
•

---~-~-

Muusam, (1979),30,4,415·422

5.;1..;21. ~

Direct beam solar irradiance and illuminance
M. CHANDRA

Centra! Building Researdi Institute, Roorkee
(Receil'ed 6 M ay 1978)

~UST.RACr. In so lving manypractica l problems, related to building') etc correct assessment of tirect het
solar lrrad ~ant:c and/o.r Illuminance ISa necessary prerequisite. For this purpose ~omputationalmethods'arcusuall

ll

adopted.SinceI~. "hen.Parry Moon firstcollec ted andcompared thenecessaryinformation and ut themin usa bl~
fo~m for ,engmeen ng applications, several studies o n different aspects o f the subject have been nJde leadi to DeW
intorrnaucn. In thepresent papermore recent and reliable information on extra -terrestria l solar t - I "ng d'
molecularandaerosol sca ttering of spectral energy,and the absorption of rad iatio n by own' '1pee fa rrra taIlj ce,bo dl id t i hi' I e.warer vapour arx car-n IOXI c etc prcscn In t ~ cr restna atmosp here, have been used 10 compute the spectral tra usmlsslvnios and
spectral en~rgy on th.e ea rth s surface for differen t conditions and subsequently integrated valuesof direct becrn
solar irradiance and III!Jrnmanre no~mal to sun rays . The results presented in the form f si I . hi ..
have been compared with other available data and some D1easu~ values at Roorkee ~t ~ I~I~ u~ hcu~.
WIll beuseful from practical application point of VICW. . IS ICV t at I esc
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I. Introduction

In many practical problems such as those re­
lated with bu ildings more often than not com pu­
tational methods arc adopted for estimatin g inci­
dent solar irradiance and illuminance on bu ilding
facade s under clear (clo udless) sky co ndi tions.
For this purpose the variation in the intensity of
direct beam solar irradiancc or illuminance with
different conditions on the earth's surface, in ad­
dition to their dilTuse components, should be known
with certain degree of preciseness. The estimation
of direct solar irradianee which plays a n important
ro le in the energy balance o f buildings, has received
the att ention of a number of workers. Moon (1940)
was first to collate and compare the necessary in­
formation and propose sta ndard curves for sun­
light at sea level for use in engineering calcul at ion s.
His work has received wide acceptance in the field
of bu ildin g science. Moon's fundament al pro­
cedure has been extended by several o ther wor ker s
(Thrclkeld & Jordan 1957 : Rao & Seshadri 1961 :
Curti s & Lawrence 1972: Cole 1976). The se authors
have generally ta ken Moon's eq ua tions and data
on atmospheric scattering and absorption but
used contemporary extra-terrestrial spectral ir­
radiance and presented the final result s in somewhat
dilferent fashi on. The data on direct sola r radi­
ation given in such reference guides as ASHRAE
(1960) and IHVE (1970) are based on 1\100n 's
work.

However, since 1940 studies on scattering and
absorption o f incoming solar radi ati on by the
constituents of the earth's atmosphere as also on
extra-terrestrial spectral irradiance, have led to
more reliable info rmation on input data which
should be used for the computation of direct beam
solar irradiancc and illuminance on the earth's
surface. Besides th is. it seems appropriate to pro­
vide these quantities over a wider range of aunos­
pheric conditions to make result s more compre­
hen sive. The present work is an attempt in this

direction, The final result s arc presented as curves
of direct beam solar irradianee and illuminance
var ying with sola r altitude for dilTerent values of
Angstrom's turbid ity coefficient and precipitable
water. Ang strom's turbidity coefficient ha s been
~sed to account for the scattering due to aerosols,
r.e., all the solid and liquid particles present in the
atmosphere, in lieu o f the separate formulae for
du st and water vapour scattering as done by earlier
workers. The. results so obtained are compared
WIth the cxrsung data, some of which arc ba sed
on empirical expression s (Spencer 1965; Chro­
cicki 1972). Comparison s are also made with som e
measurements carried out at Roorkee.

2. Extra-terrestrial solar spectra l Irre dlance and solar
Constant

The electromagnetic spectrum emitted by the
sun extends fr~:lln about X-rays or wave length s
0 .1 nm to radiowaves of 100 metres. However.
"hout99.9 per cent of the sun's energy is found to
lie in the range from 0 .2/, to 9.01" As recommen­
ded by Thekaekara (1973) and also adopted by
C. I. E. (1972) as current International Standard
this ra nge has be~n con sidered in th is paper. Th ;
up~er curve of Fig. 2 shows Thekaekaru's d ist ri­
bution of the solar spectra l irradiancc (normal to
sun ~ays) for mean sun-ea rth distance. Accord ing
to this curve the value of the solar constant (integ­
rated spectral irradianee) is 135.3 mW/em ' 01'

1.94 ca l/em' /min.

J. t\l mospheric uttenuattcn of solar rndintion due to scat ­
tering

Two types of scattering take place in the earth's
atmosph ere. When the radii of the particles are
much smaller in comparison with the wavelength,
i.e:_ roughly .~ O. I It fl , R~ylci gh scalte~ i ng is Hp­
plicable. This holds goo d III the case 01 ai r mole­
cules. The spectral rad iation intensity after dcple-
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