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Development of a Mathematical Model to Estimate Burden
Distribution in Bell-less Type Charging for Blast Furnace

Yoshio ORUNO, Shinroku MATSUZAKI, Kazuya KuniTomo,

Mashashi IsovyaMA and Yoshiaki Kusano

Synopsis:

Many types of burden distributions can be produced by bell-less type charging equipment for BF.
However, the change in configuration of burden layer occurs in a furnace top. Therefore, the accumulated
state of burden has been investigated by using an experimental apparatus built on a scale of one third of
Muroran No. 1 blast furnace, and a mathematical model to estimate the burden distribution has been

developed.

1) Materials charged at each turn of rotating chute form the burden layer with convex surface on the

landing area.

2) Ore layer formed after each turn of rotating chute shows different configuration before and after

occurrence of the coke layer collapse.

3) Change in particle size distribution depends on the charging conditions and gas flow. A regression

equation expressing these relations has been obtained.

4) On the basis of the findings, a mathematical model in which the in-furnace parameters affecting
burden distribution are taken into consideration has been developed. This model has a feature in regard to
introduction of the idea that the imaginary unit volume is given by dividing one dump volume of
materials into many pieces and burden distribution is constructed by accumulation of the unit volume.

By applying the mathematical model to Muroran No. 1 blast furnace, the suitable furnace operation has

been obtained.
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Fig. 1.

Experimental apparatus.
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Fig. 2. Comparison of experimental results with
calculated results of trajectories.
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Fig. 3. Notations used for eq. (1).
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Fig. 4. Distribution of amount of falling
materials.
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Photo. 1. Change in profile of ore layer during
charging (Charging mode CC3OOQOy).
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Fig. 5. Distribution of falling material for
calculation of profile with convex surface.
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Fig. 6. Changes in inclined angle of burden
profile between falling position of materials and
position of crest.

MO0 L BB I EAY O T A (EWHR &4
B Lo m) L3—8ed, HeFeEficdhs. E
WERBEERMABEY KD 5 & L1k BMEOHA &
2— 7 ADBEkYLa -7 AN BEIVEE X H#
ETHRDCEETHS. 2T, TR DLERIE
FLE IR 5 EANE O AR A 50 mm HIfE CHlE L. Bl
EIL Y o~ MEBAYEZ THE LR ARAED 8 ERIE O
HEBC W7ok, Fi, A—0EEAT 4, 6, 8
JEE B oz AR B 2B W T ELL. %
DFERY Fig. 6 Wwird. BT HEBERMERME L o”
TEAL3 5 EAE A E IR & O X IECIRITERRRE
RY. BRERAEOTHEE TBO A AE & HEEE
DERHAE L CKETREEXZDRA. L, Th
SOMENRLD X5y - — VEBAYEL XS E
By, BEEERAMEO TR, Tibb, BTEANDLD
FEBEI 2L A E Bk Lichyofe. sl A, SFEARBTI
4, 6 JEE B o i\ IEEIR FCO ED A ABEELD
AEIIKEL, BTEOOOBEBENREL B EMARL
tz. COBIPEDOE T =3 ¥ —PHRBORTIEIR
WCBAH T ARIETH % L E 2 DB DO TS EBARCTKR
L. BTED DEREERALE & CORERE - EAHE
A L OBIRITER CILER TRERVS, HEET L
TREFEUNTE D & UCHERIRILE £ TOERE L
FMELEOHBEBEREEET S & & L.
3.3 O—JZXBERNhEEREDHERR

YFna — 7 ABRECKEINS L L OMEN>Z

FCa—-27 2RBRIBERS?. vo—1 LEBZ LR
EAZINLEEVBRANLHES e Ccd o X 5 i HEEY
WaETRTok, RO EREY = 7 T 558 E
BEChDH. FoT, 2—7 ABEHRCEALDNHYEE
DERBEGRE ¥ o — b VEEIS ECfE Lic. Fi, 8
AEEEABCERE 2 — 7 A0 B RHEE k% 1l &
L, EEEARD 2 -7 ABXREHBIREOENL = — 7
ARBORRNFRAEFER L R BORBEEE L RO To
FiR%E Fig. 7 wrt. ABOHERRRKIZ =2 — 7 A8
RBEUBRIE TR DTWS. Tidbb, 2HEER
FCOEATIE 2 — 7 2ABREhIR L, SaokERI
FEERSIZT R Eh C\wb. SHEEHEOEA T2 — 7
ABOBRIEL TS, FBES L bR 2 — 7 2K
BEGESAC I LE IS Lo LT, §)
BFBRH LT E THMAL CHEBBEHR L T\ 5.
ik, 20EEIH ¥ COPABE S ik — 7 ADRENE
BEbEnbBMALTWS., Bihica — 27 ARigenis
HEAEZ R LTRSS S HERL 5. 4iEEIE O
LAGAL 2 — 7 A0 R BEER LCthidi, Tok
EDO KIS L BEL B OHERBEEHR L CW5. 5 EE
B DARE D 3 A LA X & CTIILA A CHERB B 4 TR
LTWwa. 2o X5 7elERIUIEA = — FRRLOk
BRTBDONE. LiahoT, HEET LI E W
T, SADOEXHEREBIZ 2 — 7 ABRI AU BLET TR
YA EARID 2 — 7 ABERHEIC BADRY, ThllE
(BB L &) Ttz — 7 ADNBER  Ba N
5EULTHOTES. Ik, BhiRXba— 27 2BBRD
ek, T CREELIPREEY LB NIEORERE
HERC O ExHTcEFfbd 52 & & L.

Profile after each turn

Charging position v

(SL—0.4m line) 710th
0.31r Chute angle . o
€
§ 0.5
X
O
=
w 0.71
E
o
=
o Accumulated coke
S layer
)
a

-.— Before coke-collapse

—— After coke-collapse
] 1

0 0.5 1.0 1.13

-
o

Distance from center (m)

Fig. 7. Profile of ore layer measured at each
turn of chute (Charging mode CC,00,, gas
velocity 0.84 Nm/s).
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Fig. 8. Effects of ore layer thickness and gas
velocity on particles size segregation in the radial
direction (Charging mode C,C,00,).
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Fig. 9. Schematic diagram for formation of ore
layer involving coke-collapse.
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Fig. 10. Calculation flow of mathematical model.
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Table 1. Performance data of Muroran No. 1 blast
furnace (during all coke operation, bell-less top).

Jan,~March | April-June
Shorten| 1982 1982
ftems word Application
of model
) i CCoC4005, |CCs:Ce1007s,
Typical charging mode CC:C:OO:' CCiLCZ ﬁoés‘_w
Production rate (t/m*.d) 1.55 1.61
Coke rate (kg /t-p) 493 480
Corrected coke rate* (kg/t-p) 493 488
Burden
Sinter (%)| SR 79.7 79.1
Fluxed pellet (%)| FP 4.9 3.7
Acid pelled (%)| AP 1.6 3.2
Metalic pelet (kg-Fe/t-p) | M 35 25
Lime stohe (kg/t-p) | LS 11.5 9
Coke ash (%)| CA 11.1 10.1
FeO in sinter (%)} FeO 4.62 4.74
Blast
Temperature (c)| BT 1150 1167
Moisture (g/Nm?) | BM 31.0 25.2
Number of slip (times/month) 2.3 0.5
Hot metal
Si (%) | (i) 0.78 0.64
s (%) 0.018 0.017
Temperature (c) 1517 1505
Slag volume (kg/t-p) | SV 298 294
Top gas utilization ratio (%) 49.2 50.7
* The value corrected by the equation, ACR==1,0ASR—0.5AFP

~0.3AAP~0,36AM+0,2ALS+5,6ACA —4,0AFe0~0.12ABT+0.8ABM
+30A(Si]+0.1548V.
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