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Abstract: To prolong the service life of equipment, usually an insert is installed inside the hopper of the blast furnace,
but the insert installed in the hopper has a great influence on the particle size distribution in the hopper and the throat. A
full-scale 3D geometrical model was established, which based on the serial-hopper bell-less top system of the Taisteel
1 780 m’ blast furnace. Moreover, the motion of burden particles from the belt to the throat was simulated by the dis-
crete element method at the condition of changing locations and diameters of the insert respectively. Statistical results
showed that larger particles stayed near the center while small particles locate near the side wall when the insert is in-
stalled in the lower hopper. During the discharging progress of the lower hopper, the particle flow pattern ends to a plug
flow compared with the funnel flow at the condition without the insert. Hence, the average diameter fluctuant range of
particles decreases in radial direction of the stock surface. In addition, the average particle diameter is relatively larger in
the central zone of throat when the insert diameter is equal to the diameter of outlet and the installation height of the in-
sert is half of the height of the cone-shape zone in the lower part of hopper. Moreover, this study has important guidance
on the design and installation of the insert and the production of blast furnaces.
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Fig.1 Schematic diagram of serial-hopper

bell-less top system
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Fig.2 Design drawing of placement of insert
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Fig.3 Geometrical structure schematic of insert with
different diameters
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Table 1 Main parameters of geometry model

¥ #1E
Bt K /m 10.0
R /() 10.0
J I/ (mes™ ") 2.0
HL IS FAS/m 0.6
B 4% /m 7.0
TR /m 3.0
TR BE JE /m 1.14
R A1 R/ (2D 29.0~41.5
TR EL T/ (remin ") 8.0

TEFG BN/ (remin ™)
=2 (HEMASERNES T

Table 2 Particle size distribution of coke in simulation

0.267 5

b /mm Jit/kg T HU % R AL
13.5~22.5 720 7.20 210 888
22.5~375 446 4.46 28232
37.5~60.0 2968 29.68 44 142
60.0~72.0 5866 58.66 36 748

Hit 10 000 100.00 320 046
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Table 3 Material properties in simulation

kLA B/ (kgom ™) WY B /Pa WAL
fEaR 1050 22%10 0.22
BETH 4500 5.0%X10° 0.30
Ry 1200 1.0X 107 0.40
14 HEAFR

AR S BRI A AR ApOREAE R AT AP ik Y
(K350 A s sl 2K K 2w, 8 o A i A F ELAR
55w 5, AL PoRL O A, T T I 4.
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Table 4 Simulation scheme
ZH Base Case A Case B Case C Case D Case E
AP EAED OCTEAEALT) 0.5d 0.5d 0.75d d
AP H OCEAAE) h/2 2h/3 h/2 h/2
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Fig. 4 Schematic of regional division in lower hopper
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Fig. 5 Distribution of burden in radial direction of lower hopper

tH &l 5 AT 411, Case A Fll Base 73] 2 78 22 3% 5 4
R NG DL, X35k 56 e 7oRHRE ot X 3k, AN
L HEAH NAF I, BHRE A0 X SOP SR AR N, 1 2
SRR, U BRHE rh O 1) N BORLAR A A 22
T34 2 R ROREAH X 58 22 5 22 B4l AT I, JERLAR 3

ATWA S o D A AN 22 24T N AF I S R E 0 X
MARBUER, BBt HE AL T v Lo XIS, /N R
FEHESR BT A I RIORE (0] B85 S RHET B )2, AT
FLPE 200 T KBORL I 2 BB, i k)
HE AR VR Vi 2 R 25 5 M0 2 R A A S FURL AL



o1

HFEIC, A AW R R T A e oA

.« 23 -

S N A TGUES I i DU J5 93 B 9 20k G 62 A s = A
T FOUREVR 1) A G JEC P8 (1 I R ot R FEE AT, /1
FIURLYS 325 28 5 00 B 18I 11 DX 3, R URE 7 8 ) HE A 1
)R i DUBE (] BRI (R~ SRR /N o

A ) S PR RR S bR 25 DX A [ R E S T
FHRERE KR ], Case A 21 1 5 HroRE 22 XA 4 FTIX
3R 7 Ak I T BHE DS RURE I 5 T3 5 e HE AR I VR
V5 ARHGE b0 DR, DRI X B 5 R DX I 6 )1 24
FRIEK o ABVR Vi 2R HE o0 DX 35K ) JORE £ H B2
it LU L XS R B AR AN o IR DA Y, %2
AR AR RHREAR 17 1K) 1 2 R AR AN AR B 23 A7 3

JE 7 T L SR i AN AN R AR T B AR
A AR ZE BN GINBRHEZE o RVPA P ol
ZAE T IR JT R BT RE S Mo SCILE (4D

o= %;(xf—u)z

s N ORHGE ] 7 1) DRIUR E x A T DX
b PRI~ B8R0 A% 5 ok BT A DX 3 0 )P 3 R0 AR 1~ 3
{H. W HE IS, Case Al Base 13042 br i
ZE5r A 134 F 1,16, 22548 N A5 150 [ J4 7 [w)
(IR~ 2 kLA s M At /N o [R] 3L, Case A Fil Base [
JE PR BUBRHE 22 43 51 0 0.008 Fi10.006, [ J 44 [X 45k 4

(4)

MK o BUHXTEI5] o BRI, 22 e i A A o00 T R HRE LR J 7 1r)
BHRER J 7 Rk A 6 o BTAER (1 PRI RAR R 2 A S AN
Bl = Case A 1.195F ()
® Base
40+
1.185F
£
£ 351 )
s\:ﬂ %,\i 1175
& o0k W &
g ® 1165k
25F
1.155F
201 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 2 3 4 5 T 8 1 5 6 7 8
TORHEE IR A X 35

(@) FEIRAR;  (b) BA.
Elo THHEEEET mP#aHh

Fig. 6 Distribution of burden in circumferential direction of lower hopper
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Fig. 8 Variation of particle size in analysis zone during discharging process from lower hopper

Kl T B, 1 PR AR AR A 3535 T 56 18 KA I
/s BEJE S TEARAAEAAE B, T SPRAR B I 1) 3% 57 4
K5 FH AR IR TR HE HE FR UKL KL AR 8 51 /)N 5 22 e 4 A AF
Ji o RIUREP B A% B 22 e KA i /B 2 22D TR
7N 5 AR IR 8] H: H AR IORE R A 8 B ORI Ak
U TR AL R AR UL B /N BURE [ IR
/INIURE 45 VR AL KRORE T o 1 VR 83 J B B, R
RSN IT, WAl B A TN SRR AR R
BT RE Hh , ANBURLRE 235 22 R HRERE T, B3 1)
RLSGHE L, PARR AN 11 SRR B i 137t I R s
NIy SR

AT T EAORME P AR (1 73 AR K 47 1AL
N AN RE A, FE U AR ) R 20y 20 A A5 AR B X
s, G 9 PR o ERTORMEEDRL I R R AL I T
AR FEANAR L ER T8 B TR 5 5 1 i
70Ny DRI, A SCRE 32 BT AR 18]~ 4R A% 2 Al 3E
(i

270°

180°

90° yl
1—=20

B9 pgEmXigkosrER
Fig. 9 Schematic of regional division in
radial direction of throat
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Fig. 10 Distribution of burden in

radial direction of throat
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Fig. 11 Distribution of burden in radial direction of lower hopper when insert at different positions

il N AT A 5 M RSURE LS o ) 43 A1 DA SRR
T IS B, Kk — 20 5% M ROk £ 4 i A 1 23 A
FEIR I 9 IR 537 s L 2 AT P oRERORE PRI A28 [r] ~F- 250k
SRR S AR . Wil 12 iR, Case A # Case
B PREOL R R MgeA R [m) >S5 AR S AT AR 111
Case C AT 5 SEUT H O X IR P BB AR ARG /)N,
TSGR K 2 BH e AN A 22 ey RE kv B 4
NS o AR IR 5 e el , FRGE Lo R
W SEHE S SETAE R /N ORI L S 2 S0 e
VIR P 7 53 Y 2/ A N E/ANG o o VA Rl N 17 9 2
DX 3 FEE IR 1/2 I8, A% ) PR REAR o A Bl ZE AR RO o

36 m Case A
® Case B
A Case C

0 5 10 15 20
P A2 1 X 38

E12 AEEANRESE THBREEPRSHERL

Fig. 12 Distribution of burden in radial direction of

throat when insert at different positions
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Fig. 13 Distribution of burden in radial direction of lower hopper at condition of different insert diameters
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throat at condition of different insert diameter
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