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Effects of Tuyere Gas Flow Rate and Deadman Properties on Discontinuous Behavior of Descending Solid and Gas Static
Pressure in Blast Furnace—Experimental Analysis by a Three-Dimensional Cold Model—

Hiroshi TAKaHASHI, Hideki KawAl, Toshifumi Fuxul, Yuuki Matsumorto and Yoshiyuki MATSUIL

Synopsis

: In low reducing agents operation of blast furnace, it is considered that deadman gas permeability would become low due to fines accumula-

tion around or in the deadman, which would cause unstable behavior of solid and gas. For the stable operation, especially in high productivity

operation, the problem must be overcome. A scale-down three-dimensional cold model of blast furnace with a device capable of changing

deadman physical properties such as the permeability and height, was used for this study. The effect of gas flow rate/velocity and deadman

properties on both the unstable/discontinuous behavior and the solid flow pattern, is analyzed experimentally. In such a situation that gas is

impossible to penetrate from the raceway inside the deadman and further bridging is formed over funnel flow channel in Bosh to Belly re-

gion, the discontinuity increased with increasing of gas flow rate and gas velocity. The more the gas impermeable wall is high, the more the

discontinuity with bridging becomes severe. If the gas impermeable wall height is lower or deadman gas permeability is well, the discontinu-

ity decreases, the solid bed becomes more homogeneous with dense packing state and solid plug flow region enlarges in the lower part. As a

result, maintaining gas permeability of deadman in a good state and controlling deadman height lower might be essential for the stable opera-

tion.

Key words: blast furnace; three-dimensional cold model; tuyere diameter; bridging; deadman permeability; deadman height; solid flow pattern.
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Laser displacement sensor x2 (L1,12)
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Fig. 1. Schematic diagram of three-dimensional cold
model of blast furnace.
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Fig. 3. Position and height of flow stopper.
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Fig. 4. Tuyere arrangement (open part for gas injection)
and laser irradiation points (@).
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Table 1. Physical properties of particles.

Material Polypropylene Alumina
resin particle sphere
Particle diameter d, [mm] 3.22 2.58
Apparent density p, [kg/m3] 950 1500
Bulk density Py lkg/m?d] 549 812
Void fraction e [-1] 0.422 0.459
Angle of repose 6 [ 35 31
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Table 2. Experimental conditions.

Tuyere Number of

Gas Blast

Blast

Cylindrical flow stopper Corresponding

diameter tuyeres flow rate velocity velocity*) Height figures
d, J Oy Uy Ug, h Materal
[mm] [number] [m’h]  [m/s] [m/s] [mm]
5 16(1) 44 38.9 125 60 steel plate Fig.5(a)
7 16(1) 44 19.8 64 60 steel plate Fig.5(b)
9 16(1) 44 12 39 60 steel plate Fig.5(c)
7 12(IV) 36 21.7 70 60 steel plate Fig.6(a)
7 8(I) 36 325 105 60 steel plate Fig.6(b)
7 4(I) 36 65 210 60 steel plate Fig.6(c)
7 4(10) 32 58 187 60 steel plate Fig.9
9 4(Im) 36 39.3 127 60 steel plate Fig.10
9 4(10) 32 35 113 60 steel plate Fig.11
9 4V) 32 35 113 60 steel plate Fig.12
7 4(1m) 36 65 210 30 steel plate Fig.13(a)
7 4(II) 36 65 210 10 steel plate Fig.13(b)
7 4(Im) 36 65 210 60 wire Fig.14(a)
7 4(1I) 36 65 210 30 wire Fig.14(b)
U=2.1 cm/s, W=0.175 kg/min, 3k )Velocity estimated on the scale factor, Uy ,=Uy/F,
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Fig. 5. Laser displacement and static pressure; gas injec-
tion from all the tuyeres, Oy=44m’h (steel stop-

per).
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Fig. 6. Laser displacement and static pressure in asymmet-
rical gas injection, d,=7mm, Q,=36m’h, (steel

stopper).
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Fig. 7. Enlarged view of Fig. 6(c).
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Fig. 8. Collapsing bridge at Belly in the case of Fig. 7.
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Fig. 10. Same as Fig. 7, but d,=9 mm (Q,=36 m*h, g,=9
m’/h, Uz=39. 3 m/s, steel stopper with A= 60 mm).
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Fig. 11. Solid flow pattern with time lines and deadman by
J=4(IIl) injection (d,=9mm, U,=35m/s, steel
stopper with =60 mm).

NNV, ZHIZEqQ (5)256b25 &5 ICHEHR—
THUDWMNKD, Fy AT 5256Thb, ki,
Fig. 8 L RIBOMIM AR S h 2 Z L BB s hiz,

3.3 FR7O-/1N2> (BB b v/N—)
Fig.1112d=9mm, $BEZ b v/ 3—D & ZDFWKT D
Tua =88 —vERLE, PEARM4EK, 0,=32m’h,
Up=35m/s DFERTH %, Fig. 9 (d=7mm, Qp=32m’h,
Uy=58m/s) & HIZHET T2 &, KTFOIEWNRT o —r34 —
VORBIZLITOE BN TH S, DRITFZ b wos— EIZE
IEBRAER &, K71 Z OFF IR & (PR R D BRIRES % [
T45, DFHPEOAEDH AWARIZE hb b, &
IEROBRIKIZITRAFFTH B, 3) > v 7 PEET LIRT
DEFIED B L ~AIUD 5 F AWGARDBITH T 5 IFEE
ICHAEEL THB AN ERGET L, IFTETIIF
BEICIES &5 k77 v Rr 70 —%0RT,
YRR D T 0 — 8% — ¥ Th B4, AR
FRIZCERBE LB AD 70— 34 =V £ B =912, O
XF T 2 A (Fig. 4(V), Qz=32m*h) TH LN ZXF7 v —3
4 —V %&Fig 21K L7z, MMEATIRE R b Y 7o -5
Y% 7 P TFEHICE TR, fEEE S MEL 258,
LRI PN ORI, DiEgbig, HIFTE7 7 2
Ta—, BRFIN TS,
3.4 7O—/NZ—2 ERTHRIESE

JFTHIZBEA L 72 b L —H =R —FRI2E T S BER 2,
Fig. 9 Ti&#9 7.5min, Figl! T 1IminTdh 5, Z D
BEEOZEL, d=Tmm Tldd=9mmDIFA & D #ETK
EEMBPEREINE ZERELRREELO6NS ., Fig
QIR L7z &k D1z, MIMH A% tf - CTRENZFEET 213
EZDOEREIIEL 555, —BET 2 L KX k72
HAOHTHEDO 20PN TR AT S, #-T, HiEHE
)N T EE TR L TEBES KX S THREEOR W

Fig. 12. Same as Fig. 11, but with gas symmetrical injec-
tion, j=4(V); d,=9 mm, Uz=35 m/s, steel stopper
with =60 mm.
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(a) Steel stopper, h=30mm (b) Steel stopper, h=10mm

Fig. 13. Effect of stopper height on laser displacement and
static pressure(steel stopper); d,=7mm, U,=65
m/s, j=4(III).
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Fig. 14. Same as Fig. 13, but with wire stopper; d,=7 mm,
Ugz=65 m/s, j=4(IlI).
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(a) steel stopper, h=30 mm (c) wire stopper, h=60 mm

(b) steel stopper, h=10 mm

(d) wire stopper, h=30 mm

Fig. 15. Effect of deadman permeability and height on
solid flow pattern, d=7mm, Uz=65m/s, j=
4(111).
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EW 5
d,: Particle diameter (mm)
d,: Inner diameter of tuyere (mm)
F,: Scale factor for particle velocity, defined by Eq. (4)
F, . Scale factor for blast velocity, defined by Eq. (3)

Fr,: Froude number of gas, defined by Eq. (2)

Fr,: Froude number of solid, defined by Eq. (1)
h: Stopper height (mm)
Jj:  Number of tuyere (—)

gp: Blast flow rate per tuyere (m*/h)

Qy: Total blast flow rate (m*/h)

Uy : Blast velocity (m/s)

U, : Particle descending velocity at top of apparatus (cm/min)

: Particle descending rate (kg/min)

Void fraction of particle bed (—)

: Angle of repose of particle bed (°)
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p(l:
Py
Pr:

1

2)
3)

Apparent density of particle (kg/m?)
Bulk density of particle bed (kg/m®)
Density of gas (kg/m®)
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