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Figure 2 (Color online) Schematic diagram of parabolic trough
collecor. (a) Parabolic trough collecor; (b) vacuum receiver
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Figure 3 Non-uniform solar flux distribution along the circumference
direction tested by CTM method"!
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Figure 4 (Color online) Solar flux distribution on LS-2 solar receiver
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Figure 9 (Color online) Parabolic trough collector with homogenizing
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diagram
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Figure 13 (Color online) Ray path and solar flux distribution in

single-tube cavity receiver in LFR. (a) Skech of ray path; (b) solar flux
distribution on receiver tube surface
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Figure 14 (Color online) Solar flux distribution on the absorber tube
surface in the single-tube cavity receiver of LFRI™
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Figure 15 (Color online) Solar flux distribution on the absorbing sur-
face in the multiple-tube cavity receiver of the LFR™
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Figure 16 (Color online) Temperature distribution on the absorber
tube wall in the single-tube receiver of LFR!™
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Figure 17 (Color online) Schematic diagram of absorber tube and
secondary reflector!™
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Figure 18 (Color online) Relative solar flux distribution on the ab-
sorber tube™
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Figure 19 (Color online) Sketch of a LFR with single-tube cavity
receiver and 50 reflectors
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Figure 20 (Color online) Comparison of circumferential solar flux

distributions on the absorber tube wall using 5 optimized aiming line
design schemed™
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Table3 Five optimized design schemes for the aiming lind™
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3 A &K% (Solar Power Tower)
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Figure21 (Color online) Sketch of evacuated tube and CPC™
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Figure 24 (Color online) Schematic diagram of heliostat field and
central receiver in solar power tower plant
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Figure22 (Color online) LCR distribution on the absorber tube wal|!"™ Figure25 (Color online) Heliostat!®?
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Figure 23 (Color online) Temperature distribution on absorber tube [l 26 (4 HUR ()R RE ™. (a) RIS (b) SMSEIAARE

wall in multiple-tube cavity receiver!™ Figure 26 (Color online) Tubular solar receiver®®l, (a) Cavity re-
ceiver; (b) external receiver
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Figure27 (Color online) Volumetric receiver!®”
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Figure 28 (Color online) Solar flux distribution on the absorbing sur-
faces in tubular cavity receiver!®
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Figure 29 (Color online) Solar flux distribution on the aperture of
cavity receivert®
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Figure30 (Color online) Solar flux distributions on the inner surfaces of cavity receiver at different timed'®
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Figure31 (Color online) Solar flux distribution in the porous absorber
of volumetric receiver (summer solstice, noon)!®!
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Figure 32 (Color online) Non-uniform temperature distribution of the
boiling tubes panels of water/steam cavity receiver™®
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Figure33 (Color online) Comparison of temperature distributions of absorber tube wall with and without porous insert®
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Figure 34 (Color online) Porous configurations inserted in the
absorber tube®!
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Figure 36 (Color online) Comparison of temperature on the absorber
surfaces between two fluid flow layouts**®
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Figure 38 (Color online) Comparion of solar flux distribution on the
inner surfaces in cavity receivers with (a) non-optimized solar
absorptivity and (b) optimized solar absorptivity!*®
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Figure 39 (Color online) Optimal solar flux distribution on the cavity
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Figure 40 (Color online) Comparison of solar flux distributions on
inner surfaces of cavity receiver between (a) singgle aiming point and (b)
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Figure42 (Color online) Comparison of solar flux distributions on the

absorbing surfaces between cavity receivers with different depths (Ad is
the increasement of depth)[**
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Figure45 (Color online) Solar flux distribution on absorbing surfaces for several solar receiversin solar dish system!*!
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flux distribution
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Non-uniform characteristics of solar flux distribution in the
concentrating solar power systems and its corresponding
solutions: A review

HE YaLing, WANG Kun, DU BaoCun, QIU Yu, ZHENG ZhangJing & LIANG Qi

Key Laboratory of Thermo-Fluid Science and Engineering of Ministry of Education, School of Energy and Power Engineering, Xi'an Jiaotong
University, Xi’an 710049, China

In this paper, the non-uniform characteristics of solar flux distribution and the consequent challenges in concentrating
solar power (CSP) systems including parabolic trough system, linear Fresnel reflector system, solar power tower, and
solar dish system are summarized. The corresponding solutions proposed to tackle the challenges caused by non-uniform
solar flux distributions are particularly reviewed. Meanwhile, the authors' previous work is also introduced. It is can be
seen that the solar flux distributions in both tubular receiver and volumetric receiver are extremely non-uniform for the 4
types of CSP systems. The non-uniform solar flux leads to the non-uniform temperature distributions in the absorber.
There exist high local temperature and large temperature gradient, which can causes great challenges for the safety and
high-efficiency operation of CSP systems. The selective coating and the heat transfer fluid tend to degrade in high
temperature environment; and the absorber also could be burned out in the hot-spot area. Thermal stress and thermal
deformation resulted from large temperature gradient can cause damage of the key components of solar receivers. Then
the authors pointed out the reason that the non-uniform solar flux distribution could cause the above challenges is
attributed to the mismatching between the non-uniform solar flux distribution in the absorber and the uniform heat
absorption capacity of the heat transfer fluid, which leads to the non-uniform temperature distribution. Accordingly, the
existing solutions for tackling the challenges caused by non-uniform solar flux distribution can be classified into 2 groups:
(1) Optimizing the heat absorption capacity to match the non-uniform solar flux distribution; (2) Homogenizing the solar
flux distribution in absorber/receiver to match the uniform heat absorption capacity. Finaly, the guiding principle of
matching between the collecting process and the absorbing process is proposed for solving the problems caused by the
non-uniform characteristics of solar flux distribution. The solar collectors and solar receivers in CSP systems should be
optimized under the guidance of this principle to improve the safety and efficiency of CSP systems.

concentrating solar power, non-uniform solar flux distribution, solar collector and solar receiver, matching
between collecting and absor bing
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