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Burden Distribution in Case of Low Gas Temperature at the Center of

Upper Shaft of Blast Furnace

Kanji TAKEDA, Yukio KonisHi, Seiji TAGUCHI and Tsuyoshi FUKUTAKE

Synopsis :

Lowering of gas temperature at center of upper shaft was observed by decreasing sinter ratio in
Mizushima No. 4 blast furnace and the stable operation was disturbed.
The burden distribution in case of the low gas temperature at center has been studied through quantita-

tive analysis of the furnace operation data and model experiments.
charging was observed by the scale model experiments.
tively by use of a simulation model adopting a theory on the stability of the piled layer.

The ore layer collapse during ore
The ore layer collapse could be treated quantita-
The stability of

ore layer was discussed by the model study in terms of operation variables, such as ore diameter, throat gas

velocity and bell stroke.

The results revealed that decrease in bell stroke and bell descending velocity

could effectively prevent the burden distribution in case of low gas temperature at center.
"Key words : blast furnace ; modelling ; simulation ; burden distribution ; gas ; temperature.
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Fig. 3. Effect of sinter ratio on the temperature

distribution of upper shaft probe (Mizushima No.
4BF).
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Table 1. Experimental charging conditions.
Item Experimental value
Basic charging 1) MA sequence ;1C54 051 ]
conditions 2) Coke base ;4.6 kg/ch
3)0/C ;3.5
4) Stock level 5 71 mm
5) Bell stroke ; 38 mm
6) Bell descending time ;12
7) Blast volume ;1.3 Nm®/min
Experimental 1) Fine ore ratio ; 1 5 7, 10%
conditions 2) MA sequence 04 41, [C54 06l )
IQJ%J}WHOmlH%iOan% Y
| 3) Bell stroke 5,
4) Bell descending time 12 20 30 s
5) Two batch charge of ore; [C5 1 051 054

[Cad On d ) Subscript # and m denote MA position of coke and ore,
respectively | denotes dump charge from large bell
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Fig. 5. Efféct of fine ore ratio on the burden dis-
tribution.
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Fig. 6. Comparison of ore layer change through
charging between a) normal distribution and b) low
gas temperature at center.
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P,,: Momentum change of charged ore
Prg: Pressure drop of gas

Fig. 10. Schematic diagram on calculation method
of safety factor of ore layer.
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Table 2. Simulation condition for ore layer collapse.

Rectangular Mizushima

model 4BF
Bell diameter (m) : 0.141 4.025
Bell descending speed (m/s) 0.020 0.0633
Bell angle (°) 45 53
Throat diameter (m) 0.200 5.3
Surface angle of ore (°) 35 35
Internal friction factor of ore (—) 1.0 1.0
Pressure drop in ore (kgf/m®) 300 300
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TR, BEAMETHNEZRELL LT, 23— 2E
WKETAIHRTH A, ZOTYEHOFIRIE, Fig 6
WHEESKHIR LA B R OTZRICEL L T %,
DL BEFNEHCCBHNORAERT © 08
%7212k, LA ABRECORERIR, #EAWONEL
BEAY EEBWICKOZLEN DS, LirL, KfsT
WM EBESH ST S0, REFIK, WIBEEAZ
Table 2 [Z/RT—EHIZ L, FEASH, EHEE»HA
DBRANICE 2 BB O W THET L7

Table 2 (Z/R L725eET, EEEO A2 ER L /23
S ORERNOEALE Fig. 12 128 L. [EHIEL0HEN
WHEWEEEMET LEARBIALEEC DI EERL
TWwa., 2RTTHAKRNEFT VY % Huvs Fig. 8 D54
THABAHL T THE L -BoREE L ITEHIBEDOBEG
%k®, Fig. 12 HISRL 72 REROETICEVWEREE
MMET L, SAOKERT, MEOMINCX VEaR D
BHRASREILI ENbI D,
KARNVEEEEIL X DEAYOE T ESEDOEILA,
GARBERNICES 2 AHFEBIZO VT Fig. 13 1I7RL7:. K
NVEEOERTEXNEAYOPRHEEMIKTL, 84
BoORBEBNASHIETESZ E%RFLTWAS, Fig. 9 10
AL, KNVBEEOKT, KXVEBEECKTICLD,
ARSI T RIS A O A DERAFHETE S &) E
EiE R L, Fig 13 OFtERKREI—HLTw5. T/,
WAEED 2 FEEADEAYOPHNEOKT L) 1T
HULN BB T RIS AW AT OB IS8 Bt 5 Z & 3R
BICERTED.
FHPBHENINT BEL OBEROEE* R/IRER

1.3¢

1.2ﬁ
1.1+

1.0}

Safety factor ( ~ )

0.9t

0.8 . . . N ;
0 100 200 300 400 500

Pressure drop (kg/m?)

15 10 08 07 06

Particle diameter of ore (mm)

Fig. 12. Change of safety factor of ore layer
collapse with the pressure drop.

Bell stroke (Mizushima 4BF)

(mm)
200 400 600 800

1.2F
1.1F
1.0 7

0.9+

Safety factor (=)

0.8

0.7 : 1 1 1
0 10 20 30 40

Bell stroke (rectangular model) {(mm)

Figi 13. Effect of bell stroke on safety factor of
ore layer.

ODEAEEV I TEEILL Table 3IIRLA. 2K
THAFNET NV &2 HCTHRARME, PO H Rt
DEAHE S SABOENEROEL#5HE L, RAE
EROBILEEXFE L. BEOBRECEETCE HHH
TEALE R ZEHRNTFORNLEEROLELBTHB L, B
7 AR T d A RANOVEEE, B Al
REERTRSHO ISR THEZ Ehbhrbh. T
7o, BNEEENLIOUTICZ5 LEADOBRANS
BT 570, RNEEER 1.0 EECORILIIELE
LTRSS EIBRT B ENTER WY

LR BT RISE A M50 A 3 BERE 8L 70% LAF TR
FIRELTWA, Fig 1412, BEESEAHSERS
B DR FERITIE S L O, BB Ic—EDRE ML/

— 288 —

yan

AN e



e

Cohee RO VA

)

BT v 7 b LR TR O 8 A 5 R _ 2091

Table 3. Effect of operational variables on ore
layer collapse.

Operational variable Change of safety factor (—)

Ore diameter
11.8 mm—12.2 mm 0.030

Throat gas velocity
0.90 m/s—0.85 m/s 0.038

Internal friction angle

40—41 (°) 0.026

Bell stroke
760 mm—360 mm 0.19

Bell descending time
12s—+30s : 0.11

Cio}—=Clioiol} 0.08
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Fig. 14. Effect of sinter ratio on size segregation
and difference angle.

BoOWBAOTIL 2 Ry EACRITTEELRT. HE
Fid, BEAHSL & B L CREHEHBAASR 720, kg o
REFEOETICX Y FLICELET 2 KBOEKD LT
W5, ok, BEESEOETIHEWERmoONER
WA L, FLEO 7 AT & B 720 850 B F
BOENELEIHEN, BRLZEI LT 22Tn5
bOEEZONE. T2, EAIHERBOLER R T
BETHH2, BEESGLOETICEVWEAR» AL, &
ARBRIPAREEIL b LEZLONS., ERLEETFVTHY
TWANEEEAORGR, BLOEFERTOER, A
BBAIIS T DRSS ORES A S IS DTy
7o, SLARBHNICHT ARSIt oRE+ERIICH
HYsZlid, SBOBEE L TBIATVD.

4 &

Tx 7 b ERY Y FHLNRESET 5 RORERT
REAMGA DT X 7 = X b ORE & EIF OHER

#r, BEIEREEICLXVITVWUToOgR 2B,

(1A AROHABEEFOBHIIC L D f.LEE
TR AMDSHEITERENS.

(2)BARBMICT <Y E 2 RE L 2-8E o g i+
AHEGROBAILVEABORRhOBENEREWICE
HTE5.

(3 )RR DRI AR AWE TESE, A
BEAOCE LR L, RANVEE, KOVBERE, B
WAL OB L FLNBEIEK T REAMSHFOSRE L ot
IEHBETL LS TE.

(4)F 72, SATHROBAIZ X ) R ER TR
A A DRESTEZIC R B DS, KXNVEIE, BEEED
EEPZDOMHNZIRENTH B Z EFHLE MR DT,

B =1
e, : BRI (—)
F: BAE47- » o AWiiE (kg/ms)
P, :BEAMOETT (kef)
Pp: 2 D%H (kgf)
SF: #&# (—)
re: TN MAFEE (m)
U: FH T 2AFE (m/s)
U,s: &/NENLREE (m/s)
w: & THEE (m/s)
W, : ZAWBEE (kg)
Wy: %TiE (m)
do: NEEER (—)
r: AL ALLT (kgf/m?)
o: EEICT (kgf/m?)
ago : LA RAEFA (deg)
tni 2 TR EESA (deg)
WATE i EEHFS

X ik

1) R. L. STEPHENSON and F. C. LANGENBERG: Blast furnace,
raw materials and coke oven proceedings (1953), p. 265

2) B &, hAIER, MBEEE, B T 3keH, 62
(1976), S39

3) FaRIEH, AILERR: gk, 66 (1980), p. 1878

4) WEENE, MREe, EHER, ®SkiE—, RHEEE:
g L4, 71 (1985), p. 175

5) HEFERE, ERMt, ABESE RIEES: SLMm, 72
(1986), p. 783

6) W LEEHE: TEHF (1971) [FLHK]

7) REE, AEITHE, HOX¥E]: 29K 54 £-No. 1698
(BBFA1 5947 A)

8) BiHE—, MEZ—, HKEE, /M B, ihAEH,
IEOSEA: gk L4, 66 (1980), p. 459

9 ) /hPEATHE, EHEEK, FAEBH: kL H, 69 (1983),
S730

10) JUKRNE—ER, BH#EE, KEREH: gk, 66 (1980),
p. 1888

11) H. BIAUSSER, J. B. GUILLOT and A. RIST: Blast furnace
conferance, Arles (1980), p.I1.2.1

12) IREFRR, &€F&—, BFNH, K8HxTE FEHLE,
HEHEE R JIF SR, 15 (1983), p. 185

— 289 —



