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Analysis of particle breaking in the shaft moving beds with discrete
element method
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Abstract: The breaking behavior of the burden in the vertically
arranged cooler will cause the change in the voidage of the
material layer, which will seriously affect the gas permeability of
the material layer, and reduce the heat recovery efficiency of
vertically arranged cooler. In order to investigate the break of
particles in the coke dry quenching (CDQ) chamber, and sintering
waste heat recovery vertical tank, the discrete element method
was used to explore the falling movement of the burden material
via considering the particle breakage in the shaft moving bed. The

falling movement process of the particles with different shapes,
sizes and bond strength in two vertically arranged cooler was simulated. The velocity and pressure distribution of
burden were analyzed. The breaking of coke and sinter particles were compared. The results indicated that the device
structure, burden height and particle strength were the main factors affecting particle breakage during the falling
movement of the burden. During the falling process, the pressure of particle increased first, then decreased after entering
the discharge zone, and the particle breakage was closely related to the pressure. When the coke fell into the corbel
zone in the CDQ chamber, the average pressure of the material layer reduced and the breaking rate was slowed down
due to the expansion of the device body diameter. Because the strength of the sintered ore was relatively small, the
breaking phenomenon occurred when it entered the sintering vertical tank, and the expansion of the device body had
little effect on the breaking. Owing to the influence of fixed furnace wall, particles were more likely to be broken near
the device wall. Additionally, the square particles were broken along a diagonal from a certain apex. The rectangular
particles were broken from one side to the other, and the irregular particles were broken inward from the missing side.
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(a) Structure of the cooling device
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Table 1 ~ Structural parameters of CDQ chamber and
sinter vertical tank
Parameter/mm CDQ chamber Sinter vertical tank
Diameter of pre-stored zone 7700 8000
Diameter of cooling zone 9100 10060
Diameter of discharge outlet 1000 1000
Height of pre-stored zone 7790 4000
Height of corbel zone 2000 2000
Height of cooling zone 6100 4000
Height of discharge zone 4700 4600
Total height 20590 14600
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Fig.1 Structure and model construction of the vertical cooling device

(c) Sinter vertical tank model
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Fig.2 Contact model between particles

do <
I —=>» (T, +T, 2
o = 20T 2

A m ML 5y UL ¢ 5B (k) A0S B 4R
(kgm?), v; Ml oo; 53 A RIRL & PR~ 2 (my/s) M1 51 £
HZ (r/s), t NESTEI(s), g NEIIINEE(m/s?), Feng, Fanis
Feijy Facipy Tey P Ty 3 AIRRIORL i 550k 7 1] R T ik
FIN)VEFIBEE 3N DD ) 3dd J3(N) PI1a BELJE JJ(N)-
DI AR (N-m) M EEBEALHE(N-m) . IR S AN AR
AE TR WOCHR[26,27]



1380 U = B

520 %

2.2.2 UKLl FAE A Y

BPM #8541 H Potyondy 2528 HY, A 24
BRI /N ORI i — & RST ) “ R 45827 (bond) B 7E —
i, ik 3 AR, ¥ 22 o2 4 8 S5 A ORI IR
AN 5 R U [ o R [5] F10 286 235 B ] K 52— 52 PR vk ) 3R
YAy, HEZ30E. K. FshSR4h it LR,
Fhah R eI . AN /INIORE b P 2 2 B A T AL
ZINSURE M RIORE [T o 5 75 HE ke, 2 B R [ ) s e 30
B0 TERGURLIA] (1) 45 B A L2 RIS 2 5, SOk [ 1)
FHEAE FHAYE Hertz—Mindlin AR R4, 24 50k 7]
TEAEFEAE BN, BhEE FORLIA] ) 1A @ BPM A7
VI—% s ﬁ:éjj%%[ls,ml,zz,zs]y\j

AI?bn = _SbnAbvnAt (3)

AFM = _Sb‘Abv‘At (4)

AM, =-S8,Jo At 5)
J 6

AM, ==5, o ©)

A Fon, For, Moo H1 M 73 5915 71(N) DI FI(N)-
YER T MN-m) A A JIHN-m),  Son A Sor 73 5N HAL
T AR b A9 1) I 2 (N R T) 1) WIS (N, v, i, €on 1T
@y 3 AR 1) T (m/s) ) 1138 BE (m/s) v m) A IR
JEE (x/s) R 1) 1 T B (v/s),  Av=mRy® 9 %8 &5 B 117 48 Tl A
(m?), J=0.5nRy* NBEH (m?), Ry NFE A2 (m).

Fhah BT RAR VL 7 N ) o AR R T 7 RN
I, 2 o KT FHER N ST omax B T KT S ) 18] B
77 tmax B, REAEBEAEWTRL, KM RRE QIR

F
yo P 2 @
A, J
F
= bt,total + %Rb > T ax (8)
4, J
(a) G v :

=1
(L

[
[
f—
UII

(a) Resulting force when the interaction between two particles overlapped

(b) Resulting force, normal and shear torques when two particles bonded together
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Fig.3 The forces and torques acting on the bond
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Table 2 Morphologies and size distributions of coke particles

. Particle size/ Mass fraction/ Particle
Coke particle
mm % morphology
Single particle 50 12.36 (¥
P
Particle group A 80~120 20.75 €
. u £4
Particle group B 120~160 24.55 % % < o
(S
Particle group C >160 26.79 a«j:
Particle group D >160 15.55 Cé”i
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Table 3 Morphologies and size distributions of sinter particles

. . Particle Mass fraction/ Particle
Sinter particle X
size/mm % morphology
Single particle 6 9.78
Particle group A 10~16 16.67
Particle group B 16~25 19.41
Particle group C 25~40 33.96

Particle group D >40 20.18
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Table 4 Model parameters used in the DEM simulation

Parameter Coke Sinter
Density, p/(kg/m?) 1050 3300
Shear modulus, G/Pa 2.2x10°0 3.5x107
Poisson ratio, v 0.22 0.25
Restitution for P-P, e 0.18 0.25
Static friction for P—P, u 0.56 0.68
Rolling friction for PP, u, 0.10 0.08
Restitution for P-W, e 0.20 0.20
Static friction for P-W, 0.40 0.45
Rolling friction for P-W, z, 0.07 0.06
Normal stiffness, Sp,/(N/m?) 4x107 1x107
Shear stiffness, Sy/(N/m?) 2x107 5x10°
Critical normal stress, 6y, /MPa 3.0 2.0
Critical shear stress, 7y, /MPa 1.5 1.0
Bonded disk radius, R,/mm 31 10

Note: P—P means particle—particle; P-W means particle-wall.
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Fig.4 Velocity and compressive force distributions of coke
particles
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(a) Velocity distribution (b) Compressive force distribution
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Fig.5 Velocity and compressive force distributions of sinter
particles
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Fig.6 Breaking processes of coke particle groups
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Fig.8 Breaking processes of coke particles in different radial
positions
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