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ABSTRACT 

A solar dryer was designed, fabricated, and tested with tomatoes. 

The tested-~ tomato samples were harvested directly from a farm 

to reflect local farm conditions. 

The collector was a flat-plate type while drying took place 

in an experimental drying house. Tests were- carried out using 

the solar dryer and open air-sun drying to compare both methods. 

Results showed that the solar dryer evaporated an average 

of e.12grammes of water per grammes of tomato over that of open-air-sun 

drying. With high temperature recorded at the drying house (above 

54°c) it can be used to dry most of the agricultural products. 
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PNsel"Ylltla of at.rinl.tva.l pl'Wgcta i .... f the 01.-' feM ~_. 

ABei.t people clillOOYere4 tnt t,"41' enl. kMp el"Opll tor _ .... tt,. *71 ..... 

tIae _ tor Mft1"a1 da:e. 

Dr,iq la _'17 _ca:pl.iMett \If peaS .. all' 01 caret1ll17 ... plat_ 

t., ... tv. aM IaaUitJ ""1' O!" tbroqa Ui • ."nenlclt .• 1"&l. JI'OGet,. ia tll. a,.r. 

Ilr7bc lIi.blt ... ~_t loa_. iJlcrMtMe tJa .. q:ality aM qMftti t7 of 

qriea1tval ,roacte to oatta1a a up. eJbc pert ..... _ ... ..ttat_terJ 

NRlt.. Dniq ..... t ........ ri .. _t vitia lWtattONI ...... tU ....... u 
t.-,el'llt1lN telel'ldlCtt. ~t,. r .. poMe. ~a1(iA et.reBlth K. fltd..lt7_ 

til. dr1tas a.ir i •• it .... _t1R'lll or lk .. t.4 ..-.d. or "''1 be- Wltm-al cM.ec:tl_ 

01" tore_ .... tt. 

0.. oat of th. -7 ..... f _lar ... .,., ai ... tIM dawa of ~iril1u.tloa 

11M Mea ir.rtac aM ~.ti_., qrio1lltv~ MlI"pllle:ea. 1u1call7 ero ... 

~ N!'L1arl, util _ffleieatl,. dft .. _ tilat tlae7 co "- eto~ tCll" late!' 

_ ••• pt1... Little capital t. ftClllirH _ tlae GpeMitve .f ..-1pUR' ... t 

tile pno .. ia ~i.taai ••• 

Ia tIft'·tlopiaa .... triM tile proc_fliq 01 CI"OpII ........ eri. .. pnltl_ 

..tal, ....... U. I ...... UpeM alMat -'lrel.r oa _ U'JiaI { ;, 0Ir.u, 1988 

At tile ,,_, AM ... CoMa lteHaNla Iutitut. 1a Gkaaa ... .,.'-., 

.. n. trqa ia ill _. !he u.,.!'OU _ .. tal raU.a ... 8ft nlati"17 

...t1, .... (Acheo1a)1977 

a,taa .1 fUll ia Mae __ t ....... _t1_ atollS the hot tarre4l roU. 

0Irfi0al.7. ~ approaca 18 not IaJpaia IIDCl reeult. to aipiti ... , ~ 

.f pr ...... .,.e1t1ea1l7 ... te eeat.,.1Dati- b7' 

(.) i'irt. 4_t. and wiD4l-bloVll "eeri., 

(.) l.....ct 1afectatl_ • ..,..1all, it tbere '.B ratft tlurlll6 e,lq peri

(.) l.1I:Q:l aDIi _1_1 1Jlt,ertortt.SlJe, 

(4) l:.t •. Nptl_ ... ..ttl •• 1t7 I'Ida 
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Th. q'lJalit1 of 8u-dryiag produc: ls is orton low due to lack of 

control over the drrinS- ntea. Specifically, i.prep~r dryinr; 01 corn i. 

attended. by a pcll!it1 ve d:~nger of losin~ the E'utire l':av.~t aa a rosult 01 

mould gro~th eftd Brrouting. 

Solar drying is IDOstl, aehL'ved by the t!i~t exposure of t"e prod'dCte 

to the INn '" ntfiatiOll 8" la1 an iDdirect method in which hei.ted air 

thrcup !"C'lnr collector. 18 nil_eli to the dryiag chlUlDer. ~:;esearch h-'i8 aAovn 

(~nse Nl4 Gbi. 1984, Cje od O .. nde, 1992) that indf.rlCt •• thod ie for 

.ore elt;.cient. ecollOlllic aa4i rella~le. l'h&t pertic~ of the ep--ct ~ that 

includea noet of the cnerg radiated. is in the wa .... length rs.nge of o.} -

3-.011 (:)Ilffi. and Beclmu, 1985). 

A .ol~r dryf>!" eaD frlther be "pas_iTe'l or tti'ICti ... e". In "!>a2ISivo'" t'i'., 

heat .. air from nol~.r e(,l1f'Cton; ie trclneferrod. tc the drying Ul!it by natural 

cotn'ection otheNi • ., CAlled tbel'llOsol:onillf:. ~~bile in ;'active·t 1ryer, 

'!lrtiticial rUlalle of tNlufering beated air is ince.rporatd.3uch 1I!Jalle ~. 

the illte",ration of fHlChmieal pllllPS, 8unction fans, cO'!lpt"eE.80Nl, anti 8(\ 011. 

~h1eh Cd. IIllpply what i8 de.cribed. liS the ":lOti.,. ferc.,i- (J fi .:.., 198.2).' 

Solar rad.i&tion collection i8 <lChiev~d by the \\58 or 0olu- Col1ectioDlS 

tlhieh ".1 b~ parabOlic (concentratins) type cr fint plat collector type. 

;\8 10r the too18 whicb utilizell the SUIl'S enerla, tb~ !lOst efficient !ire 

flat plat collectors (ADderF4a et aI, 1977). 

An p.tfieif.l1tly uUlized solar enerc. off,,;:re a !l~'a!18 of providirtf; low 

cost nnd r .. lillble dryin,; s,otells i.n the ceTt"'lo;'ing C()lIntril~8. 'l!. farming 

cel!\",unitie~ 8re orten neglected. in ter118 of proTisian of b'lsic facilit1c~s, 

and yet oyp.r Bo1~ of toi:al ~-:rjeultt1ral output are prociuced (Ji'alade et ~l, 1985). 

Experimental r~!Nlt. haye shown that solnr rtryer har. conEiderable ~dTsntag.s 

oyer the trsdi tional 8'm-drying IHthod in tens c·r bet!)r dryiq rate, les8 

aC~5e to eroils ~e hy .icro-,)rgnn1~.'·s when crop ill harvel~ted .• t higb moisture 

content 8fid han1ling convinience. 
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The u.e of eol~r drTer altbOtt~ old but is r~latiTe'y new in Nigeria. 

its ada-ptatioa should be made to the needs IUld resourceF of the f'!mir13 

establi.huent. In this ~tudy. the dABi,," coneid~ration~ or ~rite~ia for a 

solid" crop dryiac .,stee are ill~cstiF,lltE-d. A nat plate aD sorber mald.Ds 

us. ofdi!"ect eolar trap',iq tor the tiryill~ of a~icnlturnl produets (corn). 
i(-

other e~idera.ti0N5 ar*-, coat effectiveness, ~e~illt¥",~d ayail~bility of 

leGal at.rial. for conetructioa of solur dryer .aa to !8fllc~"~OCal farllnr 

to .ffo~ the coastructtoaal coat. ~ 

Troi:ORT OF CRJP ::>RYING 

T~lmlcal11. drying, in its ordinary !lp)licsti~a. is a h9,.t 8scI illl8S tra:asf.r 

proc~ iDYolving vapouri.zation ot w!lter in th~ liquid atate, mixing the 

~,potu" ~11 the dryinr, air, and rellOrtD~ the Y~pour by naturall, or lIechaDica-

111 earryill, away the ailrture. !;ufticieat heat for yapoul"ization of prodllCt 

lIoidure zrust be $1I'Pplied by reducins tn. senal..,le heat or tb.e drvin~ air or b1 

applyill, heat dir«:tly to the product cl)llduetioll., radi"U:>D, dielctet:r1c 

heating, or r~ other meaD8. 

'1'he e,IJ-pe.city of oil' for moi:1ture rel1lovsl depanlis on ita huddity and it5 

te.perature. 3poil:.l/{IJ is overcor •• whe. crop ;'J~j "tu-:-. eontellt i$ redueed to 

about 14': to aIL wet basis. 

1) 'lbe physical iilld chellical prop~rtie~ of the fJroQ'JCt - fihllPS si7.e, 

com:"'cn1tLon. moir,tnre eontt'nt; 

2) 'Ihe ge()"ll~~rical :tt'r'lngllIOont of th'9 )'I'",,(h!ct. in relstion to 

the heat tr'llll!Jfer surf;tce or J'.edhill; 

3) tbe ohY8ical 'Pro!")~rtiM of the dr:ring ~nTironf!ent - air. temperature, 

bu~idity, v~locity; 

It) '!be char~teri8tiee of ~h~ dryil.'lg cO!l!1It:nly Plst!ociated ,rlth fana 

;'l"Cd'lcte. 
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A) The COIlt1int rate p8riod 

Moisture ccmtent of ere::· ue'llally Ilbc.ut "lO-i'!]}; wet basia and it occurs at 

vater such that itt! "!"faee aets like ~ free - V'it!'r !::lrhce. t;:at.e of 

(ii) Difterence ia hulIidit1 betvea the atibil!!nt I'JtrcAc nf "'1' !!nd tl:e 

crop vet surface. 

; (iii) 'Ill. erop' B area .,xpos&d 

Drying rete is cCl~st~ntt if the 8.lnbient conditio. is eOl18t.~nt and thil'J ia 

dv - I: f,,(Ae P. - Pal c Kf A ('1'E\-'rE ) .t --hf 

(V-nergy 'oabnce ~r:uat1on) 

tn:lilJit conct.'lIlt rate 1.!U!.!uS they ll"e harveatttd .. t a "ery illuture etate or 

1. 4 

lrhUe dryinll', q cd Hcel lK'istu!"e cont.ent if; <lp':lroached .",hich mrt:~ 

tl1e tr:msition :)etllieen the constant rl1t. and the ra11in6 rate of dryinr.. 

'1'he internal ~eaiH>t!Ulce moisture .igration of the crop out-'ooIei,tl-:; tbt' erternal 

reldst!.mc., whil '! the enl), dri vlag yot"!ntial of the dryin~ ~roce8(J (p~ -Pa) 

d~Crn'l3ea \lith the drying rate. 

- ~-
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In sraiDB, the initial 80isture content after har.eetin« 18 usually 

important in the drying cf harvested ,~r9j.n8. It ie <:'.1 ffieult to ~redict the 

raJ ling pEt.dod of iryiug ttecauae ot 11110) c:::ollsiderlltiOD that cOIle i.to play, 

(I) the (~xt.:rf.a: tr'~TU:~rp.r lI'lp.cha..'1ism (the con~Toctivp. heat and 

INlfJEI tA!ll.Jfer) 

(It) the '>rod'lCt ilSt'!rior tranapol-t mecnaniea (heat and ,.sa diffusion) 

5..-er&1 theories have been proposed fOl' predicting tke drj'iD! behariour 

of em"" ill the tallins r.}te dryil1g (cprp..dn - e.g. grains) o.-lt ollly the _ .. i-

tbeoretlcal and .. p~ic_l ralatioru;hi v8 have proved uoefwl to th~ dryer 

~ttSigner8 (BreOkttr et al, 1974). 

1.5 Mci~ture Gonteat 

'!'be moieture eontt"Dt of a pr,duct 1s the a/llC'W\t of water contained itl the 

product,. It is enre~E-·j lI!llthttll!atically in perc:!"nta,!ct8 in tens cf the vet 

.ei«ht (w~t bS,8is) or dry Mtter (dry basis) of the9rcduct, thue. 

" !IIOi~ture cont~Dt (l!I"t-~~n!3) 'til - '!-X 100 = 
i~ 

~ llOi~tuT'. con':ent (dry huis) = ': - d I', 

. __ .. - X 100 .'1 

lIf1ere ~ 1\IlC d are tt" weightf' of -:he w~t "lnrl the COf':1"'1J eh;' y dllY HHnples, - -. 

1.6 E;9.!!i libriUII'!cL,ture Content 

aurroundina air, t:1e r)rod:lct. i9 said to OF.' in e:;cilibri.ul!. 111" fl10isture 

content f:rese1lt in the product at E<,,!uii iori.l1" i"'! known .6 the equilibrium 

- 5 -
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.ffeat 0'1 equilibriUli ;J]oi.sture contGl'lt; an 1Mr'!",,,,! in. relative huaidity 

incrMses the equil.lhriull lIOi"!turo content of a j)ruouet. The '1ariatioll of 

eq'Bilib!"t:me moisture content ot nhelleQ. cern wit'll tellperature alld nlati •• 

buaid1 ty i·~ gi.vea below: 

ra'lle 2.0. 

Source: 

V.riaticn of ~cullibriulZl Hoi.lure COIlt •• t 
OF Sllell" C(ll'll with ".lIlMntu!"@ Plll~ 
helatiye ~ditl .* 

Relative ~~lditz, ~ 
46 50 60 ?O 

9.Bo 11.20 12.90 14.00 

8.70 9.00 11.00 1?50 

1.7 Dryins ~ar ... tor, 

The ~wo roaior p,arallete:rs in dry1ne p.re tiliA and t~:..pera.ture. If the time 

rO"llired to ,Iry a ;-rccJuct st at. particular t~?er)Jture i. too lOR!" mould and 

gerrlill3.ticll I "'.r.L'lge Ol'" o:;ner daaages _,. oeeu" .1.lnd th .. valda of the dried eaIIpl. 

iii reduceci. 

Excea&ivt" '"'1',-1 nrc rr.t. r>!' hi&;t. tC;'I.jtJ",,·.tures for drying My cause both physical 

- 6 -



1.8 Characterization of Drying 

Depending on the temperature ranges, drying can be divided into three 

categories. That is , low temperature drying, high temperature drying, ani 

freeze drying. 

1. Low Temperature Drying This is a process of slow drying, usually 

performed at temperatures between 300 C and 500 C, with natural air or 

air heated only a few degrees above ambient. Corn drying temperature 

falls within this group,the favourable drying temperature being 4~ _ 

2. High Temperature Drying - High temperature drying has been the primary 

method of drying food products in the developed countries. Air at temperature 

o of 50 C or above is employed in drying extremely moist products for 

example, fruits, vegetables, and so on. Grains which is used 

for animal feed can be dried quickly at high temperatures because quality 

i. not a consideration in this case. 

'&' Freeze Pr<oting - Fr-''''ze "r....· ...}. +-h 1 f J. ..; ~..!.o .,,,f"lg 8CCOI!i~)J.] !'! •. es ~ e remove () water froa fiuiU 

(f~Jits juices) or solid~. ~oet freeze - dr'ed ope~aticns are ge~formei 

between - 1000 and - J ..... oC under 1 ....... p. res~ .. ~ . .Jr"'''',. It· n. 1 "tV ..... "'.." . ":I r:;.. ~'x"~.:ila., • 0 .. · 

operation, but it hae definite adTantagee tor heat sensitivft materials 

1.9 Justification 

- Probleas of conventions1 ~n 1r:;ing: - Contain.aticm, 10fi'S of 

products, 8ftd ov~r drying i& minirized. 

- hisb cost 01 or auDaYailability of improved drying e1uipments, ~i!~ 

cost ot energy source is considered. 

Solar d.ryer ill inexpensive to ccmatruct no running cost. Cuter rate 

of drying, and not labour intensive. 

- 7 -
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1.10 OBJECTIVFS 

Th. geD,~n.l objective of' this project is to deaign an" coutruet a 

portable Bolar dryer to be Htt:"!ri for drYing agricultural proiuctc<. The 

temperature ia the drying ehamb~r will be b~t~~~n 35° to ~5°· 

Contaminatioa and crop 1008 will b~ r~aced to .ini~um. 

The specific objective. are:-

i. 're design a suitnble dryer fo'" drying agricultural ~r'(\:ucts 

(')~rti\;tll"lr~~!lill ::md tOlll."ttc,8a over a siven ,lrej·iod. 

i1. 1'0 conpt:rl1':t 1:h~ unit irc, locally available IIllterials sc as to 

~,ke i -: affo"'lhble to thp rtJ~l ral ... ~ra. 

iii. To tef;t unit in order to d""t<»l'"1Wine its 1)\~r.rj!"'r!l:lrIce .lith l"'er,K,ct 

- 8 -
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:..:~,:=.=-,;:=::.=====::.==:-.== 

Solar - powertid drying systems are probably the keystone to wide-spread 

application of solar energy. Past literatures has dealt primarily with 

solar-cooling systems and absorption systems that are not mainly used for 

jlpeka -' (11j82) made an. experimental passive solar dryer with a concentrating 

coll"tor and recorded a higher drying efficiency on evaluations, in comparison 

with open air solar drying. 

Baaed on the problems encountered, he recommended the following: 

<.) Success ia only AChieved through positive economic consideration. 

(b) Proper insulation is required to minizes heat losses in the drying chamber. 

Oft, O. (1982), evaluated a solar dryer using a flat plate collector and 

rEf4orded. a favourable drying coneli tion in the drpng unit of 'Qp to 5000 above 

ettbiftt~ thJ1Ugh '..lnder no-load t'!Rt. 

Arinz.~(1983) designed and constructed a solar crop dryer with a thermal 

storage system. Abvourable computer stiunilatioR of the system performance was 

achieved 'but no actual drying was carried. out this enhancing the practicability 

of the exPeriment Bamiro and Ideriah (1982), determined the optimum collector 

orientation for !badan, Nigeria and obtained optimum indications corresponding 

to maxilDUlB i.neid8nt solar energy (beam, diffuse and reflected radiation). A 

rannge of 7.430 to 150 waa recommended for optimum collector inclination 

(titled angJe of collector surface) 

Araoye, 1984) destgned, fabricated, and tested solar dryer u~ing both 

active and passive method. It W8S effective and good drying result was 

obtained, but thf'1re '-las a. lot of heat losses due to the filCt that thel collector 

does not project directly to the drying chamher. 

Brow, (1981) der:.imed and fabricated a solar dryer for agricultural 

r.>rodueta using locally available ,~OOtI materials. The wood materiale deteriori-

ate4 an collapsed within two years of f!lDric!t.tion clue to rajnf.ll, hilJl 

9 -



su.see-otabilit, of wood to bio-deteriorations, hence, th",re were failurN' 

regnrdins the dur~bilit, and economic Hre considerations. 

JwokOYll, (1992) ·j'!si.·ne,j and fabricated a solar air heater thcugh, it 

h"" good hAat nbROrntion hut inn."fectiv(l ..lue to _leat lOE'-e(J thrcugll the easi~. 

finall:t, in r:18111 of the;:'d ~:"".~eal'ch )rojoctn mer:tior.~d above, there ia 

llothing to snr,l~est th~1: an:r lr.v·~stig'itii)n I"'elat.illil, ".:0 cOl'l1'.Jined s:vstecl (direct 

b. conventicMl rlryinS t!!cin.iqlM. aJld 

c. Solar drying technology 

':.'r~ditioftal or sua-dr.xinl$ !uthcd 

or au. dry1~. A Cor_OB 11""thod usee ie to epr. '80 tht! crO~i 0:.\ C0ncrete or 

brick floor:> and aometiHf; cn m:-,ts. 

COl1Yslltic.nal ')7in~ . .ci rJi~ 

CoDyentioMl drying tec~nique involves the u~e ()f !f'echa'lical Jryers. Hot 

being dried. 't't.e fUn'lJ1Ce ie uaually fO'Jsil - firf.'tf hut f>lectdcal1y heated 

furnace is often us ... lr,r _lftl.l ecale oryillg. .\ f'?!:' VC "t', ''.:Cl:' ic uaunlly 

eaplo1ed for the movem~Dt of the drying ftir. 

lIOip"tunt content, or the .irvin~ r!l.t~, iA 1Z,'O'H!II'!)od by the air teroperaturlt. air 

relllti'lft llUmidlty ard ail' floi1l y',."t.e. 

- 10· ... 
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Solar "ronS l'echnolcrq 

Rese&rch !in thP!' ~ffective ·me c·f the p.r.l!'rp.')' fro!1:) th~ suo ~ tHrted abc'.lt 

two deeasee ago. This ha.. lell to vArioU3 practicd apnlications of "olar 

In ~it!:eri. and in other tropical count dee. solar et1@rgy Sppe<lrR to be 

altund~n.t all tbe yeAr round. 1'11e applicability of drjere with. f!IOI"r hea.ted 

air to iapro.e O!l 8\1n-drying technique is theretore not questionable. 

It has .some advantages over the conventional mechanical ·-h-yers p.~pecially with 

respect to cost aDd adaptability to _11 ..:a1. farmers and indu~trieB. Some 

of the C~Op8 commonly grown in deYelo,ing countries (e.g. corn) may be better 

aut ted to solar dryiag tl'!chnologiea tbaa the foseil - fuel - firM dr1iag 

aysteaa because caee hardening and other da.age are ltkely to be 1958 Qt the 

low t_p!tratu~ characteristic of solar dryers. 

sou.a ii':.~E'OOY Ul'lLL'\non 
•• v • 

SolsI' ner!)' is the electro ,"~atic w3vel4!"np,th ri~~lilltion whjch emanates 

froll the sun due to i t~ eurfrtce t_~rature of :.about 600cPK. The totsl energy 

"'. 26 produeti~n of the sua aaounts to abcut,86 X 10 watt" but frOll the aua-

Earth geometry, only a minute fraction or~8 ~nergy iF interce~ted by the 

earth. 1be reat aillply disappears thrcu~ SiJ"ice into the vastness ot the 

uniYerse. The uniYersal availability of solar 6nero 1:1'36 ('T'Ompted a long 

history of inv~sti'8tion5 a~ to how beat to utilize it. The pre-hlst~ric 

__ used ,'Jour energy for tht" drying of hi~ ~ruit6 1l"l1 v.b~n hie t~hoo1."'ncal 

level improved, he was able to concfintrate thie en~rgy to ~'rod\lce fire. 

In order to desi£~ solar ~ergy sy~te~ for specific tP.Chnctcrical and 

economic needc:, which also faciJ i t:'ltes the end-usa l!!~tc}'l1ng of ..snch s,.s't~:!e. 

a knowleige 01 the ~ntity Rnli !1lJ11tHty of u:~ "anaoile solar radiation 

in4i.eAt on the collector (neb month. On~ lI8.Y of doiag this is to use the 

coyerage daily solAr radiation on III borizont.'il sur· face for the location with 

adjuataanta mad. lor th4t collt!Ctor tilt e-ich data is usually obt3ined from 

lon&-tem avera~s of soiar AdiatioJl !)a.eel on many y~3.rs data. ~'or the 

- 11 -
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hay. been goin~ on for ne,,~rly fi fty ye3re. 

In the deyelopin~ '.;!crId, Buch j~trl is scnrse and whe!} aV3ilable iR "leithf'I' 

cODtiDUOUS ftCr ~liable. The required data ffluet therefore be obtained from 

c:ornlath'Qlh 

The sun is !l re:iOsitory of about limitle.u; energy. It is a gaseons 

.8p~ of great density , with a core te.p~r8ture ot millions of degrees. i~t 

this temoer"lture thermonuclear ;-.rc·c£ss involYing the bydro;.:en atom occur 0l'J. 

a 8Cale eur~eing human inulinaticll. The S\lB'S surface (photos!)here) is 

COtlT>OI5~ of ho~ ionized gases. :S;ost of the visible and. i~formed radiation 

r~ the sun is emutted from the ~hotospheret Which acts eaaential11 .. a 

black-body of ~bout 6Q000K. other basic cnar3Cterietic8 of the SUD are: 

~ad~u~ (r) ~ (Ft9~r. ~ ~.OO1 {X108m 

AYer'tJp deCs1,t1 (d):: 1.40 .. O.(x)2 yes" 

(Dixon, \. i~. 1<}80) 

Sun is a rotating mas~, ~06e eqnitorial rGRion rot~te3 in 24 d~ys While 

inexauaible aner., source. 

Since va rely almost com91etel, on the sun; Th~ earth and its ati~8phere 

recehed on a continuous oasis about 1.73X10 17 " attr; of r~dif'\acti\i'e ~noJr~y 

trOll the sun, an aMOunt which i~ over 500 times ~r9 than the othflr SOIl!"Cf'8 

of t~e earth's energy (terrestrial energy) 

because ot the r=l;tive motions b-t~n the eartN\and the sun ae th~ unsteady 

nature of the tarr.atrial environ..'f.~nt. The radiation recei.,ed on the earth's 

surface 18 ther.-.foN of tov gr~<ie energy snd eonaigt of dir~t r~di.tiOR aDd 

- 12 
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which is basica1ly dir~t rOld::.nticn • 

. 'iolsr r:;\diation :i~ llsually available in sevt'ral fol"'l'l18 in terms of Lh. 

t",e of irMti13nce (global, direct and diffuse), the tille basis (hourly, 

eliarnal, Ilon.t~ly, seAsonal or yearly) .otnd the sur!3ce ~,ll'\c",!!'ent (h~riz<>ntlill or 

A practical method of presenting apartial variations of 801ar ~adiation is b1 

a.ana c;' mailS prepared on a temnoral basie. 1'hes m8~8 refl~et the levels of 

eotar energy potentials and fi~e ~t a glance, a clear idea of the d~:r.e 

of a1l?lic1lbility of yarious AOhr enerQ cOIlyereicllS systelllS for the 

indic8ted lC~8tioDB. 

2.5 Solar Hadlatien Availability in Nio:H'ia 

(A) Meaaured :}"lta 

It is only recently th:1lt noat! 1"1U!Uterca statio'os 1n the enuntry ~ave p.'nbiirked 

011 ccntitdou8 1IO!11toring of radiatioa data using f!OOdern inetr\1lllents like r:pple, 

measuremente. 

".oat of these cei:t:r-"5 A!"e $Cat tered all G.,.~r the e"tmtry in such ::;laecs as 

., 
irradiation valu'I".'g r:f ovt,r 2C .-'J,if.:'" day !Ire cb..«;erved gene •. Ily in th4".';e;!.i-::t:"id 

Korth while the' lowest .a1;;,e5 of aoout 12 r.f.,.r!i2t1ay <1e~nr in the mor~ l-lU'!Iid 

and Forest regione of tne South (Eze)nte. 1993) '::~ftklffl ~r"i >;'?.e~ 1 0, 1,)31, Iderrah 
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(a) 

VIdl. •• oatt ............ t.ea ................ ea17 ...... _. 

,··.ua.W .... u1 ....s.1It1ee __ _ ILJ'd ..... tt-. .1 ............ 41\7 ... 
.. ~< 

..td. ... till ..................... tw 0 ... '-*7 "... at wa~ •. u.u .. 
laaW ia te..' ........ IbaMa ..... 14., •• ~ .ffort iIImt ... ..u to 

lMaill ..ad. •• INla .... nlaUq ~ v..-sMl .. te ~ =t.:l =u;; ~ 

, .... tILe 11 ... 1 .... tea ftl.at1<B1 'fCRlDd t. M .aw11aa1tle for tiM 01_t01o-

• • 
.... _ • .., l.ipt .... u.. •• ad .... attellaui_ .. ftiedm. 

• • nlatt.... IGQ 

• • s1oh1 1nMlati. ... 

,.6 Pi' i!ApD!P !.!M!!l!!pit 

~~~., -t .... ~ ... 

. • .......... _ • vait al'M ot .art.a =-r..:t tc ~~ ;;::::~z: r-..or- 'ft:.... .~ . 
....... 1 •• '.ft1:i9 'IId".la 1.), irilowu.tt3 p'''' .... " .. _'" O~iliri .. 198,). 

(a) ".1aMsa 
laeo1atl.a lII82&ll7 nfen t" tblf 3l:.la!" ft41l.t1~ 4' t.he ,tartlt'. Sl1O!"t.: • 

... att 4"!"'. a;l 'dit '1·~). It i_1MO .. !tcth ,Une' l"ad1a.t1nn ft"OII the I_ 
..... U. iJIIISftct .... .u. fnli tlt ... *y •• '0 tWJltt"rin& ,,1 U .. .,laJO ,..·ii.u. 

~ .e1en1_ ... otta.r ~ ... 'ftr.e ter. ~alw.l 6tii.ti~'" i.e tIOI!t!t:hU8 

( ) 

(e) fansbtJ!! hpu. 
.. 1tft1'It.~ dtd,ly ~.tt~ i.lt • r..ttC!l or t .... 1l.!!Pl- ar.tire .t 

• ,.I'ttftla ... 1._tt_. 1totIt l~ """ _~.....n. ~"11Ul t. 
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· ....... 
, .. , I9W cou.~ 

a.. ... __ .... ',..a ~t !.ola:r ..... ..., .ollfICt.o.r ... ., ,Matilfl't 

flat plate ad "'1IJ01WCOl'teRt~\1"8 ~lQl!atonl. 1\ toltu· cel1.lA1:tc1" if! a 

.,..Sal font .t .... , ...... ,," Ulat tr .. 'Ol'I!S 601~:r ·~~.t.i~at ~tlt'£'J uto lItaet 

n.t plate ..u ...... ar.¥~_ tOl,- ~ow tbentltl. 'i!o!'oc~:m; mt4 ..".,l.lc*tt._ 

~ 11Odaa'. t IlJ ..... liQ) to 'tOO/)C _ M1&w i.e r.iuired. 1tdaQ th1Jf 9:" 
vl4le17 .... tor .teI" -.u.aa. ~ ~ --&Dc .ut _011118 Il,i Q;.tJ.1dlap 

u4 f." tM:r .... ~ G' ..taS total:. _1_ :rUiatt._ ~h 41ff_ 

a1I4 '-, ... reqa1re Utt1e __ , ...... .,.i'M w1Ul tOG_avC~fitfttt .. 

... cll'7iraa ot a#"! ftlftftl P1"()_C. 1& oaq a.u.i.:table 'IIil,tIJr .. ferat. 
~""-'~ "'. , '" --', 

'" 
' ..... tuM that .. ~. ta. _~ .aut_t vittwvt deI.IIP." tp ilnjld, •• 

... on nce,t ..... ~1mb7. 'l'"tlt:.ff .~, • .,..: 

(1) '!'he tHUapJU"ellt: ~.r 

(11) 9lft abfj,,~-et" ~1.l1t. 

(Ul) ftet'-.1 l ... t.tic!t 

(t.) 

~!"et eoYt!1" itt I...,....tee te JI'OT14. lawlatt. at t .. t., ()'f ttlle 

...... 1)] .. t. eP sI. .. tftoea\17~ tM ............. _lar lWiieJ_ to ........ plate 

.... 18 .szva'\y ... e_._ of ita...u..t .... tHrait11i\;1 ... @&*I _.a-lcal. 

.... -'1... en.. ... .tar w-"taa.e (~ •• ) .. c= lte 'ftP7 bNt~ 

It l' ..... low eat_ eoac.t. It I. o,aqae .. t.e ..... ftHItdt.. ... the 
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nduces rMtatiOll to.e ... Ocapar_ ldtll plaat .... 

!)t eEbu platt 

n. pn..1')' tunetiOl1 of 'the u.b-c~,. ~1)l~.~tt !~ to n}:!r.c-rrh th (bm:a., l.1t"... 

ad. ref':'.er.ted: 80lar 1'&fliat,=. !!:: =~ pla'. 18 ..c. 01 kiI.--.'. ateal 

~rlaL A l'lJ!C1tb~ I., a l*-':!"~; ~ ... -.itl_ 0-1 ratliatl." 

Chtne and Btlltkm_. t9Se). 

r: 3I'!!!l. ::9!,l.tlon 

~M tl>!~l"!.t Ift-"'t1l.'lticm at U. ~lc aa& fd&!:!! .f tlle eolleete~ 1e t • 

• at i. PfU!11"Iltttd by tM .~""U' Pl4t. (up ~ la7"c). :. 'lUini'~u:~ t1uo!a:.SIUI of 

~ u.t ,-.... ill$Ul.tt.en "t la. bMck ...,d ai·Je.a '·'N'.)'ltGtt'nl.l fJ'r thea ;G.l1~r.:.:\w i 

(\ ,t..'- lie •• be_ ........ CIIIad _ oth~~ o~ll~ as "S~~",,",1'l n-t ... ~ (.\riuH.191J)'\ 

I Com.tOft thel"W!ll i:ru51ll.tiJIe .... t.rial ... tao ..-ailable an tibro.;lau. :..~kwool. 1 

ftie 18 .. "!de of ae-:e~ed woM aJ1~ ,l~ i:l&11€>d t()~t.her to preY.t 

1aeat 1...-. 

3.' "'!m,,1.1 C!Use Collector SlopS 

rna • 1JM-.e'J'al aowleclge ~t the a~£.at \II01'81J!(.I<t t;f th~ $tm it can gf .... 

.... , ~ :~. 4rJiAa .. e .. u.. •• ,,111 .. overh_nd li.t er nt'"r tb Ncrthem 

ta.d.apbv. • south faciA, colla,ctQr "ill rc~ .. i.r;E; ~:t i.olloC·lstiCll (CJe flllr.1 

~ •• (199;i). Art.a (1985). !~. (198,,_ t:.!l~ B~1ro and. lderiah. 1985) 

;>81; ... l.l 

• !Itt, ) •••••••• _ ••••• ~). 0 
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-., • 2)." - (360 z&\.~ 
) 

'" • I3.~SJ ( .. .. m) 

• .... ,-~.". 

,. U1d.llice ~~ t..ti of t'""'tats.. ,. •• oil_tor the _apl .. , .,proaola 

I.e to .it_,. iN •• 11 .. to7.' _ tat ., 1Ja pel'pewl1c.lIlar to iaaolUiQl,\ at 

111. 'IQ .f tiM •• Jiq ...... . 

It h.38 beM est~.blis~ed th:;tt the (-!' "iehncy or nat pll!l.teti in eol14geti:flC 

Bolar e!HtrEO' de;H!nds, O} the inclination of th., plate to the hori.ZOIltal. Vanolla 

fCnllUla. have beeD prop()~ed for deter:eining the Opti~u~ tilt angle whict. give., 

should be: 

(a) 100 ~~br than tl'1e lr.titu·;e ansle at tbe location; 

(b) 15
C ~~ ter than the latitude anale the location: 

(c) 0.9 times th. latitude angle at the location; 

(d) 1.5 times the latitude ~t the location; 

(e) the l.tituee aft!11e ~t the location (~ul"de ct '11~ 19c5) 

le.9da to th~ choics. of 150 as the de~ign til tangle. r'he colloctor is tc be 

oriented to face the equator (~uth). 

(1981 >. Ezek':l!f! (1983) 8M Cj~ Md .... IImnrl. (1992), ~.n. interr.olation Wll8 done for 

Miua to ~et t~ !lverage hourly il'lMl'ltiOJl f.l.Et 8;>5 \.j/~~K. 'l}.J. altitude for 

Mi:GDa is 323 mdree (!Jee 8.'~pea.dix). 

To calcullllte the .ngle of il'1dtGeftee for ill.uQlation~ for .~ h-oM.?on.tu 
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laU.;r I'&iiat..'l.ou ~ -A ~"'b..aQj;..u.l. ~·i,..,.. ia f*t"ntT"1x1.t;a't.1T ·t9.~ HJ ~ 4.J _ 1 

I_ld1e»i ;~1!1 kor.":iIi~1l luuri{.~£ i01· t..ile ~iod \~.K~'2\:.O ill" C¥tt ~JI' 1S ia 

X""'.atiOZ1 (lh) :.$ t~~/ol fur thfl J'lriocl e9Cv - 1lOO 

eo. \" • ~ ~ ~') 1 c-~s F 

~ . 

- ~ ~ 008 ~ Ilia p.os 'Y) 

+ CUfi 1) co. f (;06 f:) C()S-~ 

t (;V6 ( l;W t ~ p t;ou~X) 
t COt; ~ .. F S;~"l 00 S;:.<:\W 
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• 0.9'1 
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eo. Cl to'!' perlol OIDO - 1200 

c.. ~ f(l!- 'period 0iQ) ... 1~ 

ftere:tore -~;{~ ~i. s lZJO 
t eo. '-

Ie T 

.. 0.931 

(a.) g'l"l'\ 1,~ !'u)·e:rr.."i ~t ~ tM to1t. 'l1Ie _jorbeat 1.. trOll the 

ooUretor If' ~ th·! ~~ ~! t~ M:at t1'N8t~ lM.ffie1eat for ta. ~ 1.1 g.. .... _ 

• " 1I 

( b~I.fi'P)(:!'?-1 .. J7rt'i;i~~" 

• fa 1 (~e..;" ... ..t.!., 
F •• 
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,. '" - 3.1 + ,.8' ... bell v - ~ .. ?4 raI. 

! ~ subct1hrt!r.I!" __ the Yalu-.$ o!' hv2. ' -. r &."lG hv - 14.21 \41_0 

• , 1 
(,~:33r{~-~---~-'-)-1-1-"-C-.-5-·6-3-)-fi!.'"',.""!!!"',r-'!"--'!.21 :. - 1 

• 1).61 X 10.
8 (,'-O.~~ ... 303' ("20 .. ;~ ... '303 2. ) 

I. _ va '1 

• 6.66 KIM Q\! , .. , 

!1M l~ co efficiat h'0IJ bAck NId .id~ d4~ 00 true '~11 .. n.u! cc;Klacth,J " 

or the infftJ1'1tor 51at ... ""'ial .... the tlL'telmeea of tJuJ i .. l.~1_ aatell'ial. 

ft. illt:lUl~tiOll mt..w ~ i. fOlJV-t ... roe (!i.:i') ¥1~'" t~ 

..... tlontJ (Ie) .. O.O~1r) 'w/rl'e 

let.tft.t ~ () .. 1M 

Cell_tar ~l .... - 0.388 X ~61 X 0.1 • 
__ 01 tlae eel \eotor ,llate :: 0.888X 0.61 :: ~.~e 

Coll.,- d08I' e .. ti..uU u.a .. a.6't;t 0.1 ;'4 0.061112 
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Ti~fiLE 1. . f~OPERTILS OF SOME COVER MATERIALS' 
,., 

," 
f.l ate'r:Ta-C--..:.------:~ 301;;:;---' -----··---C on 9 w:i'v eDt h e I' 

Tr:ansmi t.tance 'l't'ansmi ttance Charac't=::-: .~.~ ~ ~'.: 

_ ....... _---_ .. -------- -------

Glass 
3.18 null, 

Flat FRP 
.Regular. 25-mil 

Fbt FRt' 
4-lI1i1 

t"u 1 ','L,thy J.ene 
-4 -trll 1 

Polyester 
5-mi 1 

Polycat'bonate 
1:.59 mm 

Polyvinyl O~ride 
(PVC) 3-mil 

0.88 

0.83 

0.73 

0.09 

0.U7 

0.84 

0.91 

0.12 

0.06 

0.80 

0.32 

0.06 

0.43 

0.03 .Breaks easily 
.SharH edges, especially 
when broken 

.No static charge buildup 

.Cleans easily 

.Sorat' trasmittance does 
not change overtime 

.Abrasion resistance surface 

.Cannot tolorate Temp>2000C 

.Sags when warm, requires 
cloaely spaced supports 

.Surface and solar transmi- . 
ttance gradually 

deteriorate 
.Light weight and tough, 
.No static charge buildup 
.Easy to seal and fasten 
to collector frame 

.Tough but punctuces easily 

.Susceptible to wind dam
age unless collector is 
inflated 

.Solar trnsmjttance 
degrades rapidly 

.Light weight 

.Flexible film, light weight 

.Vibrates i.n wind and 
dimiages easily 

.Rapid ultraviolet 
degradation 

.Not recommended fm' 
collectors with 
single cover 

.Punctures easily 

.High thermal expansion 

.Solar transmittance slowly 
deteriorates over time 

• Light weight 

.Hard to handle and install 

.Shdnks at high temp • 
• Liqht weight 
.Expected life of 
about 10 years . 
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TABLE II: PROPERTT...LS OF CO}INONLY USED INSULATION MATERl.A.LS 
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rock wool) 

Hair felt 

Granulated cork 
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CHAPTER FOUR 

The laws of thermodynamics (first and second laws) are of 

practical restrictions to the efficiency of energy transformation, 

particularly that such transformation from one to another can 

never abtain a 100% efficiency. The results obtained in this 

project are proofs of these fundamental thermodynamic laws. 

Generally, weather conditions was noted to have considerable 

variability hourly, daily, and yearly thus a solar system of this 

project, may not necessarily perform according to expectations 

at all times. 

Tests on drying were carried out using fresh tomatoes, which 

reflected the local harvest practice. Tomatoes were weighed and 

put in the drying house. Succeeding changes in weights were recorded 

at a time interval of two hours. An open air-sun drying was also 

carried out as a control, while changes in weight were recorded 

simultaneously with ones in the drying house. 

The ambient and drying house temperatures were recorded at 

the same time interval for weights recording. 

TEST RESULTS 

Tables 4 (a) to 4(c) give the weights of tomatoes tested, 

the moisture removed every two hours and the total moisture removed 

per day. 

It is evident that the drying rate of the drying house was 

far more than that of open sun-air drying. It was also observed 

that temperature of up to 54°c can be obtained in drying house. 

- 23 -



f 
f 

J 

I 
I 

The ambient and drying house temperatures were taken at the 

same interval of time for weights recording. 

Tables 4(a) to 4(~) give the ambient and drying house temperatures. 

From the table it is evident that the drying rate of the drying 

house was far more than that of the open-sun-air drying. It was 

also observed that temperature of up to 35°c can be obtained in 

the drying house. 

For instance, on 31/3/94, the total moisture removed from 

the open-sun drying was 10.54 grammes whereas the drying house 

recorded not less than 14.53 grammes. For the result obtained 

on 31/3/94, the average amount of water removed per weight of 

tomatoe was 54.7% wet basis of tomato while the control 

open air-sun drying was 66.7% wet basis of tomatoe. A 

difference of . O.12g of tomatoe is the advantage. 

RESULT DEDUCTION: 

Since the temperature obtainable from the drying house is 

above 50°c, it can be used for a variety of farm crops drying. 

It can equally be useful for yams, mello, okro, amaratus, and 

other leafy vegetables. Desired temperature range can be effected 

if a gate is provided at the collector inlet either to increase 

or reduce the amount of air passing through the collector. 

Table 4a: All temperature reading are in cent igrades 

Solar Dryer Temperature and observations 

T1 ambient temperature 

T2 Drying house temperature 

- 24 -
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Time of day 

Da~ 1 : 28/3/94 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

TABLE 4b 

Time of day 

Da~ 2: 29/3/94 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

15.00 

16.00 

17.00 

18.00 

Table 4c: 
Time of day 

Da~ 3: 30/3/94 

9.00 

10.00 

11.00 

12.00 

13.00 

14.00 

Tl T2 

31 40 

33 42.5 

35 56 

36 70 

36.5 67 

32 60 

32 50 

37 49 

38 47 

38 44 

Tl T2 

30 41 

33 45 

35 60 

35.5 71.5 

35 70.0 

37 61 

37 60 

36 55 

36.5 52 

37 43 

Tl T2 

26 38 

30 50 

32 59 

36 69 

36 63 

37 62 

- 25 -
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tAble 4c: cont. 

---------------------------------------------
day 3: 30/3/94 

15.00 36 

16.00 36 

17.00 35 

18.00 35 

Table 4d: 

Time of Day T1 

Dal 4: 31/3/94 

_9.00 31 

10.00 33 

11.00 34 

12.00 36 

13.00 36 

14.00 36 

15.00 37 

16,00 37 

17.00 36.5 

18.00 36 

Mioisture removed in grammes (g) = M.R 

Tomatoe weights and moisture removal (grammes~ 

Table (e) 

Time Solar drler M.R Sun9drling 

30/3/94 

9.00 253.29 253.34 

11.00 250.85 2.44 251.66 

13.00 219.42 31.43 226.26 

15.00 153.65 65.77 181.24 

17.00 l38.64 15.01 169.02 

Total M.R/day 11'4705'-
---- - ~ - -
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53 

52 

48 

43 

T2 

40 

42 

53 

71 

67 

70 

50 

50 

47 

43 

M.R. 

1.68 

25.40 

45.02 

12.22 

84.32 
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Table 4(f) 

Time 

Day 2: 31/3/94 

9.00 

11.00 

13.00 

15.00 

17.00 

Total M.R/day 

Solar dryer M.R. Sun-drying M.R. 

265.84 265.43 

248.36 17.48 249.32 16.11 

198.26 50.10 206.06 43.26 

166.98 31.28 176.79 29.27 

153.97 13.01 166.11 10.68 

111.87 99.32 
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CHAPTER FIVE 

1 CONCLUSION AND RECOMMENDATION 

1. CONCLUSION 

Temperatures as high as 71.Soc was obtained at the drying 

house which can be used for the drying of agricultural products. 

It was found out after testing that solar dryer is more efficient 

for drying than the open-air-sun drying. It can also be used 

for the drying of fish. The moisture content removed by solar 

dryer was of average O.1:2:g than that of open-air-sun drying. 

1.1 RECOMMENDATIONS 

Potential effects of providing a variable gate at the collector 

air inlet, should be studied. Providing avariable gate allows 

air amount variation, hence, allows variable drying house performance 

for variety of crops. 

2. A more thorough evaluation of the system should be carried 

out. This could be determined in this project because it was 

of a short-time evaluation. 

3. The use plexiglass or polythene as cover material instead 

of glass because of availability and cheapness. 

- 28 -
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