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Flow of Iron in Blast Furnace Hearth
Masaharu TAcHIMOR1, Jiro OHNO, Masakazu NAKAMURA and Yukiaki HARA
Synopsis:

Fundamental aspects of the hot metal flow in the blast furnace hearth during tapping have been studied
for the better control of the hot metal flow to prolong furnace life.

Blast furnace hearth is regarded as a packed bed of coke with considerably good permeability in terms
of metal flow. Characteristics of metal flow in a hearth have been analysed by using the numerical calcu-
lation, as well as, model experiments.

Equal velocity lines in an uniformly packed hearth are formed on vertical cyrindrical surfaces of which
central axis coincides with the position of a tap hole. The flow velocity at a center of hearth is about 0.1
cm/s. If a coke free space is formed at the bottom of hearth, flow pattern varies remarkably. The flow
velocity in a coke free space of 10 cm thickness is more than 10 times of the velocity for uniform bed, and
more than 50% of hot metal is drained through it. The velocity in the space decreases remarkably with
the increase of the depth of the space The velocity in a space of 40 cm deep is reduced to the same level as

that for the uniform flow.
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Eq. (9).

Fig. 1. Discrete scheme for flow calculation.

FREZEFFRERCHEL, FERCAHLES i %
D} 5. HEORKMEE Fig. 1(a) BRTI5FHE
EOEFIICE b, EDOERTROWMERS DZEE %
H. LI oTER &, BETAER joBERE >
W Uy BEZRTES. &0 Uy #AGWTRER
TER(6)AXHEMAL, FBELLm O 0EROHD
REALRRGHOMMEC (7)) A2 #HT5. che
Fig. 1 (b) RT. TOI5RLT ROMES & &
(8), ()ALBE%.

g% i KE@L“C R ,Z' Sij Uz'j= 0 (8)

L Usjj=u=TE WExSHHER)

=Highm (HginZ&im®i)
AWicBET A/ >OBERELT «

f‘«'j(R;jL,-,-)U,-j=0...............(9)

R Riym—po{ U=l (oei)yil
7oL Ryj= 2Lij{ 3Dy -+ ej;Dij J}
(FEBL ST

=1 (2B DRLER)

IR, Sip BRI L jJoERBOERE, Usj X Si;
LOERGEOREEE, Rij XEK I & jOBKEN
DOBEMFIHME, Li; GER L joduORERE, L 3
ERi0 jHAXADORE, & XZRE, v, 3BHE.
Dp; ZFEERFETHS.

T BN FRE I R U C B I Ry
RDHBEVS XDk, WEENCFE LW TERY R
MhEERHTLHEVIBL A EOTERY, SKITHD
SHTRECBCHR EBbh s, FABERELHTOBEL
T, 2aVhhr—=: R o —AERHLRTWED.,

U;j 12(8), (9)RZ2E SR TIEHETRDS.



2226 % &

% 70 4 (1984) #1162

REMREIAERRTH . 2RITGTHE T iE
W4EDY, SKTTHE TRBENEIRL 552 ETS.
2-2 EtWIRR

HEC I Y ROEEEYRIH L.

(i) FEw =z —7 ANBE—RERELTWAEADIN

h, ROBEYEIOHE.
(i) FR=—27 A2ABNFEL, —BREROZERND
HBEDWHN, ROEROE I DFE.

(i) BWENOH FERBCHMYHHHEOHE.
ok, WTHSELHHERERELVWETS. FER
PR e CHEREE L BT S, L >TH
SBEIT—FE L. HECHWIETE Table 1 iR
<.

Table 1. Parameters for numerical calculation.

Parameters Run1Run2Run3Run4 Run5Runé
Hearth diameter D (m) 11 11 11 11 11 11
Depth of iron pool I, (m) 30 L7 10 30 30 3.0
Position of tap hole d (m) 25 1.2 05 25 25 25
¥lc:idkratio sf . 0.4 0.4 04 0.4 04 0.4

ickness of coke free
space & (m) 0.0 00 00 0.4 0.4 00
Draining rate Q (t/h) 400 400 400 400 400 400
Density of iron # (g/cc) 70 7.0 7.0 7.0 7.0 7.0
Viscosity of iron v (cp) 7.0 7.0 7.0 7.0 7.0 7.0
Distribution of dropping H H H H H sw

H : homogeneous, SW : dropping zone within 2 m from side wall
Number of rectangular mesh : Nx XNy X Nz=20Xx20X 10

Unit :cm/s
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(a) Vertical cross section intersecting a tap hole.

(b) Two horizontal cross sections at different heights.
Fig. 2. Flow lines (solid) and equal velocity lines
(broken) in an uniformly packed hearth of which
diameter is 10 m with a depth of 3 m.
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Fig. 3. Equal traveling time distribution in an
uniformly packed hearth.
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Unit :ecm/s

Unit :em/s

(b)

(a) Vertical cross section. (b) Two horizontal cross
sections at different heights.

Fig. 4. Flow lines (solid) and equal velocity lines
(broken) in a hearth having a coke free layer.

Fig. 5. Equal traveling time distribution in a
hearth having a coke free layer.
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(a) Cylindrical plastic container (62 cm in diameter)
packed with alumina balls, (b) distributor, (c)
Colorimeter, (d) Tracer (dye) injector, (e) Flow
meter, (f) Pump, (g) Tank.

Fig. 6. Experimental apparatus.
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Photo. 1. Visualized flow lines in a 2-dimensional
model hearth.

Table 2. Experimental conditions for flow analysis
by water model simulation.

Parameters No.1 No.2 No.4 No.7 No.ll No.19
Draining rate Q ({/min}) 4.4 2.7 4.0 4.0 4.0 4.0
Depth of pool lj{cm) 25,0 7.5 80 13,0 8.0 13.5
Position of drain d (ecm) 15.0 5.0 5.0 10.0 5.0 10.0
Void ratio ¢ 0.4 0.4 0.42 0.42 0.42 0.42
Diameter of packed
ball Dy (mm) 50 50 38 3.8 3.8 3.8
Thickness of coke free 0.0 0.0 0.0. 0.0 40 20.0

space é (mm)
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Fig. 12. Traveling time between A and B within
a coke free layer in function of the space thick-
ness (experiments).
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