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Two Dimensional Analysis on the Formation Process of Burden
Distribution at Blast Furnace Top

Yoshimasa KAJIWARA, Takanobu INADA and Tsutomu T ANAKA

Synopsis :

The formation process of the burden distribution at blast furnace top was dynamically and quantitatively
investigated by the use of a two-dimensional mathematical model, in which the equations of motion on each
particle were approximated by a rheological model. In order to increase the estimation accuracy of the
model, the dashpot factor, which represents the kinetic energy dissipation during the formation of the bur-
den distribution, was experimentally determined.

The following knowledge was obtained through the application of the model.

The slope angle has significant influence on the burden deposit behavior throughout the charging. The
size segregation phenomenon on the slope can be quantitatively evaluated by the model. The change of the
charging condition of small particles onto the slope results in the change of the small particle distribution
on the slope as well as the change of the deposit profile. The decrease of charging rate caused by the in-
crease of charging time reduces the thickness of the flowing layer of particles to result in the enhancement
of the sieving of small particles on the slope.

Key words : ironmaking ; blast furnace process ; burden distribution ; modeling ; simulation ; size segrega-
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Fig. 1. Rheological model for the interaction
between particles.

(@) Dn = DR (=2 /mKm

(b) Dn = 0.25 x DR
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Fig. 2. Effect of daéhpot factor on the deposit
profile of particles.
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Fig. 3." Experimental method of two-bar collision
for the evaluation of dashpot factor.

Table 1. Comparison of burden distribution at blast furnace top with burden flow in hoppers.
Burden distribution at blast furnace top Burden flow in hoppers
+ Free fall from bell or chute + Formation of sliding surface
Phenomenon « Collision against slope

* Movement on the slope

+ Gravitational flow

Kinetic energy of burden

« Increase during falling
+ Rapid dissipation on the slope

* Monotonous and slow increase

Important factor

* Energy dissipation process

+ Stress distribution
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Fig. 4. Determination method of dashpot factor
based on two-bar collision experiments.
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Fig. 5. Experimental apparatus used for verifica-

tion of the validity of the mathematical model.

Table 2. Charging conditions used in the experi-
ment. -

. Diameter | Number | Slope
Case Kind of bar of bar | of bars | angle Remarks
! CY;;‘:&Q“' 8mm | 2000 | 15°
2 Cylindrical Smm | 2000 | 20°
(%) ' Small bars were set
3 |Acrylic 8 mm 1816 15° | at the top of hopper
cylinder 3 mm 1292
(%) Small bars were set
4 | Acrylic 8 mm 1816 15° |at the bottom of
cylinder 3 mm 1292 hopper

(%) Volume ratio=(large) : (small)
=10:1

Table 3. Particle properties used in the mathe-
matical model. '

Kind of bar Cylindrical Acrylic
Properties pencil cylinder
Particle-particle friction angle (°) 20 19
Particle-wall friction angle (™) |- ' 23 15
Elastic spring coeff. K, (N/m) 1.0%x10° ~ 1.0X10% .
Dashpot factor D, (kg/m) 0.5%2y/ mK, | 0.1xX2y/ mK,
, Density  (kg/m?) 955 1216 .
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Fig. 6. Comparison of the calculated transition of
discharged tracers with the experimental one.
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Fig. 7. Comparison of the calculated tracer dis-
tribution with the experimental one under different
slope angles.
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Fig. 8. Comparison of the calculated results of
small particle distribution with the experimental
one under different location of small bars in the
hopper.
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Table 4. Calculation condition.
Calculation Actual BF Note
Particle size 5.86 mm 17 mm
(large) 6.25 mm 20 mm Volume ratio ;
(small) 2.2 mm 7 mm large/small=4: 1
Charging time .(1 ) 3.8s. 12s
(2) 1.6s 5s
Density 3.0g/cm® Sinter
Particle-particle friction angle 5° Sinter
Dashpot factor 1.0xD,0 Sinter
Slope angle before charge 10°, 20°, 30°
Slope §5
. 10° 20° ° 56800
Time %0 o
gé%oo ::;o
sose (B) oo
poiged N
= ®)
10sec B =
(A) (a)
(A) \ l .
38>
0008
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2t €)
:,%5 (C) ooee
25 () N
25sec \ M o
3

Fig. 9. Dynamic behavior of charged particles on the slope in the early stages of charge.

SHEER A A% 10°, 20°, 30° OBEIZBITHEAYS

A aARE X €7 Vv cHE L7 (Fig. 9, Fig. 10).
FEEF A 10° oHs, EANH (EARGE,S 1.0
sH) BT, RWMCEASIRIRTE (A) &, &
B e OMEMERIC K BHRFEEOBIHPKE L, FHh
LEASNKMTHE (B) L 2TRaENBLIKLT
BEILTWYwE, CoOKR FELERTIHHTE (A)
DTk, ERBMAEE Fig. 9 ICRT I 35° %
THMLTW5.

A (ARG, S 1.75s ) TiE, B8 (A)
BHEE EofIER T OMEERICL > TEE T AL
¥t l, ZORELETTS. RTFH (B) o—
HiSh 78 (A) BB LTETTAS. RT#H (A)
OFHE L OB X EAFYTRET T 5.

CEAKH CGEARES,S 2.0s ) T, KT (B)

AHLEBICHERE L T OEAM SRR ST §
L. A8 (C) & (D) iE, REEROHREEERICB W T,
LM FH (B) ETHRTE/ET TS, BROH
o710k, PEEECEREERDORBEIC B VTR
T8 (C) & (D) "HERLTETTA. #£>T, #@E
EFEA D 10° DIFE, ZRROEAW S A EHLE»S
FEEEICFAI A D TR ERADTE LR L, KEH»HES
A2 TR S A EA % b .

FEEp AN 5 & FephEEsta 30° 0
£) WREEB) T CBET A, BAMEETE, KT
DB BEE SR FORAREL D+ KREL, WTFLT
WHKNFORBAEIIFIEFAISEL 2D, ZORE,
WMTHNTFRBEIZEY., BIEAShANTE (A) 3,
BHHLHEA~FE L LR S HERE T 5. RITRE
(B) &, W¥# (A) zBVWHBERZWV, KTH (B)



240 % ¢ W % 75 4 (1989) % 2 &
lope ° o gggég o
Tirme =2 10 20 = 30
i (D) oo
(D ) §§g~g§ (C ) 00000
() N
\ ) \
175sec (B) \ R
) 22
g s
(A) (a) e o)
@g ::::: \
53500 (C)
sos (B) | Lol
2.0sec
(A)
ar[
Finaol oo,
profile
Fig. 10. Dynamic behavior of charged particles on the slope in the middle and last stages of charge.
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Fig. 11. Effect of slope angle on the change of

particle position with time.
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(a) Complete mixing of
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18° = :
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- Small particles
20°

(b) Preceding charge of

a3
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ol

20°

(c) Preceding charge of
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Fig. 12. Small particle distribution on the slope
under different charging condition of small parti-
cles.
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Fig. 14. Effect of charging time on the particle
size distribution on the slope.
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Fig. 15. Effect of charging rate on small particle distribution on the slope.
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