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Prediction of the Hourly Solar Irradiance Received on a
Horizontal Surface for Clear Days.

M.K.EI-Adawi and S.A.Shalaby

Department of Physics, Faculty of Education

P.O.Box 11341 Heliopolis, Cairo, Egypt

mohamedkamel@edu.asu.edu.eq

00201096048904
Abstract

A formula to predict the hourly global solar irradiance is suggested to fit
the experimental measurements for such a function for clear days, received on a
horizontal surface in different locations such as Makkah, Jeddah (Saudi Arabia),
and Hong Kong (China) for various months of the year. This suggestion satisfies
all the conditions imposed on such a function during the daytime.

The suggested distribution is expressed in terms of well-established parameters
such as the length of the solar day and the maximum value of the received solar
irradiance at local midday time between sunrise and sunset. Comparison
between the computed values q(t) and the corresponding published

experimental data is given. A test for the degree of fitting is clarified.

Keywords: Diurnal global solar irradiance; prediction formula; solar radiation;
distribution formula; comparative study; modified solar constant.
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1.Introduction

A formula that predicts the global hourly radiation is needed as a starting
point to study the exploitation of solar energy theoretically. The importance of
such a trial is that its results cover all the fields of solar industrial technology.
Such as the evaluation of the performance and efficiency of the solar
photovoltaic cells, the solar collectors, air heaters, solar distillation systems,
solar water heating systems, swimming pool and greenhouse heating.

This function depends on several variables such as: the nature and extent of the
cloud cover, water vapour content, and other constituents such as 02, N2, Co2,
03, dust, etc. [1- 3].

Different authors measured the incident global solar radiation received on a
horizontal surface.  The analysis of the published measured long-term

meteorological data revealed a symmetrical distribution about a maximum
t +t

r S

average value acquired at midday time t, =

This symmetrical nature is shown to be universal for the whole solar year 2-5, 8-
13, 15,

171.

Different trials are made to predict this function with different degrees of fitting
accuracy [5,8,9,11,13-17] . The starting point of the research is the experimental
data recorded by the author of the present trial in MAKKAH using solar
radiation recording instruments[8] (Epply precision pyranometer model PSP).
Moreover, the data recorded by El-Bar [5] in JEDDAMH, in addition to that data
published [3] for HONG KONG.

2-Mathematical set up:

Following the published attempts, the present trial suggests a new

formula expressed as a polynomial of second degree in tl with a different
d

correction factor.

Following EL-Adawi [ 13 ] the introduced distribution as a polynomial of

N ]
second degree in . IS expressed as :
d

12
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AW a2 +a, ()’ D

d d

Where t is a shifted time scale for which t=(t'—t,) ,t' is the local day time

Equation (1) is subjected to the following conditions:

Jatt=t, =0  sunrise q(t,)=0
iiatt=t, sunset q(ty)=0
li)att=t, midtime q(ty) = ey
. 0

iv) (5 =0

Applying these conditions to equation (1), one gets q(t) in the form :

AM) =4 A (7 (L — ) e

d

Long-term computations for published symmetrical distributions make it
possible to suggest a new correction factor in the form :

& —exp (—3(—2)*) =1 ©)

The main objective is to get a better fit.

Finally, the distribution is expressed in the form :

G =4 A () (- ti)exp—S(tt‘—t(’)z 4)

d d d

Equation (4) is used to predict some of the published data in Makkah [8], Jadda
[5], and Hong Kong [3].

The length of the day t, can be expressed in terms of the latitude L  and the
solar declination (s)as follows [1] :

24 hr 1
t, = cosSs —tano tan L 5
d 180 ( ) ®)

13
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where :

284 +n

0 =23.45sin360 (
365

) (6)
and n,istheday oftheyear (1<n<365).

Integrating equation (4) over the solar day length, one gets the average daily
totals of the received global solar irradiance. As a result, this gives:

t
I = [q(t) dt = 0.566 qp,, tq (7)

(0]
This value represents the area under the curve q(t). It is close to the results
obtained for other trials, where:

I — 0.5567 .. tg [13]
— 0.5000 q,.. tg [16]
— 0.6600 q,.,. tg [171
— 0.5330 q,... tg [21

Equation (4)still contains an undetermined quantity gq,, in order to solve the
problem in a closed form .

Following EL-Adawi et al [8,16] one  can suggest
OQuax =& S 8) [816] ,

where s is the extra-terrestrial solar constant adjusted for the variation of the
distance between the sun and the earth along the time of the year expressed as :

360+ n

S=s5(1+0.033cos (
365

) ©) [16,10]

where s=1367 W /m? [10] is the solar constant, and « is a correction factor ;
for example ,for Makkah  [15] .

3-Computations

The meteorological experimental data for q(t)of three locations are
considered; these are :

1- Makkah-Saudi Arabia [38° 30'E , 21°30'N]  (18/3/1983) [6]
2- Jeddah-Saudi Arabia [38° E , 21°, 5 N] (April 1983) [5]

14
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3- Hong Kong ,China [114° 10 E, 22°19'N]  (December 1978) [3]
The function q(t) is computed according to equation (4), the obtained values

are compared with the corresponding experimental data .The obtained results are
given in Tables 1, 2, and 3, respectively. A measure for the degree of fitting :

Oear — qexp
qexp

% is also given .

Irrespective of the extreme points, one finds that ¢ does not exceed 17 % .

It is shown that the degree of fitting depends on the location considered. It is
revealed that the best fit is obtained for Hong Kong.

4-Discussions

The results revealed that the degree of fitting differs from point to point
along the curve q(t) with maximum relative error 17 % except for a few

extreme points near sunrise and sunset hours. At these points, low-level solar
insulation is received.

This part is highly affected by the climate conditions. It is worth noting that the
introduced model is suggested for clear days as a special case.

5-Conclusions

1- The introduced model to predict the hourly global solar irradiation is
promising.
2- The model is based on well-established parameters such as t, , the

length of the solar day, solar declination, and solar constant.
3- The suggested model represents a closed system in which q,, IS

expressed in terms of the solar constant. Moreover t, is expressed in
terms of the longitude and latitude of the geographical location.

Table 1 : Comparison between experimental [6]and computed values [Eq.4] for

the solar irradiance recorded for Makkah, Saudi Arabia [38° 30 E, 21° 30' N]
(18/3/1983) [6]. t, =0,t,=6,t, =12hr,q,, =938 w/m* [6]

Ocar — qexp
qexp

t' (t' - t;) qexp Oear Eq4 &= %

=65 0 0 0 0

15



Al ]l gl e o 1
7.5 1 168 170.17 1.3
8.5 2 393 373.23 5
9.5 3 600 583.22 2.8
10.5 4 767 765.58 0.2
115 5 890 892.95 0.3
t,=12.5 66 938 938 0
135 7 902 893.07 0.1
14.5 8 760 765.58 0.7
15.5 9 586 583.22 0.4
16.5 10 367 373.23 1.6
17.5 11 133 170.25 28
t,=18.5 12 0 0 0

Table 2 : Comparison between experimental [5]and computed values [Eq.4] for

the solar irradiance recorded for Jeddah, Saudi Arabia [38° E, 21° 5 N]
t. =0,t, =12.58,t,=6.29,t, =12.58 hr , q,,,, =915 w/m’

t/ t'-t) Uexp O - EQ.4 & %
t'=6.08 0 0 0 0
8.25 2.17 325 378.67 16.5
9.25 3.17 535 573.59 7.2
10.25 4.17 715 744.79 4.2
11.25 5.17 850 865.17 18
12.25 6.17 910 914.40 0.5
t'=1237 |6.29 915 915 0
13.25 7.17 887.5 883.92 0.4
14.25 8.17 805.5 779.24 2.9
15.25 9.17 640 617.95 3.4
16.25 10.17 376.8 426.10 13.1
17.25 11.17 148.3 231.91 56.4
t/=18.66 |12.58 0 0 0

Table 3: Comparison between experimental [3]and computed values [Eq.4] for
the solar irradiance recorded for Hong Kong-China [114° 10E, 22° 19 N]

t =0,t, =55,t, =11,t, =11hr,q,, =594.5w/m?

16



il a0 gl ol gl iy 0 1 Al

t' (t'-t)) Oexp Q.. + EQ.4 E%
t'=6.5 0 0 0 0
75 1 100 118.93 18.9
8.5 2 255.58 261.06 2.1
9.5 3 422.26 403.9 4.4
10.5 4 536.15 520.37 2.9
11.5 5 580 585.82 1

t, =12 5.5 594.5 594.5 0
12.5 6 583.38 585.83 0,42
13.5 7 541.71 520.32 3.9
14.5 8 425.03 403.88 5
15.5 9 277.8 261.04 5.7
16.5 10 122.23 118.93 2.7
17.5 11 0 0 0
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