$60 % AW B % X @ K F OF MK Vol. 60 No. 4
2026 4 4 H JOURNAL OF XI’ AN JIAOTONG UNIVERSITY Apr. 2026

= I INE TR BN KRR & BB b
RAERERIRTHARER

EREANT L THERS T, AR
(1. P42 220 R~ AR R R 7 Bt & QIHT-F & Pl . 710049, P44
2. WRAZWRERFR A S TREFWEALEE, 710049, PHL)

WE. $AARALRAEDRARRENATH AN ELRARAZ - AL EXBMRETREEND
X EEXAEE AGEHN, Af ZRRFEFORFEZE BRATEFLLARLEH .2
TAAESBRAER IR R ELEAHREN, REDIFRIIIT THEN LA B30 R AE RS
B, 24X T = .3 XEENYaZE BT Rk, G458, 00 TS
AN K R ES X EREFM, EETREATALTRYENBERESFELEAZWR L4 5 &,
Hr @t kM METREEALEEDERIFFEZHRE,.FRFTT RS RABZTARKE B
FRABUHRSWHER;FBR. ST L. 0 TEDBREAST RS G ZRNG AT T HHER
RGIEEHEFRRETFRERABR, RE AETREGALTMNEALFRG AERRAIE A
B RBEEEN SR EEFREEFARESART O AW ANEBRE A LR ESEEXRED G
LXMW RBERBEETRFERERAALS TS,

TR, BAERLE; mE RN RO E R AR

mESES. TKSl XERED: A

DOI: 10.7652/xjtuxb202604007 X EHS: 0253-987X(2026)04-0084-15

Optical-Thermal Performance Enhancement of Solar Power Towers

in the Northwest China Environment: A Review

LI Mengjie'?, HE Yaling'?, DU Shen®

(1. National Innovation Platform (Center) for Industry-Education Integration of Energy Storage Technology,
Xi’an Jiaotong University, Xi’an 710049, China; 2. Key Laboratory of Thermo-Fluid Science and Engineering

of Ministry of Education, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: Solar power tower technology is one of the key technologies driving the clean transformation
of China’s energy structure, with great potential for large-scale deployment in the solar-rich northwestern
regions. However, the region’s unique complex meteorological conditions—such as frequent
cloud shading, strong wind., and dust events—constrain the efficiency and operational stability of the
concentrating and heat collection processes in solar power tower plants. Focusing on the optical-
thermal characteristics of solar power tower systems in the special environment of northwestern
China, this review systematically examines the impact mechanisms and performance improvement

strategies related to three major factors: clouds, wind, and dust. First, with regard to cloud
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shading, the issues of thermal shock and efficiency loss caused by transient flux are analyzed, and
real-time aiming strategies based on artificial intelligence as well as coordinated molten-salt flow
control methods are summarized. Second, for strong winds, the mechanisms behind wind-induced
slope and tracking errors of heliostats are clarified, and the influence of wind fields on receiver
convective heat loss and start-up performance, along with suppression techniques, are discussed.
Third, regarding dust events, the mechanism of reflectivity attenuation due to dust accumulation
on mirror surfaces is analyzed, and performance-improvement technologies such as dust prevention and
intelligent cleaning strategies for heliostats are reviewed. Finally, future key research directions
are outlined, including adaptive control integrating meteorological forecasting and artificial
intelligence, real-time monitoring of wind loads across entire heliostat fields, and efficient dust
suppression combined with intelligent operation and maintenance. This work is intended to provide
theoretical reference and engineering guidance for enhancing the environmental adaptability and
operational economy of solar power tower plants in the northwestern region of China.

Keywords: solar power tower technology; cloud cover; strong wind; dust event; optical-thermal

performance
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Fig. 1 Schematic diagram of a typical solar power tower plant
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Fig. 2 High-temperature chloride salt loop experimental platform"*
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