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Two Dimensional Cold Model Study on Unstable Solid Descending Motion and Control in Blast Furnace Operation with

Low Reducing Agents Rate

Hiroshi TAXAHASHI, Hideki Kawal, Motofumi KOBAYASHI and Toshifumi Fukul

Synopsis : Unsteady behavior with bridging/slipping of solid bed in low reducing agents operation of blast furnace was simulated using a two dimen-

sional cold model. Alumina sphere was used as representative particle of coke/ore packed bed. Two kinds of deadman particles different in
gas permeability was examined. To simulate the effect of cohesive zone on unsteady behavior, a sand layer of lower gas-permeability was
charged with a certain thickness at the top of the bed, which descended with a form of cohesive zone when it reached at the lower part. Fur-
ther, a fine coke layer was set at the shaft bottom with a certain size assuming accumulation of fines. Unsteady phenomenon with the fine
coke accumulation was also obscrved with another thin sand layers, charged in the shaft assuming increase of gas-permeability resistance in
reducing coke supply operation. It was revealed that the ratio of peripherally flowing rate of tuyere gas had a considerable effect on the dis-
continuous behavior of both solid descending motion and gas static pressure. The ratio increased with decline in deadman gas-permeability,
approach of the simulated cohesive zone to deadman surface and inflow of small particles into raceway. There was a lowest critical position
of the simulated cohesive zone for the rapid increase of discontinuity. The bridging/slipping behavior with fines accumulation was signifi-
cantly affected by the low gas-permeability layers charged in shaft. Setting up the chimney zone of high gas-permeability at the central part
was effective to decrease the discontinuous motion.

Key words: blast furnace; low reducing agents; moving bed; solid flow; unstable solid behavior; bridging; slipping.
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Fig. 1. Two-dimensional apparatus.

Table 1. Physical properties of particles.

Material Alumina Sand Fine
sphere A B C A+C  coke
d,  [mm] 2.6 1.9 1.2 0.6 - 055
oo lkg/m?] - 2600 2590 2615 — -
oo [kg/m?d] 870 1350 1345 1455 - 671
e [-] 0.48 0.48  0.48 0.44 045 051
ume™ [m/s] 1.02 0976 0732 0335 — 0224
o [-] 1.0 0.6 0.7 0.9 - 0.8
6 [l 29 41 37 37 - 40
£ [N-s/m4] 1822 5102 9398 34240 — 25355
£ [N+s?m?) 6344 8690 11794 25650 — 17689

“Estimated value,**Calculated value,* AP/A=£ U+ 6UZ
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Table 2. Experimental conditions.

Experiment 1 Experiment 2

@ ® @
Us  [m/min] 0.019
s fmsl 0 28 31 35
ur [m/s] 0.55 0.39 043 0.48
We [kgiminl 022
Ws  [kg/min] 0.02

Table 3. Result of Experiment 1 (U,=40m/s).

Run Material of Deadman Br-idgving Slipping
No  horizontal layer material Run time [slipping distance
frequency
[min] [s] [mm]
1-1 Non(Us=0)" Alumina™ 0~12 0~0.2 0.05~0.2
1-2 Non Alumina 0~12 1.56~2.5 0.56~1
1-3 Non Sand A 0~12 8~15 5~7
1-4 Sand A Alumina 0~10.5 1.5~3 0.5~2
(15~25¢m)™" 10.5~12  6.5~12 3~5
15 SandB  Alumina  0~8 08~2  05~1
(20~30cm) 8~9 6~13 4~6
. 9~12 10~16 5~9
16 SandA SandA  0~9 10~14  4~7
(15~25cm) 9~11 11~18 4~7
>>>>>>>>>>>>>>>>>>>>>> 11~15 20~23 9~11
17 SandA SandA o~7 9~14  35~65
,,,,,,,,,,,,, Go~s0em) o T~i2 | 15~18 6510
18 Sand B Sand A 0~8  7~10  35~55
(20~30cm) 8~9 16~28 6.5~11
9~12 30~33 12.5~15
19 Mixturelayer  SandA  0~5  55~9  35~7
(20~30cm) 5~6 10~17  7~12.5
6~12 50~90 22~55
1-10 Sand A, Chimney  Sand A 0~6 5~9 3~6.5
............ (idthloom) 612 1217 69
1’11 SandA, Chimney SandA  0~7 5~  3~55
(width,5cm) 7~8 10~15 6~9
777777777777777 8~12 15~19 7~12
112 Sand B, Chimney SandA  0~65  4~7  15~35
(width,10cm) 6.5~8 9~18 4.5~8
8~12 18~24 9~13

*gas inject velocity Up=40m/s except for Run 1-1

*“Alumina sphere,”*charged position:distance from top of the equipment
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Fig. 9. Effect of distance between raceway and sand layer
on bridging/slipping frequency.
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Fig. 8. Chimney effect with sand B layer.
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Pl ) BLOTAL I FTRTOADEHAIEN=05TdH S
A, —7, WEREAEER TIIMBAFEREIZHEYT 52
DONTRMIFRALIZREL , #ERL — 2 T4 IZHRAEL
W5 LA RIZEL, n=09k k-7, iR - A3
EEREI L — 2 T A H XD REEWALIEIE n & &8k Bk
IZhBZEbhroz,
3.2 EER2

HEREG MO — 2 20FH L Table 412F D72,

"I 2AO%FE I crack (), flooding (7774 V),

bridging (#f7) , bridging/slipping (WiIF - 2V v 7)) OH
BTt XN T3, Crack (BH) EHa—-22EOTF
WICRZOEBAHER I NI BETHD, Ba—r 2@
BAUOME - BEREYE-> TR T 5HAE &, Flood-
ing (7554 v2) 3Ma—2 2KTHH 22K FHE
JEZe ] A il U C L NGRS W SRR ALACT SR
ERT, Ba—o 2Tt e RICETLAL S B
B 238860, K, £, descent IR DfE T E
FEERT,

3:2-1 HABIWOEE

Table 4 7 5B S 78 K 5 ICEBA 721300 - FiiEE A%
12, Vv 7 P OBKIEHE (W B) ORISR
DFIZE 5T, Up=35m/s A LD E WA ZHE DA
BExh, BEOZBLERICITSF 4 v BRHEBLL &,
Up=31m/s B KV Up=28m/s TIEMHITBENT 7757 1~
ZEEIETEBMNERTH > 72, 2 28T LH I

Table 4. Result of Experiment 2.

Thick- s
Deadman Sand B

Run ness Width velocity . . Fines behavior
material in shaft®
No. / w Us
[mm] [mm] [m/s]
2-1 5 80 35  Alumina non crack-s™/flooding
2-2 15 80 35 Alumina non crack-s/descent/flooding
© 23 15 160 35 Alumina non  crack/descent/flooding
2-4 15 full span 35  Alumina non bridging
2-5"*  15- (fullspan)2 35 Alumina non crack-s/descent/flooding
2-6 5 ‘8() 28  Alumina non descent/flooding
27 5 160 28  Alumina non crack/descent
2-8 5 80 31 Alumina  non descent/flooding
29 5 160 31  Alumina non descent/flooding
o2 10 5 full span 35  Alumina non flooding
2-11 15 160 35  Alumina yes bridging/slipping
212 156 80 35 SandA non bridging/slipping
2-13 15 80 31 SandA non descent/flooding
2-14 15 80 31 SandA yes descent/flooding
©2-15 5 < 80 35 Sand A non flooding
2-16 5 80 31 SandA non descent/flooding
2-17 15 40 35 SandA non crack-s/descent/flooding
2-18 15 40 36 Sand A yes crack/descent/flooding
2-19 15 160 356 Alumina yes,with crack/flooding

chimney

*Three layers of Sand “Small crack,

**Fines layer was set at the position,(shaft height/4) on the belly top

Run 2-4

Up=35mysid, BRI A REEE, SR S, B
=7 2K (MK ATEIEREZRR & L5 12k & h B RA
HBETHD, ZOKIBEHTTELED T — 7 2B 2K
IZZDOEMICER LZBAICHRARZI 38D EEL LR
%, BHD NI ARET 5720 ORARNH 2 HRE
PHEAEL, ATRY TRLZFEICK - TZhEefiET
B ZENHE,PD BN,

3:2:2 Ba—s ARBOERIDOEE

Up=35m/s DIFAIZ DT, Table 40 Run 2-12 & Run 2-
15 (FITFERF D A, BiEw=80mm) ¥ & U'Run 2-4
& Run 2-10 (GRIZIFRRIT - 703 FER, w=7 0 2Z3Y)
AL T, B2 —2 2RBOEABERTNICEZ 5%
HERE TS, I -2y T3B -2 BORE
I=15mm DBFIZRAEMRETH D, —HI=5mmD & S5 I12)E
JEAUNENHFE I~ ZOEENLI T 77 4 Ik 5T
XEENTNWE, ZOZ L&D, BHREIMH - 2V v
THRET 7012135 2RROmNEAL, EOERE
HThHHI N Ehsd (RNEMBIEL),

3-2:3 Bra—u 2ABOEOEE

Fig.10 (Run 2-2, 2-3 BRU'2-4 © 7L 3 FRiIFE) 12k
DAREBEIICE L2 T—-2 2BOEwDOHE LR
5, BECHIMISEw A REVZIERZELR I 72, B
KEHOKRZ VKT — 2 ZABOFEIZ KD H 2 RGO
JimAEEER] GEEEEME) ISR L 2R Z0—REE
AbNB, HABEMLE—THBRD ZDH A FIDOIE
() BEEhHREE2EANTI LIRS, 5T,
-2 ZRBE TOFEDRM, BI5 FEIAEMT 5 72
DRAUCLHTAFIZEITOTHAS, Run2-3 TIZERK
Smm D X DBAUNPBE Iz, Run2-41TRE N5 L5
12, 3LEMa—o 2@BB TN AN VIZESTEEEINS
LA IREROBAE LD o b REaHEHIINEL, 2
A — 2 ARG LICERT 2R A EICT 5B 201

i
— Time

Fig. 10. Effect of fine coke layer’s width on discontinuous
motion (Runs 2-2, 2-3 and 2-4).
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Fig. 11. Flow pattern with three layers of sand B charged
in shaft (Run2-11).
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Fig. 12. Change of discontinuity with time (Run 2-3).
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Fig. 13. Change of discontinuity with time (Fig. 14, Run

2-11).
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45s
Fig. 14. Flow pattern with sand A deadman (Run 2-12).
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v, BILE LV - -2 OREE L & F 17 L Figs. 14,
1512788, M A HARE LS BEE & (Fig.14), BEZI45F0I2Hy
10mmDIFTHZ ) v THR ER TV B (Fig.15). KB ME
DIFRTIE, HEER 1 L[k, 7 2 ORATAL S TEHE X 1l
3= ZRFIC K NEGETIC S EARPE L RTTZ
L BERR S e,

4, LR

B OIE T IR I T 205 - 2D o 7 &S [
RO AN ) % AT 5 K+ & [ H 3 72 0 O FER 52
AT o 7 EKMEDRE W & TR TR L 72 B Cid 2
A ZFRIIT B A LF O EIA A B & 5 2 EHED
AHEGFE IR ELHELEL 5T L2 72, HVLR
DENGIILUTORMIZEDBMU 72, DIFRDERMEDMK

312

1.6 — 140
Laser displacement |
— i [
< £
3 / | {105 =
1.4 ] o =
o Belly top | o 2
= i o
2 | 62 ‘ 0 8
2 =
a 2
o1.2§ ©
= 3B o
& AN E
Shaft bottom =
(B3)
*I. 0 i 1 " /] r (] "
0 30 60 90 128
Time [s]

Fig. 15. Change of discontinuity with time (Run 2-12).

T, QFEREADEEMESHO®BIE, 3) L -2 T4~
DMKIDWA, E2)IZONTIE, HIEMEER S 2R
ROMEH S LK T 25 & MG ST 5 2
ENRO SN, T ORI ENT TG A SRS R
EFEETHTRILARENETSTHSY. Vv T+ T
WL NOLISER{L 7203 — 2 2R Al 6@ 4 5 X5
Lo &g 2 SIRA A 2 g, IRAEREE L
fAEL, ZOftl, FMEOWEAMEYS$ % Z LAVRE S hi,
vy 7 b ERESA MR RO FEILERE T — 2 ZBOM
MEHGTDIEEDHALYEL5 472, JEEREDOR
WF L= —GEIE A PRSI B L 2 TOHAIZB W T
K7 ZEB O RGN & WD X5 Z L pisk,

(W) # BT, AR RAT R KO HASYS (Bk)
PRSI A et THO 2, (L THEs £ L Z
LR

EW =
d, - Particle diameter (mm)
A . Coefficient of Erugun’s eqation defined in Table 1 (N s/m*)
5 * Coefficient of Erugun’s eqation defined in Table 1 (N s?%/m?)
Fp @ Fluid drag on a single particle (N)
Fy © External force exerted by a single particle (N)
/ : Thickness of fine coke layer (mm)

u, - Superficial velocity at shaft bottom level (m/s)

. Minimum fluidizing velocity (m/s)

. Blast velocity (m/s)

- Solid descending velocity at top of apparatus (m/min)

w ! Width of fine coke layer (mm)

¢ Solid discharging rate (kg/min)

. Sub-discharging rate (kg/min)

£ > Void fraction of particle bed ()

n I Index of peripheral flow (~)

[ - Angle of repose of particles (deg)

p, - Bulk density of particle bed (kg/m®)

p, - Density of particle (kg/m’)

@ . Sphericity, defined by dividing the surface area of a sphere of the
same volume as the particle by the surface area of the particle,
¢@=1 for sphere (-)
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