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A Study of Collector Slope Angles for Acquiring Maximum Solar
Radiation for Various Periods
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ABSTRACT: The objective of this research is to study the variation of optimum slope angles
of collectors for seven regions in Korea, which are Seoul, Gangneung, Daejeon, Daegu, Gwangju,
Busan and Jeju. The results for 2000~2007 are analyzed to see if adjustment of slope angles is
necessary each year to receive maximum solar radiation. For an azimuth fixed solar collector, solar
radiation of yearly optimized slope angle during May ~ Sept.(summer), Nov.~Mar.(winter) and the
whole year are greater than the fixed slope angle by 0.03%, 0.0225, and 0.04%, respectively. For
an azimuth tracking solar collector, solar radiation of yearly optimized slope angle during May ~
Sept.(summer), Nov.~Mar.(winter) and the whole year are greater than the fixed slope angle by
0.03%, 0.07%, and 0.04% respectively. It is unnecessary to adjust slope angles each year for both
azimuth fixed and tracking collectors, since the gains are insignificant. Solar radiation of the azimuth
tracking solar collector during May ~Sept., Nov.~Mar. and the whole year are greater by 14.7%,
16.09%6, and 19.2% than the azimuth fixed solar collector.

Key words: Solar radiation(¥A}#), Optimum slope angle(# % A} Zt%), Azimuth fixed(*<]
344, Azimuth tracking("$1544]), Reindl model(Reindl = 2)
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C=1+ fsin3(B/2) 4)
=L/ 5)
Ly=10050—-A4,)1+cosB)C+ AR)  (6)
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cosf) = cosf ,cos B+ sind ,cos (y, — v)sinB (8)
Ar= by /1, 9
L, = I,/cosf, (10)
a=90—10, (1D
R, =1,/1 (12)
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Table 1 Solar radiation comparison
(Daejeon, 12 : 00 noon, June 21, 1997)(k]J/h/m*)
Program 7 4 L, Ip by I

EES 2690 1213 1477 2432 1052 1301 79
TRNSYS 2690 1242 1448 2427 1074 1274 79

Iyt

Table 2 Tracking mode of solar collector

Tracking
mode

o)) )
fixed fixed

Azimuth fixed wvariable

® @

variable variable
fixed

Slope
variable
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Table 3 Latitude and longitude

Region Latitude(®) Longitude(®)
Seoul 37.34 126.57
Gangneung 37.45 128.53
Daejeon 36.22 127.22
Daegu 35.53 128.37
Gwangju 35.10 126.53
Busan 35.06 129.02
Jeju 33.30 126.31




Table 4 Experimental and estimated solar radiations
@D : Simulation value(M]J/d/m’) @ : Experimental value(MJ/d/m’)
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Table 5 Solar radiation and slope angle for azimuth fixed collector

, @ : Solar radiation of yearly optimized slope(M]/d/m),

@ : Solar radiation of fixed slope(M]/d/m’), @ : Difference percentage between @ and @&)(%),
® : Slope angle range of @(°), ® : Averaged optimum slope angle for 8 years(°®)

Summer(May ~ Sept.)

Winter(Nov. ~Mar.)

Year(Jan. ~Dec.)

@ ) ® @®@ ©® ® | © ®@ ®© 6 6|0 © @ 6 6

Seoul [11.825|14.120 14.116 0.026 10~16 13.50 | 13.141 13.139 0.013 50~54 52.71 |13.433 13.428 0.036 30~37 34.31
Gangneung |12.750| 15.016 15.015 0.008 11~15 13.38 | 16.778 16.778 0.004 55~57 56.21 |15.020 15.010 0.067 30~40 37.63
Daejeon |13.620|16.350 16.348 0.013 12~15 12.88|15.422 15.414 0.052 51~53 51.71|15.588 15.587 0.005 34~36 34.81
Daegu [13.344| 15648 15.647 0.008 9~13 11.25|15.695 15.683 0.082 48~54 51.50(15.201 15.196 0.032 32~38 34.50
Gwangju (13.794| 15921 15915 0.037 5~14 11.00|16.615 16.601 0.087 49~54 51.57|15.847 15.846 0.006 34~37 35.38
Busan [13.815/16.193 16.191 0.009 10~14 12.44 | 16.871 16.866 0.029 52~57 54.07 {15979 15.976 0.021 32~38 35.63
Jeju 13.109] 16.960 16.958 0.010 8~12 10.06 | 11.181 11.179 0.011 44~48 45.71 |14.112 14.107 0.033 22~28 26.00
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Fig. 2 Solar radiations for various periods and
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Fig. 3 Solar radiations for various periods and
optimum slope angles(Seoul)(Azimuth

tracking solar collector).

Table 6 Solar radiation and slope angle for azimuth tracking collector
@D : Total horizontal solar radiation(M]/d/m’), @ : Solar radiation of yearly optimized slope(MJ/d/m’),

® : Solar radiation of fixed slope(MJ/d/m*), @

: Difference percentage between @ and @)(%),

® : Slope angle range of @(°), . Averaged optimum slope angle for 8 years(®)

Summer(May ~ Sept.) Winter(Nov. ~Mar.) Year(Jan. ~Dec.)
@ @ ® @ ® ® ) ©) @ ® ® ) ® @ ® ®
Seoul | 11.82515.823 15.819 0.029 33~40 35.94 | 14.672 14.670 0.013 56~60 58.29|15.440 15.439 0.008 46~49 47.56
Gangneung| 12.750 |17.081 17.077 0.021 34~39 37.00|19.588 19.587 0.005 61~63 62.43|17.895 17.891 0.021 50~53 51.75
Daejeon | 13.620 |18.657 18.654 0.016 35~39 37.06 | 17.741 17.741 0.001 59~61 60.07 | 18.473 18.473 0.001 49~50 49.38
Daegu | 13.344 [17.973 17.959 0.081 33~42 37.56 | 18.368 18.357 0.061 56~64 60.43|18.252 18.237 0.084 46~55 50.13
Gwangju |13.794 |18.875 18.827 0.257 26~46 39.19|20.022 20.005 0.085 58~64 60.71|19.701 19.693 0.039 49~56 52.38
Busan | 13.815|18.398 18.388 0.055 32~39 35.88(19.839 19.820 0.095 58~67 60.71|19.040 19.033 0.040 48~50 49.88
Jeju 13.109 [19.642 19.641 0.006 36~39 37.63 | 12.719 12.718 0.008 53~56 54.14|16.682 16.680 0.015 43~48 45.07
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