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ABSTRACT

The performance of two models, Jain and Baig, based on the modified version of Gaussian distribution function
in estimating the daily total of global solar radiation and its distribution through the hours of the day from sunrise Lo
sunset at any clear day is evaluated with our own measured data in the period from June 1992 to May 1993 in
Qenza / Egypt. The results show a high relative deviation of calculated vaiues from measured ones, especially for Jain
model, in the most hours of the day, except for those near to local noon. This misfit behavior is quite obvious in the
carly morning and late afternoc. A new approach has been proposed in this paper (o estimate the daily and hourly
global solar radiation. This model performs with very high accuracy on the recorded data in our region. The validity
of this approach was verified with new measurements in some clear days in June and August 1994, The resultant very
Jow relative deviation of the caleulated vatues of global solar radiation from the measured ones confirms the high per-

formance of the approach proposed in this work.
Key wards: Global solar radiation, Measurements, Models, Gaussian distribution function, Statistical treatment

1. INTRODUCTION

The interest in application of solar energy has largely increased in the last years particu-
larly in the regions where sunshine is available in abundance (Hayt, 1978). This requires the
knowledge of the amount and variability of solar insolation at the earth’s surface, which is
necessary for design and optimization of all solar systems (Robinson and Hill, 1987; Rahmen
and Chowdhury, 1988; Kuye and Jagtap, 1992). Obviously the “best” data to be used are ra-
diation observations at the site of the proposed solar energy system. However, these observa-
tions are not always feasible. It is therefore necessary to be able to estimate reliably the radia-
tion incident on any particular location using number of simple models especially in locations
which do not have solar data stations.

Qena, upper Egypt (26°17N, 32°43E, Heighl 78 m asl}, a city of abundant solar radiation
is one of many locations in Egypt, in which the solar radiation data are not available. Because
of this lack of data, we attempt in this study to develop, through a combination of existing
empirical methods, an approach to estimate the daify global solar radiation and its distribu-
tion during the hours of any clear day of the year from sunrise to sunset, The preblem of es-
timating hourly global solar radiation incoming on a horizontal surface has been analyzed by
many authors (Amato et al., 1988).

In such an attempt we follow Jain (Jain, 1984} and Baig (Baig et al,, 1991) in using
Gaussian distribution function to fit the experimental data. This mode! is characterized with
simplicity and high accuracy in estimating the daily total of global solar radiation and its
hourly distribution in most hours of the day.
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II. EXPERIMENTAL DATA
1. Measurements

The hourly global solar radiation data, which is used in this study were recorded through
a program for measuring the solar radiation components, supervised by the author, over
Qena / Egypl. Precision pyranometer {Kipp and Zonen Model GM 6 B) was used in conjunc-
tion with a two channel solar integrator (Kipp and Zonen CC 12) to record the values of the
hourly global solar radiation G, from sunrise to sunset as well as its daily total G ; in the pe-
riod from June 1992 to May 1993. More datails about the experimental techniques and the
exposure of the instruments were given in a previous contribution (E1—shazly, 1994).

2. Analysis of the Data

The measured data have been analyzed in view of two medels according to Jain (1984)
and Baig (1991) who proposed a Gaussian function to fit the experimental ratio of hourly to,
daily solar radiation data (RT) using the following formulae.

For Jain
RT=(1/ V2 mExp(—(r —12)* / 2¢%) . {1
For Baig
RT=(1/ 20V 2m){Bxp(— (+ — 12)* / 26*) + cos(180° (£ — 12) / (S, — 1))} . @

RT is the ratio of hourly G, to daily G, global radiation and calculated as follows
RT=G, /G, . (K]]

¢ is the Jocal time in hours, & is the standard deviation obtained by matching the experimental
recorded value of RT at local noon time in Eq.1 or 2 as

6=1/(RT),V2n (@)

and S, is the day length in hours obtained from the following equations
S, =(2/ 15)kc0s "' (— tangtans) , %)
& =123.45sin(360° (n + 284) / 365) , (6)

where & represents the declination angle, » is the day number of the year (# =1 for 1 January)
and ¢ is latitude of the measurement site {=26.17°).

Once the value of ¢ in Eq.1 or the values of o and S, in Eq.2 are known, the theoretical
values of RT along the day length from sunrise to sunset will be available. Consequently, the
values of G, through the day time and their daily total G; can be calculated using a meas-
ured value of G, in any hour of the day.

IIl. RESULTS AND DISCUSSION
1. Determination of o

As we mentioned above that the determination of ¢ is essential for application of equa-
tions 1 and 2 to calculate RT and then G, and G, along the hours of the day. For this pur-
pose we make use of the great linear correlation, which is found between ¢ and §, in clear
days for the most data points. This relation is reported earlier by Jain (1984) and Baig (1991)
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Fig. 1. Plot of the relative errors of the calculated values of RT with respect to the experimental
ones against the local time in the period from June to November 1992,
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for data in Triesta in Italy and Islamabad in Pakistan. It is supported here for our data series
at Qena / Egypt in the following form.:

o =0.1745, +0.768 . %)

with a correlation coefficient equals 0.8. As long as the data points obey the lincar equation 7
(i.c. the calculated values of o approach to their practical ones), the calculated RT will give
extremely good fit to the practical data at different local time leading to estimation of daily
global solar radiation in a good accuracy. Otherwise a good fit may not be achieved.

2. Evaluation of Global Solar Radiation Calculated Using Jain and Baig Models

Figs.1 and 2 summarize the results of the refative errors of RT caiculated by Eqgs. ! and 2
through the hours of clear days with respect to the experimental ones in the 15 th days of the
measurement months. The global solar radiation values in these days are representative to
very high extend for the monthly mean values. In some months this day was found to be
cloudy, so the nearest day to it has been taken. The incomplete hours at sunrise and sunset
were not considered in our treatment. From the both figures, one can conclude the following:

i) In the months from June to December 1992, RT results, which calculated with both
equations show a good fit to the experimental data, with an obvious better fit for those calcu-
lated using the Baig equation, in the most hours of the day, except near sunrise and sunset
hours. In these hours, both models, especially of Jain, give rather poor fitting. Relative errors
of RT values calculated with Jain model during the time from 7 to 14 hrs were found to be
10—12% in the months from June to September and 8% during the time from 8—13 hrs in the
October—December period. This corresponds Lo telative error of values < 5% for Baig model
at the same periods of time and months. With respect to the RT values calculated at early
morning and late afternoon hours, relative error up to>200% was obtained in some months
for Jain model compared to = 62% for Baig model.

i} In the months from Janvary to May 1993, neither Baig nor Jain model is suitable
enough for application in many hours in the day (see Fig.2). the time, in which both equations
estimate RT values with least error ranges from 5 hours for Jain model to 6 hours for Baig
model.

The above given results show clearly that the measured data RT, Exp is not in a good
agreement with the calculated ones RT, Jain and RT, Baig in certain hours in some months,
The misfit behavior begins to be obvious in October, November, and December and quite
farge in the months from January to May 1993, especially in January, April and May, in
which the fitting is rather poor in major parts of the day except those very near to the noon
time. This is owing to the different variations characteristics of the atmospheric constituents,
namely gases, liquid and aerosol particles, al Qena / Egypt in comparison with the sites, for
which the two models were derived. So care should be exercised in applying them beyond
their domains. Qena / Egypt is not an industrial district and characterized with a high content
of aerosol dust particles, dispersed from near eastern desert and various man activities
{El-shazly, 1989). Accordingly the lack of agreement between the models and observed data
in the above mentioned months may be mainly explained in view of the asymmetry of those
data due 1o the random changes of aerosol dust particles in these months. This explanation is
confirmed by the corresponding fluctuations of the turbidity factor 7', (m), which is a very
good representation for the aerosol contents in the atmosphere, at the same pericds
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Fig. 2. Plot of the relative errors of the calculaltcd values of RT with respect to the experimental
ones against the local time in the period from December 1992 to May 1993,
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Fig. 3. Diurnal variation of TL (m) at clear days in the period from June 1992 to May 1993,

[see Fig.3]. This variability is quite large in April and May owing to the “Khamaseen winds”
which blow in these months. Considering the above evaluation of Jain and Baig models in
describing the measured global solar radiation in Qena / Egypt, it seems clearly the need to
make some modifications in them to be more usable in the estimation of the global radiation
in our region with better accuracy. These corrections may also change from place to another
reflecting their local characteristics,

3. Estimation of Clear Day Global Solar Radiation (Our Proposed Model)

In this work, a new empirical equation is suggested to be used to estimate the hourly and
daily global solar radiation at clear days at Qena / Egypt, with a very good accuracy. The
new equation reads as

RT, This work = (1/2.2a¥ 2m){Exp( — (¢ — 12)* / 2¢) +
1.2c0s(180° (r — 12) / (5, — 0.65))} (8)
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o, S, have the same definitions as in Eqs.] and 2. The results of the relative errors of
RT values calculated according to the new approach in Eq.8 with respect to the experimental
ones are represented also in Figs. 1 and 2. From both figures one can see clearly that using the
equation suggested in this work leads in general to theoretical RT values agree to high extend
with the experimental ones during the day from sunrise to sunset in comparison to Jain and
Baig equations. A slight misfit was observed in very little points, especially in Januvary, April
and May, for the same reasons discussed in Section 3.2, but it still quite smaller than that ob-
tained applying Egs.1 and 2.

Now the hourly and daily totals global solar radiation can be calculated at any clear day
with the aid of estimated values of RT, provide that we know the value of G at any hour in
the day. The measured value of G, at poon time, in which {RT); agree very well
with {RT),,,, was used in this work. The results of estimation process are summarized in Table
1 for the same days as in Figs.1 and 2. As expected, our model estimates daily and hourly
global solar radiation with least errors. Furthermore the validity of this model was vetified
with new measurements in selective clear days in June and August 1994 as illustrated in Ta-
bles 2 and 3. The very low relative errors, which given in this tables indicate the high perform-
ance of our equation in estimating the daily and hourly global solar radiation in
Qena / Egypt.

I¥. CONCLUSION

Hourly global solar radiation daia measured at clear days in Qena ./ Upper Egypt have
been analyzed in view of models based on modified version of Gaussian distribution function,
namely Jain model, Baig medel and a new model, which proposed in this work. The following
conclusions are deduced:

1. In general the model suggested in this work and Baig model provide the best hourly
and daily estimates of global solar radiation, with our model usually best in the most hours of
the day.

2. The very good agreement between our model values and new measurements in selec-
tive clear days, which were not used in its deduction, confirms its performance in our region.

3. Jain model did not perform as good as the other two models, except very near lo local
noon, although it is similar in principle to them,

4, The performance of the better global irradiation models is probably limited by the
random variability of the atmospheric turbidity caused by the changes in the content of the
absorbing and scattering gases and molecules in the atmosphere.
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