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Abstract: A gas—liquid—solid three—phase CFD—PBM coupled model was developed based on the Eulerian three—
fluid model, the kinetic theory of granular flow and the population balance model (PBM). Combined with aeration
oxygenation performance experiments, this study investigated the influence mechanism of carrier filling rate on flow
characteristics and oxygen mass transfer efficiency. The results indicate that the carrier filling rate significantly
affects the distribution of multiphase turbulent parameters and mass transfer performance. At a filling rate of 20%,
both the fluidization velocity and turbulent kinetic energy are relatively high, resulting in the most uniform solid-
phase distribution and the best fluidization performance. A significant negative correlation was observed between
the carrier filling rate and the average bubble diameter (R=-0.787), while a significant positive correlation was
found between filling rate and the proportion of small bubbles (0.27~1.02mm) (R=0.991). with the highest

proportion reaching 79.15%. As the carrier filling rate increased, oxygen mass transfer parameters (k,a, STOE, E,

WRBH: 2026-02-12  fEEBH: 2026-04-29

BEES: B (1990—), B 14, YR, rjh_xaut@163.com

EEWHE: EEAKRHEIEEIH (52206210) ; BRGE HE TS #0750l ui 3 (24)E016)

SIRARST: VR, ARANHE, JK%, 245, SR vk, BAERR, FE 0. BUABTFE AR XA - - 3 15 A% BTALRE M52 A [J]. f6 T2 4, XXXX, XX(XX):
1-10

Citation: XU Bin, REN Jiehui, ZHANG Tao, PENG Qian, HAN Liubing, XI Jiayao, CHENG Wen. Influence of carrier filling rate on gas - liquid -
solid flow characteristics and oxygen transfer performance[J]. CIESC Journal, XXXX, XX(XX): 1-10



“ 2 i T

¥

FXXE

etc.) showed a decreasing trend; specifically, k,a decreased from (15.05+0.24) h™' to (11.39+0.26) h™'. In summary, a

filling rate of 20%~30% achieves the optimal balance between mass transfer and fluidization performance,

providing an important basis for reactor design and operation.
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represents the velocity distribution at Z=0.20 m; (d~f) represents the velocity distribution at Z=0.40 m.
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