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Abstract: To improve the performance of parabolic trough solar thermal power generation
systems, a parabolic trough solar thermal power generation system model with double-stage
concentrated heat collection (the double-stage system) was developed by coupling mirror fields
with both high and low concentration ratios and combining two types of heat transfer fluids. The
system was benchmarked against typical solar thermal power generation systems to explore the

mechanisms for the improved heat collection and transfer performance, as well as the reasons for
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reduced exergy losses in critical processes of the double-stage system. Meanwhile, detailed
energy and exergy analyses were conducted on the double-stage system, revealing the energy and
exergy flow in the double-stage system and the distribution patterns of energy and exergy losses
on both the mirror field section and the power generation section. The results show that coupling
mirror fields effectively improved heat collection performance, while combining two types of heat
transfer fluids improved the heat transfer process. As for the distribution of losses, the optical
loss was still a significant factor contributing to heat collection losses in the system, and a large
proportion of exergy losses stemmed from the solar-to-heat conversion process, highlighting a
significant potential for improvement. The double-stage system could reach a thermal efficiency of
27.35% and an exergy efficiency of 28. 84 % , with increases of 0. 9% —1. 5% in both thermal and
exergy efficiency over traditional systems using a single concentration ratio and sole heat transfer
fluid. Moreover, the double-stage approach reduced the mirror field area by 4% —6% at the same
power output. This study proposes an improved strategy for parabolic trough solar thermal power
generation systems, providing a theoretical basis for further research and optimization.

Keywords: parabolic trough solar thermal power generation; concentration ratios; heat transfer

fluid; thermal efficiency; exergy loss
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Fig. 1 Schematic diagram of parabolic trough solar thermal power generation system with double-stage concentrated

heat collection
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Fig. 2 Schematic diagram of reference system A and B
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Table 3 The comparison of parameters between the double-

stage system and the reference systems A and B
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X FR GEAE 55 ) A A 5 O T A0 A A R
W T TR R R R RN, SRS AL
B i 55 i3 1 B4 51 4 166 305,163 300 m? , 1 X 2K
REFHBEHHAN 156 860 m* . WH T 4% ~6%
55 7 T BR A AR AR T B 3 A

3 45 B

(1) ke KRG B 5 1 A A A AL A
I P T U R A R FH B I & L R SR 1Y
PR Ry 27, 3506 R R 28. 8406, A LE T I Fil
WA SRS, MAEMBRERRAT
0.9%~1.5% A K H BT, /152 4% ~6% 1)
Bym,

zkxb. xjtu. edu. cn

(2) TEXH RGN BERE G G B REH A
(1 30. 100, EEPRT MG 1627 10Uk L AR 2%
7 /N R R R ARG 59, 400, BROGAE R A
JEIF A A 7= AR AN AT 2 B0, HAT R G
23 (6], AEXUR R GRS M B R Bk o S RE R A
(41,600, EEPR T 10 BEAS 1078 ENHLJ s JAHLR i B
KA B 10. 6 20 , 2% AN AL 30 45 2% BB/

S X .

[1] YU Jinna, TANG Y M, CHAU K Y, et al. Role of
solar-based renewable energy in mitigating CO, emissions:
evidence from quantile-on-quantile estimation [ ] J.
Renewable Energy, 2022, 182. 216-226.

[2] FALOPE T, LAO Liyun, HANAK D, et al. Hybrid
energy system integration and management for solar
energy: a review [ J]. Energy Conversion and Manage-
ment, 2024, 21. 100527.

(3] 4RI, M 2h fiff RE AL 28 9 BRI 0L 1T i 5 20 4 [T
REVR 57k, 2022(3) ; 116-1109.

YUAN Zhenguo. Application prospect of molten salt
energy storage technology for steam supply [J]. Ener-
gy and Energy Conservation,2022(3): 116-119.

[4] RAVIK K, KRISHNA C N, SENDHIL K N. Solar
thermal energy technologies and its applications for
process heating and power generation-a review []].
Journal of Cleaner Production, 2021, 282: 125296.

(5] f[HEXe, Edp, FLOEAF, & BOLBIRIAREH AL B R

G A 2 S 6 A RR AR T SR e D7 IR IR R R L.
Bl2zi@ R, 2016, 61(30): 3208-3237.
HE Yaling, WANG Kun, DU Baocun, et al. Non-
uniform characteristics of solar flux distribution in the
concentrating solar power systems and its correspond-
ing solutions: a review [J]. Chinese Science Bulletin,
2016, 61(30): 3208-3237.

L6 H&, A1, B30, . KRR IIE RO 1K

RER A0 A R e P40 0T [T ). SEImBAR S B, 2022,
39(12): 86-92.
BAI Zhang, ZHENG Bo, HU Wenxin, et al. Optical
simulation of solar simulator and regulate on analysis
of energy flow distribution characteristics [ J]. Experi-
mental Technology and Management, 2022, 39(12):
86-92.

[7] KURKUTE N, PRIYAM A. A thorough review of
the existing concentrated solar power technologies and
various performance enhancing techniques [J]. Journal
of Thermal Analysis and Calorimetry, 2022, 147(24) .
14713-14737.

(8] wmhaliE, Lk, Xm R, . Al =X K B AE G H A ol 4k
WAL KB Rgctkremszm (1. 3 TR m,




40 [ 7 S ' B N - S 1 55 59 4
2022, 42(9) . 829-834. et al. Performance study and comparative analysis of
HAN Jianguo, WANG Qiang., LIU Xiangmin, et al. traditional and double-selective-coated parabolic trough
Effect of the numbers of partitions in the collector sys- receivers [J]. Energy, 2018, 145: 206-216.
tem of a parabolic trough concentrated solar power sta- [20] WANG Yuanjing, ZHANG Cheng, ZHANG Yanping, et
tion on system performance [J]. Journal of Chinese al. Performance analysis of an improved 30 MW parabolic
Society of Power Engineering,2022, 42(9): 829-834. trough solar thermal power plant [J]. Energy, 2020,

[9] BILAL A A, KHAN M N, ZUBAIR M, et al. Com- 213, 118862.
mercial parabolic trough CSP plants: research trends [21] #WE, XAk, kB4R 5 5 5 fb 3k = A 2 1 85 fE
and technological advancements [ J]. Solar Energy, A (D). v E LT SRR . 2011, 31(14) . 57-62.
2020, 211 1422-1458. CHU Shuangxia, LIU Linhua. Analysis on the accura-
[10] ZHAO Kai, JIN Hongguang. GAI Zhongrui, et al. A cy of maximum conversion efficiency formulae of solar
thermal efficiency-enhancing strategy of parabolic radiation [ J]. Proceedings of the CSEE. 2011, 31
trough collector systems by cascadingly applying multi- (14) . 57-62.
ple solar selective-absorbing coatings [J]. Applied En- (227 2AE 4. LT Kb B3RO0 2% 1 19 KOG i — 1 b %
ergy, 2022, 309: 118508, R SEIE AT M 52 PR HEATBT (D). KR Pk
[11] LIU Peng, DONG Zhimin. XIAO Hui, et al. A novel 2024, 20-47.
pérabohc' 1r01.1gh r.ecelver by inserting an inner llfbe (23] REFZE. 5 ERE. XA E, 2. (6K 0 b 76 M 0 A
with a wing-like f‘rmge for solar cascade heat collection B A6 B2 4 s i) 25 SC I TESE [0, A B BEZ2 9 2015,
[J]. Renewable Energy, 2021, 170: 327-340. 36(1): 173-178.
12] ZHANG Ch ,» ZHANG Yanping, ARAUZO 1,
[12] G Cheng NG Yanping UzO L et XIONG Yaxuan, WU Yuting, LIU Shanwei, et al.
al. Cascade system using both trough system and dish L . . .
Preliminary experimental study of low melting-point
system for power generation [ J]. Energy Conversion . .
molten salt in parabolic trough collectors [J]. Acta
and Management, 2017, 142. 494-503. . o
Energiae Solaris Sinica, 2015, 36(1): 173-178.
[13] DESAI N B, BANDYOPADHYAY S. Integration of par- ) L ) )
i i ) [24] BAI Zhang, SUN Jie, LIU Qibin. Comprehensive as-
abolic trough and linear Fresnel collectors for optimum
. . sessment of line-point-focus combined scheme for con-
design of concentrating solar thermal power plant [J].
. . . . centrating solar power system [ J]. International Jour-
Clean Technologies and Environmental Policy, 2015,
nal of Energy Research. 2018, 42(5): 1983-1998.
17(7): 1945-1961. i e 2 G R
2 RE. W AE ' el 3 Sh S R EWR ST (DL
[14] OSHIDA 1, SUZUKI A. Optical cascade heat-collec- [25] E'ijitwl%%i iﬁi{fH HEJE R i sl R AT (D]
tion for effective solar energy gain [J]. Journal of So- AL AR AL IR L 20202 919,
N St P N N 7 AT p
lar Energy Engineering, 1987, 109(4) . 298-302. [26] R ¥ MACKRIREIEM R HOCHE BOR iz 13 5Tk R
e s FoA 10
[15] PADILLA R V, FONTALVO A, DEMIRKAYA G. et e LD, Fists ARMRSE . 2017 19-95.
5 - - , 5 ’/*_M»Jﬂlrll;_ﬁ i Rk 3
al. Exergy analysis of parabolic trough solar receiver [J]. [27]) £RH, REEE, HBEW], S5 A ab MUK RE R R
¥ - 46 T 2y o p2
Applied Thermal Engineering, 2014, 67(1/2): 579-586. MG SR SRR T (1], R RE S 4t 2020, 41
[16] BELLOS E, TZIVANIDIS C. A detailed exergetic (6): 317-325.
analysis of parabolic trough collectors [J]. Energy WANG Huifu, WU Yuting, ZHANG Xiaoming, et
Conversion and Management, 2017, 149 275-292. al. Performance research on solar field of molten salt
[17] ZHAO Kai. WANG Xueging. GAI Zhongrui. et al. parabolic trough solar power plants [J]. Acta Energiae
Enhancing the efficiency of solar parabolic trough col- Solaris Sinica, 2020, 41(6): 317-325.
lector systems via cascaded multiple concentration ratios [28] ABED N. AFGAN I, CIONCOLINI A, et al. Assess-
[J]. Journal of Cleaner Production, 2024, 437, 140665. ment and evaluation of the thermal performance of va-
(18] BT, B, [, 2. Jwa =t A BH g 4 28k rious working fluids in parabolic trough collectors of
PSR BUEA R 500 [J]. SR 549 solar thermal power plants under non-uniform heat flux
H, 2022, 39(6): 92-96. distribution conditions [J]. Energies, 2020, 13(15):
GAO Zhiwei, YUAN Yu, BAI Zhang. et al. Numerical 3776.
simulation and analysis of the solar-thermal coupling char- [29] CHEN Zhewen, WANG Yanjuan, ZHANG Xiaosong.
acteristics for parabolic trough solar collector [J]. Experi- Energy and exergy analyses of S-CO, coal-fired power
mental Technology and Management, 2022, 39 (6): plant with reheating processes [J]. Energy, 2020,
92-96. 211: 118651.
[19] YANG Honglun, WANG Qiliang, HUANG Xiaona, (e AR¥)

zkxb. xjtu. edu. cn






