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This paper l nvest iQat es the performllnce of four d i fferent 
con f igurat ions of a photovo l t a i c powered water , pumping sys tem 
(?vpWPS) . This systen i nvo l ves a pe~~nent ma9net direct eu~:en t 

moto r . Thio motor drive~ ~ c Qnt~itu9al pu~p on t he sane snaft. The 
motor~purnp set is powered teom ~ photovoltaic colIc array ( PVC~ ) ei ther 
diroct ly or th rough one ot the sto r age battery {S Bl ,controller a nd 58 
in series ~ith a con tro l ler . 

~hi$ wo r k pres~nts pertornancQ 
conf ~qu ra t ion s . Al s n , this paper qivos 
funct ion o C t he sys tem conponeots 
environmental c i rC·.l.I1I1;eance~. 

proposed ana l ysis of t he 
water flo... rat. Illud e l 

characterist ics and 
.. . 

tho 

This pape r introduces a II'Iathematic!II I lIIo~-t.l by usi ng theoritica l 
analys is and Qxperi~~t~l reco rded data. Then . t his work presents 
con~rlson between the t WO models. 

This research qives t he obta ined results and tina l con c lus ions . 
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1 - IHlRClIjJCT!ON 
Tha raas tblll~y o( us:ng pho~ovol lale array \0 drlye vater 

pWlplng W\ \ ls for Irr 18a1 \01\ and drtl\ltlog wate r In r , . o te areas ... h~wc 
other energy sources tire- not av.;al1~b !e,ha, .trudy tIe,n denon.tralcd. 
Hew processes ( or ~nu(actur~n8 p~otovol1. l c cells ,nd enhancing 
theIr eoov, r~lon e((le l ency Ire current ly b.l na exp lo r~ enQ aleed at 
reductn, t he cost pSI' peat .. at t . A cos t reduc tion Slans narrowing t he 
SIp between photovoltatc.~ convenl lonal power so~ rc., f or aan~ 
app\lc.tton~ Includ ing waleI' ~plnl . 

Several author s have olscys.~ lhe operotl onal behaviour of the 
P'IP'JPS. l.eaIl1r:-1 and \-4.l.u caud I I I studied the daily behav ior (I ( ?VP\.'fS 
c(ln~tltuted fro . ~ clnt rl!ugo l P~P, I peraanent "~t DC me l or In 
direct coupl ing ~It~ sil ioon so lGr cell. panels 8nalytlcally Ill . 
Cir ri "I~ )ojaltaslllll Invostllated the erflc1e:'lcy of tM 50la r ptunp 
.yue.., withou t eleelrl ctd " t ofaRe IZl. 13 - 9 1 IlhJU f !lte t he US Ifill of 
?VPVPS , but by d lf f. r.nt tyPft~ and othe r net hods. 

this pIper sllia:n t 5 lh~ opera tlo".' belUlv l<Nr aodel. of four 
d l fflrenl ~&8rc8I1te. or the PVi'VJ'S. Th, ".II~lu et>la l ncci of thun 
.odel~ are eompar.a to l hose obt al n.d f r~ t he .~perl~nt. 1 data. The 
e~perl •• ntal data of thl~ .&!r~sat!on Is ~odelad by l i near a~ 
nonllne. r •• the~ltleal eKPres~ l on~ 

Z-SYSTEH PERFORMANCE AN~YSrS 
. The lnveSlJ aa ted PVP\IJ''S <ria. II tatu M' of thc l o lio-otl lli 

confl&ur~tl on : 

a-Tho ftOtor - pu.p se t supplied r ro~ the ?YCA dlr~ct l y ; 
troThe .ntor-~ ..... p set suppl ied fro. the ?'ICA ttlro'.!C" 58 ; 
C-£be .otor-~p Eel supp l ied ~ron the PVCA thrOU8h thR :ontroll~r.2r.d 
d - ihe w:otQr-punp set supplied f ro ... th .. pVCA throuCh sa Il rwi cont ro ller. 

PI~ro r •• nce &IIa l ys ls of thes. conrllurollons Is as f ol l ow. : 

Z. 1 -~!tf2~~!~~!_!~!!r!!!_2[_~~!_~!2~_~~~e_!!~_!~e?!1~_~!~!£!!r . . !t2! 
~~ _~~~~_SE!g~~l · 
Th, r el:a llQl\ t>ct .. 'een terl't\nal vol tago VL , cur r ent I t and tlac:k l . iII . 

t ."[«If ch, .0lo1' " V • • I • tt, , , . 
... he r e R " tto .. ar.uure rellistane. " <h' IIO tQr . 

The ~tk • . • . r £ 19 
£ '" C w (2' 

where C I~ a const~nt and w lc tho onEvl.r ~peed or th~ fto t or -p~~p 
\:e t . Substitut lna froll (Z l In III 

V -I ;!. · C", (Jl , ,. 
The torque equ~tlon or t h, eator I, 

T • C I (4 ) , 
The t orque of the centr l(ugal p~p IE I lvan ~2 
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contro ller . for Maxl.u.. utll12:atlon of the so l ar cells . lhe /Q4tchlng 
Is IIcco.pllahed by Incorporll.l1ng into the sysle,. an electric control 
dey\ce, a .axl.ua power point tracker (HPPT). The HPPT !My be vJewed 
as a tlMe-yarylng transformer . The transformation ratio (n) Is changed 
electronically. corretpondlng to the YDrlations in the load operallng 
poInt duo to the fluctuations of so lar radiation leyel . 

rOllo~~0~~:~~:~5~01 u.se (YL ) and current (11,.) are slyen by th, 

vanvand - I /n ( 12) 
L M L B 

where . V"and I" are lhe yo ltase and current of the max imum opera.tlns 

power. r e'Jpectlyely . 
SubstitutIng rrOll! Eq. ( 12) In Eq . ( l l 

nV - IR / n+E Or , ,. 
n' v n , I, R • 0 (lJ) , • 

f r o .. Eq . (lJ l. tho tran5 rOrlll4l110n r~~!o " n • { E • (E' 0 4 R P - ) ) I 2 v (14) 
• , , 

where p. • v I • , 
Th. operat ion voltage .M cur r ent of th. ~otor-pump set can ... 

cal culated as follows ; 
H~ l liplyln.g both sides or [cr. (l) by I 

I, v • I • . I, [ 
, , , • 

Sinee I, v • I v • P , • , , 
So p. • I' R E , .M , • , 

• I' · [ , - P • 0 ( lS) . , , • froRl (is), Ih. ope rati on current . " " 
((2 + 4 

o. , 
I • 1- [ • R P ) ) I 2 R , 1 ... ) , • • • from ('C! . (21 'M Eq . (6) 

I I,. " (A / C) t.J2 a (A / C') [2 (17) 

By equallzlng the r ight hand Sides or Eq . (6) & '~!;(I 1 ) 

AE2/e. E / Z R - (e .. 4 R P I / ZR _ 0 (18) 

2-~~~~~!2~~~~~!_~~!!~!!!_2f_~_~!~~:2~~e __ !!! _~~!~~~_!~~~~8~ __ ~~_ .~~~ 
~2~!~!!!~ 
Th1s s lt\J3t!on 1, ll i ustrated In flg . 7 . The 

reslstance.R , across the two po\ nt5 A and 8 a.re .. 
[ . . , 
R • ., 

( EI> R. 

R , 
• • 

Er~) /( R. 

I I R • • 

• 

e . • . r.E , .. 
(19) 

(20) 
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The terminal vol t age be tueen A a nd B IG 
V - 1ft +E 

I,. Leq .q 
Or [rom eq . (12) 

nVw ; (1" /n) R&q .. E~q 
Vn-[: n- I R =0 

II ''1 I( eq 

Theref~r:. e thel t ~~sf~r7~~!On .. ra !1~ l~ 
e q If GQ "~q 

Mul tipl yi ng both $l ges Qf Eq. (Z3) by I 
r 'I '" I R ... IE, or 

from 

So, 

L L L eq l eq 

IL R~q" I I,. E.q 

• E 1(2 R ) . f (E ." ." ~~ 

cqna. (3) an1 ~lt. ) 
\ .. A/C£ 

v • I R 
t l l" 

R~ 1 1,.1 E 

-- , • 
Eb " 0 

•• 

• E • 

I 2 V , 

\./here I
L2

:: I u during d l~charglng 

I L~" ' L 
Eqns (24) and 

dU1" l ng ch .. rg lns 

From 

A 

c' 

(25) 
, R . " 

2l\ 2l\ . 
eq 0<1 

IE ' 
" 

. '" . , 
As . E, can be determined from eq . (28) ,the current IL l Js 

I - (V - E )/R 
L I I,. ... 

There fore ,the elec tri c power inpu t of the lOo to r .P. Is 
P "'I V lia tts " , 

\,Pa te r flow r ale .Q ,can be ca l C1J la t~d as In £q. (10). 

3- KAT~TrCAL MODElS OF THE SYST~ PERFORHANCE 

I' , 
IV , 

< E 

, E 

E -0 • 

(21) 

(22) 

(23) 

(24) 

(25) 

(26 ) 

A long series of elq)erlmenta l .J!eaS\Jre!l.en ts has been produced. Too 
many data points of water flo\l ra te f o r the four ~yste !ll confl gu raUons 
stl..:d led and at different operation cond itions fday nUllhe1", l ~llperllt\,lre. 
tilt angle, solar rad iat ion leve l, and bat tery state of charge ) have 
been recorded. '" Aathernatlca l ",coel. lrIalc lng "'Be of thl5 data base, Is 
to be constructed . Thls l"Odel ilia).' be \,lsed to p red ict the value of Q at 
an y op"r3tln.g cond ltlons W'lth ~..rrlcl enL accuracy. 

RegreSS1(ln analysi s has presented tllO a lternatives to con~t ruc:t 

such intended mode l , na!lle l y 
a-linear 1"egress 10n model ,an<! b- non I i 1'e3 r regr e$$ lo n m-o-del 
~1~:~~_~~8t~~~!~~_~~~~! 

The dependent varlable,y. 1s related li nearl y to the Independent 
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Included a photovoltalc cells array pVC!!, a controller, a storage 
ba ttery and a permanent JIIagne t OC !lo to r driving a centrifugal pump . 
t our different syste m configura tIons we r e studied . Flow ~ate has been 
neasured experillenlally and evaluated theoretI cally . HathelllatIcal 
nodels hav~ been suggested to describe the syst~. perfor.anee . These 
.odeh:- a\~y ' be e;cpt o l led to est i ma te the loIater flolol rate at any 
operating conditions. Results show that there 15 an abovlous agreement 
be tween the values of \.Ialer flow rate recorded experimentally and 
calculated theoretically. The slJggested lIode ls are accurat&d enough to 
predict the system per forllance . The water fl ow r tl le Increases with the 
Increase of Insolat100. The IIlnl.urn Insolation Is r equired t o start 
\,later pumping differs from one season t o another due to the variation 
1n c ll.matl c cond i tio ns . Thus value is r educed by lntroduc ing the 
con troller In the systeJt confIguration a5; a na t chlng devlce. The 
controller lmproves a l!;o t he values of ":ater f low rate at the same 
opera ti ng cIrcumstances. When 58 Is connect ed to the system, the 
system can star t ptUlp lng rcgGrdl c$s th .. lns olaUon va lue a$ Ions a s 
the sto rage ba. t tery Is adequately char ged . The cOMect lon of storage 
battery increases t he values or water rlow ra te also . The system 
pe rfornance 1s ve ~y sl~11ar durIng spring ¢nd autu~ seasons. The fa c
to rs effect on the s ystem pe r f ormance has been studied . The tilt angle 
equating: the l atitude (31.8" )has been found as the optimum tilt 
~n~l e. R~ •• Arv stale ~f cha rge has a signi fican t effect on water fl ow 
ra t e,p~oduced ~y ~ne sy s tem. 
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