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Abstract: It is difficult to balance the high heat absorption efficiency and high outlet temperature
in the particle solar receiver, and the thermal radiation absorption performance of particles
determines its thermal efficiency and the upper limit of temperature rise. Therefore, based on the
Monte-Carlo method, a radiative transfer model of stationary particle groups under external
parallel radiation projection is established to investigate the effects of the geometry structure of
particle groups, particle sizes, particle radiative properties, irradiation conditions and other
factors on the transmission of thermal radiation. The results show that the particle groups’
absorption duration is independent of the particle size and geometry structure, but is in direct

proportion to the volume fraction, and shortens with the increase of the external radiation
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intensity or the absorptivity on the particle surface. For a certain particle group, the equilibrium
temperature depends mainly on external radiation intensity, and the overall absorption rate relies
mainly on the absorptivity of particle surface. For a given geometry structure of the particle
group, both are positively correlated with the particle size, and have similar variation behavior as
the volume fraction increases. In different geometry structures, increasing the volume fraction of
particles enhances the external radiation absorption while increasing the escape of self-generated
radiation. Among the existing structures, the overall absorptivity under the tessellated staggered
structure and the sector structure have peaks with the increase of volume fraction. Of these, the
sector structure requires the smallest particle concentration to reach the highest equilibrium
temperature and efficiency. According to the calculation results, an empirical correlation formula
for the overall absorptivity of the particle population is proposed, whose relative error subject to
the definition formula calculation value is less than 15%. The results of this paper can provide a
reference for the computation of radiation transfer of moving particle populations, as well as the
design and regulation of particle solar receivers.

Keywords: thermal radiation; particle radiative property; geometry structure; absorption duration;

absorptivity; equilibrium temperature
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Table 1 Solid particles for solar absorption and their thermal properties

P WER/C I/ (kgem ) SREB/(Wem ' KT ERIHE/ (K- kg - KD U ES
Albs 2072 3960 0.12~0.65 0.92~1.28 0.25~0.85
T fb ek 1 800 3210 0.10~0. 67 0.30~1. 60 0.84~0. 88
Vel X 1750 2 630 4.95~5.62 0.60~1. 80 0.25~0.35
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Fig. 1 Calculation domain and external irradiating window
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Fig. 2 Geometry structure of solid particle groups
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Fig. 3 Particles group structure for model validationt
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Fig. 7 Particle temperature evolution under different structures

of particles
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absorptivity under different particles diameters
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Fig. 22 Overall absorptivity versus volume fraction

under different structures of particles
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Fig. 23 Acceptance rate and dissipative rate versus surface

absorptivity under different structures of particles

500
—o— R
—0— AL HEAY

450
BaBL

350
300 :
0 02 04 0.6 0.8 10
e
P 24 SR A BT JRURLRE S bRV i i 52 WA R B0 B 78

Fig. 24 Actual equilibrium temperature of particle groups
versus volume fraction under different particles

structures

2.4 BERBERAZE KN
MR Al T3 45 R B bR HUAE 0 UKL 3 X S 3
PR Z AR LS A KRR S HOR AR R 2 B L
LU=y

Theocl = (0.817a+0.211)exp(1 —C, f,)

(25)

s = Copee (L) (26)

Horp R A R 2 (25) (26) H i R B L3 3,

T G ORL A S AR IR R IR ] Hy R A
Qpas,cal — Tbv,cal (1— rcs.m.cal) 27)
P 25 48 A SCRF SR R M 2 (27 5 XX (16)
TIEAE A A X R 25 AR F £ 15 %0, B IE T4l %
B (25) . (26) Al FEME . f OCHE 0 (25) . (26) AT
SR AU AR S5 A WA 38 A AR U L A2 5 TR R 3 B
%) BRI 38 MO T R A 1) 25 [ A Y, S BRis A7




o505

TRBERE S A5 < LR TPURE B PR O I 1 BB Y SRR R Bk AR BT Y L7

AT AR A L 2 R AT 11 28 RIS 17 =X A s Ok B
A ER RIS B TR T NI E BT BN 6 R o - e
PRI, 76 52 BRaz A7 30 e JBORE G AL 1 47 8 T4
B 7] 225 20 (25) ~ (27) P8 15 R RL A2 AR B 43 5 DA
FRAG RIURL I 5 S5 W USC BB 7 d5e KAk

A3 ARMAETXQ25)F(26) a5 %K
Table 3 Coefficients in Eq. (25) and (26) under different

particle structures

Hy C, C, Cs
L 2% 75 —2.51 0.476 —0.228
ME 5 52 4 78 —5.93 0. 365 —0. 283
J Al —14.71 0. 305 —0. 351
06 Vi
7/
7/
Ve
05F // .ﬁ;'.;//
//:‘.’.'.:://
oal P

2 A e
|5.0°/o' —)5;7'2"';'/
Y b
e A i —15.0%
./

£03F ./’.‘,
N .’,"..:,;'&-
o'ey ‘& [/
02F Y *
”J‘/.-
0.1F .-‘/‘/
o
Y
0 0.1 0.2 0.3 0.4 0.5 0.6
am\
B 25 MR 25 Bk (27) 5 XA 6 i EAE
Y AH X iR 22
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Eq. (27) and definition equation of Eq. (16)
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