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Fig. 1 Schematic of beam-down concentrating solar

tower system
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Fig. 2 Structure of the heliostat
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Fig. 3 Top view of beam-down concenstrating solar
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Fig. 4 The view of beam-down concentrators
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Table 2 Geometric parameters of BCs

i BTk e
BC1 BC2 BC3
A BRI E L/m 1.1463  1.1369  1.1463
TFATEAKE L/m 2.1305  2.1418  2.1305
AT R BE L/m 1.643 1.643 1.643
RHR4% R/im 10.4584  10.3328  10.4584
ST S/m? 2174 8.0440
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Fig. 5 Global and local coordinate systems
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Table 3 Geomelric center coordinates for each assembly in the

global coordinate system(m)

il 1% %, Ye 2
H1JLfafrfcs -5.35 2.650 1.300
H2 JLfafrfcs 0 6.850 1.300
H3 JLAf il 5.350 2.650 1.300
BC1 JLfarrfats 2.000 2.650 5.000
BC1 Bk -5.215 2.650 -2.571
BC2 JLfarrfts 0 0.650 5.000
BC2EK.C> 0 7.506 -2.731
BC3 JLfrrfuy -2.000 2.650 5.000
BC3 Bk 5.215 2.650 -2.571
F 0 2.650 0.500
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Fig. 6 Schematic diagram of heliostat tracking angles for

beam-down concentrating solar tower system
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Fig. 7 Ideal tracking angles of central sub-mirrors of three

heliostats as a function of local time in the typical days
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Table 4 Tracking angle difference of sub-mirrors for

H1,H2 and H3 in summer solstice( °)

% HTHiid BB, BB, DB, i
1 4.574 6.011 4.642
2 3.570 4.691 3.622
3 2.557 3.359 2.594
4 1.538 2.018 1.559
5 0.513 0.673 0.520
6 -0.512 -0.672 -0.520
7 -1.534 -2.013 -1.561
8 -2.551 -3.345 -2.599
9 -3.561 -4.665 -3.632

10 -4.563 -5.969 -4.659
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Fig. 9 Ideal tracking efficiency and virtual tracking

efficiency of the system in summer solstice
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DETAILED STUDY ON SUN-TRACKING CHARACTERISTIC OF A
POINT-LINE-COUPLING BEAM-DOWN CONCENTRATING SOLAR
TOWER WITH LINEAR FRESNEL HELIOSTATS

Ma Xuan, Dai Yanjun, Li Xian, Wang Ruzhu
(Institute of Refrigeration and Cryogenics, Key Laboratory for Power Machinery and Engineering of M. O. E,
Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: A novel point-line-coupling solar tower system, which consists of three linear Fresnel heliostats (H) and
corresponding beam-down concentrators (BC) is introduced and studied in this paper. Sun-tracking angle formulas of
heliostats of this system are derived and attained, namely heliostats tracking angle B, and sub-mirror tracking angle
B.. , thus obtaining the tracking angle characters of heliostat H1, H2 and H3 on the representative days of spring
equinox, summer solstice, autumn equinox and winter solstice entire year in Shanghai. Actually we take H3 as an
example to fully calculate frame tracking angle difference AB, ,, and sub-mirror tracking angle difference AB, ., between
actual sub-mirrors and the center of heliostat frame. The objective of this work is to identify the actual sub-mirrors’
tracking angles including frame tracking angle difference AB,, and sub- mirror tracking angle difference AB, , by
investigating heliostats” ideal tracking angles of this point-line-coupling beam-down solar tower system. We also simulate
the efficiencies of the systems under ideal sun-tracking angles and actual sun-tracking angles, where the maximum and
minimum value of difference is respectively 8.20% and 0.28%, denoting the actual set is reasonable.

Keywords: solar energy; heliostats; beam tracking; equations of frame tracking angle and sub-mirror tracking angle;

frame tracking angle difference; actual sub-mirror tracking angle difference



