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Computer Simulation of the Effect of Center Charging Solid Density or Frictional Property on the Solid Flow and

Deadman Behavior in Blast Furnace

Hideki KawAl and Hiroshi TAKAHASHI

Synopsis

: A center coke charging method from the top of blast furnace is known for a novel approach to burden distribution and coal combustion. This

method is considered as one of the key technologies for keeping gas permeability of deadman in the lower part of blast furnace and produc-
ing iron liquid with a stable furnace operation. In recent years, the center charging method is also expected as improving the unsteady behav-
ior with bridging/slipping of solid bed in low reducing agents operation of blast furnace. In the present study, a center charging method with
different particle density or friction coefficients is carried out numerically by using a 3-dimensional Discrete Element Method (DEM). Before
the numerical analysis, an experimental approach using a two-dimensional cold model is also examined. Alumina sphere was used as repre-
sentative particle of coke/ore packed bed and the glass sphere was for the center charge. From the experiment, it was found that the height of
deadman is reduced dramatically by using the center charging method with the glass sphere. This experimental result was compared with the
numerical approach, although the gas flow was not considered in the numerical method. In the numerical results, the void fraction was calcu-
lated more precisely compared to the previous numerical two-dimensional calculation. Almost uniform particle flow distribution called a pis-
ton flow pattern was fairly maintained by the numerical center charging method, and as the result, the height of deadman was also confirmed
reduced numerically compared to the alumina bed only. This result was qualitatively coincident with the experimental flow pattern except for
the particle velocity descending faster in the experimental center-charging region, which could be available for the operation of deadman
control.

Key words : blast furnace; center coke charging process; DEM simulation; deadman; three dimensional model.

wE

BIGEHT AL X —~D70% 3B TR THEBE S, Zh
WK CTCo, M ADPHES KEIZE S, CO, W AP R
D5 1990 1 10.5% HlW # B T8k \w T,
Eﬁ#ewm*hﬁcoﬁxi@ﬂﬁi?%ﬁ%ﬁ?@
D, KETHEE N FEEHEh T 5, LarL, Thic
%towmﬁmﬁmwﬁki,%LWﬁ%wm~wmm
ORI~ KRB O EIF D 12 WO TR DAL E 28
MWHmD, 2V v 7)) #RESTIHE 2 ED 5 Al EER
HY, RELEEHERT 5 7200 &P NI 728 DM
LRI 8 LU CEEICA > TV 5, S F T aicEfE i
PIOHEOBRBERIZ I — 2 228577 v 2L 70—
FEIR L IF TR D OFEREIK (deadman : F.E) 12K & h

%, ZOFTEPSERICH T 28556 & OCREBEOHER
WRELEEA BT 2DICETELEEZ 5N TWE Y,
BAELZBALZRTWBHDLIT -2 ZABAEY 220720
DEDEFEREBHINTED , BRIXEERORERET
%ﬁ@%ﬂnéﬁ%f%éut#ﬁ%éhfwé%)it.

IFOT 12 B TS &N, EHEE IO B8t
DFINCKBIFRT -2 2D FAEFHPEBES5T5 &
EEDLDNTNE, 20K ITIFREEDZEFNEE
NFORBEFH O, BFFEGOTHERREHRELE
ABFETEETH S,
BREI/E2—ZOEMLOESRIC K-> T, KTES%E
BUERIZIRNT§ SR FHES R U CE 2, RO FERL
(Particle Element Method: PEM) & % W I3 lf 5 B K ¥ (Dis-
tinct Element Method: DEM) 23 RZH D> I 2L -3 3 ~

ICBAICHOWEN, KELRBAEZETTWBE9Y, Kifgs
TIXZDDEM % H AN DD WE A = Rt EF €

TCHEAL, KOEBIIR-7-BHRELFRT 52 L1
o T, B FEBABNTLZLE2ENETS, Th
K0, ZOEFLAEHAL LT, FFIEPLEICEELD &
FEPKNE S BIEERBOR L SRTFA2BA LB ADIFA
KFZEBOTMAEIT - 72,

Ak OEABIFESMERHERDO 2D, a—2 204 %
ROEIZRAT EHETH B2, GREIERLEDRKR?
o, FEEMICEHEELBAD I D> &, %

SER19F9 A3 R R 194 11 A 29 HAZEE (Received on Sep. 3, 2007: Accepted on Nov. 29, 2007)
*  FHILIERPTEHEM S 2 7 & T5P (Mechanical Systems Engineering, Muroran Institute of Technology, 27-1 Mizumoto-cho Muroran-shi Hokkaido 050-3585)

107 I



I 108

$k & 4R Tetsu-to-Hagané Vol. 94 (2008) No. 4

T, BE, BERRSORLINTFEDPLEATIIL
IZED, FREERY v 7 P LI FICES R+ 7 a—
ISA—VIZEDE I BHEEG L 5P DWTHAN, i
B & CERENOFIEOEREMEIZ DWW THRET L 72,

2. HEER

DEM D5 %5804 %, Fig. 1IZR TR THOTDH 5
AR 7 (RFER 7 4, AKER 0 ZHEHT S,
%, ZOEHRTY, £hHONT & OBEMIZ & DA
FOARNEZTITWBLTEE, =2— b vOEHFE2L
HIick D, RFOIMEE a2 RKDBZENTE S, TOK
MAaATHNE, ZOBOKTRE, BLUOZEMNIHESL
h, ZOREMEYICK > TEBRFOEB#BS LT TS
ZENTES, $RTCONTIZIOHFEEER L, EEhb
HEBZEL, NTHEKROERNZRIEH XTI L
MT&E 5, DEM Tid, #frick i 21ER % Fig. 2 12
AN 2 K FOHUL A (RS TED Bor & U TR
G HEIC YT 727+ — 2 P EFATERT S, Bk
MAMICE, BEEMHAEHZZR 5729, BHEZX 74
E—=BEATh TS,

2-1 HFICBA

Fig. 3 IC#EM¥ 2 —DOKTOBEKRERT, i NTOH
DIZRE RS xyz BEAEE x,, v, 2, BBAEL T, i, j KT
DL %S HEERED y, W R 3/A% 0, HEERE
x,—z, FENZHRE U8 x, S Az ol 5, Hil
HE—DDBMESF &, ZODHEBES £ 5LV f5 TH
Eh, XN TmEhs,

f;]—"=Kn(Al,-}'+l;)+D,,Al‘; ...................................... (1)
ﬁjs:Ks(Ali]sj+[U§)+DsAjiJS_ ....................................... (2)
y!’:Kb(AliJI?'H;)"”DbAi; ...................................... (3)
RO K, K, K,, D,, D, D, I}, I, 17 1&, &L BERITIAD &
UM A EDNSFER, &y ¥ 2Ry P ER, HAELO
fHE&ELTNHS,

2-2 EEHERX

K FRE oA kDR 5 h M &> CEES
R E A (e BIE) ORERFilchh»dE— %
YINEDBUTO LS IZEREhS,

.- . . b —
mx, +z (f,-jf’ s1n9i,. cos +fif s1nq>ij+f;j cos@ij cosgolj) =0

...................................................................... ( 4 )
m,+ Y, (5 cos6,—f7sin€) =mg =0 ..ooooivienne, (s)
J
mz, +Z (fsind,sing;+f; cosg,+ f;f cosf; sing,) =0
J
...................................................................... ( 6 )

Fig. 1. Model of contact particles.
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Fig. 2. Kelvin—Voigt model with slider mechanism.

Fig. 3. Local position of contact particles in orthogonal

coordinates.
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Table 1. Physical properties of alumina sphere for the cal-
culation.

Particle diameter:d | Particle mass'M
0.02 m 1.10x102 kg

Particle density:p
1760 kg/m?

Table 2. Model variables.
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Fig. 4. Geometry of model furnace with dimensionless
quantity normalized by the diameter of particle.
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(a) Particle bed of alumina sphere only (b) Center charge of glass sphere
in alumina sphere bed

Fig. 5. Initial arrangements of packed bed. (a) Particle bed
of alumina sphere only. (b) Center charge of glass
sphere in alumina sphere bed.

Table 3. Analytical condition for the bed of alumina
sphere (Analysis 1).

Number of particles [counts] 3000
Particle diameter [-] 0.8~1.0
Coefficient of static friction(particle-particle) [-] 0.7
Coefficient of dynamic friction(particle-particle) [-] 0.35
Coefficient of static friction(particle-wall) [-] 0.5
Coefficient of dynamic friction(particle-wall) [] 0.25
Discharging speed [particles/sec] 50
Total simulation time [-] 98280

Table 4. Analytical condition for the center charge method
(Analysis 2 and Analysis 3).

Alumina | Glass spheres
spheres
Number of particles [counts] 2000 1000
Particle diameter [-] 0.8~1.0
Discharging speed [particles/sec] 50
Particle density [kg/m3] 1760 2500
Coefficient of static friction (particle-particle) [-] 0.7 0.5(Analysis2)
0.7(Analysis3)
Coefficient of static friction (particle-wall) {-] 0.5 0.3(Analysis2)
0.5(Analysis3)
Total simulation time [-] 98280 i
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Fig. 6. Simulated solid flow pattern for the bed of alumina
sphere only (Analysis 1).
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Fig. 8. Comparison of 2D analysis with 3D analysis with
alumina spheres bed. (a) 2D solid flow. (b) 3D solid
flow.
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Table 5. Experimental condition.

Particle descending velocity at furnace top Us [em/min] 0.96
Blast velocity Uy [mv/s] 276
Discharging rate A.lumma W [g/min] 220

Alumina + Glass 176

Table 6. Physical properties of particles used in the experi-

ment.
Material Alumina Glass
sphere sphere

Mean particle diameter [mm] 2.6 ‘ 1.0
True density [kg/m’] 2500
Apparent density [kg/m®] 1760 —
Bulk density [kg/m’] 973 1544
Void fraction( ¢ ) [-] 0.45 0.386
Angle of repose 1 29 2 |
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Fig. 10. Simulated solid flow pattern with center charge
method (Analysis 2).



HLEAR T OFE LR A SFRE RN TR &P EFEICE X 5 HEO BB

£ = 40140 {-] %= 57330 [-] %= 65520 [-] %= 73710 [-]

£ = 81900 |-} £#=90090 |-] £ = 98280 [-]
Fig. 11. Time lines of descending particles with center

charge method.

* = 49140 [-] %= 65520 {-]

£%== 81900 [-1 %= 98280 {-]
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sis 3).
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: Contact force acting between the #’th and the ;’th particles (N)

: Gravitational acceleration (m/s?)

* Moment of inertia (kg - m?)

. Elastic modulus (N/m)

. Relative displacement of particle i to particle j (m)

. Mass of a particle (kg)

. Mass of a basic particle (kg)

. Moment worked on the i’th particle (N -m)

* Time (s)

. Particle descending velocity averaged in the upper inspection area
(cm/min)

* Experimental blast velocity (m/s)

. Discharging rate (g/min)

* Acceleration component to the x-axis direction (m/s)

! Acceleration component to the y-axis direction (m/s?)

: Acceleration component to the z-axis direction (m/s?)

Greek letters

Al; * Increment of relative displacement between the ith and the jth parti-
cles in a time step At
At Dimensionless step time (—)
6 . Angle defined in Fig. 3 (rad)
u : Coefficient of static friction (—)
¢ Angle defined in Fig. 3 (rad)
p ° Bulk density of packed bed (kg/m®)
@ . Angular velocity (rad/s)
Subscripts
i Iithparticle
j i Jjthparticle
w1 Wall
x I Component of x direction
y - Component of y direction
z . Component of z direction
Superscripts
n . Normal direction
s,b . Tangential direction
# 1 Dimensionless
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