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Abstract — New experimental method to measure solid descending velocity in a vertical downcomer was presented
and effects of downcomer diameter and particle properties on descending velocities for Geldart group A, B, and D par-
ticle have been measured and investigated. The effect of initial solid inventory on solid descending velocity was negli-
gible. However, solid flow rate, solid circulation rate and solid descending velocity increased as the downcomer
diameter increased. Moreover, solid descending velocity increased linearly as the downcomer diameter increased and
showed distinguishable trend for Geldart group D particle from Geldart group A and B particles. Empirical correlations
of solid descending velocity for Geldart group D and Geldart group A and B particles have been derived based on the
measured values. The correlations could predict well the solid descending velocities.
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Table 1. Physical properties of five particles
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Fig. 1. Geldart’s classification of five particles (adapted from Gel-
dart [6]).

Fig. 2. Photos of experimental apparatus.
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Particles Size or dimension [um] Bulk density [kg/m”] Apparent density [kg/m’]
CO, absorbent (KX35T5) 88.2 1002 1251
Glass bead 84.5 1456 2427
Sand 159 1224 2575
Oxygen carrier (Co,0,/CoAlO,) 159 1026 3970
Polypropylene D, 910, D, 1140, H 1520 514 883
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Fig. 3. Detail dimension of experimental appatus.
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Fig. 4. Effect of initial solid inventory on solid descending velocity.
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Fig. 5. Effect of downcomer diameter on (a) solid flow rate, (b) solid
circulation rate, and (c) solid descending velocity.
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Ag7I1E
A : crosssectional area of standpipe or downcomer [m’]
D, : one side diameter of cylindrical polypropylene particle [pim]
D, :another side diameter of cylindrical polypropylene particle [pm]
D, :diameter of standpipe or downcomer [m]
G, :solid circulation rate [kg/m?s]
H  : height of cylindrical polypropylene particle [um]
t : time [s]
V, :solid descending velocity [m/s]
W, : initial solid inventory [kg]
W, :solid flow rate [kg/s]
J2[o|A =X}
p, : bulk density of solid [kg/m®]
A=
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