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Fig. 1 Schematic diagram of cosine efficiency
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Fig. 2 Schematic diagram of shadowing and blocking efficiency
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Fig. 3 Analysis of shadow and block relationship
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Fig. 4 Atmospheric transmission loss based on classical

calculation method and visibility based calculation method
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Fig. 5 Sun position used for efficiency calculation
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Fig. 6 Distribution of various efficiency in radial cornfield layout and radial staggered layout

34 (HEBIER

P A B b A B E BOBR AR S 3015 T, S B R Hb
AR HE N 23.15% , 55 3 4F 24 B 52 8 P4 880% hy 93.58% , 5i 4
RS R R T 14.32% , F G FE B LG40 R 61.15%, 41
Bl 7d~1& 7f FiR o

33 CampoiEiHHE

Campo 53770 B (2 H BE 80 R 3016 [6 , 5 PR 4% b
AL LG A 23.16% , BE 34T 35 B 52 I B 50C% R 90.60% , 55 44T
VIR BE RN 73.48% , B AF ¥ 25 6 s 3Rl 58.22%, 1 A
Ta~E Te FiR.

TERARCE % AL % LEARCEI%

300 100 300 100 300 100
95 95 95

200 00 200 00 200 %0
100 85 100 85 100 85
£ 80 g 80 £ 80
= 7570 7550 75
70 70 70

~100 65 100 65 100 65
~200 60 50 60 700 60
; 55 55 55

-300 : 50 —300 it 50 —300 : 50

~300-200-100 0 100 200 300 ~300-200-100 0 100 200 300 =300 -200-100 0 100 200 300
x/m x/m x/m

a. Campo BEAFE B2 P RCR b. Campo B8 4F ¥R 7 A0% c. Campo B LR G ROR

o B 1P

https://www.cnki.net



8 1 JERAE . UK PHRE KL U R R 837 A B 1A A TURCR A 5 535
HERI% RUIEN% LEEREI%
100 100 100
95 95
o 200 90
85 100 85
80 £ 80
757> 0 75
70 70
65 100 65
60 -200 60
55 : 55
300 50 300 50 —300 50
=300-200-100 0 100 200 300 =300-200-100 0 100 200 300 =300-200-100 0 100 200 300
x/m x/m x/m
d. {5 BB AE BB S I PYRICR e. A VBT AR Y 4555 380R f O HE RV BRI AR LR A AR
&7 Campo A Az 55537 44 038 K 4341 R
Fig. 7 Distribution of various efficiency in Campo layout and bio-mimetic layout
35 XJtkoHr
4 RERS TSHOF L an gk 2 BiR .
R2 AEBEBRMSHET
Table 2 Comparison of various parameters of 4 types of heliostat layout
e K B 5] Ji) 4% 1) 22 4 e Campo 51 ILakiit: ez

& H B 3018 3023 3016 3015

S PR T AN /% 46.38 23.21 23.16 23.15

A5 BRSPS 550% % 82.88 94.08 90.60 93.58

AR ABEROR % 75.43 74.25 73.48 74.32

KATEWHF % 97.48 97.10 97.10 97.15

W % 96.32 96.18 95.81 96.28

EINLEB R 1% 55.18 61.32 58.22 61.15

RN (2] VEmUR, WS, S, 4% OB 2RI RS
4 Z5

TEs5E H BB ROT B s B3 il AR S 5 % 2 40

SR AR, 4 JE 58 19 IR S A A BT R (AR O
(58 Jo) 428 1) S AT B D7 1 o S BSR40 % S Y 1 2R
B E AR R E i A B U, B i AR
ERARUR . SR EOR B A S AR OR B AR B B
IS S B R BN I S B ) BT 8 (s A BB 45 D7 T
B, Campo Bl o Hu T AU, 230 B2 1R 5 HAB A
Jr K —2uw, e B AL

(1]

o B 1P

(5% 30k ]

N, mhse, e, AF LR HART R FE R
REFI AR 1 & S BUIR 55 e 22 [ ], K BHAE, 2021(11)
13-18.

LIM C, GAO Z L., WANG L Z, et al. Development status
and prospect of solar energy utilization technology in China
under goal of emission peak and carbon neutrality [J].
Solar energy, 2021(11): 13-18.

https://www.cnki.net

Rottae A w i ® (1], s =CaRIR , 2019, 4(5):
58-66.

WANG S C, XIE K G, HU B, et al. Optimal configuration
of hybrid energy storage capacity in multi-energy system
with CSP integration[J]. Distributed energy, 2019, 4(5):
58-66.

JEE A, B, SRR, GF . BOURHREM L B R G HE
ToRBELR R [T ]. T3, 2017, 46(6) : 6-13.

GU Y J, GENG Z, ZHANG C, et al. Review on key
technologies of concentrating solar thermal power
generation systems [ J]. Thermal power generation, 2017,
46(6): 6-13.

FakRwg . ORBHRER G s Bt (ML db st fh2 Tl th
fiekt, 2014.

WANG Z F. Design of solar thermal power station (M].
Beijing: Chemical Industry Press, 2014.

RIZVI A A, DANISH S N, EL-LEATHY A, et al. A
review and classification of layouts and optimization

techniques used in design of heliostat fields in solar central



536 XM L 46 1
receiver systems| J ]. Solar energy, 2021, 218: 296-311. [13] B/ . B TR EReR s i 555 10 /AR Ak i it

(6]

7]

(8]

(9]

[10]

(1]

[12]

Abstract:

GRENA R. An algorithm for the computation of the solar
position[]]. Solar energy, 2008, 82(5): 462-470.

Dr ek, i, 22852 8 H BT RE AL 5 ROR AR R B
G BT ], RIHBE AR, 2021, 42(1): 112-116.
FANG M S, LU J, JIANG Y W. Heliostat energy efficincy
modeling and field layout design [I]. Acta energiae solaris
sinica, 2021, 42(1): 112-116.

GHIRARDI E, BRUMANA G, FRANCHINI G, et al.
Heliostat layout optimization for load-following solar tower
plants[J ]. Renewable energy, 2021, 168: 393-405.

i, PN, X R T R e Bk 1 R P R A K
uli 55 3 A A (D). R BHRE 27 4, 2023, 44.(10) -
209-217.

GAO B, SUN H, LIU S. Heliostat field layout optimization
of solar tower power station based on improved whale
algorithm[]] Acta energiae solaris sinica, 2023, 44(10) :
209-217.

Fe/N g, FHERE, B/ B H B A6 R i it
B HIIEL ). REIRS5 3R, 2018(2): 64-66, 70.
CHENG X L, YIN Y G, MA S B. Study on optimal design
of heliostat field layout in tower power station [J]. Energy
and environment, 2018(2): 64-66, 70.

COLLADO F J. One-point fitting of the flux density
produced by a heliostat [J]. Solar energy, 2010, 84(4) :
673-684.

HE C T, ZHAO Y H, FENG J Q. An improved flux
density distribution model for a flat heliostat (iHFLCAL)
compared with HFLCALLJ]. Energy, 2019, 189: 116239.

[14]

[15]

[15]

[16]

[17]

BFFEID]. B AL AL TR, 2018.

CHENG X L. Research on optimal design of mirror field
layout of tower power station based on optical efficiency
[D]. Hefei: Hefei University of Technology, 2018.
BERENGUEL M, RUBIO F R, VALVERDE A, et al. An
artificial vision-based control system for automatic heliostat
positioning offset correction in a central receiver solar
power plant[]], Solar energy, 2004, 76(5): 563-575.
F, XU, N, AF LR T RIE NG R R R
i H B A B )] KBS, 2022, 43(10)
119-125.

GAO B, LIU J X, SUN H, et al. Optimization of a
heliostat field layout using adaptive gravity search
algorithm[]]. Acta energiae solaris sinica, 2022, 43(10) :
119-125.

F T, XVHG, PN, AE LR T ASE NG| T R AR
S H B A B ()] KRB, 2022, 43(10)
119-125.

GAO B, LIU J X, SUN H, et al. Optimization of heliostat
field layout based on adaptive gravity search algorithm[J].
Acta energiae solaris sinica, 2022, 43( 10): 119-125.
COLLADO F J, GUALLAR J. Campo: Generation of
regular heliostat fields [J]. Renewable energy, 2012, 46:
49-59.

NOONE C J, TORRILHON M, MITSOS A. Heliostat field
optimization: a new computationally efficient model and
2012, 86(2) :

biomimetic layout [J].
792-803.

Solar energy,

SUB-ITEM EFFICIENCY RESEARCH ON LAYOUT METHODS OF
DIFFERENT HELIOSTAT FIELD FOR SOLAR
THERMAL POWER TOWER STATIONS

Zhou Zhi, Zhang Siyuan, Yang Genben, Gao Zhenxin
(PowerChina Norhwest Engineering Corporation Limited , Xi’an 710065, China)

This study used self-developed heliostat field efficiency analysis software to calculate and compare the annual cosine

efficiency, shadowing and blocking efficiency, atmospheric attenuation efficiency, interception efficiency, and comprehensive

efficiency of 4 types of heliostat fields: radial cornfield, radial staggered, Campo-type, and bio-mimetic type. The calculation results

show that when the number and size of heliostats, tower height, and available area of heliostat field are basically equal, the shadowing

and blocking loss of radial staggered layout is the smallest, and it has a significant advantage in the remote heliostat field; The annual

cosine efficiency of the radial cornfield heliostat field is the highest, and it has a significant advantage in the near field heliostat field ;

The bio-mimetic heliostat fields have certain advantages in the mid-range due to their tendency to form higher densities; The Campo-

type heliostat field has no significant advantages in all aspects.

Keywords: solar power tower generation ; heliostat field; optical efficiency; ray tracing; sun position; dynamic simulation
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