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Focusing Characteristics of Dish Solar Concentrator Formed by Rotating
Array of Parabolic/Spherical Mirrors with Same Size

Yan Jian’, Liu YongXiang, Hu YaoSong, Peng YouDuo

School of Mechanical Engineering, Hunan University of Science and Technology, Xiangtan 411201, Hunan, China

Abstract A novel dish concentrator formed by a rotating array of curved mirror units with same size is proposed, and the
mirrors in the array can be either parabolic or spherical. This concentrator has the advantages of simple manufacturing, low
cost, and readiness for compact arrangement owing to the obstruction-free state between mirror units. Taking a
concentrator with the typical aperture (width is D=10 m) as an example, the influences of mirror width & and
dimensionless parameters on the optical performance of the concentrator in detail are analyzed by the ray tracing method.
The dimensionless parameters include the ratio of the concentrator’s focal length ,=R,/2 to its width D (i. e. , f;/D), the
ratio of the parabolic mirror's focal length f, to the radius R, of the rotating array (i. e. , ,/R,), and the ratio of the spherical

mirror's radius R, to R, (i. e., R,/R,). The results demonstrate the application value of the new concentrator in

concentrating thermal systems (high concentration ratio requirement) and concentrating photovoltaic systems (high flux
uniformity requirement), and provide a basis for its design. The following observations can be made from the results. The
plane receiver in the novel dish concentrator should be located at a reasonable position below =/, to minimize the focal
spot. Interception width of the focused spot reaches the minimum value at f,/R,=0. 6 when parabolic mirrors are used,
whereas it usually reaches its minimum value at R,/R,=1. 0 when the mirrors utilized are spherical. The variation laws of
the average local concentration ratio and the peak concentration ratio with the concentrator’s geometric parameters are
opposite to those of interception width. When parabolic mirrors are used, the average local concentration ratio and the
peak concentration ratio can be as high as 2846. 8 and 7107. 0 respectively, whereas the corresponding interception width is

only 88.3 mm. In the case of spherical mirrors, they can reach 3000. 0 and 7800. O respectively, while the corresponding
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interception width is as small as 87. 5 mm. Therefore, the proposed concentrator is readily applicable to high-temperature

concentrating thermal systems. When reasonable geometric parameters are chosen for the concentrator, it can always

obtain a square focal spot with a highly uniform flux distribution, and its average local concentration ratio can reach 420,

indicating that it also works well in high-power concentrating photovoltaic systems.

Key words optical design; dish solar concentrator; rotating array arrangement; parabolic mirror unit; spherical mirror unit;

optical performance; uniform flux distribution
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Fig. 1

Novel dish concentrator formed by rotating array with same mirror unit. (a) Schematic diagram of three-dimensional structure;

(b) schematic diagram of optical path transmission in two-dimensional cross-section
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Fig. 2  Schematic diagram of discrete and rectangular

interception area of planar receiver
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Table 1 Combination of mirror surface parameters and width of mirror unit in concentrator

Dimensionless

Dimensionless

L Mirror width . L Mirror width .
Combination number 2 4/ geometric parameter | Combination number 2 4/ geometric parameter
mm mm
(fo./R,or R,/R,) (fo/R,or R,/R,)
1 0.4 19 0.4
2 0.6 20 0.6
3 .8 21 0.8
d=150 d=450
4 1.0 22 1.0
5 1.2 23 1.2
6 1.4 24 1.4
7 0.4 25 0.4
8 0.6 26 0.6
9 0.8 27 0.8
d=250 d=550
10 1.0 28 1.0
11 1.2 29 1.2
12 1.4 30 1.4
13 0.4 31 0.4
14 0.6 32 0.6
15 0.8 33 0.8
d=350 d=650
16 1.0 34 1.0
17 1.2 35 1.2
18 1.4 36 1.4
() 14000 (c) 12000
12000 A ‘ 10000
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8000
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mirror & £ 6000
unit » 6000 n -
4000 / \
2000 2000 M |
0 s S 0 ‘s e -
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2 /mm 2 /mm & /mm
(d)14000 () 14000 ® 14000
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mirror £ 8000 5 |'|| “ll I. 'liin.;. £ 8000 £ 5000
unit S 6000 l’l .l \ W w6000 ~ 6000
4000 4’ " I‘ i ‘ TN 4000 4000
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Fig.3 Transmission path of parallel incident rays in novel dish concentrator under different parameter combinations. (a) f,/D =

14,d=150mm,f,/R,=0.6; (b) f,/D=1.4,d = 650 mm,f,,/R,= 0.6; (¢) f,/D=1.2,d = 650 mm,/,,/R, = 1.4; (d) f/,/D =
1.4,d=650mm,R,/R,=0.6; (e) /;/D=1.4,d =350 mm,R, /R, = 0.4; () f,/D=1.4,d =650 mm,R,, /R, = 1.0
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Fig. 4 Optimum receiver installation position and focal spot width varying with geometric parameters of concentrator under different

mirror units. (a) Parabolic mirror unit; (b) spherical mirror unit
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Fig. 5 Interception width of focal spot and non-uniform factor of flux distribution varying with geometric parameters of concentrator

using parabolic mirror unit. (a) Intercept width; (b) non-uniform factor
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Average concentration ratio and peak concentration ratio varying with geometric parameters of concentrator under different

mirror units. (a) Parabolic mirror unit; (b) spherical mirror unit
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Fig. 8

Local concentration ratio distribution of novel dish concentrator under different typical geometric parameter combinations.

(a) Typical geometric parameter combinations suitable for high-temperature concentrating thermal system; (b) typical geometric

parameter combinations suitable for high-power concentrating photovoltaic system
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