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A detailed study of diffuse solar radiation for Karachi is made. Estimated values of diffuse radia-
tion are obtained by employing different relationship as given by Liu and Jordan, Page and Iqbal. From
the standard method diffuse solar radiation on various inclined surface are also estimated. The result
obtained from these relationships are in good agreement. It has been found that the diffuse solar radia-
tion attains a maxima during the months of May and June. .

INTRODUCTION

To design a solar system and predict its performance
and efficiency, a knowledge of solar radiation pattern of
the area under study is a pre-requisite. If the global solar
radiation incident on a place is known, the magnitude of
diffuse solar radiation can be estimated. So one has to de-
pend on the parameters such as sunshine hrs per day, day-
length, humidity (percent), temperature, number of rainy
days etc. to estimate the global solar radiation incident on a
particular location. Employing these parameters, estimates
of the global solar radiation falling on a horizontal and in-
clined surface has been made [1&2] . Furthermore the char-
acteristic dist~ibution of global, direct and diffuse solar
radiation has also been analysed [3] . These studies provide a
guideline to the workers engaged in solar energy research at
Karachi.

GLOBAL AND DIFFUSE SOLAR RADIATION; Hand Hd

The global solar radiation which is received at the
earth's surface is usually composed of two main compo-
nents namely; direct and diffuse (scattered plus reflected)
radiation. The direct radiation comes from the sun in the
absence of clouds whereas the diffuse component of the
global radiation is obtained from scattering in the atmos-
phere. The diffuse radiation appears throughout the day
with cloudy as well as with clear sky. The value fluctuates
from unity (densely overcast) to 0.1 (extremely clear sky).
The present study is made.in order to investigate thorough-
ly, the availability and seasonal variation of the dijiuse
solar radiation from the recently developed relatio~ps
of Page [4], Liu and Jordan [5] and Iqbal [6] given for the
estimation of the diffuse solar radiation.

ESTIMA TION OF DIFFUSE SOLAR RADIATION: Hd

Page [4] developed a correlation between daily global
radiation and its diffuse component for location between
400N and 400S and suggested the use of the following
relationship.

Where KT = H is the clearness index, Hd the diffuse
Ho

radiation, and Ii and Ho being the global and extraterrest-

rial solar radiation respectively. The theoretical correla-
tion between Hd/H and I(T for the estimation of diffuse

solar radiation has been given by Liu and Jordan [5] . These
theoretical correlations were mathematically expressed by
Klien [7] as

H
d -2. - 3;- = 1.39-4.027 KT + 5.531 KT -3.108 KT' ... (2)

H

Where Hd' Hand KT have their usual meaning as

stated in eguation{iJM. I~al 16t in_his relationsh~p, em-

ployed parameters such as Ho' Hand KT for the estimation

of diffuse solar radiation and recommends the use of the
following equation,

Hd
-- = 0.958-0 .982 KT' (3)
H

The KT values for Karachi in all the three relationships



Difuse solar radiation on horizontal and inclined surface

as developed by Page, Liu and Jordan and Iqbal has been
taken from the work of F. Ahmad et.al [3]. The diffuse
solar radiations are obtained for Karachi using equation (I),
(2) and (3), Monthly variation of the daily diffuse solar
radiations are shown in Fig.1. alongwith the average value
from the three relationships. From the Fig. it can be seen
that there is an agreement between the estimated values
obtained through Page [4] and Iqbal [6] equations through-
out the year while the results obtained from Liu and Jordan
[5] are lower in com_parison to the other two. For the win-
ter months January to March and October to December Liu
and Jordan [5] and Page [4] produce almost identical
results. However, in general, there is a good agreement
between: the values obtained from relationships developed
by Page and Iqbal. The low values obtained in case of Liu
and Jordan could be due to the shade ring correction which
they did not take into account. On the average from the
estimated results obtained for Karachi, equation (3) yields
the maximum whereas equation (2) gives the lowest values
of the diffuse solar radiation throughout the year..

DIFFUSE SOLAR RADIATION ON INCLINED
SURF ACE; Hd.

1

The knowledge of horizontal global radiation is re-
quired in order to predict the efficiency and performance
of a solar collector. A solar collector can absorb solar radia-
tion for various orientation with respect to the horizontal
position. The titled surface of the solar collector "sees"
scattered and reflected radiations from atmosphere and
ground, besides direct radiation which comes directly from
the solar disk. Estimation of the diffuse solar radiation fall-
ing on inclined surface is made for the first time for Kara-
chi, assuming the isotropic distribution of diffuse radiation
over the whole of the visible sky hemisphere. The relation
employed is derived from Liu and Jordan [8] and is of the
following form.

Hd. 1 + Cos~ Cos2 0,
1___ = = (4)

2 2

Where Hd. is the diffuse solar radiation on inclined
1

surface and Hd ' the diffuse solar radiation on a horizon-
o

tal surface, e is the tilt or inclination angle.
The ratio of the diffuse solar radiation on inclined sur-

face to that on a horizontal surface; Hd. / Hd is plotted in
1 0

Fig.2 to show the effect of increase of inclination angle.
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Figure No.2. Diffuse solar radiations for various inclined surface
at Karachi, Pakistan. latitude 24°.54'N

The maximum variation from the horizontal value Hd is
o

calculated for vertical orientation (or Q = 900) for which
the diffuse radiation values are almost 50% less than what is
obtained for horizontal surface (e = 00

).

The tilt or inclination angle selected for estimation of
diffuse radiation !\Ie. 150, 300, 450, 600, 750 and 900.
In Fig.3, the variation of diffuse solar radiation has been
shown for summer (APR, MAY, JUN & JUL) and winter
months (OCT, NOV, DEC &IAN). From the Fig. it is
quite evident that the magnitude of diffuse solar radiation
in summer is higher as compared to winter months, though
the trend of variation with the increasing angle is almost
.similar.



16 Firoz Ahmad and S.A. Hussain

100-

N~ 4.0..,
::;;

2.0

oL __ -L__~ __~ __~ __~ __~~
o 15 30 45 60 75 90

Inclination ongle ,tdegrees)

Figure No.3. The effect of tilt on diffuse solar radiations at
Karachi, Pakistan. latitude 24°.54'N

STATISTlCAL DISTRIBUTION OF
DIFFUSE SOLAR RADIATION AT KARACHI

The seasonal variation of diffuse solar radiation is
caused mainly by the degree of cloud cover, atmospheric
dust, and presence of water vapours and ozone etc. in the
atmosphere. From the estimated values of diffuse solar
radiation at Karachi, an upper limit on the radiation values
can be placed. The maximum contribution from the diffuse
radiation comes in the month, May and June. This being
the monsoon period at this part of the globe and a high
percentage of diffuse radiation is expected (low- KT

values). It is seen that even under extreme sky conditions
(KT<S.Q.,36Lthe diffuse to global ratio does n~ exceed
0.50 (Hd/H), for Karachi (3), whereas for high ~T ~alues
(above 0.70) the contribution of diffuse solar radiation to
global radiation (lid/H) is not more than 20 per cent (Ibid).

The sky condition for a particular location is predicted
on the basis of percentage of direct and diffuse radiation
contributing to the global. The season-wise breakup of the
average value of diffuse radiation gives us an idea about the

sky conditions at Karachi.

Months Diffuse radiation
')

(MJ/m- per day)

Nov, Dee and Jan.
Feb and Oct.
Mar,Apr ,Jul,Aug,Sept.
May and lun

Between 2.1 and 4.2 (clear sky)
Between 4.2 and 6.3
Between 6.3 and 8.4
Above 8.4 (overcast)

From this breakup, we conclude that sky at Karachi is
very clear during the winter months (Oct- to -Dec.Jan &
Feb), with the diffuse radiation Hd lying in the range of 2.1
and 4.2MJ/m2 per day. The sky conditions are fairly clear
for the summer months (Mar,Apr, Jul-to-Sept.) and a poor
sky condition is exhibited in the monsoon months May and
June, during which contribution of diffuse to global radia-
tion attains a maxima and transmission through clouds
goes to minimum (low KT -values).

The present studies regarding the availability and sea-
sonal variation of diffuse solar radiation at Karachi for hori-
zontal and inclined surface will serve as ready reference as
far as diffuse radiation approximations are concerned.
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