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Abstract In order to reduce the construction cost of a compound multi-surface concentrator and improve its
utilization efficiency of solar energy, the single-layer glass tube embedded absorber is selected as the photothermal
conversion component of a compound multi-surface concentrator. The influence mechanism of the absorbers with
different shapes in the single-layer glass tube on the photothermal performance of a compound multi-surface
concentrator is mainly studied. First, the optical model of the concentrator is established in the optical simulation
software TracePro, and the influence mechanism of absorber shapes on the optical performance of the concentrator

is simulated and analyzed based on the Monte Carlo algorithm. Then, the influence of absorber shapes on the outlet
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temperature, instantaneous heating collection and photothermal conversion efficiency of the concentrator are

analyzed. The results show that under the same incident angle, the number of light received by the ¢

* ”-shaped

absorber is more than that received by the rectangular mesh receiver. When the incident angle is in the range of

0°-20°, the average light receiving rate and the average concentrating efficiency of the concentrator embedded with

the“ * "-shaped absorber are 7.37% and 6.66% higher than that of concentrator embedded with the rectangular

mesh receiver, respectively. Under sunny weather conditions, the average outlet temperature, average discrepancy

between air temperature of inlet and outlet, average instantaneous heating collection and average photothermal

conversion efficiency of the concentrator embedded with “ * "-shaped receiver are 48.5 “C, 23.2 °C, 467.5 W and
54.85%, respectively, which are 43.07%, 31.82%, 29.83% and 24.52% higher than that of the rectangular mesh

receiver, respectively.

Key words geometric optics; solar energy; absorber; compound multisurface; concentration; performance

1 5 E

R B il 2R AR T BB B B A SO 4T 3R B ik
A - DA 4R o 2 AR 26 THT 174 B 37 %% 1 A BH /6 R
BRI B PHAE S 7 L R 8RB T2
BB R M A R A RO B 2 A i
B R B B f Kk 6 H R R R T
XoF 3SR A T 2 AU B A 0 R AT A B A 2 /N A R 4
T4 32 B FH T K P AE AR IR A A A p . b g
WA 2 52 4 22 il T SR S B A 1 1 G A
WA SR () 235 4 B W SR Ok A O R Ty i 22

R T D 1 SR A T RO T R G L AR
RNCARAE S RS 1T I M AR L ROL AR 2l T B
FAS PR . Widyolar %1 #E W T —Fhnl 78
100~250 °C B2 1 [ N e 280 AR 19 &2 5 9 ) 1 2R
JEAS (CPC)  H B2 SR 2 3 2o 5 % 0 W i 1A% 2 F 3L
JZ B B B A A R . I X SR G R AT O EL T
R E, M IZ RGBT IR A 200 C R, HOEE
RORK T1Y RN 50% . Deng VBT
—RpA] A HE SRS R P Y B 0 s A RUR O AR O
i A A G B AR R D b T % ROt
WENEFEOR . SR EWIZBER N R E 5T
JEAEROCRIN B R 72, 2% 1 64. 5%, Sl A2
BB s A IR Y CPC S5t 17 T 1k
it IFFTF TracePro M4, #2 T—Fh CPC H 4
JEEEHOR MR 5 7 . B R BoR Yk
ALl HIH A0 2017 4F 1 A 1T HA A 1 H.7TH
1 HM10 A 1 HEF, BB 0.16 19 CPC A #
HULE R 0. 56 [ CPC, -5 B 5 6 2% 85 R 4y 548 =
T 13.77%,15. 24%.9. 30% 1 11. 54%. Bk &
SEUS R PR LA A B IR R T AT LR A 4R
JUfaT 5 6 L AN Hz U A 1B A CPCL B9 & 3124 Ak
H 58 B f R 60°HT, JLMERSG L R 1. 16, AT #2400/
74.39° FEDEERE Ty 86. 77 %,

T 23 48 B AR S B 7 Fp A A 488 A
e LS R A B G L AR I8 AT 3 R A A R
SR R B TSR AR I A AR bk e
PR AR FH P IR I IR IR R N
TR R WA ) B2 S A8 R T RO A AR AL
b FERETE T AR AL B A WS AT CPC 4 BE Y 52
Wi, SRR B AR R 5 A LA T I
AT AR N Y BT AT D6 £ 34 1 W Wi A 5 i, e i ROk
IR R . R 98. 90% . Zheng
A3 3 S I M g T A T 46 T IR 7 A ke
Zhmg s T E RS ERE R, 255 R R
JE BRLJZE Bl B 4 2B U AR B T IR B A R BB A B
140 °C. R AT R T 4R K BH AE R 3R
T A G R i XU AR 2 i TR A AR A
s HL AP A IR R PR TR 0 TR SR 1 B R R A
BT E SRR IR B T RS 51T
ZHXNHOL AR S B RPERE R R . S5 R KW,
55 [ 2 A A I B IR AH L L 4R B Y = AU
WO T 1A% B AR R B T 1606, AR AR
BRI T 9%,

N T BRI A 2l TSRO A S B 1 Y
T A LIz 2 e B L O 4R 2R 12 e oK FH B A R R 1Y
T RSO R R U 1 R B SR A R B 2
it T 2R ' s A0 G B AL B A R T A A S SR
W3R T3 % U R T T WSO IR 52 2 it 1o 2R
St CAYERE A L AL, e, O A T E A
ERMMP)ZE R E SRS LEME. RF. NN
A TR T AR W ISR 1 52 22 it D SO &% DL 27 1k g
HEAT T U5 BAH 5 o b T RO R X &2 £ il T
RO CLAIENCR S BOCROR w3 T2y
BLAE R IS T G 2l T 2RO A O B R it 5
B 6 AR BR KA T WK I 20 B T MO AT IR
XA 22 il T IO A IR R | W A A AR RO AR
HeALBCR I

0508001-2



E 2% F5H/2022 F£3 B/RFFR

2 EaZimBOtHRi 52
g

=

BEMERAETERE
HAZMmERLHE EEMBE BN .2
S5 B T R4 AT AR PR e R A A g B2 B B A ) A
PR R, v, 52 G 22 il T 3RO B 0 A6 Y 9 B
HL A ms Z BB E W ERN D, AL
s B2 BB A 0 0 R R (B B AR 2R 5 RO AR
WREEE S HL WK 1 iR, HE A Ll R
BB ATIE AT T O 2% KBRSl Y A BH G 2k — BB 43
25 3% 38 55 MR A S B0 R S T RO e G E)
REBIEEN . 50 KRG HEE A S 8502
EIGE N AR TR TR ISR B2 IR R AT LG Ak i
BRI B A D 1 4 R s RS WSO R AT AR R 3 d
DLk B TR B R L 0 1 S B A 2 i T 2RO A A0 2R
JEAE TR .

| 54 |

2.1

glass cover
single-layer

Bl 1 &4 2R RO IR &K
Fig. 1 Schematic diagram of focusing principle of

compound multi-surface concentrator
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Fig. 4 Three-dimensional models of compound multi-surface concentrator embedded with different absorbers.

(a) “ * ”-shaped absorber; (b) rectangular mesh absorber
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Table 1 Geometric modeling parameters of compound multi-surface concentrator
Structure Geometric parameter /(mm X mm X mm)
Reflecting surface Length X width X height 2000 X678 X319
Glass cover Length X width X thickness 2000 X 678X 2

2000 X<110X2
2000 X108 X 1.5
2000106 X1
2000 X 98 X1

Single-layer glass tube Length X diameter X thickness

“ % ”-shaped receiver Length X diameter X thickness

Outer mesh structure Length X diameter X thickness

Rectangular mesh receiver Inner mesh structure Length X diameter X thickness

Rectangular structure

Length X width X thickness 2000 X 67X 1.5
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HWA: hot-wire anemometer
TDL: temperature data loggers
CMSC: conpound multi-surface concertrator

SIM: solar irradiance meter
DPS: data processing system
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Fig. 11 Test bench for photothermal performance of compound multi-surface concentrator
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Table 2 Errors of direct testing physical quantities

Physical quantity Error /%
Solar irradiance

Temperature

Air flow rate 0.7
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Table 3 Parameter comparison of compound multi-surface

concentrator with different absorbers

Rectangular
“ % ”-shaped
Parameter mesh
absorber
absorber
Solar irradiance /(W » m %) 738 702
Concentrating area /m’ 1.3 1.3
Air flow rate /(m * s ) 1. 81 1.81
Discrepancy between inlet and
] ) 25.3 19.7
outlet air temperature /°C
Light-thermal conversion
54. 85 44,05
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