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Abstract
The diffuse part of solar radiation is one of the elements necessary for the design and evaluation of energy production of a solar
system. However, in most cases, when radiometric measurements are made, only global radiation is available. To remedy this
situation, this paper presents a model of the scattered radiation measured on a horizontal surface for the capital city of Bangladesh.
The correlation established for the chosen site was compared to the work of Liu anf Jordan, Page, Collares Pereira and Rabl, Modi
and Sukhatme and Gupta € al.
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1. INTRODUCTION 2010) of measured data of solar radiation were disedhis

. L . L purpose. The model is based on the clearness ikdex
The split of t_otal solar radlatlon_ona_horlzon_iafface into its Finally, the model obtained for Dhaka, Bangladesh i
beam and diffuse components is of interest in toruexts [1]. compared with already established models for déffer
First, me_:thod_s for calculating total ra_dlatlon anrfaces_of locations of the world to achieve the better accyraf the
other orientation from data on a horizontal surfaequire model.
separate treatments of beam and diffuse radiat@tond,
estimates of the long time performance of most entrating 2 MATHEMATICAL REVIEW
collectors must be based on estimates of avaihahifi beam )
radiation. Least squares regression is used to determinanthel best

fit through the data points. The mathematical pdoce for
The empirical procedure of Liu and Jordan [2] imad a one this method will now be reviewed.
parameter correlation between the diffuse to glahtib and
the clearness indeX, .From a detailed statistical analysis, Any curve which can be fit over a data set canHmve to be
Liu and Jordan discovered that a firm relationskixsts a functiony where
betweerk, and the diffuse fraction.
: . . , y=f(xq) ()
The literature abounds with studies attempting teck,
improve and extend this empirical correlation apgto Wherej = 1,2,3 ... ........m, with j representing the number
Several authors have compared the original Liu domian of coefficients required to create the curve of #pecified
results with similar correlations obtained in otgeographical rd ) )
areas [3-6]. The diffuse fraction has also beemetated with order. For example, the ®rder equation can be expressed in
the number of hours of sunshine [7] and a combbnatf the general form
K, and cloud cover.
Yi = ag + ax + azx? + a,x3 (i)

In this study, we have developed statistic modethef solar
radiation highlighting the direct relationship been global
solar radiation and its diffuse component. Seveary/€2003-
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Where allthrough a are the unknown a:oefflments These

coefficients can be found using the Ieast squaegsession
method and matrix algebra.

The general formula for least squares regression is

C 9
> 01 fCw @) 5 frpay e =0 (D)
i=1 I

The second half of (iii) can be simplified by tadithe partial
derivative of the terms, producing

of

aaj

0
(xpaq,..am) = e [a191 + a9, + ot amGml
j

= g;(x;) (iv)

After this partial differentiation, the general edjon for least
squares regression becomes

Y- gg@laGr=0 )
i=1

From the general equation (n), the general form matrix can
be built,

[Z 968, - Z gl(xagm(xl)” l

Z I ()1 () Z gm(x>gm(x>JlamJ

Z yi91(x)

il R )
Z}’zgm(xz)
Li=1 |

Finally, by taking the "8 order equation identified ifii) and
defining the values of;(x;) as shown in(vii), the general
form of the matrix can be populated and solved gidiimear
algebra, so that

f(xi, a4, e ay) = a9, (%) + az9,(x) + azgs(x)
+ asg,(x) (vii)

Where
g1(x) =1
go(x) =x
g3(x) = x?
ga(x) = x3

3. METHODOLOGY

The extra terrestrial solar radiation on a horiabraurface
H, is a function only of latitude and independent difiew
locational parameters. As the solar radiation paskeough
the earth’s atmosphere, it is further modified bggesses of
scattering and absorption due to the presence aafdchnd
atmospheric particles. Hence, the daily global rsimlsulation
incident on a horizontal surfadé is very much location
specific and less than the extra terrestrial iatidin.

The original regression equation of order threeatesl
monthly average daily diffuse radiation to horizimadiation
at the location and average fraction of possibteskine hours

Hy 7a -2 —3
T + a, K, + az3K, + a,K; 1)
Where,H = monthly average daily radiation on a horizontal
surface

Where,H,; = monthly average daily diffuse radiation
a,, a,, as, a, Empirical constants to be determined

. H
=Clearness index .
0

The horizontal radiation is determined by the failog
equation

Tt (ﬁ) @)
H, ‘T P\W
H, = Monthly average daily extraterrestrial radiation
a, b =Angstrom’s coefficients
n =Monthly average daily hours of bright sunshine
N =Monthly average of the maximum possible daily haafrs
sunshine or day length

The Angstrom coefficients determined for Dhaka are
0.23,b = 0.57 [11]

The extra terrestrial solar radiation on a horiabsurface is
calculated from the following equation:

Hy = 1+ 0.033cos (360 i)) 3)

24X3600xIsc
T 365

Where,I,, = 1367Wm™2 is the solar constant ar}, is in
Jm™?

d is day numberg is the latitude of the locatio, is the
declination angle given by

284 + d) @

6 =23.45sin (360 365

And w is the sunset hour angle given by
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w = cos~(—tang tand) (5)
The maximum possible sunshine durathois then given by

2

N=Ew

(6)

In this papet,andN were computed for each month by using
equations(3) and (5) respectively. The regression constants
a,a,, as, a, in equation(1) have been calculated from the

7 . .
values of% andH— using the least square regression equation

0
(vi). The values of monthly average daily global radiati
H and the average number of hours of sunshine weeénel
from daily measurements covering the peri®84 — 2010.
[12-13]
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Fig 1: Clearness index versus months for the years 1903-20
at Dhaka.

It is encouraging to note from figure 1 that theachess index
of Dhaka is within the intervdl.3 < K, < 0.7which indicates
a clear sky throughout the year with exception ionsoon
season (Jun-Sep) where clearness index goes toitimaum.
The result of our model was compared with othewipresly
stated models. The compared models are:

Page: the correlation equation which is widely used is
developed by Page:

Hy
& =1- 113K,

Liu and Jordan [2] using available daily radiation data for
Blue hill, Massachusetts, USA have shown the foithgw
correlation

Hq 2 3
F =139 —4.027 K; + 5.53 K;” — 3.108 K;

Collares- Pereira and Rabl[10]: equations representing this
set of correlations are as follows

Forw, < 81.4%°and0.3 <K, <0.8

Hq _ 2 3
5 = 1391356 K, +4.189K,” — 2.137K,

Forws > 81.4%°and0.3 < K, < 0.8

Hy 2 3
i 1.311 — 3.022K, + 3.427K,” — 1.821K,

for Indian stations where the diffuse radiationmach higher
compared to US stations, the linear correlationpraposed
by Modi and Sukhatme [8] and Gupta et al [9] are
respectively.

Modi and Sukhatme:
Hy
T= 1.411 — 1.696K;

Guptaet al:

Hy
5 = 1354 - 157K,

Model for Dhaka: this study proposes the following model
for Dhaka, Bangladesh:

H
Fd = 1.0016 — 1.0064K, — 00.3475K,* + 0.0165K,>

4. RESULTSAND DISCUSSION

From the measured and estimated values of diffudar s
radiation it is seen that the contribution of défuradiation is
very small (on average 27%) throughout the yeah wiite
exception of the monsoon months (on average 58%).

To validate the models established for Dhaka, itésessary
to compare it those proposed by other authors. thr

purpose, we performed statistical tests on thenaséid values
of the diffuse fraction of the solar radiation dh&d with each
model considered in this study using the measuaed of the
local site which are taken as a reference for tmeparison.

The first test is a simplified comparison of thempwsite
Residual Sum of Squares (CRSS), defined by

CRSS = 3 [(Ha/H)ese = (Ha/ H)pes

The second test is to calculate the Mean Bias HWBE)
given by

Z[(Hd/H)est - (Hd/H)mes]

m

MBE =

The third test is to determine the correalation ffodent
r between estimated and measured radiation values @iy
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Y((Ha/H)est — H)((Ha/H)mes — Hm) Table 1: Ratio of diffuse radiation to global radiation
r= applying different mode
(B )t =T S(Haf Hes ~TE)°
=z rgrl ZU STh M E g % 2
Where,H, is the arithmetic mean value of tm estimated o| 2 |loI| X % ch 3 5 - $
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Fig 4. diffuse fraction vs months for measured and Li
Jordan model
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Fig 6: diffuse fraction vs months for measured and Moc
Sukhatme model
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Fig 7: diffuse fraction vs months for measured and Guptd
model

Analyzing the figures 2-7, is seen that the best fit of diffu
radiation is due to model for Dhaka (figure 2). Atld
difference is observed in Page and Collares Peéirabl
model whereas Modi & Sukhatme and Gupta et al nsode
not suit the measured data of diffuse radie at Dhaka at all.

Table 2: Statistical test results of different moc

MODEL MBE % CRSS R"2
DHAKA -0.000048 0.000144| 0.990401
MODEL

PAGE 0.220411 0.001221 0.990397
LIU & | -0.233188 0.002891| 0.987077
JORDAN

COLLARES | -0.065224 0.001256| 0.986896
& PEREIRA

MODI & | 1.2359803 | 0.023164| 0.990397
SUKHATME

GUPTA ET| 1.297355 0.024803| 0.990397
AL

From table 2 it is seen that the MBE is the lowasibng all
the models and is almost nearly ze@RSS for Dhaka
Bangladesh is minimum than any other exixting meaetich
implies the best suit for the local site. Also eefficients of
Determination is maximum and is nearly equal tdyul

CONCLUSIONS

Taking into account the differences in cliic conditions
specific to each terrestrial hemisphere it is inagiee to
develop models for the sites of each hemispherés study
shows thathe model developed is more adag to the local
site than those established for the northern hdmigp Thi
model can help the sizing and the evaluation of shiar
energy systems with a great accuracy for the lagsbn
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