(#4185 15m/00 %8 A/k2R

EEERIK

I i AR A ] TR B P 1 K BH B V53 rb i o A

AW, # T, Fl, REE, BRLE

IR R BEDT R BT, = r BB 650500

FEE  KBH AR TSR 5 R PH LT 27 3 25 6 b THT R B 4 S 250008 e 1 550 K BH AE 422 028 T e 48 0 1) R BH A . L6
FOUT 552 R R M5 ) 45 4 D 2 R 2 2 T U R R T A7 ZEAR R 2 5 A0 R B A 19 1 50 2 s K B O 7 22 0 2%
b B9 SR 0 R OR BE G 7E e BT B AR AT A . A% S8 T vk SR T R BR A A AR A 1 3R K BH 2 Bl JLAE AR G TH ELY
Feah SBEOM G B B oy B 44 . LU @ AR R R PR AR O 22 61, 3% 4 43 A 7 G e] 1 ) O ik ar A 4k S 4R D 19
23 [A] A 13 06 e Moo 2k 2 3k % T IS I 110 7 )47 S R R S D 3R T 2 B R T Al B AR I I D) B A A T 45 1 R ik
T 5% 45 S 0 7R < MR 4% 52 R 75 B2 0k 45 A HE S A B A B 2R AT LA R R T A )6 2R A R S A R 0k ST T L A9 A S A IO 2R A
R E TR £ 0 T B AR 1o B ARBCIE R S T A T R AE RO U B AR N 0 = AL R

FEE UG RIJLMAE ;s st ARG A bRifde s KBHIRER &8 8%

FESES TK511 XEAFRERRS A doi: 10.3788/A0S202141.1508001

Application of Vector Algebra in Solar Energy Calculation of
Fixed and Tracked Solar Panels
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Solar Energy Research Institute, Yunnan Normal University, Kunming, Yunan 650500, China

Abstract  Solar energy calculation aims at calculating solar radiation collected by a solar receiver using solar
geometry and radiation data. The essential calculation includes the incident angle of solar rays on the receivers and
the projection angle of solar rays on a specific plane, although the calculation procedure quite differs due to the
receiver differences in structure, orientation as well as optical characteristics. To date, the spherical coordinate
system is taken as the basis for describing the law of solar motion and related calculation. However, such a
conventional method makes the calculation process complex. In this article, taking the fixed and tracked solar panels
as case studies, it is analyzed in detail that how to use vector algebra for coordinate transformation, how to select
and establish coordinate systems, and how to use vector algebra to analyze the spatial angle relationship between line
and line (plane) as well as the spatial transmission law of solar rays after mirror reflection. The analysis results
show that the calculation process of the incident angle of solar rays on fixed and tracked solar panels as well as the
projection angle of solar rays on a specific plane can be greatly simplified by selecting and establishing a reasonable
coordinate system according to actual needs, and vector algebra is very suitable for analyzing the three-dimensional
transmission process of solar rays within a reflective linear solar concentrator.
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Fig. 4 Schematics of shading distance between non-southern faced buildings. (a) Schematic of non-southern faced buildings;

(b) projection angle of sun rays on vertical plane consistent with orientation of building
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Fig. 6 Normal vector of polar axis sun-tracking solar panel in equatorial coordinate system. (a) Projection of normal of

tracing solar panel on XOZ coordinate plane; (b) projection of normal of tracing solar plane on XOY coordinate plane
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Fig. 7 Normal vector of horizontal axis sun-tracking panel in horizontal coordinate system.

(a) N-S horizontal axis sun-tracking panel; (b) E-W horizontal axis sun-tracking panel
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Fig. 8 Newly proposed coordinate system and normal vector of INSA tracked solar panels. (a) Relationship between newly

proposed coordinate and equatorial coordinate systems; (b)normal vector of INSA tracked solar panels in newly

proposed coordinate system
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(a) Scheme of vertical axis sun-tracking system; (b) projection vector of o solar panel normal on horizontal plane
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Fig. 10 Sun-tracking efficiency versus time for different sun-tracking techniques. (a) Equinoxes; (b) winter solstice
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Fig. 12 Tracking efficiency versus time for different tracking systems. (a) Equinoxes; (b) solstices
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