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Fig.l Structural diagram of linear Fresnel condenser
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Tab.1 Linear Fresnel system parameter

Parameter Value
Width of the mirror, ,,/m 0.8
Length of the mirror, L,,/m 4
Number of mirrors, 7, 16
Distance between adjacent mirrors, S,/m 0.332
Height of receiver, H/m 9.056
Diameter of the tube/mm 90
Half acceptance angle of CPC, 6./(°) 45
Aperture width of CPC/mm 400
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Fig.2 Schematic diagram of mirror transformation
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Fig.5 Schematic diagram of aiming point position and spot width
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Fig.6 Linear Fresnel concentrating system built with Tonatiuh

3 MEERSWR

P& &R
n=0./(DNI-L,W,n,) )
K 0. 5 DNI 4y 5| o B A8 W eI 23 WU 1Y) fE £
T PH LG 8 S 0 8 L, o — IR R B s W, A
SR S8 s n,, TN TR
AP TR 1) SRR RO L LCR 28 SR
LCR = q,/DNI (10)
s g MAEPEE TR 11 EE kA RS Y SR BE I 2
W S B R IR 4> A N, AW, 8 1 H g 4%
6 S H IO T 1 25 57 MR SR AIE 45 A e T RB I 0 A
M 5IE . RPE R A AR IEZE o BV, RET 25 57

PEH/IN, BEVE 20 A0 B )5 Bz, BER 22 S MUK, fiE
WA ATBRE
1 <
E;(Qk_ﬂ)
o= ———M —— (11)
M
1 <
HE 2 (12)

A FORGEPAT I A RS B 197 M

202302594



i E ok A2

%94 www.irla.cn % 52 %
3.1 AEEAERETHEERS TEMEFHEANRE T ARSI R A, A S, T2k A

A [ il 7 SR W T S B WA R AR 3R 1 g B PN PR 9 28 S & (AT AR AV T O B O
T AR MR 7 B o DL AE RS e 2 35 b R4 TR 7 () FTLAE H, B FHEER X,4i,=0.07 m
XD A, MRS 1 Jr A TV R AT, Xy A AV A T KFHERAE VAR 0.045 m, (15T EIE L L
[ JE A B O ), Y Al O SRR KB T 1) o X G A BT CPC i i IR BN 13, IR A 13T
7 (a) 5 E 7 (b), Al 1 5 A v T 4 B0 T 000 1 iy of FE R BB BE (X 0.1~0.15), & 7 (d) 5K 7 (e) X b

W-m? W-m?
80 000 ﬂ 80000 80 000 | 80 000
70 000 + 70 000 70 000 + 70 000
60000 | 5
60 000 g 60000 60 000
? 50 000 + 50000 3 50 000 -
E 40 000 E 40 000 | 50 000
& 30000 | 40 000 &= 30000 | 40 000
20000 30000 20000 30000
10000 | 10 000 |
4 20 000 4 20 000
% 2xe N 10000 % 2 R e 10 000
0% 005 0.10 015 0.20 023 0% 0,05 0.10 0.15 0.20 025
X/m X/m
(a) 5 1 (b) 5EMs 2
(a) Strategy 1 (b) Strategy 2
W-m? Wom2
70 000 70 000 60000 60 000
60 000 55000
‘g 50000 60000 4 30000 50 000
= 40000 50000 = 40000 | -45 000
% 30000 E 40 000
" 20000 40000 & 30000 | 35000
10000, 30 000 20 000 30 000
3 N 25000
3 =0\ 20000 h 20 000
ey \ Wy = e 2 _
Mo % 10 000 % : 2 15000
0p 0.05 0.10 2(./15 020 0.25 10 05 010 015 020 025
m
X/m
(c) g 3 (d) e 4
(c) Strategy 3 (d) Strategy 4

W-m™
55000

50 000
45 000
40000
35000
30 000
25000
20 000

0 0.15 020 0.25
X/m

(c) Mg 5
(e) Strategy 5

Pl 7 AR v SR SRS S T B0 1

Fig.7 Surface energy flow distribution diagram of collector tubes with five aiming strategies
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Tab.3 Collector tube temperature and preheating real-time temperature

7/°C
t/min Constant duty cycle mode Variable duty cycle mode
Strategy 1 Strategy 4 Strategy 1 Strategy 4
0 15 15 15 15
10 70 65 83 78
20 123 115 148 137
30 177 165 212 197
40 230 215 276 257
50 284 265 340 316
60 - 315 - =
70 - = - =
80 - = - =
Note: “-” signifies that the temperature is not recorded as the evacuated tube reaches its bending limit and stops heating. “=" signifies that the

evacuated tube did not reach its bending limit, but the temperature exceeded the preheating set value. As a result, the temperature is no longer
recorded. The temperature represents an average of multiple evacuated tubes with an accuracy of +1 °C. Recording began on April 15, 2023, at 10:00
AM., with a 10-minute interval. DNT: 700-800 W/m>.
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Optical performance of linear Fresnel condenser under

different aiming strategies

Wang Chenglong, Yan Bolong, Xu Mao, Ma Jun

(National Engineering Research Center for Technology and Equipment of Environmental Deposition,

Lanzhou Jiaotong University, Lanzhou 730070, China)

Abstract:
Objective

The linear Fresnel solar concentrator is one of the technologies of concentrator solar thermal power

generation (CSP). Because the primary mirror are discrete flat mirrors and installed near the ground, the system
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has the advantages of strong wind resistance, which is especially suitable for large-scale construction in the
northwest region of China with excellent solar energy resources but high wind speed. The existing research results
show that the solar irradiation on the surface of the collector tube is very uneven in linear Fresnel concentrator
system due to the different aiming strategies and the reflection profile of the secondary mirror. In addition, the
medium in the tube is difficult to quickly divert the heat from the surface of the collector tube, the collector tube is
easy to bend and deform, resulting in the breaking of the outer glass tube of the vacuum tube and the
increasing heat loss of the system. The uniformity of heat flux density distribution on the absorber tube surface
has a significant impact on the optical and thermal performance, as well as safe operation of linear Fresnel
concentrating solar systems. Therefore, it is necessary to study the method for improving the uniform distribution

of energy flux density to improve system efficiency and system security.

Methods A linear Fresnel concentrator model was built using Tonatiuh optical simulation software, a
cylindrical reflector was selected as the research object, and the relationship between the focal length (radius of
the reflector) and the position of the aiming point on the aiming plane and the width of the spot was studied.
Based on the fact that the width of the spot is not greater than the width of the secondary mirror opening, the focal
length of the mirror and the distance from the center of the aiming point are determined. According to the
different distribution of aiming points, five different aiming strategies are proposed, and the specific data are
shown (Tab.2). Based on this, the optical efficiency and uniformity of heat flux distribution of the linear Fresnel

concentrator under different aiming strategies were explored.

Results and Discussions When the height difference between the edge and the bottom of the mirror is
2.85 mm, the spot width is the smallest (Fig.3), and it is far less than the aperture width of the secondary mirror
opening. The aiming point is more than 0.04 mm off center, the spot width exceeds the aperture width of the
secondary mirror (Fig.5). Using the aiming strategy of uniform distribution of aiming points, the concentrator will
maintain high optical efficiency while improving the uniformity of energy flow distribution on the surface of the
collector tube (Fig.7). With the optimized aiming strategy, the optical efficiency of the linear Fresnel concentrator
can reach 87.4% (Fig.8), the standard deviation of energy flux density on the surface of the collector tube is
reduced from 45.3% to 30.7% (Fig.8), and the energy flux density at the top of the collector tube is increased by
10.2% (Fig.9).

Conclusions The uniformity of energy flux distribution on the surface of the collector tube of linear Fresnel
concentrators can be improved by adopting different aiming strategies. By rationally distributing aiming points
evenly on both sides of the center, the best spot uniformity on the surface of the collector tube and the best optical
efficiency of the system can be achieved. When the aiming strategy is applied to the preheating of the empty pipe
of the linear Fresnel concentrators, the bending deformation of the collector tube is much smaller than the existing
aiming strategy under the variable duty ratio tracking mode. The research results can provide theoretical support

for the optimal design of linear Fresnel concentrator heat collection system.

Key words: concentrating solar thermal power;  linear Fresnel concentrator;  aiming strategy;

energy flow distribution;  optical efficiency
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