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Analysis on Liquid Flow in the Dripping Zone of Blast Furnace
Takashi SUGIYAMA, Tomoyuki NAKAGAWA, Hideharu SIBAIKE and Yutaka ODA
Synopsis :

Model experiment and mathematical modeling were carried out to eluc1date the liquid flow and liquid
holdup in the lower part of blast furnace.

Slag viscosity was measured in some ranges of temperature and slag composition in the dripping zone,
and computer program for the estimation of slag viscosity was developed. According to the results of mod-
el experiment, it was verified that Darcy-type equation can be practically used for the analysis of liquid
flow resistance in irrigated packed bed. Molten slag can not flow through the ‘deadmann’ zone under the
condition that coke diameter in the "deadmann’ decreases less than 35 percent of initial coke diameter or
void fraction in the ‘deadmann’ decreases less than 65 percent of initial void fraction of coke bed, or slag
viscosity raises more than 6-10 poise, i.e. "deadmann’ temperature falls to lower than 1 400 °C.

Key words : liquid flow ; dripping zone ; blast furnace ; slag viscosity ; model experiment ; mathematical
modeling ; liquid holdup ; simulation ; liquid velocity.
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Fig. 1. Experimental apparatus for liquid flow.
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Table 1. Experimental condition based on dimen-
sionless numbers.

Dimensionless

numbers | Re, Gay, Cpm N,
Comparison
. Max 39.45 1.16X107  8.84 2.0
This work | iy 0.022 1.64%102 2.67 1.3
BF Metal 2.27  1.77%x10%8  79.1 0.43
Slag 0.016 4.51x10% 75.6  0.06~0.74
0
O A area o)
o
A Barea
—0.51- [e]
o
4
°© 4 480
& —1.0F Aa o
g BF 2
hy cal.
: Calculated dynamic
=15 (N hold-up
a hg obs.
: Observed dynamic
hold-up
-2.0 1 ! 1
-2.0 -15 -1.0 —-05 0
log hg cal.

Fig. 2. Relation between Ay cal. and A, obs..
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Table 2. Estimation of liquid hold-up in Blast
furnace.

Result Hold up hy hy hy
Metal 0.0204 0.0077 0.0281
Slag 0.0158 0.0519 0.0677
h=hsthy

Va/Ve (-)

0 0 20 30 40 50
Bed height H (cm)

Fig. 3. Sharpness of flow distribution.
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" Fig. 4. Effect of liquid viscosity on the sharpness
of flow distribution.
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Fig. 5. Distribution of liquid mass velocity.
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Fig. 7. Effect of flow rate on the liquid velocity.

MTHEBAOSBL-0EEZONS. $/- 2 NITFKIE
REHARELBD 2R T TAHIENTELREICRAME
PHETDHE V) STRKREVBRETH 5.
FHEBHNOBRNICBLITTHEAZDOT RO HOE
KOWTEBFEORTF LA 2V XHBICILHET % Re,=
1280 & Tt L THNZAMBIRMOMATY 1IZBEFE T3 %
M~z

3. BIFAZTDMEWRETET IVOIER

BHE A 7 %x5% & LT CaO-Si0,y-Al,05-MgO-
FeO AR A T 7 DRERERITV, ZOREEIZDH
EDWTERRAT FOMEX*TEOMBR L BREICB VT
HET % E T N OMER % Ko 7299,

3-1 RBRF&E

OB I B E R A NEREEIC XS
7. A2iFktu—%— ([EEF) OMEIE FeO 245 3F
TVWARTIZES, FeO 5L RTEHMEKE LA 275
TR OB A D ITEHEICERE L /- AES CHlE L /.
3-2 FeO £BXRVRSTOMERTER '

IEEE (Ca0/Si0,) : 1.2~1.5, Aly03:10~20 wt%,

— 245 —



2048 $ X S % 734 (1987) % 15 B

MgO :0~10wt% OMKEH CHME L2 A 7 V7 HEE
Ca0/8i0;, Al,O0; i, MgO BEB L OREOMEK L
LTRLAEZA(9)RAA LN ‘
Login = Al ( Weao / Wsio, ¥+ A2 ( Weao/ WSiOg)
+ A3( Wugo ) + A4 ( Wigo) + A5 ( Wayyo, )P
+ A6 ( Waio,) + AT/ T*+ A8/T + A9

Al =1.7089 A2 =—4.7419 A3 =0.9331

A4 =—1.8862 A5 = 7.9909 A6 =—1.0317

A7 = 4.2687 X 10° A8 = 2.6754 X 10° A9 = 0.2575
e er et (9)

CORTEHE SN L HE & EHMHE O BRI EERZE
0.06, THEMRE 0.97 TH 7.

IR (Ca0/Si0y) A% 1.2 BT R 5 FHEEDHEE
R Gurrvar? OBIEEx FV 72, AlLO, B & K55
B L THER SiO, IE Ne l2HE LT, (10)ic X
DTCHEEL /-, .

Log10 7==32.304 (Msio, + Na) —27.604 (Msi0,+ Na )

—7.6370 X 10° / T* + 8.6379 X 10* /T + 0.8937

.......................................... (10)
ZZT NeiZ(11)RTEEN S,
Na = Bl + B2( Mcao )’ ( Mavo,

+ B3( Mcao ' { Mareo,) + B4 Mcao )

+ B5( Mcao ) ( May,o, ¥ + B6( Mcao) ( Mo, )

+ B7(Mcao) + B8( M.’ + B9 ( Masso,)
B1=0.14805 B2=170.930 B3 =-—15.070
B4=10.63461 B5=-—125.43 B6=26.019
B7=—10.74517 B8=237.413 B9 =— 6.4791

........................................... (11)
7272 L Mayo0,=0 ® & & Na=0, Mc.o ¥ CaO & MgO
DENGROMERLTWDS,
20 B Ca0/Si0, = 1.2
Al,03: 156%
16 Mg0: 5%
| {exclusive of FeQ)

Viscosity (poise)
T

1 L L 1
1,300 1,350 1,400 1,450

Temperature (°C)

Fig. 8. Viscosity change with temperature and
FeO concentration of CaO-Si0,-Al,05;-MgO-FeO
slag.
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Fig. 9. Estimated isoviscosity lines in dissected
Nagoya No. 1 BF (poise).
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Fig. 10. Calculated streamlines of liquid flowing
through the experimental system.
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ESTIMATIONS OF LIMITED VOID FRACTION
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