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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 conditionmns.
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 0-12grammes 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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Gefinitions

1« ireect Solar radiation: Solar radiation flux asscciated with

the direct bheam, and iz mencnred ta the beam.

Ze ZifTuse iadialical RSadiativn veceived om thes sround over the rant
of the whcle sky hemisphsare from which it has Less rcattered in

passing through the atmoaphera,

3« Solar declination: The angular diatance hetueen the sun and the

plane of the c¢elestial ejuator,
4, Thermal <adiation: The radiant snerzy omitted by a hody due to

i¥s temperaturs.

CORVIR3ITON TABLE

LINCHT
1 inch = 254 % 107 %a
1 foot = 0.3048m
1 metre = 39, 37 inches
éii&
1 ¢ = 645, 2mm°
1 02 = 0.09290°
1 100 = 0.0164L
100 = 0.028%a°
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FEXPERATIDE
T = %280+ 22
Y = Paresakril; £ = Cratigrade
RASS
1 ounse (08 ) = 28,35¢
1 yowrd (1») » 0. h5¥uy
1 kyodred wedgst (swt »~ '10,80%g

1 tewso = 100D hg

100 e (o) ab72210° P
BEmY

1 Calorie {(ecal) = b,187 3

1 Kkvh = 3,600 W
INSOLATICN

1 Langley day”! (Cad on™” qay”') = 0.0M WN" 2 day™!
. 0.0116 Kuh a2, =1
SSEPUL, CONSTANES
BOIK dengities
Madve = 769 Kgu'd
Spesifis Begt (Comstant “rewsure)
Mr = 1.005 X7 Kg-t x1
flass = 0.75%0 BJ K¢~
vater = b, 187 &I Kgd k- !

Bapgitiep (at 579)
Aflr = 1.1”"3
weter = 1000Kge-"
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CHAPTER ONE

INTRODUCTION
asnszEEscenne

Preservation of agrisultursl products is oms of thse oldset foed industries.
Ancient people discoversd that they could kewp crops for moxths by dryisg in
the sun for several day=.

Drying is weually scecuplished by passing air of carefully regulated
~ temperature and husidity over or througha the agricvlinral zroducts im the dryer,
Drying sininises harvest lcssee, increeses the quality and gnantity of
agricaltursl products to cetaia a kigh dryimg performance and satisfactory
results. Drying nseds to »e carried out vith limitations based on the produsts
temperature tolerance, humidity respomse, ccmpression strength aerd fluidity.
The drying sir is eithoer uatural or heated and, or say ts uatursl ccavectiom
or foreed draft.

One out of the many uses of solar energy simce the dawn of civilizatiom
has been diring and preservatioa of agricultural surpluces. Basisaliy crops
are spread on the ground or fiat floors oftea with nc pre-trvatmeat snd are
turned regularly until smfficiently dried so that they can be stored for later
consunption. lLittle capital is required om the expenditure of equipuent but
the process is labour-intemsive,

In developing countries the proceasing of crops poses a serious probleam
sainly beszase the farmers depend slmost entirely on sus drying ( . Okas - 1988

At the Vest Africam Cosoa Research Institute in Ghana, a system of
mobile traye is in use. Mtnnnuunmmhmmnhtinu |
sasily moved (Agbeola 1977 Jo In Nigeria, alomg the HDemuwe river, sus-
drying of fish is dome om hot sand and scmetimes along the hot tarred road.
Osviously, sum-drying spproach is not Bygenic and results to significant loss

of prodwee, specifically due to contg¥wination by:
(a) Dirt, dust, and wind-blows debris; '
() Insect infectation, especially if there is rain during drying peried
(e) Mwran snd amimgl interfersace;
(4) Interrwntion and wettimg by raia



The quality of sum-drying products is often low due to lack of
.control over the drying rates. Specifically, imprcper drying of corm is
attended by a positive danger of losing the entire havest as a rasult of
mevld growth end sprrouting.

Solar drying is mestly ashisved by the diract exposure of the products
to the sun's radiation and by an indirect method in which heated air
through zclar eollector is nassed to the dryiag chamber, iesearch has shown
(Aringe and Cbi, 1984; Cje and Ozunde, 1992) that indirect wethod is for

|
more efficient, economic and reliatles The pcrticn of the epoctru? that
includes most of the energy radiated is in the wvavelangth rsnge of 0 =
x,0m (Duffie and Becknan, 1985),

A poler dryer can either be “passive" or "active'. In "nazsiva™ tyne,
heated sir from solar collectors is trunsferrod tc the drying unit by natural
convection otherwise called thermosoioning. “hile in "active™ 4ryer,
artificial veans of troasfering heated air is incorporated, 3uch means aig
the intesration ¢f mechanical pumps, sunction fane, compressors, and sc on,
which can supply viat is described as the "amotive forece™ (I fi ., 1582)e
Solar radiatiom collection is achieved By the use of Jolar Collections
vhich ray be parabélic (concentrating) tyre cr flat plat collector type.

As for the tools which utilizes the sun's energy, the most efficient are
flat plat eollectors (Anderson et al, 1977).

An effieierntly utilized solar energy, offers a mrans of providing low
coet and reliable drying systems in the develoning countries. “he farming
ccmmmities are often neglected in terms of provision cof basic facilities,
and yat over 80 of to%al arricultural output are produced (Falade et al, 1985).
Experimental re:smlts have shown that solar dryer har conciderable advantages
over the traditional sun~drying method in terms cf fastar dryimg rate, less
acess to 8roilaze hy micro-srganie s when c¢rop is harvested at high moisture

content and handling ecouvinience,



The use of solar drver although old but is relatively new in MNigeria,
its adaptation sbould be made to the needs and resocurces of the farming
establishnent, In thie study, the design congiderations or criteria for a
éolar crop drying system are inveastigated. A flat plate absorder making
{ use of direct solar trapriag for the drying of agricultnr11 products (corn).
: Other comsiderations are coat effnct1venpss, vorsgpiliﬁy and availability of
local materials for construction of solur dryer as to make the local farmer

te afford the coastructional cost.

1.1 THEORY OF CR”P DRYING

Drying, in ordinary terms, is the removsl of moisture from a subdstonce,
Technically, drying, im its ordinary ap:lications, is a hant and 2ass traasfer
procaié involving vapcurization of water in the liquid state, mixing the
vapour i%th the drying air, and removing the vapour by naturally or mechanica-
11y carrying awvay the mixture. /ufficient heat for vapourization of prodact
ecicture rust be supplied by reducing the sensible heat of the drving air cr by
arplying heat directly to the product conductior, radiation, dielectric
keating, or zome othar wueans.

The canecity of air for moisture removal depands on its huaidity and its
temperature. 3Spoilagm is overcome whem crop msisture content is reduced to
about 14% to B wet basis.

1.2 Facters affecting the rate of drying

The main factora which aff:ct the ruts of dryiag are:

1) The physical and chemical properties of the uvrodiuct = shape size,

comrcgition, moirtnre contents

?) 1he geomstrical arrungement of the >roduct in relstion to
the heat trinsfer surfuce or sediumg

3) the vhysical pronerties of the drving environrent - air, temperature,
hunidity, velocitys

4) The characteristics of “he drying commcnly associated with farm

zreducte,




1.3

A) The Conthnt rate seried

This is just like evaporation cf meistwe {rom a free .ater surface.
Moiasture content of cror uvsaally abcut 7C-77% wet basis ané it occurs at
the early atage of drying for wet crop. Oroepr at this stage, ecuntain much
water such that ite eurface zcts like » free ~ wster curface, Fate of
moisture removal is constent and is largely de-encent cad |

(1) Veloeity of the drying air

(i) Difference in humidity between the ambient atream of air and thre

crop vet surface,
:(441) The crop's area axposed
| (iv) Thé»coef'icient cf mmes transfer
Drying rate is corstsnt, if the ambient condition is comstant and this is

sathematically resresented ss:

%{. = fv(Ac Pg - Pa) = EKf A(Ta-Ts)

bt

(Fnergy balznce squation)

The comstant rate roriod proceeds urtil fraoe moisture of the erop
sradually disapoenrs to make drying rate oroires:=ively lass. Grains do not
exhinit conetant rate undloss they are harvestad at a very immature state or

hsve wvater condensel or rained on their surface.

1 &
(=) The falling rule period of drying

thile drying, 5 criticel mcisture content is avoroached which marks
the transition Letween the constant rate and the falling rate of drying.
‘The internal resistance moisture migration of the cron out-weighs the external
resistance, while the caly driving votantial of the drying ~rocess (Pa ~Pa)

decraenses with the drying rate.

-k -




In grzine, the initial moisture content after harvesting is usually
Delow the critieal ra%e perici., Hence, falliug rate Jdrying p:rivd is very
important in the drying cf harvested graina., It is cdifficult to c¢rediet the
falling period of drying because of many comgideration that come imto play,
amcpyet which ared

(8) the external trancfer mechanism (the convective heat and

rass traxifer)

(®) the orodict iaterior tranaport mecaanisa (heat and wass diffusion)

Several tneories have been proposed for predicting the drying behaviour
of crops in the falling rate drying (cereals - e.g. ;rains) but only the semi-
theoretical and emopimical relationshipe have proved useful to the dryer
designers (Brcoker et al, 1974),
1.5 Meisture Zontent

The moisture content of & product is the amcunt of water costained in the
product. It is excressed mathematically in percentagzsa in terizs cf the wet
weight (wat bssis) or dry zatter (dry basis) of the orcduct, thus

% moirture content (set-basis) = _3_;.2. X 100

=]
s

¥ woicture con‘ent (dry basis) = V - d
- X 100

where ¥ and ¢ are th» weights of the wet and the comnletely day romples,
respectively, “"he mark.t nrice i3 vesuslly Jetermined on wot basis while dry
dueis moisture content is used in writing basic- equations and by engincers.

1.6 Equilibrium “cistore Content

Tt is neneasary o dry esch eron or roduct te its ejuilibriuvs moisture
content, when the rate at which the nroduet loses muisture to the surrounding
envircument is identical to the rute at which it abscorbs moisture from the
surrcunding zir, tie product is said to oe in ejvilibrium, [he poisture
content present in the product at equiliori:ma i= known as the equilibrium

moisture content or hygrescopic ecuiliveiwm,

-5



Temperature has 8 significan effect on the ecvilibrium moisture coatent
of a procnet. An increase in tempernture at constant relative f;{mdn,

decresser the ejuilibrivm moimture coatent., tfelative humidity also has some
effeat o equilibriuam mcisture contents an increase in ralative homidity
increagas the aguilibrium moisturn conteat of a procuct. The variation of
eguilibrium molsture content of mhelled corn with temrerature and relative
huaidity is given below:

Tadle 2.0. Veriaticn of Tguilibrivm Moisture Content

OF Shelled cormn with Tempersture mad
telative ﬁn—m‘..:dity

Tezperatire, o Relative Humidity, ¥
50 70
25 9.0 11.20 12.90 15,00
30 9.0¢ 10,20 11.4C 12.90
38 8,70 9.00 11.00 12.50

Scurce: Agbocla (1977)
1.7 Drying arameters |

The twe major paraseters in drying ere time and teryperature, If the time
renirad to dry a rreduct st a particular tempersture is too long, would and
garminztion cxmage or oiner damages may occur and the value of the dried sample
is reduced,
Excessive "ryinr rat:e or high tewpcratures for dryving may cause both physical
en¢ chemical dzruage to thke uroduct, Pxcessively high kernel temperatures in
corn, for r~xuaripie, cuure iacre-se brsakage, atress cracking and nernel discolo-
ur-ticn wnd lead Lo a Jecrcase in stareh scoaration (h\;h:;bility). ¢il regow-ry
and »roteip guality.

-6 -
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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, and

freeze drying.

Te

2e

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

3e

Low Temperature Drying « This is a process of slow drying, usualli'

performed at temperatures between 30°C gng S0°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 45% -
50°%

High Temperature Drying - High temperature drying has been the primary

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

is not a consideration in this case.

Fresze Drying - Frecze drying accomplistes the removal of water from fluids
(fruits juices) or solids., Post freeze - dr-ed operaticns are vesformed
between - 10° and - 40°C under low pressures. It ‘3 zn cxsense, alos

operation, but it has definite advantages for heat sensitive materials

Justification

= Uroblems of conventional sun drving: - Contamination, loms of
products, and ovar drying ie minimized.

= high cost of or sunavailadility of improved drying esuipments, hrigh
cost of energy source is considered.

- Solar dryer is inexpensive tc conatruct no running cost, faster rate .

of drying, and not ladbour intensive.

-7 -




1.10 OBJECTIVES

The gen~-rel objective of this project is to design and construct a
portable solar dryer to be nsed for drying agricultural products, The
temperature in the drying chamber will be between 35° to 45%.

Contamination and crop lonss will be reduced to minimum.

The specific objectives arei-

i. ‘fo desizn a guitable dryer for drying agricultnral srotucts
particulag&zrain and tomstces over a given preriod.
if. To conetruet the unit frem locally available materials ec as to
make it affcrdable to tae ruvral farwers.
iid. To test unit in order to dotermine its oerforamance with rerpact

to its drving rate and canscity.
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3olar - powered drying systems are probably the keystone to wide-spread

. application of solar energy, Past literatures has dealt primarily with
sqlar—cooling systems and absorption systems that are not mainly used for
éiﬁins.

gligbeka,(1982). made an experimental passive solar dryer with a concentrating
ééilactor and recorded a higher drying efficiency on evaluations, in comparison
with open air solar drying.

Based on the problems encountered, he recommended the following:

{a) Success iy only achieved through positive economic consideration.

{(b) Proper insulation is required to minizes heat losses in the drying chamber.
ors, 0. (1982), evaluated a solar dryer using a flat plate collector and

recorded a favourable drying conditioa in the drying unit of up to S0°; above

embient, though under no-load test.

Arinzc6(1983) designed and constructed a solar crop dryer with a thermal
storage system, A favourable computer stimulation of the system performqnce vas
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 Ibadan, Nigeria and obtained optimum indications corresponding
to maximm incident solar energy (beam, diffuse and reflected radiatiom). A
rannge of 7.h3° to 15° was recommended for optimum collector inelination
(titled angle of collector surface)

Aracye, 1984) desigzned, fabricated, and tested solar dryer using both
active and passive method, It was effective and good drying result was
obtained, but there wasz z lot of heat losses due to the fact that tha collector
does not project directly to the drying chamber,

Brovn, (1981) deci ned and fabricated a sclar dryer for agricultural
nroducts using locally available wood materials. The wood materials deteriori-

ated an collapsed within twec years of fabrication due to rainfall, high




susceotability of wood to bin-deteriorations, hence, there were failures
regarding the durzbility and economic life considerations.

s Jwokoya, (1992) 4nsi.ned and fabricated a sclar air heater thcugh, it
ham gond hent abeorntion hut innefective lue to 1eat los-es thrcugh the casing.

Finally, in wany of thes« rasearch urojocts mentiored above, there is

nothing to sngrest that any investigsztion relatini ‘o combinad systen (direct
and indirect) solar iryer has baen c-rried out, exceast that of iriaye (1984),
which bas high heat losres. atienticns 2re carefully omid e s zeeations and
recosmend:tions given ocaut Irom many vrevious but siuilar ex-crirants ¢n solar
dryerg., irying hagards being faced by farmers ig baing ~tudisd and inccrpora=
ted in resncving tream to mexe wnas goler Jrver ecat-efiecliive,

2e1  DAVLIAG VICHNILIGY

Various methods of dryinz may te elansifiel into three c:trgories, thusie
a. ‘iraditicoal or sun-irying wmetncd

be conventicnal drying tecnnique, and

ce Seolar drying technology

“raditional or sua-drying sathed

This i the method in which farmera denesd almust entirely on natnral -
or sun drying. A comon m<thod usec is® to spr«sd Lhe crows ca cuncrete or
brick floors and sometimes cn m:is.

Conventicnal "ryine ecinigue

Convantional drying technique involves the use of recnaiical dryers. iHot
air from a hester or furrace ie passed through & buteh of croc or sudbstance
being dried, 'fhe furnnce ic usuvally fomsil « fired hut electiically heated
furnace is oiten used i-r small scale orying. - fzn or vl uer ic uvasually
employed for the movement of the drying air,

In these systeas, thes time recnired to reduce the :roduct to the desired
moisture content, or the 3rving rate, is governed by the air temperaturs, air

relative hum{dity ard air flow rate.

- 10 -
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Solar “rying iechnolopgy

Resenrch nn the affective use ¢f the energy from the aun rtarted about
two decases ago, This has lef]l to various practicsl asvnlications of “clar
en»rgy, citg of which is solar dryring.

In Yigeria and in other tropical countries, solar energy appears to be
abundsnt all the year round. The spplicability of dryers with solar hkeated
air to improve on sun-drying techmioue is therefore not cquestionabdle.

It has some advantages cver the conventional mechanical ‘ryers especially with
respect to cost and adaptability to small scale farmers and industries. Some
of the crops cosmonly grown in developing countries (e.g. corn) may be better
suited to solar drying techncleogies than the foasil - fuel -~ fired drying
5ystcus because case hardening and other damage are likely to be less ot the
low temperature characteristic of solar dryers,

202 SOLAR ZN-RGY UTILI-ATION

Solsr energy is the electro magnatic wavelength Qadiation which emanates
from the sun due to its surface temperature cf about 6000°K. The total energy
production of the sun amounts to ab;:; 86 % 10 % watte but from the sun-
“arth geometry, only a minute fraction of Ghis energy ie intercected by the
earth, The rest simply disappears tbirovgh spsce into the vastmess of the
universe. The univerasal availability of solar energy %as promoted 2 long
history of invsstigations aes to how best to utilize it., The pre<histeoric
mass used iclar energy for the drying of his fruits and when his tachnological
level improved, he wam able to concenirate this ensrgy to rroduce iire,

In order to d=si:m sclar enesrgy aystews for saspecific technolepical snd

ecopomic needrc, which also facilitates the endwusa metching of such systens,

a knowleige of the mantity and miality of the availabile solar radiation

is iwperative., For such designs, one must calculate the amount of s-lar emergy

indident on the collactor each month., One way of doing this is to use the
coverage daily solar radiation on a horizontal surface for the iocation with
adjustmnets made for the collector tilt s:ch data is usually obtained from

long-term averages of sgoiar radiatioa bamed om many y:ars data. FEor the




developed wodd, actual me:surezents of sclar radiation on a continvous bajgs
have been going on for nsarly fifty years.
~In the developing uvcrld, such dnta is secarse and wvhen available is neither

costinucus nor ralisble. The recquired data must therefore be obtained from

correlaticons,
2.3 THE 308

The sun is a resository of abont limitless energy. It is a zaseons
sprecs of great density , with a core temperature of millions of derrees, at
this tempersature thermonuclcar process involving the hydro.-em atom occur on
a scale surpasing human imazinatica. The sun's surface (photosphere) is
composed of ho* ionized gases. Yost of the visible and iafcrmed radiation
from the sun is emutted from the photosphere, which acts essentially as a
black-body of about GOO09K, other basic characteristics of the sun are:

mase (1) -= (1,691 » 0,002) X 10748

8

Radiue (r) = (£,940 - 0,001 (Y107m
Average density (d) = 1.40 » 0,002 g/b33
(Dixon, ‘.i. 1980)
S5unr is a rotating mas-, whose equitorial ragion rotates in 24 days while
the regicns nearest to the noleas rotates 30 days. “un is considered ag an
inexausible snergy source.

24 GLOBAR, SOLAR LNERGY AVAILABILITY

Since we rely almost completely on the sung The earth and ite at: caphere

17

received on a continucus basis about 1.73X10 ‘atts of radicactive enaeryy

SO ——

from the sun, an amcunt which ia over 50 times more than the other sonrces
‘of the earth's energy (terrestrial energy)

One of the oproblems with this energy is that i=s suffeesz attensation due to
at&érﬁiion and seattaring in the tarrestrial atmogphiere and is intermittent
bacause of the ralztive motions between the ear@ﬁsand the sun as the unsteady
nature of the terrestrial environment. The radiation received on the earth's
surface is therefors of low xrade energy and consist of direct radiatiom and

-12 -




diffuse radiation, a= onvcsed tc th- radistion in the e rth's outer atwosihere
which is basically direct radiaticn.

H0lsr radiation im usually available in zevoral forms in terams of (he
type of irradiance (global, direct and diffuse), the time basis (hourly,
diarnal, montrly, seasonal or yearly) and the surfsce nlacewent (herizontal or
titled). Each of these has its narticular wesge in a specific apnlication,

A practical method of presenting spartial variations of solar r~adiation is by
means i maps prepared on a temporal basis. Thes macs reflect the levels of
solar energy notentiels and pive at a glance, a clemr idea of the dacree

of auplicability of various solar energy conversions systems for the
indicated lcocationse

2+5 3Solar Hadiaticn Availability in Hiceria

{a) Neasux:gd I)aig

The status of solar rsdiation measurcments in Nizeria is =2till not adewua'e
It ies cnly recently thai some reseszrch atations in the country have enmbarked
on contiuious moritoring of radiation dats using modern instruments like Eppley
thermoelectric Zyramometer for global radiation measurenents, schadded
Pyranometer for Jiffise radiatinn and Pyrheliomster for direct radiation
measurements,

Yost of thegze ceiriras are gcattared all cwer the country in such -laces as
fgukka, Lagos, Ibadan, Ife, waria, Kano 3okoto, and Birnin-Eebdbi.

The results from these works have been arran-ed and comniled into Zolar
radiation maps f ¢ Nireriz fer the {vezlve months ¢f the vear, Horthelouth
irradiaticn values of over 2C ﬁJ[HE Zay are cbheserved genemslly in the lexiearid
North while the lowest walues of about 12 %J/ﬂzday onanTr in the mora humid
and Forest regions of the 3outh (Fzekwe, 1993) l:skwa and tzeila, 17331, Iderrab

1981, and Qje, 1950J,

-13 -



(s) commmaTION

3 Vhile sontimsous sclar rediaticn measurements duave only deen recent,
.u..mom varishbles such as sunghisne duratics, sicudiness, musidity sad
dmmmummomtmm.tmmw.mé“
losated in lagos, Bamgu, Ibadan, and Kaduma. Same effort hmve beem mads to
obtain woeful cerrelations relatiag thease varisbles te i: 3331 23ily imsela~
tien. The global ratiatiom ralation feund te be appiissble for the climatolo~
@14-&‘”3—.:.

E »

whers o0 = day light duration, D = dJust hase attennatiem zoefiiziemt,
R = relative bwmidity
HE = glosal irredistion.

this is the intenpity of svlar rediatien at the upper limit of the esrth's
“atmosphere oo s unit ares of marfsss sorsEl o The Sun’r rays. The most o<
probsble average value 1a 1,75 dilowaits por aquere matme {(FParis, 1983).
(®) Lgealaticn

Insolatica wenally refeore 82 the Sclar rediatiss at tha zarth's surfece
por wait xree and wirit tiwe, I% {imeledoa Bcth direst radiztion from the e

- smd the indivect rediatisn from the sky dne to ssaltaring af the eolar raiietion

By woleculss or other vartieules, Me torm “jluwel vadiatica”™ is sometine
wsed instesd o7 imssladion,
()
© Somehine Puration

The sversys dnily radisticn iy 8 fimction of the sunghise duratiem at
a particvlayr lnsetiom. Most iwportast wethed wsed for measoring sumghine is

the camphell ~ stoten sunghine recorder, e

) ~—

.

.
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3.1 S0LAZ COLLTCTONS

There are tvo basic iypes of Solar ewergy esllisatora, waelyi
flat plate and paravoliv/convestrating tollestors. & Zolay collecter ie a
spegial fors of heat exehsuger tdat trensforws solar radisst srergy inte huet
sneryy. |

Flat plate callwtors sre vsed for lovw thermnl zrocess wnd spplications
viere coderate tempuerutare W to 200°C o besicw iz rejuired. Tomes thsy are
widely waed for water heating, cwop drying, beeting ane coecling ui heildiage
and 00 on. They have advantagws ef wsiag total scler radicticu (hoth 4i7fuse
aad heam) and require little maiatennsce scmpared wilh fucseing/eomnentrating
sellactors.

The drying of miulhrg}*grpg;mtt is only dsgirable uadey aoﬂggtg_ .
temperatures that cam reduce ithe walor gounteut withoui dmsaging Lthe gmxﬁnif;
honse, the une of flat pliaie Soiieviara is wmcat appropriats, and msphasia
is limited only on flat plate snler cuallociors,

In general, 211 flst-plate sellectors have ecsentisl component which are
eomacn except the penvntry, Teese saaposente ars?

{1) Thre trausprrent rover

(1) The atserber vigte

(411) Therasal isselsiick
(iv) Pansage or channal
(v) The wonsiag or esndng
s oy

Transparent sover in insorperated te provide insuliation at the top of the
abaosrber nlate or simmificently, the short-wave soiar redistica to shsorher plate
Glans is scxscaly weud dsexass of 1tz wcellemd westlerwbilily and good sesbhamical
properties. Glass has solar trassmittance (89% -~ 92¥) and csu be very trevapsrest

4€ it has a lovw oride contemt, It ic opaque to lempevave radistiom and thus
- 15 -




reducen redietion losses compared with plastiecs

he sboorber plate

The primery function of the pheceder plste fe to ahnorh ke (besn, 41ffnee,
and reflected) sclar radiatisz, e shecrher plate is wsce of blackensd steel
mterial. A Vleckbody io a perfect absorber sad emitier of rediation™
(Duffie and Pockman, 1983},

T amal cnsvletion

The thernal lnsalation at the Back mad miden of the collector io te
uininize hont loses. The waturials is able t0 withetand maximun temperature

that 1e gonernted by the sdacrber plate {0p to 100°C), & miainws *aiskasss of

. S00wm sad 2%en insulation at the beok axd siles ey tively of the sellecter

plate have beam Tecomsanded and othorwize called as “Standard Design” (Arinze,1983).

Cormem therwa) inéniating materials also avaiiable are fibroglass, rockwocl, |
sewvdust, vool shavings, coconut fibre auwd 30 om. 'Tm:f ary coaracterieties of low
eoefficient of thermal ¢naductiviiies.

The Paseage/Odanuel

The heated air or liguii e baing translscrad frcw the sclar cslizotar via
an opem chanrel %o the drying chawber.

This iz made of ze.snned vood amd nlywoed zailed togethesr to prevemt
hoat losees.
3.2 Betermiuing cptious Collsctor Jiope

From 2 jremcral knowledge of the appusert sovenent ¢f the sun it can ve seen
thst duriang ke drying seascn the swm will be overhead at or near the Borthem
henisphere a soutk facing collector will receive zost iasclstics (Cje and
Oennde, (1992), Ardnze (1985), <ambc, (198%), &nd Pasiro and Ideriah, 1985)

To calcualste the optisux alope angle, Decexber 15, ir takon 2s the sidpoint
of drying serson. #ngle of declinatiocr, is caloulated from the esnztion

- 245 em (360 286 + n N .
THEETT ) ececsseccecass Suim 3.0

Yor Becember 15, m= 349 - 16 -




h.. - a." an (w $ » ”

s B4 { « 8. 999)
. . 3,30
To -g:iuiu the level of inmolatiom om a sollector the simplest approach

ie to situate the collector se that it im jerpendicuiar to insolation at
afid-day of th: drying seesom.

33 Zollecktor Tilt Angle and Faciag

It has been egtsblished that the P iciency of flst plates in collectiag
golar enargy desends, cn the inclination of the plate to the horizontal. Varions
fcraulae have been proponed for deterzining the Optimum €ilt angle théh gives
eazirom collection efficiency for 2 flat plate at & given loecation, Notable
anong these are the formulae that say tbat for maximum ef iciency, tilt angle
should be:

(a) 10° greater than the latitude angle at the locations

(v} 150 gr: ter than the latitude angle the locatiocn:

(¢) 0.9 times the latitude angle at the location;

(d) 1.5 times the latitude =t the locatiom;

(e) the lstitude angle at the location (Lulade et al, 19€5)

Rather than rdont any ¢f tha abeve formulae, tre averare cof the valees given
for Minaa {Latitude 9.55%¢ ond icngitude £.32°0) by the five forwmlze, hiis
leads to the cheics of 12%g the design tilt angle. The collector is tc be
oriented to face the ejuator (louth).

LUaily sclar insolation i#leooba)l radiation) on norizontal surfaces for
various latitude in Hiseria mag done ny . reile (1983), !i-onson (1984), Fangbonle
(1981), Ezekwe (1983) and Uje snd vsmace (1992), an iaterpolation was done for
Ninnm to set Lhe average hourly insolation as 825 %//°K. ‘The altitude for
Minna is 323 metres {see acpendix),

To calculate the sngle of indidence for innclations for 2 horizontal



—ﬂ‘m Qu ¢ simse the slope angle ic zeres

fCongb z= god, an§ + cos . Com . Como

= latitods valae for Mimam
bowr aagle
Calenlate irom equations 7.0

therefore = = 19.1° on Novander, 15

s = 75,3 oo Jagamder 15

- - 21,3 on Janvary 15
Estisated nvans vaive of Uk over day can be made by asswming a 12 hour day
end dividing 1t iatc four 3 hour pericds aad celsulating 4y for each pericd,
To variea from -~ 90° ,t 0B60%Ars %0 ¢ 907 at 1800 hre

To for 0600hrs +C 900> = o 67.5°

O9CChr to 1200 hr & = 22,5°
12 Ofar to 1500r  x= o« 22,50
15Gohr  to 1500hr - 47.58
For Uegemder 15, for the pevriod MMN0ars o 12 0hre, Tnt § o 04937

W

Baily radiation oz a wrizamisl swrfase is sApwmoxisstely 19,20 W e dny = K

Insolatiocs <u borfzoedal susdoce ior lbe pericd UG IAC by ou ~ecesber 15 is
ealeulat«d thuws
Iasciation (1) = C25%/6” rur the pericd €9CC ~ 4200
Cos & = B& § Sio ? C:sf,
-en $ oos &P sin f; eos 0N
+ cos B coe {D ) ‘!79 cos N
+ OB { sin fjba& % sauelld cum
+ con 6 iaf) Sv) D SraW
é? s latitude, oo = sgurfage aginmth anglis,
N ® bevr argle, % = deelinstion amgle, }% slopa angle
and for the period of 0900 « 1200
Com = 0,937

Thercfore, inselation intomsity on the ecllector aurfoce

-y
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' Goe | for pericd 0900 = 1200 = 0.937
| Cos @, for porioi 0500 = 1200 = 0.0

Therefore, -ffc;‘f.-"-’% = 125

Te = Th XY 1.2 = 1.20X825 = 990 wa*

3,4 Detersinmtien of the collestor Avea

Rined tc Aeaign = collagtor that covld semerate heat emergy. Therviors
the deat to Sz gmmarated By the collsetor fyoy the imsclation gives:
Qe s Ie X .1
vhers I¢ = Imsolatien (828 ’n’/mz
= tronspizsletty of the scver nlate = 0,38
« abgerplivity cf tke shasrber plate = 0,36
The required ¢ollector capscity i= 300 « MY watte to be used for hoating,
drying, snd ccoling ap-lications (Freider and Trafth, 1978}
from equation &.&.10
3% = B Yo, 2 YRRKY

Themefors ¢ = 250 SRP . 7
825%0,8870455

3.5 Determirn

n of the solligtar loas Coefffeient
(a) Hoat 1029 coceffizient fmam the tov. The msjor heat iess from tlie

callector ir from the ton *nid the hest treasfer noefficient fory the top 13 z.ven By

. | '
- S y =1
T3/ ) (pata )/ (2 ¢ 11601 + -%; )
(Cutile and “ecumann, 1575)
- (Tp » %) T + Tar

( Cr vo.0b258 (=B » ( (28 o 21) g3~ © ?
Whores
B n v (Ruse cover)

F o fsotar - (1 =008 bw v 5000 « Mu @y 1y L a0e0 W)
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SR,

B = 37 +3.37, whenV - 2.5 a/e

i
| Tube, substituiing the values of e £ oang by - 18,21 ¥/me®

¢
L S ' 1
(34h/320.73) (B2.35 = 203)/1s 0.5633 “ 77« —1%-«2, R
L

- . . . L d 1 1
I pyrt - K - -~ L4
( (086 + 60,0025 { 1w, 3, e £ AZ¥3.503 - 11/0.88)

(s) Heat loss geefficyent fron the Hmok and ides

The losa co efficiant frox back amd sides denexds ova the thermal scacustivity
of the insmlator saterial and the thickness of the insulatiou wateriai,

The ingulation material chesen is volywrethame foem (risid) with thowal
condwstionty (K) = 0,025 v/n’c

U usek = I 1 % = bdaok tneulation thicksess (Sew)
¥ veck » 0,094 Yo by wia® O,
8.05 ‘

T eide bhant Yong Is teven to be negligiile zluce zraner lasulation was wmaade
Bl = Tr o Tk o+ Tide
8 5,66 + 249+ ¢ e 715 Ve
3.6 Uewign Caigpistios
Diagram (desisgn dlograms) sre st tha back cavelope
Nat Plate Collacter
The acelleetor is of aonveational design in whieh the alr healing owdium 14 abowe
the nbeorber plate (from the doterminatiun »f tie collector srwa, = 3,4),
Leagtk = 0,38Ca
Width = 0, S
Hetgat = O.%n
Collsster volume ~ 0,338 X 0.61 X 0.1 w 0084 &
Ares of the colleotor  late = O.888X 0,61 = 2, 54a®

Collester cross~gectiionul area « Jedl £ 341 = 0.061@2



%M“amme{ﬂnﬂlihlunlm of longwave lose, it war chesen
» the colleetor top eover “lxnse Yhickpeas for the desige i Sea  (Ztandavd),

hs sbecrier fiate

m te avadlability mad comt <teel eboet sre veed, The sbrorher plate wae nailed
3‘ the worden sides. The bene an¢ sider of the canfrs sre S ex apd 2.5 ¢o
%i""'ti‘mly from the sbsorder piste anc nuched with fess inevisiion of Phkg/m)
;uty and thersel oonemetivity of 0,045/

i
Meotamce Letwew ginis gover aic the ahecrhing plate ie 4.7 cn leagth of the

iir paesa® O k¥

jlffut!n srees~seeticnal swean of ths alc nassage of the coliestsr (o)
Ao = O.8B X 0,087 « UO4ImE

Effestive collecter surfaee arca is given by

A Ae = orfective widih ¥ lanaih

: w 0,83 5 0,60 = Q.,‘i‘im'?'

;a. Drying House

The irying beruse fs comstrucied with Ivuted nad zaasomed woods 12 is esined

itaking into eonsideratien the collzctor aras.

‘Tomgth s US8D

'“‘\ = 0.0m

 Bedth\ from growd - 1.0 a

Bormal height ~ 0,95

‘Volume espeeity = 0c6 X Co6 5 0.35 = Ga3h2n>

The plywced and the 2razonzd wood fx trested with alueindiwes paint to omke it

| water-preof resistust. Tuw ter ie romically shavsed with blacken wtesl plate
! with am cpening which crovides proper ventilation aud eliminate comdensaticn

of wvapowr resulting from drying,




ey

Floow
7 The floor im wade of wira ,ourze (1,77 en) to hold waize sobs and othar
ét”dpfodut& %L ei5d DE cr mpnd ebove,
Hide Swrtscen
jtl) bottim = G0 com X ©U cm & C.}"Q.l?

i - D
(V) 2wmides of &G % 5CH e o D.50a"

: b
(@) ancther 2 sides of &) & FO5ca = OS54

flﬂlh s 60cn

Yadth = &0 cn

Beight = 30,5 eum

, house Yoterdals for ¢

"1e 1 piese of (1.27 em thickuess ) plywood

2. 2 nieces of (2.58 R W16 » WU ov) walleseasored voed (19 L &0 X% 30M)
3o Foan as insulator

Ao ¥, 11, 2 naile end screws

' B¢ ubike glue

6. Dutty

| Aldminiems r.int.

Ny
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TABELE 1. - FROFERTLIES

Il

F S0ME COVER MATERIALS

Material Solar
Tr

ansmittance

Langwave

ther'

Transmittance Charactzo-iz*ioxz

Glass .88
5.18 mn .

Flat PR ‘
Regular 25-mil 0.823

Flat FRP ‘ U.73
d-mil

folyethylene 0.89
demyl

Polyester ‘ 0.47
5-mil

Polycatbonate 0.84
£+.59 mm

Polyvinyl Tlgpride 0,91
(PVC) 3-mil

 0.03 .Breaks easily

G.12

0.06

0.32

0.0¢c

.Sharp edges, especially
when broken

.No static charge buildup
.Cleans easily

" .Solar trasmittance does

not change over  time
<Abrasion resistance surface

.Cannot tolorate Temp)>2000C -
.5ags when warm, requires
clozely 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 punctures easily
.Susceptible to wind dam-
age unless collector is

inflated b

.Solar trnsmittance
degrades rapidly
.Light weight

.Flexible film,1light weight

.Vibrates in wind and
damages easily o
-Rapid ultraviolet
degradation

-Not recommended for
collectors with
single cover

.Punctures easily

.High thermal expansion
.Solar transmittance slowly
deteriorates over time
.Light weight

.Hard to handle and instali
.Shrinks at high temp.
.Light weight

.Expected life of

about 10 years.

(SN
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TABLL 1. PROPIRTILS OF $LMI SURFACE COATINGS USLD IN FLAT-PLATE COLLI Cw;

Solar -
energy Long-wave
ahsorp- radiation
tance admuttance?
Coating a [4 Reference
Black enamef paint 0.83 0.83 Snbbugh J A ctal
Taz 0.86 0.86 Sabhagh. X A eral .
Lamp-black 0.95 0.95 Sctbagh. 3 Aceral

Nwkel black (oxides and sulphide~ of
Ni :md Zn) on po!nhcd Nl
\

R O P PN

tesisemar

hukcl black on galvanized-uon tcommercial)
-Nickel black;.two layers on electroplated
Ni on mild steel (after 6-h immerwion
, in boiling water)
CuO on'Ni (made by electrode (’mmon
of Cu and subsequent oxidation
Co,0, on Ag (dcposition and ovidation)
CuO on Al (by spuymg dilute Cu(NO,),

istréated
Cu(NO,), - KMnO, solution andhl )
Al,0,-Mo-AL O, Mo-Al 0,-Mo-A5,0, " "
interference loyers on Mo
PbS vrystals on Al

0.91-094  0.11

094 . 007
0.81 0.17
0.90 0.27

Tabor, H €24l

Lapor, H er gl

V.l
0.16-0.18  Taboy, B e1al.

" Tabor, H'erel ™ :
Schmidt, R:'N.eral. . ;

Kokoropomios, P. ¢t al.

'Tif;ot.

Schmidt, R W 1 ol i
‘Wilhame, . A eral

T
PR

'-\t temperatures r)p-cal of fias- plate sofar collectors.

SMeasured at 260° ‘C(500 ¢

TABLE 11: PROPERTIES OF COMMONLY USED INSULATION MATERIALS
IX FLAT PLATE COLLECTORS

part u:les)

Approximate i Eome i
Material Depsity Ihexm?::mC?nEul;u iey :
(kg/m®) i
Mineral wool (cla wool flbre 1 sQ : .
rock ool 4 g N 12714 0.0332~0.0504
Hair felt 0.038%
Granulated cork 0.0476 ;
Re—granulated cork (0.474 co L

0.0447L

0.0649
0.0721




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 1007 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.



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 = 54,77 wet basis of tomato while the control
open air-sun drying was 66.7% wet basis of tomatoe. A
difference of "(,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

T. = ambient temperature

=]
n

Drying house temperature
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Time of day T T

Day 1: 28/3/94

9.00 31 40
10.00 33 42.5
11.00 35 56
12.00 36 70
13.00 36.5 67
14.00 32 60
15.00 32 50
16.00 37 49
17.00 38 47
18.00 38 44
TABLE 4b
Time of day T1 T2

Day 2: 29/3/94

9.00 30 41
10.00 33 45
11.00 35 60
12.00 35.5 71.5
13.00 35 70.0
14.00 37 61
15.00 37 60
16.00 36 55
17.00 36.5 52
18.00 37 43

Table 4c:

Time of day T1 T2

Day 3: 30/3/94

9.00 26 38
10.00 30 50
11.00 32 59
12.00 36 69
13.00 36 63
14.00 37 62
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tAble 4c: cont.

day 3: 30/3/94

15.00 36 53
16.00 36 52
17.00 35 48
18.00 35 43
Table 4d:
Time of Day T1 T2
Day 4: 31/3/94
-9.00 31 40
10.00 33 42
11.00 34 53
12.00 36 71
13.00 36 67
14.00 36 70
15.00 37 5¢
16,00 37 50
17.00 36.5 47
18.00 36 43
Mioisture removed in grammes (g) = M.R
Tomatoe weights and moisture removal (grammes¥
Table (e)
Time Solar dryer M.R SunBdrying M.R.
30/3/94
9.00 253.29 - 253.34 -
11.00 250.85 2.44 251.66 1.68
13.00 219.42 31.43 226.26 25.40
15.00 153.65 65.77 181.24 45.02
17.00 138.64 15.01 169.02 12.22
Total M.R/day “ATL .65 “84.32
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Table 4(f)

Time Solar dryer M.R. Sun-drying M.R.
Day 2: 31/3/94
9.00 265.84 - 265.43
11.00 248.36 17.48 249.32 16.11
13.00 198.26 50.10 206.06 43.26
15.00 166.98 31.28 176.79 29.27
17.00 153.97 13.01 166.11 10.68
Total M.R/day 111.87 99.32
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CHAPTER FIVE
1 CONCLUSION AND RECOMMENDATION

1. CONCLUSION

Temperatures as high as 71.5° 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;ng_ 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.
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/
: APFENDIX

Eqtisated daily mesp polar Rethetion fer Mimne

Foutd tm  (M3/W/day Ic (%)
' Zamvary s 703,83
Pobrwary 2h 800,04
Narch 2h Bbe82
Aprid 2,50 879.6h
ey 22 BR0.5h
Jwnnr 7 BS3 b
July 19.5 854,99
Mgist 20 265,48
Septenber 19.0 852,35
Ostovar 2.9 A29.08
Novsaber 20,50 0.7
Desmber 19.20 726,42
Reaa
12
s 825.277 w/a?

In the adovs interpciation, averags day-liznt eas taiksn st 12 hours.
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