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ABSTRACT

e applicability ot (he Angstrom’s correlation equation in the determination of the average

lobalselar radiation using hours of bright sunshine data av

aslern

ailable for the four locations in
Western, Northern and southern part of Nigeria have been considered.

e applicability is in relation to the Hottel’s correlation equation which uses only the

Hiude angle and alinude (sea level) of the location to estimate their total global solar

Jdiion

\ngstrom’s and Hottel’s correlation equation gave - satisfactorily results which are

tor solar energy devices application in Nigeria.




CHAPTER ONE
INTRODUCTION

Uhe availability of solar energy over the earth surface is not uniform. It is more abundant
n some areas than others. The sun’s shinest region on the earth lies between Lat 20° -
30N and south of the equator. e

Solar energy occupies one of the most important places among the various possible
alternative encrgy sources. The information on the solar radiation characteristic and
iclevant incterological parameters at any place is of great importance to solar engineers

and architeets for providing them with an estimate of the available solar energy.

its availability in any location in the world can be evaluated by two methods. The first
been measured data from radiation monitor'ing network and the other is based on the use
ol physical cmpirical formula and constants. The Angstrom’s and Hoiel’s type
carrclations have been used in this study to obtain the proper value for the regression
cocflicients a and b of equation (1.0) for four towns in Nigeria, and the total global

radiation of ¢quation (1.1) for the same locations.

I fowever, owing to the high cost of equipment and difficulty in maintaining such

cquipment in rural areas serves as a limitation in the provision of radiation data of such

areas.

I'he Angs{om correlation relate: the ratio . of monthly average total radiation to the
monthly average radiation for a clear day H,, and the ratio of sunshine hours to day
length. The cyuation are:- :

DL =20 (D ST nirroree. By AREES (L.0)

P e Ten o s e (1.1)
through, many modeis have been devised for the prediction of the amount of solar energy
incident on a horizontal plane of the earth’s surface, the most important radjation data,

which is often needed is the long term average daily global radiation on a horizontal




surtace. One of the simplest, which also gives the smallest; percentage error, for the

cstimation of the monthly average global radiation is well - known as Angstrom type

correction (1.0).

Ihe main reason in employing the Angstrem type correlation for predicting global
radiation. is in obtaining the proper values for the regression 9ocfﬂtients aand b of
cquation (1,0 (or a give location. The coefficients aand b are found to vary not only in
ifferent parts of the world but even for nearby locations in the same region having

similar geographical and climatological conditions.

\ designer ol solar devices will primarily be interested in this values for a given locadion
(o determine maximum outputs. The designer must also know the total monthly, seasonal,
or annual radiation to determine the long-time device output. If storage is included in a
device design. the designer also needs to know about the frequency of cloudy and clear

periods. by using cleamness index equation (1.2) in order to optimize the device designed.
K= HH s emaeresnrsgss - S e rm i GI0 D))

{"he wider world requires that in as much a solar device is designed at a particular region

i should work in another with similar constants and climatic condition.

.

1-10 LITIERATURE REVIEW

I'he world meteorological organisation (1968) has defined the properties required for
dilTerent classes of instruments according to the accuracy and precision needed for
different applications. The output from an instrument with uniform response will be
proportional to the cosine of the angle between the incoming radiation and the normal to
the sensor, 1eviation from the cosine response are the main cause of uncertaining in the
use of existing instruments. According to Gillet (1980) and McGregon the instruments

used have an crror of about £ 5%, rising to as much as +15% for radjation coming from ,
2
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low latitudes.

several equations based on empirical correction have been developed to cover the
deliciencies in the records. The ratio of dilfuse to global radiation has been correlated
with the ratio of the global to extraterrestrial radiation by several authors. A commonly
wsed correlation for estimating ditfuse (hehce also the direct) radiatignawas proposed by
page (1961). Pawel (1979) and Leilotreported that page’s equmi‘;in gave better results.
Other models have been proposed and Erbs(1980) has summarised and compared the
svarious [ormula, Theiraccuracy decreases and their variance increase as the time intervai
iz reduced. Thus the estimate of mean monthly diffuse radiation from the mean monthly
alobal is guite accurate, but for hourly estimates large errors can occur. However since
the long tcrm average is good, the effect of such crrors on the evaluation of system

perlormance 1s not too serious.

\inestrom ( 1924) was the first to propose a correlation between the daily global radiation,
the number ol sunshine hours and the maximum values of these quantities. Igbal (1979)
nave also considered such correlations. It appears that the coetficient in the correlations

sary from site to site. (4)

’he importance of such empirical estimate is derived trom the facts that the
meleorologica! data are available for many locations in the country as they are easily
measurable. and worked on by some individuals. Bamiro (1983) for Ibadan, Ezkwe and
I'zciko (19K81) for Nsukka. Arunze and Obi (1983) for Zaria, KKano and Jos. By
<umbining the measured and empirical data of radiation with theoretical model of
estimation such as derived by Ezeilo (1983) and Bamiro (1983, 1983), a solar map of
Migeria in term of clearness index K was constructed. It is undoubtedly a very resource

sise for the entire country (2).

ERGY FROM THE SUN

Salar energy is a very large, in-exhaustible source of energy. The power from the sun

uercepted by the earth is approximately 1.8 x 18'' MW which is many thousands 9£time

3




Jarger than the present consumption rate on the earth of all commercial energy sources.
I'hus. in principle energy needs of the world is on a continuing increase basis. This makes

it one of the most promising of the unconvetional energy sources.

It has two ather factors in its favour, firstly unlike fossil fuels and nuclear power, it is an
cnvironmentatly clean source of energy. Secondly it is free available in adequate

‘[uantities in almost all parts of the world where people live.

However. theve are some problems associated with its use. The main problem is that it
15w dilule source of energy. Even in the hottest regions on earth, the solar radiation flow
available rarcly exceeds IKW/M?, which is a low value for technological utilization.
I onsequently. large collection areas are required in many applications and these result

111 CNCOSSIve costs.

Ome other problem associated with the use of Solar energy is that its availability varies
widely with time. The variation in availability occurs daily because of the earth’s orbit

. =~ . . :r{ docal
around the sun. In addition, variations occur at a spscific location becz 1sehwca:he:

conditions.
1.3 SOLAR ENERGY UTILIZATION

Solar energy ntilization can be divided into direct and indireet metbods. Direct method

can be subhdivided into two(2) and indirect into four (4)

S0LAR_ENERGY UTILIZATION

Diréetl Meivon ! INDIRECT METHOD
= ‘ ' _[ Winp Biomas  Ocesn
THRRINAL TOVOLT WAate ﬁ
HE ProtovoLiac PR TEAPERATURE
DIFFERENCE

4.




DIRECT METHOD

‘Thermal Collection: This is the mode of energy transfer for Solar devices which utilize,
the heating citect of solar radiation. The principle usually followed isfcxpose a dark
surface to Sotar radiation so that the radiation is absorbed. A part of the absorbed
iadiation is then transferred to a fluid like air or water. When no optical concentration is
done. the device in which the collector is achieved is called a flat - pfate collector. The
tla1-plate cotleetor is the most important type of solar collector, -t:écause it is simple in
fosien, has no moving parts and requires little maintenance. It can be used for a variety
ol applications in which temperatures ranging from 40" to about 100 are required.

I hermal applications are in the form; water heating, space heating, power generating,

space cooling and refrigeration, Distillation and Drying.

i"hotovoltaic Conversion:- In photovoltaic Conversion, the Solar radiation falls on
Jdevices calted Solar cells which convert the sunlight directly into electricity. The
principal advantages associated with solar cells are that they have no moving parts,
requires little maintenance and work quite satisfactorily with beam or diffuse radiation.
In the futare. as costs of productions are reduced, it is possible that they may become one

il the principal sources of electricity power for localized use.

Although costly, arrays of solar cells suitably mounted on panels are already being used
sslensively to supply electricity for many small commercial and agricultural applications
i remate arcas far lrom power generations. A typical application is the scientific

lculations.

. Indireet Method

Indircct Methods of utitizing the solar energy could be explain as follows;

Wind Encrgy:- Winds are caused because of two factors, firstty the absorption of Solar
cnergy on the earth’s surface and in the atmosphere, and secondly, the rotation of the
carth about it axis and its motion around the sun. Because of thesefactors. alternate

heating and cooling cycles occur, differences in pressure are obtained, and the air is




ciused to move. The potential of wind energy as a sources of power is large. This can be
idee from the fact that the energy available in the winds over the earth’s surface is
sstlimated o be 1.6x 107 MW. Which is of the same order of magnitude as the present

cnergy availahle is free and clean.

IRiomass:- Plant matter created by the process of photo- synthesxs ls-caI!ed biomass.
Photosynthesis is a naturally occurring process which devices 1is energy requirement
irom solar radiation. In its simplest form, the reaction of this process can be represented

s follows:

H,0 + C@y-Energy—»CH, 0 + 0,

It is seen that in the process, water and carbon dioxide are converted into organic

material.

Ihe term “hiomass” includes all plant life trees, agricultural plants, bush, grass and algae.
Thus. it may be obtained from forecasts in a planned or unplanned fashion or from
wricuftural lands. By extension, the term is also understoodto include livestock waste

t

Ihere are varicly of ways of obtaining energy from biomass resource®, The direct
way if the biomass resource hagpen to be free or plant is to
burn it as a fuel either for demestic or commercial purpose.

i e indireet way of using biomass is transforming it into a conveient usable fuel in
olid. liguid or gaseous form, by a process known as pyrolysis. the hydrogen and oxygen
m wood can he efiminated and solid fue! in the form of charcoal is obtained. Others
iorms ol biomass convertablc are Biogas through the anaerobic fermentation of wet
liveslock waster to biogas. Liquid fuel through gasification of plant matter followed by

hemical synthesis.

vieean Thermat Energy Conversion:- The utilization of the temperature difference which
oxist naturally between the upper and lower level of water in the ocean, Tropical oceans

colteet and store very large amount of Solar energy. Utilization of this energy with its




associated temperature ditference and its conversion into work forms the basis of ocean

thermal enerev conversion (OTEC) systems.

S (145 ABUNDANCE OF SOLAR ENERGY IN NIGERIA

digeria lies hetween the latitude of 4900 North, longitude 2°2' and 14°30' East and has
lavlight or sunshine hour of not less than [ 1hours per day. The amount of the annual
olar radiation varies from about 45% of the maximum possible VﬁT[le outside the earth’s
imaosphere in Niger Delta to over 70% in the extreme North-East in Lake-Chad basin.
[9].

Ireccives 5.08 x 10*°K Wh of° energy with just 5% efficiency are used to cover only 1%
ol the country's surface area than 2.54 x 105MWh of electrical energy can be obtained
trom solar encrgy. This amount of electrical energy is equivalent to 4.66million barrels

ot oil per day |10].

1..1.53 SCOPE of work
ihe Angstrom’s and Hottel’s correlations have been used to carry out estitnation for
“tations whose weather conditions arc different from those in Nigeria. However, effort
have been made in this study to apply equations [1.1] and [1.2] to limited data for tour
towns in Nigeria. The towns were picked as a measure to carry out an approximate test
leithese three regions in the country.

I-urther more a comparison was carried out to show which of the region has more solar

radiation {or cnhancement,




CHAPTER TWO
EXTRATERRESTRIAL SOLAR RADIATION

23T THE ATMOSPHERE
e gunosphere is an amagzingly thin shell of ajr surrounding the earth as can be seen by
layer of ¢clouds. More than half of the atmosphere is contained in a layer extending
pwards, Oniv 6km (3.7 miles) from the surface of the earth, The atmosphere is a
canpressible was that exhibits pressure and volume changes as the temperature varies.
he winds resulting from these changes may bring forth a damaging storm or cleanse the

ol harmiul contaminants.

+ properiinderstanding of the atmosphere and the weather it generates is necessary for
movment ol ife as well as for dealing effectively with the weather related facts of our

rronment. ¢ {owever, much remains 1o be leamed about the atmosphere. The weather
annat be forecast perfectly because both the solution method for the formulac and the

"hsenvations describing the atmosphere are imperfect.

21,1 COMPOSITION OF THE ATMOSPHERE
major constituents are nitrogen and oxygen. The third most abundant gas, argon,
mprises less than 1% of the total, while the next carbon dioxide is present in even
inabler quantities. In addition to these gascs., numerous other constitute the reminder of
he avmosphere. Thus the name homosphere is applied to this layer in contrast to the

tero sphere (bove 80km where the gases are more stratified according to their weights.

23.2 CHARACTERISTIC OF THE ATMOSPHERE
Fie atmospbere can be so band that we are unaware of its presence. or it can be so violent
we are lierally blown off our feast. soaked with rain, bombard by hailstones or
cred with snow. The basic difference in its behaviours is determined by the

istnbutton wt sunlight, temperature. pressure and moisture.




2.1.3 VERTICAL TEMPERATURE DISTRIBUTION

Fenperature s defined as the degree of hotness or coldness of a substance and is actually
«+ measure ol the internal energy of the substance. Vertical change in atmospheric
lemperature is a critical factor in many weatlier producing processes. Measurement have
heen made o provide accurate information on the average temperature distribution
hrough the aunosphere. The global average air temperature decrease with the freezing
level at a haght of only 2.3km (7000ft).. Considering the souf;é of heat for the

umosphere 10 explain these observation. This malkes the earth’s surface the primary

shsorber of hicat from the sun. Some of this heat is transferred into the atmosphere.

14 HEAT IN THE ATMOSPHERE

I'he radiation Irom the sun (Solar radiation) can be 1'cg5rded as the only heat source for
the scas and aimosphere. Heat is also available from high temperature in the interior of
the carth as well as from the friction of tides, but alf these taken together account for
thour only 170,000 of the heat brought by solar radiation and arc thus negligible. Some
-ther celestial bodies in the universe (the moon of the earth, etc) also give radiations to
ihie surlace ol the earth, bug:mion equals only 1/100,000,000 of the sun’s contribution
and s thus miore negligible. In our consideration of the heat source for the earth’s

anmospherce. therefore it is sufficient only to take into account the extraterrestrial solar

radiation.

L0 SOLAR RADIATION

iadiation is o mode of transfer of energy in the form of clectromagnetic waves.

solar radiation of course is a mode of transfer of energy, and for our earth it is the most

important mode of transfer of energy.

Broadly spcaking solar radiation at carth’s surface consist of two components, direct and

iftuse solar radiation.

Dircet Radiation;- is the solar radiation received from the sun without change of

direction, (1) (2.0)




1 11+0.033 cos (360N/365)][a,+ a, exp( -k(cos (0;))] cos (8z) -eeveveererees [20]

Ditfuse Radiation:- is that Solar radiation received from the sun after its direction has

ween changed by retlection and scattering by the atmosphere, 1. [2.1]

1, =10 027 [,(1+0.033 cos (360N/365)) - 0.2939],]
os (0,) [2.1]

he combininon of these two is referted to as total radiation L [2.2]

I ly [22]

hiere
a,=r'xaly  aly=04237 - 0.00821 (6-A)’
xa'l a',=0.5055+ 0.001 (6+a)’
k=rthxk'  k'=02711+0.01858(2.5 -A)

r1 and rk are the climate corrections which equal 0.95: 0.98 and 1.02 respectively.

J

)

A THE SPECTRA OF ELECTROMAGNETIC RADIATION
vleewromaenetic radiation is composed of waves of oscillating electric and magnetic
iclds. Fach wave is characterized by magnetic fields. Each wave is characterized by
vavelength A and a frequency v. In freespace all the waves travel at the same speed, ¢
29979 x 10" (m/s) . The frequency, wavelength, and speed of each wave are rclated by
W equation | 2.3
FE e [2.3]
cquation can be written in energy form with h = planck constant (6.6x10-* IS)
B e [2.4]
Where V= ¢f/X
tiquauon [2.4] can be written in terms of the ratio of speed ot hight to the wave

fength ferm

10




e higher the frequency is the shorter the wavelength and vice versa equation [2.3]

V' is inversely proportional to X (v=c(l4 ). The entire electromagnetic spectrum is shown
m lig 2.4 below, only narrow band of wavelengths, those in the range 400n m <A<
Otham. are visible on the violet end (A<400nm) are called ultraviolet. These wavelengths
hurdering on the the red (h> 700nm) are the infrared. As we will see approximately half

ot the solar radiation is in the infrared, the invisible components make-up less than 40

percent of solar energy. i
When the eleciromagnetic radiation is incident on the surface of a body. it can either be
insinitted. retlected, or absorbed. If the body is opaque no transmission is possible. The

adiant cnergy per unit time, unit area per unit wave length incident on the

NIiIBLE

e vavislel

J:iT 24 The e/ch\ﬂomdr’:nzfic S}:ec,frum‘
urface is called the incident spectra ﬂ(ugc I:a’ similarly, the absorbed and reflected
pectral Nusg are denoted by l‘a(‘?\rcsp?:utivcly. The subscript n indicates that we are

feading with 1 single component wavelength. The total flux (f) in the distribution is

@
F :an<m ......................... [2.6]
We \.vill define the spectral absorptivity an and spectral reflectivity of'a body’s surface

S

OA = FA® F Ty X ) e o 8 s fore [2.7)
5% e




W ¢ will define the spectral absorptivity an and spectral reflectivity of a body's surface

[f ndn

e il define the spectral absorptivity an and spectral reflectivity ofa body's surface

W

@A = AW and Y =Fa
AT Sun

fhen the body is opaque. what is not reflected trom the surface must be absorbed and we
Ay wTile

AN

wally. ap und, for a real surface. depend on the wavelength of the incident flux and the

sirection ol ihe incidence of the radiation.
2202 RADIATIVE EMISSION FROM THE SUN

Ve now take the model of our sun to be a black body at a steady - state temperature 'I,
the radiant flux emitted at the solar surface can be represented by e.a.. plank
=rtbution. [ he observed spectral differ slightly from §a(T) because the sun is neither
radiative ¢yuilibtium nor even in steady state. Nevertheless. is u black body curve
arresponding (o a temperature ol Tg - ~ 5800k,
Using the equation

Anax =®/T ...ccooooovvvnreo (2.8
charactenistic of wavelength of solar spectrum is Amax = 500nm

and from

jB)ﬂ dh =¢t"!stefan - Boltzmann law } (2.9]

where & and G ure universal constants.

12




Bgju) = planck’s function.

and v =Dblack body temperature

15 lound from calculation that the total flux leaving the surface of the sunig 6.4 6 x 107

WM

['his racdiation is diffuse (travelling in all direction). when it leaves the surface of the sun.

e total radiadk power cmitted from the sun is obtained by multiplying the flux above

i

*.0) by the snrlace area of the sun

My = Fey de e

16,42 5 10 W/M)4R(6.96 x 18°m)?
A0 10 Ry
whereRe (radiug: of sun)=6.96 x 10%m
Fo = 042 x 107 W/m?

amcee the sun emits radiation isotropically, this enormous power called luminosity is
mitted equally in all directions of space. As the distance from the sun increases, this
aonaer is spread over spherical surface of increasing area. consequently, the intensity
aries inverscly as the square of the distance from the centre of the sun. At a distance r
the surface arca s 4707 so that radiant [Tux (F) crossing such a surface is

I = I'o = 4fRe 0
iw e

Or
- Ra*l'e [2.11]

¥y
I3ccause the carth’s distance from the sun varies throughout the year. the total flux

waing the cacth also changes .

I'he value of the {lux is called the solar constant is not actually a constant but varies with

scason anck somewhat with solar activity.

13




2.2.3 VARIATION OF EXTRATERRESTRIAL RADIATION
has been deterined trom analysis of radiation data that the variations in total radiation
mitted by the sun are less than +1.5%. For purposes of thermal processes that use
nergy in large fractions of the total solar spectrum and where the transmittance of the
dmosphere 1s o« major uncertainty, the emission of energy by the sun can be considered

constant.

sriations in carth-sun distance do, however lead to variations of extraterrestrial radiation

ux in the ranee ol £3%.

224 SOLAR CONSTANT
us 18 the tonl energy mtensity of extraterrestrial solar radiation, measured just outside

carth’s aunosphere and integrated over the entire solar spectrum.

he numerical value has been obtained by assuming the solar spectrum to be that of a
sMack body at ~ 1352 w/m?. the value of'the solar constant has been measured by various
nestigator o range from 1352 to 1395 w/m®  The discrepancy amounts to

proximately 2 percent. Theoncused in this work is 1367 w/m?, f2.11].

2300 ATMOSPHERIC EFFECTS ON SOLAR RADIATION
dar radiation is considerably altered in its passage through the earth's atmosphere. The

Iwe prineipal mechanism causing these atmospheric alterations are absorption and

attering.

\tmaspheric absorption of solar radiation

here are seseral atmospheric constituents which absorb part of the incoming solar
diation. 11w first of these is usually called ozone absorption. although the actual
ihsorption is hy both oxygen and 0zone molecules. This absorption removes nearly all

ot the uliraviolet solar radiation. So that very little solar radiation with wave lengths less

than (.3 microns reaches the earth's surface.

I is known how much the quantity of atmospheric ozone varies. However. these

14




vanations do ndeause variations i i
in the intengit
¥y of solar r.

. . adiation at tly?
i sutTicient magnitude to be of concern 1o s at the earth’s surface
S0

ar energy system designers.

) he other primary absor ber of radiat 1 Y I
atton i the atmos, i r
phere 1S water apo It abso b
. . ; . s solar
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i 2.2 Approximate spectral distribution ol solar radiation on earth with an air mass 2

LR

Ile amount o water vapour in the atmosphere depends upon the local altitude, climate
mdl season. 1 he increased solar intensity at higher altitude locations is partly due to the

maller amonnts of atmospheric water vapor at higher altitudes.

Vihospheric scattering of sofar radiation: The atmospheric constituents primatily

wesponsibie 1o scattering are gas molecules, particulates. and water droplets. This

seallering is Jirly uniform with respect to direction. However, it is strongly wavelength

o o s N 8 the
dependent, and it affects short wavelength radiation moist. One consequent is thal

i) . o) 'S
«waltered raclintion eventually reaching the earth’s surface from throughout the sk i

15




characteristically blue.
Cloud cffects on solar radiation: Clouds are a scatten'ng agent of particular
smportance. ctouds frequently reduce inceming radiation by as much as 80 - 90 percent
w simgh: and multiple scatterings thus effectively reflecting that amount of radiation back
W space,
Iecause cloud distributions and types are highly variable, their effects on incoming
diation are akso highly variable. Thus. clouds produce not only large reductions in the
olar radiation available at the earth’ssurface, but in addition these reductions are quite
apredictable,
vemospheric path length: The amount of atmospheric absorption or scattering
tlectng incoming solar radiation depends upon the length of the atmospheric path, or
ne thickness ol the atmosphere. through which the radiationtravels. Thus, the reduction
miensity of solar radiation at a location on the earth’s surface depends not only on the
g composition of the atmosphere at that location, but also upon the locations

ntude and unon the radiation angle.

ur Mass, M : Themeasure of the atmospheric path through which solar radiation must

aeel s called air mass M. An air mass value of (dimensionless) is assigned to an
wnospherie path directly overhead at sea level. All other air mass values are assigned
clalive to Ui unit value.

lie two Tactors which affects our mass for an atmospheric path are the direction of the

il and the Jocal altitude.

wolar Declination:  The earth-sun vectors moves in the ecliptic plane, the angle between

carth-sun vector and the equatorial plane is called the solar declination angle, . By
onvention. s considered positive when the earth-sun vector points north-ward relative
the cquatonal plane. The declination angle varies from -23.45 on Dec, the winter

alstice. (o« 13.45  on June 22, the summer solstice.

Hour angle:  [n any time system, it is frequently convenient to cxpress the time in

degrees rather than hours. This is especially true for specifying the positions of bodies

16




¢ as lineti Rt ; # ot
m spice as [inction of time.  The unit of angular measurement of time is the “hour

angle”™. “The basic convention is that 24 hours equals 368 hour angle degrees

In solar encrgy. the solar hour angle is used extensively to express solar time, because it
\

(™ e e 2 " 1
i~ dhrectly related to the sun's posttion in the sky. The solar houy angle is measured from

won and s positive (-ve) before (after) solar noon. i

~olar time varies with longitude, as well solar hour angles do also {2.12}.

soflar time = standard time + E + 4 (Lst - Loc) {2.12}
where £ = the cquation of time
|.st = the standard meridian for the local timie zone

ind l.oe = the longitude of the location in question.

~olar incidence angles: The intensity of solar radiation on a surface depends upon the
angle at which the sun’s rays strike the surface. The intensity is proportional to the
usine of the angle between the rays and the surface. The intensity is proportional to the

asine of the angle between the solar rays and the surface normal.

40 ELEMENT OF ENERGY TRANSFER:

11 is o law ol nature (the 2nd law of thermodynamic) that the heat always tends to flow
irom the hotler to colder regions. There are three 1110(jes by whichthis transter can occur,
naniely. conduction, convection and radiation.

Conduction s the transfer of heat through matter in which enetgy but not mass is
sransferred. 1 he highly agitated atoms of warmer regions transfer some of their energy
wr 1heir less avitated neighbours in cooler regions through atomic interactions. [However,

he atoms themsetves are essentiatly fixed and cannot migrate through the mateyrial, The

onduction process can be described as thediffusion of thermal energy in matter without

he llow of mass.

In u‘mlrast. convection is the transfer of heat through matter produced by the transport

vlhwass,

17




vonsequently. convection oceurs only in fuids, that is in liquids and gases. When one
weion of'a Nuid is made hotter thananother, pressure and density gradients result. ‘These
wradicents generate convection cycles that carry warmer fluids to cooler regions and vice
versa. When the source of heating is removed, the cycles continue to mix the fluid until
1 uniform temperature is achieved. Solids cannot convect heat, However, some liquids

hoth conduen and convect heat well. .-

Radiative heat transfer is unique in that it doest not require any matter to transfer heat
brom warmer to colder regions.  In fact, a vacuum is the most efficient medium for
mdiative ranster. Radiative transter is produced by travelling electromagnetic waves,
Any medium that does not transmit these waves will not permit the transter of heat by

vadiation.

\Ul three modes of heat transfer play an important role in the operation of solar heating

levices.
onduction of Heat:

i wo surlzces of arbitrary size and shapeare maintained at different temperatures. T, and

Fy Assumc ihe region between them is filled with a uniform insutating material. Heat
Wil flow from the warmer to the cooler surface through the insulatior in a rather

~omplicated pattern (fig. 2.3). The heat flow at any point within the insulator can be

represented by the heat flux vector J whose magnitude gives the heatenergy per unit time

rossing unit arca. Like radiative Hux. the units of T are typically watts/m? cal/sec-cn?,
w Br/he-(1

1he vector | 15 determined by the law of conduction.

J=_k4 h (2:13)

Where the expression dT/ds(f) is called the temperature gradient and is written formally

w OT. Heat i said to flow along the rclative temperature gradient.
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Hot 1
Cold
nay e
L2 [he steady - state heat flow pattern through a conductive medium,

herenois aunit vector in the direction in which the temperature increases most
apidiy. d! the rate of change of temperature with distance along that direction, and
is the interval conductivity of the insulator. The reg:ative sign in Equation 2.13
vgwsts that heat flows in the direction in which the temperature decreases most rapidly
distance  Furthermore. the magnitude of the flow is proportional to the rate of

CCTEUSe.

s Surlaces within the insulator are considered as shown in fig (2.3) At the first
urlace: heat 15 entering the enclosed region while at the second is leaving. If more heat
nters thane Jeaves this region, temperatures at points within the interior will rise and vice

rsa. - When the insulator is first inserted between the hot and cold surtaces the
mperatures o points within the insulator do indeed change with time. However,
entually a sicady state is reached in which the temperatures become constant in time.

lence. i the steady state. the rate heat flows crossing any set of surtaces which

ompletely enclose a region within an insulator must be zero.

abjective in conduction problems, is to compute the rate at which heat is being
msterred leom the hotter to the colder surface. The more complex the shape of the

lator is. more difticult the solution. The Equation 2.14 can be properly written

wn considering some parameters.
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Where Q = rate of heat flow
A = arca of material
= Final temperature

Iy= Initial temperature.

VONVECTION i

conveetion plays a signilicant role in the transfer-of heat lroi a solar panel to the
surrounding air. It is important 1o distinguish between natural and forced éonvection.
Hatural convection oceurs when the flow pattern are generated by instabilities produced
by temperatare gradients within the fluid. Forced convection is a mode of heat transfer

Wt results from fluid low produced by such cxternal agents as pumps.or blowers,

omecetion is a more complex phenomenon than conduction because of its dependence
on the many parameters of the fluid involved in the heat transfer process due to its
complexicily. a rigorous equation analogous to the conduction equation 2.13 is very
hlticult to establish. An attempt to obtain scmiquantitative estimates for convective heat

sses and establish those factors that affect convection coefficients.

| e simplest casc of natural convection is that which occurs {rom a large Hat surface to
an unbounded fluid such as still air.  This process is particularly important in the heat
wansler [rom Ihe warm gazing of a solar heating panel to the cooler surrounding air. The
imount of heat transferred (rom a heated surface 1o still air depends on the orientation of
‘e surlace and on such parameters as the density, humidity, viscosity, specitic heat, and

dermal conductivity of the air.  Thus it is understandable why semiquantitative

retationships vbtained from experimental data arc oflen the only expressions available

o deseribe natural convection, |t is always possible lo express the heat {lux leaving a

arfisee to he cooler air using the relation.
J1=Q/A =he(T-T,) {2.15]
atures of the surfaceandthe air. respectively, and heets

Where T and I'a are the temper

¢ fici i wp is used
salled the open air convection or heat transfer coelficient. The subscript on leg is
i i ation
NOIe 10 denote that the heat transfer is to an unbounded fluid. It is noted that Equ
e
flux is strictly proportional to the temperature

215 does not suggest that the heat
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lifference (1-Ta); hag itsell depends on T and Ta, as well as on the other factor
S

deseribed. Based on experiments. it has been determined that the convection coefficient
yom a tlat smooth surface to open air is approximately proportional to the tourth root of
the temperature difference and can be estimated by

he  ¢(T-Ta)% = caT¥ 2.16
s | b 2_5xv/|112-°§'ﬁ|1d ¢ = c(vert) = 1.77 w/m;ac;‘!arc constants for

ricontal and vertical surfaces, respectively.

hedependence of hee on AT for horizontal and vertical surfaces has been to vary from
N R gl :
o Swm- nd 4.5 to 7\\'/m‘-“c?‘respechvely, over the temperature range aT = 10 to

b

th winds. me open air convection coefficients may be many times larger than those
on for still air. Shielding collectors from winds will considerably reduce thermal

wses and increase operating etliciency.

iadiative Heat Transfer from Heated Surtaces to the Sky
henever a surface is heated to some temperature T(in Kelvins), it will generally emit
adiation to fie environment. Furthermore, it will also absorb some thermal radiation
o the swrroundings. ‘The net radiative flux from the surface can be expressed as the

itference between the flux emitted and the flux absorbed.

I= ‘I"l\:u!f - ke
radiative tux emitted by a surface can be expressed as

S =€G"T"

pere 1 is in Kelvins and € is the average thermal emissivity of the surfacc over the

hermal ranee of interest. Since T is typically ~ 300k. the thermal emissivity is

its average over the spectral region 2um>*<20um and must not be

presented
(0.3#m>'\<2um). The absorbed flux

miused with the average for the solar spectrum

{| - L
shere ais the (hermal absorptivity of the surface and ja¢ is th

e flux from the surface, on applying Kirchholff's

e thermal flux falling on

ile surface. \We can find the net radiativ
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selation and scl € =a, we shall obtain 2.17.

1= gl - Jincl 2.17

\n application o f this Equation 2.17 i's that for a heated surface exposed to the open sky.
|'he thermal {lux incident on a surface from the sky, depends on both the temperature as

el as on Ihe vapacity of the atmosphere to thermal radiation. The thermal tlux from the

shy can be expressed as Jine =G T, where the sky temperature may be somewhat lower

an the actual air temperature. Using this result in Equation 2.17, we obtained the net

sabster ol raiation from a heated surface to the sky is

Ti=Ec Pt 2.18

‘

\ similar result is obtained when a small heated object at a temperature T is placed tna

i T
woe enclosure. The incident flux on the object becomes ) = [T -T4%] 219
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CHAPTER THREE
5() ESTIMATI®ON, AND DATA ANALYSIS

| INSTRUMENTS FOR MEASUREMENT

sakar radiation measurements are most often made of total (beam and diffuse) radiation,
e energy pYAIL time per unit area, on a horizontal surface, Instruments for these
meastrement convert radiation to some other form of energy and provide a measure of
e energy Hux produced by the radiation. A bricf reviews of such solar radiation

wstraments are discussed.
tarameterss  Are instruments used in determination of the atmospheric pressure.
hermometer: Used tor measuring the degree of hotness of an object.

tetative hunndity:  Is one out of the various ways in which the amount of water
vapour in the Qll]logsl]é?;‘ﬁdi;e(i?ﬁlled as the ratio of the actual
vapour pressure to the saturation vapour pressure at the air
lemperature.
u = 100 efew ---- (3.1)
where e = actual vapour pressurc

¢ w = saluration vapour pressure

‘

anshine recordersi- Are instruments designed o measure the duration of bright

The instruunent fall into two main classes.

sunshine.
I Those that utilize the heating power of the sun’s radiation
i ‘I'hose that utilize the chemical action produced by the visible and

ultra - violet rays.

ts used in the determination ot the racliation lﬂlllllg
solarimeters: Are instrumen

on a horizontal surface.




\ctinometers® Are instruments used for the measurements of the direct solar radiation

atnormal incidence and for radiation from selected parts of the sky.

Ihe solarimeter and actinomelers are g'enerally interpreted (o be (he same as

wrimomelter.

Myrmoemeter: An instrument for measuring total hemispherical solar (beam +

diltusc) radiation, usually a horizontal surface, tf shaded from the beam

radiation by a shade ring, it measures diffuse radiation.

I'vrheliomeler: An instrument for measuring direct solar radiation.

fond - cover observation:  Which are made monthly at least heurly at weather

A2

obscryation stations around the world, different methods are involved in
the mcasurement of cloud behaviours in space. Searchlight for cloud
height is the most common method used in the most part of the world.

h=ltan E ----- 3.2)
where E = angle of elevation in the vertical plane containing the

searchlight

E’ = observers point

h=1lcot E+col E' -~ (3.3)
NOMENCLATURE

D = (he day number

a. b =regression constants:
{1 = the monthiy average of daily global radiation on a horizontal surface (w/m?-
= (he

lluv)
|0 = ihe extraterrestrial solar radiation on a horizontal surface onan average day
0=

ol cach month (w/m?- day) i

Ws - Sunset hour angle in degrees.
b & L,
Ib = liirect radiation, w/m? - day

Id = iffuse radiation, w/m? - day

24




It - el radiation, w/m? - day

del (&) = Solar declination (degrees)

Lat (o = Latitude angle (degrees)

K = ¢ Icarness index (H/Ho)

n, 0. Day number at the start and end of a period.
S = Daily number of hours of bright sunshine (hr)

So laximum possible hours of bright sunshine (or day length) (hr)

[s¢ — solar Constant, w/m? - day (1367)
A = distance abovesea level, m

a1 v atmosphere transparency index
120 DAT A AND DATA ANALYSIS
2.1 PATA USED

study covers four different stations located in the East. North, South and West of
weria as shown in fig (3.1).  The latitude, longitude and altitude of each of these

tuions used are given in table (3.1).

linatological data which include sunshine hours (s). temperature (T}, and relative
amidity (11 Tor one of the station obtained from the Department of Metrological

crvices. Biuchi and had been used in the study tables (3.2 - 3.6).

- . . .
he sunshine iours (s) for the remaining three stations were obtained from {2}.
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iLE:-3.1

Geographical coordinates and regression parameters for four
towns in Nigeria

Town Geographical coordinates Regression coefficients
Alt (m) | Lat.N | Long.E a b a+b

Beokuta 150 07.17 | 03.33 | 0.19 |- 0.41 0.60
Bauchi 661.0 | 10.28 | 09.75 0.25 0.43 0.68
Enugu 141.5 | 06.28 | 07.55 |* 0.22 0.42 0.64
/hartcourt | 19.55 | 04.77 o7.oz" 0.18 0.41 0.59
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MEASURED DATA OF GI.,OBAL SOLAR RADIATION IN BAUCHI TOWN
Monthly average insolation, Monthly average sunshine,
Temperatue and Relative humudity
(1991 - 1995)

ABLE: -3.2 1991
donth Radiation | Sunshine TEMPERATURE REL.HUMUDITY (%)
(mlt) (hrs)

Max. . Min. Max. 7 Min;
Jan 14.1 798 30.5 | 14.7 50 11
Feb 16.3 9.0 36.1 18.5 70 9
Mar 15.4 kD 36.8 295 92 7
Apr 145853 Tt 36.8 24.8 98 11
May 13.4 5.9 3%.3 22.9 98 37
Jun | 1455 43 325 22.5 96 41
Jul 13.6 6.3 30.3 2.2 99 50
Aug 12.8 56 28.7 20.7 100 51
Sept 16.0 7.6 S0l 205 98 40
Oct 16.1 6l 3357 " | 2055 97 17
Nov 16.8 8.7 33.7 16.1 91 08
Dec 15347 P56 29.9 e 57 12
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iLE: -3 1992
fonth Radi(’antlitt;n Su?:er;me TEMPERATURE REL. HUMUDITY (%)
Max. Min, Max. Min.
fan 14.2 6.0 27.9 13.6 ) s 11
eb k782 8.0 31.9 15.0 48 07
far 17.4 5.6 36.5 21.5 90 05
ipr 17.4 6. 37.4 23.4 97 03
day 122 Dol 35.4 8.3 94 19
Jun 13.7 7.3 33.1 RAR 99 42
Jul 14.5 6.7 29.9 20.7 98 46
aug LG 4.9 28.3 19.3 98 55
Sept 15.5 6.3 29.9 20.3 99 50
Oct RB Lyl 8.9 32.9 19.5 96 19
Nov 16.0 7545 31.5 16.1 02 | 14
Dec 16.7 9.5 SilA) 13.0 68 19

Vel




psLE: -3 1993

:’:;‘;' Radl(fr’litc)’” S“'Zf]’;is')‘e TEMPARETURE | REL.HUMUDITY (%)
Max. Min. Max. Min.
Jan 14.7 7.4 28.3 9T 63 15
Feb 18.4 9.4 33.5 15.1 |54 11
Mar 18.0 %5 36.5 20.5 T | S
Apr 18.7 7.3 38.6 23.3 90 08
May 17.4 8.1 36.1 | z4.1 92 16
-
Jun 1%.1 8.0 32.9 22.3 97 36
Jul 14.8 6.8 30.3 21.0 98 37
Rug 14.8 xx 29.3 20.6 98 52
Sept 16.3 7.5 8.3 20.7 98 a1
oct 17.9 7.6 33.3 20.7 93 19
Nov 17.8 9.4 34.7 16.9 86 15
Dec 14.9 XX 30.9 14.6 63 15

[
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g:-3.5 1994

gasL
Radiation | Sunshj

nth ine TEMP

EO (mlt) 1 S ERATURE REL. HUMUDITY (%)

¥ —

4 e —

i Max. i 2

i A —_ai(_‘_ Min. Max. Min.
Jan v 2K 30.9 14.5 59 12

16.4 SR

Feb . XX 3.9 16.2 50 07
Mar 20.4 8.0

el 38.2 2005 45 07
Rpr 16:4 4.9 xx 3o 76 16
May 1077 ¢l TENS XX D=8 o ot
Jun 14.9 7.0 XX 21.7 93 34
Jul 13.4 5.5 %X 20.7 97 43
Aug 1259 4.4 XX 20.0 97 56
Sept 15.0 5.9 XX 20.4 97 47
Oct 16.8 7.9 zxy s 20T 96 24
Nov TU..5 9.4 XX 15.2 86 14
Dec 15.5 6.6 XX 12.5% Si 16
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braBLE:-3-© 1995
Montb Rad?{ift‘)’" SU“?Q;Z? TEMPERATURE | REL. HUMUDITY (%)
Max. | Min. Max. Min.
e ol d ] 31.6 | 12.5 |~ 49 13
__Ee_b—— 508 8.9 32.5 14.4 61 ; 16
Mar 159510 8.2 38.3 XX 72 06
Apr 19.5 6.4 38.9 xx 95 06
May 16.9 7.9 36.3 XX 92 15
Jun 16.8 7.5 34.1 xx 95 24
Jul 15.4 6.3 Se xx 95 48
Aug 14.9 6.0 30.3 | 20.6 98 54
Sept Tin 2 6.7 * 30..7 20.8 98 50
oct 19.5 7.4 3821 | 21e2 98 26
Nov 18.2 9.2 38,00 T5a7 92 19
Dec 17.5 10.2 33.2 | 14.4 88 21
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LE:’3.7 :
eo :
Q= RS R G1Ga L datioand solar radiation dat
ata for

Bauchi "LAT.10.28N
' 28N LONG.09.75E ang Alt.661m"
Honth 3 So Ho $/So | REG.COEFF, H | H/Ho | K(
; ' %)
a b
1 F—— !
Jan T Bb 11.47 2857.0 0.64 |0.25 |p.43 5224 | 0.53 |53 1
E_ .24 :
Feb 8.83 | 11.67 1 10196. | 0.76 |0.28 [0.44 [6219 |lo. 60 be1 !
57 o :
Mar 73E 11.94 10334. 0.62 [0.25 | 0.43 | 5373 | 0.52 |52
42 .90
Apr 6.50 |12.23 |10040. |0.53 [0.23 [0.42 | 4518 |0.45 |45
89 40
May 7.42 |12.47 [9496.4 [0.60 |0.24 |0.43 |4748 |0.50 |50
9 .25
Jun 7.42 |12.58 |9148.0 |0.59 |[0.24 | 0.43 | 4482 |0.49 |49
8 .56 i
|
Jyl 6.32 |12.53 | 9275.8 | 0.50 |0.22 |0.42 [3988 [0.43 |43
g/ :25
Aug 5.20 |[12.33 |9758.5 |0.42 |0.20 | 0.41 | 3610 [0.37 |37
4 .66
Sept |6.80 |12.05 |10163. |0.56 |0.23 |0.42 | 4776 |0.47 |47
.97
76 !
Oct 7.88 |11.76 |10176. |[0.67 |0.26 |0.43 5837 0.55 |55
52 :

|

Noy B.ga | 11.52 |9892.1 |0.71 [o:2e [0.44 | 6138 | R.EEEE

.28 0.44
Dec  |g.48 |11.40 |9698.5 [0.57 |0 -
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TABLE:-3.8
Relevant meteorological data and solar radiation data for

Abeokuta, "LAT.07.17N , LONG.03.33E and Alt.150m"

Monht | S 512 Ho $/80 | REG. COEFF |n k k(%)
- a b b
Jan 5 11.6 | 9958 |0.43| 0.2 |0.41|.3764 [0.38 | 38
Feb | 5.35 | 11.8 | 10291 | 0.45 | 0.21 | 0.42 [4116 | 0.4 | 40
Mar |[5.53 | 12 | 10422 |0.46 | 0.21 |0.42 4377 |0.42 | 42
Apr | 5.55 | 12.2 | 10125 | 0.46 | 0.21 | 0.42 | 4050 | 0.4 | 40
May | 5.9 | 12.3 | 9580 |o0.48 | 0.22 |0.42 | 4024 | 0.42 | 42
Jun | 4.3 |12.4 | 9232 | 0.35|0.18 [ 0.41 | 2954 | 0.32 | 32
Jul | 3.03 | 12.2 | 9359 |0.24|0.16 | 0.4 | 2443 |0.26 | 26
[ Aug | 2.15 | 12.2 | 9841 [0.18]0.14 | 0.39| 2067 |0.21 | 21
3.05 | 12 | 10249 [0.25|0.16 | 0.4 | 2665 [0.26 | 26
Sept
oct | 4.15 | 11.8 | 10267 [ 0.35 | 0.18 | 0.41 [ 3286 | 0.32 | 32
Nov | 5.73 | 11.7 | 9990 [ o0.49 |0.22 | 0.42 4296 | 0.43 | 43
Dec 6 11.6 | 9801 |o0.52 | 0.22 [0.42 | 4313 | 0.44| 44
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:‘}XBLE:—B'Q 3
Relevant meteorological data and solar radiation data SEOE

Enugu "LAT.06.28N, LONG.07.55E and Alt.141.50"

—
Month | S So Ho [S/S ,|REG.COEFF| n K K
9 (%)
a b -

Jan [6.90 | 11.7 | 9980 | .59 | .24 | .43 | 4890 | .49 | 49
Feb | 6.70 | 11.8 | 10312 | .57 | .24 | .43 | 5053 | .49 | a9
Mar | 5.25 | 12 | 10441 | .44 | .21 [ .42 | 4072 | .39 | 39
Apr | 5.83 | 12.1 | 10143 | .48 | .22 | .42 | 4260 | .42 | 42
May | 5.94 | 12.3 | 9598 | .48 | .22.| .42 | 4031 | .42 | 42
Jun | 5.37 | 12.4 | 9250 | .43 | .20 | .41 | 3481 | .38 | 38
it |l4.1s [ 12.3 | 9377 | .34 | .18 | .47 [ 2997 | S2NINES
Aug | 3.72 | 12.2 | 9859 | .30 | .17 | .40 | 2759 | .29 | 29
sept | 3.71 | 12 | 10267 | .31 .17 | .40 [ 3018 | .29 | 29
oct | 5.36 | 11.9 | 10288 | .45 | .21 | .42 | 4174 | .40 | 40
Nov | 7.23 | 11.7 | 10012 | .62 | .25 | .43 | 5177 | .52 | S2
pec | 7.20 | 11.6 | 9824 | .62 | .25 | .43 | 5077 | .52 | 52
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{pLe:-3.10
Relevant meteorological {ata and solar radiation dat
ata for

port-harcourt "LAT.4‘77N, LONG.07.02E ang Alt.19.55pn
. ) m

—
fonth |S SR $/So | Ho REG.COEFF., |H ko |k
k —_— e e = b

e | 4.79 | 11.8 | .41 |10012.f .20 | a7 3805 [ 0.38 | 38
Feb 51-00" | S15959 .42 10341 .20 .41 | 3826 | 0.37 3%
Mar | 4.15 | 12 35 110469 | .18 | .41 | 3350 | 0.32 | 32
Apr | 4.58 | 12.1 ] .38 [10169 | .19 | .41 | 3559 | 0.35 | 35
May 4.5 | 12.2 ] .37 | 9623 | .19 | .41 | 3271 | 0.34 | 34
Pun | 3.13 | 12.3 | .26 | 9275 | .16.| .40 211200 cchnE
Jul [2.09 | 12.2 | .17 | 9402 | .14 | .39 [ 1974 [0.21 | 21
Quch 1°2.59 | 12.2 | .21 | 9884 | .45 a0 |iz273% [foneal REes
e ) 12 .18 | 10294 | .14 | .39 |2162 |0.22 | 21
Oct | 3.14 |11.9 | .26 | 10316 | .16 | .40 | 2682 | 0.26 | 26
Nov 4.7 | 11.8 | .40 | 10044 | .20 | .41 | 3616 | 0.36 | 36
Dec 5.3 | 11.7 | .45 | 9857 | .21 | .42 | 3943 | 0.40 | 40
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122 DATA ANALYSIS AND RESUL TS

Iquations Lnvand 1.1 have s
i been ysed in this study for the first and sec d e
4 -ond method to

evalud he So. Ho, 2. De 'na)CS 3’~ 4adb d es -] 3.19)
valuate the So. Ho, w . l)l tabl 3 ' 3.14). an Ib, Id an [tabl (3 |
m both cases |lSi"E’, a Computcr rogram i i PE X A lbl B~ £
program i qllle basic {A[’ NDI
Ihe values o1 the regression C()EH"]CiCI’l[S aandb in equalion [] .] Wére evaluated from
- - . aluated fr
atues of HL o and S/So. Ihe ClCﬂ['l‘lCSS index which is k(H/HO) asin table (3 1 3 ]0)

sing the following equations (3.4 and 3 5)

a=0.1+0245/S0 (3.4) [12]
h=0.38 +0.08 S/So (3.5) [12]

ihe graphs ol the percentage clearness index were drawn for the four towns, as to

wiermine the atmospheric transparency of these stations {fig 3.2 - 3.5) and (hat of the

wtal 2lobal solar radiation (fig. 3.6 - 3.9).
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13 DISCUSSION OF RESULTS

) he annual regression coef ficient a and b were calculated table (3.1). The regression
coclficient a represents the fraction of H reaching the groundon a completely cloudy day
i1 essentially depends on local climatic conditions. The coefficient b represcnts the part
of 11, absorbed by clouds when the sky is completely covered. 1f»dcpends on the
tickness vlihe cloud. High values of b correspond to strong difﬂ:éi011 by cloud cover.
the more humid the atmosphere is and the suspended solid and liquid particles, the least

wehi veaches Ihe ground as a result of increased attenuation.

For the lower value of b, the amount of diffused radiation by cloud is minor. The sum
't the regression coefficients (a+b) is defined as the aimospheric transparency cloudiness
mdex lor global radiation under perfectly clear sky conditions. The higher the values of

h (about 1). the lower the liquids and solids particles content and the less the
dworption ol the incident energy. Conversely, the lower the values of a + b (about 0).
e less transparent the atmosphere is due to high concentration of liquids and solids

particles. Fie 32 - 3.5. The higher the value of sunshine duration, the higher the value

W1/ Ho (K). the clearer the atmosphere.

Lie 3.6 - 3.9. show the mean monthly total global radiations for the tour towns. The
o 3.6 - 3it)e ¢
' ~ At bl ¢
tierm of fluctuations of radiation is the same for ali the locations. Peak (otal global

lir radiation oceurs in December and January
of 472690 w/m? - day and Port Harcourt with lowest

It is observed that Bauchi has the

nuhest tolal global solar radiation .
the J-lottel’s correlation method (I.1) is useful to

43177 wim' - day. In this casc,

ation when no measured
altitude above sea level.

data arc available- The data required in
aleulate sotar radi

i i i i angle and
ipplying this method 18 Latitude ang !
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§e-3 11 ABEOKUTA: L, i

o Ho

R | W2 | g del2

B L 7% Wer23 | e ~20.84

T 10290. 66 T T T % 7Y
Mar 10422.06 89.7 TS e
Apr 10124.93 91.21 [~ 12:146 9.51
May 9580.06 92.44 12.33 18.82
Jun 9232.04 93.04 12.41 23.08
Jul 9359.22 92.76 TRy 21.09
Aug 9841.35 i) 12.28 13279
Sept 10248.7 90.25 121408 1.97
oct 10267.31 88.74 11.83 -9.88
Nov 9990.4 87.49 1166 -19.07
Dec 9801.34 86.9 11.59 —23010
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pBLE: -3+ 12 BAUCHI:  1av. 10.26n
ngnth Ho Ws2 s
Fo.n | oes7.04 _—;T —— 1 deld
eErE——— "7 11.47 -20.84
¥ Feb 10196.57 87.52 e BB
__Eir__— 10334.42 89.57 11.94 -2.37
Apr 10040.89 91.74 19228 9.51
May 9496.49 93.51 12.47 18.82
Jun 9148.08 94.37 12.58 23.08
Jul 9275.87 93. 96 12.53 21.09
Aug 9758.54 92.44 12.33 13.27
Sept 10163.76 90. 36 12.05 1.97
oct 10176.52 88.17 11.76 -9.88
Nov 9892.11 86.36 11.52 -19.07
Dec 9698.59 85.51 11.40 -23.10
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&.-3.13 ENUGU: LAT. 06.28N

Month Ho Ws2 So del2
Jan 9980.22 87.58 11.68 -20.84
Feb 10311.68 88.50 11.80 =13 33N
Mar 10441.46 89.74 1907397 =2 43
Apr 10143.33 91.06 12.14 9.51
May 9598.21 92-.14 12329 18.82
Jun 9250.22 92.67 12.36 23.08
Jul OB 2.9 92.42 12.32 21.09
Aug 9859.42 91.49 12.20 153028
Sept 10267.43 90132 12.03 159+
Oct 10287.54 88.89 115815 -9.88
Nov 10012.44 87 .80 1R/ -19.07
Dec 9824.41 87.29 11.64 =23.10
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gre:-3-14 PORT-HARCOURT :

0

%‘M’o::hr Ho

oo 10012.17

;F—e’b______ 10341.30
- 10468.59

"r 10168.78
May 9623.11
A 9275.07
501 9402.03
R 9884.32
Sept 10293.52

locc | 10315.99
Nov ' 10043.6
Dec 9857.10

e




53_1—3.15 ABEOKUTA: LAT.07.17w,

‘

LONG.03.33E, ALT.150m

jonth Ib Id It

fan 228590.8 38.067 .228628.9
?EE-————— 226768.1 37.764 226805.9
dar 223630.1 37.241 223667.3
dpr 219877.5 36.616 219914.1
£ 216601 36.071 216637.1
Jun 2146774.5 .35.75 214710.3
Jul 214632.9 35.743 214668.7
Aug 216516.7 36.057 216552.7
Sept 219762.7 36.597 219799.3
oct 223515.9 37.222 223553.1
Nov 226764.9 37.763 226802.6
- 228625.1 38.073 228663.2
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._3.16  BAUCHI:

iE LAT-10.28N, 10N6.09.7sE, Alt.661.50m

;EgffL_____“__._EE_________ Id It

_jffl___________5_3531553__‘__ 37.764 4687903

R 6223adn 37.241 2 - T623030
- 4545419 36.616 " 4545455
B 4477685 L S A 4477722
Bin 4437860 35.75 4437894
Jul 4436998 35.743 4437035
Aug 4475941 36.057 4475978
Sept 4543045 36.597 4543081
oct 4620633 37.222 4620670
. 4687797 37.763 4687835
Dec 4726253 38.072 4726290
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| ENUGU: LAT.(Qs.
Ry 06.28, LONG,07. 55, Alt.141.50m

L > 2| da T =
|- Ll 55 38.067 202503.9
| i 37.764 200889.3
Mar 199672 % (IE e, | Bt
Apr 194748.4 36.616 = 194785
- 191846.4 36.071 191882.5
Jun 190140.1 35.750 190175.8
N 190103.2 35.743 190139
- 191771.6 36.0565 191807.7
Sept 194646.7 36.597 194683.3
oct 197970.9 37.222 198008.1
- 200848.7 37.763 200886.4
» 202496.3 38.073 Al
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& -3-18, P/HARCOURT: rar. g4 19y, LONG. 07,02, a1t.19. 55,
E—

Month % Id Tt
;—JEB—_—_— 2589.41 W_ 2627.48
R | 59%. 7R 37.76 2606.53
Ba: | 2533.22 37.24 2570.46
= 2490.71 36.62 2527.33
By 2453.60 36.071 2489.67
B 2431.77 35.75 2467.52
Jul 2431.30 35.74 2467.04
Bug 2452.64 36.06 2488.70
Sept 2489.41 36.60 2526.01
oct 2531.93 37.22 2569.15
Nov 2568.73 37.76 2606.49
- 2589.80 38.07 2621.87
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PERCENTAGE CLEARNESS INDEX

th 2.2 THE GRAPH OF CLEARNESS INDEX FOR \
ABEOKUTA LAT. 07.17N
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30 CONCLUSION

Compution of m ‘ me i
onthly mean daily global radiation on a horizonta| surtace from
wnesirom's correlation For four di ffee e
v ation for four differen locations in Nigeria, which have been proved

nost Simnle accurate ation f
most le and acewrate correlation formulae. Provided that the meteorological
arameter (sunshine duration) is available,

e Angstom s correlation was used in oblaining the actual values for the regression

wilicient and b for a location. The coefficients a and b are found Lo vary for the

calions

Aymong the Lour locations. Bauchi has been found to have the highest total global solar
Hauon por annum. For any location where no measurement of solar radiation are
lable Floviel's Correfation can be used to some extent, Provided the latitude and

mude o the Jocation is known.

he concluded [rom this work that attempt has been made to provide inf'ormation

ol accurale solar radiation data for these locations.

1,0 SUGGESTION

in { ifterent region i ry. it co
tudy on lour locations in four difterent region in the country. it could
mg out this stu

ion since 1t is i here could be
; ithina re since it is possible thatthere cou

3 s within a region
i be apred out on locations

. (PRI > sune regioit.
talions m (heir regression cocticicnts in the e

iatt is i ! ied oul w some
i L i the l(’lﬂ] global solar l'ﬂdlﬂlloﬂ is important to carried
sSstimation O t be

lacations in o particular Fegien:

4 )
here can’t be much dependency on the measuning
: scause there
liese are also necessary beed
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jnstrument for measured datg whicl |
1 were found
0 have errors,

o provide them in a focation is gych eXpensiv, o el
XPensive,

Al the time ol this work i :
Bauchi meteorologicaj service has no any record on d i
solar radiations., n daily glotgl

P —
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REM APPENDEX A
JREM **** COMPUTATION FOR ES
gREM save SOLARRADIEII | v OLOBAL 744
REM ****  ANGSTROM'S
R )% » > 5,142 ) 180 CORRELATION TYPE hak
ODEF fnd (x) =x * 180 /3.142
SDEFFNACS (x)=3.142/2 - (x + X A2/6+3 *x 7 5/40+ 15 * x A
0DIM Ws(366), Ho(366), del(366), So(366), Ws2(366), delZ(3616) it 5
00 REM *** declare constants
10 pi = 3.142
20 lat = fnr(4.77)
30Isc=1367
40
[50 REM *** accept input
[60 INPUT "ENTER THE VALUE OF D:"; d
170
180
190 REM *** start the iterative calculations
193 CLS
196 PRINT " day"," Ho"," Ws"," So"," del"
198 PRINT "-------
200 FOR day =d TO 365
210  del(day) = for(23.45) * SIN(for(360 / 365 * (284 + day)))
del2(day) = fnd(del(day))
220 x =-TAN(del(day)) * TAN(lat)
230 Ws(day) = FNACS(x)
Ws2(day) = fnd(Ws(day))
240 So(day)=2/15* Ws2(day)
250 I =COS(lat) * COS(del(day)) * SIN(Ws(day))
Ib= Ws(day) * 2 * pi/ 360 * SIN(lat) * SIN(del(day))
255 Id=Ic+1Ib
260 To=24/pi*Isc*(1+.033* COS(fnr(360/ 365 * day)))

270 Ho(day)=1d *lo
280 PRINT day, Ho(day), Ws2(day), So(day), del2(day)

290 NEXT day
300 '
310 REM *** start monthly computations
320
330n2=0
333 CLS
60




pRINT "MONTH", "AVERAGE Hq" " :
*’?GE del2" Ho", "AVERAGE Ws2", "AVERAGE So",

0 " ou non

|"mSD =0

wsumdel2 =0

}FOR day =nl TO n2

) sumHo = sumHo + Ho(day)

I sumWs2 = sumWs2 + Ws2(day)

I sumSo=sumSo + So(day)

i sumdel2 = sumdel2 + del2(day)

INEXT day

yaveHo = sumHo / max

taveWs2 = sumWs2 / max

)aveSo = sumSo / max

tavedel2 = sumdel2 / max

1PRINT mth$, aveHo, aveWs2, aveSo, avedel2

INEXT month

) END

)DATA
“IUARY,31,FEBRUARY,28,MARCH,31,APR[L,30,MAY,31,JUNE,30,JULY,31
)DATA

‘GUST,31,SEPTEMBER,30,0CTOBER,31 ,NOVEMBER30,DECEMBER,31

61




APPENDIX B

*** COMPUTATION FOR ESTIMA

Pt SOLAR RADIATION o ?*F"‘:‘FOTAL GLOB}-‘L 23

REM  *** HOTTEL'S CORRELATION TYPE ¥aes i

DEF fir (x) = x * 3.142/ 180 ’

iDEF;I;l(X):x”sO/““ ] :

DEF ENACS (x)=3.142/2 - (x + X2 2/6+3 * x A 5740+ |5 % xA

\DIM Ws(366), 1b(366), del(366 366) st

B oot r(e E r)l stangs ) 1d(366), 1t(366), del2(366), Ws2(366), zen(366)

Qaltitude = 150

0lat = far(7.17) |

0 Isc = 1367 4J
3
L4
!

firo=.95
R2rl =.98
5tk = 1.02 A
{7a0=r0* (.4237 + (.00821 * (6 - altitude) ~ 2))
Bal =1l * (.5055 + (.001 * (6 - altitude) ~2))
9k=rk* (.2711+ (.01858 * (2.5 - altitude) ~ 2)) 4
30 REM *** accept input ‘
50 INPUT "ENTER THE VALUE OF D:";d
70
80
90 REM *** start the iterative calculations
93 CLS
96 PRINT " day”," 1b"," Id"" It"." del2"
98 PRINT "
00 FOR day=d D 365
110 del(day) = fnr(23 45) * SIN(fnr(360 / 365) * (284 + day))
del2(day) = fnd(del(day))
20 x=-TAN(del(day)) * TAN(lat)
130 Ws(day) = FNACS(x) i

Ws2(day) = fnd(Ws(day))
zei(ﬁaiﬂ COS((COS(lat) * COS(del(day)) * COS(Ws(day))) + (SIN(lat) *

SIN(del(d: i
240( en(,(f;z;)))): Isc* (1 +.033* COS(fnr((360 / 365) * day))) * (a0 +al * EXP(-k *

zen(d * zen(day) .
250( alyc)lziay)=((.0g7 *Isc * (1 +.033 * COS(fnr((360 / 365) * day))) - 2939 * 1b) *

zen(day)
It(day) = Ib(day) + Id(day)

R—
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?p PRINT day, Ib(day), Id(day), It(day), del2(day)

o NEXT day

336 PRINT "MONTH", " "o ST i -
IVERAGE derz® | OE 1V "AVERAGE Id', "AVERAGETF,
338 PRINT "----- 4 QAL T Y A "o Ty - K

340 FOR month =1 TO 12 : et

350 nl =n2+ ]

360 READ mth$, max
370 n2 =nl + max - 1
380 sumlb = 0
383 sumld =0 !
386 sumlt = 0
388 sumdel2 = 0
390FOR day=nl TO n2
400 sumlb = sumlb + Ib(day)
410 sumld = sumld + Id(day)
420 sumlt = sumlt + Jt(day)
425 sumdel2 = sumdel2 + del2(day)
430 NEXT day
440 avelb = sumlb / max
450 aveld = sumld / max
460 avelt = sumlt / max
465 avedel2 = sumdel2 / max
470 PRINT mth$, avelb, aveld, avelt, avedel2
480 NEXT month
490 END
500 DATA i
JANUARY,31,FEBRUARY,28, MARCH,31 ,APRIL,30,MAY,31,JUNE,30,JULY,31

510 DATA !
AUGUST, 31,SEPTEMBER,30,0CTOBER,31,NOVEMBER,30, DECEMBER,31 i
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