1 ISSN :2221-1012
International Journal of Natural Sciences (201¢)):38-42 t"@ p
elSSN :2221-1020

WWW.ij ns.net

Evaluating the Solar Radiation System under the Climatic Condition of Dhaka,
Bangladesh and Computing the Angstrom Coefficients

Rashid MA, Mamun RA, Sultana? Hasnat A", Khan KA' and Rahman

'Department of Physic8Department of Mathematics, Jagannath Universityaks) Bangladesh,
2Department of Physics, Dhaka University, Dhakanddadesh,

[Received: November 9, 2011, Accepted: March 282p01

ABSTRACT

In this research work some mathematical models lh@en simulated to estimate the regression coefiisj which are also known as
Angstrom coefficients, with monthly and daily avgessolar radiation on horizontal surface usinghirgunshine hours. This study of solar
energy, information on solar radiation and its comgnts at a given location is very essential faergists, engineers, architects,
agriculturists and hydrologists for various appiicas such as measuring aerosol optical thickneslsy heating, cooking, drying and

interior illumination of buildings. But, for devgding countries like Bangladesh, we have limitatddrsophisticated measuring instruments.
So, we have used some latitude based empirical Imvtwlealculate an important solar radiation geoyngarameter- Angstrom Coefficients

for Bangladesh without any help of costly instrutsen
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INTRODUCTION The solar radiation geometry parameters, we have to
consider are following —

Strictly speaking, all forms of energy on the eanté Solar Constant (Is): The rate at which energy is
derived from the sun. However, the more received from the sun on a unit area perpendicalar
conventional forms of energy, the fossil fuels the rays of the sun at a mean distance of the earth
received their solar energy input eons ago andfrom the sun. The modern valuelgfis 136 7w/nv.
process the energy in a greatly concentrated form.gxiraterrestrial Radiation (1..): The radiation
Solar radiation on a ground level horizontal swefac s
is the first input for the performance calculaticofs
solar energy systems. Technology for measuremen
of solar radiation is costly and has instrumental

[ [ i i , 36Mn
hazard for many developing countries like is|' = lsc[l-'- 0033co 365} where, n is the

outside the atmosphere is called extraterrestrial
adiation. The quantity of extraterrestrial radiati
a particular day

Bangladesh. In such cases we need the estimation ' sc
models  which use other climatologically d
measurements and/or geographical parameters bas
on readily available meteorological data. For ,this
several empirical models have been developed to
calculate global solar radiation using various
parameters. Angstront? developed the -earliest
model used for estimating global radiation, in vbhic
the sunshine duration data and clear sky radiation
data were used. Because there may be problems i
calculating clear sky radiation accurately, by
replacing clear sky radiation with extraterrestrial
radiation, this model was modified to a more L
: . : Radiation.

convenient form by Prescott in 1948. In this paper e L= ld Lt
a mathematical model has chosen to simulate the-& b= 'o+ ld 2 .

D P . Hour Angle (®): The hour angle is an angular
availability of solar radiation in Bangladesh using . :

: . measurement of time and equivalent t8 pér hour.

system dynamics methodology. For this, some solar

o ; It is measured from noon based on Local Apparent
radiation geometry parameters will be frequently . . ) . :
used for calculation purpoSé Time (LAT) / Solar Time, beingve in the morning

and-vein the afternoon.

Angle of Incident (0): The angle made by incident
MATERIALSAND METHODS ray and the normal is called angle of incident.

y of the year.

eam Radiation (I): The part of the radiation, falls
on the earth surface through the atmosphere, Hirect
from the sun. It is also called Direct Radiation.
Diffuse Radiation (l4): The part of the radiation falls
on the earth surface due to scattering, absorption
reflection and refraction by the air molecule.

Albedo (I.): The part of the radiation reflected by
"he earth surface to the atmosphere.

Global Radiation ( Ig): The Algebraic sum of the
beam, diffuse and albedo radiation is called Global

*Corresponding authomahasnat.phy@gmail.com

38



Int J Nat §012), 2(1):38-42 Hasnatet al.

Tilt / Slope Angle (B): The angle made by plane duration &/S,, where S and s, are the maximum
surface with the horizontal is called tilt anglé.id possible and the measured number of sunshine
negative for surface sloping towards the north. duration within an infinitesimal time interval
Declination Angle (8): The angle made by the line  respectively. If the functiorg, is expressed in terms

joining the centers of the sun and the earth wih i f < then th del led th hi
projection on the equatorial plane. The relation is of S Ien hese models are cafle € sunshine —
based models.

J= 23.455in[36q§84+ n)}; wheren Using Equation (3) and assuming a linear relation

betweeng, ands/S, we get-
is the number of day.
Surface Azimuthal Angle (y): The angle made in G=G {A+ B(i)} f(a)
the plane between the line due south and projection 0 S
of the normal to the surface on the horizontal @lan
It is vary +180 to -180" We accept east of south for
+ve west of south for —ve.
Solar Time/ Local Apparent Time (LAT): LAT is
defined by the following equation-

LAT = Standard/clock timex [Standard time G= Go[A"' B(% )}
(3

. . . r
longitude — Longitude of locationg()] X 15 + (5)

For the monthly average daily solar radiation the
Angstrom equation is [by analogy with equation (5)]

(9
4
Now, neglecting the effect of multiple reflections
between the ground and the atmosphere the basis of
the Angstrom equation (2) will be-

Equation of time correctiork]; where

E = 987sin2B - 753cosB - 15sinB;

H =a +b'(S
360(n-8 / =a +b(5))
where B = 360 -81) . He S
364 (6)
For eastern hemisphereve and for western WhereH andH. are the monthly average value of the
hemisphere-ve. global solar radiation and theoretical radiatiorttia

Angle of Incidence (0): The angle of incidence for cloud free atmosphers,and S are monthly average
solar radiation can be calculated from the follayvin bright sunshine hour and day Ien?th. Equation (6)

equation- was modified by Prescott in 1948 and Page in

cod = sing(sindcosB + cogycosd cose sinp) + cAgE I eodhe6g9atisGLyd sm b)
+cosdsinysinasin B H_ S

where ¢ is latitude. Ho S

Day Length (Sya): The time duration between sun )

rise and sun shine is called day length. The coefficientsa andb depend on the seasonal and

The hour angle 4§y corresponding to sunrise or regional parameters and are known as the Angstrom

sunset on a horizontal surface [1] is- coefficients. Thed' coefficient can be interpreted as

the fraction of the monthly average solar radiation

— 1/
@y = C0S (-tangtand) (H/Hg) entering the atmosphere when there is a

(1) complete cloud cover. The second coefficiebt
Since 18 of the hour angle is equivalent to 1 hour, defines the rate of change lafH, with respect t&/S
the corresponding day length- and it is an index of the latitudinal variation of
2 equation (7J*.
Shax —1_56‘)5 Equation (7) is one of the simplest models used to
@) estimate monthly average daily global radiation on
horizontal surface in the modified form of the

Almost all the models developed for the estimation
of the solar radiation have a physical basis and
mostly used the form

G =G, f(a)

Angstrom-type equation. But to estimate the
coefficients, some latitudep) proposed regression
models can be considered are given bellow.

3) Model 1: _
WhereG is the incident global irradiatior@, is the Rietveld examined several published values ofathe
theoretical irradiation in the cloud free atmosgher andb from following equations respectivefy-

@ i.s a cloud .transmittance for global irradiance an.d a= 010+ 02 S
f(a) is a function of ground albedo and atmospheric
back-scattering”. @, can be expressed in terms of s
s b= 038+ 0.0{—)
. . —_— C
cloud amountC or with an assumptiod =1——,

o ®)

in terms of the fractional number of sunshine
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Model 2: Model 8:
Gariepy has reported that the empirical coefficent Collres-Pereira and Rabl developed an analytical
andb are dependent on mean air temperatlyead expression for the ratio of hourly to daily global

the amount of precipitatioP} - radiation, where the coefficienéssandb are defined
a=0.3791- 0.0041T) - 0.017§P) by- _
b = 0.4810+ 0.0043T) +0.0097P) a= 0409+0.5016sin(c, ~60)
) b = 0.6609- 0.4767sin(cw, — 60)
Model 3: (15)

Kilic and Ozturk ® have determined that the Modd 9

coefficientsa and b are a function of the solar Neuwirth relateda and b to altitude,h above sea
declination §) in addition to both¢ andZ is, as  |evel by quadratic regression and he obtained the
given by the following equations - relations-

a=A,+Ah+ AN

a= 0103+ 0017Z + 0198cos( - J) b=B. +Bh+B.h?
— o 1 2

b= 0533- 0165cos@ - 9) (16)
(10) He gave the values &, A;, A, and By, B;, B, for

Modgl 4 ) each season and these values are presented in Table
Dogniaux and Lemoine have also proposed 1

following equation, where the regression coeffitsen
a andb seem to be as a function @f in average and

on the monthly base in these equations, respegtivel

RESULTSAND DISCUSSION

a=0.37022-0.003139) Above models can be used to calculate the regmessio
b = 0.32029+ 0.00506¢) coefficients without help of so much sophisticated
(11) and costly instruments. Because, we can evaluate th

values just calculating the sunset hour angbg, (
which we can get from equation (1). But, still we

modified Angstrom model as a third order function need long term data and other measurement of

. : . . parameters for the particular location to use @qoat
8!:] maximum possible sunshine duratic &nd € (1). For this, we have tried to figure out another

method to find out the regression / Angstrom
) 3 coefficiltlants. o .
S S S Basically, Angstrom coefficients are computed using
a= 0395- 127{5) 268({5) - 167{5) observations of monthly average sunshine hours and
day length. Because, values comes from these
s s’ s)® models are the most accurate. But this process
b= 0395+ 1384(—j - 3245{—) + ZDSE{—j requires a long term data for the particular |anagi
S S S/ whichis practically difficult. So, we have to caaher
(12) two ways- either use costly instruments to measure
M odel 6: the different parameter of solar geometry or use an
Gopinathan has suggested that the coefficiarasd established mathematical models like model 8 or
b are a function ofgS) and the altitude of the site model 3 and 4. We find that results from Model & ar
(2) as given by the equations given as follow [6]- the most acceptable considering all of our
instrumental limitations. Some results obtainedrfro

S
a= 0265+ 007Z - 013'{—j model 8 are shown in Table 2. The variatiom@ind
S b over the year have shown in the graph (Fig. 1).

Model 5:
Zabara proposed monthlg and b values of the

S From the fig we have seen that wreeis increased
b= 0401- 0108 + 032'{—j is decreased and vice-versa. It is clear thahén
S middle of June both Coefficients have become their
(13) optimum value which are maximum and minimum
Model 7: value of a and b respectively. So a reverse
While Soler has given a modified Angstrom type characteristic exists betwearandb.
equation for each month, then the regression
coefficients ofa andb was :Iso found for 100 station CONCL USION
a= 0179+ Oog{gj Solar radiation data are essential in the desigh an
study of solar energy conversation devices. In this
s s 2 regard, empirical correlations are developed to
b=0.1640+ 0.178{—j —1.0935(—} estimate the monthly average daily global radiation
S S on a horizontal surface. But, Angstrom coefficients

[13]-

(14)
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play an important role to calculate the global ACKNOWLEDGEMENTS
radiation (eqn. 7). Our studies and analysis of

different data of various parameters prove that We are merely acknowledging Sheikh Jafrul Hassan,
sunshine based models are more trusted. ButScientific Officer, Atomic Energy Commission,
equation (15) is the best model to calculate the Bangladesh, for his previous works on solar energy,
regression coefficients of a particular day which has reduced our works a lot.

considering the climatic condition as well as the

socio economic scenario of Bangladesh.

Tablel: (Ag-Bs) Variation with respect to seasons.

Ao A Ax Bo B, Bs
Winter 0.1494 0.1192 -0.0117 0.5498 -0.2062 0.0492
Spring 0.1711 0.1261 -0.0108 0.5403 -0.1813 0.0395
Summer 0.2051 0.0234 0.0078 0.4972 -0.0693 0.0199
Autumn 0.1917 0.0210 0.0073 0.4921 -0.0428 0.0091
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