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Abstract — Characteristics of hydrodynamics and heat absorption by gas in a directly-irradiated fluidized bed particle
receiver (50 mm-ID X 150 mm high) of SiC particles have been determined. Solid holdups of SiC particles show almost
constant values with increasing gas velocity. Fine SiC particles (SiC II; d, =52 um, p,=2992 kg/m®) showed low values
of relative standard deviation of pressure drop across bed but high solids holdups in the freeboard region compared to
coarse SiC particles (SiC I; d,=123 um, p=3015 kg/m?). The SiC II exhibited higher values of temperature difference
normalized by irradiance due to the effect of additional solar heat absorption and heat transfer to the gas by the particles
entrained in the freeboard region in addition to the efficient thermal diffusion of the solar heat received at bed surface.
Heat absorption rate and efficiency increased with increasing the gas velocity and fluidization number. The SiC II showed
maximum heat absorption rate of 17.8 W and thermal efficiency of 14.8%, which are about 33% higher than those of
SiC I within the experimental gas velocity range.
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Fig. 1. Experimental apparatus. (a) cold model of particle receiver (pressure taps: dash line), (b) hot model of particle receiver (thermo-
couples: thick line), (¢) schematic diagram of solar collector and particle receiver, (d) photograph of apparatus.

Table 1. Physical properties of SiC particles used in experiment
Powder Sauter mean diameter [um]  Particle density [kg/m’]  Bulk density [kg/m’] ~ Absorptivity [%] Fine contents [wt.%] U, [m/s]

SiC1 123 3015 1524 90.92 - 0.018

SiC Il 52 2992 1374 88.79 252 0.006
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Fig. 2. Particle size distributions of SiC particles used in experiment.
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Fig. 4. (a) Effect of gas velocity on solids holdup across bed, (b) Effect
of gas velocity on solids holdup across freeboard region.
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Fig. 9. Effects of gas velocity (a) and fluidization number (b) on heat
absorption rate of gas and efficiency of particle receiver.
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ABI1E

A : Bed area [m?]

Cpeus : Specific heat capaticy of gas [J/kg K]

d, : Mean particle diameter [m]

D, : column diameter [m]

g : gravitational acceleration [m/s’]

H : bed height from distributor [m]

o 7IA A5 54 245
AH : difference of measurement height [m]
Loy : directly irradiated solar irradiance [W/m?]
N : total measurement time of pressure signal [s]
n : instantaneous measurement time of pressure signal [s]
P : pressure [Pa]
AP : pressure drop across the bed [Pa]
Quus : heat absorption rate by gas [W]
Qolar : concentrated solar energy [W]
RSD : relative standard deviation [-]
Titer : inlet gas temperature [°C]
Theu : bed temperature [°C]
Theehoara  * freeboard temperature [°C]
T, uttet : outlet gas temperature [°C]
T* : relative heat absorption temperature [-]
T* : Reduced temperature difference [°Cm?/W]
U, : superficial gas velocity [m/s]
Uy : minimum fluidization velocity [m/s]
x(n) : Instantaneous signal of pressure drop [pa]
X : Average signal of pressure drop [pa]
Je2[o|A 2K}
Nyeceiver - thermal efficiency of receiver [-]
Pq : gas density [kg/m®]
Ps : apparent particle density [kg/m’]
Poirror : reflectivity of reflector [-]
T/ Fresnel - transmissivity of Fresnel lens [-]
T focal : transmissivity of focal lens [-]
Tquartz : transmissivity of quartz glass [-]
o, : standard deviation of pressure fluctuation [Pa]
€ : solid hold up [-]
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