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Study on backmixing and blending characteristics of particles in riser of multi-section
variable-diameter circulating fluidized bed pyrolysis reactor
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Abstract: Pyrolysis is a critical pathway for the high-value utilization of low-rank coal, the core of which lies in the development of
high-efficiency pyrolysis reactors. Optimizing the riser structure of the multi-stage variable-diameter circulating fluidized bed reactor
can significantly enhance the backmixing and blending performance of particles. Cold-state experiments were conducted to investigate
the effects of expanding section structures and coal injection nozzle arrangements (tangential, oblique-tangential and oblique-inserted)
on particle flow characteristics via using pulverized coal and semi-coke as the raw materials. The results indicate that the expanding
structure can inhibit the axial decay of solids concentration effectively. When expanding diameter ratio is 1.16 and 1.27, the particle
volume fraction in the pyrolysis section can be increased by 15% to 40% (compared with the constant-diameter structure), thereby
promoting the formation of local dense-phase zones. When the oblique-tangential nozzle arrangement is employed, the optimal blending
effect between pulverized coal and semi-coke is achieved, and the mass fraction of pulverized coal in the solid phase can remain stable at
approximately 0.20 along the axial direction of riser, with coefficient of variation less than 0.05.
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Fig. 1 Particle size distributions of pulverized coal and semi-coke
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Table 1 Proximate analysis results of pulverized coal and
semi-coke
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Fig.3 Schematic diagram of circulating fluidized bed (CFB)

cold-state test rig
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Fig.5 Schematic diagram and arrangement of transient particle sampler
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Fig.7 Schematic diagrams of nozzle arrangements
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Fig. 8 Axial distributions of particle concentrations in pyrolysis section under different expanding diameter ratios
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Fig. 9 Radial distributions of particle concentrations in pyrolysis section under different expanding diameter ratios
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