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1 Introduction
Knowledge of global radiation is very important in the design of solar sys-
tems, the prediction of their performances and the estimation of efficiencies
of existing systems. Such a knowledge preferably gained over & long pe-
riod, should be useful not only to the locality where the radiation data
is collected but for the wider world community. For, at pointed out by
Ibrahim |l|, the possibilty of developing a global radiation map will require
knowledge of the radiation data in various countries and furthermore, for
the purpose of worldwide marketing, the designers and manufacturers of
solar equipment will like to know the average global radiation available in
different regions.

Unfortunately, in most countries, there are very few meteorological sta-
tions that measure solar radiation. Some cannot even afford the equipment
and techniques involved. For such countries it is essential that correlations
be developed so as to predict global irradiation from readily measured data.
Several such correlations already exist for some developing countries [t-8|
and this paper is a continuation of the effort to develop predictive tech-
niques for several countries so as to provide a basis for future regional
iso-radiation maps.The paper develops a correlation which can be used to
predict monthly average daily global solar radiation incident on a horizontal
surface in Freetown latitude 8* 37'N.
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2 Method of Prediction
Solar radiation leaving the sun undergoes slight changes in outer space due
only to the distance travelled. Hence extraterrestrial radiation, H, is a
function only of latitude and independent of other locations! parameters.
However as the radiation enters the atmosphere further changes, such as
absorption and scattering, occur due to the presence of cloud. Thui the
daily global solar irradiation incident on a horizontal surface at ground,
H , is considerably less than the extraterrcstial irradiation and very much
location specific. Hence the need to develop local correlations for predicting
solar radiation.

There are several types of empirical formulae for predicting the monthly
average global solar irradiation as a function of readily measured climatic
data.[9 - 12]. Among the existing correlations the simpliest is the Angstrom-
type regression equation which relates the monthly average daily global
irradiation to the number of hours of bright sunshine. In addition to its
simplicity it has also been found to accurately predict global solar radiation
in several locations[l-8|. The equation is of the form:

«//?„ = (1)

where II is the monthly average daily global irradiation on a horizontal
surface[M Jm'1 day'1 ]



B. u the monthly average daily extraterrestrial irradiation on a horisontat
l f

S is the monthly average daily number of hour* of bright sunshine
St is the monthly average daily maximum number of hours of possible
sunshine (or day length)
o, b are regression constants whose significance will be discussed later.
The daily extraterrestrial irradiation H, , and the day length S, can be
evaluated from the following formulae:

H. = (24/ir)/«|l+0.033cos(360£)/3«5)|[ccM<cos^sinw+(u2)r/3«0}sin^sin«]
(2)

and
S, = (2/15) arccos(- tan S tan «t)

where 6 is the solar declination and is approximately given as

= 23.5' tin 360(284 + D)/365

(3)

/«is the solar constant (approximately
D is the day number (with 1st January being day I)
iff is the latitude angle
u is the sunset angle

u> = arccot(- (5)

The monthly average daily extraterrestrial irradiation can therefore be ex-
pressed as

1

where nt, n, are day numbers at the start and end of the month.
Similarly for the monthly average day length S,.
However equations (2) Mid (3) can be used to evaluate the monthly average
values {i.eSt and J?.) provided the value of 6 used is for the day of the year
when R is considered identical to the mean (i.e. using the value of the
characteristic declination Sc) Thus

S, = H, (7)

Values of t, which do not vary much with latitude have been tabulated in
ref. |12|.

In this work the coefficients a and b in equation (1) have been calculated
from values of 11/!!„ and S/Se . The values of the monthly average daily
global irradiation //, and the average number of hours of sunshine were
obtained from daily measurements covering a period of five years consisting
of nearly 3600 data points. The least square method was used to obtain
the constants a and b.

3 Results and Discussion
Prom the regress ion analysis the following correlation was found to ade-
quately fit the radiation data presented in table I:

R/ft,= 0.26 + 0A4(SfS.) (8)

The values of the regression constants (a = 0.26 and o = 0.44) are in very
close agreement with those reported as a average (0.3, CM)for the humid
tropics.[2| Similar results {0.26, 0.43) have also been obtained for northern
Nigeria |7|.

The sum of the regression coefficients (o + 6) is interpreted as the trans-
missivity of the atmosphere for global radiation under perfectly clear sky
conditions. [14|. Similarly the intercept 'a' is interpreted as the trans-
missivity of the atmosphere under overcast. It is therefore important to
examine the regression relation wehave developed and compare it with oth-
ers in terms of the value of the atmospheric transmissivity. Prom equation
(8) it is observed that the atmospheric transmissivity under clear skies, for
Freetown, is 0.7 which compares favorably with the figure of 0.67 - 0.7 re-
ported for the humid tropics.|2|. In general the clear -sky transmissivity of
of most tropical regions seem to lie between 0.66 and 0.T5 |l-9|

Equation (8) lias been used to predict the monthly average daily global
irradiation on a horizontal surface from measured values of hours of sun-
shine. The data used in the estimation are given in table 1 and the results
of the computation arc given in table 2. It is observed from the results that
percentage error between the measured and predicted values of the global
radiation range from -4.5% to +7.5%



Finally, it is observed from the measured values of the clearness index
Kf , that the atmosphere in Sierra Leone is partly cloudy throughout the
year. Values of KT range from 0.38 to 0.57. It is therefore expected that a
large fraction of the global radiation is diffuse .

4 Conclusions

The main conclusion of the present work b that the monthly average daily
global irradiation incident on a horicontal surfaces in Freetown, Sierra
Leone,inay be estimated by the correlation:

R/8, = 0.26 + 0.44(5/5.)
This work gives further support to the suggestion by Turton[2) that a

single correlation ( viz. RjR, = 0.3 + 0.4(5/5.) be used to predict global
radiation for all the tropics. Both the equation proposed by Turton and
that developed in this work give estimates are close to each other.

Finally the study shows that the average yearly cummulative radiation
available in Freetown, Sierra Leone is of the order of 6500M J/m1 .
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NOHENCLATURE

D The day number
H Total (global) irradiation on a horizontal surface \MJm-*day-l\
H, Daily extralcrrcstial irradiation on a horizontal surface \MJm'1day~l\
/„ Solar Constant jl 365 waH/m1 j
KT Clearness index \UjH,\
rti.ni day number at the start and end of a period.
5 Daily number of hours of bright sunshine (hrs.|
S, Maximum possible hours of bright sunshine (or day length ) |hra.|
4> Latitude angle |degrees|
6 Solar declination (degrees)
u) Sunset hour angle for horizontal surface |degrees|
(-) An overbar indicates average of the parameters [e.g H,S\

Table l Relevant Meteorological and Solar Radiation Data for
Lungi Freetown, Sierra Leone . { lat 8* 37' N and
long. 13" 12'W, Elevat ion 25.29m above sea l e v e l )

Month H -S Kg ? U K - H/lTo

Jan. 16.86 7.33 32.59 11.S 86.69 0.S19

Feb. 18.69 7.42 35.36 11.73 B7.94 0.528

Match 21.33 7.54 37.97 11.9 89.63 0.561

April 21.68 7.54 39.37 12.19 91^45 (K55

May IB,29 5.8 39.27 12.39 92 .95 0 .465

June 17 .1 5.12 38.88 12.49 93.7 0.439

July 14.B3 3.39 39.08 12.44 93?35~ " ( T i e

Aug. 13 .52 2 .31 39.46 12 .27 92 .05 0 .343

Sept . 15.45 3 .8 38.72 12.04 90 .3 0 .399

Oct. 18.47 6.67 36 .33 11 .8 8 8 . 5 0\508

Nov. 16.62 6.29 33 .35 11 .6 67 0.49B

Dec. 17 .55 7.66 31.7« 11 .5 86 .29 0 .553

(1) Measured. SOURCE ref. [13]
(2) Calculated using equations given in the paper

Note: Yearly average daily global irradiation • 17.53 MJ m day



Table 2 Comparison between measured and calculated values
of H

Month H S/S_ H Error

Jan.

Feb.

March

April

May

June

July

Aug.

Sept.

Oct.

Nov.

Dec.

MJ m"'dy"

32.59

35.36

37.97

39.39

39.27

38.88

39.08

39.46

38.72

36.33

33.35

31.74

0.637

0.633

0.633

0.618

0.468

0.409

0.272

0.188

0.316

0.565

0.542

0.666

MJ m J day
Measured Calculated

16.86

18.69

21.33

21.68

19.17

16.79

14.32

13.6

15.72

19.9

17.43

16.84

17.6

19.04

20.44

20.95

18.29

17.1

14.83

13.52

15.45

IB.47

16.62

17.55

*

-4.39

-1.87

4.17

3.36

4.59

-1.84

-3.56

2.03

1.72

7.IB

4.65

-4.21




