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Abstract: - A theoretical and practical study was conducted to the incident solar radiation intensity on a
horizontal surface and another making an angle 30° with the horizontal at Basra province, Irag, during the years
2006 and 2011. The results showed that the intensity of solar radiation increased significantly (p<0.05) as
daylight hours increasing reaching a maximum value of 740 “W/m? at midday and then decreased after that. This
was found to be the trend throughout all months of the two years of our investigation. The intensity of solar
radiation varied from one month to another. In addition, the solar radiation falling on the inclined surface is
higher than that falling on a horizontal surface. The study also found that there was a significant difference in
the intensity of solar radiation between 2006 and 2011. Empirical equations of the fourth order were developed
to predict the incident solar radiation on a horizontal, as well as another inclined surface in the Basra province
(south of Iraq)

Keywords: solar radiation, Basrah, horizontal surface.

l. INTRODUCTION

The performance of any solar thermal system depends on the solar radiation available to it. Solar
radiation is characterized by it’s variability. Even when abundant, it varies during the day, reaching a maximum
at noon when the path length through the atmosphere is the shortest. Unless the collector is continuously turned
to face the sun, the sun changing altitude and azimuth will reduce the collected heat below the potential
maximum. The hours day light also vary seasonally, being the shortest in winter when the need for heat is the
greatest [1].

A know ledge of the local solar-radiation is essential for the proper design of building energy systems,
solar energy systems and a good evaluation of thermal environment within buildings [2, 3, 4, 5, 6 and 7]. In the
design and study of solar energy, information on solar radiation and its components at a give location is very
essential. Solar radiation data are required by solar engineers, architects, agriculturist sand hydrologists for
many applications such as solar heating, cooking, drying and interior illumination of buildings[8]. Predicted to
be the clean energy of tomorrow, solar energy has been in the forefront of energy development in many
developed countries and a potential source of energy to developing countries like Malaysia[9].

Madhi [10] Found in the city of Basrah, the measured and calculated solar radiation intensity that
incident on the inclined surface 20 deg. angle in September 1984 was increased with the increase in daylight
hours and up to the maximum value at midday and then down to the end of the day, when daylight hours 9, 10,
12, 14 and 16, the values of the measured solar radiation intensity were 965, 1070, 945, and 500 W/m? also, the
calculated were 770, 910, 990, 850 and 450 W/m? respectively.

Sabbah [11] stated that the highest value of incident solar radiation intensity on the sloped surface by
angle of 35 deg. in Saudi Arabia in the midday is 1330 W and its lowest value is 805 W at four o'clock pm. As
mentioned Jensen [12] In Ghana in January 2000 that the incident solar radiation intensity on the sloped surface
of 30 deg., when daylight hours are 9, 10, 12, 14, 16 300, 600, 820, 670 and 500 W/m? respectively. Sebaii [13]
in Egypt, are explained that the intensity of solar radiation on 4 August 2000 is reached to 1010 W/m* at
midday, then decreased to 300 W/m? at four o'clock pm. [14 and 15] were confirmed that the incident solar
radiation intensity on inclined surfaces was increased with increasing daylight hours and up to a maximum at
midday then decreased thereafter.

The average of intensity of solar radiation in Australia is reached to 27.1 and 19.4 on 20 January and 18
March 2000 respectively [16]. Katiyar & Pandey [17] stated that the maximum of solar radiation intensity in
India was 700 W/m? at midday in July. Because no detail studies about incidence solar radiation intensity in
Basrah province during different times, therefore the aim of present study to investigation the incidence
theoretical and practical solar radiation intensity on the Basrah province and study it’s changes during different
times.
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1. MATERIALS AND METHODS
Solar radiation intensity was measured by pyranometer device which manufactured by Kipp and Zonen
company, Netherlands, type CM11. Theoretical results were compared with practical also; mathematical
equations have been resolved by the Excel program to extract the values of theoretical solar radiation intensity.
A factorial experiment with completely randomized design was used. LSD test at 0.05 significantly level was
used to compare among treatments means using SPSS software [18]. The monthly average of solar radiation
intensity was taken to three different days of each month.

Theoretical solar radiation intensity calculation
Theoretical solar radiation intensity has been calculated according to [1].
The following empirical equation is recommended for calculation of declination angle:

(N —80)
8§ = 23.45sin [— 36[!] 1)
370
Where & is Declination angle, N is the day number in the year .
Equation of time is calculated according to [19].
k=5
EOT Z[ﬂ (EnkN)+3 .(EnkN)]
= CoS sin
Q . K 365.25 k= \365.25 2
=0

Where A, < B, k are constants and EQT is time of equation, can be obtained from [1 and 20].
Solar time is the time used in all of the sun-angle relationship; it does not with local clock time [21].

1
ST=Z+ E(Lsﬁt — L) +EQT ®)

Where L_. is the standard meridian for the local time zone (in Basrah province is 40). L, . is the longitude of

the location (in Basrah province is 47.78). and the longitudes are in degree, Z is the local standard time (hour)
and ST is the solar time.

Taken positive signal when the city is located east longitude local authorized record in the local time and is
negative when the city west of the standard meridian, In regard to the Basrah province taken negative sign.
solar hour angle(w) Is displacement sun from noon [22].

360
w=— (ST—12)
24

(4)
The zenith angle(©,) and it’s complement the sun altitude (<) are then given by: (Lunde.1980)
cosB, = sin « =cos@cosd cosw + sin@sin § )
Incident angle (Ellj Is the angle of the fall of solar radiation on the surface of the solar collector.
cosB, = cos(@ — ) cos bcosw + sin(@ — ) sind (6)
Where (@] is the latitude, (5) is the solar declination and ([8) is the solar collector angle.
Direct normal irradiance (Igy) is calculated from the equation (7):
Ipy = AEXP.(L‘D_BBEZJ (7

Where (B) is the extinction Coefficient and (A) is apparent extraterrestrial solar intensity.
vertical effect for direct radiation falling on a horizontal surface (I, Jis calculated from the following equation:

The incidence diffuse radiation (1) falling on the horizontal surface is calculated from the following equation:
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Id =cX IDN (9)
Where c is a constant.
The total incidence solar radiation (L, ) falling on the horizontal surface is:

Ith = Ih + Id (10)

The direct solar radiation falling on the inclined surface (1, )is calculated from the following equation:
I, = Iy, cosB, (11)

The diffuse solar radiation falling on the inclined surface (I3, )is calculated from the following equation:
Idt = Ithg + p(Ih + Idess (12)

Shape Factor (Fsg] is used to rectangular surfaces and calculated according to Farber (1977).

_ 1—cosp
Fog =—— (13)
Angle factor (F._) is calculated from equation (14):
14cos B
Foo=— (14)

To calculate the incident direct solar radiation on a horizontal surface will compensate equations (8, 9, 13 and
14) in the equation (12):

Lo, = [¢222R 4 p(C+ sin o) 2E] 1, (15)
So that the total radiation falling on the inclined surface( It ) be:
IT=It+Idt (16)

When compensation equations (11) and (15) in equation (16) which can calculate the solar radiation intensity
falling on the inclined surface:

1+ cosf — cos B] an

1
It = Ipy ccrsEll+CT+p[C+sinocj 5

1. RESULTS AND DISCUSSION

Observed from Tables 1 to 4, which show the incidence theoretical and practical solar radiation
intensity on horizontal surfaces and another making an angle 30° with the horizontal during the daytime hours
for all the months of the years 2006 and 2011. The theoretical and practical solar radiation intensity falling on
horizontal surfaces and inclined surfaces with angle of 30 degrees has increased significantly (P<0.05) with
increasing daylight hours and reached a maximum value at 12:00 noon then decreased thereafter to reach the
lowest value at four o'clock pm for all months of the year 2006 and 2011. This is due to the Earth's rotation on
its axis and as a result change solar angles with daylight hours, which include zenith angle and altitude angle
and azimuth angle and reaches the value of the last to zero at midday and to great value at sunrise and sunst as
well as changing the angle at hour angle with the daylight hours. These results are agreed with [10, 13,13,14, 23,
and 24] Who confirmed that the intensity of solar radiation increases with increasing daylight hours and up to a
maximum value at midday then reduced after that.

The reason for the emergence of the differences between the theoretical and practical intensity of solar
radiation because the theoretical values based on the intensity of solar radiation outside the atmosphere and the
extinction Coefficient and coefficient of solar radiation scattered calculated the cities of the United States by the
meteorological stations in which, and the circumstances of those cities are different from the conditions city of
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Basra, which led to the occurrence of these differences. As the escalation of light dust in the air reduces the total
solar radiation energy hands-on despite the survival of the sky is clear this is the inherent advantage of the
summer climate of the southern city of Basra where dust billowing in the afternoon most days. The results
showed that the incident solar radiation intensity on a horizontal surface and another making an angle 30° with
the horizontal was vary from one month to another in 2006 and 2011. This is due to the different sun inclination
in different seasons. In the summer months the northern end of the axis of rotation of the Earth is tilted toward
the sun and be a day longer than the night at each position of the northern hemisphere and the sun is closer to be
perpendicular to the surface of the earth. Also noted Lunde [1] that the energy of solar radiation outside the
atmosphere changing with the seasons of the year as a result of changing the distance between the sun and the
earth. For example, the average intensity of solar radiation falling on a horizontal surface in January 2006 was
530.09 W/m? and in the July was 620.7 W/m?,

The results also showed that the correlation between the theoretical and practical solar radiation
intensity was significantly (p<0.05), as well as the coefficient of determination R? ranged from 0.752255 -
0.99469 As shown in Table 5. Figures from 1 to 4 show the relationship between the theoretical and practical
solar radiation intensity, all the relationships are linear equations for all months of the year 2006.

Table 1. Incidence theoretical and practical solar radiation mtensity on honzental surfaces durmg the daytime

hours m 2008,

year solar day hours .
months (radiation| 9 | 10 | 11 | 12 | B | W | 15 | 16 |
— La |55851 72071 | 82227 | 85544 (81777 T12.04 | 54636 [334.76| 670.98
. I, |45754) 58450 | 64850 [ 711.14 | 67937 5B428 | 396.16 | 179.11| 330.00
February L |534.12| 69873 | B0O4.36 | 84291 (81150| 71248 | 35340 [34763| 663.14
. I, |3927)) 55823 | 693.50 | 753.56 | 738.01| 646.82 | 437.08 | 256.96| 539.61
March La |525.77| 68151 | 779.11 | 81098 [774.72| 673.06 | 51394 [31134| 633.80
I, (33178 49871 | 38915 | 64843 |603.15| 54336 | 42436 [22122] 48315
April Ls |50830 64881 | 73278 | 753.530 [70937| 60383 | 44553 [24985| 38130
I, |42997) 56419 | 668.24 | 71245 | 66751 577.15 | 49883 |276.86| 54940
Mav T 491.?1 624.[2';_1 701.40 31131 ?i‘ﬂ.i[ﬁ 564.70 -15:'5.59 21923 54970
’ I, (49138 60147 | 696.07 | 725.27 |710.00| 611.16 | 47432 [34319| 381.63
e Ls |467.14] 60055 | 68042 | 700.11 [658.07| 537.67 | 407.50 [22320| 536.83
I, |351.03] 63572 | 73175 | 68576 | 73093 66323 | 37983 |39963| 6224
Ty L |H4960 58690 | 67192 | 69727 (66103 566.11 | 42057 [23921| 53659
- I, |469.73| 62635 | 723.11 | 77931 |75335| 67283 | 54402 | 396.92| 620.70
August L, 46662 606.15 | 691.80 | 71648 [678.22| 580.09 | 43035 [24409| 551.73
= I, |42294) 58725 | 663.67 | 71021 |694.19| 617.10 | 46493 | 33949 56248
September Ls 53062 66898 | 74925 | 765.08 [71525| 603.63 | 43940 [23874| 58887
Iy |43992 57245 | 56094 | 67701 [66122| 586.09 | 45203 |30189| 5314
October La  |39196 ?25.?1 79971 !%I}S.Di ?414] 616.62 | 43784 |223.75| 618.02
I, |376.86) 466.71 | 61848 | 59943 |539.76| 46417 | 28539 [180.73| 442.60
Noverber Le |620.12| 75752 | B31.05 | 835.17 [769.56| 639.17 | 45439 [23284| 64249
Iy 39432 59435 [ 71635 | 702.73 |701.09| 54532 | 406.10 | 190.82| 33147
Decemher Lw 60400 75301 | 838.77 | 854.80 [80020| 678.75 | 49998 [27987| 663.69
I, |41990| 59509 | 73834 | 770.16 | 706.00| 546.41 | 49397 |195.62| 55819

Ly : theoretical solar radiation on the horizontal surfaces WL

I, - practical solar radiation on the horizontal surfaces Wim'
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Table 2. Incidence theoretical and practical solar radiahion mtensity on honzontal surfaces durmg the daytime

hours m 2011
year solar day hours
. . ETETaZe
month: | radiation| g 10 11 11 13 14 15 16
I, 40379 67003 | 76100 §60.65 B03E6 | 65336 | 30208 | 21780 39730
Jarmary — — = - -
: Iy 55851 72071 | 82227 B354 B17.77 | T1204 | 54638 | 33476 67098
Fehmary Iis STL79| 77705 | 6635 | S0043 83205 | 73274 | 61009 [ 40617 T16.00
B Iy 53412 S0ET3 | BD434 §42 01 B1150 | 71248 | 55340 | 347463 643.14
March Tiei S13T| 75057 | E0003 | 4058 | D3RR | THe5 66457 | 4135 71517
e I, 52577 68151 77911 §10.08 TI472 | 67306 | 513904 [ 31134 | 63380
aoril I GO2.20( 77705 | E7EA4 | ©I113 7136 | TR1AD | 50811 | 364907 | 7442
i I s08.30| 64881 | 7327 75350 037 | 60333 43553 | 24085 3B1a0
Mav I, 553.54| 716659 | 79242 §23.77 TROS0 | 60000 | 50145 | 382463 | 652.70
o I 40151 62404 | 70140 71731 7050 | 56470 | 40889 | 21923 549.70
; I 38306( 741.1% 3563 §al .63 B4067 | TETTO | 64040 | 48270 T21.41
mne
. 467.14 | 60055 | 68042 70011 63507 | S5TAT | 407350 | 3230 | 53483
I, SETO0| 87000 | 99500 | 103000 | SEOOO | 34900 | 72000 | 82000 B45.13
Tuly
I 44060 58699 | 47102 60727 66103 | 566.11 42057 | 23021 33659
I 0000 91400 | 102852 | 105981 | 0000 | 87228 | 66428 | 35205 | 77558
Augmst
I 466.62 | 650.15 | 79180 B16.48 67822 | 63009 | 53035 | 24400 60723
T TET05| 96006 | 107506 | 1032.13 | 89383 | TROOD | 63050 | 36613 | 82207
Leptamber
I 33062 | G6E0F | 74925 765.08 71525 | 603.63 43040 | 23874 SRRET
Tiei STT87( 692.1% | 70877 §70.10 §2326 | T3R.85 37304 | 37674 6R244
Cictober
Iy 010§ 72681 | 79971 §05.05 74242 | A16.42 43784 | 22375 | 61802
Tiei 40271 64504 | TE4E3 §40.10 §3852 | T43.73 35660 | 31469 ) 653.27
Movember
Iy §20.12| 75752 83105 §35.17 THO56 | 63917 | 45430 | 363467 | 65BE3
I 58305 70750 | 70242 §20.60 72115 | 377.03 37156 | 30022 &10.09
December
Iy Go4.09( 753.01 | &38.77 §54 30 gB020 | 67875 40003 | 34694 ) A72.08

Iy, - theoretical solar radiation on the honzontal surfaces Wim'
I, - practical solar raciation on the horizontal surfaces Win'
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Table 3. Incidence theorstcal and practical solar radiation intensity on inclined siwfaces with angle of 30
depress during the daytime hoors im 2006,

h solar day hours
moaihs P everage
radiation L] j Li] 11 1z 13 14 15 G
Tren G9T 24| BTO_EE Qa3 G2 103070 Q88 .50 BET0.15 GRS S0 30523 B17.37
Tanueary
T 521.77 | 66088 T30.49 B00.0E T65.28 G§0.88 452.13 208.7T1 G003
Fiy o0 16| 892 8 101637 | 10481.35 | 102471 08 941 T21 .54 428 87 B44. 27
Febraary
Fo 460 46| 660_88 217.39 BES6.05 860 .62 TE5 .28 521.7TF 313 .06 G853 .05
F o T13. 38| ©01.73 101900 | 1057 20 | 1015.74 BI1.55 GOE oD 305_50 83652
Mflarch
o 433 .08 | 606 31 T13.10 TE3.87 T30.1T GGl .88 521 .43 S90.8%
Tren G85.85 05424 oTR.BS5 L2642 B00.55 GlD D To6.01
April
Fi 521.7T 800.07 85224 80006 G995 T GOE. T4 G583 0%
T 7224 01558 Q34 92 g20.89 T58.03 574 .32 T29 33
MAlary
Irp 573 .02 GO5_T0 801 .80 834 .80 819.13 TOD 55 558.24 7632
Tren G35.08 | TET.ST ETT. 79 Bo0 09 B52 61 T38.83 545 88 TO3.13
Jane
I G25.80 | Ti4. E4 g819.13 TEE. 00 819.20 T47.88 G661 TO3.47
Fiy §21.61 TE0_ 22 878.07 S DS BG5 .66 T55.85 SET. S0 T1O. 74
Fuly
) Fo 540 48| Ti3.0Z 81920 BE1.75 B33 95 TE5 .98 2T TR 47128 TOe 31
F o G55.67 | 82301 024,81 Q5376 Q0855 Tal .95 611 .65 30569 T46. 86
Ampest
o S5.12 Gos_T1 TE2.G7 B346.5% TI2.23 558.30 419 16 [ e
Tren T32.57 | oS00 g4 097 .78 1015.85 821.58 G204 30802 To4.386
September
Fi G453 9900 B34 848 | E15.027 | 983 034 857 808 | 459 959 61 25 TTE.ED
T TE5.05 045 T8 1032 26 | 1038.58 814.54 SO0 S0 808 23
Crotober
Irp 453894 | S58.30 T49 .53 T14.84 G645 26 558.30 347.85 27 84 53200
Fiy THD.0E | 936.66 102015 1024.80 950.34 801.84 SE0. .48 ToR. 42
Movember
o 45420 SE0.0nG g817.45 801.80 g01.80 G27.87 47308 G10.74
Fiy T36.5 ool 23 095 89 1013 .43 935324 819.22 G20 56 Te5 .96
December
Fo 460 60 | 660_88 217.45 85224 TE2GT G0E8.T4H 55621 2607 G21.73

Ty © theoretical solar radiatdon on the inclined surfaces W/~

i  practical solar radiation on the nclined surfaces W/m”™

Table 4. Incidence theoretical and practical solar radiafion inftensity on nclined swwfaces with angle of 30
degress during the daytime hours im 2001,

h solar day hours
moniths L EVEraAgE
radiation o 1 11 12 13 14 15 1d
T GeT. .24 870 _BE D93 52 103070 Qg8 50 870.15 GE3. .50 30523 817.37
Tanaeary
Trp 557.82 73510 E43_54 952.38 E01_ 148 T27.89 340,14 25170 G51.97
Fiy G 16 8o B2 101637 | 1081.35 | 102471 908 94 T21.94 428 87 B44.27
February
e G308 46 BG3 05 o059 18 100G 20 45 58 B8145.33 SET.OT 450 30 ToE.47
Fren T13.38 Q0173 101900 | 105720 | 101374 B91.545 SR oD 30550 B36.52
Mfarch
iy G5 44 843 54 DB5 30 108082 | 104082 829 93 T4E 30 278 01 TE.TT
Fo 854 28 054 24 oTEES oT5 42 800.55 Gl o 31797 T&6.01
April
e I GT3. 47 BG3 05 Q7279 102041 oG5 00 B70.75 T3 47 42177 BOT.82
Fi G724 8X7.07 01558 L3492 880_80 T58.03 574.32 2T0_50 TI2o. 35
May
Iy G1lo.0s TO5 02 E77.55 211.56 E43_54 TS8.71 S64.63 442 18 T27.89
T G35.08 TET 57 STT_TO 8D g 852561 T38.83 565 88 267 33 TO3.13
Jumee
i 823129 Q2517 952 381 31.973 | B77.551 | 721088 | 557.823 80527
Tl Tren TEO_BE ET78.07 el o] 86566 T548.85 SET.50 288 38 T10.74
+
i TGE0_00 TEO 05 TH40.00 T20_50 TO0 O SR O G20_00 TO25T
Tren 823 01 024 .51 7 Q08_55 Tol.95 Gll.65 305.69 T46.85
Amsust
i T40_0D0 T &0 00 820,00 TAO.00 TO0 D G4 s GO0_00 T17.50
Fi T32.57 L0054 o778 1016 85 Q5§77 821.58 G204 30s.02 To4. 36
Seaptembar
Iy T20. 00 TEQ.OD S0 00 820,00 40,00 820 TED. 0D TI0.00 TE5.00
Tren TES.05 45 78 1032 26 | 103858 054 32 814.54 540 50 285 TF7 B0E.23
Orciolbrer
Iy G45.26 TGEE_T1 84 35 oTX.TO Q11.58 823.13 G46.26 43537 T&L.05
Treen TED.OB LI6.66 1020.13 1024 280 O50_34 801.84 580 48 284 02 TR 42
MNowember
e 551.022 TIT7.35 58 98 L3050 QITo 50 828.57 G26.73 363.67 TIR.19
Tren T36.50 L0123 o5 g0 1013.43 Q53 24 819.22 S20.56 3ZT7.E0 Ta5.9G
Dhescembear
i G535 .0 TES_T] 87755 SOE. 16 E05.12 G422 85 41837 346 04 G785

Tpe : theoretical solar radiation on the mclined surfaces Wim™
JTap  pracical solar radiation on the inclined surfaces WM™
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Tahla 5. The comelstion coeffcient(R) between Incidence theorstical and practical solar radistion intensiry on
horizontal surface and inclined surfaces with angle of 30 dez

2004 011
Horizontal mﬂhg Horizontal in-?j:?:ed
30 30

Tamuary 0.99286 0.90460 0.96682 0957284
Febmary 0938274 | 084134 0.0042 0900272
Warch 0931904 | 0.8T7IR2 0977686 | 0.98B0066
April 0.966303 0.96234 0.99103 0988878
Wav 0978315 0.96423 0985728 | 0971088
Tume 0956898 | 0.95653 0955827 | 0937612
Tuly 0958335 0.93503 0.96414 0829001
Aungnst 0948237 | 0.94813 0983334 | 0921733
Septamber 0933868 | 0.92600 0972434 | 0.751235
(Oictober 0968655 0.95806 0940408 | 0935401
Hovembar 0.956332 0.95111 0873959 | 0.BB6201
Diecember 0941384 | 0958093 0982523 | 09509767

The relationship between the daylight hours and the intensity of solar radiation falling on the surface of the
horizontal and another making an angle 30° with the horizontal is the equation of the fourth order It
=a-+hot+b, t*+b,t>+bst* the coefficient of determination between them more than 0.96, as shown in Tables 6 and
7 are show that constants of the equation which governing the relationship between the daylight hours and the
intensity of solar radiation.

Table 6. The equations constants which used for prediction of practical selar radiation intensity on horizontal
surfaces m 2006 and 2011.

Vears months a by [ b b BE”
Jammiary 6704.8 25787 350.07 20.056 0.3808 0.9971
February 16843 62835 848.03 47839 0.9582 0.9973
March 55503 1304 -120.19 5202 0.1081 0.9963
April 7479 20354 -194.99 80835 01783 | 09877
May 14200 52042 702.92 39974 0.8115 0.9992
2006 Fume 12550 41114 48358 26.436 05512 | 0.9683
July 48252 21904 342.08 -20.843 0.4335 0.9995
Angust 4538.6 21173 33434 -20.561 0.4315 0.9947
September | 96633 33943 44138 23 847 0.452 0.9561
October 16364 -6200 836.45 49939 1.0424 0.9779
Movember | -87728 20743 -154.74 46771 00575 | 09931
December -15354) 43494 445 44 20.984) 03959 0.9703
Jamuary 34308 68331 157.07 -10.74 0.39:0 1
February 390.26 609,36 157.57 -10.669 0.2214 1
March 42555 693,49 135.66 -10.587 02212 1
April 54381 703,83 154.93 -10.59 0.224 1
May 651.7 72406 155.97 10649 0.2265 1
Tume 712.91 74305 156.86 -10.614 0.2245 1
2011 July 735.97 75529 157.48 -10.562 02218 1
Angust 33620 10570 12256 63.808 -1.2641 0.9692
September | 3522.52 69716 155.55 -10.719 02282 1
October 411.62 660.89 154.54 -10.876 0.2345 1
November 16225 61965 873.88 51.918 1100 0.9978
December 84286 34907 512.89 318 0.6739 0.9994
Jammary 34308 698331 157.07 -10.74 0.3959 1
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Table 7. The equations constants which used for prediction of practical solar radiation intensity on
inclined surfaces with angle of 30 deg. in 2006 and 2011.

The year months a by b, b, by B
January 10366 37877 S07.04 -27.832 0.3285 0.9075
February 19434 72418 97697 -55.083 1.1025 09972
March -7308 4 1909 3 17526 8.0225 01671 0.905

April 85066 2649 26221 12.403 02472 0.9864
May 16540 60283 21195 45125 0.9369 0.9991
2006 hme -13925 45881 54731 20 686 06179 0.9637
July 54823 2463 8 38364 -2337 04872 0.9094
Angust 3373 -24753 38996 -23.979 0504 09941
September 13080 48851 63339 -34.163 0.6473 0.9523
October 19589 =7400.6 10203 -59 444 1.2403 0.97a7
TWovember -10619 25023 -206.71 T.0652 01015 09027
December -17914 51473 -536.82 2571 -0.4895 0.9685
January 60855 -21373 2764 B -154.2 3.1308 0.97a
February 6704.8 -2578.7 339.07 -20.056 03808 09066
March -28536 BOT4 4 -1046.7 55.852 -1.1531 0.9966
April 4097 4 780.58 -19 867 -1.1168 0.0258 09992
May 5330.8 =252 8 411.15 -26.111 05669 0.9913
hme -5434.6 13139 92874 28559 -0.0451 09066
2011 July -33762 10893 12758 65.815 -1.2648 0.9966
Angust 22474 -T559 296377 -53311 1.0793 0.9677
September 22145 B46.53 -05.189 51768 01136 0.9835
October 18815 -6684 87834 -48 628 09590 0.9835
TMovember 11544 4341 4 589 59 -32.618 D.6248 0.900g%
Diecember 36382 -13129 1754.1 -100.69 20069 0.9081
January GO835 -21373 2764.8 -154.2 3.1308 0976
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fig. 2: Theoretical solar radiation vs. practical solar
radiation at diffrent months in 2011.
on the horizontal surfaces.
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fig. 3: Theoretical solar radiation vs. practical solar

radiation at diffrent months in 2006.
on the inclind surfaces of 30 deg. .
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200.00 400.00 600.00 800.00 1000.00 1200.00
theortical solar radiation W/m?
fig. 4: Theoretical solar radiation vs. practical solar
radiation at diffrent months in 2011.
on the inclind surfaces of 30 deg. .

Seen from Figure 5, which shows the average of the theoretical and practical solar radiation intensity
falling on a horizontal surface and another making an angle 30° with the horizontal. Theoretical and practical
solar radiation intensity falling on the surface of the inclined angle of 30 degrees was significantly (p<0.05)
higher than those falling on the horizontal surface, and also rate the incidence practical solar radiation intensity
falling on a horizontal surface and another on the surface of the inclined angle of 30 degrees in 2011 was highest
significantly (p<0.05) of those fallen in 2006.
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fig. 5: A practical and theortical solar radiation on
horizontal and inclind of 30 deg. in
2006 and 2011.

V. CONCLUSION
We can conclude from the current study that the intensity of theoretical and practical solar radiation is

change with daylight hours and up to highest value at midday. As the intensity of theoretical and practical solar
radiation is vary from one month to another. Empirical equations were concluded of the fourth order strongly to
predict solar radiation in the southern city of Basra. Intensity of solar radiation in 2011 was higher than in 2006.
We recommend conducting subsequent studies in the coming years to identify strongly increase solar radiation
in the southern city of Basrah.
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