

and three-stage rotors. Altan et. al [8] studied the 

curtain arrangement using two plates, one in the 

upper end of rotor and the second at the rotor lower 

end. This arrangement is used to prevent the air 

leakage from the concave side. They concluded that 

the arrangement increases the rotor performance. 

They used three curtaining arrangements by 

changing the two plate lengths and the angle on the 

horizontal axis. The results showed that the 

curtaining which has longest plates is the better and 

the optimum angel is 15
o
 on the horizontal axis for 

the upper plate and 45
o
 for the lower one. Altan et. 

al. [9] made a comparison between the 

measurements and the numerical results. Gupta et. al. 

[10] made a combination between Savonius wind 

rotor and Darrieus wind rotor. They compared the 

results obtained with those of conventional Savonius 

rotor. They observed that there is a retable 

improvement in the power coefficient for the 

combined Savonius–Darrieus rotor. Kamoji et. al. 

[11] studied the effect of the overlap ratio, blade arc 

angle, aspect ratio and Reynolds number on the 

performance of Savonius rotor. They found that, the 

modified Savonius rotor without overlap ratio, with 

blade arc angle of 124
o
 and with an aspect ratio of 

0.7 has a maximum power coefficient of 0.21 at 

Reynolds number of 150000. The obtained value of 

the power coefficient is higher than that of 

conventional Savonius rotor. Roth [12] tested the 

effect of both aspect ratio and over lap ratio. He 
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reported that the best values are as 0.77 and 0.22 

respectively. Blackwell et. al. [13] reported that the 

two-stages geometry have better aerodynamic 

performance than the three-stage one, with the 

exception of starting torque. They decided also that, 

the increase in aspect ratio improving the rotor 

performance. Shankar [14] tested both two-blades 

and three-blades geometries. He found that, two-

bladed Savonius rotors have almost 50 % higher 

peak power output than the three-bladed rotors. 

Mahamarakkalage [15] examined experimentally and 

analytically blade geometry, overlap ratio, aspect 

ratio and Reynolds number on Savonius rotor 

performance. The results showed that optimum 

geometries of Savonius rotor are as follows: gape 

size of 0, over lap ratio of 0, aspect ratio of 0.77, 

blade shape parameter of 0.2 and blade arc angle 

equals 135
o
. The rotor with the previous 

configuration will have a peak power coefficient of 

about 0.32 at tip-speed ratio of 0.79. 

    The above researches on Savonius rotors give 

different optimum geometries and therefore more 

studies are needed to determine the optimum 

configuration of Savonius rotor. In [16] various 

configurations of Savonious rotors concerning 

number of blades, number of stages, overlap ratio, 

aspect ratio and existence of rotating or fixed end 

plates are studied experimentally to determine the 

optimum configuration of Savonius rotor which 

gives the higher performance. This experimental 

study was carried in Fluid Mechanics Laboratory at 

Mechanical Power Engineering Department, Faculty 

of Engineering, Shebin El-Kom, Menoufiya 

University.  

    The aim of this work is to design and test a 

prototype of Savonius rotor in free wind based on the 

results of the previous experimental study. The 

prototype is designed and tested in El-Arish at the 

Faculty of Engineering, Sinai University. 

2. EXPERIMENTAL PROGRAM 

2.1 Construction of the Prototype 

    In order to apply the results of the measurements 

executed on different Savonius rotor models at Fluid 

Mechanics Laboratory, Mechanical Power 

Engineering Department, Faculty of Engineering, 

Menoufiya University, it is important to design and 

test a prototype in free wind. The prototype is 

designed according to the optimum configurations 

obtained from the experimental results [16]. The 

prototype is constructed in El-Arish at the Faculty of 

Engineering, Sinai University. The complete view of 

the Savonius rotor prototype is shown in Fig. 2.  

    The choice for blade material was obviously 

important. Different criteria were considered for this 

choice: low price, building easiness, low weight, 

good resistance to outside elements (humidity, 

temperature variation, etc.) and good rigidity. Instead 

of metals, it is decided to use fiber glass. The 

thickness of the blade should be low as possible to 

reduce its weight but in the range to able to be rigid. 

 

 
Fig. 1 Scheme of a single-stage Savonius rotor: (a) elevation view; (b) plane view   

 

a 
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Fig. 2 Photograph for the present Savonius rotor prototype.1- Savonius blade, 2- steel housing, 3- generator, 4- 

SKF-bearing and 5- stainless steel shaft 

 

Only the ends of the blades rotor are 6 mm to be 

good rigid to the bolts which fixed it in the shaft. The 

middle area has 3 mm thickness. The ratio between 

blade height to blade length (aspect ratio) is chosen 

as 3.33 for this prototype with blade height about 2 

m and rotor diameter about 0.6 m. The prototype is 

constructed as two blades, without overlap and single 

stage rotor in future another stages can be added. 

    The shaft diameter is chosen as 25 mm to ensure 

save loading of the shaft. The choice of the length 

based on the rotor height, where the rotor height is 2 

m for single stage the shaft length is 220 cm between 

the two bearings, 15 cm length down the lower 

bearing to connect the generator on it and 15 cm up 

the upper bearing to connect the shaft for double 

stages in the future. The total length of the shaft is 

about 2.5 m. The shaft has been made from a 

stainless steel bar. 

    The bearings is exposed to dust and humidity 

because they are obviously designed to be used 

outside. These bearings must run continuously for a 

few thousands of hours and they must support 

mechanical stresses due to the weight of the rotor, 

the centrifugal forces, and the drag of the rotor 

(especially in case of drastic wind velocity 

distributions). The criteria leads to choose SKF-ball 

bearings. The inner diameter of the bearing must 25 

mm to be exactly connected with the shaft without 

any vibration. 

    The end plate is preferred to be from the same 

material of the rotor blades to have the same 

advantages, and its diameter is taken as 1.1 of the 

rotor diameter ( i.e. about 68.5 cm). 

    Savonius rotor is considered law speed rotor and it 

is better to use this rotor for mechanical power 

generation. But for the purpose that the output of the 

prototype is sensible, the mechanical power is 

converted to electrical power. It was decided to use a 

permanent magnet generator. The electrical power of 

this generator is about 80 W. Permanent magnet 

generator have in fact many advantages, mainly their 

low price and high reliability. However, this 

generator runs and correctly produces electricity at 

any rotational speed and its power depends on 

number of revolutions. 

    To increase the number of revolutions reaching to 

generator, the pulleys with diameter ratio (10 to 1) is 

used on rotor and generator shafts. The diameter of 

the pulley on the shaft is 260 mm and on the 

generator is 26 mm. These pulleys were made from 

aluminum and fabricated by casting and was finished 

on the lathe. The connection between the two pulleys 

was made by a ring belt. To adjust the belt between 

the two pulleys, a mechanical mechanism was used 

to allow the movement of the generator horizontally 

and vertically as shown in Fig. 3. 

    The housing to carry the rotor should be rigid to 

ensure the safety from vibrations and stresses. The 

housing was constructed from a square cross 

sectional steel duct with 4x4 cm cross section. The 

housing must be larger than the rotor diameter to 

facilitate air arriving to the rotor from all directions. 

2.2 Power Output from Savonius Rotor Prototype 

    The load connected on the generator output 

comprises lamps in series or a battery. After battery 

charging its power can be used as required. The 

second connection is the preferred one because the 

power requirement is not all the time. Figure 4 shows 

the connection of lamps in series and battery for 

charging. The generator output voltage varied from 0 

to 60 DC voltages. In the second connection the 

5 

4 

3 

1 

2 
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positive line of the battery is connected with the 

positive line of the generator and the same in the 

negative line. First the battery is empty and with this 

connection the battery will charge to any value. At 

law wind speed the output power will decrease, in 

this case the battery will drive the generator as a 

motor loaded on the battery. To prevent the fly back 

current from the charged DC battery to the generator, 

control switch unidirectional (silicone diode) is put 

between the generator and battery, connect the anode 

with the positive line of the generator and the 

cathode to the positive line of the battery, the circuit 

is shown in Fig. 4-b. Based on the load connected to 

the battery, if the load is DC, it is connected to the 

battery directly but if the load is AC, DC to AC 

converter must be used between the battery and the 

load. 

2.3 Measurement Procedures and Computational 

Parameters 

     The output power from prototype is measured 

along the day for different several days. The wind 

speed is measured by a propeller type digital 

anemometer. The output power is measured 

mechanically or electrically. The electrical power 

output from Savonius rotor prototype can be 

determined as 

EP VI              (1) 

where V is the output voltage and I is the output 

current which are measured by multimeter.  

 
 

 
 

Fig. 3 Photograph for shafts connection, 1- shaft pulley, 2- vertical displacement mechanism, 3- round belt, 4- 

horizontal displacement mechanism and 5- generator pulley 

 

 

 

 

 

 

 

 

(a) lamps in series 

 

 

 

 

 

 

 

 
 

(b) Battery charging 

Fig. 4 Schematic diagram for power output from Savonius rotor 
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    The mechanical power for the tested Savonious 

rotor is determined by measuring both the 

mechanical torque and rotational speed on the 

rotating shaft. The arrangement used for measuring 

the mechanical torque is shown in Fig. 5. It contains 

pulley system, nylon string, weighing pan and spring 

balance. The weighing pan, pulleys and spring 

balance are connected by a nylon string of 1mm 

diameter. The shaft rotational speed is measured 

using a digital DC tachometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Schematic diagram of Savonius rotor 

connected with mechanical torque measurement 

arrangement, (1: pulley; 2: nylon string; 3: weighing 

pan; 4: spring balance; 5: Savonius rotor; 6: rotating 

shaft and 7: structure) 

 

From the measured values of mechanical torque and 

rotational speed, the mechanical power is estimated 

at each wind speed as: 

                        mP T                           (2) 

where T is the mechanical torque and ω is the 

angular speed. 

 

The angular speed is defined in rad/sec as: 

2
  

60

n
                    (3) 

where n is the shaft rotational speed in rpm. 

    The mechanical torque is obtained in (N.m) by 

T F r             (4) 

where r is the pulley radius 

    The force acting on the rotor shaft  F is obtained in 

(N) from the following relation: 

( )F m s g                            (5) 

where m is the mass loaded on the pan in kg, s is the 

spring balance reading in kg and g is the 

gravitational acceleration.  

The power coefficient Cp can be determined using 

the following equation:  

m
P

w

P
C

P
                    (6) 

The efficiency of the prototype can be formulated as 

 

3

10.5

E
t

w

P VI

P A u



                      (7) 

where u1 is the undisturbed wind speed. 

    From the measured data, the daily average wind 

speed and average power can be obtained. The 

energy obtained from Savonius rotor prototype is 

determined as 

 

.aveE P time                (8) 

 

The expected cost of kw hr obtained from Savonius 

rotor prototype can be obtained from 

 

 costcos
 Energy

totalt
kwhr total

             (9) 

 

where total cost is the total prototype cost and total 

energy is the total energy produced from prototype 

through its expected life. The total prototype cost is 

about 1000 LE and its expected life span is estimated 

to be 20 years. 

3. RESULTS AND DISSCUSSION 

     Figure 6 shows the change of wind speed with 

time in El-Arish on 27.06.2010. The average wind 

speed in this day was 4.03 m/s. The variation in 

mechanical power with time for this day is shown in 

Fig. 7. The maximum mechanical power obtained 

from the prototype for this day is recorded at the 

hour 21 and it is about 85 Watt. From these curves 

one can see that the mechanical power is depended 

mainly on wind speed in location. The mechanical 

power and wind speed reach their maximum values 

in this day at about the hour 21. The average power 

in this day can be estimated as 17.012 Watt. The 

total energy produced in this day is expected to be 

408.29 Watt hr/day. Figure 8 shows the change in 

mechanical power with wind speed for this day, 

while the variation in power coefficient with tip 

speed ratio is presented in Fig. 9. The increase in 

wind speed results in gross increase in mechanical 

power. The power coefficient reaches its maximum 

value of about 0.3 at tip speed ratio of about 1. 

     The tests on Savonius rotor prototype are 

achieved in several days in Juni, Juli, August and 

September 2010. The variation in average 

mechanical power with average wind speed for some 

days of the measurements is given in Fig. 10. Figure 

11 presents the change in power coefficient with tip 

speed ratio for some days. The days with higher 

average wind speed having also higher mechanical 

power and higher power coefficients. 

1

2

3

4

5
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Fig. 6 Measured wind speed along the day in El-

Arish on 27.06.2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Measured mechanical power along the day on 

27.06.2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Variation of mechanical power with wind 

speed for the Savonius prototype on 27-6-2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9 Variation of power coefficient with tip speed 

ratio for the Savonius prototype on 27-6-2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 Variation in mechanical power with wind 

speed for different days of measurements 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11 Relation between power coefficient and tip 

speed ratio for the Savonius prototype at different 

average wind speeds 
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    Figure 12 indicates the variation of both electrical 

and mechanical power output with wind speed. It is 

seen that the mechanical power is higher than the 

electrical power at the same value of wind speed and 

the start wind speed for mechanical power is lower 

than start wind speed for electrical power. Figure 13 

declares the change of prototype efficiency and 

power coefficient with tip speed ratio. The prototype 

efficiency has been also shown lower than its power 

coefficient due to the losses consumed in conversion 

of mechanical power to electrical one. 

The energy generated from Savonius rotor prototype 

in the several days of the measurements is computed 

and shown in Fig. 14. The energy generated depends 

mainly on wind condition in location along the day.  

 

The average yearly wind speed in El-Arish is about 

2.79 m/s [17]. This is considered as a low wind 

speed location compared to another locations with 

higher average wind speed (e.g. Hurghada). The 

results show that Savonius rotor prototype in El-

Arish gives considerable efficiency and begins to 

give power at a relative low wind speed. 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

     

Fig. 12 Variation of electrical and mechanical power 

with wind speed at 27.06.2010 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13 Change of prototype efficiency and power 

coefficient with tip speed ratio 

  

Table 1 summarizes the average wind speed, average 

power, energy generated per year and the cost of kW 

hr for the days of the measurements. It is seen here 

that, the cost of kW hr decreases with the increase in 

average wind speed. The cost of kW hr generated 

from the Savonius rotor prototype in El-Arish will be 

about 0.1 LE when the average wind speed is 6 m/s.  

 

Table 1, Summary of the average wind speed, 

average power, energy generated per year and the 

cost of kW hr for the days of the measurements 

Date uave,  

m/s 

pave , 

Watt 

Energy, 

W hr/ 

year 

Cost, 

LE/kW 

hr 

27.06.2010 4 17.5 148993 0.326 

28.06.2010 4.5 20.2 152023 0.285 

29.06.2010 3.9 17.2 152022 0.33 

03.07.2010 3.8 14 129064 0.407 

02.08.2010 2.8 5.3 41136 1.07 

25.09.2010 6 57.5 504065 0.099 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig. 14 Energy generated from Savonius rotor prototype in the several days of the measurements 
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4. CONCLUSIONS 

    In this work a Savonius rotor prototype is 

designed, fabricated and tested in free wind. The 

design of this prototype is based on the previous 

experimental measurements which achieved in 

Advanced Fluid Mechanics Laboratory at 

Mechanical Power Engineering Department, Faculty 

of Engineering, Shebin El-Kom, Menoufiya 

University. The prototype is constructed in El-Arish 

at the Faculty of Engineering, Sinai University.  

    Although El-Arish has lower average yearly wind 

speed compared to another locations with higher 

average wind speed, like Hurghada. The results show 

that, Savonius rotor prototype works in free wind 

with a considerable efficiency. It begins to give 

power at a relative low wind speed. The output 

energy from Savonius rotor is relatively small 

because of the efficiency of Savonius rotor is smaller 

than high speed horizontal axis wind turbines. But 

the cost of energy unit is also small and competitive 

with other energy sources due to the lower cost of 

construction.  

    The use of Savonius rotor will be attractive in 

many locations in Egypt. The cost of kW.hr 

generated from Savonius rotor is expected to be very 

low specially in locations with high average wind 

speed. The majority of Egyptian locations having an 

average wind speed between 3.5 and 4.5 m/s. The 

cost of kW.hr generated from Savonius rotor in these 

locations is expected to be between 0.28 and 0.42 

LE. In locations where average wind speed is 6 m/s, 

the cost of kW.hr is expected to be 0.1 LE. 

    Therefore Savonius rotor can be used in the 

majority of the Egyptian locations, for example, to 

pump water for irrigation of land. This will save a 

great part of conventional energy sources used for 

this purpose and consequently reduces the 

environmental pollution. 
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