-,.

Ty Journal of Science, Technology. Math

ESTIMATION OF MEAN M
U

OLOMIYESAN, B.

'Examination Development Department,

PM.B. 159,
**Department
PM.

INational Centre for ENer
University 0

sDepartment of Physics, Tbrahim
Lapai,

E-mail: olomi eholu
Phone No: +234-806-6

Abstract
The correlation between sunshine hours and g

one of the important models employedintt
lacking. This paper presents
9.37° N, longitude 6.32" E) using Angro.

Ty

input parameter were collected from the Nigeria Meteo
the result obtained, the highest value of monthly radiat

period of this study was recorded in April as

(AR
1
yrul

T

ematics and Educa

ONTHLY GLOBA
SING SUNSH

1y
M. OYEDUM, 0-D-’
' ABDULLAH

Minna, Niger Stetes

of Physics, Feder
8. 65, Minna, Niger 5
gy Resear
f Nigeria,

he esti

the estimation of gh
m-Prescolt moadel, Sunshine hours data used as the

Aels]
L

- ‘\.

tion (JOSTMED), 1083, August, 2g:, .
N

L SOLAR RADIATION FOR PN
INE HOURS

GWUOSKEF P.E.J, EZENWORA’ 1Al 8

I, S.A |

National Examinations Council (NECO),
Nigeria.

- University of Technology,

tate, Nigeria.

ch and Development,

Nsukka.

aagamosi Babangida University,

Niger state, Nigeria.

ahoo.com
25-8921

lobal solar radiation described by Angsirom js
imation of global solar radiation where data arg
obal solar radiation for Minna, Nigeria (latituge

rological Agency (NIMET), Minna. From
jon on a horizontal surface vithin the
04.95 MJm’*day” while the lowest value was
ly global radiation on a fiorizontal

recorded in July as 16.70 MJm’day'. The mean month
surface for Minna during the 2-year period is found to be
Minna is a viable location for solar energy applications.

20.45 MJm’day’". This shows that

Keywords: Global solar raciation, Sunshine hours, Air mass.

Introduction

Almost all the energy on earth comes from the sun. The total solar energy absorbed by the
earth's atmosphere, oceans and land masses is approximately 3.85 x 10" J per year

(Wikipedia, 2012). The total power density

of the solar radiation at the mean earth-sun

distance on a plane perpendicular to the direction of the sun, outside the earth's atmosphere, i5

referred to as the solar constant. Its value is
radiation traverses the earth's atmosphere.

1353 Wm”. This value decreases as the solar

As the solar radiation passes through the earth's atmosphere, its intensity and wavelength

bands are affected by the atmospheric cons

tituent such as water vapour, 0Z0ng, carbon

dioxide, and Othff.aerosols. Attenuation of sclar radiation is due to the following phenomen@
(i) absorption of infrared radiation by water vapour and absorption of UV wavelengtis by

ozone,
(ii} scattering by dust and aerosols, and
(iii) reflection/absorption by clouds.

The path-length of the sun's radiation through the atmosphere also affects the intensity of the

sciar radiation received at the earth's surface.
through the atmosphere to the minimum pat

The ratio of the actual length of the light ol
h length when the cun is diectly overh®? Z
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Known as the optical air mass. When the sun s directly overhead, the optical air mass is unity
and the radiation is described as ai

r mass one (AM1) radiation. Radiation outside the earh's
atmosphere is described as AMO radiation. As the air mass increases, the solar irradiance
decreases.

According to Ezeilo (1983),
latitude and geographical |
south, respectively,
clouds such that ov
hour is usually ove

the availability of solar radiation on the earth's surface varies with
ocation. The regions lying between 15° and 35° latitude north and
seem to be most favourably located, They have relatively little rains and
er 90% of the incident sunshine is direct radiation and the yearly sunshine
r 3000 hours. The next most favourable region is the equatorial belt from
15°N to 15°S which receives about 2300 hours of sunshine per year with very little seasonal

variation. The high humidity and frequent clouds in this belt generally result in a high
proportion of solar radiation taking the form of scattered radiation. On the average, the
intensity of radiation received at the earth's surface decreases from the equator to either pole.
Th&e intensity is highest at the equator where the latitude = 0°, and least at the poles where =
90"

Two other factors influencing the availability of solar energy are geometric in nature. The earth
rotates on its axis with a period of approximately 24 hours; hence sunlight is available for only
an average of 12 hours a day. Next the earth's axis of rotation is tilted approximately 23.5° to
the normal of its plane of revolution about the sun. Together, these two effects act to produce a
shift in the number of hours of daylight and a geometrical situation in which the sun is almost

never directly overhead, thereby enhancing light losses due to various atmospheric
phenomena (Neville, 1995).

Solar radiation received at the earth's surface can be categorised into two components: direct
and diffuse components. The sum of the direct solar radiation and diffuse solar radiation is
called global solar radiation. Knowledge of the amount of the global solar radiation at a
location of interest is required in the design and evaluation of the performance of solar energy
| devices, hence the need to study solar radiation characteristics in the local environment.
However, lack of measuring instruments and techniques involved and poor maintenance
culture, especially in developing countries, have led to unavailability gf sq!ar radiation data
(Agbo, Baba and Obiekezie, 2010; Medugu and Yakubu, 2011) This 5|tL.Jat'|on halms led tp the
development of several theoretical models for estimating global solar radiation using available

meteorological parameters such as sunshine hours, maximum and minimum temperature
e.t.c.

The focus of this work is to use Angrom-Prescott model to estimate global solar radiation in
Minna (9.37°N, 6.32°E) using sunshine hours as the input parameter.

Methodology

Data Collection ) .. .
The sunshine hours data used in this work were obtained from the Nigeria Meteorological
Agency (NIMET) at Minna Airport. The data used are for the years 2009 and 2010. The values

of the mean daily sunshine hours for each month of the two years, as well as the monthly
average for the two-year period were determined.
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The Angstrom-Prescott model W average of horizont|
Minna bgased on the available data O_f s syl Globy)
radiation on a horizontal surface is given y

=a+b

e
My

(1)

o iati horizontal surface (MIm™day™);
H = thiy average daily global radiationona' . n
f% = tg;emn;irt}hlyyaieragge daily extraterrestrial radiationon 2 horizontal surface (MJm’day )
§ = the monthly average daily number of hours of bright sunshmef; |
5, = the monthly average daily maximum number of hours of posab]e SU[?Shl-ne.

The regression coefficient a and b have been obtained from the relationship given by Tiwg;

and Saageeta (1997) as:

s
a= -0.110 + 0.235Cos9 + 0.323 (;—-)

o

5
b = 1.449 - 0.553Cos@ — 0.694 (5—)

43

(2)

where @ = latitude of the location.
The values of H, and S, are calculated using the following relations from Duffie and Beckman -

(1991) as stated by Medugu and Yakubu (2011):

24 x 3600 60dn ) 4 . ,
o =———xls [1.0 +0.033 (j%S )J X [cosﬂcosé‘smws + 1—8—omssmé‘sm¢]
(3)
where:

I = the solar constant given as 1367 Wm.
@ = latitude of the location,
d = declination angle, given as:

360

& = 23.45si [— J
sin| 72 (284 + dn)

(4)

dn = day number of the year from January 1to December 31

Ly |
Ig's = sunset hour angle given by:
Wls= cos’(-tan@tand)

{(5) ]

2 |
po = 15 vs
(6)
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_ Resultsand Discussion

The monthly means of sunshine hours for each of the two years and the month average for the
2-year period are presented in Table 1,

Table 1: Monthly mean sunshine hours for Minna

Month Sunshine Hours  Sunshine Hours 2009/2010

(2009) (2010) Average (Hr)
January 7.7 9.2 8.45
February 6.7 9.0 7.85
March 6.4 6.6 6.50
April 7.0 10.1 8.55
May 7.2 6.0 6.60
June 5.0 5.0 5.00
July 5.0 3.3 4,15
August 4.7 3.6 4.15
September 5.7 5.0 5.35
October 7.1 6.7 6.90
November 8.8 ' 9.4 9.10
December 9.6 9.7 9.65

In this work solar radiation for Minna was computed using the Angstom-Prescott model.
* Equations 1 - 6 are used to estimate the global radiation on horizontal surface at Minna using
sunshine hour as the common meteorological parameter. Tables 2a and 2b present the monthly
mean values of global solar radiation (H)and extraterrestrial radiation (Fo) for 2009 and 2010,

while Table 3 presents the average monthly values of global solar radiation (H) and
extraterrestrial radiation (Hs) for 2009 and 2010.

Table 2a: Monthly mean values of daily solar radiation for Minna in 2009

Month @ S(hr) Sofhr) S/So @ b HoMim2day?) H(MIm’day™)

(deg)
Jan 86.32 770 1151 0.67 034 044 32.14 20.30
Feb 87.77 670 1170 057 031 051 34.70 20.70
Mar 89.60 640 1195 054 029 0.53 36.96 21.44
Apr 91.63 700 1222 057 031 051 37.88 22.60
May 93.26 720 1243 058 0.31 0.50 37.37 22,40
Jun 94,09 500 1255 040 0.25 0.63 36.74 18.38
Jul 93.70 500 1249 040 0.25 0.63 36.90 18.50
Aug 92.26 470 1230 038 0.25 0.64 37.44 18.31
Sep 90.30 570 12.04 047 0.27 0.57 37.07 20.27
Oct 88.34 710 1178 0.60 0.32 0.49 35.18 21.42
| Nov 86.67 880 1156 076 0.37 0.37 32.61 21.30
Dec 8591 9.60 1145 084 039 032 31289 20.72
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Table 2b: Monthly mean values of daily solar radiation for 10

_________,_._————'_E-__ -2 -1 —_—
b Ho(MIm™day™) H(Mim-
( 1)( M ay

Month @,  S¢h) Sofhr) S/50 2
(deg)

32.14 2
Jan 8632 920 1151 0.80 038 0.35 117

b 8777 900 1170 077 037 0% g:;g 22,71
Mar 8960 660 1195 055 030 0.52 37.88 21.73
Apr 9163 100 1222 083 039 033 e 25,06
May 9326 600 1243 048 028 057 i 20.63
Jun 9409 500 1255 040 025 063 36. 18,33
Jul 93.70 330 1249 026 0.21 0.72 36.90 14,66
Aug 9226 360 1230 029 022 070 37.41 15.77
Sep 9030 500 1204 042 026 062 37.0 18.95
Oc 8834 670 1178 057 031 051 35.18 20.93
Nov 8667 940 1156 081 038 034 32.61 21.53
Dec 8591 970 1145 085 040 0.32 31.29 20.73

Table 3: Monthly average values of daily solar radiation for Minna in 2009 and
2010

Month ¢ Sthr) So(hr) S/So0 @ b Ho(MIm™day H(MJm‘lday'
(deg) ) )
Jan 8638 845 11.52 073 0.36 0.39 32.14 20.83
Feb 87.77 785 1170 0.67 0.34 044 34.70 21.94
Mar 89.60 650 11.95 0.54 0.30 053 36.99 21.59
Apr 9163 855 1222 070 0.35 0.42 37.88 24,25
May  93.26  6.60 1243 0.53 029 0.54 37.37 21.58
Jun 9409 500 1255 040 0.25 0.63 36.74 18.38
Jul 9370  4.15 1249 0.33 023 067 36.90 16.70
Aug 9226 4.15 1230 034 023 067 37.44 17.10
Sep 90.30 535 12.04 044 027 059 37.07 19.64
Oct 88.35 6.90 11.78 0.59 0.31 0.50 35.18 21.18
Nov 86.67 9.0 1156 079 038 036 32.61 21.43
Dec 8591  9.65 1145 084 039 0.3 31.29 20.73
Average = 20.45

Computed H values shown in Tables 2 and 3 are

plotted along with § values shown in Table
1, as shown in Figures 1 and 2. '
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Figure 1a: Variation between monthly mean global radiations (#) and sunshine
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Figure 1b: Variation between monthly mean g
hours (S) for 2010
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Figure 2: Variation between two-year monthly mean global radiations () ang
sunshine hours (S) for Minna

From Figure 2, it can be observed that the highest monthly daily global raFjiat_ion ona hoﬁzonta|
surface within the period of this study was recorded in the month of April with the value 2435
MIm*day™. Also, high global solar radiation was recorded in the month qf February, Ma rch, May,
October and November with the values of 21.94 MIm*day”, 21.59 MJm*day", 21.58 MIm*day"
21.18 MIm®day™ and 21.43 MIm“day” respectively. The radiation values are slightly lower iy
January and December with 20.83 MIm“day” and 20.73 MIm’day" respectively as a resyit f
high density dust particles during the harmattan season.

On the other hand, the lowest value of global solar radiation was recorded in July with 16,70
MIm~day™. Similar values were obtained in June, August and September with 18.38 MIm
‘day”’, 17.10 MIm“day” and 19.64 MIm“day* respectively. This could be explained in terms of
peak period of cloud cover during the rainy season. The average monthly global radiation on
norizontal surface for Minna during the 2-year period is found to be 20.45 MIm™day".

Similarly, it can be observed from Figure 2 that the mean monthly global radiation increases
linearly with sunshine hour between the months of April and October, However, there is a slight
deviation from this trend between November and March. This deviation could be explained in
terms of high density of harmattan dust particles during the dry season.

The knowledge of the availability and variation of global solar radiation in a site of interest is very
important for the design of solar €nergy applications. The above results show the values as wel

as the monthly variation of global solar radiation in Minna.
Conclusion

Accurate estimation of global solar radiation of a location of interest is vital for proper design and
analysis of solar

energy devices. To this end, an estimation of the mean monthly global radiation
for Minna has been carried out using Angrom-Prescott correlation.
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. while the ,
monthly d:nzslto;::uedwa.s recorded in July as 16.70 MIm’day. Generally, the values of the
monthly global fz diart? iation are higher during the dry season than the rainy season. The mean
be 20.45 MImday” Slctindgn a horizontal 'surf_ace for Minna during the 2-year period is found to
MJm2day* inthe fy . Studies show that Nigeria receives an average solar radiation of about 25.2

arnorth and about 12.6 MJm®day™ in the coastal latitudes (Ileoje, 1997). This

shows that Minna is a vi i
viable location fo icati learal
Y r solar energy applications as solar energy is available all
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