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Fig. 3 Schematic of fixed-focus Fresnel lens solar

concentrator using polar tracking
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Fig. 6 Imaging of temperature distribution of focal spot in experiment
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Fig. 7 Imaging of flux density distribution of focal spot in simulation
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34 T U MR IR R RO AR BT SR B i 22 5 787

P AR AL PR AT T SR AR 4D B S AR 43 A 7
48R 50 mm PR R FR X8R P . 2 EOK BH AR
08:00, X FHAL E 4b T 2 g 77 1], K BH G H 25 e ) 7Y
JUHE A, BOGEBRE R LB AL m A B S 8
A EIE , Hoh R BERE i 3 A T R R X
B

M ELK BB A 12:00, K FHAL & 4L T IE R 7 1],
KB Ak 5 i A RE ST, SR M AR B0 A 2 3 B AR TG g
B B EBEMEIE , BLLLY fxdfR, Ko 25 ag
AR TR DY XA .

M ELK BN 16:00, K FHAL & 4L T 75 R 7 1],
R PG H PG R ) AR b B, SR S B R 2 B ) AR
bwAs B & E2 2RI HIEDE | b 2B AR i 3
FLAE PR IRE X3P o

32 XEFRGARTUNZI
WE 9 s, B 9a~ & 9¢ 43 5l Xt I 24 EL K BH

REJL 24 L X107 W -m 2 REYIL 4 B <10/ W -m 2
1

BF A 12:00( REIEA-R ) , K BH AR 26 1 43 3 -23°27"
0°,+23°27" I 1 SR G A5E UL A8 BE 5 It 2 182 O A1 14

H L ARASEAEL B ] T, SR AR 4D B LA 43 A 7
42K 50 mm PR R BRI Y o 2 K BH AR i A
h-23°27" 5}, K FHA B AL T 1E R J7 1), K FHOG R
m L R, ROGAETERER 2 B AU e B S F
SEER A R |, H b A2 B B o o AR P A 2R A R
T X3

2R BA AR R 01, K PHA B AT AL 1 7
], K BH % H R [ b BRG, SR  A B R St By b
WEAR RS LA R M EIE , BLLLY FlFR, Horp
FEBERE A A2 DT X3

M BH 2R 2 £ S +23°27" B, K PR B4k T
J5 1), K BHO'G F b 1) R R, 3R O A B A 2 R )
MRS S RBUONBIE , H LY ffR, Horp gk
BERE 4 7 BRI A .

REYL 2 <107 W -m 2

100 80 60 40 20 0-20-40-60-80-1 100 80 60 40 20 0-20-40-60-80-1 100 80 60 40 20 0-20-40-60-80-1
4 100 1% %‘5‘ 100 T 10 16 100 it
138 %0 0 13W 80 0 13 80 80
12 60 60 124 60 0 138 60 60
108 49 NSRS [0 s BE 40 40
098 20 20 09 20 20 LOF 20 20
07 B>~ 0 0 8-§ ~ 0 G| — 0 o8> 0 0
068 20 20 g6 8 20 20 07/ 20 20
W 4o ~40 05 ) 40 40 05 @ 40 40
034 60 -60 o3& —60 60 04 B 60 -60
029 -80 -80 028 -80 -80 02 80 -80
0.1 -100 -100 0.1 100 ~1000.1 5 -100 ~100
00— 100 80 60 40 20 0 20 40 60 80 0.0 100 80 60 40 20 020 4060 80 0.0 100 80 60 40 20 020 4060 80
X X X
a. KIHARLifih-23027" b. KBHAER R 0° c. KFHAR4ifA h+23°27
19 EIBHMS  12:00 I SROCAAY FEBERE I 25 B 4341 1]
Fig. 9 Imaging of flux density distribution of focal spot in simulation at solar time 12:00
33 A S BRI SEBR I AT S IR MR B S vk AR IR TT B

R T RO B USSR 2
FiR o B 2 TP T RO AR BEAR X 7 i 2
B KA R 4.84% , XTI K BH 27 26 #1 -23°27", 5K BH
B 08:00 11 16:00 AV E o I ZI K FHAY & 43 51 b
FAR B 7 MG T, K BH AR 45 A AR BB 3440 F
SN

P T 3R A B A X7 i 25 e KA R 4.84%
HAEBEIEA AR 50 mm BRIk P , RITE

TR o PRI AT 12 B A B 10 S I 4 A o £
B, SR 2 P ROLR ST ROLEBEA X
B ZEE A 10 FraRihge . e KRB
B AT, RO B A 7 B 22 i 2R A B 4 4R
AU SEAS G F B BHET 08:00 F 12:00 Hf 12 8 Uik
/I, 12:00 F) 16:00 28 KIS 78K FHEHH
[F] P 7 L T, % g K BH 2R 26 #f1 S -23°27 BF, KFH A
PICLR 5 BRI ) e fh de ok, B R OB
FEG AT A 22 B f K



788 p N A S 40%:
R2 £ERAEWMBEREMUER
Table 2 Results of simulation focal spot for whole year
UK PHET
KIHARE:fA RE|

08:00 10:00 12:00 14:00 16:00
KRR EX10/W +m™ 0.853 1213 1317 1213 0.853
. JUfar b BRI 25 BEX 107/ W - m™ 0.817 1.180 1.290 1.180 0.817
e 7 {22 /mm 242 1.98 1.82 1.98 2.42
AEX B O 22 8/ % 4.84 3.96 3.64 3.96 4.84
T KRB X 10°/W - m™ 1.029 1.389 1.494 1.389 1.029
) JUfaf O BB 2 FEX 107/ W - m ™ 1.000 1.370 1.480 1.370 1.000
’ o7 B i 25 /mm 1.95 1.22 0.92 1.22 1.95
AHXT L A 22 8/ % 3.90 2.44 1.84 2.44 3.90
KRBT X 107W - m™ 1.082 1.448 1.546 1.448 1.082
, JUfA[ O BB B FEX10°/ W - m™ 1.060 1.440 1.542 1.440 1.060
e (ALK ITE=NY 1.46 0.54 0.24 0.54 1.46
FERHASE A 2516/ % 2.92 1.08 0.48 1.08 2.92

o7 oy TR o 230 PR A K A TR O 28 L B

5, —h—

—~—+23°27'
4+

TR AL E W22 /%

],

0 -
07:00

11:00 13:00 15:00  17:00

LR BHRS
10 AAF RO AR BEAR AL i 22 it £k 141

Fig. 10 Curves of relative positional deviation of focal

09:00

spot for whole year
4 & ik
A SRR HE TR R A Al = R RO AR T
FE B RO JE IS, IR RO AR B AR
FOER I FEME R ROE IR FIEE T TracePro Yo%
LYQERIOE P W KV g Ed ESSitoy (1
1) 48 B i = £ AR TR R RO AR i i R
R MRPEIETR IR B8 RO PR RO b PR B A
PRI b S E £ S RO R TIRE , T RO

T B R A 1 2 £ S RO T T

2) 38 1 BOGSL 5 FROGHAL X L 58 al A,

S 16 23 TR v £ B AR T 25 e KA R 5.72% , 5

PG 2R v f AL B0 22 B KRR 3.56% , H AR BEYY
ﬁzﬂ-‘ﬁ?ﬁfﬂé 224 50 mm [B BRI N |, 2 B S50 A
BELHR AE S0 B £ S ROk, B i RGBT
A Dl HE A — B, R WIBIRL 5 vk a5, ] DG
BT B AR Be L IR uk iz OG0 £E i RO
AEEE,

3) 3 S G AA  B AT, RO 2R is Tt
TR, ROCARBEAR RO B i 25 e KB N 4.84% , H A&
BEIEA P A AE 24 50 mm (& FF X 385 PN, BIAE 52 PR
N AT SR BB O AR B 58 A Tk AR AR T B
P, DT SE B 447 £ RO

(5% 30k ]

*ﬁtﬁ'ﬁi‘ﬁﬁ oW, BRINR, A BT 2R YR
R BEHEIACHT LT ] KFHBES= 4, 2015, 36(8):

1895—1901.

Yang Guanghui, Wei Ming, Chen Bingzhen, et al.

Optimization research of multi-plane fitting Fresnel lens



31

T U MR IR R RO AR BT SR B i 22 5

789

(6]

(7]

[J]. Acta Energiae Solaris Sinica, 2015, 36 (8)
1895—1901.

e, KRR, AR IR B 035 R A T ()],
TR, 2016, 37(3): 482—487.

Ma Xinglong, Zheng Hongfei. An optimization method
on tansmittance of Fresnel lens[J]. Journal of
Engineering Thermophysics, 2016, 37(3) : 482—487.
WD, W 5. RS S UK HBEROL SR [P
[¥: CN1595011, 2005-03-16.

Hu Lianyin, Hu Shengyong. Plastic transmission solar
collector[ P]. China: CN1595011, 2005-03-16.

Valmiki M M, Li P, Heyer J, et al. A novel application
of a Fresnel lens for a solar stove and solar heating [J].
Renewable Energy, 2011, 36(5): 1614—1620.

Daly A. Regulating revolution: An introduction to 3D
printing and the law[ M ]. Socio-Legal Aspects of the 3D
Printing Revolution. Palgrave Macmillan UK, 2016: 1—
17.

Xie W T, Dai Y J, Wang R Z. Theoretical and
experimental analysis on efficiency factors and heat
removal factors of Fresnel lens solar collector using
different cavity receivers [J]. Solar Energy, 2012, 86
(9): 2458—2471.

SKRIBME, FEICE, A B — Ao B Al =X A SR
ERBEE[) ] KIHRE2AHE, 1994, 25(4): 377—379.
Zhang Yindheng, Tang Yichun, Yang Bo. A new design
of automatic tracker with polar axis [J]. Acta Energiae
Solaris Sinica, 1994, 25(4): 377—379.

Ludlow G T. Polar axis solar collector[ P]. U. S.: Patent
5,275, 149, 1994-01-04.

MER, PR, X A R AU R R UE H

(9]

[10]

[11]

(11]

[12]

[13]

[14]

[14]

[15]

BEIBTIEL) ] K BHREAA, 2007, 28(6): 573—576.
Wei Xiudong, Lu Zhenwu, Liu Hua. The investigation
of a new heliostat with polar axis [J]. Acta Energiae
Solaris Sinica, 2007, 28(6): 573—576.

Chong K K, Wong C W. General formula for on-axis sun-
tracking system and its application in improving tracking
accuracy of solar collector [J]. Solar Energy, 2009, 83
(3): 298—305.

PR, R E R G — Bt i )] KRB AR,
1991, 22(4): 423—426.

GuoXiaowu. A general method for Fresnel lens design
[J]. Acta Energiae Solaris Sinica, 1991, 22(4): 423—
426.

Skouri S, Ali A B H, Bouadila S, et al. Design and
construction of sun tracking systems for solar parabolic
concentrator displacement [J]. Renewable & Sustainable
Energy Reviews, 2016, 60: 1419—1429.

Sinha S, Chandel S S. Analysis of fixed tilt and sun
tracking photovoltaic- micro wind based hybrid power
systems [J]. Energy Conversion & Management, 2016,
115: 265—275.

TAEAE. R BHAERRI A (M. G AE : rhERFEH AR R
HiREE, 2009.

He Zinian. Solar energy utilization [M]. Hefei: Press of
University of Science and Technology of China, 2009.
Xie W T, Dai Y J, Wang R Z. Numerical and
experimental analysis of a point focus solar collector
using high concentration imaging PMMA Fresnel lens
[Jl. Energy Conversion & Management, 2011, 52(6):
2417—2426.



790 K FH it % W 404

DESIGN OF FIXED-FOCUS FRESNEL LENS SOLAR
CONCENTRATOR USING POLAR TRACKING AND STUDY ON
FOCAL SPOT POSITION DEVIATION

Wang Hai', Huang Jin', Hu Yanxin', Lu Zijian', He Qingbin’
(1. School of Materials and Energy, Guangdong University of Technology , Guangzhou 510006, China;
2. Keesung Manufacturing Co., Guangzhou 511458, China)

Abstract: A type of fixed-focus Fresnel lens solar concentrator using polar tracking is proposed and analyzed, which
based on the optical properties of point-focus Fresnel lens and the principle of polar tracking. According to this principle,
the experimental platform is built to carry out experiment and simulation study of focal spot. The result of experiment and
simulation study indicates that the maximum relative positional deviation of the focal spot in one day are 5.72% and
3.56% , respectively. The distribution of the focal spots are basically similar and they are included in the annular region
which is centered at the center of the substrate with the radius of 50 mm. In other words, the fixed focus can be achieved
in theory and practice, and the simulation study can be used to verifies the fixed focus characteristic of the solar
concentrator. Further, with the change of the sun declination angle, the focal spot is studied from solar time 08:00
to 16:00. The simulation results show that the maximum relative position deviation in Guangzhou is 4.84% , which means
that the solar concentrator can achieve the fixed focus in the whole year.

Keywords: solar energy concentrators ; optical properties; tracking; focus; focal spot





