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Fig. 2 Schematic diagram of vertical shaft calciner: (a) 3D
schematic diagram of pot and flue distribution; (b) 2D front

view
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Table 1 Basic physical parameters of petroleum coke particles and pot wall

) Density/ Elastic Poisson Friction Restitution Particle
Location 5 ) ) )
(kgm ™) modulus/GPa coefficient coefficient radius/mm
Particle 1600 3.57 0.8 0.2 30
Pot wall 1920 5 0.6 0.5 -
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Fig. 5 Experimental result of discharging process in cold physical model of vertical shaft calciner: (a) Initial state; (b) Discharging

8 times; (c) Discharging 16 times; (d) Discharging 24 times; (e¢) Discharging 32 times; (f) Discharging 40 times
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Fig. 6 DEM simulation of movement of petroleum coke bed during discharging process in vertical shaft calciner: (a) =0; (b) =S8h;

(c) =16 h; (d) =24 h; (¢) =32 h; (f) =40 h
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Table 2 Calculation conditions of different cases

Case Particle Time step/ Total

No. radius/mm 107% number
1 30.0 2.0 27226
2 22.5 1.5 63668
3 20.0 1.0 92932
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Fig. 7 Motion behavior of petroleum coke particles with different grain sizes on XZ cross section of pot center: (a) R=30 mm, =0;
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Table 3 Motion distance of particles at different time

Time/h Average value/m Relative offset value/m Maximum/m Minimum/m Difference/m
10 1.44 - 1.68 0.92 0.76
20 2.88 1.44 3.30 2.01 1.29
30 4.29 1.41 4.87 3.15 1.72
40 5.56 1.27 6.20 4.17 2.03
50 6.75 1.19 7.56 5.18 2.38
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Fig. 12 Shear stress distribution of petroleum coke accumulation at different regions of pot: (a) Hopper area; (b) Lower region of

hopper throat; (c) Middle and bottom of pot; (d) Cooling jacket area
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Fig. 13 Normal stress distribution of petroleum coke accumulation at different regions of pot: (a) Hopper area; (b) Lower region of

hopper throat; (c) Middle and bottom of pot; (d) Cooling jacket area
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Fig. 14 Network distribution of particle contact force in different regions of pot: (a) Hopper; (b) Force chain distribution in hopper;

(c) Fractionated gain of Fig. (b); (d) Lower region of hopper throat; (e) Force chain distribution in lower region of hopper throat; (f)

Fractionated gain of Fig. (e); (g) Middle of pot; (h) Force chain distribution in middle of pot; (i) Bottom of pot; (j) Force chain

distribution in bottom of pot; (k) Cooling jacket area; (1) Force chain distribution in cooling jacket
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Discharging behavior of petroleum coke in vertical shaft
calciner based on three-dimensional discrete element method

LI Jing', HUANG Jin-di"?, XIAO Jin'

(1. School of Metallurgy and Environment, Central South University, Changsha 410083, China;
2. School of Energy and Mechanical Engineering,
Jiangxi University of Science and Technology, Nanchang 330013, China)

Abstract: The descending behavior of petroleum coke in vertical shaft calciner (VSC) plays an important role in the
quality of calcined petroleum coke. A three-dimensional(3D) mathematical model for the discharging behavior of
petroleum coke in the VSC was established. Using this model, the motion trajectory of petroleum coke particles, and the
distribution of stress and the contact force chain between particles was investigated. Moreover, the reliability of discrete
element method (DEM) simulation was verified by 1/15-scale cold physical model experiment. The DEM simulation
results agree very well with the experimental results. The petroleum coke flow in the heating zone of pot basically
accords with the plug flow, and it presents a funnel flow in the cooling jacket region. The force distribution among the
petroleum coke particles is not uniform and the strong chain is mainly distributed in middle and bottom of pot, especially
the wall of the cooling water jacket area.

Key words: vertical shaft calciner; discharging behavior; force chain; discrete element method; physical model
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