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Abstract

Aiming at the optimization design problem of heliostat field, in this paper, the shadow blocking ef-
ficiency model is first established, which combines with Monte Carlo and ray tracing method to
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solve the shadow blocking efficiency. According to the solar altitude Angle and solar azimuth An-
gle, cosine efficiency and direct irradiance of normal phase are solved, get the optical efficiency
and the output thermal power of heliostatic field. Secondly, a nonlinear target programming mod-
el with the maximum output thermal power of heliostat per unit area is established. Within the
range given the spacing of adjacent heliostats, the number of heliostats in each circle and the dis-
tance between the adjacent heliostats in the heliostats field are obtained. The coordinates of he-
liostat were determined by Campo’s arrangement method. When the rated annual average ther-
mal output power reached 60 MW, using the shadow blocking efficiency model, the position coor-
dinate of the absorber is (0, 0, 80), and the heliostat size (W x H) is (6 m x 6 m), the installation
height is 4 m, the total number of heliostats is 2475, and the total number of heliostats field is
89,100 m2. Using Campo method to determine the heliostat arrangement in heliostat field, the
specific coordinates of heliostat can be solved more easily under the condition of simplifying he-
liostat field. Finally, it keeps the rated power unchanged, designs helioscope size of (7 m x 7 m),
installation height of 4 m to achieve a large unit area of thermal output power.
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Figure 1. Diagram of the path of sun rays between heliostats
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Figure 2. Three-dimensional representation of sunlight reflected by
a heliostat
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Table 1. Average optical efficiency and output power on 21st per month

# 1 §A 21 AP FHERRMEHIR

E.
Ve T %m@%ﬁ@%@&ﬁ:ﬂmz@(Nf'e"‘A J SN 1A 2 R

A 7 Ve T e o [(NXA)
1H21H 0.543440747 0.790895784 0.88722 0.8723459 0.493146841
2H21H 0.55498721 0.806084862 0.87231 0.8890342 0.518939745
3H21H 0.567908242 0.81509369 0.87992 0.8918967 0.564501479
4H21H 0.577014059 0.818542441 0.89003 0.892129 0.593527476
5H21H 0.590836903 0.815817555 0.90402 0.9023679 0.616706666
6 H21H 0.596222479 0.806293553 0.92301 0.9023933 0.625373899
7H21H 0.601603651 0.791690147 0.93289 0.9175123 0.628606574
8H21H 0.585272892 0.776101811 0.92331 0.9199819 0.602248936
9H21H 0.572436585 0.765626719 0.91678 0.91861235 0.570268117
10 421 H 0.554517146 0.762241825 0.90203 0.90842344 0.520380316
11 H21H 0.544281187 0.765515871 0.89133 0.89849923 0.471132767
12 421 H 0.537198117 0.775443951 0.88544 0.8812762 0.444665057

Table 2. Annual average optical efficiency and output power
2. FRRFYERBHINE
PR LA T A
EPEREIE  ETRAICE T g TRONE i%gli?ﬁ
(kW/m?)
0.568809935 0.790779018 0.900690833 0.899539368 34.81012136 0.554124823
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Figure 3. Heliostat field model
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Figure 4. Schematic diagram of heliostat arrangement with different spacing
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Table 3. Average optical efficiency and output power on the 21st day of each month after optimization

=3 MHEREAR 21 BEEFERKME TR

EE] 7 Tleos Mo Mhure [Eqas [(NxA)]
1H21H 0.523745568 0.763128059 0.88722 0.8723459 0.475274395
2H21H 0.532102309 0.773754046 0.87231 0.8890342 0.49754126
3H21H 0.549914813 0.790195917 0.87992 0.8918967 0.546615989
4721 H 0.56768292 0.806251682 0.89003 0.892129 0.583929291
5H21H 0.590019553 0.815646237 0.90402 0.9023679 0.615853529
6 H21H 0.605040133 0.819179402 0.92301 0.9023933 0.634622679
TH21H 0.619645784 0.816391126 0.93289 0.9175123 0.647458526
8H21H 0.607461142 0.806471063 0.92331 0.9199819 0.625080764
9H21H 0.590742135 0.791038547 0.91678 0.91861235 0.588504323
10 421 H 0.562741657 0.774456199 0.90203 0.90842344 0.528098515
11 H21H 0.542031167 0.763247051 0.89133 0.89849923 0.469185138
12 7421 H 0.525610674 0.759609008 0.88544 0.8812762 0.435073565

Table 4. Annual average optical efficiency and output power
A FRERFYERRBHINE
PRSI LA T R
wpsphis Ergaae P ey ©TAIIE i%ggf‘%gi
(kW/m?)
0.568061488 0.789947361 0.900690833 0.899539368 67178.64878 0.553936498
Table 5. Design parameter
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