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Abstract – To overcome the occurrence of an energy crisis in the future, an innovation / invention of energy that is environmentally friendly and energy sources will not run out in the future. Energy sources that are environmentally friendly and their potential when developed is very large, one of which is energy sources derived from wind energy. This study aims to determine the effect of wind speed on the performance of wind turbines. To find out the performance characteristics of wind turbines with variations in air gaps. The research method begins with the design / design of the wind turbine, then continues the manufacturing stage, the assembling and installation stage, the testing of tools and analysis, the tests carried out include testing the performance characteristics of the wind turbine. The parameters measured in this study are rotation, torque as well as calculating the kinetic power produced, TSR and CP. The test results conducted showed that the 200 mm air gap Savonius wind turbine with a value of CP = 0.02480-0.15658 had optimum work at low wind speeds (4 m / s). Meanwhile, the 170 mm airborne Savonius wind turbine with a value of CP = 0.00593-0.14668 has optimum work at high wind speeds (8 m / s to 9 m / s). 
Keywords- wind turbine savonius, air gap, coefficent of power.

I. [bookmark: _Ref33195764]INTRODUCTION

The continuous use of fossil energy sources as a fuel source for power generation without the discovery of alternative energy sources that are environmentally friendly will result in fossil energy sources continuing to decline and will result in a scarcity of fuel sources for future generation. To overcome the occurrence of an energy crisis in the future, an innovation / invention of energy that is environmentally friendly and energy sources will not run out in the future. Energy sources that are environmentally friendly and their potential when developed is very large, one of which is energy sources derived from wind energy.

Basically, there are two kinds of wind turbines, namely wind turbines with horizontal axes and vertical axis wind turbines. In horizontal axis wind turbines, basically wind turbines must be directed in the direction of the wind blowing, while in vertical axis wind turbines wind turbines do not need to be directed to the blowing wind. Previous research on wind turbines [15] related to the use of Savonius turbines with CFD (Computational Fluid Dynamics) and PIV (Particle Image Velocimetry) methods in non-constant wind directions and low wind speeds obtained results that Savonius wind turbines have the ability to produce more optimal power than turbines with horizontal axes. In the previous study, namely research belonging to Dicky Rizaldi et al. have conducted research related to three-level savonius turbines with 2 variations in rotating angles of 0º and 120º dimensions of 0.5 m x 0.6 m using an air gap of 170 mm. Savonius wind turbines with an air gap of 170 mm as a basic reference for this study to further examine the variations in air gaps. This study used variations in the width of the gap below and above the air gap value of 170 mm. Looking at some of the studies above, researchers are still doing slight variations in air gaps so that researchers are interested in varying air gaps to improve the performance of savonius wind turbines, so the title of this study is the performance characteristics of savonius wind turbines with variations in air gaps

II. RESEARCH METHOD
The first step is to design a wind turbine with a savonius type for wind power generation. At this stage, a model of a wind turbine will be produced that will be used for wind power plants. The second step is the design of wind turbine components and others connected into one unit. At this stage the construction of the wind turbine frame along with the wind turbine.
The next step is to test the savonius wind turbine on variations in wind speed, blade variations, data collection is carried out by measuring turns, measuring torque, and calculating the kinetic power produced, TSR and CP. After the test data is completed, the performance data of the wind turbine as a wind power plant is then made and then a graph of the performance characteristics of the wind turbine is made.
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Fig 1. Savonius Wind Turbine With 5 Variation Air Gap
[bookmark: _Ref33269024]
In the performance data collection of the waterwheel the parameters measured are wind speed, shaft rotation speed. After obtaining the parameters, the results of the performance of the wind turbine are obtained. The test result data is processed to obtain torque, mechanical power, kinetic power, TSR and CP. The processing results are then represented in the form of a wind turbine performance graph. The analysis will result in the performance of the wind turbine.


III. RESULTS AND ANALYSIS

[image: ]
Fig 2. Relationship between power coefficient (CP) of Savonius wind turbines and TSR at all five variations of 4 m/s wind speed air gap

Fig 2. shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 4 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 200 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will decrease in value. This is in accordance with the characteristics of the Savonius wind turbine in the CP diagram with TSR, where the Savonius wind turbine will experience an optimum value at a certain speed and then experience a decrease in the curve as the given loading value increases for torque or braking testing.



Fig. 3 relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 5 m/s wind speed air gap

Fig 3 shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 5 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 140 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value. This is in accordance with the characteristics of the Savonius wind turbine in the CP diagram with TSR, where the Savonius wind turbine will experience an optimum value at a certain speed and then experience a decrease in the curve as the loading value given for torque testing or braking increases.


Fig 4. Relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 6 m/s wind speed air gap

Fig 4. shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 6 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 185 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value



Fig 5. relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 7 m/s wind speed air gap

Fig 5. shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 7 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 200 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value.


Fig 6.  relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 8 m/s wind speed air gap

Fig 6.  shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 8 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 170 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value.


Fig 7. relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 9 m/s wind speed air gap

Fig 7. shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with wind speed speed of 9 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 170 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value.


Fig 8. relationship between power coefficient (CP) of Savonius wind turbine and TSR at all five variations of 10 m/s wind speed air gap

Fig 8. shows the relationship of Coefficient of Power (CP) to tip speed ratio (TSR) with a wind speed of 10 m/s. The curve with the most optimum line is shown on a wind turbine with an air gap of 155 mm. After all curves with each variation of the air gap reach the optimal value of the curve between CP and TSR then the curve will have a decrease in value.


IV. CONCLUSION
After testing on "Performance Characteristics of Savonius Wind Turbines With Variations in Air Gaps in Supporting the Development of Renewable Energy", it can be concluded that the Savonius wind turbine model of air gap variation has dimensions of 500 mm in diameter with a turbine blade height of 300 mm. The variations of the air gap are 140 mm, 155 mm, 170 mm, 185 mm and 200 mm. The tests were conducted using wind speed variations of 4 m/s to 10 m/s. Loading performed for braking or torsion testing uses ballast load variations (m1) from 0 kg (free) to 1.5 kg. The test results conducted showed that the 200 mm air gap Savonius wind turbine with a value of CP = 0.02480-0.15658 had optimum work at low wind speeds (4 m / s). Meanwhile, the 170 mm airborne Savonius wind turbine with a value of CP = 0.00593-0.14668 has optimum work at high wind speeds (8 m / s to 9 m / s).
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celah udara 140 mm	0	0.14566111111111116	0.18351555555555554	0.28870555555555555	0.44204222222222228	0.53920777777777773	0	4.2169999999999999E-2	5.3740000000000003E-2	9.4530000000000045E-2	0.13456000000000001	8.1740000000000021E-2	1.6190000000000003E-2	celah udara 155 mm	0	0.14566111111111116	0.18351555555555554	0.28870555555555555	0.44204222222222228	0.53920777777777773	0	3.3869999999999997E-2	2.402E-2	4.910000000000002E-3	celah udara 170 mm	0	0.14566111111111116	0.18351555555555554	0.28870555555555555	0.44204222222222228	0.53920777777777773	0	3.95478324888889E-2	4.1791193347555551E-2	5.6697177500444472E-2	4.8825821468839486E-2	5.8518597253925955E-2	1.359398308246914E-2	celah udara 185 mm	0	0.14566111111111116	0.18351555555555554	0.28870555555555555	0.44204222222222228	0.53920777777777773	0	4.0178549077333314E-2	6.4018628014617315E-2	8.2367293870814817E-2	0.10054734588266667	7.8103493639111121E-2	6.4338457746370412E-2	1.4244699191506173E-2	celah udara 200 mm	0	0.14566111111111116	0.18351555555555554	0.28870555555555555	0.44204222222222228	0.53920777777777773	0	6.5169169540740743E-2	7.0131652211358031E-2	8.0729772148148179E-2	8.2404528750617351E-2	5.0258957846913636E-2	TSR
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celah udara 140 mm	0	0.16360396825396822	0.18378968253968259	0.24310079365079373	0.31948253968253987	0.42614285714285738	0.56283253968253966	0.61641190476190466	0.68556666666666655	0.78686904761904763	0.8369595238095241	0.86150634920634905	0	3.2619273075837715E-2	3.242556608818345E-2	6.1927158084656084E-2	6.508673296649034E-2	0.10176952711463849	9.8540860049382811E-2	0.10121945615520286	7.0338272208112881E-2	4.3869210804232825E-2	8.9922943421516764E-3	celah udara 155 mm	0	0.16360396825396822	0.18378968253968259	0.24310079365079373	0.31948253968253987	0.42614285714285738	0.56283253968253966	0.61641190476190466	0.68556666666666655	0.78686904761904763	0.8369595238095241	0.86150634920634905	0	3.7716747414462098E-2	5.8958505171075835E-2	5.3859549439153456E-2	4.8160214631393319E-2	4.4503543414462075E-2	4.9667443428571469E-2	6.8606819721340404E-2	4.9592247904761931E-2	3.5684275809523838E-2	6.9752292275132343E-3	celah udara 170 mm	0	0.16360396825396822	0.18378968253968259	0.24310079365079373	0.31948253968253987	0.42614285714285738	0.56283253968253966	0.61641190476190466	0.68556666666666655	0.78686904761904763	0.8369595238095241	0.86150634920634905	0	5.5593846201058214E-2	7.4882179499118184E-2	8.7042640804232838E-2	0.12596127222927692	0.13064549709347448	0.14252022725925922	0.13603954637037041	0.12006787489947095	8.9736465633157042E-2	5.0815108444444444E-2	1.069589663492064E-2	celah udara 185 mm	0	0.16360396825396822	0.18378968253968259	0.24310079365079373	0.31948253968253987	0.42614285714285738	0.56283253968253966	0.61641190476190466	0.68556666666666655	0.78686904761904763	0.8369595238095241	0.86150634920634905	0	2.2295680204585552E-2	3.4858547185185211E-2	4.0496789333333394E-2	5.9888109093474452E-2	7.7719640222222275E-2	7.9763785206349233E-2	7.1786660063492103E-2	7.9205359188712562E-2	6.0599533410934762E-2	3.65807557777778E-2	7.5858002892416291E-3	celah udara 200 mm	0	0.16360396825396822	0.18378968253968259	0.24310079365079373	0.31948253968253987	0.42614285714285738	0.56283253968253966	0.61641190476190466	0.68556666666666655	0.78686904761904763	0.8369595238095241	0.86150634920634905	0	7.2745595573192282E-2	7.7350951058201126E-2	0.10000086202821874	0.11926638186948856	0.12564585396825392	0.15658001253968259	0.14950043396825399	0.14508114148148166	0.11225998412698411	7.9604150264550283E-2	4.0969413051146424E-2	TSR
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celah udara 140 mm	0	0.32233456790123483	0.3385191358024694	0.35305617283950635	0.41517777777777787	0.53254012345679014	0.60435308641975338	0.65959382716049408	0.67296790123456818	0.79759876543209851	0.84964135802469176	0.92087283950617316	0	0.10777669983904896	0.10108668990814412	0.11593987529990345	0.1185732224608038	0.1023289510508222	0.10317879740832192	0.10029971355707974	8.512451105918814E-2	5.4699805146708677E-2	3.3538290705685113E-2	6.4836401802909512E-3	celah udara 155 mm	0	0.32233456790123483	0.3385191358024694	0.35305617283950635	0.41517777777777787	0.53254012345679014	0.60435308641975338	0.65959382716049408	0.67296790123456818	0.79759876543209851	0.84964135802469176	0.92087283950617316	0	4.1863450529018305E-2	4.7524037290250482E-2	4.4601515980016625E-2	4.1200290452268473E-2	7.0102148195566399E-2	6.7319976159122122E-2	8.4461239461362581E-2	7.5653109739369007E-2	8.8593346239089668E-2	8.0970434629544952E-2	7.2184246679198663E-2	5.2013931559145833E-2	3.0085012715846189E-2	6.5086487815204375E-3	celah udara 170 mm	0	0.32233456790123483	0.3385191358024694	0.35305617283950635	0.41517777777777787	0.53254012345679014	0.60435308641975338	0.65959382716049408	0.67296790123456818	0.79759876543209851	0.84964135802469176	0.92087283950617316	0	0.10517597259279583	0.12397474576314595	0.12444146146502059	0.11770380415451576	0.11727402980897222	0.11000193562336361	0.10307268510477738	9.0123526918999539E-2	6.0637326619214553E-2	3.7752867318904662E-2	7.414729641450327E-3	celah udara 185 mm	0	0.32233456790123483	0.3385191358024694	0.35305617283950635	0.41517777777777787	0.53254012345679014	0.60435308641975338	0.65959382716049408	0.67296790123456818	0.79759876543209851	0.84964135802469176	0.92087283950617316	0	0.11538951879124115	0.11390260828870943	0.11728392730444208	0.12069452060255051	9.4071819083676358E-2	0.11178086406265983	0.10892441898978816	0.10190151864786869	6.262686261000186E-2	3.7608837849616432E-2	7.2031184002777403E-3	celah udara 200 mm	0	0.32233456790123483	0.3385191358024694	0.35305617283950635	0.41517777777777787	0.53254012345679014	0.60435308641975338	0.65959382716049408	0.67296790123456818	0.79759876543209851	0.84964135802469176	0.92087283950617316	0	9.0875178969330644E-2	9.2516490401192225E-2	9.0395359541059234E-2	9.9731625197378493E-2	0.10264539210316855	0.10518612101068611	0.10531297623431386	9.0992276098833244E-2	6.8836383986180985E-2	4.8885263540449482E-2	2.6491831536520533E-2	TSR
CP

celah udara 140 mm	0	0.44308888888888903	0.44335055555555547	0.55237833333333364	0.61151500000000003	0.64492111111111161	0.75726333333333351	0.79773444444444463	0.82904722222222249	0.92769555555555583	0.9786333333333338	1.0641111111111117	0	9.0038573397629704E-2	8.9756506988296417E-2	0.10750510592785192	0.10777241659333336	9.1954868925629749E-2	9.6332081072888903E-2	8.7036267316963012E-2	8.2786735035925901E-2	5.1560715260444423E-2	2.9134301623259275E-2	5.7255538099753095E-3	celah udara 155 mm	0	0.44308888888888903	0.44335055555555547	0.55237833333333364	0.61151500000000003	0.64492111111111161	0.75726333333333351	0.79773444444444463	0.82904722222222249	0.92769555555555583	0.9786333333333338	1.0641111111111117	0	0.11565739018469136	0.11410153317111116	0.13461262686666672	0.12143757683140743	0.12645922475044449	0.12184439634785187	0.11754201980508647	0.10740157182429633	0.10873928366051858	9.603812470466673E-2	8.3774089416888922E-2	5.0450274399086427E-2	3.1069255240592595E-2	6.2467811530617333E-3	celah udara 170 mm	0	0.44308888888888903	0.44335055555555547	0.55237833333333364	0.61151500000000003	0.64492111111111161	0.75726333333333351	0.79773444444444463	0.82904722222222249	0.92769555555555583	0.9786333333333338	1.0641111111111117	0	0.10642574155733345	0.10433914523355557	0.1089400715303704	0.10431798720414809	9.9312538083802526E-2	9.502341325590119E-2	9.7447907983999993E-2	8.4963573098963047E-2	5.3083605584592568E-2	3.1606742356518537E-2	5.9293700625185231E-3	celah udara 185 mm	0	0.44308888888888903	0.44335055555555547	0.55237833333333364	0.61151500000000003	0.64492111111111161	0.75726333333333351	0.79773444444444463	0.82904722222222249	0.92769555555555583	0.9786333333333338	1.0641111111111117	0	8.4358465652740786E-2	0.10045925856330865	0.10134049760177771	9.7493699569259254E-2	0.10061417354903707	9.0130298841160514E-2	7.6723648666518512E-2	7.0643123690740758E-2	4.4911667327333385E-2	3.1311749427777799E-2	6.0700780717283971E-3	celah udara 200 mm	0	0.44308888888888903	0.44335055555555547	0.55237833333333364	0.61151500000000003	0.64492111111111161	0.75726333333333351	0.79773444444444463	0.82904722222222249	0.92769555555555583	0.9786333333333338	1.0641111111111117	0	0.10944453098271612	0.10486018965419748	0.12292418753740744	0.12325954535222226	0.10519666532839511	0.11205158231037035	0.10316886840814815	8.8865755982716121E-2	6.4852103970370403E-2	4.5608662814814828E-2	2.4796153580246914E-2	TSR
CP
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