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Abstract Based on the comparison test platform of the dual-axis tracking trough solar system, the effect of the dust
accumulation on the photothermal performance of the trough solar energy system is studied through theoretical
analysis and experimental tests. The dust reflection factor and correction coefficient of the acquisition factor are
introduced to quantify the effect of dust accumulation on the photothermal performance of the system. The results
show that the dust on the condenser has a significant effect on the concentrating characteristic of the focal plane.
The uneven distribution of the dust causes more serious scattered radiation. As the amount of dust increases, the
energy obtained by the focal plane within a certain size decreases. The energy flux density at the center of the focal
plane is reduced, and the receiver with small aperture is more sensitive to the change of energy that can be collected
on the focal plane. To ensure the correction coefficient of the acquisition factor of the trough concentrator is greater
than 0. 90, the dust reflection factor should be less than 4. 3%. A prediction model of the effect of dust
accumulation on the heat collection performance of the trough solar system is established and verified by the
experimental test. The relative error between the predicted value of the model and the experimental value is less

than 5.07%, and the good agreement between them is obtained. This prediction method has good universality and
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can provide theoretical guidance for practical engineering applications.

Key words geometric optics; trough solar system; dust reflection factor; acquisition factor; energy flux density
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Fig. 2 Effect of surface corrosion of concentrator on

ray propagation path
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Fig. 3 Layouts of dust samples. (a) Test device; (b) design diagram
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Fig. 4 Comparison test platform of dual-axis tracking trough solar system
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Fig. 5 Flow chart of thermodynamic performance test based on trough solar system

3.2 XWHE

PEH = A0 A TR AR A T 00 R T SE B 9T L fF — 4
Bl TR 3E4T B SR B B, 3R D% B 1 #4155 /K OF 1
L A5 AR IF B He BEAR PG J5 1) 22, R R SR A B DA
KBEW L Y RIS T .

TBL 1 A R IF R F 2019 4F 8 AL R
20210 d, 9 R BR — ORI S A0 H: A B ] BT, SR B R
T AR ASIR 5 DL 1 7 Ca) £ THT R U 28 B W00 4k 49 1) K BH
BT IR R 876~915 W « m 2, FRES IR B R AR
JETE 26~29 C AR N 0.6~1.5me=s ',

18080014



ot 2 X i
insulating layer 43,‘% 2 Eif%:ﬁ(%%’ﬁ(%
Table 2 Main instruments
sallesiar shell Name of instrument Type Accuracy
tube Float flowmeter LZB-25 20 L/h
Magnetic circulating pump MP-100R
internal Thermocouple K 0.75%
reflection Data interceptor TP700 0.2%
surface
Radiation observation system BSRN 5 W/m"
Energy flow densitometer Gardon Gage 3%
; 3
P16 Jeic A i i ) P Ultraviolet spectrophotometer UV-3600

Fig. 6 Profile of cavity receiver
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Table 1 Structural parameters of cavity receiver

Type Parameter Value
Aperture width
50
W./mm
. Cavity width B /mm 120
Cavity
) Cavity height H /mm 100
receiver .
Cavity length L ./mm 1500
Diameter of tube d /mm 10
Number of tubes n 7
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Fig. 7 Pictures of concentrators with dust under different working conditions. (a) Working condition 1;

(b) working condition 2; (c¢) working condition 3
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Fig. 9 Relative reflectance varies with wavelength at each measurement point. (a) Working condition 1;

(b) working condition 2; (c¢) working condition 3

5 @] g "o ®) 1 g0p e ©
%40r 240 Hg
BE BE BE
e g2 4ol gz 30
5% 30 5% 30 £E
<< < R
S& 20 EER g 220
2'a 2% 2%
38 e =g 10t
oo 10r working condition 1 "\, oo 10r working condition 2 g2 — >
030 =50 -0 0 10 20 30 030 =50 —io 0 10 20 30 0330 =20 10 0 10 20 20
Focal plane width /mm Focal plane width /mm Focal plane width /mm
B 10 AR T3S 37 B 10 A TR RE IR 28 BE A0 A . () T 15(h) T 25 (o) T80 3

Fig. 10 Focal plane energy flux density on dusty mirror and clean mirror. (a) Working condition 1;

(b) working condition 2; (c) working condition 3
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Fig. 11 Acquisition factor varies with aperture width under different working conditions.

(a) Working condition 1; (b) working condition 2; (c¢) working condition 3
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