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ABSTRACT

In this paper, an estimated of absorbed solar tiadiavas developed to determine the performandhef
solar collectors to develop best thermal energywersion system. The aim of this research is to ldgva
tool for predicting the performance of a flat-plagelar collector from knowledge the absorbed solar
radiation quantityAlso, the factors that affects on absorbed soldiateon value have been considered
These factors represented with collector tilt antie season changes that represented with morytbaof
that the global solar radiation on horizontal scefehas been measured, the location from the world
represented with the latitude, time interval reprtsd with hours of daylight from sunrise to sunset
Another optical factors affect on intensity of alimd solar radiation has been considered. Thesersac
correlated with absorptivity and transmissivitytbé transparent glass cover which represented (tyipie,
thickness, and number of glass covers). The re§udach factor was analyzed for different colleditir
angle, latitude of place, and solar hour angle.

Keywords: Global Solar Radiation, Flat-Plate Solar Collector, Absorbed Solar Radiation.

1. INTRODUCTION flux incident upon the collector is mainly affected
by the azimuth and tilt angles that it is installed
Global solar radiation is an importantGenerally, in the northern hemisphere the best
parameter necessary for most ecological modetzimuth is due south (facing equator), but the tilt
and serves as input for different photovoltai@angle varies with factors such as the geographic
conversion system; hence, it is of economitatitude, climate condition, utilization period of
importance to renewable energy alternative. Thi#éme, etc. Methodologies for the estimation of the
solar radiation reaching the earth’s surface depentiourly global solar radiation in a day on the
on the climatic condition of the specific sitehorizontal have been elaborated and proposed by
location, and this is essential for accurate ptestic many researchers, as they are reviewed in [3,4].
and design of a solar energy system [1]. AlthoughThe aforementioned methodologies are based either
solar radiation data are available in mosbn the analysis of recorded data [5-8] on
meteorological stations, many stations immodeling techniques based on the analysis of
developing countries suffer from a shortageneteorological data, like humidity, ambient
concern of these data. Thus, alternative methads ftemperature, wind speed, etc. in order to predict

estimating these data are required [2]. Solat (d,h) [9,10] where dis the number of day
radiation incident on a collector is composed of

three components, ie. the beam, diffuse an%Iarted from & January,his the hour angle. The
reflection from the ground, which have different@mount of solar radiation incident on the absorbing

dependence on the slope of collector, the sum Pr{ace at hany tlrr:stant depelln?ts don a:anugmerf of
these three components is called global radiatio clors such as the season, latitude, absorb surtac

Installing a collector properly can enhance Ité:haracterlstlcs (type, amount of thickness, number

application benefit because the amount of radiati ?\f layers etc.) and transmissivity of atmosphere as
reviewed in [11]. In this work, the effect of lotat

L]}
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change, time interval, season change and othfar a time interval (7:00 am-5:00 pm) of that day a
optical factors such as (types of glass coveg sample to estimate the incident total radiation o

number  of glI)assbc(cj)ver,l and ctjhic_knesrf of %'a%ﬂted surface | ; and absorbed solar radiatioB
cover) on absorbed solar radiation have e%r that location, month, and time interval as

estimated. demand to complete this work.
2. METHODOLOGY 2.2. Global Radiation Mathematical M odels on

2.1. Observed Hourly Solar Radiation Data on (Tilted Surface):

(Horizontal Surface): As most published meteorological data, which

The observation data used in present work w ives the values of hourly global radiation on
P orizontal surfaces, correlation procedures are

given in the form of hourly total irradiation on required to obtain insolation values on tilted

horizontal surface| which is measured at a g ifaces from horizontal radiation. Total hourly
specified times and locations as mentioned below

Th rat wial hourlv alobal radiatid solar radiation on a tilted surfacé() is normally
€ extraterrestrial hourly global raciatidr, on estimated by individually considering the direct

horizontal surface can be calculated for thes .

locations, [12] as follows: Beam (), diffuse (I;5) and reflected
12x3600 360,<dﬂ components [TR) of the radiation on a tilted
= X

| I H 0033 .
° T xx[ CO{ 365 surface. Thus for a surface tilted at a slope angle

. _ from the horizontal, the incident total radiatia i
(cosscoggsin, =) + 1 W singsing) - (1) given by [14;

Wherel . is the solar constant which is equal =l tlp tle ®)

. Several models have been proposed by
to 1367 W/n. The hourly clearness rati; can yarious investigators to calculate global radiation
be estimated as the ratio of terrestrial globabn tilted surfaces from the available data on a
radiation on horizontal surface to the extrateri@st horizontal surface. The hourly beam radiation

radiation on the horizontal surface as follows: received on an inclined surface can be expressed as
K, = |L ...... 2 [14]
0 ls=(-1)xR, .. (6)

The hourly diffuse radiation on horizontal
surface can be estimated as follows [13]:

ForK; < 022 diffuse radiation on a horizontal surface, aRyis

the ratio of the average hourly beam radiation on a
tilted surface to that on a horizontal surface. The
hourly ground reflected radiation can be written as
[14]:

4

ITd: 09511 0L60K, + 43882 - 16638 T 1 B3 |l g =1xp,L-cosB)/l2 .. @)
........ (3b) Where [ the collector slope is angle

ForK; 2 08 (degree), and p, is the ground reflection
|

-d = 0165 .(3c) coefficient (albedo). For surfaces located at the
northern hemisphere as mentioned at this paper, the
Then the hourly beam radiation on horizontatollector must be sloped towards the equator (zero
surface can be estimated as follows: azimuth angles). Then the beam radiation tilt facto

R, was calculated as follows [14].

I, =1 -1, 8) g 20080 _cost-Bcosp)cost) +sing - F)sing)
In this paper, the value of monthly average cosp) cosg) cosf) cosk) +sin@)sing)
hourly solar radiation that appear in this work has (8)

been takerfrom Iragi meteorological organization
and seismology for a specified month (the tenth da
of December) and specified location (Basrah city

Where | and |, are the hourly global and

|
Td =10-009%, . (3a)
For022< K, < 08

Where 6 is the solar radiation incidence
ngle (degree)Z is the solar zenith angle (degree),
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and his the solar hour angle (degree), which cafodifying Eq. (13) to give the absorbed radiation,
be estimated from the following equation such thafS, by multiplying each term with the appropriate
[14]: transmittance-absorptance product as follows[16]:

h=15x(AST -12:000 ... 9)

Where AST is the apparent solar time, S=(I—Id)X&X(ra)b+%“(1+cosﬁ)><(m)d+
which means the sun position before, after, and at
local solar noon (when the sun at meridian of the-x o, x (1-cos B)x (ra ); ==
observer). So the hour angle has a negative value ( )
before local solar noon, positive value after local Where(Ta')b,(Ta')d, and \7a@), are the
solar noon and zero at local solar time (whetransmittance-absorptance product for beam,
AST =12 :00pm). The hour angle that used indiffuse and ground-reflected radiation components.
Eqg. (8) may found from the midpoint between any The  transmission, reflection, and
two sequent hours, such that, when the time @bsorption of solar radiation by the various pafts
calculation of hourly solar radiation was happened@ solar collector are important in determining
between (12:00 pm and 13:00 pm), then the tweollector  performance. The  transmittance,
hours was substituted in Eq. (9) once for firstthoureflectance, and absorptance are functions of the

to give first hour anglly, and another for second incident solar radiationli; ), glass thicknessl(),

hour to giveh,. Then the final hour angle that used'€fractive index of glass covern(, extinction

in Eq. (8) is the average value of these two Valuegoefﬁcient of the material K ), and _nu_mber _Of
Also, ¢ is the latitude of place (degree), ahi glass cover N ). When a beam of radiation strikes

the declination angle (degree) which is found equdh€ surface of a transparent plate at arfjjealled

to [15]: the radiation incidence angle. Part of the incigenc

o= 2345><sin[360(284+d)/36ﬂ _____ (10) radiation is transmitted through the glass cover an
Whered is the Julian day ranging from 1 the reminder is refracted to andlg, which called

(at 1 January) to 365 (at 31 December). The sk radiation refraction angle. Angléand &, are

diffuse radiation can be expressed as [15]: not equal when the density of the plane is differen

lp =Ry >l (11)from that of the medium through which the

Where R, is the ratio of the average monthlygﬁ;ﬁf'solr;xzvsegilgxg [tm(]) angles are related lgy th

average daily diffuse radiation on a tilted surfaxe sing

that on a horizontal surface. The details of the2=—7% ... (15)
calculation depend on which diffuse-sky model is™  SiN¢:

used. In this paper, Isotropic diffuse concept bpn a Where N and N, are the refraction indices. A

hourly basis was used, which means the value @fnical value of the refraction index is 1.0 for,ai
R, was estimated using the following equation ag.526 for glass as used in this present work.

follows [15]. Expressions for perpendicular and parallel
—h+cossll2 12) components of radiation for smooth surfaces were
Ry [1 COS,B]/Z o . (12) derived by Fresnel law, [14] as follows:
Finally the total radiationl; incident on a - sin2(92 -6) (16a)
e . == a
south-facing collector tilted at an ang]ﬁ to the 0 sin? (92 +91)

horizontal surface can be calculated as follow$:[16

2 —
|T:(|—|d)xa+'§(1+cogg+12x,%x(1—coss') ------ (13) _tan(o, - &) (6, ~6))

" tan?(6, +6,)

Similarly, the transmittance,7, (subscript
2.3. Radiation Transmission Thorough Glazing  rindicates that only reflection losses are

Cover (Absorbed radiation): considered) , can be calculated from the above two
components as follows [15]:
The prediction of collector performance 1=t 1-t
requires information on the solar energy absorbegdr =0. e (17a)
by the collector absorber plate. The solar energy 1+r, 1+r1,

incident on a tilted surface can be found by

124



Jour nal of Theoretical and Applied Information Technology
31% July 2012. Vol. 41 No.2 N

© 2005 - 2012 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSN17-3195

But for a glazing system oN covers of same (a/a,), =1+2034510°4,, - 199x10° 2, +

material, it can be proven that: 5324x10°6F. — 4799%10°6" (23a)
La— 4 APRTTRR

I, = O.l{ 1- " + 1-r, J ...... (17b) While,

1+ (2N _1)r|-| l+ (2N _1)rD (a/an)g :1+ 2.0345X10—306’g _ 1.99X10_49§g +

The transmittancd,,, (subscript aindicates

_ @ _ 5324x10°6°, — 4799x10°¢° ... (23b)
that only absorption losses are considered), can be 9 9
calculated as [15]: Where 6, and 6, are the effective
Ty :exp(— K XL/COS@)) ------ (18)  incidence angle in (degrees) for diffuse radiation

WhereK is the extinction coefficient (which and ground reflectance components respectively.
can vary from 4 for low quality glass, to 32ih @, is the absorptance at normal incidence angle,

for high quality glass), andL is the thickness of the which can be found from the properties of the

glass cover. Then, the total transmittance for absorber cover. In this work this value was taken
beam radiation component becomes: equal to (0.91) for three radiation components as
T, =T, XTI, . gj1 mentioned in literature [15]. Now, the total

transmittance-absorptance product for diffuse and
ground reflectance radiation components can be
then be obtained from the following equationestimated in same manner that estimated for beam

depending on the angle of incident of bea - .
radiation componenty) can be obtained from [17]n|]ad|at|on component, after using,, and ge,g

The proper transmittance ratifw/a,) can

as the new incident angles for diffuse and ground-

as follows: reflectance components from Eq. (15) to (21)

— 9 _ -4 02 . .
(ala”)b =1+20345x1074, - 199x1076, + Subsequently, Eg. (21) can be used to f(ad),
5324x107°6° - 4799x10°6" ... (20)

] and(ra') . Finally, each value of transmittance-
The reflectance of the glass cover for diffuse 9

radiationo, , which used in this paper was found@Psorptance  product (Ta) for three incident
radiation components are substituting in Eq. (b4) t

from the following equation: find the net absorbed radiation on collector swfac

For (K.L =0.0125, p, = 015),
(K.L =0.0370, p, = 012), and 3. RESULTSAND DISSCUSSION

(K.L =0.0524, p, = 011) as mentioned in the Figure (1) shows the transmittance-

work [15]. A reasonable approximation ofabsorptance product for beam radiation component

traqsr_n|ttance-absorptance product for bea m)b versus collector tilt anglg for different
radiation component for most practical solar

collectors is given by the following equation asincident angle§,, and different K.L product

[17]: values. As shown, the transmittance-absorptance
(m)b =101x7, ><(cr/a'n)b xq, ... (21) product value does not affect by collector tilt leng

For a given collector tilt anglf, the @S shown clearly in Equations (15) through (21),
following empirical relations can be used to find®Ut depends on value of incidence artjjle and
the effective angle of incidence of diffusé,(,) value of the KL product.

and ground-reflectanceﬁgvg) radiation can be Figure (2) demonstrate the transmittance-
estimated as follows [18]: absorptance  product for diffuse radiation
6,, =597-0.13883 + 0.0014973° ... (22a) componen(ra')d as function of collector tilt
6,, = 900-0.57883 + 0.00269F> ...... (22b) angle8 for different incident angle8, and

The proper transmittance rat(@slan)d, different K.L product values. The general behavior

) show that, as the collector tilt angle increases,

(ar an)g can then be estimated as follows g ses the transmittance-absorptance product to be
increases too until reach to maximum value at

depending on the effective incidence angﬁg)(as ; . .
certain value of tilt angle approximately between

follows:
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(40°>-50°) then decreases to minimum values afadiation has maximum value at Februaty=47)
(B=90). rather than January d(=17) or December
(d =344), due to decreases in solar declination

angle (0) which affects on extraterrestrial
Phdiation intensity as clear in Eq. (1).

Figure (3) illustrate the transmittance-
absorptance product for ground-reflected radiatio

component(ra)g versus collector tilt anglg at

. . o . Figure (8) shows the extraterrestrial hourly
different incident radiation anglék, and different radiation versus hours of daylight (7:00am to

K.L product values. As clear in this figure, as th%:OOpm) at different latitudes (30, 40N, 5C°N)
collector tilt angle increases, causes to thgy january month. This figure illustrates the
transmittance-absorptance product to be increasggyiation in solar radiation intensity value due to
until reach to maximum value at collector rightyariation in position of solar collector. That mean
angle when(G =90). as the collector keep away from the equator plane
(¢ =0°), the solar radiation intensity decreases, due
Figure (4) clarify the transmittance- to increase in radiation traveled distance and
absorptance product for beam radiation componef{crease in angle of incidence of solar radiatuat t
(Ta)b as function of incoming radiation incidencemay incident at high value to horizon at north pole

when (¢=90"), while decreases as approach to

numbersN . As the glass cover numbers increasechuator .plane when the radiation is approximately
causes to decreases in transmittance—absorptalf)ceerpend'Cmalr to earth surface whep<0").

product values, also as the incoming solar radiatio Figure (9) illustrate beam radiation tilt factor
incident angle increases causes to decrease in tAf function of collector tilt angles at different

) . daylight hours (7:00am-12:00pm) for a specified
product until reach to minimum value a{)l(:go‘))_ moyntgr]] (Januar(y), and at pSp)ecified IF:)cation

Figure (5) and Figure (6) illustrate the(¢:3O°N). As shown in this figure, the beam

transmittance-absorptance product for diffuse anfgdiation tilt factor .has ma.ximum value at time
ground-reflectance radiation components versJ§terval between (7:00am-8:00am) and this value

. . was increases as the collector tilt angle increases
collector tilt anglel for different collector glass ; . gie |
until reach to maximum value at certain tilt angle

covers numberhl - In two figures, as the numbervalue. Due to the large guidance that needed to
of .glass cover increases, cause to reduce direct the incident radiation on collector surfase.
radiation losses and this reduction in losses dépenthis time interval value was substituted in Eq. t8)

on the optimum collector tilt angle as shown irbive maximum value foR,. Again, for all time
these figures. '

angIeHlfor different collector glass covers

intervals, the value ofR; is raised as collector tilt
Figure (7) illustrate the extraterrestrial hourlyangle increases till reach to maximum value at
radiation (that estimated outside of atmosphergertain tilt angle values.
versus hours of daylight (7:00am to 5:00pm) for

different months represented with Januatly=17), Figure (10) shows beam radiation tilt factor as

February @ =47), and Decemberd =344). As function of collector tilt angles at different tatides
shown from this figure, there are two variations i{ ¢ =3°N, 4N, 5FN) for a specified month

solar rad.iat.ion -intens-ity, ﬁrStly, the variatiorf o (January), and at speciﬁed time interval (8:00am-
solar radiation intensity from hour to hour of theg:00am). As clear in this figure, for constant
daylight, which means when sun moves across th®llector tilt angle, the larger value of latitugizes

sky from shine time through Ioca] §o|a_r nooN e highest value oRR, due to the larger amount of
Secondly, the variation in solar radiation intepsit

value from month to another or from season téftitude that substituting in Eq. (8) which make th
another due to inclination of earth rotation axiglumerator of this equation has high increments in
during the seasons. As example, for northerlR value.

hemisphere of earth as mentioned in this work, the

earth rotation axis is towards sun during summer g re (11) illustrate beam radiation tilt factor

months, and trend keep away from sun at wintefs fynction of collector tilt angles for months of
months. In this figure, it is clear that the solar

126



Jour nal of Theoretical and Applied Information Technology
31% July 2012. Vol. 41 No.2 N

© 2005 - 2012 JATIT & LLS. All rights reserved

SATIT

ISSN: 1992-8645 www.jatit.org E-ISSMN17-3195

January @ =17), February (| =47), and December 4. CONCLUSION

(d =344) for a specified hourl(=7-8 am), and at
o . . 1. The monthly average hourly global
specified location ¢ =30°N). Since at December . . iy
) ) " radiation on horizontal surfacd for specified
month the sun has low altitude in the sky, whichy.ation and month was taken from Iraqi

cause to collector to be tilted away from horizontayeteorological organization and seismology. The
to make the solar radiation incident at right ar@le onihly average hourly extraterrestrial radiation

near of it. While at February month the day IengtF? .
is increased and sun has an altitude higher than rp Was calculated from Eqg. (1) depending upon day

December and January months, which cause tieimber, specified location, and time interval aftth

collector to be arranged at low sloped angle. day as a purpose to calculate tg value as clear
Figure (12) demonstrate beam radiation til n Eq. (2)

factor versus daylight hours (7:00am-5:00pm) for T

different collector tilt angles =10>-60") at a
- . . components were computed from global solar
specified location ¢ =30°N), and specified month L . o
radiation | on horizontal surface for a specified

(January). As clear from this figure, firstly: theosition. But this value was taken as a sample for
vales of beam radiation tilt factor decreases for agnother locations and seasons to complete the
tilt angles at time intervals (7:00am-12:00pm). fTha
means, when sun rises from horizon till reach t&
local solar noon, then the guidance of solaand absorbed solar radiation on collector surface

radiation requires minimum tilt factor value. 3. The incident radiation on tilted surfalceis
Secondly: as the collector tilt angle decreasem th

the tilt factor R has little effect on incident solar
radiation value.

2. The beanh and diffuse |, radiation

ecessary prediction for incident solar radiafion

consisting of three components (bebm,

diffusel 15, and ground-reflectandey ) as shown
in Eq. (13), and it was affected by collector tilt

Figure (13) demonstrate different types ofangle 8 and beam radiation tilt factor.
solar radiations values versus daylight hours
(7:00am-5:00pm) at a specified collector tilt angle

(=107, for a location of ¢ =3(°N), day number ©f placeg, solar hour angll, declination anglé

of (d=344), and (for a single glass covern addition to collector tilt anglg). Again
K.L =0.0524 per sheet) to estimate the absorbellector tilt angle was appeared in first termiof.

solar radiatior5. As shown from this figure, the (5). All above factors are affected on incident
value of incident total radiation on tilted surfaceradiation | and subsequently on absorbed solar

|+ is higher than total solar radiation on horizontatadiationS .

surface | that measured at this location and time - All of the above factors that affects on

interval. This is true due to the effect of beanfPsorbed solar radiation in addition of another
diati ' it f h ke th | optical properties such as (type, thickness, and
radiation filt factor R, that make the solar numbers of collector glass cover) which

radiation directed towards solar collector. represented with transmittance-absorptance product
for beam, diffuse, and ground-reflectance
Figure (14) shows incident and absorbed solastomponents that appear in Eg. (14).

radiations versus daylight hours at different rhent' 6. The value of(Ta')b depends on radiation
(December, January, February) for a collector tilt

angle (8=10°), for a location ¢=3(°N), for a incidence angle 6, which estimated from
numerator of Eq. (8), then substituted in Eq. (b5)

estimate the radiation refraction andlg). So it

Finally, Figure (15) demonstrate incident antjepends on number of collector glass cdMerand

absorbed solar radiations versus daylight hours L ; ;
) : .L product factor that associated with type and
different latitudes (3, 40N, SON) for a thickness of collector glass cover.

collector tilt angle equal § =10°), for a December 7 The values oi(m')d and (m,)g depend

4. The value ofR, was affected by (latitude

single glass cover, ani.L =0.0524 per sheet.

month (d =344), for a single glass cover, and

K.L =0.0524 per sheet. on number of collector glass coveN and
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in addition
(instead of))

K.L product factor
incidence angled, ; and &,

which may calculated from Equations (22a,b)

depending on collector tilt angf@. These values

of O,4and 6, are used as incident angles in

[12]

Equation (15) to get the radiation refraction angl¢13]

«92 for diffuse and ground-reflectance components.

8. This paper considered with winter months

(December, January, and February) only due

important of this season on solar water heatin

4]

technology that may applied on flat-plate solar

collector at any location and at time intervals.
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