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Small Wind Electric SystemsSmall Wind Electric Systems

Employ micro wind turbinesEmploy micro wind turbines
(100 W to 50 kW)(100 W to 50 kW)

Can be standalone or grid connected Can be standalone or grid connected 

Standalone systemsStandalone systems-- ideal choice for ideal choice for 
decentralized rural electrificationdecentralized rural electrification



Specifications of WEGSpecifications of WEG



Components of  Wind Electric Components of  Wind Electric 
Generator (WEG)Generator (WEG)

•• Micro wind turbineMicro wind turbine
•• Gear used as driveGear used as drive
•• GeneratorGenerator
•• Electrical loadElectrical load



SpecificationsSpecifications of turbineof turbine

Type: vertical axis Type: vertical axis savoniussavonius
Length: 110 cmLength: 110 cm
Breadth: 80 cmBreadth: 80 cm
Thickness: 36 gauge sheet steelThickness: 36 gauge sheet steel
Length of shaft: 120 cmLength of shaft: 120 cm
Shaft diameter: 15 mmShaft diameter: 15 mm
Bearings: Ball bearings on two endsBearings: Ball bearings on two ends



Specifications of Generator and gearSpecifications of Generator and gear

Rated capacity of 3Rated capacity of 3--ph alternator: 432 VAph alternator: 432 VA
Output is rectified to supply 12 V, 36 A DCOutput is rectified to supply 12 V, 36 A DC
Gear Ratio: 1 :8Gear Ratio: 1 :8



Turbine TerminologyTurbine Terminology

Power Coefficient ,CPower Coefficient ,Cpp

= Power extracted from wind= Power extracted from wind
Input wind powerInput wind power

where Input wind power= 0.5*density where Input wind power= 0.5*density 
of air*area of turbine rotor*cube of wind of air*area of turbine rotor*cube of wind 
speedspeed

Tip speed ratio, Tip speed ratio, λλ (radians)(radians)= 2*= 2*ππ*R/v*R/v
where R= radius of rotorwhere R= radius of rotor



Testing of WEG unitTesting of WEG unit



Observations at 7 Observations at 7 m/sm/s

6236231.51.510.010.0

5595592.52.57.57.5
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5155154.54.54.54.5
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Rotor speedRotor speed
(RPM)(RPM)

Output current of Output current of 
alternatoralternator
(A)(A)

Output voltage of Output voltage of 
AlternatorAlternator
(V)(V)



Observations at 15 Observations at 15 m/sm/s

163416343.03.016.016.0
161716173.53.515.515.5
160416045.05.014.514.5
158815886.56.513.013.0
157115717.57.512.012.0
155415549.59.510.510.5
144314439.59.510.010.0
1421142110.510.58.58.5
1399139911.511.57.57.5
1382138213.013.05.05.0
1368136814.014.03.53.5
1335133515.015.02.52.5

Rotor speed Rotor speed 
(RPM)(RPM)

Output current of Output current of 
alternator (A)alternator (A)

Output voltage of Output voltage of 
alternator (V)alternator (V)



Testing of alternator



LossesLosses

Core loss Core loss –– neglected. neglected. 

Per phase winding resistance = 0.05 ohmPer phase winding resistance = 0.05 ohm

Alternator was run as a motor to calculate Alternator was run as a motor to calculate 
copper losses and mechanical losses at copper losses and mechanical losses at 
various speeds. various speeds. 



Mechanical loss at various speedsMechanical loss at various speeds

3.463.4612001200
3.323.3211001100
3.183.1810001000
3.083.08900900
2.882.88800800
2.782.78700700
2.652.65600600
2.542.54500500
2.302.30400400
1.951.95300300
1.61.6200200
1.41.4100100

Mechanical loss Mechanical loss 
(W)(W)

Speed Of Alternator (RPM)Speed Of Alternator (RPM)



Profile of mechanical lossProfile of mechanical loss



Performance Indices of Performance Indices of 
WEGWEG



At 7 At 7 m/sm/s

8.18.172.072.00.1410.14115.015.06.666.66623623

10.110.176.076.00.1660.16619.019.03.003.00559559

12.012.076.076.00.1950.19522.022.01.371.37534534

11.011.076.076.00.1800.18020.020.01.001.00515515

9.79.772.072.00.1690.16918.018.00.500.50474474

6.56.563.063.00.1280.12812.012.00.330.33461461

5.35.357.057.00.1140.11410.010.00.230.23443443

3.53.545.045.00.0980.0987.07.00.150.15422422

WEG WEG 
efficiencyefficiency
(%)(%)

Generator Generator 
efficiencyefficiency
(%)(%)

Turbine Turbine 
power power 
coefficient coefficient 
((p.up.u))

Generator Generator 
Power Power 
output (W)output (W)

Electrical Electrical 
load load 
resistance resistance 
(ohm)(ohm)

Rotor Rotor 
speed speed 
(RPM)(RPM)



At 15 At 15 m/sm/s

2.62.686.086.00.0380.03848.048.05.335.3316341634
3.03.087.087.00.0420.04254.054.04.424.4216171617
4.04.089.089.00.0550.05573.073.02.902.9016041604
4.64.691.091.00.0640.06485.085.02.002.0015881588
4.94.990.090.00.0680.06890.090.01.601.6015711571
5.55.590.090.00.0750.0751001001.101.1015541554
5.25.289.089.00.0720.07295.095.01.051.0514431443
4.94.988.088.00.0690.06989.089.00.800.8014211421
4.74.787.087.00.0680.06886.086.00.650.6513991399
3.63.682.082.00.0540.05465.065.00.380.3813821382
2.72.776.076.00.0440.04449.049.00.250.2513681368
2.12.169.069.00.0370.03738.038.00.160.1613351335

WEG WEG 
efficiency efficiency 
(%)(%)

Generator Generator 
efficiency efficiency 
(%)(%)

Turbine Turbine 
power power 
coefficient coefficient 
((p.up.u.).)

Generator Generator 
power power 
output (W)output (W)

Electrical Electrical 
load load 
resistance resistance 
(ohm)(ohm)

Rotor Rotor 
speed speed 
(RPM)(RPM)



Power curve of WEGPower curve of WEG



Turbine characteristicsTurbine characteristics



Economic Feasibility studyEconomic Feasibility study

Cost of construction= Rs.8000Cost of construction= Rs.8000
Equipment life assumed= 15 yearsEquipment life assumed= 15 years
Interest rate = 12 %Interest rate = 12 %
Capital Recovery factor (CRF) calculated from Capital Recovery factor (CRF) calculated from 

life and interest ratelife and interest rate
LevelisedLevelised cost= capital cost * CRFcost= capital cost * CRF
Generation cost = Generation cost = LevelisedLevelised cost/(energy cost/(energy 

generated per annum)generated per annum)



Economic feasibility Economic feasibility study(contdstudy(contd.,).,)

10.410.4113.27113.2733

7.37.3161.18161.181.51.599

5.65.6208.85208.852.52.5

9.99.9118.27118.272.52.5

9.49.4125.14125.141.51.577
52.152.122.5122.513.03.0

37.037.031.7231.722.52.5

18.318.364.0464.041.51.555

5.45.4216.53216.5333

LevelisedLevelised
Generation cost Generation cost 
((RsRs/kWh)/kWh)

Estimated energy Estimated energy 
per annum (kWh)per annum (kWh)

WeibullWeibull shape shape 
parameter, kparameter, k

WeibullWeibull scale scale 
parameter, c (parameter, c (m/sm/s))



ConclusionConclusion

Optimum output can be availed by appropriately Optimum output can be availed by appropriately 
choosing the loadchoosing the load

WEG efficiency can be improved byWEG efficiency can be improved by
•• modifying the blade profilemodifying the blade profile
•• attaining perfection in turbine attaining perfection in turbine 

constructionconstruction
•• using better gear arrangementusing better gear arrangement



Conclusion (contd.,)Conclusion (contd.,)

•• CutCut--in speed can be reduced by commercial in speed can be reduced by commercial 
standardsstandards

•• Performance of vertical axis wind turbine Performance of vertical axis wind turbine 
(VAWT) inferior to that of horizontal axis (VAWT) inferior to that of horizontal axis 
counterpart (HAWT)counterpart (HAWT)

•• But cost of development of VAWT is lowBut cost of development of VAWT is low
•• So a better choice for micro wind power So a better choice for micro wind power 

systemssystems



QueriesQueries


