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1. KPU Wind Turbine Research 

1.1 	Introduction 

The Scientists and Engineers all over the world are trying 

V 
	

their best to utilise the available external sources of non- 

conventi-onal energy as the rate of depletion of conventional 

fossil fuels is alarmingly high. hind energy is one of them. 

Different types of Uind Mills and turbines are developed to 

produce energy from wind power and still research is going on 

ICR has sanctioned an Ad-Hoc Scheme entitled "Design and Develop-

ment of hind turbines and it's feasibility studies in Kerala" for 

a period of 3 years to K.P.0 & the work being carried out in the 

department of Farm Pnuer, Machinery & Energy. 

1.2 OBJECTIVES 

4 

The ultimate objective of the project is to substitute a 

major part of the energy renuired for pumping water in Kerala 

State with the wind energy. 	In specific, the chief objectives of 

the project are 

a) To conduct analytical studies to work out the possibilities and 

potential of using wind power for Agricultural uses. 

b) To conduct compattive studies of various existing wind turbine 

prototypes. 
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1.3 Practical Utilit1 

Potential for wind energy utilization in many parts of 

Kerala is very high and varid. 	
If wind energy can be utilized 

effectively and economically for pumpinP cater for irrigation, 

that leads to considerable saying of electrical energy. 	
If a 

low costwind turbine can meet the irrigation needs of a small 

farmer, that is a significant outcome of this research scheme. 

1.4 Wind Data 

flne of the objectives of the scheme is to bring out the 

feasibilities of wind turbines for water pumping and other 

qricultural operations for which wind data are being collected 

It is true that wind speed is not in the economical range in ma 

parts of Krala while it is very much possible in certain parts 

of the state to use wind turbines. 

The data collected from Tavanur, the centre of inveStit1 

and the near by places are shown in table 1.1, tn 1.3. 

The wind data for other stations in Kerala are also 

reviewed and reproduced in table 2.1 to 2.7. 



TABLE NO. 	1.1 WIND VELOCITY 

DECEMBER 	1986 
DATA 	FROM 

AT 	TR\/ONUR 

1st AUGUST 

(Krns'Hr) 

106 to 

DATE 880 SEP OCT NOV DEC 

1 3.9 5.8 5.7 4.5 5.7 

2 4.0 4'.4 6.4 4.2 8.3 

3 4.2 5.1 6.7 3.0 6.7 

4 8.8 4.4 2.8 2,8 8.3 

5 78 5.8 5.8 4.3 7.5 

6 67 5.2 1.6 4.8 5.7 

7 8.7 3.8 3.0 5.5 6.9 

8 51 5.5 4.0 5.5 4.3 

9 7.9 5.8 3.3 6.1 3.0 

10 6.4 5.5 4.0 3.5 2.3 

11 2.7 6.3 4.8. 3.3 3.7 

12 2.7 5.5 4.8 3.3 4.7 

13 2.3 7.6 5.0 3•4 3.6 

14 4.n 1.9 3.1 3.1 3.8 

15 3,0 /1.3 3,0 2.9 3.2 

16 5.4 4.7 4.1 3.8 4.0 

17 4.8 4.5 4.1 2.5 4.5 
18 8.8 3.9 4.7 2.9 5.4 

19 8.8 4.8 2.7 3.1 3.4 

20 10.6 5.7 5.0 2.9 4.7 

21 10,8 4.5 2.2 5.3 4.4 

22 7.1 3.9 2.6 1.5 3.9 

23 15.8 3.5 3.7 4.9 7.6 

24 5.6 3.3 4.3 4.7 2.3 

25 4,8 4.2 2.8 4.4 1.9 

26 3.2 1.8 4.1 4.5 11.4 

27 4.2 /.0 3.3 4.1 5.1 

28 71 7.3 4.1 6.1 5.2 

29 4.2 4.0 3.8 4.3 5.0 

31 2.5 3.4 3,4 9.4 6.3 

31 4.5 3.5 3.6 9.1 6.0 
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TABLE NO. 1.2, WIND VELOCITY DATA FROM 1st JANUARY '1q86 

to DECEMBER i986  AT JELLA N IKKA R1\ (Kms/Hr) 

---------------------------------- 

DATE JAN 	FEB 	MAR 	APR 	MAY 	JUNE. •JUL 	AUG 	SEP 	OCT 	NOV DEC 

1 13.32 4.67 	7.42 5.79 5.38 7.29 3.54 7.41 5.33 5.04 5.13 21.67 

2 14.92 5.71 	9.46 6.17 4.67 5.79 5.5 6.57 5.04 4.5 1.63 19.79 

3 12.54 8.46 	10.38 6.17 5.25 5.13 .33 7,29 5.21 4.83 3.5 19.5 

4 11.71 12.8312,21 5.46 6.13 5.58 4.75 5.83 5.83 3.88 3.46 17.63 

5 11.38 11.21 	9.75 5.67 5.13 7.0 5.25 4.75 6.7 4.13 4.33 15.13 

6 18.42 9.4210.71 6.21 7.71] 5.17 68 9.36 5.13 3.46 4.0 14.21 

7 16.66 10.9510.38 5.21 4.71 5.17 6.42 6.79 5.63 4.25 4.46 9.54 

8 11.46 7.75 	7.83 6,33 625 6.42 5.80 8.42 5.96 3.79 7.92 8.88 

9 10.17 8.9213.83 6.17 6.29 641 .87 7.04 6.92 3.54 4.0 6.71 

10 12.83 9,1722.00 5,96 7.38 4.81 5.5 4.54 6.17 4.04 4.83 13.33 

11 10,58 7.9214.21 5.88 7,63 7.17 7.25 6.13 4.68 3.88 3.29 6,88 

12 15.71 6.67 	6,89 5.75 8.0 8.58 5.42 5.92 4.79 4.75 3.25 8.46 

13 12.92 4,79 	6.46 5.04 7.29 5.54 6.17 6.25 4.83 3.45 2.58 7.63 

14 7.96 5.17 	5.54 6.75 4.71 9.42 5.58 5.92 4.67 3.0 3.88 8.08 

15 4 188 5.29 	5.89 6.63 7.25 4.29 5.2q 6.04 4.79 3.33 B08 11.04 
16 6.17 5.92 	4.96 6.29 6.5 3.83 6.42 7.21 4.42 3.79 4.04 14.04 

17 6.38 5.92 	5.92 8.63 6.0 4.88 6.79 9.42 6.0 3.79 3.92 15.08 

18 5.17 5,29 	4.63 6.63 6.25 4.5 7.25 7.67 4.79 4.42 4.54 10.42 

19 6.08 6.46 	5.5 5.7.5 6.37 4.42 729 7.79 7.08 .5 8.58 18.92 

20 8.33 7,00 	4.42 5.67 6.86 6.25 4.63 7.17 4.88 3.29 9.42 15.92 

21 19.79 10.33 	5,13 6.29 6.88 7.75 5.46 8.42 3.5 4.5 9.0 17. 

22 21.04 19.75 4.58 6.5 6.21 6.71] 6.96 7.92 3.58. 6.0 8.29 17.25 

23 16.13 9.17 	5.63 5.25 6.38 8.0 5.25 7.5 4.71 3.83 6.42 16.29 

24 13.21 q,38 	5.5 5.75 5.83 3.5 5.88 5.08 5.42. 2.79 14.25 14.79 

25 18.13 15.71 	5.04 6.42 6.25 4,88 4.71 4.42 3.92 3.92 11.38 12.04 

6 15.04 14.45 	5.25 5-0 5.42 4.83 4.96 5.29 3.79 2.92 10.88 13.08 

27 18.21 16.96 	7.0 6.88 5.78 6.17 3,88 6.08 4.58 3.83 14.79 18.29 

28 15.71 10,21 	6.21 4.45 4.8 3.71 4..33 6.54 3.88 3 .33 17.96 19.75 

29 11.54 9.48 	6.46 5.79 2.79 4.17 5.13 5.0 3.71 3.83 19.95 14.79 

70 6.83 12.65 	6.67 6.79 7.58 3.76 6.71 6,75 4.71 2.42 14.58 11.08 

31 5.05 11.60 	6.5 6,50 4.38 4.0 6.83 4,58 4.60 3.88 1.90 10. 
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DATE JAN 

TABLE 	NO. 
to 

FEB 

1.3 	WIND VELOCITY 	DATA 	FROM 	1st 
DECEMBER 	1986 	AT 	PATTAMB I 	(Kms/Hr) 

MAR 	APR 	MAY 	JUNE 	JUL 	AUG 

JANUARY 	1986 

SEP 	OCT 	NOV DEC 

1 4.0 2.1 3.7 4.5 3.1 3.4 2.3 3.7 4.5 4.0 LB 7.? 
2 3.4 1.4 2.4 3.7 2.3 3.2 1.9 5.3 3.7 3.1 3.1 7.2 
3 3.2 2.4 3.1 3.9 3.4 3.7 3.5 5.5 3.7 2.4 1.3 5.4 
4 3.4 2.4 4.3 4.0 1.8 3.7 2.1 5.8 3.1 3.4 2.1 7.1 
5 2.7 1.8 4.3 3.5 2.3 3.9 4.2 4.3 3.7 2.9 2.3 4.7 
6 2.6 2.4 4.2 3.9 3.5 3.2 4.0 4.5 3.5 3.2 2.4 4.0 

5.6 3.9 4.0 3.9 4.fl 2.7 5.3 6. 1 3.1 2.1 2.4 6.5 
8 4.0 3.2 4.2 3.7 3.5 2.7 4.0 5.0 4.5 2.6 1.8 3.1 
9 3.5 1.y 2.7 3,0 3.7 2.8 3.7 5.9 4.5 2.6 2.9 2.7 

10 3.5 4.2 s.6 470 50 2.7 3.4 4.2 4.3 2.9 2.8 1.6 
11 2.5 3.5 7.9 4.2 5.3 2.7 4.2 3.7 4. 71  2.9 2.1 2.7 
12 1.9 3.4 4.7 4.0 5.8 3.7 3.7 3.4 4.0 2.3 1.8 2.9 
13 3.4 2.7 3.4 3.7 5.0 4.8 1.8 3.9 4.2 2.9 1.8 2.4 

• 14 2.9 0.5 2.5 3.2 2.4 2.7 7.7 4.8 3.7 2.1 2.1 2.4 
15 2.7 2.4 3.1 4.0 2.9 1.3 2.3 4.0 3.2 2.3 1.0 1.9 
16 2.3 2.6 3.2 3.5 3.9 95 2.9 4.7 2.9 2.6 1.3 2.3 
17 27 3.1 3.7 4.0 3.5 1.1 3.7 5.5 3.4 3.2 1.0 3.5 
18 3.4 3.2 3.7 4.3 4.2 2.4 4.8 5.1 3.4 2.9 1.0 5.5 
19 3.2 2.6 3,1 4.8 4.0 16 4.7 6.3 2.9 2.3 2.1 2.4 
20 2:7 2.9 3.1 3.1 5.3 2.1 6.0 5.8 4.2 1.4 2.4 6.0 
21 2.1 2.6 2.7 3.9 4.5 1.8 2.4 7.2 3.2 0.6 2.6 3.5 
22 5.3 3.4 3.4 3.4 5.3 3.1 3.4 5.8 1.1 1.3 2.3 6.1 
23 7.9 3.5 2.9 4.3 3,9 2.5 4.3 4.8 2.6 1.8 1.8 7.7 
24 5.1 4.3 3.5 3.1 3.7 4.7 L9 55 2.1 2.6 2.4 6.0 
25 3.4 4.0 3.4 2.9 4.7 1.4 3.9 3.7 2.7 1.4 2.1 4.3 
26 5.0 5.8 3.4 3.5 3.1 2.9 2.9 3.7 2.1 1.3 3.9 4.7 
27 5.0 5.8 3 .1 1.9 4.2 2.3 3.9 5.3 2.3 2.1 3.4 5.1 

5.3 6.1 3.5 2.6 3.,7 1.1 3.5 4.5 2.3 1.9 3.B 6.0 
29 6.4 6.1 3.4 2.7 2.4 0.5 3.7 3.7 2.1 1.1 3.5 6.1 
30 4.0 6.2 4.5 2.4 5.6 2.4 4.2 3,4 3.1 2.6 8.5 6.8 
31 2.4 5.8 3.9 2.5 2.7 2.5 5.5 4.2 3.2 1.4 8.4 3.7 
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TABLE NO. 	MEAN WIND SPEED(kmph) 	
OPP 	BASED 

ON DATA FROM 1958 TO 1967 

  

       

       

       

Hours 	JON 	FEB 	MAR 	APR 	MAY I  JUN 	JUL 	ODD 	DEC 

(1ST)  

0830 5.7 4.9 5.2 4.8 7.7 9.1 9.2 7.8 5.7 

1730 17,7 19.4 21.5 19.9 19.9 17. T. 1 7. 5 18.2 15.3 

U 9.9 10.8 12.3 11.7 17.4 12.2 11.7 11.2 8.6 

u1  13.9 16.1 .17.8 	. 15.9 16.3 13.5 13.3 1.4.1 12.0 

TABLE NO.  2.2 MEAN WIND SPEED (kmph) AT OLICLiT BASED 

ON DATA FROM 1958 TO 1967 

Hours JON FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

(1sT) 

0530 7.3 5.4 4.9 4,6 5,8 7.0 7.9 5.1 .4.7 5.2 5.8 6.5 

0830 6.8 5.2 4.3 3.5 5.5 5.6 5.3 4.3 4.5 4.3 5.1 5.9 

1130 7.3 7.5 . 	8.7 8.0 ..,,7 8.9 8.3 7.0 8.7 8.1 7.3 6.5 

1730 11.1 12.3 13.5 11.8 11.8 1fl. 1 9.7 9.5 10.0 0.8 9.0 9.6 

.2330 5.7 5,1 0.3 7.9 10.0 7.4 8.5 5.7 5.8 57 4.5 4.3 

U 9.4 10.9 12.1 11.8 12.8 9.3 9.2 8.3 8.9 8.3 7.8 7.9 

U1 11.5 12.3 14.6 14.3 15.0 10.8 10.1 9.7 11.1 10.4 9.6 9.5  



TABLE NO. 2.3 MEANJWIND SPEEDj<ph 	T -COCH- IN AIRPORT 

BASED ON DATA FROM 1968 TO i93J 

- - - 
Hours N FEB M8R 

APR MY UNJUL 888 SEP OCT NOV DE 

(loT) 

0230 1.7 1,4 2.1 2.7 4.1 4.8 4.5 3.8 2.7 2.5 2.3 2. 

0530 2.6 2,1 2.1 2.3 3.4 4•5 4.4 3.3 2.5 2.2 2.1 2. 

0830 5.1 4 	
4.4 4.7 5.1 4.7 4.7 4.0 3.7 3.2 3.9 4. 

1130 7.2 8,4 11.3 10.9 11.9 8.6 9.2 11.6 11.8 8.9 7.5 6. 

1730 	13.6 16.3 18.0 16.2 14.3 10.2 11.1 12.7 11.8 10.5 	
9.7 iO 

2330 2.5 1,8 3.5 5.4 5.3 4.8 4.8 Li 4.2 2.7 3.0 2 

W 	7.7 7,8 9.4 9.3 9.7 7.5 7.2 8.0 7.7 7.6 7.4 7 

W1 10.8 12,0 13.9 12.7 12.0 9.3 9.3 10.7 10.5 10.0 9.6 9 

   

TABLE N MEAN J NO SPEED (kmph),AT FORT COCHIN BASED 

ON DATA FROM 1958 TO 1967 

Hours JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV D- 

(isi) 

n830 5.5 5.9 5.2 5.0 5.8 4.8 5.2 5.7 5.7 4.4 49 S 

1730 B.? 9.9 10.3 9.8 9.7 8.1 8.1 8.9 8.5 7.3 6.3 F 

8.3 9,2 10.2 9.4 10.0 8.5 9.1 9.5 9.4 8.1 7.4 

U1 	11.8 13.3 14.7 13.2 13.0 10.7 11.8 12.9 12.4 10.6 10.0 i[ 

I 

6 



TABLE NO. 25 MEAN WIND SPEED (rnphOTPALGHRJBASED 

ON DATA FROM 1958 TO 1 Q6 

Hours 
(isT 

JON FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 

0830 12.0 9.9 7.8 6.4 9.1 10.4 10.4 10.4 9.9 7.7 8.9 10.8 

1730 8.9 9.6 11.3 12.6 12.3 12.6 12.1 12.6 12.9 9.7 7.1 7.4 

U 10.0 9.2 8.3 8.5 11.2 12.3 12.6 12.3 11.2 8.1 7.5 9.5 

12.9 12.4 1fl.H 10.1 14.3 15.3 14.6 15.1 14.4 10.3 9.8 12 	.7 

TABLE NO. 	2.6 MEAN 	WIND SPEED (kph) 	AT PUNOLLJR BASED 

ON 	DATA FROM 1q58 TO 	1967 

Hours JON FEB NOR APR MAY JUN JUL AUG SEP OCT NOV DEC 
(1ST) 

0830 1.2 1.4 0.5 [1.9 0.5 1.1 0.8 1.6 0.3 0.6 0.8 1.F 

173h 4.9 5.4 5.7 4.7 4.1 4.6 4.7 6.0 5.3 3.6 3.1 4,1 

U 4.4 5.4 4.6 3.5 3.1 3.5 3.9 4.5 4.0 3.7 3.0 3.7 

11j1  6.2 6.9 6,4 5.2 4.7 5.0 5.9 6.5 6.1 4,7 4.4 5.1 



TABLE NO. 2.7 MEON WIND SPEED (l<mph) AT JRIpJAIR-

PORT Ar\SED ON DATA FROM 1958 TO 1967 

           

Hours JAN FEB MAR APR MAY JUN JUL 
(1ST) 

AUG SEP OCT NOV DEC 

           

           

0830 4.7 	4.3 	6.5 	7.7 12.8 	10.2 12.6 14.4 12,8 8.5 5.3 4.3 

1730 - 	- 	- 	- - 	- - - - - - - 
U 5.8 	6.2 	7.3 	6,8 9.3 	8,7 9.2 '10.8 9.0 6.8 5.2 5.1 

Li1  

Li Mean 	daily wind speed 

i Mean wind speed for 	the period 0830 - 1730 1ST. 

Note 	Table 2.1 to 2.7 is reproduced from the Book Lund Energy Data For 

India by Anna Mani and D.A. Mooley. 
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2. 	-Investigations: 

Literature shows that a wide variety of wind mill designs 

have been tried all over the uoild. 	The power coefficients 

for the striqht bladed cyclogyro, Sa\Jonius, 3 bladed horizontal 

axis and multibladed horizontal axis wind turbine are in the 

order of O./ 	P.2, P.35 and 025 respectively. 	Out of the 

\iarious models the following models were tried. 

	

2.1 	Vertical axis, stricLht  bladed, fixed _pitch CyclOqyr9) 

Although the tnrgue coefficient of this variety of 

a 
	 turbines is not attractive, ternnted by the higher power coeffi- 

cient a model hauinq the details shown in fig. 2.1 was fabri-

cated. The primary objective was to use a simple mechanism for 

starting the turbine and to impart the tip speed for continuous 

operation. The sail type semi-cylindrical hinged starters 

provided at +th arm length from the axis were tried. 	It was 

observed that these starters arc not big enough to impart the 

optimum tip speed to the main turbine under load conditions. 

However if a clutch arrangement for starting the turbine in no 

load condition till it ecmthires the required tip speed and then 

put the load on is provided, these starters show a scope f0lf  

I 
adoption. Work in this direction is in progress. 
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2.2 Sa\Jonius rotor with deflector uqmentor 

Duinq to the simplicity in construction of both rotor 

and the supporting structure high torque coefficient Savonius 

rotors are more attractive than many other designs particularly 

For water pumping. line possible way of improving the existing 

savonius rotor is by increasing the energy contend in the wind 

incident on it. R concentrator inside which the rotor is insta-

lled, has been tried. This has shown an increased power coeffi-

cient as high as P.S at a tip speed ratio of the order of 1.5. 

This value is indeed comparable with the most sophisticated wind 

U 
	

turbines of the world. Fig. 2.2 shows 	the arrangement in 

schematic. However the construction of the concentrator as 

depicted is very costly with a view to reduce the cost of .onstr 

ction and to achieve a high coefficient of power, a self oriEnti 

deflector Augmentor is tried. Fin. 2.7 shows the details of thi 

improved scaled down version. ThE initial observational trials 

shows encouraging results and the investigation is in progress. 

I 
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Horizontal axis - 3 bladed rotor 

Plultibladed wind turbines 9  both with metalic blades (OPOLY, 

Murugappa, HEL) and sail winds (Six bladed NRL) are the pre-

sent choice for water pumping, primarily because of the local 

technology and high starting torque. 	However, of late it is 

seen that work for the development of a 3, bladed version for 

water pumping is worthwhile. Use of localy available materi-

als and less sophisticated technology for manufacture are the 

out standing features in this investigation; 

3 bladed model having a rotor diameter of 2.5 meters 

using metalic blades each of 1 meter length, 30cm and 24cm 

rhords at root and tip with 1fl camber was fabricated. 

Bearings of the rotor use steel balls and bicycle components. 

Investigation is in progress. 

2.4 Performance evoluation 	 pumn  

It is understood that multibladed wind pump are available 

readily in the market and correspondence is in progress for 

procuring them. Ni/S. Niurugappa Polytechnic has agreed to 

supply one set for trial. It is expected to be received soon. 

1- 



3 • 1] Future prona mcne of work 

	

7.1 	Work on Rotors 

The on going improvements and modifications on the wind 

rotors will he cnntinued. 	Introduction of components for 

higher power coefficients using all un-conentinnal wind 

rotors also will he tried. 

	

3. 2 	i0LK on  supportingstructures 

The cost of the supporting structures for wind mills usin 

usual materials such as iron or wood is becoming extremely 

high. 	In many cases n cost of supnort becomes more than that 

of the rotor. Keeping this in OiEW it is decided to try 

pre-fabricated R,F.C. Poles for supporting structures, 


