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Abstract

Three simple formulas are given that represent respectively the daily global solar
radiation under a clear sky as a function of latitude and day of the year, the expecta-
tion value of the daily clearness factor as_a function of the day of the year at specified
locations, and the distribution of daily clearness factors as a function of the expectation
value.

Three years ago a mathematical model for solar radiation in Thailand was con-:
structed and programmed for use on a large computer.l'2 The model was complicated
and contained many parameters. In order to make the model more accessible to users
it has recently been simplified. This paper gives details of the new method of simulating
the fluctuating day-to-day totals of global solar radiation. The equations used can be
evaluated more quickly, and contain fewer parameters, than those in the old model ;
the resulting loss in accuracy is insignificant in view of the variability of solar radiation
from year to year and the limitations in the data upon which the models are based.

The new model consists essentially of three basic functions. The first represents
the daily total global solar radiation H_from a clear sky in terms of geographic latitude
¢ north of the equator and the day of the year n counting from n = 1 on 1 January to
n = 365 on 31 December. The function is :
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H = F(Ay + A, cos(t - 92) + A,cos(2t ~ 4)), (1)
where t = (n - 80) 360/365 degrees,
Ay, = 27.420 + 0.144x - 1.702x>  MIJ/m?,
A = 0.056 + 6.308x + 0.064x> MJ/m?,
A, = 1.211 - 0.041x - 0.099x>  MJ/m?,
b'e = ¢ 20 with gin degrees,
and F = 1 - 0.0335sin(n - 94) 360/365.

This formula reproduces the values given by Schﬁ'epp3 within 1%.

The philosophy underlying equation (1) is that annual variations of climatic
elements, such as daily solar radiation, should be represented by periodic functions of
length one year ; the March equinox (21 March) is a convenient natural origin for the
time scale. This replaces the use of calendar months, which are artificial subdivisions
of the year. The factor F represents the effect of the variation of the earth-sun distance.

Next let H denote the daily total global solar radiation on a particular day, and
define a daily clearness factor k by the equation

H = kH .
c .
The second basic function of the model represents the expected value E(k) of k in terms

of the day of the year thus :

Ek) = Co + Cyeos(t -¢) + Cycos(2t - ¢, @

where t is the same as before and the parameters C,, C,, $'C, and ¢.2must be determined
from measurements or estimates of the annual variation of insolation at each geographical
location of interest. Table 1 shows the parameters calculated from estimates of daily
solar giobal solar radiation at four stations using mean values of k in eight 1 %- month

periods of the year and standard methods of numerical harmonic analysis.4

The third basic function in the model represents the probability distribution
P(k) of k, restricted to the discrete set k = 0.05, 0.15, ..., 0.85, 0.95, by the equation :

Bk) =  O!/x10-n01-p 3)
where p = (10E(k) - 0.5) /9
and X = 10k - 0.5.

This formula slightly overestimates the dispersion of the distribution when E(k) is large,
and slightly underestimates it when E(k) is small but the error is not serious. A better
formula would be the beta distribution, which is continuous over the domain k = 0 to
k = 1 and can be adjusted to represent correctly both the mean and the standard deviation
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of k. Unfortunately the computational effort needed to evaluate beta distributions makes
them unsuitable for simple mathematical models.

The information contained in equations (1), (2) and (3) can be used in various
ways. For example, if the daily output of a system utilizing solar energy is known as a
function of the daily total global solar radiation, the equations enable one to estimate
the distribution of outputs throughout the year. Alternatively, one can use the equations
in conjunction with a random number generator to produce fluctuating sequences of
daily solar radiation values that resemble actual sequences. Persistence effects, though
significant, are slight in the climate of Thailand, so not much accuracy is lost by neglecting
them.’

The model can be extended to represent hourly values of global, direct and diffuse
solar radiation. For this purpose the original model may be used on account of its
simplicity, except that differences between the morning and afternoon distributions of
solar radiation are not sufficiently marked to justify incorporation into a simplified
model. The basic formulas required are available elsewhere.?

TABLE 1. PARAMETERS FOR EQUATION (1) AT FOUR STATIONS

Station C, C, 8, C, 9,

Chiang Mai 0.681 0.112 293 ° 0.040 94 °
Khon Kaen 0.669 0.100 286 ° 0.044 137
Bangkok 0.636 0.099 302° 0.023 139 ¢
Songkhla 0.616 0.050 1° 290 °

References

1. Exell, R. H. B. (1981) Solar Energy 26, 161 - 168.

2. Exell, R. H. B. (1980) Simulation of Solar Radiation in a Tropical Climate with Data for Thailand. AIT
Research Report No. 115.

3. Schuepp, W. (1966) in Robinson, N. Solar Radiation, Cht. 4. Elsevier, Amsterdam.

4. Korn, G. A. and Korn, T. M. (1968) Mathematical Handbook for Scientists and Engineers, Second
Edition, 760 - 766. McGraw Hill.

5. Exell, R.H.B. (1976) Solar Energy 18, 549 - 554.



56 J. Sci. Soc. Thailand, 10 (1984)

Py

'1.ﬁmuaqmdms}3 gos  dwmiudiwianiwdii sz unneneiiedglon  Wedeshinsz o

AWetuveaduiwazulul mfAmenisexpectation value) vo3nnuninlatszd ™ (daily clearness factor) 1{iu

Wofdusa sfulutilua muiifidimuauscnisnszawvasmanuwinlass i udluisiduaasmfananss



