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Abstract

The performance of a solar collector is affectedt®prientation, its slope angle with the horitadmplane and the earth
reflection coefficient. In the present article, thyigimum slope angle and the optimum slope and @hirangles of solar
collectors are calculated utilizing Liu, Klein akthy models in Mazandaran-Iran. The results showat the energy
reached to the collector oriented at optimum slapgle increased about 25.4% comparing to the haiatmne
utilizing Liu model. This was about 31.28% and %Pa/for the collector oriented at optimum slope amonuth angles
utilizing Klein and Hay models, respectively. Moveo, the results showed that the collector oriertieHay optimum
angles received significantly more energy. Finalhe effect of earth reflection coefficient on timaximum radiation
reached by the collector oriented at Klein and Hpymum angles was investigated. The results shdhegtdncreasing
of the earth reflection coefficient increases theximum reached radiation.
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Introduction

Solar systems, like any other systems, need topaeated with the maximum possible performance. This be

achieved by precise design, construction, instatiatand orientation. The orientation of the calleds described by its
slope and azimuth angles. Generally, in the nonthemisphere, the installed collectors are orietaettie south. Many
researchers have been carried out to calculatebést slope angle for such systems. Some of thesge far

example 3, = @+20° ( HC Hottel,1954)83,, = @+ (L0 - 30°) ( Course Symp,1954)(3,, = @+10° ( GOG
Lo"f, RA Taybout,1973) and@opt =@-10° (J. Kern J, I. Harris,1975). Many investigatiom®w that the optimum
tilt angle is related to the site latitude. Fortame, Duffie et al. suggested t, = (¢+15) +15(J. A. Duffie, W.

A. Beckman,1982). Mujahid obtained the optimum arfgk different latitudes frod0° to 50° and showed that only
10% of energy is approximately wasted by fixing sodar collector at the optimum slope angle (M. atigl,1994).
Ibrahim showed that changing the slope angle mgnthlses it to receive more energy compared txea fsolar
collector during the year (D. lbrahim,1995). Babitained the optimum slope angles of different pdaiceMalesia (S.
Bari,2000). Yakup et al. calculated the monthlyimopim slope angle and also obtained the hourlyyda#@asonal, and
yearly optimum slope angles in Dar-Salam (M. Yak@&pQ. Malik,2001). Sharia et al. calculated thdimpm slope
angle using the TRNSYS software (University of Vdissin, Madison, WI) in Ordun (Shariah, Al-Akhras M; 1. A.
Omari,2002). Qiu et al. analyzed the optimum arfigtesome cities of Macrocosm and reported the aptinslope

angle,BOpt =@+10 (G. Qiu, S. B. Riffat,2003). Alonge et al. repretgel a mathematical model in some cities in

Nigeria (F. Alonge, K. Oje, K,2006). Ulgen calca@dtthe optimum angle in the Izmir of Turkia (K. ©fg2006).
Elminir et al. did the same in Egypt (EIminir et24106). Gopinathan et al. represented the optimiapesand the
azimuth angle by a new mathematical method forIsaiftica (K. K. Gopinathan, N. B. Maliehe, M. |. Mplo,2007).
Samareh Salavati Pour et al. developed a computgram and calculated the monthly optimum tilt @hghd the
monthly optimum slope and azimuth angles of satdlectors during the year in Isfahan-Iran (Sama&alavati Pour et
al.,2010&2011).

In the present paper, in order to obtain the mawrinmionthly total solar energy during a year, thempin tilt angle
alone and the optimum slope with azimuth anglessid@nation have been calculated utilizing LIU, Kahd Hay
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models in Mazandaran-Iran. Then, the total solargnfor these three cases is compared. Finakkyeffect of earth
reflection coefficient on the maximum radiatione®®d by the collector is investigated.

M athematical model
The information of solar radiation in different pés exists as the radiation on the flat surfacéngJthe following

mathematical models, solar radiation on slopedaseris calculated. Total daily radiation on a stbperfaceH is
the sum of beam radiatidd ; , diffuse radiationH g and reflective radiatiohl ;.

H; =Hp,+H +H, 1)

The first method for calculatiot ; in this paper is an isotropic method which isadticed by Liu (B. Y. H. Liu, R.

C. Jordan, 1991). The monthly average radiatiotilbsurface is calculated using this method. Tdpproach is merely
used for a collector with zero azimuth angles.his tnethod beam radiatidr 5, diffuse radiationH 4 and reflective

radiation H  are calculated as below:

(2-1)
Ha =HL- TR,
1+ cos, (2-2)
Hs =Hq( 2_'3)
1-cos (2-3)
He = Ho, (-5
So total daily radiation on tilt surface is:
H 1+cos 1-cos, 3)
Hy = H =29+ H, (%) 4 1p, (05

Where S is tilt angle, O, is earth reflective coefficientd; is total radiation on tilt surface anld is total radiation

on flat surface. In the recent equatié®) is the average beam radiation on sloped surfaddedi by average beam

radiation on flat surface. For a surface with z&zonuth angldR, is calculated as below:

R = cos@+ ) cosgsi.na_)S +(71/180 0, si_n(goJ_r t6’)sin5 (4)
cos) coso sinw, + (71/180 w, sin(@) sind

Sunset hour angléaws) , sunset hour angle for a sloped surféed.) and sun declination angd) are defined as
below:

w, = cos*(—tangtand) ()
10— (6)
&, = min cos_ (-tangtan?d)
cos™ (—tan(p= B) tand)
284+n (7

0 =2345sin360——)
36&

H 4 in equation (4) is the diffuse radiation on flatface and is calculated using bellow equation:

_ [Hx (@391~ 356K, +4.189K? - 2.137K?) ifow, < 142 (®)
“|Hx(@311-3.022K, +3427K? -1.821K?) fow, > 142
K; is the average radiation on flat surface to treraye irradiance radiation and defined as below:
H (9)
AT

[o]

H, Irradiance radiation is:
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(10)
H, = 24x3600x G a+ 0.03&05%) X (cospcososinw, + 7126802 singsind)
T £

Gq. , sun constant radiation is about 1384(/ m?) [5].

All mentioned equations are used for both northsmath hemisphere.
Hay presented another method to calculate totahtiad with the effects of azimuth angle (J. E. H&979). In this

method, Rb is the same for both north and south hemisphesethe obtained data for January in north hemisphee
used for July in south hemisphere.

R, ={cosBsindsing(w,, — w, )(71/180) —sindcospsin Bcosy(w, — wy )(71/180) + (22)
COSYCosO cosB(sinw, —sinw, ) + cosocosysingsin B(sinw, —sinw, ) —

cososingsiny(cosw, —coswy )} {2cospcosdsinw, + (77/180 w, Singsind]}

AB ++/ A2 — B2 (23)
@, =—-min| a.,cos? * 1
Sr S n2 1

ify <0

_ 2 _p2
@, = min| c,,cos™ AB Az‘ B"+1
A +1

24
o o, AB-VA?-B?+1 @4
Wy =-—min| w,,Ccos 5
A +1
ify >0
o 4 AB+VA?-B?+1
Wy = Min| w,,cos )
__cosp  sing (25)
sinytang tany
. (20)
B = tang| 0P _ . sing
tany sinytang
Monthly total radiation due to this method is cédted as:
1-cos H-H 1+cos H-H (26)
Hr = (H = H)R, +Ho,(-22%F) vy Lo Ha g 1y (120056) H = Mo
2 H, 2 H,

In this equation,H , is irradiance radiation.

Results and discussion

The needed parameters in the three explained magetsprovided from the Iranian Metrological Orgaation (IMO)-
Mazandaran. Mazandaran is located in the nortlaitadie of 35° eastern longitude of 52° and heafti4m from the
sea area. Solar radiation on a flat surface inhree explained models was obtained from the IMCafperiod of seven
years (2006-2013) in Mazandaran. A pyranometer shaw-igure 1. was used to measure the solar radian the
flat surface. The total solar radiation on the homtal surface is given in Table 1. As this taldhews, the maximum
solar energy is in June, which is about 25.12 @y/and the minimum is in December, which is aba@8q{w/n?). The
earth reflection coefficients are also given in [Eab. These coefficients for different ground cevare given in Table
2. In the present paper, these three models (Luakd Hay) are used to calculate solar radiatioa sloped surface.
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Figurel- Pyranometer for measuring radiation energy

Table 1- Information of months
Month N [5] Pyq H(MJ/ m?)

Jan 17 0.27 9.47
Feb 47 0.27 14.23
March 75 0.27 15.77
April 105 0.18 17.31
May 135 0.18 22.68
June 162 0.18 25.12
July 198 0.18 23.51
Aug 228 0.18 23.14

Sep 258 0.18 20.58
Oct 288 0.18 15.62
Nov 318 0.18 9.51
Dec 344 0.18 7.78

Table 2- Earth reflective coefficient for different groundvers

Ground Cover Reflectivity
Dry bare ground 0.3
Dry grass land 0.3
Desert sand 0.4
Snow 0.5-0.8

3.1 Monthly optimum slope angle

In the first part, using solar radiation on flatfage and equations, monthly average total radiadiothe sloped surface
is calculated. The result shows that monthly optmalope angle for June and July is negative andatol must be set
to south in these months.

3.2 Monthly optimum slope angle and azimuth angle

In the second part, the results of Klein and Haylel® are used. The results show that the maximwerggrdue to KT
model is inB=60°andy=0°for January and if=31°andy=78° for July. Moreover, the maximum energy ig#d4°and
v=44° for March and is if=38°andy=44° for September. The results of the optimunatiltl azimuth the angles for all
months due to KT and Hay models are illustrate@idhle 4 and 5.
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Table 4- Monthly average optimum slope and azimuth angteraaximum radiation on the collector in Mazandaran

(KT-Model)

Month  B°  °  HMJI/m?) Percent
of Gain

(%)

Jan 60 0 16.72 76.52
Feb 52 0 21.32 49.80
March 42 42 19.48 23.54
April 32 60 19.07 10.19
May 31 74 23.77 4.83
June 31 82 25.80 2.71
July 31 78 24.36 3.61
Aug 32 64 25.05 8.27
Sep 38 44 24.55 19.28
Oct 48 33 21.57 38.06
Nov 55 0 15.32 61.06
Dec 60 0 13.81 77.51

Table 5- Monthly average optimum slope and azimuth angteraaximum radiation on the collector in Mazandaran

(Hay-Model)
Month  3°  p°  HmMmI/m?) Percent
of Gain
(%)

Jan 58 0 19.79 108.97

Feb 51 0 25.21 77.14

March 35 0 23.48 48.90
April 35 1 22.90 32.27
May 35 1 26.31 16.00

June 35 180 28.53 13.56
July 35 180 26.48 12.64

Aug 35 1 27.71 19.74

Sep 35 1 28.04 36.26

Oct 45 0 25.62 64.00

Nov 53 0 18.52 94.79

Dec 57 0 16.53 112.42

3.3 Effect of earth reflection coefficient on the maximum radiation

In this part, the effect of earth reflective coeiffint on the optimum slope and azimuth angles hadrtaximum solar
radiation are investigated. The results show that maximum total radiation on the collector incesaslue to the
increase in earth reflection coefficient.

Conclusions

1. The maximum and minimum optimum slope anglesvedrtained as -1.42° and 60.36°, respectively usioigopic
Liu mode in Mazandaran.

2. Yearly optimum slope angle was obtained to 3drlMazandaran. This angle is nearby the latitudglea of
Mazandaran.

3. The results showed that total radiation duringar with optimum slope angle comparing to totaliation during a
year on flat surface increased 25.4%.
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4. The results showed that total radiation duringear with optimum slope and azimuth angles comgato total
radiation during a year on flat surface increase@8% due to KT model. This was 57.76% for Hay nhode

5. The results showed that the maximum radiati@thed to the collector increases with the increasinthe earth
reflection coefficient.

6. The results showed that the collector must Is¢éalled in a region of Mazandaran with the hightreaeflection
coefficient.

® On horizontal Surface  ® Liu Model = KT Model  ® Hay Model

5
a 4

Jan  Feb March April May June July Aug Sep Oct Now Dec
Manth

Total Radiation on the Collector |M]/m"2)
-
&

Figure6- Comparison of maximum radiation on the colledtodifferent cases
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