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Abstract — A CPFD (Computational particle fluid dynamics) model of solar fluidized bed receiver of silicon carbide
(SiC: average d;=123 pm) particles was established, and the model was verified by comparing the simulation and
experimental results to analyze the effect of particle behavior on the performance of the receiver. The relationship
between the heat-absorbing performance and the particles behavior in the receiver was analyzed by simulating their
behavior near bed surface, which is difficult to access experimentally. The CPFD simulation results showed good
agreement with the experimental values on the solids holdup and its standard deviation under experimental condition in
bed and freeboard regions. The local solid holdups near the bed surface, where particles primarily absorb solar heat
energy and transfer it to the inside of the bed, showed a non-uniform distribution with a relatively low value at the center
related with the bubble behavior in the bed. The local solid holdup increased the axial and radial non-uniformity in the
freeboard region with the gas velocity, which explains well that the increase in the RSD (Relative standard deviation) of
pressure drop across the freeboard region is responsible for the loss of solar energy reflected by the entrained particles in
the particle receiver. The simulation results of local gas and particle velocities with gas velocity confirmed that the local
particle behavior in the fluidized bed are closely related to the bubble behavior characterized by the properties of the
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Geldart B particles. The temperature difference of the fluidizing gas passing through the receiver per irradiance (AT/
Ipnp) Was highly correlated with the RSD of the pressure drop across the bed surface and the freeboard regions. The
CPFD simulation results can be used to improve the performance of the particle receiver through local particle behavior

analysis.
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Table 1. Governing equations for MP-PIC model
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Fig. 1. Experimental apparatus (a) and size distribution of particle (b) used in simulation.
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Table 2. Input parameters used in CPFD simulation

Parameters Numerical Value
Diameter of SiC 1.23¢%m
SiC Bulk density 1524 kg/m?
SiC Particle density 3015 kg/m?
Minimum fluidization velocity 0.0178 m/s
Gas velocity 0.075-0.15 m/s
Gas composition Air
Drag model Wen-Yu-Ergun
Sphericity 0.74
Initial bed height 45 mm
Total number of all cells 539448
Total number of real cells 132846
Time step 0.001s
Total time 40s
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Fig. 2. Effect of gas velocity on solid holdups in bed (a) and freeboard (b).
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Nomenclature
C, : Drag model coefficient
d, : Mean particle diameter [m]
D, : Aerodynamic drag function
f : Particle size distribution function
F : Momentum transfer between the fluid and solid phases
g : Gravity acceleration [m/s’]
Ipy O Irradiance [W/m?]
m : Mass [kg]
P : Pressure [Pa]
P : Positive constant for particle normal stress [Pa]
t : Time [s]
T : Temperature [K]
U, : Superficial gas velocity [m/s]
u : Velocity vector [m/s]

Greek symbols

o : volume fraction [-]

B : constant [-]

€ : constant [-]

& : Solid holdup or solid volume fraction

AT : Temperature difference of gas across particle receiver [C]
) : strain rate tensor [-]

n : viscosity [m%/s]

p : density [kg/m]

T : particle normal stress [Pa]

T : collision damping time [s]
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Subscripts

cp : close pack

eff : effective viscocity

f

ij, k

p
S

10.

11.

12.

13.

: fluid

: coordinate index
: particle

: solid
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