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The determination of the optimum inclination angle of

solar energy collectors and calculation methods
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Abstract; The typical annual meteorological data of Fuzhou area were analysed. Fuzhou is rich in

solar radiation with a large number of sunshine hours, which shows that the solar energy and air en-

ergy resources in Fuzhou are superior. Considering the variation of solar cosine effect, solar radiation

amount and hot water load, the best inclination angle of certain collector was calculated by three dif-

ferent methods. The inclination accuracy and the corresponding auxiliary heating quantity were com-

pared to maximize the system solar energy utilization to provide reliable theoretical support for practi-

cal application of solar heat pump system.
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Tab.1 Monthly meteorological parameters of typical meteorological year in Fuzhou
Ay 1 2 3 4 5 6 7 8 9 10 11 12 &AFF
AR/ °C 11.3 11.7 13.9 181 23.2 263 29.1 28.6 26.1 228 182 13.6 203
HSEH#48 KR/ C 11.8 12.0 16.1 185 23.6 250 30.2 29.0 26.0 23.0 182 11.9 20.6
HE AR L/ % 72.8 763 850 79.8 77.5 80.8 76.1 76.2 732 71.1 69.9 76.0  76.2
H -7 B KT K BH B
o 5 41 47 49 54 78 75 90 7.6 81 50 48 3.0 6.0
A/ (M) - m™)
H 55 B K R BE s
o . 31 36 40 63 65 87 93 89 56 69 41 39 6.0
WA/ (M) - m™)
H Y8 1 K R BH
e , 71 84 89 11.7 145 156 183 165 141 11.8 88 6.9 11.9
BRSHR/(M] - m™)
H B0/ h 111 88 117 136 164 191 251 244 160 206 138 127 161
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Fig.1 Annual dry bulb temperature hours distribu-

tion at all levels
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Tab.2 Cosine efficiency of solar light incidence at

12 noon at different inclination angles ( dips)

cosf,

/0
S 1A 2 H 3H 4 H 5H 6 H

7H 8 H 9A 10 A 11 A 12 A

-15 0.4696 0.5869 0.7248 0.8506 0.9250 09511 09406 0.8868 0.7801 0.6354 0.501 7 0.4372

-10 0.5447 0.6552 0.7821 0.8932 09546 09744 09666 0.9237 0.8316 0.7003 0.5751 0.5139
-5 0.6157 0.7185 0.8334 0.9290 0.9769 0.9903 0.9853 09536 0.8768 0.759 8 0.644 2 0.586 7

0 0.6820 0.776 4 0.8783 0.9577 0.9918 0.9986 0.9964 09762 09154 0.8136 0.7084 0.6550
5 0.743 1 0.8283 09167 09791 0.9992 0.9994 0.9996 09914 09470 0.8611 0.7672 0.718 3

10 0.798 6 0.8740 09480 0.9931 0.9989 0.9926 0.9960 0.9990 09714 09021 0.8201 0.776 2
15 0.8480 09130 09721 09995 09911 09782 0.9844 09991 0.9884 0.9363 0.8669 0.828 2

20 0.8909 09451 09888 0.9984 0.9757 0.9564 0.9653 09915 0.9979 0.9633 0.9070 0.873 8

25 0.9271 0.9699 09981 0.9896 0.9529 0.9273 0.9389 09765 0.9998 0.9830 0.9402 0.9129

30 09562 09875 09997 09734 09229 0.8912 09053 09540 0.9941 0.9953 0.9663 0.9450
35 09781 0.9975 09937 09497 0.8858 0.8483 0.8649 0.9242 09808 0.9995 0.9851 0.969 9

40 0.9925 0.9999 09802 09188 0.8420 0.7989 0.8179 0.8874 0.9601 0.9970 0.996 3 0.987 4
45 0.9994 09947 09592 0.8809 0.7918 0.7435 0.764 6 0.8439 0.9321 0.9865 0.999 4 0.997 4

50 0.998 7 09819 09309 0.8363 0.7356 0.6824 0.7056 0.7940 0.8970 0.9685 0.9961 0.999 2
55 0.9903 09617 0.8956 0.7854 0.6738 0.6162 0.6412 0.7380 0.8551 0.9431 0.9846 0.994 7

60 09745 09342 0.8534 0.7285 0.6069 0.5452 0.5719 0.676 4 0.8067 0.9106 0.9656 0.9820
65 09512 0.8996 0.8048 0.6660 0.5354 0.4701 0.4983 0.6097 0.7521 0.8711 0.9393 0.961 8

70 09208 0.8581 0.7500 0.5985 0.4598 0.3914 0.4208 0.5383 0.6918 0.8250 0.9058 0.934 3
75 0.8833 0.8101 0.6895 0.5265 0.3806 0.3098 0.3402 0.4628 0.6263 0.7727 0.8654 0.899 7

80 0.8391 0.7560 0.6238 0.4504 0.2986 0.2258 0.2570 0.3839 0.556 0 0.714 4 0.818 5 0.858 3

85 0.7885 0.6961 0.5534 0.3709 0.2144 0.1401 0.1718 0.3020 04815 0.6507 0.7654 0.8103

90 0.7319 0.6309 0.4787 0.288 6 0.1285 0.0533 0.0854 0.2178 0.4033 0.5821 0.706 4 0.756 2
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Tab.3 Optimum inclination angle of collector in each month and the whole year

H 1y 1 2 3 4 5 6

7 8 9 10 11 12 A

91 B o’ (%) 47.0 391 28.6 16.7 7.3 3.0 4.9 125 238 356 449 49.1 260

12888,,/(°) 545 442 296 13.0 05 -5

0 -27 13 22.8 394 51.8 57.1 26.0
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Fig.2 The cosine efficiency characteristic curve of solar light incidence at fixed slope at 12 noon
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Fig.3 The cosine efficiency characteristic curve of solar light incidence at 9 am in the morning
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Fig.4 The cosine efficiency curve of solar light incidence at 9 am in different months
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Tab.4 The designed hot water load in different months at a students’ apartment

H Ay 1 2 3 4 5

6 7 8 9 10 11 12

POKMAF/M] 979.33 97527 891.97 843.20 739.58 711.14 605.48 629.86 690.82 751.77 849.30 977.30
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Fig.5 The required annual auxiliary heating capacity

of collectors with different inclination angles
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Tab.5 The optimal inclination angle of heat collector and annual auxiliary heating amount vs per capita heat collec-

tion area

AP EREA/m> 0.4 0.5 0.6 0.7 0.8

0.9 1.0 1.1 1.2 1.3 1.5 1.7

B /(%) 254 262 267 30.6 31.9

34.5 40.8 40.9 409 40.8 409 40.8

TR B/ M) 5 623.27 4 826.64 4 029.87 3 316.04 2 734.63 2 254.53 1 878.24 1 538.34 1 192.13 923.59 486.68 126.62
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