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ABSTRACT 

Electricity suppl y i s limite d an d it s cos t i s als o increasin g steadily . Sola r energ y 
is abundan t an d i t ma y b e economicall y utilise d a s a  supplemen t t o electri c 
power, i f appliance s suc h a s sola r wate r heaters , ai r heaters , dryers , ai r 
conditioners et c ar e mad e availabl e a t lo w cost . S o i t i s importan t t o develo p 
methods an d technolog y fo r th e utilisatio n o f sola r energy . A  solar wate r heate r 
has bee n designe d an d fabricate d fo r domesti c an d industria l use s whic h ca n b e 
commercialised. While  carryin g ou t thi s projec t w e als o aime d a t developin g 
awareness an d skill s i n usin g locall y availabl e material s i n efficien t an d 
economical ways , thu s becomin g independen t o f imports . 

The typica l sola r wate r heate r consist s o f a  fla t plat e sola r collector , a n 
insulated ho t wate r storag e tan k an d th e pipin g system . A  prototype, 1.1m 2 fla t 
plate sola r collecto r wa s fabricate d fro m locall y availabl e material s ( Y A  Jimo h 
1983). I t wa s teste d i n a  thermosipho n wate r heatin g syste m connecte d t o a  6 2 
litres insulate d storag e tank . 

Performance test s wer e carrie d ou t ove r a  perio d o f on e year . Th e result s wer e 
quite satisfactor y wit h th e ne t absorbe d powe r being , o n average , abou t 250 W 
per squar e metr e collecto r are a (considerin g a  da y o f 8  hour s fro m 8.0 0 a m t o 
16.00 pm) . Th e rang e varie s fro m 0  t o 600 W pe r m 2 dependin g o n th e intensit y 
of sola r radiation . 

The cos t o f th e complet e sola r wate r uni t a t th e tim e o f constructio n CJanuar y 
1983) wa s 50 0 Naira . A t present , th e cos t i s estimate d t o b e abou t 1,00 0 Naira . 
Further wor k t o increas e th e efficienc y o f th e sola r wate r heate r involve d 
improvement t o bot h th e collecto r an d th e insulate d storag e tank . Progres s wil l 
be reporte d i n du e time . 

INTRODUCTION 

Researchers a t Kadun a Polytechnic , Kaduna , Nigeri a hav e bee n designin g an d 
developing a n appropriat e an d efficien t sola r collecto r usin g locall y availabl e 
materials an d skill s a s fa r a s possible . Th e sola r collecto r wil l b e used  supp y 
the newl y constructe d studen t cantee n wit h al l it s ho t water . Th e initia l capita l 
investment i s expecte d t o b e offse t b y th e savings mad e i n th e runnin g cost. 

This pape r describe s th e desig n and  evaluatio n o f th e performanc e o f a  pnototyp e 
collector. 

SOLAR COLLECTO R DESIG N 

Solar collector s exis t i n variou s form s an d type s bu t fior  ou r sola r wate r heate r 
project flat  plat e collector s wer e selecte d becaus e of f thei r simpl e geometrica l 
form, whic h make s fo r simpl e constructio n from . locall y availabl e materials . 
They als o hav e comparatiwel y goo d performance . 
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The mai n component s o f a  fla t plat e sola r collecto r ar e th e absorber , th e hea t 
exchanger, insulation , an d th e fram e an d cover . Thes e ar e discusse d i n th e 
following sections . 

The absorber-heat exchange r 

Because o f cos t constraint s an d th e leve l o f technolog y i n Nigeria , th e absorber -
heat exchange r wa s fabricate d fro m galvanise d mil d stee l plat e an d coppe r pipes . 
Aluminium sheet s an d pipe s wer e considered , bu t aluminiu m pipe s ar e no t 
available locally . 

The fina l selectio n o f a  combinatio n o f mil d stee l platin g an d coppe r tubin g ha s 
sufficient therma l efficienc y an d i s a n optimu m economi c solution . Efficienc y 
can b e furthe r improve d b y doubl e glazing , hone y combing , etc . 

The absorber-hea t exchange r wa s constructe d usin g 12.5m m coppe r rise r pipe s 
spaced a t 125mm . Rise r pipe s wer e joine d t o 25m m coppe r headers . A  2m m 
thick galvanise d mil d stee l plat e wa s cu t t o fi t th e space s betwee n th e coppe r 
pipe an d headers . Th e whol e uni t wa s coate d i n mat t blac k paint . 

The insulatio n 

Initially, a  combinatio n o f chipboar d an d glas s fibr e wa s use d a s insulatio n fo r 
the collecto r an d th e storag e tank . I t ha s no w bee n replace d wit h polyurathan e 
foam whic h ha s a  ver y lo w therma l conductivit y (0.02 6 W/m°k ) an d i s abundantl y 
available locally . 

The fram e 

The collecto r i s enclose d b y a  galvanise d mil d stee l frame , lagge d fo r lon g lif e 
and durability . Th e fram e i s 1230m m b y 925m m an d include s a  glas s cove r 
selected fo r durabilit y agains t advers e weathe r conditions , goo d transmittance , 
low absorbance , dimensiona l stabilit y an d availabilit y i n th e loca l market . 

WATER STORAGE TANK AN D PIPING 

The ho t wate r storag e tan k use d i n th e test s o f performanc e o f th e sola r wate r 
heater wa s a  6 2 litr e rectangula r mil d stee l tan k lagge d wit h 10m m thic k glas s 
fibre an d enclose d i n a  chipboar d box . Thi s tan k remaine d abov e 40° C overnight . 
This i s no w t o b e replace d wit h a  10 0 litr e tan k whic h i s doubl e walle d wit h 
polyurathane foa m lagging . 

COST 

The complet e sola r wate r heate r installatio n comprisin g 1.1m 2 collector , 6 2 
litres ho t wate r tank , piping , fram e fittin g an d woode n support s cos t N50 0 i n 
1982. Th e cos t ca n stil l b e considerabl y reduce d i f unit s ar e mas s produced . 

PERFORMANCE TES T 

During performanc e test s th e collecto r wa s connecte d t o a  6 2 litr e storag e tan k 
by lagge d galvanise d stee l pipe s an d fitting s i n a n ope n circui t thermosipho n 
system. Th e collecto r fram e wa s incline d a t a n angl e o f 12 ° t o th e horizontal , 
towards th e sout h a s Kadun a i s situated a t abou t 12° N latitude . 
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Thermometers wer e installe d a t th e entr y an d th e outle t o f th e collector . 
Provision wa s als o mad e fo r measurin g th e temperatur e o f wate r i n th e tank . 
Readings take n included : (i ) ambien t temperatur e T A i n °C ; (ii ) collecto r inle t 
temperature T 1 i n °C ; (iii ) collecto r outle t temperatur e T 2 i n °C ; (iv ) th e 
temperature o f th e wate r i n storag e tan k T 3 i n ° C wer e recorde d dail y o n hourl y 
basis fro m 8  am t o 3  pm. 

Table 1  shows typica l dail y temperatur e recording s fro m 8.0 0 t o 18.0 0 hour s an d 
the calculate d powe r outpu t P  i n watt s o f th e collector . 

OBSERVATIONS 

With th e ful l capacit y o f 6 5 litre s o f wate r i n th e thermosipho n system , th e 
collector outle t temperatur e wa s 55°C , collecto r inle t temperatur e 49° C an d 
water temperatur e i n th e storag e tan k 50° C o n a  cloudy , wind y day . Th e highes t 
water temperatur e wa s achieve d i n th e storag e tank , 78°C , wa s recorde d o n 
April 5t h 198 3 a t 13.0 0 hour s o n a  da y wit h a n ambien t temperatur e o f 38°C . 

The mea n ne t powe r outpu t o f th e collecto r determine d fro m th e hea t energ y 
gained b y wate r whe n th e temperatur e i n al l part s o f th e syste m i s almos t equa l 
is 265 W pe r squar e metr e collecto r area . Bu t th e powe r outpu t o f th e collecto r 
varied betwe n 0  an d 60 0 W  per m 2 durin g th e da y dependin g o n th e intensit y o f 
solar radiation . 

The powe r outpu t ca n b e considerabl y improve d fo r norma l wate r heate r 
operation wher e wate r i s take n ou t an d th e sam e quantit y i s automaticall y adde d 
in domesti c an d industria l installations . A  large r capacit y tan k wil l improv e th e 
thermal efficiency . 

SUGGESTIONS FOR IMPROVEMEN T 

1. Th e desig n i s t o b e modifie d b y eliminatin g th e coppe r pipe s an d makin g a 
thin bo x wit h a  coppe r absorbe r plat e o n th e to p an d a  stee l plat e behin d a 
100mm polyurathan e foa m lagge d ho t wate r storag e tank . 

2. Th e fram e ca n b e mad e o f seasone d an d painte d wood . Thi s woul d exten d 
the lif e o f th e uni t an d improv e th e insulatio n o f th e absorbe r plate . 

3. Th e us e o f foa m a s insulatio n wil l reduc e cos t an d weight . 

4. Th e storag e tan k i s t o b e installe d nea r t o th e collecto r t o reduc e hea d 
loss du e t o friction . Installatio n o f a  sola r energ y powere d pum p wil l 
further improv e th e therma l efficienc y o f th e unit . 

CONCLUSION 

Experience gaine d fro m thi s prototyp e ha s indicate d tha t efficien t sola r wate r 
heaters fo r domesti c an d industria l application s i n Nigeri a ca n b e successfull y 
developed an d produce d a t les s cos t tha n importe d ones . Encouragement s an d 
incentives shoul d b e provide d fo r th e developmen t o f thes e type s o f impor t 
substitution projects . 
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TABLE 1 : Typica l dail y temperatur e record s an d hourly powe r absorbe d 

Total capacit y o f wate r i n th e syste m :  6 5 litre s 

Date 

8.3.84 

Time 

8.00 
9.00 

10.00 
11.00 
12.00 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 

T A 

27 
29.5 
31.5 
32 
36 
38 
39 
39 
38 
36 
34 

T l 

26 
41 
45 
49 
55 
60.5 
66 
72 
72 
62 
52 

T2 

26 
43 
50 
56 
62 
60 
73 
76 
74 
69 
53 

T 3 

48 
48 
50 
56 
61 
57 
72 
74 
73 
68 
65 

T4 

0 
0 
2 
6 
5 
6 
5 
1 

-1 
-5 
-3 

Power outpu t 
P-Watts 

0 
0 

152 
456 
380 
456 
380 

76 
-76 

-380 
-228 

TA 

T l 

T2 

T 3 

T4 

Ambient temperatur e 
Collector inle t temperatur e 
Collector outle t temperatur e 
Temperature o f ho t wate r i n storag e tan k 
Hourly differenc e o f T 3 
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