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ABSTRACT

ﬂio project revieved aolar energy, its application and
solar ocollsotors.

The oylindricel solar energy collector has beem
designed, oonstructed and tested. The collector axd storsge

effioienoy have been calculated from measurement for the
sonth of July, The investigation of asome cf the paremeters
gives value for the specular reflecotance as 0.65; trans- .
mittance absorptance product as 0,88 and interocepting faoter
as 0.75. An absorver waier temperature of 82,5% wvas
recorded, The storage tank efficiemcy has been obtained as
41% and a oolleotor efficienoy of 44,25%

Suggestion for further development on this work were

given,
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QHAPTSR ONE,
INTRODUGTICH.

1.\ S0LAR BNEROY

Over million® of yeare Plants eovering the errih
convert energy from the sun in the pressnce 6f atmoepherie
carbon (IV) oxide to food in a process known as photo-
synthesls., Some of these plants whioh are buried deep ia
tho earth decompose to produce coal, oil and natural gas,
During the past decades man has found meny valuabls uses
of thie complex chemlcal substance, prodvcing from tkem
plastio, textile ant other products of petro-ohemical
industry, 2Zach decade sees inoreasing use of these products,

Bowever, man has found amother vee of these valuable
chemionl from the eartk, a uee otker them the oression of
produots that add to our standard of 11.v1n3. dut to burm
tkew, To Burm them in ever incressing cuantities to power
our machine and provides heat. Thsv are dbumt at sugh
inoredidle rate that in a few decadea the world reserve of
of mtural gas would be depleted.

It i8 in recognition of this fast that an alternatiw
has to be sought en! sclar energy haprsns to be the answer,
The sun produces 4 x 1026 Joules of energy per seoond and t he
eerth reoeives only 5 x 1024 Joules a yeur whiok is 30,000
$imes the energy reguirement at the present time. In our
society there 1e great demand of energy which at present
is Isrdly met bv duraing gns, oll, ocal or use of elestrioity
through hydro or thermal processes, :
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A considerable fraotion of this energy demand oould be met
By utilising the abundant supply of Solar energy the
country is blessed with,

1,2 WHAT IS SOLAR ENEROY

Solar energy is the energy that oomes from tho sun
vhioch 13 eleotromagndtic in mature oovering all wave lengths,
The sun 18 & hot gnstous body with a surface temperature of
6 x 103k. It could be smid tc be a big continuous fusiom
resctor which is supported by gravitationzl force. It i@
believed that the sun's energv srises from the proton-
proten chain reaction., Tris rec@tion is a thermcguclear
reaction vhereby hydrogen atoms are transformed into Leliwmwith
with enormous amount of energv been released in the procesm.
This prooess is initialdd by a reaction between two protons
with the end result of & helium atom formed amd two protons
to initiate another ckain reaction. The reaotion could be

written ae 'B" 1 .-Zﬂ 0
L R 3H0+¥
3ne * 3m 4 + 15 *+ g

Zhe energy so formed oocurs im tho interior of the swn,
as 1t is this region which could sustain suoh reaotion.
The energy produced is aarried to the surface to de radiated

into erace, Most of the solar radiation is CFRFIRAdavith &
ia wavelength of 0.38 and 0.78 m.




1.5  AVAILABILITY OF SOLAR ENGRGY

The aveilability of solsr energy over the eart: sufface
is not wniform. It ie more abunlant in some areas ttan ethene.
Phe sun's shinest rsgion on the earth lies detveen htitﬂol
20 - 30'% and South of the equator, The amount of eolar
intensity interoepted by the earth on @ unit area per mai
time at its mean distance from she sun i8 oalled solar

~2, This value is not

oonstant which as a value of 135Wm
thut constant es it varies. The variation is due to the
ecoentricity of the eurth orbit such that the dietance
betveen the carth and the sun ¥arins by * 3%,

Certain faotors affeot the availability of solar energy
on the earth. These are:
&, Atmogpheric condition
®. Geographic location T
0. Time-day and year

Atmospheric condtion determines toc a great desl the
amount of solar radiation raaching the earth's surface,
Ae solar rndiagtion tranaverse the atmosphere, several oocmplex
phyveical anl chemioal effect ooours which affeat greatly
the intensity and spectral diestridution of solar radiation
on the earth surface, The principal meoldmism causing
atmospherio alternuntion of sola radiation ie atmospherio
scattering and atmospherio abdsorption including reflsotion.
Atmospherio goattering has a consejuenos of separating the
solar radiation into direot and diffuse oosponen te.




There are several atmospkerio comstituents which abaord
incoming solar Tediation. The ozone layer adbsorbs nearly
all the ultra-violet rediation, vater vapour absorvs solse
rudiation in the infre-red region, hence the speotral
distribution shows sevsral pronounced dip amd peak in the
infra~red region. Variation in atmospheric water content
produces 5 - 20% variation in intensity of direot solar
rodiation on the earth surface.

$he amount of water vapomr in the atmosphere depends
upon climatio type, mcason and local altitude, Dry arid
region of the earth receives more solar energv than the wet
regions of the earth, This is due to the amownt of water
content and u.loudinee;. Gloud frequently reduces inooming
mdiation up to @ 90F by single and nultiple soattering thus
refleoting thut amount into gpaoe, Scattering varies
invesely as the fourth power of wavelength,

The pignificant seesonal variation in solar flux per
it area on the earth gurface is duo to the maximum tilt
of the earth's axis (23.5%) relative to the plane of ite
orbit adout the sun, Por bhoth vernal and autumal eguinox
puring the @aily rotation of the earth, suns rays perpendi-
ouler to the earth surface at the equator illuminate both
the northern and southerm hemiaphere equslly, Summer in the
South hemisphere corresponds to the Sourthern hewisphere
being tilted towards the sum and winter the ceuverse. The
sm'e rey ie normally inmoident on the earth's surface at the
following latitude and times




23,5% - 210t Jme

o° « 218t March/21st September

23.5° . 21st Deceaber, _

The net solar energy reéaching the eurth is depioted by the

solar apeotrum, fig, t.1.
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The distribution of solar radiation with wavelength known

Alam)

as extraterreatrial solar spobtrun shows the virious
coaponent of solar radiation in different wavekength fegions
depicted in fig, 1.2 45% of tke energv 1s in the vigible
region while 50% in the infra-red region. The eolar energy

intensity pesks at 0.6 miorons with small freotion in the J
ultra viclet region.
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1.4 WI0SRIA'S SOLR POTANTIAL
Nigeria lies between 4° a2 1470 of the equator and

has daylight or sunshine hour of not lees tham 1% pours

per 4sy. Radiation upto 550081/ @? me been recorded within

the ocowntry., A record as high as 50008)/ca? has deen

recorded in Bauchd. The ocountry enjoys a good amount of

solor energy and if properly harnessed the energy require-

ment of the countrv would be eaeily met,

1.5 US8ES, APPLICATION ARD LIMITATION

Solar energv find aprlication in warious wvavs and fields,
Life on earth 18 sustained by solar energy, as man needs it
for warmth, to dry olothes and agriculturnl produce,

Green plante manufactwe their food with it whioh in
turn aserves as food for man. ~ther natural obeervabls
phenomenon such a3 wind, rain ocean ourrent, ani ocean
temperature gradient are all sustained by solar energy,
Man has found further use for eolar energv in domeatio
epplication suoh as cooking, heating wifer in solar gooker
and solar water heater, Bleotricity generation is made
possidble by golar call which converte solar energy directly
into eleotrioity which finds nany applioations in saay

devices suoh as photographio light meter, remote sensing
and i1s spece programmes. Solar energy has alao been used

in distilling vater
. . in Arrigating farm land by solar 1ifg

puap, 3olar energy has also been used in refrigeration,
Sooling end space beating which has found various uses in the
tropic and temperate regions, :
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1% has also found uees in medioine, avaition, telemasunieationm,
pover generation and space soiences. Adove all m0lar emergy
19 inexbaustible and pollution-free. |

In spite of the numerous £181de it e found uses and
1%s overwhelning sdvantage over the nommal conventiomsl fuel,
it 1s still being hindered by oertain faotors whioh makes
solar energy as an alternative to normal gonventional fuel
expensive,

The inherent matural probleme of 00lledting solar radim-
tion and storage, lead to complicated devioes whioch when
applied on a large scale makes the cost exorbitant.
Geographical factor 1s another mroblem as climatic conditimn
is not wiform all over the earth, hence the question of

time weather or season comes in place.

Though for now solar energy collection and storage
is expensive, it should not be discouraged as solar energy
is the only lasting solution to our energy problem if the
proper teohnologv is developed to harness it.
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2.0 LN2GRUCTION s L
A solar oolleotor is any device which abs™ nove

enargyv. A black body is a good absorber of

The okoice of any collector is dotermined ¥

to be used for and what temperature outpu’ 1—‘,,‘“3?_.;“\__

There are grincipally 3 kinde of collect “";:\:‘\T;ﬂ Gl

a. flat plnte collector; \ J

b. concentrating or foousing oolleo? _ ' _ / " Lt

_ -

c. 9olar cell, |

1t 48 known thet conccntrating J et -

to aohieve very kigh temperutwrea ——— = e
bas extensively been uged, im usé 3 ik i Pipe
heating. The flut plate and cor :

convert solar energv into redl
in other forma while the sols

direotly intc eleotrioity. Rl ::* \

s s dadis
2.1 ELAT PLATE COLLEQPQF =~ ' s

The f1at plate aoll e, oAt
oxposed to the eun with .
the 80lar energy flux,
18 the area interoep: —
of materisl with go:
@mdernenth the ade

_9}?\1 L s_ﬂ.\rw Lo, I




SOLAR COLIRCTORS

2.9 ISERCOUCTION

A eolar oolleotor i@ any devioe whioh abeorbs golar
energv. A black bodv is & geod absorber of 8olar energy,
The okoio® of any collector is dotexmined by what it is
to be used for and what temperature output ie expeeted,
There are grincipally 3 kinde of collectorsd
a. flat plate oollector;
b. concentrating or focusing oollsctor and
0, golar cell,

It 18 knoun thet concentiating collsctor bas deen used
%o achieve very Ligh temperuturea whkile the flat plate vhioh
bag extensively been used, ie usaesé fur moderate temperature
hoating, The flut plate and cemcentrating colleotor both

convert solar energv into radiant energy whick ie then ueed
in other forme while the golar cell comverts solar energy

direotly into eleotrioity,

2.1 ZRAT PLATE COLLEOTOR
The flat plate gollgoter 30 & atackened flat surgaoce
OXposed to the gun without 8 gptical devioe to enhance

the solar energy flyx, The &5 absording solar rsdiation

is the area interceptiss it, The flat plate ie uwsuslly made

of material vy AR A spermal ocnduotivity. A pipe attached
-]
sath 44 :ﬁ ing 8UrLs0e carries the vorkinm: £1yiq,
mdern 9 abdgo
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Heat energy is obtained by heat exchange detwean the plate
and the f£luid flowing througk the pipes.

The flat plate has the advantage of being adle to

use both the diffuse and deem component of selar rsdiatiom

and does not require muok truciting of the sun as it soves
aoross the sky, It is easy to conetruct and handle, Fipg.2
PAg. 2.0 elkows the flat plete colleotor,
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2.2  QONORNTRATING COLIBCTOR

Concentrating ocollector utilises optieal syetes in
enbanoing solar energy flux. Basically there are two kindss
dhe reflsotor which utilises mirrors and other material
with vYéflecting prororties and refraotor which utilises
treshel lemses. The refleoting surface used in ooncentse-
ting radiation, on an energv absorbing surface could de
oylindrical marabolio or spherical paratolic. 7The spharleal
parabolio colleotor collects and comoentrates radiztion at
a point while the ovlimdrioal parabolic colleotor cclleots
amd ccnoentratee it along the line of focus., The working
temperature or concentration ratio could bs vsed in defining
different types of ooncentrators,

Conoentretion ratio could be defined as the ratio of
the effective area of the aparture to the area of the solar
energy absorber, or in terme of the energy flux as the ratio
between the incident flux and that of the absorbed flux.
Thie implies that as concentration rutio increases the
acceptence engle which is the amount of side diviation from
the perpemdiounlar but whick could still be intcroepted by
ghe absorber decreases and hemoce the foousing oolleotor has
t0 track the sun to keep the image oentred on the absorber
ag the sun moves across the sky.

Figh valus of oonoentration ratio (o) rejuires that ths
device ehould de oontinuously edjusted to keep it properly

alligned.
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The ooncentrution retio ocould be written mathesatically as

o b

o

where § = rim angle and 6 She acosptanss angls,
One oonseguenoce of the above definition is that & colleotar
vith s sad]]l acceptance angle and amall abeorbing area.
nmulcf have high oconcentration ratie, hemoe high m:lq!.my
due t- smnll thermal loss from srall absorbing area. This
ir vhy spherical concentrating collegtors which concentrate
at a point knve been able to achieve a very high temperatuze
output since the energy intensity aut the foous ocould dbe
extremely high. Fig. 2.2 ani 2.3 skhow the spheriocal and
perabolio oydindriocal collectors.
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2.4 SOLAR_GBLL

Solar cell sre simioondustor devies., The P and n type
are in oomtact and when 1ltght with enough energv falls ¢n
the Junction the bond 1s broken. The broken bond produces
free electrons and holes. The hole oarries a positive
charge acsoss the junction. This movement of electroas and
holes produces eleotrio current or voltage which is measured
dy an externnal circuit, This process is a direoct conversiom
of eolar energy into eleotric power by photoelectrio effeot.
8ilioon and geormanivm are the most widely used semiconduoters.

A silioon photocell is a photovoltaio cell which
bebaves as & normal p-B junction in the absence of light,
To overocme prodlems asscciated with olouds or day-night
eysle a photovoltaic devioe osn be arranged im spece and

fL 0 G AR vt
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the resultant electrio power trunmmitted to earthb in
miorovaves. The use of miorowaves having vavelenght of tam
for rowver transmiseion would keep atmospherio loss %0 about
67 end moderate even in severe ston,

A simple storage technijue of the solar energy obtaimsd
from solar oell is in the use of batteries, A dattery
inoorporated in a solar cell circuit can be oharged during

the funotionin; period of the cell and digcharges whea the
oell is not functioning henoe a oontinuous supply of eleotrical

energy ie obtained,
V\-@\m ‘Lx \:ﬁ‘-x\* —&-x»r:\v\ A\\«-»—\
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2.9 SFFICIZNCY OF SOJAR COLIBCTORY

The performance of any gollsotor esn de dimerided
uaing two goceffiolentss . ;

a. Optical coeffioiemt whioh digerides the udv-c )
vhich solar radiation ie ocollecied,
b, Tue hoat lost to the environmment

Heat loss to the enviromment increasss vith collectar
temperaturce, hence collactor with nmoanll overell heat loss
would have a higker efficlency value then one with a high
value of heat loes, #fficiency could be defined as the
ratio of useful work to absorbed flux imntercepted.

N, = useful work/fluz interoepted.

Optical efficiency whiol cculd be defined for conoen=
trating colleotors shows the degree to which the optieal
properties could reflest end concentrate rodiation. It is
the ratio of the flux aMsorbed to the flux interoepted,

The optical efficiercy depends on transmission properties
of tre glazing muterial, on absorbtance transmittanoce prodmot,
the specular ani? {ntercepting faotor. The thermal efficiency
which is the efficiency dus to the working system iteslf
could be doteﬁnined in terme of thc mass f1low rate beat
exobange coefficient (H), the heet loss and output tempereture
(Pout). The mase flov rate affect th: output tomperature
and useful heat flux, It also affeots tho thermal loeses,
hence the effioienov, If all the heat in a oolleotor is
loet to the environment the efficiency would be sexro,

S




QEAPTSR THRER

SORY OF THS I L CONCE

In any solar ocollection device, the principle usually
imployed 1s to expose a derk surface to solar radiation, ,
so that radiation is abasorbed, When optical system 18
utiliged to collect or emhepce the intensity of solar radiation
on the enargy abasorbing surface, the doviece 1s called a cam~
oentreting collector,

Every systom for oconversing of solar energy which are

practically energv at short wavelength to thermal energy

or longweve length enargv should include:

a, 30lax collecting surface

B, thexmal storage

0. beat transfer fluid whick trensfers the extracted
energy from the oollector to the thermal storage,
Scme heut trensfer fluid are: air, water, oil and som
organ fluid, Water 'is the most suitzble transfer
£1luld but limited by ite boiling point,

The temperature achieved for a foocusing collector is
usually higt dve to oonoentration of solar energyv on a maall
area. The emaller the area,: the higher the energy vlus

and the higher the temperature,




e CYLINDR
ICAL PARABOLIC CONCENTIATING COLLECTOR
There are 4if i
! ferent kinds of configuration of
§ f
! OcUsing collectorsg which 4llow new set of design

i arafmeterg, i i
” P rs One of which 1s the cylindrical collector.

The ¢ylindrical parabolic collector focuses radiation
onto the axis where it is absorbed. 7t is also known
! as line focusing collector. It is made up of:

a) Parabolic concentra;or

| b) Absorber material and

&) Glazing material. Fig 3.1 shows a typical

cylindrical parabolic collector.

MNiooeser e

sz;Aégg:JL_f =TV
S 2l

Concen\valer

Contetn e Vranssaveat~ \ae

€ 3\:\3\'.,3 Melanl )

Fige 3.1 Cylindrical Solar Collector
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3.3 Alls CONQRNTAATOR AND TRAQKING METHODS
In the cylindrim parabolic collector, the mrebolic
congentrator 1s the aperture open to solar rediastion, which ,
refl«cts and ocncentrates solar radiation along & lims foous
of the oylindriocal parabola. An absorbing materimal placed
long this foocus colleots this radiation in form of heat and

tranafere 1t to a working fluid,

The cylindrioal oonoentrating colleotor like other
concentrating collsotérs utilizes only the beam compound
of solar rediation, whict implies that 1t bes to traot the
sun or the variation in the incidence angle between the
direotion of solar beam and the normal to tho plame of the
colleotor, wild seversly limits the time vhen tha colleotor
can direot solsr radiation on the absorder.

Tre method of tracking adopted and precision with

which 1t kag to be done variea oong%dembly. There are a
number of treoking methods, BSome/these are as £,11owat

a, The concentrator fixed so that 1t ia normal to the

beam at solar noon,

b, otated about the horizontal in the east-west axis |
with a single daily ad justment, so thet the sixrface |
gormal conoides witk the solar beam,

Criented in the east-west azis, but rotated along

the horigonal continously to meintain maxima inoidsnce.

4, Oriented in the morth-gourt axis, dut rotuted adous
the horizonsdl ocontinucusly to maintain saximsum

incidence.
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. Oriented in the BortheSourth exis but rotated abous
the exis paraliel to the eurth's axis, vith cantinusus
adjustment to maintain maximum inoidence.

t.

Rotated about the axis continuously to allow the
surface normal to ooncides with the solar bean at

all times.

Tracking could be done electro-meohantiocally by the wge
of photosensitive deviaes or manually,

The concentrator is of great importance to the
performence of the collector, as ir determines tke optieel
loss factor, it also deteruines the amount of solar intensity
that would reach the abeorbder,

Irregularities in the refleotor comstruction results in
sproeading and dis tortortion of the flux, with the oonsequence
of having less ccneentration of solar inteneity in the
fooal zme.

Tke opttcel loes is the product of the specular reflaes-
tince, tranamittance ahsorbtance product and the imterocepting

faotor.

Je3.14
The speoulnr reflectance i@ a function of the matuxe

of the refledting surfzoce. It is the fraotion of incident
beom to the collinminated incident beam whick is reflected,
suck thrt the angle betuveen them differ by a faotor of -,
vhich implies that the angle of inoidence 1e equsl to the
angle of refleotion, Mathematioslly epeoular refleotance
(p) is given as

) - ﬁ (3-')
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¥here D3 = Tefleoted radiaticn dean

)¢ = inocident radiation beap | '
It 18 obeerved that Polished suwrfaoce have low value : ]

to emissivity and high value of refleotance, wvhile rough and |

unpolished surfaces, have high value of emissivity end low

value of reflectance, The mathematical relation between

emissivity (%) and reflectance is given by
P =1 -§ . (3.2)
Effiolenoy and outlet fluid temperature increases with

specular reflectance.

Je3e2 INTERCEPTING PACTOR

The intercepting factor represents the fraction of

epecular reflected radiation that is intercepted by the

energy absorbing surface. It ie a strong function of the
properties of the reflector amnd the receiver relative positiom
to the concentrator in interoepting image.,. For cvlindrieal
system, the intercepting factor could be calculated mathemati-

cally from the equatio

¥ = } B(w/w) gjé" (é"h')'f ;i?):—“” {3:9 ‘

Half width of ooncentrator

Y = Interospring Zaotor
v

w pistance fram centre
h

pormal flux distribution oootnoicut.

1f£ the normal flux distribution coeffieient and the

receiver width 18 known, different falues of Lntoroopt:lu

fastor 06\1111 pe obtained for different geometrio skapes.

endy, The
fhe interospting factor strongly affects offiol

T T
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The intercepting factor also determines the amount of thermal
loss. The mmmller the area, tho smaller the thermal loss,
but the larger the opticel lose bscawe of reduced
intercepting fagtor.

3.3.3 THE TRANSMIT PANCE-ABSORPTANCE PRODUCT
The transmittance-absorptance produst is another faetor

whioh oontributes to the optical loss faotor. It plays ths
same Tole as in flat plate ocolleotor, but varies coneider-
ably for oconoentrating oolleotor. Its values mam be higher
or lower due to certzin parameter which are dependence on
the angle of incidence of solar madiation on the ocover and

abaorbing material and properties of the glasing material,

3.4 SUAZING:
A oonoentrio transparent material enclosing the abeorbder,

which could dbe glase, can be wed for glaging,

The tranaparent concentric material ymizea the amownt
or mate of heat loss from the absorber to the surrounding.
It allows radiation at shortwavelength 0,3 to 0.5 micsone
to paes through but opaque to longwavelength rediation,

radiation with wavelength exceeding 20 miorons.

3.5 ABSORBE

The adeerber ie relatively an important piece in
copoentrating collectors. Tbe eise of the receiver and
its poeition relative to the relector is of grest

importance to the performance of the colleotor.

Pt

{.ﬁﬁ--r- KA 44 m m.L
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It determines the amount of thermal loss and to some extent
the optical loss from the collector.

The receiver size 1s dependent upon the sun’e angu.hr

width, the megnitide of tracking, slope error and
irregularities of reflecting surface. It 1s 4in the
receiver that heat exchange to the working fluid occurs.

It is often made of mtesial of good thermal

| conductivity on which has been deposited a siurgace
coating which is absorbent to solar radiztion. The
simplest method consist of painting the material black,
A good coating of paint gives the: surface an absorption
coefficient of about 0.8 to 0.9.

To reduce loss from the collector amd increase
efficiency, the absorber surface can be coated with a
selective coating which has high absorptivity for
radiation of wavelength about 2 microns and smallest

possible emissivity for infra-red radiation.

3.6 HEAT 10SS AND HEAT TRANSFER COEFFICIENTS

In calculating the thermal loss in conoentrating

collectors, the seme principle used in calculating the

heat loss in flat plate is used. It is assumed that, the

energy which the sun emit is piform at all times, and
that the colleotor fluid is a non-radiating medium. ‘
The temperature of the receiver and envelope is circum- J
frentically uniform, the mass flow rate is constent, and
the tempoerature gradient through the thickness of the

wall of receiver and envelope oan be negleoted, j




The
radiative and comveotive beat 1082 from glass %o

surrounding ocould be expressed as
Qlose gless = hatp (Te-1a) + SEste,) (P42 ———(3.4)
where :
hg = oonvective heat transfer oceffioient &t
outeide envelope surface of glasa (w/n?%)
Ap = outside surface of glase envelope (llz)
& = Emissivity of glaes

fgs = radiative shape faotor

Te and T'1 = glass and ambient temperature respectively
hg = E%ﬂ_ (3.3)
where '
K = thermal conduotivitw

L = length
Fu = the Hussett number,
The convective and radiative heat loss from receiver to

glass could be expressed ae

Jloss receiver =€A¥ (T‘é & Tz) . % (T & T)
(éf(%::) ("Es- 1)) s 1n (%_:_,
where
sAt = area of receiver
€t = emissivity of receiver
K. = effective thermal conductivity
7 = temperature of receiver

t

nt and D_ = diaméter of receiver and glase respectively
[ ]

If the heat transfer from fluid is taken into aogount,

the overall, heat transfer from fluid to surrounding, u
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f taking aoccount of the heat lose from the outer surfaoe tube
ie glven a»
U, = (v, D

+
A, & JRVBOEL
(-] [+ i
_ Pt

where
Uy = heat loss coeffiolent from outeide. surface
of tube
B, = heat transfer inside tube
k = thermal oconduotivity of tube
D, &, = are inside and outside diameter of tube,

Bnergy balance equation is given as

u = A - - c—

q a B, By ToAY - xDU, (7,7, ) (3.7
I2 the heat loss in the energy balance ejuation ie solved for,
end eliminating the receiver temperature, the useful heat

tranafer to the working fluid could be written as

1
o E Pl Bl g @

e R ) Dowro e ()

y
7, = £1ui temperature

P' = colleotor efficienoy factor. It gives the

retio of hest loss from the f£luid to ambient to the keat
loss from the collector syetem.
8 = HR, p T,

where
Hb = bYeam component of inoident eolar vadistion

R, = mtio of beam radiation on reflector aperture ]
to thst on any other surface f
i pPolY = have their usual notation, i
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Shis useful enercy tranafer to the working fluid,

could also be expressed in term of the rass flow rate ()
heat capacity and temperature difference as

@ = dop (2, - 1) (5.9

Combining (3,8) and (3,9) and integrating to eolve for
the temperature, imposing the comdition that at x = o in
the receiver, Tf = inlet fluld temperature, amd 7§ = T, ., o

x = L. The length of the receiver gives the useful heat
gain as

qu = ficp (%; +(Ta - Tf))“ - JXp £1FD°H ) — (4.0)

ep
H = U1L.

This gives the heat removal factor (FR) as

FR = 24 7 1 '
LE— (1 =Exp =-¢ =2
L ror ) (4.1)

3.7 TH EFFICIENCY OF THE CYLINDRICAL COLLECTOR

The performence of o solar collector ie determined by

the rate, at which it is able to convert incident radiation
into useful emergy with time, Affioienty could be defined

as the ratio of useful heat gein to incident flux intercepted

by the oolleotor area. Which could be expressed as

l’L = ul hea .
. incident flux |
The useful heat gain is tbe difference betveen the

incident flux and the heat loes.

Ynotdent - ‘lose = “abeorded,

&M = dnoident - Mloss . psored

Ynoident Ynotdent
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4.0  INTRODUQTION . ’ s
In this design most materials vers improvised during
tte oonetruotion, by using materials aveilable, Thus, in

view of the limitations of avallability of maderisl cost, ; -;

the approach adopted was more practically oriented. !
The solar water heater oonsiste of three main untts - i
which aret
a, tholooncontrator which collects and reflests solar
radiation onto the receiver.

b, the absorber where conversion of solar energy to

thermal takes place and
0, the storage unit which acts as the distributor of
the warking fluid and at the sametime atoree the
thermic fluwid,
4.1 GLAZING AND ABSORBER MATERIAL [
The ;boaorber vas made of mild atell tube, of inner i
diameter lom, outer diameter 1.2cm and length 1.27m,
Painted black with non-glossy black paint, 80 as to be
ablo. w o;traot solar radiant energy




10

1) ,P
= 345
S AS

A

The concentric glass cover, was that of a flourescent
glass tube_of length 1.2m, opened at both ends and washed

clean to be transparent to solar radiation.

hod THE CONCENTRATOR
—_— DR RATOR

\I‘V
The concentrator was constructed out of tin sheets
of thickness O.41mm, length 1.27m and width 0.65m. Figure

4.7(a) and {b) shows the construction of the trough and

arrangement
t__—_‘ 1-21m e ee—ssaap e

|
|
|
|

Fig.h.1a 7y, e
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©~  parabolic

cylindrical
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Figel.10 Cvos:\-Sm_\:;q o) Mo Ciadeial collealls




oy THE STORAGE TANK

The stox“age tauk is éy],indrical, with a capacity of =i

Sl U e SRt il was insulated with foam Sem thick, i »3

to prevent the storage tank from 1bsing heat, o further
brevent heat loss - shining foil was wrapped round over 4
the foam to reflect unwanted heat. Fig 4.2 shows the

dimensions of the tank and insulation.
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Heat waa drawn from the -niu br nto}\zh\lm tirough

the receiving tube to the tank, ' é

* i

In order to achieve ameetiom‘.l. lgv o2 mud water,
the storege tank was raised to a level %mm 6jem above the
colleotor surface, The stand uesd produﬁbd the height e
difference. Fig, 4,3 shows the general uu o;t the solar ;'
vater heater, (} ' ,

Lagged rubber tube of the same intermal diuioter as the |
receiver serves to connect the receiver to the storage tank, ‘fl

The solar water heater was located at ‘the back of the f
general phveics laboratory., At this location, the colleotor
receives sunshine from 8.25am to 4.30pm in July, Earlier
or later than these times shrdow would be cast over the

area by neighbouring buildings. i
The collector was oriented east-west, with 1ts aperture

sloping south and provision made for tilting 15° every hour.
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4.6 YARY OF THE D 1 ? 1A

!
§

1.  Surtace area of cylimdrical trough = (1.2’71065)!2

e ( 8198 ) 1

2, Jength of absorbing tube n 1.2 . |
3. Length of oono ntrio cover = 1.2a
4, Length of oonneoting tube = 4,05m (Jg
Se Volume of storage tank = 4% litres E
6. Internal diemeter of absorbing tube =  lem ;5
7. Internnl diameter of concentric cover = 2.3cm '“
8. External diameter cf absorbing tube = 1.20m E
9. External diameter of concentric cover = Je«80B ﬁt
10. Thiokness of insule ting material = 5Sea |




5.1 MEAQUREMENTY

Th: measurements carried out in this experiment werel-

T

a, The temperature of water in the storage tank
b. The temperature of the absorber fluid and
0. The ambient temperature,

The temperatire of water in the storage tenk vas
measured with a mercury thermometer, The tempersture of .
the absorber fluid, ia the temperature of water tapped st
from the outlet of the absorber pips, Thie temporature 1
was measured by making a disoonnection at the outldet of |
the abosorber pipe end tapping some into a flask, The ]I
ambient temperature is the temperature of the eurrounding :
at the asitc.

Temperature readings an? their corresponding inoident
radiant flux for the month of J:ly are yresented im
tables 1 and 2. In each day in table one, the first row
glves th® ambient temperature, Ta, the eecond row gives
the temperature water in tank, Tn, and the third row gives
the temperature of the absorber fluid, To.

5.2 E TENCY OF i TA
The funotion of the storage tarnk is to keep the collected

energy, 80 that it may be used at a later time, It is useful

to oaloulate for the system the traction of heat retaimed by

the storage. For this the differenoe in heat gain for the starsge
at its maximum temperature and it minimum which are proportiondl

|

to temperature were used. ‘ 4




These temperuture were obtained fram the graph of fig, 5.1,
Naxipum tadk temperature Tn max = 29%

Minimun tank temperature Tn min = 26.5°¢C

Mininum ambient temperature Te min = 24,7500

Percentage heat retained

N o= T P

This {5 the efficienoy of the storsge tank,

5.3 COLLECTOR SPRICIENCY
To calculate the efficiency of the collector, we need
to know the amoimt of energy which the absorber pips gins,

Assuming solar constant remains the same for this time of

Tadble 13 Temperature Reading

T 7 '8 .9 fo i A e _ie iy Aoty
15¢h

Ta 24.5 2640 27,0 29,0 31.5 33,0 35.0 32.0 31.0 30.0
Tn 30,0 29,5 29,0 28,5 28,0 27,5 26.0 26.0 26,5 27.0
Po 27,0 35,0 40,0 56,0 71,5 74.0 82,5 76,0 56,0 45,0

16th
ta  25.0 27.0 29,5 31.0 315 32,0 29.5 27.0. 330 26,0

M 29,5 29.0 25,0 28.0 2.0 26,0 29. 29.5 30, ~28.5. ~
To_ 27.5 35.5 57,5 68,5 70,0 75,0 50,0 46,5 65.0 32,0

17th .
Ta 25.5 26-0 28.0 52 '0 30-0 31 .o 32-0 3‘ -5 31 .o 30-0

fa  27.5 27,0 27.0 27.0 26,0 21.9 27,0 27.5 0.0 28,0
0 0 54,0 *) 140
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Table 1: gontd,

| W, Y N TR Y T T
19th .

Ta 25,5 26.5 31,0 31,5 32.0 32,5 33,0 32,5 31,0 30,0
™a 275 27,0 27,0 26,0 26,0 25,5 26,0 27,0 28,0 29.0

de_ 20,0 33,5 53.0 60,0 62,0 66.0 72,0 71,0 70,0 64,0
20th

Ta 23,0 25.5 27.0 29,0 30,0 31,0 28 30,0 32,0 33.5
T™a 30,0 29,5 29,0 28,5 28,0 27,0 28,5 29,0 28,0 26,5
g 2% .5 0 48,0 60,0 0 67,0 0 _71.0 80
25th ;

Ta 20.0 23.5 26.0 26.5 28.0 29,0 27.0 29.0 25.0 24,5
Tan 29,0 27.0 25,0 31,5 25,0 26.0 25.0 26,0 26,0 26,0
@c 25 27.0 28,0 25,5 49,5 51,5 43,0 48,0 46,0 48,0
26th

Ta 25.5 28.0 28,5 29,0 30,0 32.0 31,0 28,0 28.5

Tn 29.5 29.0 28.0 27.0 27.0 26,0 27.0 29,0 29.0

Pe 35,0 49,0 54,0 56,0 61,0 69.0 52,0 62,0 59,0

Mean 24.75 26.50 28.14 29.18  30,3C 31.27 30.79 30,00 30,10 24.%¢

Temp 29.00 28,50 28.14 27,10 27.00 26,50 27.10 27,70 27.90 2780
(%) 28,83 37,75 46,50 55,14 63,90 67,64 61,73 60,62 60,71 54u17
Pemperature collsctor for the month of July

Table 231 Iridance as measure in montk of July

15th £
I 180,0 223.3 342,5 403.6 429,0 415,8 405.6 323,0 256,2 olear

8 87.5 101.5 1513 176,6 185,9 181,9 179.,2 146.9 118,0
- 94,7 12644 164,0 181,3 184.0 180,6 1M2_.i__
16%h 3

B 8 9 10 11 121318 15 Tgem R ,|  ‘

In 185.1 235.1 352.8 402,5 504.4 450.1 435.2 323.6 200,0 Clmer

8 89.7 106.4 156.1 17641 21846 19742 19243 147.1 96,9
- 98,1 131,3 166,1 197,4 207,9 194,8 169,7 122,0
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Bom 8 9 10 19 12 1% 14 1% 16 m’
174k ; :

Iv  174.9 224.8 278:0 349.9 456.7 431.6 388,3 257.8 201.0 sdmlowy
8 84.5 101,6 122,7153,2 199,2 189,1 171.4 116.,6 97.2

= 93,1 112.2 138,0 176,2 194,2 180,3 1
19¢h ¢

Id  205.0 250.1 300.0 345,1 480;1 490,2 450.0 400,0 346.8 Olmr |
8 99,1 112.7 132,5 150,9 2095 214.3 196.5 180,4 18149 |

= 105.9 1Wﬂ-—
20th

1d  203.0245.1 3151 360.0 400,0 385:0 2T1.1 365.1 390.1 Clear |
8 97.5 11040 139.0 157.4 172,0 168,3 119.0 164.4 1875 |
-__103.8 124,5 148,2 164,7 170:2 143.7 141,7 176.0 |

Z5¢k , :

Ib 174,  258,0 290.0 315,0 350.0 10,0 276.0 200.0 180.0 duld ;‘

S 82,5 115,3 127.4 137,32 156,5 150,2 122.0 89.4 84,9 !
e 0.9 12144 132,73 145,23 1554 136, 105,7 67,2 g

26th b

b 150,0 200.1 317,8 370.0 25,0 402.1 414.8 389.3 305.0 Shalowy

3 70.9 89,3 139.4 161,0 184.6 176,3 181.9 173,7 144.9 |
- 80,1 114,4 150,2 172,8 180,5 179,1 177,8 159,3

CCLLBUT@R TILT 24,75, CONCENTRATION RATIO 16,23

S T Ty s () meyr

299,5 451,17 87,8 33.7
9 3011 468,9 101.5 35.8
10 302.3 51841 15143 4.7
1 03,3 53845 176.6 43,7
12 304,3 545 .5 185.9 44,2
13 303.8 542.5 181.9 44.9
14 303 540.5 17342 44,9
15 303.1 5143 146.9 41,1
16 298,0 486,9 118.0 38.8
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the year. The enexey abeadbed would be eashneed by the
reflegting pmﬁiﬁel of the ooupofor to the foouse. ZThe
saergy absorbed(s) 1s obtained es in seotion (3.6/, The
feaperature of the absorbder pipe could then be odtained from
Stefan's law,

Pover (Pi) = 0'324

Power absorbed(s)
T4

sp 12 £ =@

= 8
Lha - 3®) « 27de) x 10

T = (4,763) %z 104
Tre various value for T and 8 are tabulated in table (3).

T4

5.4 INTERPRETATION OF RESULTS

Pig, 5.1 stows plot of temperature readings against :

local time in hours. The following observation ere
deprioted in the figures=

Ambient temperature, Ta is maximum at about noon
(31.29%0); Temperature of water is Cank, T,e Orops with
minimum at idday, Temperature of the absorbe@ fluid T "
is saximum at noon (67.74%).

The maximum temperatures were not reached simultaneously
as Totesohos raximun first, then followed by othare,
The reasan is that the thermal comduotivity of the
absording pipe is high and therefore heats up faster than
the surrounding as well as it ooole faster than the

surrounding,
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T, 19 alnost constant without much apprecisble se
in.temperature, which 1s dus to fthe.emall amount of heated
* vefer retuming back to the tsdk, The temperature drups
during the day amd reaching its Siatass ot about Ao et
&adually rigen. This small amount of heat added to the
water is absorbed readily when tﬂe water is being stirred
vhen reeding were obsexrved. \-mt‘er hae high especific heat
oapacity and therefore takes a lbng time to hsat up, tkhe |
anall heat added take a long time to heat up the water and
when the water is heating, the sun is no longer overheas
intensity of solar real is dropping. The effioienoy of
storage depends on insulation of the tank. |
The ourve of fig. 5.3 shows that efficienoy inoreases |
linearly from 33% at 8 a.m. to about 44,29% at about 12,30p.m.
with ocolleotor tempsrature. There is a turning point at
about 44.29 peroentage effioienoy. Thie ocoours at about
12.30p.m. after which efficiency deorenses linearly with time,

This deorease was obtained from 44,25% to 38% between
12,30pm and 4.00p.m, Maximum effiocienoy of 44,25% wae
obtained vhen the ocollector temperature reached 273.3%
as meen from the ocarve of 5.3

The sharp negative ohan e of the colleotor efficienoy
i1 due to the faot, that al' from 12,30p.m. when the
oolleotor has paseed through a maximum the 8olar intensity
deoreases linsarly vith time, Pig. 5.2 showe tbe gurve

of efficiency against time.
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6.1 SUMIARY .
Solar energy, ite availability, application and limita—
tion were reviewed in ohapter one. Solar collectors were
also reviewed 1n chapter two, and the theory of the
cylindrical solar energy collector was discussed in chapter 3.
The design and construction of the cylindrical collecter
was treated in chapter four. Meassurements, results and
tkeir interpretations were presented in chapter five.
Results obtained sktowed a storage tank efficienoy of
41% and a collector efficlency of 44.25%, The difficulties
encountered, suggestions and ooﬁclusions, were discussed in

chapter six.

6.2. DIFFIQULTISS
The difficulties encountersd in this project work

inolude: 1. Getting a material with near 100% reflectimg

surface (high reflectince) vhich would reflect,
most or all the incident flux and abesords nome

or small, It should not also lose its reflecting
properties tast, All metal polished surface
energy. Silver vas more promising but could not
be afiforded due to cost andi also aluminuin

whioh was sot evem available in the market at

the time in quesdan,
1y Opﬁu left but i¢s effective mom

?._ wnps the on
AR also ite inmnﬂ' to

was hindered seriously
withetand gtrems gnd strail.

By rust,
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! ii. Surmaoe irregularities ang non-exact perabolio
trough could not be aweided inm the course of
construgtion.
111,

lack of measuring solar radiation instruwment vas
another dravback. The use of a radiation measur- -
ing apparatus likxe the molarimeter would have
enhanced the precise measurament of the intﬁity
of radiation onto the absorber amd improved the
efficiency of the collector.

In taking the temperature of wvater from the absorber,
which was made possible wit: the use of an ordinary thermo-
meter through disconnection at the outlet. is not a very
&ood method, because :#ater loses heat ot the time of
spurting and the temperature is therefore lowered before
meagurement is taken. This water tempoerature was assumed
t0 be the absorber temperature thus then absorber temperature
bas been grossly underestimated.

iv. The material used for the tank rusted after some time,
This form an oxide sluidge at the bottom of the tenk,
Ae the water is stirred or refilled the sludge gete
into circulation end the fine deposite clogged to the
absorber pipe presenting a resistance to heat trunsfer.
v. sSeasmal variation in veather vas amother get-dacRi

in the course of the work. Cylinderieal collsctor like

other collectors uses only the beam compoment of solar

radiation. Dgring this period the amount of vater contamt
in the atmosphere 19 high. vater vapour strongly affect

tde infra-red region of the solar speotrusm, causing soat-
The result ie that the eolar
Phis diffueed

tering of eolar resdistion.
radiation received is mainly diffuse,

————_ﬂj




R R R EE— e

42

Zhis difluged ndi'a-tim Causes water to evaporate heoce
inoreasing humidity.

- N T e

. 6.3 Qo9 oF OFWRUCIION

The cost of the molar water hsater coﬁmts of the

following: ~
ITEMS 2 k
Pi{n sheets (X150 x 10) 1,500,00

2,3 x 2.30m sguare used for base construo-
tion 350.00

Braging rod (850 x 8) 400,00
Aluminium pipe (abscrber) 1.27m 150,00
Rubber tube 4 yards 150.00
Aluminium foil 100,00
Screws, clips, and gum 120.00
Glass tube 1.2m 400,00
Packing foam 80.00
“orkmanship -—250,00 _
Total =22200,00

Prom the list, a total of E3,500.00 spent on such heater is
not too expensive compared to its durzation. Such solar

peater can funotion fos* years after installation without

the need for repair or spare parts.

6.4 SUGGESTION FOR FURTHER WORK

Suggestion for continuetion of research work in this
direction should lock into areas such ae‘~

Increasing reflecting properties of non-metals, by
electroplating or depositing selsctive materisls with good

reflecting proprerties on the surface. These non-metsl

®hould be durable and can withetand strain and strees during

fabriocation.
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If 1t could be done on plystere 1t would Relp solve one
great prodblem with focusing eolhotpz". Mirrors are good
reflectérm but there is the question‘of durability.

A dc emplifier with amplification factor of about 200
will be required to the ume of a thermo-couple.

Storage tank should be painted so that it would not
rust quickly or & material like sluminuim should be used.
Inside should be lined to father reduce the heat loes,
Though insulation is provided for single tank. Double tan®
system should be encouraged, as the tank holding the thermie
fluid is insulated from environmental interraotian, wnlike
the single tank system.

Edge loss should be minimised. Proper insulation for
the edge tube-glnss system should be provided. The effect

of altitude on collector perfommance should be looked at.

655 QONCLUBION

Por continuity and difinite results, a research unit
well funded nesd to be established. A commercial seotor
in operation for the production of eolar equipment would

be desireble.
Nigeria laving been blessed with abundant sunshins,

pbould view research into solar energy seriously. It would
produce & cheap altermative source of power. Kore especially
in the rurel areas where electricity is not availadle and
help oonserve our nstural resource.

Even countries in temperate climates of the wrld are

engaged in solar energy resesrch. Nigeria ehould mot be

left out.
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