
- 18 7 -

A CASE STUDY O N FIELD TESTING O F WINDPUMP S IN INDIA 

A R  Venkatanarayana , Win d Energ y Project , Nationa l Aeronautica l Laboratory , 
Bangalore, Indi a 

ABSTRACT 

This pape r describe s a  simpl e approac h t o th e testin g o f appropriat e technolog y 
design windpump s an d som e earl y experienc e i n operatio n o f a  relativel y simpl e 
field test . Thi s fiel d tes t include s comparativ e assessmen t unde r identica l 
conditions, a n impartia l recor d o f maintenanc e requirements , an d generate s 
performance dat a t o predic t th e quantit y o f wate r likel y t o b e lifte d o n gros s 
monthly basi s a t differen t places . 

INTRODUCTION 

There i s considerabl e interes t i n designin g lo w cos t win d pump s fo r th e irrigatio n 
of smal l farms . I n 1976-7 7 a  projec t wa s initiate d t o desig n a  sail-typ e windmil l 
of 10 m diamete r (late r reduce d t o 7.5m ) couple d wit h a  rotar y pump . Tw o 
prototypes wer e monitore d i n a n ope n fiel d a t th e Nationa l Aeronatucia l 
Laboratory (NAL) . Performanc e wa s monitore d b y hourl y an d dail y aggregat e 
output measurin g averag e wit h hub-heigh t win d speeds . 

Multivane windmill s o f appropriat e technolog y typ e hav e als o bee n develope d b y 
other institutions . Fiel d performanc e dat a i n respec t o f thes e design s wer e no t 
available an d extrapolate d claims , calculate d apparentl y o n th e basi s o f shor t 
term tests , seeme d optimistic . 

If decisio n maker s ar e t o mak e th e bes t choic e betwee n th e availabl e technology , 
it i s essentia l t o substantiat e claim s o f cost-effectivenes s throug h appropriat e 
and comparabl e test s o f performance . I t wa s therefor e decide d t o 
simultaneously operat e severa l differen t windpump s i n th e sam e fiel d unde r 
identical conditions . 

A numbe r o f sophisticate d fiel d test s ar e use d i n severa l industrialise d countrie s 
for testin g win d electri c generators . Mee l an d Oldenkam p (1984 ) repor t a  singl e 
example a t Eindhove n i n th e Netherlands . 

This pape r describe s a  relativel y simpl e approac h t o measurin g performanc e 
which woul d b e suitabl e fo r an y developin g countr y withou t externa l assistance . 

A TENTATIVE METHODOLOG Y FOR WINDPUM P TESTING 

1. Emphasi s o n shallo w wells : A s state d earlier , th e fiel d testin g discusse d 
in thi s pape r i s primaril y fo r th e us e o f windpump s fo r irrigatio n i n smal l 
farms fro m shallo w ope n wells . Therefore , thi s activit y reflect s 
performance measuremen t i n th e rang e o f tota l hea d no t exceedin g 8 
metres. 

2. Emphasi s o n gros s performanc e data : On e aspec t o f thi s programm e ha s 
been t o pu t mor e stres s o n comparativ e gros s performanc e o f windpump s 
under identica l conditions . I t i s als o envisage d t o generat e performanc e 
data o n 1 0 minut s average s a s wel l a s analysi s o f win d distributio n a t th e 
site recorde d b y mean s o f a n anemograph . 
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Therefore, performanc e a t site s o f differen t win d distributio n ca n b e 
extended later . 

However, win d velocit y distributio n dat a ar e availabl e onl y i n 3 7 location s 
in India . Monthl y mea n win d spee d dat a ar e availabl e fo r 317  locations . 
Therefore, a s a  firs t approximation , gros s performanc e ove r 2 4 hour s an d 
aggregated performanc e ove r a  perio d o f a  mont h an d longe r hav e bee n 
used. 

3. Emphasi s o n extende d testing : Enduranc e testin g o f th e prototype s i s 
carried ou t i n th e fiel d t o determin e th e fal l i n performance , i f any , ove r 
time an d obtai n a n ide a o f maintenanc e requirements . Thi s i s essentia l i n 
respect o f appropriat e technolog y design s du e t o lac k o f standardisation . 

4. Measuremen t o f roto r powe r coefficient : A s a  sid e study , powe r 
coefficient o f th e roto r wa s determine d treatin g a  rotodynami c pum p a s a 
calibrated load . Th e pum p wa s teste d i n th e laborator y t o determin e it s 
input powe r requiremen t a t differen t rotationa l speed s fo r selecte d stati c 
heads. B y measurin g pum p speed an d hub-heigh t win d speed s unde r stead y 
wind condition s o f 5-1 0 secon d duration , i t wa s possibl e t o estimat e powe r 
drawn b y th e pum p an d thereb y th e powe r coefficien t o f th e roto r 
inclusive o f gea r trains . Thi s wa s possibl e onl y i n respec t o f th e NA L sai l 
windmill whic h ha s a  rotar y driv e trai n couple d t o a  rotodynami c pump . 

EARLY EXPERIENC E WIT H SAIL WINDMILL TESTING 

NAL sail windmil l 

While th e developmen t o f thi s windmil l i s no t th e subjec t o f thi s paper , aspect s 
which hav e a  bearin g o n it s fiel d testin g wil l b e described . Thi s windmil l consist s 
of a  low-cos t sai l roto r o f 7.5 m diameter . Initially , sail s wer e triangula r i n shap e 
typical o f Gree k designs . Afte r developmen t o f a  nove l spoile r typ e regulation , 
the pla n for m o f blade s wer e change d t o trapezoida l sinc e manua l furlin g fo r 
which triangula r shap e i s mor e convenient , wa s n o longer required . Thi s windmil l 
is intende d t o operat e rotar y an d rotodynami c pump s kep t a t th e groun d level . 
There i s a  vertica l driv e shaf t supporte d a t th e to p an d th e botto m o f th e towe r 
(Figures 1  an d 2) . Th e housing s a t th e to p an d lowe r en d consis t o f mas s 
produced beve l an d hypoi d gear s whic h als o provid e th e necessar y roto r spee d 
step-up require d fo r th e pump . 

Since 197 8 prototyp e testin g o f th e NA L sai l windmil l ha s bee n carrie d ou t o n a 
well expose d fiel d situate d i n th e campus . However , sinc e prototype s hav e als o 
been undergoin g developmenta l changes , th e testin g ha s no t alway s bee n 
continuous. A  flo w mete r wa s place d i n th e retur n deliver y lin e fo r takin g 
advantage o f th e fac t tha t discharg e fro m rotar y an d rotodynami c pump s wa s no t 
of intermitten t nature . I n th e absenc e o f a  goo d sourc e o f wate r supply , th e 
testing wa s carrie d ou t b y devisin g a  recirculator y arrangemen t simulatin g a 
total stati c hea d o f 6- 8 metres . 

Almost uninterrupte d flo w mete r dat a ar e availabl e fro m a t leas t on e o f th e tw o 
prototypes durin g th e las t tw o years . Measurement s wer e carrie d ou t onc e a  da y 
on wate r mete r an d cu p counte r anemometer . A  plo t o f 24-hourl y discharg e 
against win d spee d indicate d fairl y goo d correlation . Thi s wa s confirme d i n mor e 
recent test s i n whic h th e rotar y van e pum p wa s replace d b y regenerativ e turbin e 
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pump an d prototype s ha d eithe r triangula r sail s o r rectangula r sail s (Figur e 3) . 
Correlation o f performanc e wit h Weibul l parameter s i s planned fo r th e future . 

Determination o f roto r power coefficient s 

Wind spee d wa s measure d b y mean s o f a n electrica l cu p anemometer . Th e spee d 
of rotatio n o f th e pum p shaf t wa s continuousl y recorde d b y a  tachogenerator . I n 
this manner , pum p spee d an d win d spee d correlatio n wer e establishe d b y 
selecting onl y stead y record s o f 5-1 0 secon d duration . Observation s whic h 
represented condition s unde r whic h th e roto r appeare d t o b e i n th e proces s o f 
orienting wit h th e directio n o f th e win d wer e rejected . Als o peak s representin g 
instantaneous gust s wer e no t considered . 

The measure d rotationa l spee d o f th e pum p wa s interprete d i n term s o f powe r 
absorbed b y th e pump . Thi s wa s possibl e fro m variabl e spee d pum p 
characteristics determine d o n a  tes t benc h i n th e laboratory . Car e wa s take n t o 
match th e tota l stati c hea d i n bot h laborator y an d fiel d conditions . 

Figure 4  giv e th e powe r coefficien t o f th e roto r (whic h include s losse s i n gea r 
trains an d shafts) . Th e detail s o f th e tes t ar e provide d Rames h (1985) . 

Extended testin g o f component s 

Four additiona l win d pump s wer e fiel d teste d usin g thre e type s o f sai l material , 
namely, mediu m an d heav y qualit y canva s (50 0 gm/m 2 an d 75 0 gm/m 2) an d 
woven polypropylene . Th e pump s wer e operate d fo r 2- 3 year s period . Syntheti c 
material wa s onl y 18-2 4 months . 

Initially th e windmil l wa s designe d aroun d a  commerciall y availabl e swinging -
vane rotar y pum p (Figur e 5) . Thi s pum p appeare d scientificall y matche d wit h a 
medium solidit y windmil l roto r sinc e i t doe s no t loa d th e latte r unti l i t ha s 
picked u p some spee d (Tewar i e t a l 1978) . 

During fiel d operation s thi s pum p showe d significan t amount s o f wea r o n th e tip s 
of th e vanes . Thi s wa s primaril y attribute d t o th e hig h coefficien t o f frictio n 
between bras s an d aluminiu m i n th e presenc e o f water . I n addition , earlie r 
prototypes di d no t hav e roto r spee d regulatio n whic h resulte d i n increase d 
contact pressur e du e t o centrifuga l forces . 

Experiments wer e mad e wit h bonde d rubbe r tip s o n bras s vane s bu t thes e neede d 
replacing ever y month . Thes e finding s sugges t tha t thi s pum p require s 
significant developmen t fo r us e wit h windmill s an d i t wa s experimentall y 
replaced b y a  rotodynami c pump . 

Due t o th e absenc e o f automati c regulation , th e desig n win d spee d an d roto r 
speed depende d largel y o n ho w timel y manua l furlin g coul d b e effecte d i n th e 
event o f a  sudde n storm . Therefore , choic e o f gea r strengt h an d fatigu e lif e wa s 
somewhat arbitrary . While  rotar y van e pum p powe r characteristic s di d no t 
create problem s fo r gears , th e occasiona l hig h load s a t pum p spee d beyon d it s 
rated valu e whic h i s typica l o f centrifuga l pump s result s i n prematur e gea r 
failurs. Thi s proble m wa s resolve d b y usin g stronge r gear s an d th e developmen t 
of a n automati c techniqu e fo r roto r spee d regulatio n (Tewar i an d Rames h 1983) . 
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In earl y gea r bo x design s th e arrangemen t fo r lubricatio n wa s no t adequat e i n 
field testing . Subsequently , greate r car e wa s take n t o ensur e flo w an d retentio n 
of lubrican t i n bearing s an d a t gea r contacts . 

TESTING OF OTHER WINDPUMP S 

Two multivan e windpump s ar e bein g teste d i n identica l condition s a t NA L 
campus a s show n i n Figure 6 . 

At presen t wate r i s bein g lifte d b y windpump s fro m shallo w sump s o f abou t 3 m 
depth. Th e pum p lift s wate r b y a n additiona l 2  t o 5 m dependin g o n th e design . 
Figure 7  shows th e recirculator y arrangemen t throug h a  watermeter . 

While extende d testin g i s necessary , preliminar y finding s sugges t a  significan t 
decline i n performanc e o f thes e lo w cos t appropriat e technolog y desig n 
windpumps (Figur e 8) . Th e pum p bein g use d i s no t constructe d fro m non -
corrosive metal . Ther e wa s n o rigorou s attemp t t o matc h it s part s an d i t wa s a 
very chea p mode l fo r it s siz e (15c m diameter , 25c m stroke , tw o ai r chamber s 
costing 150 0 India n rupees) . 

CONCLUSIONS 

From th e studie s conducte d i t i s possibl e t o recommen d tha t simpl e an d 
inexpensive fiel d testin g o f windpump s ca n provid e ver y usefu l informatio n fo r 
the developmen t an d evaluatio n o f low-cos t appropriat e technolog y design s 
primarily intende d fo r irrigatio n i n smal l farm s fro m shallo w wells . 
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FIGURE 1: NA L sail windmill with triangular sail s 
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FIGURE 2: Schemati c arrangement o f NA L sail windmill 
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FIGURE 3: 24-hourl y discharge and average windpseed correlatio n 
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FIGURE 4 : Roto r powe r coefficien t show n agains t ti p spee d rati o 
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FIGURE S: Schemati c diagram of swinging vane rotary pump 
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FIGURE 6: A  view of the windpump test field in the campus of NAL 
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FIGURE 7: Schemati c arrangement of wate r lifting in the test field 
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FIGURE 8: Plo t of daily system efficiency agains t daily mean wind speed 

The data ar e categorise d o n a  weekl y basi s an d identifie d b y th e numbe r o f th e 
particular wee k rangin g fro m 1  to 1 0 shown on 1  m/s interval s (1.5-2.5 , 2.5-3.5, 
etc). A  clear tren d regardin g fal l i n perforamnc e i s observed . Th e informatio n 
is in respect o f a  low cost piston pump (Venkatanarayana an d Samaraj 1985) . 
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