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!he pro3eot renewe4 Hlar •a•o, ih applioatlon 11114 

llOlar ooll.eotore. 

the 01l1ndrioal eolar enero oolleotor ba• b•• 

4eeigned, constructed and. teated. fh• oolleotor an4 •to� 

•ffioieno.v �T& been oaloula ted from meaeureent for the 

month of Jul1. The investigation ot ao11e ot the panaet•• 

lives TBlue for the speoular retleotanoe as 0.65; trana­

mJ:ttanoe absorptanoe product as o.ea and interoepUa& factor 

ae 0.75. An absorber water temperature- ot 82.5
•

0 ¥&8 

recorded. The storage taJlk ettici81lCJ' has been obtained as 

41� and a collector eftic ienc.v of 44.25% 
Suueation for further dnelopment on this worlt were 

giTen. 
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l>Yer aillion• of 79&1'8 plante eovmns th• �� 

oomort •n•o from the aun in the pre•..,. •t at11Hplilllll'l9 
carbon (IV) oxide to food 1n a prooe• Imo• •• pboto-
Qll�e•1•. Some of these plant e wbioh are "'1"1 .. ... , la 

tho earth 4ecompoee to produce coal, oil and •tural .. . 

During tho pe.et decades man hae tow¥1 man.v yaltable ueee 
of thie complex chemical aubetenoe, prcxlucing from thell 

plastic, textile an1 other products of petro-ohelaioal 

industry, Ba.ch decade aees 1noroe.a1ng use of those pro4tda. 

However, man l'AB foUIVl another uae ot these Talua'ble 

oh•ioal fl'Olll the earth, a use other then the oree.Uon of 
produots that add to our standard of l1Tift8, but to 'bu:rn 

�m. To burn ttem in e•er increnaine qUD.nti ti•• to pcver 

our •chine and provides heat. Thoy a.re burnt at auoh 

illcredible roto that 1n a few deoadea the world reaene of 

of 1atural BJl• would be depleted. 

It 1• in reoo(!lli tion of tbi• taat that an alternaU'l!t 

baa to be 8ouaht an<l aolar energy hapnena to be the &nllWB!' •. 

Tl» 8\m produoe8 4 x 1026 3oulea of •ners:r per .. oon4 and t bl 
earth reoe1Te8 onl.7 5 a 1024 joulea a J'Bar lfhioh i8 ,o,ooo 
81••8 tM enerp rB'luir•ent at the Pl'fl9•nt ti•• In our 

800iat:r tMre 18 gr .. t demand of •n•ro which at preeent 

1e lar417 met lt� 1"1.rains tlll8t oil, ooel or uae of •l•trtoUIJ 

throUB!l � or tMl'll&l. prooeooM. 
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>. oou1dera'bl• freotion of tb1• fttll'gY demand ooul� 'be ut 

'' utili•in& the a\unllant auppb of eolar aero th• 

OOUDtr7 1• 'blessed vi th. 

1.2 WHAT IS SOLAR r;@R()I 
Solar energ.v is tha enero that ocmea t:raia the eia 

vhioh is electromagn•Uo in. nature oowring all ••• leqtlaa. 

The sun is a hot �siloua body with a surto.oe temperature d 

6 x 1 o'it. 1 t ooul.d be sid to be o. big oon.tin.uoua f\1914* 

reactor tihioh ie supported by gravitntioncl force. It 1• 

believed that tho sun's energ.v urieea from the proton-

proten chain reaction. TUe reaftion ia a thermoauolear 

reaction whereby-hydrogen atoms are transformed into h•l1U11Witt 

vi th enormous am:>unt ot energy been released in the proo••• 

Thie prooese ie 1.ni tintad by a reaction between two protona 

vi th the end reou.lt of a helium atom formed and two protom 

to initiate another chain reaction. The reaction could 'be 

written ae t8 + 1JJ- 2R ++ +"\l 

2n + 1H - 'ire+ ¥ 
3H• + 3g - 4s. + ta + 'u 

The en•ro so tol'llled oooure ia tho interior of the em, 
ae 1 t ie this region •hi oh could auate.in auoh Naotion. 

The energy pro4uoed 1e onn'i.ed to the eurtaoe to 'be ratiaW 

into·�· Moat ot the aolar rdiatton 1a �Witb ill 
1a •••1-.\h of 0.30 Ul4 o.18 •· 

,.· 
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1., WIWILITT Ol OOLAR ll!IUlI 

the a'f81lall111 t1 ot eolar enorp ewer V. OU'th •dlaoe 
1• not uniform. It 1• more a"1Jlllant 1D eo•• area• tbaa otht9. 
the eun' e ehineet regicm on th9 earth 11.. ••••• la U ftl� 

29 - }O'W aDd South of the equator. The 880unt � eolu 
intenei t:f 111\eroepted b,r the earth oa • ua1 t area per .it 

time at its mean d1atanoe from the eun 1• oalle4 •olar 
o011Stant which ma a Tnlue of 135'tlm-2• Thie �u• 1• aot 

t:Wt constant a• it .ar iea. The Yariat1on 18 due to � 

eooentrici t:v of th e eurth orlli t euch that the di•Wince 

'between the earth &nd the sun �-'W'Bri "8 bJ .! "'· 
Certain factors affeot tl':e ayailabillt;y of eolar enero 

on the earth. These area 
a. A 1aoaphcr1c condi Uon 

ll. Geographic looa tion 

o. Time-da:v and year 

Atmospheric condtion determines to a great d•l th• 

aaount of solar radiation roaching the earth'• alll'fao•. 
As eolar :mdiation tranaverae the atmoaphere. 118Yeral oc.plex 

Pb.Y•ioal and chemical effect oooure which aneot greatl.Y 

the 1ntene1b' and epeotrnl distribution of 110lar rad1aUOD 

on tti. earth eurtaoe. 'fbl principal. meobiai• oaueing 
ataoepti.rio altermw.tion of eola radiation is aWlospb.erio 

eoatt•r11J8 and ataoepherio abaorption 1nolud1-s retleotioa. 

Atmoopberio eoatteriq ble a oon •quenoa of .. paratill& tM 

oolar ratiaUon into 41root and dittu• OOllponeD�•· 
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thtre are eneral atmospt..rio oo•Utuents whioh a'beor' 

1noaaina .olar radiation. !he oaa• la,J9r ab80J''b• BM.I'� 

aU the uiva�iolet raUatlon. �ater _,.Ill' a'bmor'N .o1-

1'8diat1on in the intre-1'84 region, Ulloe tM .,..tlral 

distribution ehowe •••ral pronounced clip 8114 J19U in th• 

infra-red region. Variation in atllo•pherio •ter oont .. t 

produoe• ; - 20� yariat i on 1n intensity of direot molar 

rndiation on the earth surface. 

liho •ount of water vapoe in th• atmoephere 4•'*'4• 

upon ollmatio type, aonaon and local altitude. Dey aricl 

resion ot the earth receives more eolar energY than the wst 

regions of tr.e earth. Thia is duo to the a.oount of vatezo 

content and o.loudines�. Cloud frequently reduoea inoollliq 

ni41o.t1on up to 9 9°" by single and multiple aoe.twr1Jl6 &u 

retleoting that amount into space. Scattering varies 

ill't'eeely as the fourth po�er of wavelength. 

The significant see.sonal variation in solar flux per 

unit aroo on the oo.rth aurtaoe is duo to the max1m1.11 tilt 

of the ee.rth'o axi s (23.5°) relative to tee plane o f  ite 

orbit about the sun. Por both Terna! and autUJllDQl equinoz 

puriris the dail.T rotation of the earth, a\IDa ra:r• perpemi­

olllar to the earth eurtaoe at the eQuator illua1A&te both 

the aorthierD and eouthern hemisphere eqU&!.117. Summer in 1be 

3outh bemiapher• aorreapcn4• to the Sourthern be111ispbere 

'9tq tilted tovarde th• aun and winter the OC!QHl'Mo The 

111a'• ra,, i• aormaU, inoident on �·earth'• 8Ul'faoe at a. 

tollovina la t1 tu .. •d tia•• 
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23.5°t - 21n 'im• 
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2,.5• - 21•t Doo•'ber. 

the a•t aolar enero roe.ohing tho erill. 1• hpletell "7 * 

sol.al' speotr\llle fig. 1.1. 

-------- <\�· 

Si?-r_.c_ 43.. ... � .. 

�.\:.�''""�-

�- S-'-�· ��'tt�­
°"" -<=-� 

A, - \ 
0);\ 

'.l \ . 
"---, '--

".1 O•f) �·'6 1·.1.. r l·u 

\;) l \ So'-'.- S.j><..c\q<-� 
�h• distribution of solar radiation with wavelen1th known 

�C.u�) 

a• extra terreatrial eolar speotr1a •bo•• the nrioue 

oomponent of eolar radiation in different wvetonatii ,._.. 

4epioted in fig. 1.2 45� of the eaerp 18 in the Viailtle 

ngion while 5°" in th• iJdra-red region. !hit •lar energy 

111.tonai t7 peak a at 0.6 mioro� with email f?GoUon in ti. 
llltra violet %'9Sion. 
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1 .4 JIGERIA • S SOLAR .J19t;JTIAL 
ligeria lieo 1»etw .. n 4° ud 140, of the •qaat.r an4 

hae 4a:flight or ewusbill• hour of not 1-• tbaa 11 bollft 

per dQY. Radia Uon upto 5500al/ •2 baa llHa reeoldect w1 thla 

tho oountr;f. A rec ord ae high ae 5000&l/oa2 a.a 'bNa 

rocorded in Bauchi. The ocuntr7 •n,107• a IOC4 amomat ot 

eolD.r eners.v and it proporl;v l'.Bl'lleeaed tM mero nquln­

ment ot the aountr1 would be eaeil;v met. 

1.5 USES, A ">PLlCAT'Oti ANp LIMI'l'l1TION 

Solar e norg.v fiai application in Tnrioua va;H and tiel.48. 

Lite on earth ie sustained b:r solar energ.v, aa lll8D nee4s it 

for Wat'lllth, to dry clothes and agriov.lturnl produce. 
Green plants manu!ooture their food with it which in 

turn aervea as food for man. "ther natural obeen'able 

phenomenon such aa wind• rain ocean c urrent, and ocean 
temperature Bl'adient are all austnined 'b;Y eolAr enn'Oe 

Man has :found further use for solar eners.v in domeatio 

applioation such as cooking, heating ..._I' in aolal' cooker 

an4 aolar water heater. Bleotrioity generaUon i• 11114• 

po .. ible b:t eolar oe.11 which oonnrte aolar enco direotq 

into electricity which f1nd8 can.Y o.pplioaUcn• in maa;, 
4ey1oea auoh a• photogr11phio light meter, r•o" •naing 

a4 1a apaoe progl'lla••• Solar •nero ha• ala> been 11"4 

1a 41at1llla1 water. 
• 1A 11"1'18ati-C tara land b� eolar lift 

.P•P• lolar enaro llall alao 11e• ua•c1 in ref'r·te19rat10�, 

eoolin& an4 .,. .. llaHq vbich U. toullll ftl'iou u•• 1a tJia 
tropto and •pernte regiona. 
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It ha• aUo foun4 u•H 111 ae4io1.ne, &fti id.an, tel-.\Uliea ... , . 

power pneraUoll a!lll •pao• llOitllOH. A'°T• all •lar •-W 
19 inu!lau•tibl • an4 pollution-tne. 

In •Pit e ot th• auaerou• fill.4• it 1-• feuu IMIH aM . · · 'V 

Us overwhelming adv antage owr the no:mal · oell'f'eatiou.1 tul� 
it is still being hindered by o erlai n faotore whioh aalr•• 

solar energ.y as an alternative to nonnal ooaTentional fuel 

expeneiTe. 
The inherent mtural problElllB of oolleoting 90lar raclla-

tion and storage, lead to complicated deTioea whioh when 

applied on a large scale makes the oost exorbitant. 

Geographioal factor is a.not her Pl'Oblem as climatic condi tilen 

is not unifDl'lll all over the em·t.h, ,hence the question of 

time weather o r  season comes in place. 

Though tor now solar energy collection and sto r ag e 

is expensive, it should not be discoure.ged as solar enero 

is the only lasting solution to our en«rgy p roblem it the 

p roper teohnolog:v is de..-eloped to mrness it. 
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;JIAPTRR fWQ 

SOLAR OOL!.E01Cll11 

2.1 IN'fil.OPUCTIOJJ 
A solar oolleoto1· is an.v device vhioh a· 

eners.v. t. black body is a good absorber of 

The ohoioe of any collector is determined J' 

"' plate 

ne.< 

to be used for and what temperature outpu' -r: , �••"""'Sf'"'•.__ -

There are ai•1no1pally 3 kinds of collect ¥>';:.\:� to-i�,... 

a. flat plo.te collector; 1 1 � 
b. concentrating or fooua1ng oolleo� _ _ � � . :--. · ..-: 
a. oolar cell. 

It 1s known tt.ut conoantl'<lt1n� 
to aohieve vory l:..igh tempemturea ..___,, c:;. ' -

I fl�,� 
has extenaivel:'I been used, is us� 

_ l''t><-
heat1ng. The flut plate and co· 

convert solar energv into r&d1 

in other fol'l1Je while the eolll 
41reotly into eleotrio!ty. 

2. t IMT PLATB OOLLEotQf 
The flat plate 00111 

UJIO•d to the 8Ull Vi tb 

tbt eo]..r ....,D flmt, 

1• • aJ'- 11n .... p------ --�-�-:---­

ot M tell'ial Wl th flO' 
... Z'll•tb tile •lie 

' L-\\<..,_\.c.;. ,\""\:'>: ':::, oV\, 

;....,r...,,�\ 
\-.,-.�1.,,l;i, 
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SOLAR OOLLPjql<llR 

201 
IF*RQDUC'l'ION 

A solar oolleotor 1a an:r 4evio• vhiob ablorM IOlar 
en&r&v. A black body ie a good absorber of IOlar ••o. 
The ohoio• ot any collector is dotenn1ne4 by vlat it 1• 
to be used tor and what temperature output 1a e.zpeote4. 

Thera are Fino1pally 3 kinds of collectors' 

a. !lat plo.te oolleotor; 

b. ooncentroting or :toousing oollector ant 
o. oolllr oell. 

It 1s known tt:et cono<m tl"U ting collector hae been u•4 
to achieve vor:1 l:igh telil.p6l'atures vhils the flat plate whioh 

has extenaively been uaad, is used for moderate teaperature 

bee.ting. The flut plate and conoentratin,:: colleoto r both 

convert solar energ.v into radiant enarg.Y whicl. 1• thin uee4 
in otbtr fol'IDB while the eolo.r ceU con'terta eolar •llet'O 
4ireotly into eleotrioity. 

2.1 lLJ.T PLATE ®LLBOj'QR 
Th• flat plate ooU.ator 1• a bl:aOkenecl flat aur,._ 

UJI0•4 to th• sun vi tbout a111 nUcal 4nioe to .ii.nee 

tbs eolar ...... 0 tla. fh• ar• abeorlllnc solar n.41aUoa 

18 'MU• �--ptt• it• the flat plate 18 �ual.17 •do 

ot ••ial •Ull 10od �l oca4uotiT1U• A p.1pe attached 

......... tM a .. o .. 1� .� oarri•• the wo� tlUid. 
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Beat •uro ie olt�ae4 liar beat aoban41111etve• the plate 

and the fluid Uoviq ibrouch the '1PH• 

'fh• flat pla'tie ball u. anaata• ot 11e1111 altl.e te 
ue ltoth tM ditt1211e an4 1*.a 0011poaent of .. Jar Ntiati• 

and does not require auoh traallin& of tbl 8Wl u 1 t 809e8 
aoroll8 the •kJ. It is •aey to oonetruot an4 llan4le. Fic-2 
1:lg. 2.0 el'.owe tha flat plato oolleotor. 

. ,  
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2. 2 OOJ!911!TWilUl CQLIJWOR 

Conoeatr.Uns ooUeotor utilisH opti•l •11w 1a 
enblaOiD8 aola:r •Ml'O tluz. lall•ll.Y th•• ue WO kia•t 
the r.tlaotor wbioh uUliua a1rrol'I u4 otll9r • tenal 
w1 th retleoting proPorti .. u4 Nfraotor wbioh ut111 .. , 

tn•a.l. l• ... •· The retleoUns aurtaoe ue4 1• oOMe...,_ 

ting racl1at1on, on an enaro abaarbins aurtaoe oould 'lie 
oJlin4r1oal inrabolio or apherioal parabolic. fb9 .,un..i 
parabollo oolleotor ooll.ats and oonoentrat•• radiation a t  

a point while the o'lindrioal pe.rabol1o colleotor colleot1 

and conoentratee 1 t alone the line of focua. fhe workin& 

t•perature or concentration ratio could be vaed in ddiniBC 

different tJPSa of ooncentratore. 

Conoentrat1on ratio could be defined as th• ratio of 

the et:tective area of the aparture to· tlle area of the solar 

ener&Y abeorber, or in terms of tho en•r&Y flux ae the :rauo 

betv .. n tbe incident flux and that of the abeorbed fluz. 

Thia 1.opl1ea that aa conoentration ratio inoreaeee the 

ao09ptano• angle which ia the amount of aide diTiation 1'l"Oll 

tm perpen41oular but which could still be 1nieroepted � 
am ab110rber deor•••• and htno• the toouaing oolleotor hall 

to tnoll th• aun to keep tbe illlap oentrecl on the abeorller 

•• th• 9UD ao.,•• aoro .. the *>'• 

Bish wlue of oonoent.raUon rauo (o) requir•• that tbe 

4"1oe •lloul4 be oontinuoual.1 a4,1uU•4 to keep 1' properl, 
allipet. 
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tu oODoeDtraUoD raUo ooul4 1te writtea aau.&Uoa� u 
0·· 0 

Wber• fJ • ria aqle ucl e0 the aooep•• &neleo 
0n9 ooneequeloe of the abou tot1a1Ucm 1• ttat a oolleotcr 

with ,a alli.11 acoeptane41 angle and mall alleor� ar•• 

would have h1&h oonoen tration raUo, heaoe bigh dtie1� 

due tr, emnl t thermal loaa from smll abaon1n1 ana. !Ille 

1r t;h.V spherical oonoentrat1rl8 colleotora vhioh ooaoentrate 

nt a point rave been able to achine aver,- hilh teaporat .. 

output since the energ.y 1ntena1 ty at the tooua ooul4 be 
extreme17 high. Fig. 2.2 and 2.J show the mpb.erioal en4 
parnbcl.io oyi1ndr1c:al collectors. 

) z::: I I 
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2.4 SOLAR CILL 

�\r �i¥�-\-

w.J.Cr 
o ... \:W-

\>.�.\-
l-:....\1"'• \-) 

Solar cell are eim1oonductor devies. The P and n tn• 

are 1n c m tact and when light with enough enerp hll• on 
the junction the bond is broken. The broken bond produoee 

tree eleotrona and holes. The bole oarriee a poa1t1" 

charge ac9081!1 the junction. This moftment of electro• an4 
holes producH eleotr1o current or Yoltage which i• .... urea 
Q an external o1rou1 t, Thia proceaa is a direct ooi.ern.a 

of eolar energy into eleotrio power b:r photoelecvio etteot. 

81lioan and gemani\11 a.re * moat vid•l.7 uH4 ...S.oon4ueten. 

� eiliocm photocell 1• a photcwoltaio Mll vhioh 

llebana aa a nomal p-o junction in the alleenoe of ll&ht. 

to oYft'ocme pro1Jlem• a•oo1ate4 with olo\14• or 487-lllP.t 

.,.i. a photnoltaio 4n1oe oaD be anaalld ta .,... and 
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th• r .. ul�' eleotrio PoYV trauaU\ff to earth 1a 

aierOR•H. '!he uee of aiorowana m.u.c woel.eatllt ot "9 
tor pever trnnaiHion would keep a111oapherio io .. to altoat 

and aodere. te nen in •nen atom. 

A staple atoraae technique of the eolar eaao •'talmlt 
trae aolar oell 1a in the use of batteriH. A '8tta� 

1aoorpora ted in n eolnr cell circui t can be omr,.S cluriq 
tk• funotiollift{J period ct the cell and diacbal's-• VU. tllie 

oell ie not functioning hence a continuous auppl.7 ot eleotl'loal 

enero ie obtainod. 
r'--�tt- �t \� '">'"''- +.....�'.)-\ --\.----
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2.s WIQJEIQX or SOMR OOLlfQ'fOIS 

fbe performanoe of au •llMtor - '9 a..tM& 
U111Jlg tvo aoeffioieatat 

a. Optical ooeftioiat whioh 41.ori'laH the ...... te 
which aol.ar radiation ia oolleoM4, 

b. Tile h<>llt loat to the env1romct 

Hent loes to the envirOJ!lllant increaaea vUll ooU.otnt 

temperaturo, hence collector with llllltlll ovoroll beat .lo8• 

would have a higher ef!iolenoy value thnn one v1th a !dill 
value of heat loea. nffioionoy could be defined as the 
ratio of useful work to absorbed flu.� intercepted. 

""- a WJeful work/flux interoepted. 

Optical. eff1o1onoy which coul.d be defined for cono-­

tre. tina colleotors shovo the degree to which the optionl 

properties could reflect entl oonoentrate rndiation. lt 1• 
the ratio of tJ.•� flux abeOTbed to the flux 1nteroepte4. 

The optical efficiency dependo on transmi•aicn propertt .. 

of the glazing material, on abeorbtance transmittnnoe pralalot, 

* specular and intnroept:rns factor. Th11 thermal etfioie� 

which 1• the offioiency due to the working system it•U 
could be determined tn torme of tho mo.as flow rate beat 
exobange ooetticient (H), the heat loss an:! output t9ilPel'&ture 
(!out). the maes t lov rn te ntfeot the ou tput �ompera ture 

on4 uae:tul !lent flux. It 11lso affeotE1 tho thenial loea .. , 

benoe the eff1oieno7. If all th• heat in a oolleotor 1• 
loet to the environment the ett1oimoy 110ul.d lie •sro. 
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RWf BR !BUI 
woax or TH& ffil!!p!Ug.AL QOlfC&!TRATIIG OOLLBgf9R 

'·' UTf\OPYO''fION 
In an, solar oolleoUon device , the prinOS.ple uauall,J 

illpl�d is to U:PoM a dark aur1'aoe to solar radiaUoe, 

llO that rediation 1a abaorbed. When optioal •:J•Wll 1• 

1£Ullsed to oolleot or etallanoe the intenait;v ot eolar racliatlq 

on the enere.v absorbing surface, tte davioe ia oalle4 a ..,. 
oentreting collector. 

Enry ayatem for conversing of eolnr enero 11hich are 
praotioally energ,v at ehort wavelength to thermal enero 

or longvave len«th ennrgy shouJ.d include: 

a. 3olar collecting a�ace 

'· thel'lllal atorase 

o. heat transfer fluid which trruisfers the ext:rnotcd 

energy from tho oollect
'
or to the thermal etorap. 

Some heat traneter fluid are1 air, water, oil and BClllB 

organ fl.uid. \t/ater 11,s the moat euitable tro.nete:r 

fluid but l1m1to4' �,11te boiline point. 

The tomperntura ach19"4 for a foousin e oolleoto:r ie 

uaually higt due to apnoent�Uon of eolnr enero on a -ll 

area. fhe emnller t�e area, '.�h• higher the energ vlWI 

am the higher th• , t•perd��· 

.f 
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3.2 CYLINDRICAI. PARABOLIC CONCENTl:ATING COLLECTOR 
'There are different kinds of configuration of 

focusing collectors which �llow new act of dosiGn 

,_ 

parameters. One of which is the cylindrical collector. 
The cylindrical parabolic collector focuses radiation 
onto the axis where it is absorbed. It is also known 
as line focusing collector. It is made up of: 

a) Parabolic concentrator 

b) Absorber material and 

c) Glazing material. Fig 3.1 shows a typical 

cylindrical parabolic collector. 

,(,, .  J A-�-w�...L<(<? � '\ V 
I 

;J 
•. � <>·••-';"'" 

C.:.0•,4....t."\:Y, (,.. \-"t"n .... .,.?C",,..�"'\- \"be.. 

C.�\.·J--�J (\\,.\t_.;..,\) 

Fig. 3.1 Cylindrical Solar Collector 
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'·' W QJ!QBlrRA.'l'QR AID !RAOllNG ME'l'HQDS 
In the o:.lin4r1ml P&l'n11ol1o oolleotor, the parallolio 

oonoentrator 1e tbe aperture open to nlar ra41atton, whioll 

l"'Clfl t<Ota and oonoentmtee •olar m4tat1on &loll& a liu toou 

of the o�lindrioal parabola. An abaorb1nl aater1al Pia.ct 

lilong thio fooua oolleote this radiaUon in torm of h•t _. 
tranafere 1 t to a working fluid. 

Tbe c:vlindrioal oonoentmtln;J oolleotor like o'Ulltl' 

oonoentre.tins oolleoi.rs utilizes onl;y the beam ooapo\Wl4 

of aolar radiation, which implies U.nt 1 t ma to traot ti. 

eun or the variation in the incidence angle between the 

direction of soler beam ani! the normal to the plane of tht 

oolleotor, wild eevoro� limits the t1.Jlle whci the colleotoll' 

oan direct solar radiation on the absorber. 

The oett:od of tracking adopted and preoiaion vi th 

Whioh 1 t me to be done varies oong;derably. There 81'9 a 

ntaber of traokine, methods. Bome,L thtse are na follow•& 

a. The concentrator fixed so that 1 t ie normal to the 

beam at oolar noon. 

b �otated abo11t the hori£ontal in the ee.at-veat axi. . . 

with a eingle 4ail;y a43ustment, so that tho surface 

no:niial concidea with the solar bet111. 

•• <-riente4 in the eaet-veet asia, but rotflted alona 

the borizonal oonUnowsl.v to aaintain ..xiai.a inoic'8aae. 

•· Oriented 1D tJw aortb-•art uh, )ut rotated allout 

tile horiaoaMl ooatinuou� to aalatala llUiaia 

iao14••· 
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•· Ori•t•d 1n the lo�ourth ui• but roV.t.4 a•ut 
the Hie pa:r&liel to the enrth'• uta, with ocaU.a11tua 
ad3uatment to 1Dain1ain aaxiaua 1Do1cl•oe. 

t • Rotated about the azia oontinuouel.7 to allow th• 

eurtaoe nonnal to oonoidee with th• eolar ham at 

au tillea. 

Tmok1ng could be done eleotro-meohanioall:r b:t the 1.1199 
ot photoMna1t1ve devioea or manually. 

The c oncentrator is of great importance to th• 
performe.nce of tho collector, as lr determines the optial 

loea facto r, it also determines the amount of solar 1Dtenll1t7 

tmt would reach the absorber. 

Irregular! tie a in the reflector oonatrucUon results in 
eprend1ne ond die tortortlon of the flux, w1 th the oonaequeaoe 

of la-ring l eas ccnoentration ot soler 1ntene1t:'1 in the 

fooal zone. 

•rt.e optical loss ie the product of tl-.e specular refla­

tnnce, trananittance abaorbtance product and the 1nteroept1nc 

factor. 

. '·'·' SPBOuIAR REFLE9TANOE 

the epeoulLlr retleotanoe 1e a function of the natl11'9 

of the refleoting wrtaoe. It 1• the fraotion of incident 

'8ea to the oolllminated incident be- vhloh 1a refleotecl, 

auoh thnt the angle between them differ by a factor of ··':", 
whioh illPliH that the angle of 1no14enoe 1e equal to the 

anci. of rdleot!on. Mathlaatioall.7 epeoular refleotaaoe 

(p) 1a pna ae 

p • tf ----- <'·'> 
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Where D8 • 1'9tleote4 1'841at1Clll lleaa 
DI • 1no14ent ra41at1on 'teaa 

I t  is obeene4 that poliehl4 eurtaoe !Ian low nlm 
to emieai'Yity and high 'falue ot ntleobnoe, while roueh aa4 
unpolished a�aoea, have high value of •1 .. 1vit7 ud leY 
value of retlectance . The mathematical relation 'betwMn 
emiasiv1 t:v ( £) end retleotanQe is given b7 

P = 1 - E  ---------- < ,.2> 
Effioienoy and outlet fluid temperature increaaea w1 th 

specular reflectance . 

,.�.2 INTERQBPTING FACTOR 
The intercepting footer represents the traction ot 

specular reflected radiation that ie intercepted by the 

energy absorbing surface . It ie a strong f\mction of the 

properties of the reflector and the receiver relative poaiUoa 

to the concentrator in interoeptill8 :l.iaa3e. , Jor oylindrioal 

s7atem, the intercepting factor could b• oalculated math .. ati-

oall)- from the equatigf
w/v) 

'/ :: ..:!:: f µ�2 c�'J�')2 2 il� } ==-B� 

where 

w 

I ;\ '::. 

1f • 

II!. teroepting :Zt\otor 

liaH width of oonoenu.:tor 
y • 

" . Diatnno• from oentr• 

la • aormal fl.wt diavibu-Uon ooetfioiet. 

t f  �be - normal flUZ diaVibuticm ooetf1e1ent &Jiil the 

1'90e1Vft'. w14 th u Jmo•, different falu•• of inte:roepUq 

tutor oouJ.4 lll9 ollta1n94 for different ,._.u-10 ampea. 

th• interoepUnc taotor atrollll>' atteeu ettio�. tia. 

'.. 
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fbl iateroeptiag :taotor a:i.o 4eternd.nee the 11110unt of •z:-1 
lo•. The -11.er the ar•, the maller the tbt!91 lo••• 
lNt tbe larger the opttoal. lo• hoame at re4__. 
1ntercepUng faotor. 

'·'·' THE TRAlfSMITTABaB""3WA11QB PROpwl 
The 'tr&aani ttanoe-ebllorptanoe pro4uot 18 aao11lw· taotor 

whioh oontributee to tbs optical loss faotor. I t  pt.,. the 
amae role as in flat plate oolleotor, but TBl'1• ocme1cla­

abl.7 for oonoentre.ting oolleotor. Its yalues mas be blgber 

or lower due to oertain iB1'8111•ter which are dependenoe on 

the angle of incidence of solar radiation on the oOYer am 

abearbing llllil.terial and properties of tile glalling mterial. 

3.4 GJ.AZINGt 
A oonoentrio transparent material encloail!g the abeor'ber, 

which ooul4 be glass, oan be wed for glazing. 

The transparent concentric .material lllinimizes tho •ount 
, ,  

or rate of heat loss b'om the absorteJ:' to the surrOUDdiq. 
I t allbws radiation at sllortwavelength 0. 3 to 0.5 ai090ne 

to paes through but opaque to longwanleagth 1'8d1at1on, 

radiation w1 th wan length exoee41ng 20 aiorou. 

3.5 ZH:B AB!!)RB�I 
!h8 a"9m'b•r 1• relat1vel.7 an iaportant p1eoe in 

00110atratin8 oolleotore. fbe •1•• of the reoeiTer and 

1ta poeiUoa relatiT• to tbt releotor 1• of gr•t 

1aportan• to ta. pedonian• of tb9 aolleotor. 

-- .....___ .48f!B. 1UPTAF4.1�A �WA UNfVfRs1TYL/;0R,:i,Ry 8AtJCW ----
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It detaraiaea the amount of thermal lo• and to eoae utent 
the opUoal loss fic:a the coU.Otor. 

The reoeinr •1ze ia dependent u.pon the allll' • &118ular 
width, the 11&.gnitid.e of tl'acki�, elope error u.d 

irregularities of reflecting surface. It ia t1a tbe 
reo einr that ll•t exchange to the wo�� flu.id. ooou.ra.· 

It i s  often made of m te�·ial of good theraal 

conductivit y on which has been deposited a surtaoe 

coating which is absorbent to solar radiation·. The 

simplest method consist of painting the JDaterial 'black. 
A good coating of paint gives the: surface an absorption 

coefficient of about o.a to 0.9. 
To reduce loss from the collector am increaee 

efficiency, the absorber surface can be coated with a 

selective coating which has high absorptivity for 

radiation of wavelength about 2 microns and smallest 

poasible emissivity for infra-red radiation. 

3 . 6  HEAT LOSS AND HEAT TRANSFER OOEFFICIEllTS 

In calculating the thermal loss 'in conoentratin« 

collectors , the s!lJlle principle used in
_ 

calculating the 

heat loss in flat plate i s  l18ed. I t  is assumed that, the 

energ.y which the sun emit i s  tnifonn at all times , and 

that the collaotor :fluid is a non-radiating medii.a. 

TlW temperature of the rece iver and ennlope is oiroia­

frctioallY uniform, the aaaa :flow rate is constant, &DI 

the te11pGerature gradient through the thiolmeea of the 

wall of reoeiftr and eDT8lope oan be negleoted. 

1 

� 
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the radiatin and oonnoth• ._.._ loH troa cla•• dkl 

•urroUllding could lie ezpreaeecl ae 

Qloea glaa• "' qlp (!e-fa) + <4flfC.) ('f:-t!> ---< �.4) 
where 

hg = convective heat transfer ooettioient at 

outside enve lope eurtaoe of glue (v/a�e) 
Ap = outside surface of glas• envelope (a2) 

f£ = Emissivity of glaaa 
fga = radiative shape faotor 
T and T = glass and ambient temperature reapeot1nl7 g a 

where 
bg 

= 

II!!.. �---� 
( 3. ,) 

L 

.IC = thermal oonductivi ty 
L .. length 
JJu .. the Nuasett number. 

The ccciveotive and radiative heat lose from receiver to 

clan c ould be expressed aa 

Ql.oaa receiver .. l'A (T4 - T4) ( tr<�> f i - 1 )  ) + 
� (T.- 'f1) 

0 I n <i> 
Dg - g �g 

where 

flit • area of receiver 
f.t • emissivity of receiver 

1'• • effective thermal cmcluotivity 

't • uaperatur• of reoeiver 

Dt and D1 • cliallllt•r of receiver an4 glae• re.-peo�vell.7 

If tile beat transfer from fluid 1• taken into aooount, 

U- overall, h•t tronder trom fluid to aurroun41nc, u 0 

� 
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taking aooouat of the heat lo• fl-om the outer elll"fao• tube 
1• giTen u 

where 

U1 

hi 
lt 

uo • <v1 + � + 
0 i'! !i�) 

1 

---( ,.6) 

= heat loae coefficient from outsi4•· •urfaoe 
of tube 

heat transfer inside tube 

= thermal conductivity of tube 

D0 & Di = are inside and outside diameter of tube. 

inergy balance equation is given aa 

qu = � � 1t-o TQ4T - rD0U1 (Tt-'lin) --(3.7) 
L 

If the heat lose in the energv balanoe equation is solTed for, 

and eliminating the reoeiver temperature, the useful h9at 

transfer to the '-'Orking fluid could be written as 
1 

qu = l Aa (S - � u (Tt- T ) >---·-------<,.a) --y;- A l a 
T 

f = flui! temperature 

F1 .. collector ettio iency fac tor. It giTes the 

ratio of beet loes from the f luid to ambient to the heat 

loss from the collector system. 

S = !\Rb p Tl{T. 

where 

81t .. 'beam component of incident solar rac!iation 

i;, • ratio of be8ll radiation on reflector aperture 

w tbat on an:r other surface 

ptof.J • tiaY• tbtir IHI.Bl notation. 
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fM• UHful fter('Y tnzl•f•r "° the working tlu14, 
oould alao be H.preaaad in tera Of the ll&H flow rate c.:> f 
hae.t aapaoi tJ and t•perature ditterenoe aa 

qu a •op (Tt - t
f

) ---- ( ,.9) 
Combinine (3.e) and (3.9) and integrating to eolTe for 

the temperature, imposing the oondition that at z • o in 

the rooa1ver, Tf = inlet fluid temperatln'e, am 'ff '" fclut et 
ir. .. L .  The length of the reoeiTer gives the uaaful heat 
gain a.st 

qu = Acp (!:- +( Ta - Tf) ) ( 1 - ixp 
l 

f!DoH )- ( 4.0) o p H = u11•  
This gives tl:.e heat removal factor (.FR) as 

FR = • 
1 D H � ( 1 - Exp - f jlr o ) ---- (4.1 )  A t l !lop 

3.7 TII EF.FIOH.'NCY OF TJIE CYLINDRICAL COLLE9TOR 
The performance of o soler collector ia  determined b7 

the rate , at which it is able to convert incident radiation 

into useful emerg:y with time . EffioienCJ could be defined 

aa th• ratio of useful heat gain to incident flux intercepted 

b;Y the oolleotor area . Which could be expressed as 

h = unful heat gain 
• I;,. incident flux 

The useful heat gain is tbll dittereno• between the 

1noident flux and th• h• t lo•. 

�oident - �.. • �beorbad • 

• •• t\. • 9lnoidept - Qloa ,. '\>iaorbt4, 
�noident �oidant 
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In ,'tbie deeisn llOl t  •"i'iale were iaJl'O'fieecl turi.111 
�e oon,etruotion, b:v ua1 ng  maieriale an.ilable. fhWi, Sa · 
Tiw Of the limitations of availability of •ierial ooat·, 

tbt approach adopted wae more practical� or1en"94. 

The solar water heater oonsiete of three mt.11n unit• 
vbioh �.•' 

a. the 'oonoentrator Which collects and reflect• eola:r 

radiation onto the receiver. 

11. the abaor'ber where conversion of solar energy to 
tbermol takes place and 

0 0 the storage unit which acts as the distributor of 

the werk1D8 fluid atvi at the eametime stores the 

thenziic fluid. 

4.1 GL.ZING AND ABSORBER MATERIAL 
�tie tt:ix>aorber was made of mild atell tube, of inner 

41 .. e .. f' '1oja, outer diameter 1 . 2om and l�th 1 .27•. · 

Pain,,t�� b·laolt 11'1 th non-gloas:v black paint, ao. ae to 'be 
, ' \ 

abl' to �t.raot solar radiant ener&V 
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The concentric glass cover , was that o f  a flourescent 
glass tube of length 1 . 2m, opened at both ends and washed 
clc:1n to be trnnnpnrcnt to solar rodiotion. 

11 . ;; Til l:: CONCEN1'RATOH 

The concentrator was. constructed out of t i n  sheets 

of t h i ckness 0 . 4 1m m ,  length 1 . 27m and width 0 . 65m. Figure 
4 . 1 ( a )  nnd ( b )  shows the construction of t he trough and 

arrangement 
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TIH; �.TORAGE TANK ! 

3a 

'rhe s t o:age tauk is �ylindrical, with a capacity of 
41 l i t r e s .  The t ank was ins u l a t e d  w i t h  foa� 5cm thick , 
t o  p r e v e n t  t h e  stora�e lank from l'osing heat, •ro further 
p r e v e n t  heat loss - shining foil was wrapped round over 
the foam to r e f l e c t  unwanted heat. Fig 4 . 2  shows t h e . 

dimensions of t h e  tank and insulation. 
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4. 5 zp mIJmgIQ!.L BOW ,ATE·� i ' I 

ll•t VH 4raa troa th• �,.\� li} ,,-t�·lojl ' tbroup the reoeivin8 tube to the tank. · ·  · \ ""< 
-�\ \ ' .· ' � ..... In o1'!er to aobiwe O Clllftotio.:l. ' 'tJtw of =-_w4 •. ter, ' � ' \ !  i . 

the atomge tank waa raiile4 to a l.n�� '�� I • a1-e'-.,...._, ·";· oolleotor surfaoe. The stand UHd prod+ tllf heS.Cht . '',, 
\ • \ I 

4itterenoe. Pig. 4.3 ahowa the genC'al 1• o� ti. solar 
va ter heater . ·/1 

Lagged rubber tube of the same interna\L diueter as the 
receiver aerveo to connect the receiver to; the atorap tam. 

The solar water heater was located at· the back ot the 

pneral ph.vaics laboratory. At this location, the oolleotor 

receives aunahine fTom e. 25am to 4.30pn in JU1y, Earlier 

or later than these times smdov would be cast over the 

area by neighbourine buildings. 

The collector was oriented east-est, with its aperture 

eloping aouth e.nd provi sion made for tiltine 1 5° ever'7 !lour. 
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4.6 MWJ OJ v@ DIJIB!SIOQ OP Jflt!RIAL§ 
1 .  · Suri'ace area of OJliMrioal troup • ( 1  ��·65>a1 

• ( ,.,,.z ) 
2 .  length of absorbing tube • 1.l'fll 
'· Length of oono ntr1o cover . .• 1 .2a 

4. Length ot oonneotine tube • 4.05• 
5. Volume of storage tank = 4� litrH 

6. Internal diameter of absorbing tube = 1oa 

1. Internal diameter of concentric cover • 2,,_ 

8, External. diameter of absorbing tube = 1 . 2oa  

9. External diameter of concentric cover = 3.eca 

1 0. Thioknese of insu:la ting material .. 5oa 
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5.1 Hr1A6UREMlftS 
tho aeaeuremenb oarried out in thie. experSMat w'l'e•-

a. The -.emperature o! water in the st orage -* 
b .  The temperature of the absorber fluid ancl 
o. The ambi111nt temperature. 

The temperatu.l'e of water in the storage teak ,, .. 

measured with a mercury thermometer. The tempe:re.tur• of 

the abeo:rber fluid, 1e the temperatUf'e of we.tor tapped 

from tho outlet of the absorber pipe. Thie teaporatur• 

vaa measured by making a disoonneotion at the outlet of 

the aboeorber pipe and tapping some into a tlalllt. th• 

ambient temperature 1e the temperature of the aurroimdinc 

at the si tc. 

Temperature readings and their correspondin& inoidant 

radiant flux for the month of J·,l..v are presented in 

tables 1 and 2. In eaoh day in table one , the first row 

,gi?ea tbl ambient tGperature, Ta , the eeoond rov gi••• 

the temperature water in tank, Tn, arvl th• third rov g1w11 
th• temperatUl'• of the absorber fluid, To. 

5 . 2  ElfIOlENOI OF STORA!iE TAl!J; 

tb9 tunotiGD ot �· atOl'&&e tank 19 to keep tb9 ooU.otet 
01111ro, ao ts t i t  may lt• imed at a later till• .  I t  1• Wletul 
to oaloulate tor the e79tea the traction ot mat reta1M4 -� 

* noJ'8C19. -.or thi• the 41tf•renoe 111 bid pill tor th• .-..... 

at it• auiata tea119ratur• and U aini.mi.a vhioh are poportioal 

to • .,_.. tura vero uocl. 
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!hen •Pn-atur• nre ollta1aed trca th• graph ot tt1. 5.1 • 
llaximua taM •11erat,-re Ta u.z • 29•0 
Xfida1111 tank teapera,ure ta· a1A • 2'.5°a 

Jl1n1mwa ubi9nt teaperatur� Ta ll1n � 24.15°0 
Peroentage heat retained 

� • Tnm1.n - Tmip ,C !J:ax - 'l'olllin 

2�§5 : 2�� % � 41� 

This is the efticionoy of the storage tank. 

5 .  3 cor,I.ECTOn 3FFI CIEMCY 

To calculate the efficiency of the collector, we need 

to know the �o•;nt of snerg.v which the absorber pipe @JiiU. 

Ass1:1111ng solar constant remaine the same for this time ot 

Table 1 1  Temperature Ree.dins 

B 7 ��JL..;.. .. 9 fO 1 , 
1 5th 

1 .ifl...-ll:; ... :_!L\.·!;�::,�,jj__ 

Ta 24.5 2600 Z7.0  29.0 31 .5 33 .0 35.0 32.0 31 00 ,o.o 
Ta :50.0 29 .5 29.0 28.5 20.0 27.5 26 .0 26.o 26.5 . 2700 

.lg 21.0 35..0 40,0 56.0 71.5 74,0 82.5 76,0 56.0 45.0 
16th 
ta 25.0  21 .0 29.5 31 .0 31.5 32.0 29.5 21.0 ,,.o 2t.o 

ta 29, 5  29.0 29.0 29 .0 23.o �.o 29. 29,5 "' -.....28.L_ -
!I 2'7·' 35,5 57,5 68.5 70,0 75.0 50,0 4§.5 65.0 '2,0 
17th 

· 

Ta 25,5 26.0 2a. o  32 ,0 '°·o 31 .0 32.0 ,, .5 31 ,0 JQ.o 

ta 27.5 21.0 27.0 21.0 20.0 27.9 21.0 27.5 ae.o ze,o 
I• 2f .5 ,o,5 45,0 54,0 ''·' ,,,o fl.O §4,0 5a.o ,a.o 
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Table 1 1  oon"4. 

I 1 a a to 1 1  12 n 14 15 16 
1 9th . ' 
Ta 25.5 26.5 31 .0 31 .5 32.0 32.5 '3.o 32.5 � ,, .o_ '°•o 
Tn 27.5 21 , 0  27.0 26.0 26,0 25.5 26,0 27,0 28.0 29.o 
lo 30,0 33.5 53.0 60,0 62.0 66,0 12io 11.0 70.0 f4.0 
20th 
Ta .  23 ,0 25.5 27.0 29,0 30,0 31 .0 28 · 30.0 32.0 ''·' 
Tn 30,0 29,5 29,0 28,5 28,0 27,0 28.5 21. 0 21.0 26.5 
to 21.0 �.o 48.0 69.0 73,5 75.0 67,0 5710 11 .0 90.0 
25th I 
Ta 20.0 23.5 26.0 26,5 28,0 29,0 21.0 29.0 25,0 24,5 
Tan 29.0 27.0 25.0 31 .5 25,0 2600 25.0 26,0 26.0 26�0 
lg 25 27,0 2§.0 25.5 49.5 51 ,5 4J,.Q.._4h0 46.0 48.0 
26th 
Ta 25 .5 26 , 0  28,5 29,0 30,0 32,0 31 ,0 28.0 28,5 
Tn 29.5 29,0 26,0 27 ,0 27 ,O 26,0 27.0 . 29,0 29,0 

?<L 35,0 _ __49.Q-54....0 56,0 61 .0 69.Q 5�.J> __ 6�() ��9.0 ,.-;-- . 
Mean 24,75 26.50 20 . 1 4  29 . 1 8  30,3c 31 .23 30.79 30,00 30,10 24°9< 
Temp 29a00 28,50 28 . 1 4  27.10 27,00 26,50 27, 1 0  27,70 27,90 27llO 

( OC) ?8,83 37175 46,50 55,14 63.qQ 67,64 61,73 60.62 60171 54,. 1 7  
T•perature collector for t�e month of JuJ.7 · 

Table 21 Iridanoe &J 11eaeure iii 11onth of J1117 
1- a g 1 0  --,-1 12 ,. 1� 11 nHrr> 1.n..wit 
15th 
Ib 160,0 223,3 342,5 403.6 429.0 415 06 405,t 32J,O 256,1 .� 
s 07,5 1 01 , 5  1 51 ,3 176.6 105.9 181 ,9. 1 79,2 1 46,9 1 1Q.O 

94.1 126,4 1 64,9  1 a1.2 1 84,0 100,6 1 f3,1 1,2,5 
1 6th 
Ia 105 , 1 235.1 352,e 402 ., 504,4 450,1 435 ,2 ,a,,, 200.0 o� 
S 69.1 1 06.4 1 56,1 17�•1 21806 197a2 192.3 1 47.1  9'.t · 

98.1 - 1,,,, 166,1 197.4 207,t 194.8 1 69,T 122.1 
l .'�\. \ "' 
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I== e f - 10 1 1 12 1} 14 15 16 !mo 
11th . 
1' 114.9 224 •8 21tl.Q '4919 45'•7 4,1 .6 388•' 251.8 201 ;.o ·� 
8 84_.5 101.6 122;,?153•2 199•2 109;.1 11• .4 • •  ,,, 91.2 • • I 

- j�.1 11292 1}8iO 1u.2 194;2 tao,, 144.0 10§.9 

i 9th , 

:" 20�;.o 250, 1 '°o.o '45, 1 480• 1 490:2 450.0 400�0 '46 �8 Olar j' 
s 99.1 112.7 ''2•5 1 50;.9 209•5 214•' 19805 180�4 18199 . 

- 105,9 1?2o5 14!.6 189;2 21199 206.4 189!4 181!2 
20til 

1, 203.024501 , 1 5 . 1  360.;0 400.0 3135;0 271 .1. 365�1 ''°�1 01-1' 
s 97.5 1 1 000 , ,9,0 1 57 .4 172.0 1 68,, 1 1 960 164�4 187�5 

25th 
- 10,,e 124.5 1 48+2 1 64!7 110•2 1 !l.!1 1 4117 17§!0 

lb 114. 25e.o 290,0 315.0 ��o.o 110.0 2'J'a .o 200.0 180.0 •llll 
s 82 ,5 1 1 5 . 3  1 27,4 1 37,J 1 56 , 5  1 50.2 122.0 89.4 84.9 

26th 
lb 
s 

H 
8 

9 
10 
1 1  

12 

1 3 

1 4  

15 

1 6  

- 9P.9 1 2 1ai 1(2.'J 1±5,9 121.�_1;56,1 105,7 ...§1.d. 

150,0 200 .1 317,a YfO,o 425 , 0  402.1 414,a 3139,, '05,0 

70.9 89.3 1 39.4 161 ,0 184,6 1 76.3, 101 . 9  1 73,7 1 44.8 
00.1 11�.� 1201� 17210 1 0012 17211 1zz1§ 1��.1 

COI.LBU'ron TILT 24.75, OONOENTRATION RATIO 16.2, 

'r a T -; Wll-2 If-- ( ") T-�I 
299,5 451 .1 e1.e ''·' 

J<W ,1 466.9 101 .5 35 .8 

�2 ., 518.1 1 5 1 .J 4 1 .7 

'°'·' 538.5 176.6 4,,7 

304,, 545 . 5  1135.9 44.2 

}03,8 542 ,5 181 .9 44.9 

'°' 5.40.5 179 .2 44.9 

'°'·1 51 4.l 146.9 41 .1 

296.0 486.9 116.0 ,s .. e 

SlllalowJ', 
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tu 79U'. the •n�o a'b ... cl would 'be ...... 'b7 tile . . 
reti.ottns proper�•• ot �. oo�o•r -to 'the toou. th• 
••ra a'beorllecl(8' 18 o'bta1Jle4 .. in eeouoa l,.6>. tllil 

· � •perature of the a'baorller pipe ooul4 � 'be o'bta1ae4 hm 
Stet an' e law� 

PoWel' (Pi) • lt1t4 
·Power abaorbecl(a) 

4 . 
T SA 1t e = <T  

T4 • � .. S(�) .. 27(f-) z 108 
T = (4.76S)�z 104 

The various value for T and S are tabulated in table ( ,) • 

5.4 IMERPRETATION OP RESULTS 

:Pig, 5.1 ah.owe plot ot temperattn'e readings against -· 
local time in houre. The following o'beenation are 

4epioted in the figures -
Ambient tmperature, Ta is maximum at about noon 

( 31 . 29°0 ) ;  Tmperature of water ia tank, 'a• orope wi� 
llinialD at idday. Temperature ot the a'baor'be• fluid t 0 
ia ll&Ziaum at noon (67 .74°0) . 

the max1m111 tempera turee were not reached eiaul taneou.q 
ae T0reaohee aaximt.111 first, then followed by otbllre. 
fhe reaecn 1• that th• th91'11&1 ocmuotint;, of tu 
a'beorW.a& p:1.,a is high and �erefore hea ta up taster than 

tbl eurroWllliDB ae nll H it ooole �eter tbaa the 

ftl'l'OUD41q. 

·�1 
i 
:i l 
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'• h alaoat �teat wOtieut Doll appreeia!lle MM · 

����ture , �- h 4Ull • .-*·� uouat of •w 
�.l..I\ • I �- retunune llaek to tM �� taa. ta:pqat•• bop• ,. �L 4U11.ne the 4e.T am .reaohiJI& ua ·-rm-ua at allout aooa &DI 

ll'&d�l.17 ri••n. �ii amau UIO':f t ot ta.at 844•4 to tM 

water 1e abaorbed readi� when tt water 1• beiq •Urft4 

when reading were observed. Wat�r ha• hip apeoitlo ta.at 

oapao1ty and therefore takes a �ng time to h9at up, the 

emall heat added take a long time to hee.t up the •t•r and 
when the water is heating, the eun ia no longer OYerheat 

intenai ty of solar rea1 ia dropping. The ettio.lenoy ot 

atomse depends on insulation of the tank. 
The OUJ'Ye of fig. 5 ·' shows that e:t:tio1eno;v inorea•• 

linearl,v i"rom 33" at 8 a.m. to about 44.29!' at about 1 2.:50p.a. 

with oolleotor temperature. There ia a turning point at 

about 44. 25 peroentage ettioieno:v. Thie oooura at about 

1 2 . JOp.m. a:tter which efficiency deoreaaea linearl,.v With time. 

fhia deoreaae wae obtained from 44.25" to ,a;; lletw•• 

1 2. '°19 and 4 .OOp .m. Maximum •ttioienoJ' of 44, 25" vu 

obtained when the oolleotor temperature naohed 27,.,00 

u ... from the oarY• ot '·'· 

tu a!arp neeativ• �ge of the ooll•otor ett101eno:r 

1• 4Ull to tb8 faot, that •• :frOlll 1 2. ,op.a. when the 

ooU.otor ha• :P&•H4 thZ'oush a �ua the aolar 1attatl1t;r 

4eore .. H liDNl'� with UM .  �ii• 5.2 llhoW• ti» oune 

of ettioieo:r .,..iut till•. 
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DI SQYSSIO! AID QOIQlcUSIOH 

6.-1 SUMHARJ 

Solar energy, ite &Tailabilit;r, applioaUon an4 lla1ta.-
1:ion were reviewed in ompter one. Solar oolleotore were 
ai.o Z'eYiewed iii cbapter two , and the theo1'7 ot th• 

07lindrical eolar eners,T collector vae diecueee4 ia obapter '· 
The design and construction of the c;rlindrioal oolleotor 
was treated in cbapter tour. Measurements, result• and 
their interpretations were presented in chapter :fin. 

Results obtained shoved a storage tank e:f:fioieno7 ot 

41" and a collector etficienc:r of 44.25%', 'rhe ditticultiee 
'·· 

encountered, suggestions and conclusions, were disoueaed 1a 
chapter eU. 

6.2. DIPFIOUL�IES 

The ditt1·cru1tie• ecotintered in this profeot vortc 

includes 1 .  Oettirig a •terisl. !_ith near 1 oo,g refl.eot11111 

eurfaoe (high rethc�) which woul.d rdl.eot, 

most or al.l. the incid•t fl.ux and all9ortle no• 

or 91811. It should not al.so l.oee ite rdlecUaa 

propertiee taet. All aetal. polished eurt.O. 
' 

aao. s11·nr vae •re proaieing but ooul4 aot 

'be .Uor4ecl du• to ooet and aleO al•1Jluia 

wh!Oh ,, .. •t W• llftilable bl tbt -�et at 

the t1a8 ill qQHti•• 

,_ uoa ie:ft �d it• d:fHUn pedo....,. 
�- •• *' •- op 

1e0 it• U.bill '1 to 
•• IWller.. eer1•uel.7 - ruet, a 

u...- .--- .- •vai.a. 
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B11rtaoe 1rregul.ar1tiee and noa-uaot parabol.10 
U<>lJ«h OOulll DOt .... 89t14•4 1• the oour .. •f 
oonetruotion. 

Laak ot aeae'lll'1.ng eolar radiatioa iutr1a11nt waa 
another drawback. the uee of a radJ.aUoa_ ... 811J'io -
ing apparatus l1lce the 110lariaeter 110u.14 Ian 
enhanced the pre.cise meaaur•ent ot the illt-.1 b 

of radiation onto the absorber aad illpra.ed the 

effici ency of the collector. 

In taking the temperature of water from the abeorber, 

Vhioh was made possible wi "th the use of an ordinar;v thenao-

aeter through d isconnection at the outlet. is not a very 

�od method , bt?oause · '3ater loses mat at the time ot 
spurting and the temperat1.t"'e is therefore lowered before 

aeeeurement is taken. This water temperature was a•n•ell 

to be the abeorber temperature thus then absorber teaperature 

baa been grossly underestimated. 

i•. The material used for the tank rusted after eaae time. 

Thie fonn an onde sludge at the bottom of the tanlt. 

A• the water is stirred or refi lled the sludge gete 

into oiroulation and the ti.De dep0site olosaect to tbt 

a)eorlHtr pipe presenting a rellistanoe to btat trauter. 

•· seaacmal Y&riation in weather waa aother aet-'8d1 
1a the oourse of the vom. Oyllad•rioal oolleowr lilt• 

other oolleowre aea onl:Y the ._. ocmponent ot eolar 

nuU.atioa. J>llriD& tbi• period the •ouat ot vat• coat.at 

111 tJMt atlloaphere 18 hi&h. water ..apov e'Voa&b atteet 

tbt 1Jlfa-re4 r•irion of tba eolar Qeotna, oa.millig eoat­

teria& of aolar raUatioa. the reeul.t ie �t tbt eolar 

ratiatioa reoeiYed ie aainl7 ditfmeo fhiB tiftUMd 
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th!• lliAi.ecl ra1UaUan oau•a water. to naporate h-• . .  

1noree.aing hiaidi b. 

6., aon or QClll&WIIQI 
the ooet of tm aolar water beater ocauta ot til• 

following: -
ITEMS 

Tin eheeta (a150 x 1 0) 
2 .  3 x 2. 3om square used for b11>ee conatno­

tion 
Brazing rod (B50 x 8) 
A luminium pipe (absorber) 1 .2'TID 
Rubber tube 4 yards 

A luminilllll foil 
Screws, clips, and gum 
Glass tube 1 .aa 
racking foea 
#orkmanship 

Total. 

• le 
1 .500.00 

,50.00 
400.00 
1 50.00 
1 50.00. 
100.00 
1 20.00 
400.00 

ao.oo 
250.00 

��.oo ... 
Prom the liet, a total. of I3,500.oo spent on such heater is 

not too expensive compared to its duration. Such solar 

1-ater can function fo1• yi:tara after installation without 

the need for rejJair or ape.re parts. 

6.4 SUGGESTION FOR PURT!IBR WORX 

SUB88st1on for continuation of reaearch vo1':: in this 

direction should lo� into areas auch aa:-

Inoreasi.D& refleotin& properties of non-metal.a, bir 

eleotroplatinB or depoaitipg aelaoti n •teriala w1 th � 

refleotin& properti•• on tbt aurtaoe. these non-t1etal 

•boul4 be 4urable and aaa wi th&tand atraia and atr•• 4ar111g 

taltrl• tion. 
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If i t  oould be done on P17•tere 1 t •ou.14 ·�elp eolve one 
great problem •Uh foouing ooll.eo�rf • 111.rron are goo4 
refleot-. but there 1• the queatioa;of 4irab1llt7. 

A do amplifier •Uh -plifi•tian faotor ot about 200 
will be required to the �• ot a theno-oouple; 

Stor"a88 tank should be painted ao that 1 t woul4 not 
rust quickly or a material like elminUim ahoul.4 be u•4; 

Inside should be lined to father reduce the heat lo•. 

Though 1naula tion is provided for single tank. Double talc 
system should be encouraged, as the tank holdiJl8 tte t�nd.o 

fluid ie insulated from eDY1rOJ1111ental interraotion. unlike 

the single tank system. 

Edge loss should be minimised. Proper insulation for 

the edge tube-glass system should be provided. The affect 

of altitude on collector perfonnance should be looked at. 

6i; OONCLUBIQN 

For continuity and difinite results, a research unit 

well funded need to be established. A commrcial aeotor 

in operation for the production of aolar equipment wul.d 

be deair9ble . 

ligeria l:avine been bleseed with abundant aunehine, 

should Tie• research into solar energy .. riousl.y� It wul.4 

prod110e a oheap alternative source of pcwer. Kore eapeci&� 

in tb9 rUJ'&l area• where eleotrioi t7 1• not aTailable aa4 

ulp oona.rt'e our -tural reaouroe. 

Bv• oouatrie• 1Jl temperate climate• of the wrl4 are 

�pa 1Jl .olar ea•o rHearch. lltgeria ahould not be 

left out. 
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