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Design data for direct Solar Utilization devices
Part II - Solar Radiation data

H. P. GAHG and C. L. GUPTA

Celltml BuiMillfl Research Lnstitute, Roorkee

(R"""iVetl 7 May 19G8)

AB.'ITH. A('T. Thi" peper report s the computed v"luf'll of eonvcrslon (ac tor fur obtaining tht' valorul of mean
monthlv dailv tnta l ;lola I' r.lCii,\t ion rl'reiv.·!1 0 11 tilk'l Rllrrlll":('~ from thf" availahll' records on hori zon tal KurCacrl
for four will~·lr IWparat("1 1 Indian citi es. The lln~ll's nf ti lt selected art' normall v used for flat plate collec tors
d ueing vnriuus 1W'1I1lO1U1 uf the year. ~11\3.Mln..d vahU',;, of the rat.io of diffu I to t.ots{ 801ar radiation have been used
for l>t·lhi and POOIlR. and computed values fll!' Calcutta anrl )bdrM. Liu an,1 .Jord an 'e formulae based on t he
eeeum pt iou of An isot ropic sky have been em ployed ,

1. Introduction

The avnilahi lity of data regarding solar radi a
tion at tlny place is an essential pre-requisite for
deciding the techno-ec~nomic feasibi lity of solar
utili zat ion und subsequcnt design of the equipment.
The Iud ia Met<,()r(llo~ical Department publishes
t he solar rudintion data in 111oll lMy Radiation
Bulletins, in tho form of daily and somet imes
hourly va lues of total solar radiation intensity
on a horizontal plane. In most of tho cases, only
actunl sunshine hours are recorded and onlv in
very few onees, the values of diffused racli;tion
on horizontal plane are given. For th e deisgn and
feasibility studies ou flat plate collectors, however ,
it is es.'icntial to know the total incident solar rad ia
tion including the diffuse one, when th o collecto r is
inclined at an opt imum angle (Garg and Gupta
1967) correspomling to the critical season of use,
For thi s purpose, it is convenient to know the
conversion factors for t ilted surfaces for a single
representative da y of each month . Liu and Jordan
(1967) have tabulated these conversion factors only
for direct rad iat ion and r age (1961) II..., assumed
an empirical relation for the rati o of di ffused to
total radiation to get such values for total radiat ion
for various latitu des, Van Straaten (1961) has
computed the ac tual valu e of radiation received by
ti lted surfaces for cities of Sout h Mrica and ~Iorse

(1958) for the cit ies ill Aust ralia. No such data for
tilted surfaces, relevant to the tilts used for sola r
devi ces, seems to be available in liternture 80 far for
Indian cities. This paper sock, to report such
data for four principal Indian cities, characterist ic
of the respect ive latitudes and climates : Delhi,
Poona, Calcutta and )Iadru.s.

2. Compulatloa procedure

As reported by Ward (sec Ref.), tim hourly con
version factor for direct radiation for a t ilted sur-

face with any general orientation with reference to
normal radiation intensity in terms of celest ial
co-ordinates is given by the cquation-

1,~ IINIl = cos 0,

I,~ = Direct hourly solar radiation
intensity 011 ti lted surface ,

whero [ N/1 = Norma l and hourly bea m radi a tion
intensity

Cos 0, = (cos fJ sin L - Kin fJ co. L COg </» sin 8
+ (cos fJ cos L + sin fJ sin L eos </»
X co,"! 8 cos W + sin fJ sin tP cos SHin (I)

(1)

and fJ = Tilt with respect to horixontal

L = Latitude
</> = Azimuth angle with respect to south

direction

8 = Solar declination in the relevant
data

'" = Solar hour angle at the particular
hour with respect to solar noon ,

Further, for the radiation on horizo ntal surface, the
angle of incidence i. deduced fro m t he following
expression obtained by purely geometrical con
siderations-e-

I Ill
- - = coo O/1
IN~

I B~ = Direct hourly solar rad iltUon in tensity
011 horizontal surface

where COSOJI =cos Lcos8 cos ., + sin L Bin 8 (2)

I,~ = ~ = R DU (3)
Hence, I JI~ COB OB

where RVIl = Hourly conversion factor for direct
radiation.












