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ABSTRACT 

K' .1pplicnbili1y of 1he Angstrom's correlation equation in the determination of the average h•hai s.•lar radimion using hours of bright sunshine data available for the four locations in 
;istc-rn. Western. Nnnhern and southern part of Nigeria have been considered. 

'1c· ;ipplicability is in relation to the Hottel's correlation equation which uses only the 
111111,k :111!-!le and al1 11ude (sea level) of the location to estimate their total global solar 
1d1;tlli.ll1. 

'"'h 111-· .\ngstrom·s .md Hottel's correlation equation gave: satisfactorily results which are ··"·1u; h>r solar cner;:y devices application in Nigeria. 



Cl-IAP1ERONE 

INTRODUCTION 

t'hc availabilily of solar energy over the earth surface is not unifom1. II is more abundant 

in some areas them others. The sun's shines! region on the earth lies between Lat 20° -

.>0°N and soulh of the equator. 

Solar energy occup ies one of the most important places among the various possible 
alternative energy sources. The information on the solar radiation characteristic and 

rdcvanl 111ctcrological parameters at any place is of great importance to solar engineers 

;ind architects for providing them with an estimate of the available solar energy. 

I ls availability in any location in the world can be evaluated by two methods. The first 

hccn measured data from radiation monito;ing network and the other is based on the use 

nf physical empirical formula and constants. The Angstrom's and Hojel's type 

correlations have been used in this study to obtain the proper value for the regression 

coef'ticients a and b of equation (LO) for four towns in Nigeria, and the total global 

radial ion of equation (I. I) for the same locations. 

I lowcver. owing to the high cost of equipment and difficulty in maintaining such 

equipment in rural areas serves as a limitation in the provision ofradiation data of such 

areas. 

l'hc Angs\Pm correlation relate· the ratio . of monthly average total radiation to the 

monthly avcr;1gc radiation for a clear day H., and the ratio of sunshine hours to day 

length. The equation are:-

I 1/11,. =a � b S/80 ........................... ( 1.0) 

Ii= I,,+ I., ..................................... (I.I) 

1hrough.111any models have been devised for the prediction of the amount of solar energy 

incident on n horizontal plane of the earth's surface, the most important radiation data, 

which is oficn needed is the long term average daily global radiation on a horizontal 
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""rfocc. One nf' the simplest, which also gives the smallest; percentage error, for the 

cs1immion nl' the monthly average global radiation is well - known as Angstrom type 
rnrrcction (I .ti). 

I he main reason in employing the Angstrom type correlation for predicting global 

radiation. is in obtaining the proper values for the regression ;_ocffitients a and b of 

equation ( 1.0} ror a give location. The coefficients a and bare found to vary not only in 

dilkrcnt pans of the world but even for nearby locations in the same region having 

'imilar gcngr:iphical und climatological' conditions. 

\ designer ol· solar devices will primarily be interested in this values for a given location 

111 determine maximum outputs. The designer must also know the total monthly, seasonal, 

.. ,. 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 usmg clearness index equation ( l .2) in order to optimize the device designed . 

K = H/H0 ................... A1.2) 

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

11 slHJuld work in another with similar constants and climatic condition. '." : .. 
,.. 

1· 1.I LITEllATURE REVIEW 

!"he world meteorological organisation ( 1968) tias de fined the properties required for 

di lfcrcnt classes of instruments according to the accuracy and precision needed for 

di l'lcrcnt applications . The output from an instrument with uniform response will be 

pro1x1rtion�l tn the cosine of the angle between the incoming radiation and the normal to 

the sensor. lJcviation from the cosine response arc the main cause of uncertaining in U1e 

use of existing instruments. According to Gillet ( 1980) and McGregon the instruments 
used have an error of about± 5%, rising to as much as± 15% for radiation coming from 



low latitudes. 

:-;l'vcral equations based on empirical correction have been developed to cover the 

dl'licicncics i11 the records. The ratio of dilTuse to global radiation has been correlated 

1111h the mtio of' the global to extraterrestrial radiation by several authors. A commonly 

11scd correlation for estimating diffuse (hehce also the direct) radiatiQii..was proposed by 

page ( 1961 ). l'owel (1979) and Lellot reported that page's equatici'i1 gave better results. 

1 >thcr modcb have been proposed and Erbs(l 980) has summarised and compared the 

'<1rious formula. Their accuracy decreases and their variance increase as the lime interval 

'"reduced. Tilus the estimate of mean monthly diffuse radiation from the mean monthly 

�lobal is quill' accurate, but for hourly estimates large errors can occur. However since 

1hc long term average is good, the effect of such errors on the evaluation of system 

l'lTi"ormanc.c is not too serious. 

\11gstro111 (I 'J24) was the first to propose a correlation between the daily global radiation, 

1h.: n11111bcr 111 sunshine hours and the maximum values of these quantities. Igbal ( 1979) 

11,1\'c also considered such correlations. It appears that the coefficient in the correlatioas 

'ary f'rom site to site. (4) 

1'11c importance of such empirical estimate is derived from the facts that the 

111ctcorologic;d data are available for many locations in the country as they are easily 

111l'asurablc. and worked on by some individuals. Bamiro ( 1983) for Ibadan, Ezkwe and 

1:1ciko (19XI 1 for Nsukka. Arunze and Obi (1983) for Zaria, Kano and Jos. By 

n1111bining the measured and empirical data of radiation with theoretical model of 

.,,,1imation such as derived by Ezeilo (1983) and Bamiro (1981. 1983), a solar map of 

'Jigcria in term of clearness index K was constructed. It is undoubtedly a very resource 

'""" li1r the rnlire country (2). 

1..1.l l•:NEHGY FROM THE SUN 

,.;111ar energy is a very large, in-exhaustible source of energy. The power from the sun 
111tcrccpted b� the earth is approximately 1.8 x IO" MW which is many thousands o.(time 

3 
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laq;cr than the present consumption rate on the earth of all commercial energy sources. 

l'lllls. in principle energy needs of the world is on a continuing increase basis. This makes 

111111c ofthc most promising of the unconvetional energy sources. 

I 1 has two olhcr factors in its favour, firstly unlike fossil fuels and nuclear power, it is an 

,·m:ironmcntnlly clean source of energy. Secondly it is free available in adequate 
,, 

·1nantitics in almost all parts of the world where people live. 

1 lnwcvcr. there are some problems associated with its use. The main problem is that it 

is a dilute source of energy. Even in the hottest regions on earth, the solar radiation flow 

·"·ailablc rarely exceeds IKW/M', which is a low value for technological utilization. 

1 '1111scqucntl\'. large collection areas are required in many applications and these result 

m exc..:..:ssivc rusts. 

1 >nc other prnhlem associated with the use of Solar energy is that its availability varies 

'"iddy with lime. The variation in availability occurs daily because of the earth's orbit 
. . . . 'Ii I . ·� Loc4l around the sun. In add1llon, vanallons occur at a spec1 1c ocatton beca\.tse"weather 

cond itions . 

.t 1 . .1 SOLAR ENERGY UTILIZATION 

:;nlar energy utilization can be divided int9 direct and indirect methods. Direct method 

c:rn he subdivided into two(2) m1d indirect into four (4) 

601.A'R. �"1E:R.Gi'{ v:nuzA• 1 tiN 

T 
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f I l�t. f'llolo'-'t>�TAIC 
I I I I 

INJ01Te:4!. Wt.;t> &10"'1,o,s Oc.EA� 
Pol'IER 1eo//\Pe,<l."ltUR.E 
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l>llU:CT METHOD 

Thl·rrnal Collection� This is the mode of energy transfer for Solar devices which utilize 
1hl' hc.:ating l'l'tcct of solar radiation. The principle usually followed i/"'::xpose a dark ,... 
,urJacc lo Solar radiation so that the radiation is absorbed. A part of the absorbed 

1:1diation is lhl'n transfoJTed to a fluid like air or water. When no optical concentration is 

dnnl'. the dc"ice in which the collector is achieved is called a flat - plate collector . The ,, 
11:11-plale collc.:ctor is the most important type of solar collector, ·because it is simple in 

ksign. has nn moving parts and requires little maintenance. ft can be used for a variety 

,•f':ipplic:1tio11s in which temperatures ranging from 40"c lo about I00°c arc required. 

I hc.:rmal applications are in the form; water heating, space heating, power generating, 

·p:icc cooling and refrigeration, Distillation and Drying. 

l'hotnvnlt:iit· Conversion�- In photovoltaic Conversion, the Solar radiation falls on 

' "'' icl's calll'd Solar cells which convert the sunlight directly into electricity. The 

l'rincipal '"" .intages associated with solar cells are that they have no moving parts, 

rl'quircs lilllc maintenance and work quite satisfactorily with beam or diffuse radiation. 

In 1hc.: liiturc. as costs of productions are reduced, it is possible that they may become one 

•I 1hc principal sources of electricity power for localized use. 

·\II hough cosily, arrays of solar cells suitably mounted on panels are already being used 

_·:,tl'nsivcly 111 supply electricity for many small commercial and agricullural applications 

111 remote m'l«IS for from power ge11erntions. A typical application is the scientific 

,:ikulatioi:s. 

ii. Indirect Method 

I ndirc ct Methods of utilizing the solar energy could. be explain as follows; 

\\'ind Energy : - Winds arc caused because of two factors, firstly the absorption of Solar 

c·ncrgy on tl1c· earth's surface and in the atmosphere, and secondly, 01e rotation of the 

�:irth about i 1 axis and its motion around the sun. Because of thcsefactors. alternate 

heating und <:ooling cycles occur, differences in pressure are obtained, and the air is 



c:111scd to mm c. The potential of wind energy as a sources of power is large. This can be 

111dgc from Ilic fact that the energy available in the winds over the earth's surface is 

. ._,·11111a1cd lo he 1.6x 107 MW. Which is of the same order of magnitude as the present 

rncrgy avail;1hle is free and clean. 

l\inmass:- l'lant matter created by the process of photo-synthesis-is-called biomass. 
" 

I 'hotosynthcsis is a naturally occurring process which devices its energy requirement 

lrnm solar r:idiation. Jn its simplest fonn, the reaction of this process can be represented 

1'\ fi)llows: 

1-120 + COrEnergy�CH, 0 + 02 

I 1 is seen lh;i1 in the process, water and carbon dioxide are converted into organic 

111a1crial. 

I he 1cnn ''hio111ass" includes all plant life trees, agricultural plants, bush, grass and algae. 

I hus. it nrny he obtained from forecasts in a planned or unplanned fashion or from 

.1�rirnltural lands. By extension. the term is also understood to include livestock waste• 

I here are vancty of ways of obtaining energy from biomass resources. The direct 

way if the biomass resource happen.to be f��� or plant is to 

burn it as a fuel either for domestic or commercial purpose, 

I he· indirccl way of using biomass is transforn1 ing it into a convci·11ent usable fuel in 

;11lid. liquid or gaseous form. by a process known as pyrolysis. the hydrogen and oxygen 

111 wood can he eliminated and solid fuel in the form of charcoal is obtained. Others 

lnrms or biomass convertablc are 13iogas through the anaerobic fermentation of wet 

Ii vcslnck wasicr to biogas. Liquid fuel through gasification of plant matter followed by 

chemical sy 111hcsis. 

• Jccan Thcrn1:1I Energy Conversion:- The utilization of the temperature difference which 

,., ;st nnturally between the upper and low�r level of water in the ocean. Tropical oceans 

rnllccl and �lore very large amount of Solar energy. Utilization of this energy with its 

6· 



·"snciatcd tc111perature difference and its conversion into work forms the basis of ocean 1hcr111al encrµ,· conversion (OTEC) systems. 

1..1 A AUllNDANCE OF SOLAR ENERGY IN NIGERIA 
.Ji�cria lies between the latitude of 4°00'North, longitude 2"2' and 14°30' East and has d;i:;I ight or sunshine hour of not less than 11 hours per day. The amotmt of the annual ., .11lar radiation varies from about 45% of the maximum possible value outside the earth's 

.1t111osphcrc i11 Niger Delta to over 70% in the extreme North-East in Lake-Chad basin. 
1•i1. 

It R'ccivcs 5.flX x IO�KWh of' energy with just 5% efficiency are used to cover only 1% 
••I° !he· rnuntn ·s surface area than

. 
2.54 x l 06MWh of electrical energy can be obtained 

1r"111 solar energy. This amount of electrical energy is equivalent to 4.66million barrels 
"'"•ii per d11v 110). 

i.J.:' SCOPE of work 
I he /\ngstro111 's and 1-lottel's correlations have been used to carry out estimation for 
.fat i11ns whose weather conditions arc different from those in Nigeria. However, effort 

/rn·c· hccn made in this study to apply equations [I.I] and [1.2] to limited data for four 
'"" ns in Nigeria. The towns were picked as a measure to carry out an approximate test 
1.,,. these thrl·c regions in the country. 

l't1rthcr more a comparison was carried out to show which of the region has 111ore solar 

r;id iation for enhancement. 



CHAPTER TWO 

EXTRA TERRESTRIAL SOLAR RADIATION 

!.I.ti THE ATMOSPHERE 
l'i1l' aunosphL-re is an amazingly thin shell of air surrounding the earth as can be seen by 

·ill' layer or dlluds. More than half of the atmosphere is contained in a layer extending 
P"ards. Onl\' 6km (3.7 miles) from the surface of the earth. The atmosphere is a •>1nprcssibk �as that exhibits pressure and volume changes as the temperature varies. i hl' "inds rL"" 1 lting from these changes may bring forth a damaging storm or cleanse the .11r 01· harmt"ul contaminants. 

\ prnpcr lln<krstanding of the atmosphere and the weather it generates is necessary for 
"''" lll�lll ol lite as well as for dealing effectively with the weather related facts of our 

.·111 iro11111c111. 1 lowever. much remains to be learned about the atmosphere. The weather 
.111 11ot he frirc·cast perfectly because both the solution method for the formulae and the 
•l1'l'n at ions .icscribing the atmosphere are imperfect. 

!. I. I COM l'OSITION OF THE ATMOSPHERE 

, hl' m;�jnr constituents are nitrogen and oxygen. The U1ird most abundant gas, argon, 
,>1npriscs IL'" than 1% of the total, while the next carbon dioxide is present in even 

.mailer qua1111 tics. In addition to these gases. numerous other constitute the reminder of 
11.: armosphl'rc. Thus the name hemosphere is applied to this layer in contrast to the 

i1c1cro sphere :ibove 80km where the gases are more stratified according lo their weights. 

!.t .2 Cl-IA l�ACTERJSTIC OF THE ATMOSPHERE 

I he· a1111osplwrc can be so band that we are unaware of its presence. or it can be so violent 
•i.u \\C arc lircrally blown off our feast. soaked with rain. bombard by hailstones or 
"' l'rcd with snow. The basic difTerence in its behaviours is determined by the 

"'lnhution 01 sunlight, temperature. pressure and moisture. 

8 
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!.l.J VERTICALTEMl'ERATURE DISTRIBUTION 

k111pcraturc rs defined as the degree of hotness or coldness of a substance and is actually 

.1 measure ol the internal energy of the substance. Vertical change in atmospheric 

1c·mpcraturc is a critical factor in many weather producing processes. Measurement have 

hccn mmlc to provide accurate information on the average temperature distribution 

.1lrrnugh the ;11111osphere. The global average air temperature decrease with the freezing 
.. 

k1·r:I at a h1:1ght of only 2.Jkm (7000fi) .• Considering the sou(ce of heat for the 

11rnosphcrc 111 explain these observation. This makes the earth's surface the primary 

.1hsorl'cr nl' lwat from the sun. Some of this heat is transferred into the atmosphere. 

!. IA llEAT IN THE ATMOSPHERE 

I he r;1diatio11 l'rom the sun (Solar radiation) can be regarded as the only heat source for 

1hc sc;is and a1111osphere. Heat is also available from high temperature in the interior of 

1lrc· c·; irth as '":II as from the friction of tides. but all these taken together account for 

1hou1 only I /I 0.000 of the heat brought by solar radiation and arc thus negligible. Some 

.. 1hcr celestial bodies in the universe (the moon of the earth. etc) also give radiations to 
11>� 

rlrc· surfoce ol 1he earth, bu�portion equals only 11100,000,000 of the sun"s contribution 

.111d is thus 111ore negligible. In our consideration of the heat source for the earth's 

.i1n11isphcrc. therefore it is sufficient only to
, 
take into account the extraterrestrial solar 

r;idiation. 

!.�.fl SOLAR RADIATION 

i\<tdiat ion is " mode of transfer of energy in the form of electromagnetic waves. 

'iol<1r radiation of course is a mode of transfer of energy, and for our earth it is the most 

1111portant mode of transfer of energy. 

1 lrnmlly spca�ing solar radiation at ca11h's surface consist of two components, direct and 

d1lfosc solar 1 adiation. 

l>ircct !la!li;1tiog;. is the solar radiation received from the sun without change of 

direction. {I.) (2.0) 

9 



I,, - I� 11 +0.0 ;3 cos (360N/365))[a,,+ a, exp( -k(cos (!lL))] cos (QJ ................ [ 2.0) 

l)iffusc Radiation:- is that Solar radiation received from the sun after its direction has 

·,·en changed by reflection and scattering by the atmosphere, Id. [2.1] 

I,,= lfl 0271,.(1 +0.033 cos (360N/365)) - 0.29391.J 

OS((),) [2.Jj 

I he eo111bina11on of these two is referred to as total radiation J., [2.2] 

1, =I,, l<l [2.2) 

·, iJL'l'L': 
"" � r x a10 a'0 = 0.4237 - 0.00821 (6-A)' 

a,= rl x a'I a1
1 = 0.5055 + 0.001 (6+a)2 

k = rk x k' k'= 0.2711+ 0.01858(2.5 -A)' 

'" rl and rk .ire the climate corrections which equal 0.95: 0.98 and 1.02 respectively. 

!.2. t THE SPECTRA OF ELECTROMAGNETIC RAOIA TION 

, lie L'kctrom.iunetic radiation is composed of waves of oscillating electric and magnetic 

1L'ids. Each •1 ave is characterized by magnetic fields. Each wave is characterized by 

""'clcngth >.. and a frequency v. In free space all the waves travel at the same speed, c 

c.'!'i7CJ x 10 (m/s). The frequency, wavelength, and speed of each wave are related by 

Ill' cqualion 12.3] 

IA .. . . .. ... . ....... .... ... 1,2.3) 

I"· equation can be written in energy form with h = planck constant (6.6x I o·3' JS) 

I·: =In . . ..................... . . . . . . . .... [2.4) 
Whcrt· V = c/ A 
Fqua11on [2.4J can be written in terms of the ratio of speed of hight to the wave 

kngth limn 
E=h'c/1'. .................. ... ... ... [2.5] 

10 



! 11,· higher the frequency is the shorter the wavelength and vice versa equation [2.3) 

1· is inversely proportional to :A (v=c( Iii). The entire electromagnetic spectrum is shown 

111 Ii!_! ·�.t hdow, only narrow band or wavelengths, those in the range 400n m <.\< 

·oomn. me 11sible on the violet end {)l.<400nm) are called ultraviolet. These wavelengths 

l>11rdcring 0111he the red(>.> 700nm) are the infrared. As we will see approximately half 

,., 1hc solar 1adiation is in the infrared, the invisible components make-up less than 40 

i u:n.::i .:nl or snlar energy. 

,1·1il'l1 ihc clc,·1romagnctic radiation is incident on the surface of a body. it can either be 

1r;111stnit1cd. rl'llected, or absorbed. Ii' the body is opaque no transmission is possible. The 

1 :idia111 cncri;� per unit time, unit area per unit wave length incident on the 

v1�18f.f. 

�:i,�A;£�i( . � . . . •, . . · .. . . " 
:: ·: 'u.tt;,�:..,,·oleJ;:· .. ;. :
·

- · · ........ · #·· · 
�;J>:�:.�/� .. :��/.;_; ·:i.:� .--· 

:.--:: ��-��;:_ ::ii;1 �- ,�; 
lr.L�e�:i.�./< �-:·-�· � ... ::.:

·
: 

'J(lti Jo�• 10'' io'� IC/+ io'� io'• 

n(� .2 I 100. 10+ 10' 10 

+•1 2·i: /h.q, eft.d,,.om.a1netic. Spe.drn.m . 
. urfocc is c;i llcd the incident spectra flullC Ea2 similarly, tl1e absorbed and reflected ancl f C•J 
.pc·ctral llux.s arc denoted by fll!'�rcsicctively. The subscript n indicates that we are 

l<.:aling with ,1 single component wavelength. The total flux (f) in the distribution is 

F = J.;d,11 .. .. .................. [2.6] 

\\\· will ddim: the spectral absorptivity an und spectral reflectivity of a body's surface 

;1\' 

M = f)ll•> 
+Ai> 

and YA = f1'1'l. ................................... [2.7] 
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,\ c' will de line the spectral absorptivity an and spectral reflectivity of a body's surface 

,, 

F = J I  ndn . . .. . . . .. . . .. . . . . . ..... (2.6) 

\\'c will dclinc the spectral absorptivity an and spectral reflectivity ofa body's surface 

,, 

ar. i 11"-> 
l)i!TI 

and Y,>. = F1'.M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2.7] 
F/\l'I 

1 hen 1hc bod1 is opaque. what i s  not reflected from the surface must be absorbed and we 

na: \Hile 

"" •1>,:J 

i). h 1ually. aA .1oJd11 for a real surface, depend on the wavelength of the incident flux and the 

. in:uion of the incidence of the radiation. 

!.!.2 RADIATIVE EMISSION FROM THE SUN 

\'e now take 1he model of our sun to be a black body at a steady - state temperature 10 
hen 1hc ruclt:int flux emitted at the solar surface can be represented by , .a . .  planK 

1 "11·ihu1ion. l 'he observed spectral differ slightly from B�(T) because the sun is neither 

1• radia1ivc equilibrium nor even in steady state. Nevertheless. is a b lack body curve 

< > rrcspondin� to u temperature ofT$- - 5800k, 
I Jsing 1he equation 

AITICIX =oiff .................. . [2.8] 

h1· charactcnstic of wavelength of solar spectrum is Am.ax = 500nm 

and iri>m 

j 11}1! I 1 d}I =crt' l stefan - Boltzmann law } [2. 9) 

where II( and 6 are universal constants. 
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., 

ll"(" 1 � planck's function. 

And · 1 •• = black body temperature 

I i  is lo11nd J"rom calculation that the total Jlux leaving the surface of the sun is 6.4 16 x I 07 

\\"/fvl'. 

lhis rndiation is diffuse (travelling in all direction). when it leaves tl;e surface of the sun. 

J"hc Jotal rmliarit power emitted from the sun is obtained by multiplying the flux above 

, .: . 1 1 I hy the >111·focc area of the sun 

, ., .. - l'<-1 4)£ 1(1·1' . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  (2. 10] 
11>.-12 x l l l ' \V/M2)4.n(6.96 x l08m)' 

� �.') ·x J O.!'• w 

"hc·rd�i. (rad1 L1S. of sun)= 6.96 x I O'm 
fo � l>.42 .x 1 1 17 W/m2 

.incc the sun emits radiation isotropically. this enormous power called luminosity is 

·111illcd equally in all directions of space. As the distance from the sun increases, this 

:i• "":r is spn:ad over spherical surface of increasing area. consequently. the intensity 

. ;irics inverse ly as the square of the distance from the centre of the sun. At a distance r 

: l ie surface area is 4J{r2 so that radiant flux tF) crossing such a surface is 

•Or 

I ' = 1 ' 1., = 4,CRe2Fll 
4l(i' � 

- Ru1Fe 
7 

IJ 

I lccausc the c·arth's distance from the sun varies throughout the year. the total flux 

1cading the earth also changes . 
I he value of 1hc flux is called the solar constant is not actually a constant but varies with 

,,.,;son and somewhat with solar activity. 

13 



2.2.3 VARIATION OF EXTRATERRESTRIAL RADIATION 

11 h;1s been dl'lcnnined from analysis of radiation data that the variations in total radiation 

. mill ed b) 1hc sun arc less than ±1 .5%. For purposes of thermal processes that use 

·:ncrgy in large fract ions of the total solar spectrum and where the transmittance of the 

11nwsphcrc " .1 major uncenainty, the emission of energy by the sun can be considered 

b l'.nnstant. 

· .1na1ions in L"irth-sun distance do, however lead to variations of extraterrestrial radiation 

1 1 1 1,  in lhc ra11ge of±3%. 

2.2A SOL\R CONSTANT 

, : 1 1,  is lhc 1111.d energy intensity of extraterrestrial solar radiation, measured just outside 

1 1 -:  ,·.11·1h · s au nosphere and integrated over the entire solar spectrum. 

; "" numcricd value has been obtained by assuming the solar spectrum to be that of a 

>lack hody al 1352 w/m'. the value of the solar constant has been measured by various 

1H·s1igator 10 range from 1352 to 1395 w/m'. The discrepancy amounts to 

'l'J'r<>xi111a1cll 2 percent. The one used in this work is 1367 w/m'. (2. 1 1 ]. 

�.J.11 A TM< >SPHERIC EFFECTS ON SOLAR RADIATION 

" •lar radiati < > 1 1  is considerably altered in its passage through the earth's atmosphere. The 
1 " "  princ ipiil mechanism causing these atmospheric alterations are absorption and 

1.:attcring. 

\t 111osphcrir absorption of solar radiation 

I l1<:r..: arc SL'1cral atmospheric constituents which absorb part of the incom ing solar 

.1d i a1 ion . 1 1 1.: first of these is usually called ozone absorption, although the actual 

""orp1ion is hy both oxygen and ozone molecules. This absorption removes nearly all 

•I 1he ul 1raviolct solar radiation. So that very little solar radiation with wave lengths less 

1h;1n 0.3 mi�rons reaches the earth's surface. 

i 1 i� known how much the quantity of atmospheric ozone varies. However. these 



' , , 

variations do 11ltcausc variations in the int�nsity of solar radiation at the earth's surface . , (  "itlicicnt 111agnitudc to be of' concern to solar energy system designers. 

I In.: other pri111ary absorber of radiation in the atmosphere is water vapor. It absorbs solar 
.idiation in q11itc specific wavelength bands in the infrared region . Consequently, the 
.pc-ctral distr1hution of Extraterrestrial radiation co1itains several �ronounced dips and 
,, .. 1ks in the 1 1 i irarcd region as shown in the figure (2.2]. 

1 ·;). _, 

1 -0-

f � o.� -
"' 

f 
� 

.:i. O·(, 

.,.. ·-
c;; 
� 0 4 

,� 
O-;) 

:i.-o Jj.\5 S·o 1·0 1·.s 0\5 
l<:lA�Ell':� GTH ""' 

i i r 2.2 1\ppn •ximate spectral distribution of solar radiation on earth with an air mass 2 

. 1 1 1 1 1 .  

I he: amount of" water vapour in the atmosphere depends upon the local altitude, climate 

111d �cason . ·1 he increased solar intensity at higher altitude locations is partly due to the 

11111lkr <111101 111ls of atmospheric water vapor at higher altitudes. 

11 111nsphcric �caltcring of solar radiation: The atmospheric constituents primarily 

"·sponsihlc i. •r sca ttering are gas molecules. particulates. and water droplets. This 

;c.i11cring is foirly uniform with respect to direction. However, it is strongly wavelength 

dependent, and it affects short wavelength radiation mo;st. One consequent is that the 

-;c·a11cred rmli:ition eventually reaching the earth's surface from throughout the sky is 
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c haractcristic:tlly blue. 

( ' loud cff'ccls on solar radiation: Clouds are a scattering agem of particular 
.111por1ancc. l'iouds frequently reduce incoming radiation by as much as 80 - 90 percent 
" si ng!..: anti 111ultiplc scatterings thus effectively reflecting that amount of radiation back 
h1 space. 
I kc a use cloud distributions and types are highly variable, their effects on incoming 
.1d i:n ion an: :ilso highly variable. Tlrns, clouds produce not only large reductions in lhe 
.• dar radiatin11 available at the earth's surface. but in addition these reductions are quite 
.11prcdict:1bk. 

\ 1 111osphcril' 1rnth length: The amount of atmospheric absorption or scattering 

d lccting inrnming solar radiation depends upon the length of the atmospheric path, or 

Ill· L hidrncss , 1fthe atmosphere, through which the radiation travels. Thus, the reduction 

n 1111cnsity or 'Olar radiation at a location on the eanh's surface depends not only on the 

.11) 111g composition of the atmosphere at that location, but also upon the locations 

11111d� and unon the radiation angle. 

\Ir .\lass, i\I : The measure of the atmospheric path through which solar radiation must 

11 <:l is calkd air mass M. An air mass value of (dimensionless) is assigned to an 

111nnsphcric path directly overhead at sea level. All other air mass values are assigned 

c·bril'c to th.,. unit value. 

I he rwo foc111rs which affects our mass for an atmospheric path are the direction of the 

': uh and 1hc 1 . . cal altitude. 

"'lar lkclina1ion: The earth-sun vectors moves in the ecliptic plane. the angle between 

Ii� canh-sun \ Cctor and the equatorial plane is called the solar declination angle, . By 

onvcntion. " considered positive when the earth-sun vector points north-ward relative 

, rh� equatorial plane. The declination angle varies from -23.45 on Dec, the winter 

o1b1icc. to · · \.45 on June 22. the summer solstice. 

l lu u r  angk: Jn any time system. it is frequently convenient to express the time in 

J�grccs rather than hours. This is especially true for specifying the positions of bodies 



111 ,1,.1cc as I unction of time. The unit of angular measurement of time is the "hour 
• 1 11gic ... The hasic convention is that 24 hours equals.360 hour angle degrees. 

111 solar cncrg' . the solar hour angle is used extensively to express solar time, because it 
" directly rd11ed lo the sun's position in the sky. The solar hour angle is measured from 
'"'"' and is l'"sitive (-ve) before (afler) solar noon . 

.;11J:ir time \'arics with longitude. as well solar hour angles do also {2. 1 2) . 

'"lar lime = standard time + E + 4 (Lst - Loe) (2. 12} 

n hnc I� = tlw equation of lime 

I .st = till' standard meridian for the local time zone 

111d I .nc = tlw longitude of the location in question. 

Snlar incidc11cc angles: The intensity of solar radiation on a surface depends upon the 

.111gk at which the sun's rays strike lhe surface. The intensity is proportional to the 

nsinc of the angle between the rays and the surface. The intensity is proportional lo the 

11si11c or the :ingle between the solar rays and the surface normal. 

�411 ELEi\IENT OF EN.ERGY TRANSFER: 

I i  is a law or 1 1ature (lhe 2nd law of thermodynamic) that the heat always tends to flow 

1 rom the holln to colder regions. There are three mo�es by which this transfer can occur, 

1 1:11ndy. conduction, convection and radiation. 

' -.1J1duction is the transtcr of heal through matter in which energy but not mass is 

:r:111s1Crrcd. ·1 he highly agitated atoms of wanner regions transfer some of their energy 

" ' I  heir less a!!ilated neighbours in cooler regions through atomic interactions. However, 

1 llc :11111ns thc111selves are essentially fixed and cannot migrate through the material. The 

·1111d11ctio11 process can be described as the diffosion of thermal energy in mailer without 

I he llow of ll1'1SS. 

I 11 c1111trnst. ct>nvection is the transfer of heat through mutter produced by the transport 

• d lllass. 



, ·1 1 1 15cquc11ll) . convection occurs only in fluids, that is in liquids and gases. When one 
1e,,1on t>i'a ll1 1 1d is made hotter than another, pressure.and density gradients result. These 
"r"dicnts gc1ll'rate convection cycles that carry warmer nuids to cooler regions and vice 
1 1·rsa. When the source of heating is removed, the cycles continue to mix the fluid until 
1 11ni l(1r111 h:nipcrature is achieved. Solids cannot convect heat. However, some liquids 

""!h n111duc1 ;ind convect heat well. 

l\ : idiativc hc·;it transfer is unique in that it does• not require any matter to transfer heat 
1 1«•1n ll'anncr to colder regions. In fact, a vacuum is the most efficient medium for 

1 :idia1ivc trans!Cr. Rudiative transfer is produced by travelling electromagnetic waves. 

\ n 1· medium that docs not transmit these waves will not permit the transfer of heat by 

1 ;u.li;:1lion. 

I l l  1hrcc mm ks of heal transfer play an important role in the operation of solar heating 

k\ it:cs. 

t 'nmluction nf Heat: 

i 11' 1 surfoccs 11f arbitrary size and shape are maintained al difTcrent temperatures. T1 and 

1 1' /\ssumc 1hc region between them is filled with a uniform insulating material. Heat 

" d i  !low l'n11n the wanner to the cooler surface through the insulatiol' in a rather 

. . . 1 1npl icatcd pattern ( fig. 2.3). The heat �low at any point within the insulator can be 

, cprcscntcd 111 the heat flux vector J whose magnitude gives the heat energy per unit time 

·rossing unit ;i rca. Like radiative llux. the units of J are typically walls/m'. cal/sec-cm'. 

,, lltu/hr-IF . 

1111.: vector .I 1 ;  determined by the law of conduction. 

J -k '''!,,. � ( 2 . 1 3) 
\\'here the expression clT/ds(i\) is called the temperature gradient and is written formally 

·" VT. 1 lcal 1:. said to now along the relative temperature gradient. 



1� .2 ..1 The steady - state heat flow pattern through a conductive medium. 

,\ hc·r,· n i, .1 unit vector in the direction in which the temperature increases most 
.1p1dl' . d 1 ,1, 1 .  the rate of change of temperature with distance along that direction. and 

i..: " the int..:rval conductivity of the insulator. The regrntive sign in Equation 2 . 13  
• '-'.�·:sts 1h:11 heat nows in the direction in which the temperature decreases most rapidly 

. 1 111 distance· Furthermore. the magnitude of the now is proportional to the rate of 

... :c n .. -�ISC. 

'" Surl'a.,:,·, within the insulator are considered as shown in fig (2.3) At the first 

url:rcc: hc<it " entering the enclosed region while at the second is leaving. If more heat 

111..:rs than: k:ives this region, temperatures at points within the interior will rise and vice 

cTs a. When the insulator is first inserted between the hot and cold surfaces the 

,· 111pcraturcs . 1t points within the insulator do indeed change with time. However, 

· cntu:rlly :1 , ready state is reached in which the temperatures become constant in time. 

knee. in 1h,· steady state. the rate heat flows crossing any set of surfaces which 

11111plc1ely c 1 1close a region within an insulator must be zero. 

I he 11bjcc1iw in conduction problems, is to compute the rate al which heat is being 

1ns li:m:cl lr.im the hotter to the colder surface. The more complex the shape of the 

1,u lator i�. 1 he more difficult the solution. The Equation 2.14 can be properly written 

11 1 t.:onsidcrirn! some parameters. 

\), J = 1' = d (�- "I;) 2. 1 4  
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Where Q = rate of heat flow 

A = area of material 

·� = Final temperature 

·r. = Initial temperature. 

, ·oNVECTION 
•' \ ' 1l l ll'CClin11 plays a signi licanl role in lhc lransfer·of heal frorri a solar panel lO the 

.11rrnu11di11g ;1 ir. It is important lo distinguish between natural and forced convection. 
1.J:11ural wnv,·ction occurs when the flow pattern are generated by instabilities produced 
' '' temperature gradients within the fluid. Forced convection is a mode of heat transfer 
1 1 . 1 1  results fr, •111 fluid flow produced by such external agents as pumps. er< bl.>..><-v.s · 

. ""' cetion i, a 111ore complex pheno111enon than conduction because or its dependence 

"11 the 111an' parameters of the fluid involved in the heat transfer process due to its 

'"rnplcxicit� . a rigorous equation analogous lo the conduction equation 2.13 is very 

li llirnlt to establish. An attempt to obtain semiquantitative estimates for convective heat 

I. ,,s,·s and cs 1;1bl ish those factors that affect convection coefficients. 

1 111: si111pkst , ;isc of natural convection is that which occurs from a large llnl surface to 

. 1 11  unboumkd fluid such as still air. This process is particularly i111portant in the heat 

11;11 1slcr fro111 1he warm gazing of a solar heating panel to the cooler surrounding air. The 

1111111111t or hc;r l transferred fro111 a heated surface lo still air depends on the orientation of 
• I ll· surface mid on such parameters as the density, humidity, viscosity, specific heal, and 

d1crnwl conductivity or the air. Thus it is understandable why semiquantitative 

1dationships 11blaincd from experimental data are ollen the only expressions available 

1 .. describe natural convection. ll is always possible lo express the heat llux leaving a 

.urfacc lo the cooler air using the relation. 

J = Q/A = hoo (T - T,) {2.15} 

\Vhcrc T amt ra arc the temperatures of the surface and the air. respectively, and h00 is 

·:llkd the oprn air convection or heat transfer coefficient. The subscript on h\lo is used 

l1C·r� to denote· that the bent transfer is to nn unbounded fluid. It is noted that Equation 
· · 1 ·  · I t I perature 

2 .  1 5  docs 11111 suggest that the heat flux 1s stnct Y proportiona o t te tem 
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l i rlcrcncc ( I  -Ta); h.o> itself depends on T and Ta, as well as on the other factors 
d.:,cribed. B:..-cd on experiments. it has been determined that the convection coeflicient 
·,.0111 a tlat smooth surface to open air is approximately proportional to the fourth root of 

ihc temperaturt: difference and can be estimated by 

h"' c(T-Ta)Y. = ct. TY. 2 . 1 6  

,\'hl'l'C c = ,., hor.) = 2.5w/m'-0c,nd c = c(vert) = l .77 w/m20Jiiarc constants for 

11 •ri1ontal and vertical surfaces. respectively. 

11,· dq1cndL'1ll:c of h"' on " T for horizontal and vertical surfaces has been to vary from 
, I < >  �"·' 111'- ,

''ttnd 4.5 to 7w/m2-0c�respectively, over the temperature range t1T = I 0 to 

1\ \ L'. 

I 11h " i nds. ne open air convection coefficients may be many times larger than those 

_,.  ,·n for still air. Shielding collectors from winds will considerably reduce thermal 

'""' and im rcase operating efliciency. 

H:uJiativc l·lt-at Transfer from Heated Surfaces to the Sky 

I lll:111.'.\Cr a 'urface is heated to some temperature T(in Kelvins), it will generally emit 

.11liatinn to 1hc environment. furthermore, it will also absorb some thermal radiation 

"111 the surrnundings. The net radiative flux from the surface can be expressed as the 

l 1 l krcnr c h�1 wccn the flux emitted and the flux absorbed . 

.I = J..._•,k. - .I."'� 

· .c r:idiati,·� 1 lux emitted by a surface can be expressed as 

J_;.i, :EuT4 
11erc ·1 is i11 Kelvins and E is the average thermal emissivity of the surface over the 

11�nnal ranµc of interest. Since T is typical ly - 300k, the thermal emissivity is 

f'l'Cscnh.:d hv its average over the spectral region 2µm»-<20µm and must not be 

"'l uscd " i 1il  the average for the solar spectrum (0.3µm>>-<2µm). The absorbed flux 

J.,i,s ·di..c. 

,,here a is the thermal absorptivity of the surface and ;;,,;; is the thermal flux falling on 

•he surface. \l'c can find the net radiative flux from the surface, on applying Kirchholffs 

,,, . 

21 



1dntion and sd E = a. we shall obtain 2. 17 . 

.I = E [61'4 - .li-....c..l 2 . 17  

\11 applicalio11 o f  this Equution 2 . 17  i s  that for a heaied surface exposed to the open sky. 

l he thermal llux incident on a surface from the sky, depends on both lhe temperature as 

,c 1 1  :1s nn lhl' capacity of the atmosphere to thermal radiation. 111e thermal tlux from the 
-· 

S'' L'an he L''prcsscd as J� =<i"T4 <ky where the sky temperature mlly be somewhat lower 

, ,:,,, 1hc aclu:i l  air temperature. Using this result in Equation 2 . 17, we obtained the net 

. , : 1 11skr 01· nht iation from a heated surface lo the sky is 

.I = E(i IT' - T',l,J 2. 1 8  

\ >imilar result is obtained when a small heated object at a temperature T is placed in a 

"" J,!l' rndos111c. The incident flux on the object becomes J �(T4 - T\"J 2. 1 9  
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CHAPTER THREE 

UI ESTl i\IATION, AND DATA ANALYSIS 

: . 1  INSTllUMENTS FOR MEASUREMENT 

.. ·;. , 1ar radiatiPll measurements are most ollen made of total (beam ai1d diffuse) radiation, 
1 1 1  rncrgy pQJ·ijnit time per unit area, on a horizontal surface. Instruments for these 

""·;isurrn1cn1:. convert radiation to some other form of energy and provide a measure of 
• 11,· ,·nc·rgy l l i 1 x  produced by the radiation. A brief reviews of such solar radiation 

1 1 1stru111cnts :ire discussed. 

I l.1rP111ctcrs:. Are instruments used in determination of the atmospheric pressure. 

! hcr1110111ctcr· Used for measuring the degree of hotness of an object. 

!\dative hunmlity: Is one out of the various ways in which the amount of water 
I!:, M��\l.-.ee\ 

vapour in the atmosphere,, ft is defined as the ratio of the actual 

vapour pressure to the saturation vapour pressure at the air 

temperature. 

u = I 00 e/ew ---- (3. 1 )  

where e = acttml vapour pressure 

c w =  saturation vapour pressure 

.nnshinc rc<:"rdcrs:- Arc instruments designed to measure the duration of bright 

I. 

ii. 

"1ll:.1rimctcr:-;: 

sunshine. The instnunent fall into two main classes. 

Those that utilize the heating power of the sun's radiation 

Those that utilize the chemical.action produced by the visible and 

ultra - violet rays. 

Are instruments used in the determinnlion o f  the raclintion foiling 

011 a horizontal surface. 



\c1inomctc1s Are instruments used for the measurements of the direct solar radiation 
at normal incidence and for radiation from selected parts of the sky. 

1 he solari11ll'1cr and actinometers are generally interpreted to be the same as 
)\ r:111omc:kr. 

.. 
; • ,  ranomctcr: An instrument for measuring total hemispherical solar (beam + 

1 • , r111.:liomell· 1 :  

di ffuse) radiation, usually a horizontal.surface. I f  shaded from the beam 
radiation by a shade ring, it measures diffuse radiation. 

An instrument for measuring direct solar radiation. 

' 1 .. 1 1d  - cm·L·r observation: Which are made monthly at least hourly at weather 
"""'n ation stations around the world, different methods are involved in 
the measurement of cloud behaviours in space. Searchlight for cloud 

height is the most common methoci used in the most part of the world. 

h = I tan E ----- (3.2) 
where E = angle of elevation in the vertical plane containing the 
searchlight 

E' = observers point 

h = I/col E + col E' ----- (3.3) 

.1 . 1 .2 NOM l•:NCLATURE 
I) � the day number 

a . I• � regression constants: 

1 1  � the monthly avcrnge of daily global radiation on a horizontal surface (w/m' -

day) 

I lo = the extraterrestrial solar radiation on a horizontal surface on an average day 

ot' each month (w/1112 - day) 

Ws Sunset hour angle in degrees. 

l b =  t 1irect radiation. w/m' - day 

Id = I Ji ffuse radiation, w/m' - day 



It lntal radiation, w/m' - day 

dd l b  1 = Solar declination (degrees) 

I.at (n 1 = Latitude angle (degrees) 

K = l karness index (H/Ho) 

11 , n .  Day number at the start and end of a period. 

S � I J.1 ily number of hours of bright sunshine {hr) 
Su ' laximum possible hours of bright sunshine (or day length) (hr) 

be: '"lar Constant. w/m' - day ( 1367) 

,\ � d1.<tanec above sea level. m 

:1 1 h atmosphere transparency index 

1.l.ll DAT \ AND DATA ANALYSIS 

1.1. 1 DAT.\ USED 

hi> stud\' '"' crs four different stations located in the East, North, South and West of 

. i;;i:ria as sh1>wn in fig (3 . 1  ). The latitude, longitude and altitude of each of these 

'.lll<'ns us.:d .ire given in table (3. 1 ). 

l i 111atologi< . i i  data which include sunshine hours (s), temperature (T). and relative 

1 1 1 1 1 1dit!  (I< , l()r one of' the slalion obtained from the Department of Metrological 

_,., ices. 13auchi and had been used in the study tables (3.2 - 3.6). 

I lie: sunshini: hours (s) for the remaining three stations were obtained from { 2 } .  
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!LE: - 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 

Abeokuta 1 5 0  07 . 1 7 03 . 3 3 0 . 1 9 ,• . 
0 .  4 1  0 . 60 

Bauchi 661 . 0  1 0 . 2 8  0 9 . 7 5  0 . 2 5  0 . 4 3 0 . 68 

Enugu 1 4 1 .  5 0 6 . 2 8  0 7 . 5 5 0 . 22 0 . 4 2 0 . 64 

/hartcourt 1 9 . 5 5 04 . 7 7 0 7 . 02 0 . 18 0 . 4 1  0 . 59 



MEASURED DATA OF GLOBAL SOLAR RADIATION IN BAUCHI TOWN Monthly average insolation, Monthly average sunshine, Temperatue and Relative humudity 
(1 991 - 1995) 

\BLE : - 3 . 2 1 9 9 1  

�on th Radiation Sunshine TEMPERATURE REL . HUMUDITY ( % )  
( ml t )  (hrs)  

I Max. Min. Max. Min. 
Jan 1 4 . 1  7 . 8  30 . 5  1 4 . 7  5 0  1 1  

Feb 1 6 . 3  9 . 0  3 6 . 1  1 8 . 5  7 0  9 

Mar 1 5 . 4  7 . 5  3 6 . 8  2 1 .  7 92 7 

Apr 1 5 . 3  7 . 3  3 6 . 8  2 4 . 8  9 8  1 1  

May 1 3 . 4  5 . 9  32 . 3  22 . 9  9 8  3 7  

Jun 1 4 . 5  7 . 3  3 2 . 5  2 2 . 5  96 4 1  

Jul 1 3 .  6 6 . 3  3 0 . 3  2 1 . 2  9 9  50 

Aug 1 2 . 8  5 . 5  2 8 . 7  2 0 .  7 100 51 

Sept 1 6 . 0  7 . 6  32 . 1  2 1 .  5 9 8  4 0  

Oct 1 6 . 1 · 7 . 6  3 3 . 7  2 0 . 5  97 17 

Nov 1 6 . B  8 . 7  3 3 . 7  1 6 . l  91 O B  

Dec 1 3 . 7  7 . 6  2 9 . 9  1 3 . 7  57 12 
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ILE: - 3 . 3  1 9 9 2  

ion th Radiation Sunshine TEMPERATURE REL. HUMUDITY ( % )  (mlt) (hrs) 

I Max. Min. Max. Min. 

Ian 1 4 . 2 6 . 0  27 . 9  1 3 . 6  53 11 

j'eb 1 7 . 2  8 . 0  3 1 .  9 15 . 0  4 8  07 
�ar 1 7 . 4  5 . 6  3 6 . 5  2 1 .  5 90 05 
�pr 1 7 . 4  6 . 6  3 7 . 4 23 . 4  97 03 

�ay 1 7 . 2  7 . 7  3 5 . 4  2 3 . 3  9 4  19 
Jun 13 . 7  7 . 3 3 2 . 1  2 1 .  7 9 9  4 2 

Jul 1 4 . 5  6 . 7  2 9 . 9  2 0 . 7  98 4 6  

l\ug 1 3 . 5  4 . 9  2 8 . 3 1 9 . 3  9 8  55 

Sept 15 . 5  6 . 3  2 9 . 9  20 . 3 9 9  5 0  

Oct 1 8 . 1  8 . 9  3 2 . 9  1 9 . 5  9 6  1 9 

Nov 1 6 . 0  7 . 5  3 1 . 5  1 6 . 1  92 1 4  

Dec 1 6 . 7  9 . 5  3 1 .  3 13 . 0  68 1 9  
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iJ'JIBLE : -3 . 4  1 99 3  

- Radiation Month Sunshine TEMPARETURE REL . HUMUDITY ( % )  (mlt) (hrs)  

Max. Min. Max. Min . -
Jan 1 4 . 7  7 . 4  2'8 . 3 12 . 7  �3.. 15 I Feb 1 8 . 4  9 . 4  33 . 5  .-�- 54 15 . 1  11 

Mar 1 8 . 0  7 . 5  3 6 . 5  2 0 . 5  7 2  06 

Apr 1 8 . 7  7 .  3 3 8 . 6  2 3 . 3  90 08 

May 17 . 4  8 . 1  3 6 . 7  2 4 . 1  92 16 

Jun 1 7 . 1  8 . 0  32 . 9  22 . 3  97 36 

Jul 1 4 . 8  6 . 8  3 0 . 3  2 1 . 0  98 37 

Aug 1 4 . 8  xx 2 9 . 3  . 20 . 6  98 52 

Sept 1 6 . 3  7 . 5  3 1 .  3 2 0 . 7  98 4 1  

Oct 1 7 . 9  7 . 6  3 3 . 3  20 . 7  93 1 9  

Nov 17 . 8 9 . 4  3 4 . 7  1 6 . 9  8 6  15 

Dec 1 4 . 9  xx 30 . 9  1 4 . 6 63 1 5  
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.BLE : - 3 . 5 rp. 1 9 9 4  

� Radiation Sunshine TEMPERATURE 11onth (ml t )  ( h r s )  REL. HUMUDITY ( % )  

Max. Min.  Max. Min. ;-- 15 . 9  3 0 . 9  Jan xx 1 4 . 5  �9- 12 --
1 6 . 4 Feb xx 3 2 . 9  · 1 6 . 2  .:'·so 07 

Mar 2 0 . 4  8 . 0  3 8 . 2  2 0 . 5  4 5  07 
Apr 1 6 . 4  4 . 9  xx 2 4 . 1  76 16 -
May 1 7 . 1  7 . 5  xx 2 3 . 3  xx xx 
Jun 1 4 . 9  7 . 0  xx 2 1 .  7 93 3 4  
Jul 1 3 . 4  5 . 5  xx 2 0 .  7 97 4 3  
Aug 1 2 . 5  4 .  4 xx 2 0 . 0  97 56 -
Sept 1 5 . 0  5 . 9  xx 2 0 . 4  97 47 
Oct 1 6 . 8  7 . 9  xx 2 0 . 7  96 24 
Nov 17 . 5  9 . 4  xx 1 5 . 2  8 6  14 

Dec 1 5 . 5  6 . 6  xx 1 2 . 5  57 1 6  
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TJ1BL£ : -3 .  b 1 9 9 5  
' 

- Radiation Sunshine 
Month 

(ml t )  (hrs) 
TEMPERATURE REL. HUMUDITY ( % )  

Max . Min . t'laJ< . Min. 
-

Jan 1 5 . 3 8 . 2  3 1 .  6 . 12 . 5  - 4 9  1 3  

\ 
Feb 1 7 . 8  8 . 9  3 2 . 5  1 4 . 4  61 1 6  

Mar 1 9 . 0  8 . 2  3 8 . 3  xx 72 0 6  

l\pr 1 9 . 5  6 . 4  3 8 . 9  xx 95 06 

May 1 6 . 9  7 . 9  3 6 . 3  xx 92 15 

Jun 1 6 . 8  7 . 5  34 . l  xx 95 24 

Jul 1 5 . 4  6 . 3  3 1 .  3 xx 95 48 

Aug 1 4 . 9 6 . 0  30 . 3  20 . 6  98 54 

Sept 1 7 . 2  6 . 7  ' 3 0 .  7 20 . 8  98 5 0  

Oct 1 9 . 5  7 . 4  3 3 . 2· 2 1 .  2 98 26 

Nov 1 8 . 2  9 . 2  3 3 . 0  1 5 . 7  92 1 9  

Dec 1 7 . 5  1 0 . 2  3 3 . 2  14 . 4  B B  2 1  
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meteorological data a d n solar radiation data for 
aauchi, "LAT . 10 . 2 8 N  LO , NG . 09 . 75E and Alt . 66lm" 

s I So 
I H

o 
I S/So I REG. COEFF. I I H/Ho I K ( H 

-----, I I % )  
a b 

Jan I 7 .  35 I 1 1 . 4 7  1 9 8 57 . 0  0 . 6 4 0 . 25 0 .  4 3  5224 I o .  53 I 53 4 
. 2 4  

'eb I 8 .  8 3  i 1 i .  6 7  I 1 0 1 9 6 .  0 .  7 6 0 . 2 8 0 . 4 4 6219 1 0 . 61 1 61 57 . 9 1 
'ar I 7 .  3 6  I 1 1 . 94 I 1 0 3 3 4 .  0 . 62 0 . 2 5  0 . 4 3 5373 I o . 52 I 52 4 2  . 9 0 
1\pr I 6 .  5 0  1 2 . 2 3 1 0 0 4 0 .  0 . 5 3 0 . 2 3 0 . 4 2  4 5 1 8  I o . 4 5 I 4 5  

8 9  . 4 0 

ay I 7 .  4 2  1 2 . 4 7 9 4 9 6 .  4 0 . 60 0 . 24 0 . 4 3  4 7 4 8 I o . 50 I 50 
9 . 2 5  

Jun I 7 .  4 2  1 2 . 58 9 14 8 . 0  0 . 5 9  0 . 24 0 . 4 3 4 4 8 2 1 0 . 4 9 , 49 
8 . 56 

Jul I 6 .  3 2  1 1 2 .  53 1 9 2 7 5 . 8  0 . 50 0 . 22 0 . 4 2  3900 I o . 4 3 I 4 3  
7 . 2 5  

�ug I 5 .  2 0  I 1 2 .  3 3  j 975 8 . 5  0 .  4 2 0 . 20 0 . 4 1  3610 1 0 . 31 1 31 
4 . 6 6 

Sept I 6 .  0 0  1 12 . 0 5  1 1 0 1 6 3 . 0 . 5 6 0 . 2 3 0 . 4 2 4 7 7 6  I o . 4 7 I 4 1  
7 6  . 9 7 

Oct I 1 .  8 8  1 1 1 .  7 6  I 1 0 1 7 6 .  0 . 6 7 0 . 2 6 0 . 4 3 5597 I 0 .  5 5  I 55 
5 2  . 0 9  

Nov I 8 .  8 4 I 1 1 .  52 I 9 8 9 2 . 1  0 . 7 7 0 . 2 8 0 . 4 4 6133 1 0 . 62 1 62 
1 . 11 

I 0 .  4 8  I 1 1 .  4 0  I 9 6 9 8 . 5 0 . 57 o-. 2 8  0 . 4 4 5916 I o .  61 I 61 Dec . 1 4 
9 
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TABLE : -3 . 8  
Relevant meteorological data and solar radiation data for 

Abeokuta , "LAT. 07 . l 7N , LONG. 0 3 .  33E and Al t . 150m" 

Monht s So Ho S/So REG. COEFF H k k ( % )  

a b 

Jan 5 1 1 .  6 9958 0 . 4 3  0 . 2  0 . 4 1  _.3 7 84 0 . 38 38 
Feb 5 . 35 1 1 .  8 10291 0 . 4 5  0 . 2 1 0 . 42 4 1 1 6  0 . 4  4 0  
Mar 5 . 5 3 1 2  1 0 4 2 2  0 . 4 6  0 . 2 1 0 . 42 4 3 77 0 . 4 2 4 2  

Apr 5 . 5 5  1 2 . 2  1 0 1 2 5  0 . 4 6 0 . 2 1 0 . 4 2  4 0 5 0  0 . 4  4 0  

May 5 . 9  1 2 . 3  9580 0 . 4 8 0 . 2 2  0 . 4 2  4024 0 . 4 2 4 2  

Jun 4 . 3  1 2 . 4  9232 0 . 35 0 . 18 0 . 4 1  2954 0 . 32 3 2  

Jul 3 . 0 3 12 . 2  9359 0 . 2 4  0 . 1 6 0 . 4  2 4 4 3  0 . 2 6 2 6  

Aug 2 . 1 5 1 2 . 2  9841 0 . 18 0 . 1 4. 0 . 39 2067 0 . 2 1 21 
3 . 0 5  1 2  1 02 4 9  0 . 2 5  0 . 16 0 . 4  2665 0 . 2 6 2 6  

Sept 

Oct 4 . 1 5 1 1 .  8 10267 o . �5 0 . 18 0 . 4 1  3 2 8 6  0 . 32 3 2  

Nov 5 . 7 3 1 1 .  7 9990 0 . 4 9  0 . 2 2  0 . 4 2  4296 0 . 4 3  4 3  

Dec 6 1 1 .  6 9801  0 . 52 0 . 22 0 . 4 2 4313 0 . 4 4 4 4  

j4 



• LE: - 3 .  9 . , -�:eievant meteorological data and sola� radiation data ·tor 

Enugu "LAT . 0 6 . 2 8 N ,  LONG . 07 . 55E and Alt . 1 4 1 . 50 "  

· Month s So Ho S / S , REG. COEFF H K K 
0 ( % )  

I . .  
a b -

Jan 6 . 90 1 1 .  7 9 9 8 0  
� 

. 5 9 . 2 4  . 4 3  4 8 90 . 4 9  4 9  
reb 6 . 7 0  1 1 .  8 1 03 1 2  . 57 . 2 4  . 4 3  5053 . 49 49 

Mar 5 . 2 5 12 1 0 4 4 1  . 4 4 . 2 1  . 4 2 4072 . 39 39 

Apr 5 . 8 3  1 2 . 1  1 0 1 4 3  . 4 8 . 2 2  . 4 2 4260 . 42 42 

May 5 . 94 1 2 . 3  9598 . 4 8  . 2 2  . . 4 2  4031 . 4 2  42 

Jun 5 . 37 1 2 . 4  9 2 5 0  . 4 3 . 2 0 . 4 1  3481 . 38 38 

Jul 4 . 1 5 1 2 . 3  9377 . 34 . 18 . 4 1 2997 . 32 32 

Aug 3 .  7 2  1 2 . 2  9 8 5 9  . 30 . 17 . 4 0 2759 . 2 9  29 

Sept 3 . 7 1  1 2  10267 . 31 . 17 . 40 3018 . 2 9 29 

Oct 5 . 36 1 1 .  9 1 0 2 8 8  . 4 5  . 21 . 42 4174  . 40 4 0  

Nov 7 . 2 3 1 1 .  7 1 0 0 1 2  . 62 . 2 5  . 4 3  5177 . 52 52 

Dec 7 . 20 1 1 .  6 9824 . 62 . 2 5  . 4 3  5077 . 52 52 
-
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LE · - 3 . 10 . \B · ant meteorological data and solar radiation data for 
Jtelev 

port-harcourt "LAT . 4 . 7 7N ,  LONG . 07 . 02E and Alt . 1 9 . 55m" 
r s So S/So Ho ion th REG . COEFF. H k 

a b -
4 . 7 9  1 1 .  8 Jan . 41 1 0 0 1 2  . 2 0  . 4 1  3805 0 . 3 8  -

Feb 5 . 00 1 1 .  9 . 4 2 1034 1 . 2 0  . 4 1  3 8 2 6  0 . 37 
Mar 4 . 15 1 2  . 35 1 0 4 6 9  . 18 . 4 1  3350 0 . 32 
Apr 4 . 58 1 2 . 1  . 3 8  1 0 1 6 9  . 19 . 41 3559 0 . 3 5  
May 4 . 5  1 2 . 2  . 3 7  9623 . 1 9 . 4 1  3271 0 . 3 4 
Jun 3 . 1 3 1 2 . 3  . 2 6 9275 . 16 . . 4 0 2112 0 . 2 6  
Jul 2 . 0 9  1 2 . 2  . 17 9402 . 14 . 3 9  1974 0 . 2 1  
Aug 2 . 59 1 2 . 2  . 2 1  9884 . 15 . 4 0 2273 0 . 2 3 
Sept 2 . 2  12 . 1 8  10294 . 1 4  . 39 2162 0 . 21 

Oct 3 . 1 4 1 1 .  9 . 2 6  1 0 3 1 6  . 1 6 . 40 2682 0 . 2 6 

Nov 4 . 7  1 1 .  8 . 40 1 0 0 4 4  . 20 . 4 1  3616 0 . 36 

Dec 5 . 3  1 1 .  7 . 4 5 9857 . 21 . 4 2 3943 0 . 40 

36 · 
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_U.2 UATA ANALYSIS AND RESULTS 

1 qualions 1 . 1 1  and 1 . 1  have been used in this study for the first and second method to , .1  aluate lht: So. Ho, wl.. (Del) in tables (3.lf- 3. 1�). and lb, Id and It tables (3. 1� - 3.1�) 111 1"'th cases using a Computer program in �uick basic {APPENDIX A AND B} .  

I h.:  \'alucs of  the regression coefficients a and b in equation ( I  .OJ \vere evaluated from :1lt1L'S or 1 1/1 hi and S/So. The clearness index which is k(H/Ho) as in table (3. 't - 3 . 10). 
; 'sing the li1l l 1 1wing equations (3.4 and J.5)  

a ; l l. 1 + 0.24 S/So (3.4) ( 1 2] 

h ;  1 1 .  ; 8  + 0.08 S/So (3.5) (12] 

I h.: graphs . .  r the percentage clearness index were drawn for the four towns, as to 

IL'l.:nnin.: lhL· atmospheric transparency of these stations (fig 3.2 - 3.5) and that of the 

1<11al dohal solar radiation (Jig. 3.6 - 3.9). 
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.U l>ISCl ISSION OF RES UL TS 

1 h..: annual n:!.!ression cocfficienl a and b were calculaled table (3.1 ). The regression 
.-nd"licicnl a 11:presen1s lhe fraction or 1-1 reaching the groundon a completely cloudy day. 
1 1  essenli<il ly depends on local climatic couditions. The coefficient b represents the part 
,11 J I., absorbed by clouds when the sky is completely covered. lt�epends on the 

� 
i ! 1 1c�ncss 01" 1hc cloud. I Iigh values o r b  correspond to strong diff1.1sion by cloud cover. 
: he rn<'re h11n 1 id the atmosphere is and the suspended solid and liquid particles, the least 
1 di1 reaches 1 hc ground as a result of increased attenuation. 

l"nr the lo\\·cr value of b, the amount of diffused radiation by cloud is minor. The sum 

.. 1 t he regrc:s''"n coefficients (a+b) is delined as the atmospheric transparency cloudiness 

1mk=" li>r gl1•hal radiation under perfectly clear sky conditions. The higher the values of 

, 1 h tabout I ). the lower the liquids mid solids particles content and the less the 

,h,orption o l  the incident energy. Conversely, the lower the values of a +  b (about 0). 

•he less transparent the atmosphere is due to high concentration of liquids and solids 

i•aniclcs. Fig 3.2 - 3.5. The higher the value or sunshine duration, the higher the value 

• I "  1 1/l lu ( K ). the clearer the atmosphere. 

I ig .l .6 - ].'!. show the mean monthly total global radiations for the four towns. The 

;'alicrn o l "  l luctuations of radiation is the same for all the locations. Peak total global 

. . .  tar radia1i1111 occurs in December and January. Lt is observed that Bauchi has the 

1 1 1�hcst tnlal µlobal solar radialion of 472690 w/m' - day and Port Harcourt with lowest 

: 1.1 1 .77 w/ni ·  _ day. In this case, the J-lottel's correlation method ( I . I )  is useful to 

:liculatc sol;ir radiation when no measured data arc available. The data required in 

1pplying this method is Latitude angle anc! altitude above sea level. 



lJILE:  -3 .  1 1  ABEOKUTA: 
LAT . 7 . 17N 

�th Ho Ws2 So del2 G;n 9 9 5 7 . 65 8 7 . 2 3 1 1 .  63 -2 0 . 8 4  
'Feb 1 0 2 9 0 . 66 8 8 . 2 8 1 1 .  77 -13 . 3 1  -

Mar 1 0 4 2 2 . 0 6 
- 8 9 . 7  1 1 .  96 - 2 . 37 

Apr 1 0 1 2 4 . 93 
- 91. 2 1  12 . 1 6 9 . 51 

May 9 5 8 0 . 06 92 . 4 4 12 . 3 3 18 . 82 -
Jun 9232 . 0 4 93 . 0 4 1 2 . 4 1  2 3 . 08 
Jul 9 3 5 9 . 22 92 . 76 12 . 37 2 1 .  0 9  
Aug 9 8 4 1 . 35 91 . 7 1 2 . 2 3 1 3 . 27 
Sept 1 0 2 4 8 . 7  90 . 2 5 12 . 03 1 .  97 

Oct 1 0 2 67 . 3 1 8 8 . 7 4 1 1 .  83 - 9 . 8 8 

Nov 9 9 90 . 4  87 . 4 9  1 1 .  66 -19 . 07 

Dec 9 8 0 1 . 34 8 6 . 9  1 1 .  5 9  -23 . 10 



UJ3LE : - 3 . 12 BAUCHI : LAT . 1 0 . 2 BN 

�on th Ho Ws2 So del2 -
9 6 5 7 . 0 4  Jan B 5 . 99 1 1 .  47 -20 . 84 ....-

1 0 1 9 6 . 57 Feb B 7 . 52 1 1 .  67 - 1 3 . 3 1  
� Mar 1 0 3 3 4 . 4 2 B 9 . 57 1 1 .  94 -2 . 3 7 -

1 0 04 0 . 8 9 Apr 9 1 .  74 1 2 . 23 9 . 5 1 -
May 9 4 9 6 . 4 9  

. 93 . 5 1  12 . 4 7  1 8 . B2 
Jun 9 1 4 8 . 08 94 . 37 1 2 . 5B 2 3 . 08 
Jul 92 7 5 . B 7 9 3 . 96 12 . 5 3 2 1 .  09 
Aug 9 7 5 8 . 54 92 . 4 4 12 . 3 3 1 3 . 27 
Sept 1 0 1 6 3 . 7 6 90 . 36 12 . 05 1 .  97 
Oct 1 0 17 6 . 52 B B . 1 7 1 1 .  7 6  - 9 . 88 

Nov 9 8 9 2  . 1 1  B 6 . 3 6  1 1 . 52 - 1 9 . 0 7  

Dec 9 6 9 8 . 59 B 5 . 51 1 1 .  4 0  -23 . 10 



t.E : - 3 . 1 3  ENUGU : !,AT . 0 6 . 28N 

Month Ho Ws2 So del2 
Jan 9 9 8 0 . 22 87 . 58 1 1 .  68 -2 0 . 8 4 I 

� Feb 1 0 3 1 1 . 68 8 8 . 5 0 1 1 .  8 0  -13 . 3 1  
i Mar 1 0 4 4 1 .  4 6  I 8 9 . 7 4  1 1 .  97 -2 . 37 

I Apr 1 0 1 4 3 . 33 9 1 . 0 6  12 . 1 4  9 . 5 1  

I May 9 5 9 8 . 2 1 92 . 14 12 . 2 9 1 8 . 82 I Jun 9250 . 22 92 . 67 12 . 3 6 2 3 . 08 ' 
i Jul 9377 . 2 9  92 . 4 2  12 . 32 2 1 .  0 9  

� Aug 9 8 5 9 . 42 91 . 4 9  1 2 . 20 1 3 . 27 
Sept 1 0 2 67 . 4 3 90 . 22 1 2 . 03 1 .  97 

I 
Oct 1 0 2 8 7 . 5 4 8 8 . 8 9 1 1 . 8 5  - 9 . 8 8 

I Nov 1 0 0 1 2 . 4 4  87 . 8 0 1 1 .  7 1  -19 . 07 I 
Dec 9 82 4 . 4 1 8 7 . 2 9  1 1 .  64 -23 . 1 0 



'1-E: -

,......--

3 . 1 4 PORT-HARCOURT 

}Ion th Ho Ws2 
...--

Jan 1 0 0 1 2  . 17 88 . 17 
,...-

Feb 1 0 3 4 1 .  30 88 . 8 6 -
Har 10 4 6 8 . 5 9  8 9 . 80 -
Apr 1 0 1 6 8 . 7 8  9 0 .  8'0 

. 
Hay 9 6 2 3 . 1 1  91 . 62 

i Jun 92 7 5 . 07 92 . 0 3 

Jul 9 4 0 2 . 0 3  91 . 8 4  

Aug 9 8 8 4 . 32 91 . 1 3 

Sept . 1 0 2 93 . 52 90 . 1 6  

Oct 1 0 3 1 5 . 99 89 . 1 6  

Nov 1 00 4 3 . 6  8 8 . 3 4  
' 

Dec 9 8 5 7 . 1 0 8 7 . 95 

I 

42 

So del2 

1 1 .  76 -20 . 8 4 

1 1 .  85 - -1 3 . 31 

1 1 .  97 ..... -2 . 3 7  

1 2 . 11 9 . 51 

1 2 . 22 18 . 8 2 

12 . 27 23 . 0 8 

12 . 2 4 21 . 09 

12 . 1 5 1 3 . 27 

1 2 . 02 1 .  97 

11.  89 -9. 8 

1 1 .  78 -1 9 . 07 

11 . 73 -23 . 10 



: - J . 1 5  ABEOKUTA : LAT . 0 7 . 1 7N ,  LONG . 0 3 . 33E, ALT . 1 50m 

:;th Ib Id It 
r 2 2 8 5 9 0 . 8  Jan 3 8 . 067 -�8628 . 9  -
Feb 2 2 6 7 6 8 . 1  3 7 . 764 226805 . 9  
-
4ar 2 2 3 6 3 0 . 1  3 7 . 24 1  22366 7 . 3  

'pr 2 1 9 8 7 7 . 5 3 6 . 61 6  219914 . 1  

�ay 2 1 6 60 1  3 6 . 0 71 216637 . 1  

Jun 2 1 4 6 7 7 4 . 5  . 3 5 .  75 2 1 4 7 1 0 . 3  

Jul 2 1 4 6 32 . 9  35 . 7 43 214668 . 7  

Aug 2 1 65 1 6 . 7  3 6 . 057 216552 . 7  

Sept 2 1 9 7 6 2 . 7  3 6 . 597 219799 . 3  

Oct 2 2 3 5 1 5 . 9  3 7 . 22 2 223553 . 1  

Nov 2 2 6 7 64 . 9  3 7 . 763 226802 . 6  

Dec 2 2 8 6 2 5 . 1  3 8 . 073 228663 . 2  
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.i; : -3 . 1 6  BAUCHI :  LAT. 1 0 . 2 8N , LONG . 0 9 . 75E, Alt . 66 1 . 50m 

!';on th Ib Id It 
, Jan 4 7 2 55 4 5  3 8 . 0 67 4 725582 
· Feb 4 6 8 7 8 6 4  37 . 7 64 4687903 

Mar 4 62 2 9 9 4  37 . 24 1  .. .  4623030 
Apr 4 5 4 5 4 1 9  3 6 . 6 1 6  4545.455 -

4 4 7 7 6 8 5  May 3 6 .  0 7 1  4477722 -
Jun 4 4 37 8 6 0  

- 3 5 . 75 4437894 
Jul 4 4 3 6 9 9 8  3 5 . 743 4437035 -
Aug 4 4 7 59 4 1  3 6 . 057 4 475978 

Sept 4 5 4 3 0 4 5  3 6 .  5.97 4543081 

Oct 4 620633 3 7 . 222 4 620670 
-

Nov 4 68 7 7 97 3 7 . 763 4 687835 

Dec 4 7 2 6253 3 8 .  072 4726290 
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;,g : -3 . 17 , ENUGU : LAT . 0 6 . 2 8 , LONG . 07 . 5 5 ,  Alt . 14 1 . 50rn 

�on t h  l b  Id It -
2 02 4 6 5 . 9  Jan 3 8 . 067 202503 . 9  -
2 0 0 8 51 .  5 Feb 3 7 . 7 64 200 88 9 . 3  -
1 98 0 7 2 . 1  Mar 3 7 . 2 41 ').98 1 0 9 . 3  -

Apr 1 9 4 7 4 8 . 4  3 6 . 61 6  .. 1947 8 5 

May 1 9 1 8 4 6 . 4  
-

3 6 . 071 191802 . 5  

Jun 1 9 0 1 4 0 . 1  3 5 . 7 5 0  190175 . 8  . 
Jul 1 9 0 1 0 3 . 2  3 5 . 7 4 3  1 9 0 1 3 9  

Aug 1 9 1 7 7 1 . 6  3 6 . 0565 191807 . 7  

Sept 1 9 4 6 4 6 .  7 3 6 . 597 194683 . 3  

Oct 1 9 7 97 0 . 9  3 7 . 222 1 9 8 00 8 . 1  

Nov 2 0 0 8 4 8 . 7  3 7 . 763 2 0 0 8 86 . 4  

Dec 2024 9 6 . 3  38 . 073 202534 . 3  
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iLE : -3 ·  ' l8 ?/HARCOURT :  LAT . 0 4 . 7 7N, LONG . 07 . 02E, Alt . 1 9 . 5 5m -
lb , 14onth Id It -
2 5 8 9 . 4 1  I Jan 3 8 . 067 2627 . 4 8  -
2 5 6 8 . 7 7 ' Feb 3 7 . 7 6  2606 . 53 -
2 5 3 3 . 22 Mar 3 7 . 2 4  257 0 . 4 6  -

Apr 2 4 9 0 . 7 1 3 6 .  62 2527 . 33 
May 2 4 53 . 60 3 6 . 07 1  2 4 8 9 . 67 
Jun 2 4 3 1 . 7 7  35 . 75 2 4 67 . 52 
Jul 2 4 3 1 . 3 0 3 5 . 7 4  2467 . 04 
AUg 2452 . 64 3 6 . 0 6  2488 . 70 
Sept 2 4 8 9 . 4 1  3 6 . 60 2526 . 0 1  
Oct 2 5 3 1 .  93 3 7 . 2 2  2569 . 1 5 

Nov 2 5 6 8 . 7 3  37 . 7 6  2606.  4 9  

Dec 2 58 9 . 80 3 8 . 07 2627 . 8 7 
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J:ig g ·2. THE GRAPH OF CLEARNESS INDEX FOR ABEOKUTA LAT. 07.17N 
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CHAPTER FOUR 

�.II COM " LUSION 

"" l"n111p111:1tio11 of' monthly mean daily global radiation on a horizontal surface from 111:,:,trorn · ' , ,  •1Tclation for four di ITerent locations in Nigeria, which have been proved 11,. 111,,,, ,inwk and accurate correlation formulae. Provided that the meteorological >ar:un.:t.:r (Sl l l tshin.: duration) is available. 

' ll" \11:,:stn'111·s <:orrclation was used in obtaining the actual values for the regression 
,.- 1 1i,·i«nt .1 incl b li.1r a location. The coefficients a and b are found to vary for the 

· •. :.l l !Pll "i . 

11non:,: th.: I• ur locutions. 13auchi has been found lo have the highest total global solar 

, h.111011 p,·r 1nnum. r:or any location where no measurement of solar radiation are 

. •  11 bhk I h" cl· s Correlation can be used to some extent) Provided the latitude and 

• 1 1t1dt.: ol 1h location is known. 

:in ht.: cnn· ludcd from this work that attempt has been made to provide inf"ormation 

d>11u1 .1cn1ra1.· solar radiation data for these locations. 

1 . 1.0 S l l C < ; f:STION 

1m mg 0111 • 1 1 is study on lour locations in four ditlcrent region in the country. it could 

' .d 1 h.: 1.::11 i 1cd out on locations within a region since it is possible that there could be 

.na111 111' 111 : 1 1cir regression coctlicicnts in the same region. 

ih..: c;1i111at1<1l l of the total global solar radiation is important to be carried out in some 

1"<.:at1nns in , ,  particular region. 

' ht.:sc arc ab• , necessary because there can' t be much dependency on the measuring 



instrument for measured data which were found to have errors, costly in maincenance or Ovidc thun in a location is such expensive. " pr 

\t the time ol this work Bauchi meteorological service has no any record on daily global ..;olar radiations. 
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JEM APPENDIX A 

EM .... COMPUTATION FOR ESTIMATION OF GLOBAL .... EL .... SOLAR RADIATION •••• ! ltEM •••• ANGSTROM'S CORRELATION TYPE •••• S DEF fnr (x) = x • 3.142 1 180 
ODEF fnd (x) = x • 180 / 3.142 
S DEF FNACS (x) = 3.142 / 2 - (x + x " 2  / 6 + 3 • x "  5 1 40 + 15 • x "  7 / 336) O DIM Ws(366), Ho(366), del(366), So(366), Ws2(366), del2(366) ()(} REM ••• declare constants 
10 pi = 3.142 
20 lat = fnr( 4. 77) 
JO Isc = 1367 
140 
150 REM • • • accept input 
160 INPUT "ENTER THE VALUE OF D:"; d 
170 
180 
190 REM • • • start the iterative calculations 
193 CLS 

" ., ., 196 PRINT 11 day", " Ho", 11 Ws", 11 So , del 11 198 PRINT "------- -------------------------------------··-:-·-
200 FOR day = d TO 365 
210 del(day) = fnr(23.45) • SIN(fnr(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)) 
s (da ) = 2 1 1 5 • Ws2(day) ;�� 1c0 = c!o

d
S(l

)
a�2* �P�����(�

a
���l�t�

(
���;�?lday)) lb = Ws( ay 

255 Id
= le + I� • I • (I + 033 • COS(fnr(360 / 365 • day))) 260 Io = 24 I p1 sc · 

270 Ho(day) = Id
H
* l

(
o
d y) Ws2(day) So(day), del2(day) 280 PRINT day, o a • ' 

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

60 



iRJNT "MONTH", "AVERAGE Ho", "AVERAGE Ws2", "AVERAGE So", .GE del2" 
"-----It J 11 ----------It J It•---............. II' 11 ...... _ ............ tt' " .................... .. 

·IUDlso = 0 
l sumdel2 = O 
I FOR day = nl TO n2 

sumHo = sumHo + Ho( day) 

,, 
sumWs2 = sumWs2 + Ws2(day) 

, swnSo = sumSo + So( day) 
i sumdel2 = sumdel2 + del2(day) 
t NEXT day 
I aveHo = sumHo I max 
1 aveWs2 = sumWs2 I max 
I aveSo = sumSo I max 
i avedel2 = sumdel2 I max 
t PRINT mth$, aveHo, aveWs2, aveSo, avedel2 
t NEXT month 
t END 
I DATA 
'lUARY,31,FEBRUARY,28,MARCH,31,APRIL,30,MAY,31,JUNE,30,JULY,31 

t DATA 
"GUST,31,SEPTEMBER,30,0CTOBER,3 1 ,NOVEMBER,30,DECEMBER,31 



APPENDIX B 

••• COMPUTATION FOR ESTIMATION OF TOT AL GLOBAL •••• ••• SOLAR RADIATION -. ... ••• HOTTEL'S CORRELATION TYPE •••• DEF fnr (x) = x  • 3 . 142 / 180 
i DEFfnd (x) = x •  180 1 3.142 
DEF FNACS (x) = 3 . 142 / 2 • (x + x " 2 1 6  + 3 • x "  5 1 40 + 15 • x" 7 1 336) DIM Ws(366), lb(366), del(366), Id(366), lt(366), de12(366), Ws2(366), zen(366) ill REM • ** declare constants 

O altitude = 150 
.0 lat = fnr(7 .17) 
,Q lsc = 1367 
� ro =  .95 
12 rl = .98 
15 rk = 1.02 ' 
17 ao = ro • (.4237 + (.00821 • (6 - altitude) " 2)) 
18 al = r1 • (.5055 + (.001 • (6 · altitude) " 2)) 
19 k = rk • (.271 1 + (.01858 • (2.5 - altitude) " 2)) 
;o REM •• • accept input 
50 INPUT "ENTER THE VALUE OF D:"; d 
70 
80 . 
90 REM • • • start the iterative calculattons 
93 C

RIN
LS 

T " d " " lb" " Id" " It"• " del2" 96 P ay , , ' " 
98 PRINT "-------------------------------------------------------

:00 FOR day =
) 

d 
fi

T0
(2

3
3
65

45) • SfN(fnr(360 / 365) • (284 + day)) '.IO del(day = nr · 
del2(day) = fnd(del(day)) 

!20 x = -TAN(del(day)) • TAN(lat) 
BO Ws(day) = FNACS(x) 

. Ws2(day) = fnd(Ws(da
(
y
l
))

) • COS(del(day)) • COS(Ws(day))) + (SfN(lat) • zen(day) = COS((COS at 
SrN(del(day)))} 

033 • COS(fnr((36� / 365) • day))) • (ao + al • EXP(-k • 240 Ib(day) = Isc • (1 + · 
zen(day)}) • zen(day) 

• (I 033 • COS(fnr((360 / 365) • day))) - .2939 • lb) • 250 Id( day) = (.027 • lsc + · 
zen(day) 

It( day) = Jb(day) + Id( day) 
260 
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•., 

pRJNT day, Ib(day), Id( day), It( day), �el2(day) 

NEXT day 

REM • • • start monthly computations 

n2 == 0 
CLS 
PRINT "MONTH", "AVERAGE lb" "AVE 

. · 

•AVERAGE del2" ' RAGE Id", "AVE�GE1i", 
338 pRINT II----- II ti----------" " II . 

.340 FOR month =' I TO 12 ' ---------- ' "----------", "-----------" 
350 nl = n2 + I 
360 READ mth$, max 
370 n2 = nl + max - I 
380 sumlb == 0 
383 sumld = 0 
386 sumlt = 0 
388 sumdel2 = 0 
390 FOR day = nl TO n2 
400 sumlb = sumlb + lb( day) 
410 sumld = sumld + Id( day) 
420 sumlt = sumlt + It( day) 
425 sumdel2 = sumdel2 + del2(day) 
430 NEXT day 
440 avelb = sumlb I max 
450 aveld = sumld I max 
460 avelt = sumlt I max 
465 avedel2 = sumdel2 I max 
470 PRINT mth$, avelb, aveld, avelt, avedel2 
480 NEXT month 
490 END 
500 DATA 
JANUARY ,3 1 ,FEBRUAR Y,28,MARCH,3 l ,APRIL,30,MA Y,3 l ,JUNE,30,JUL Y,31 
5 1 0 DATA 
AUGUST,31,SEPTEMBER,30,0CTOBER,3 1 ,NOVEMBER,30,DECEMBER,31 
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