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1. Jaeger blower 2. Gas flow control valve 3. Gas flowmeter

4. Lower pressure tap 5. Differential pressure sensor 6. Electronic balance

7.Drain pipe 8. Thermometer 9. Water pump 10. Water cycling tank

11. Rising pipe 12. Overflow pipe 13. Pressure maintaining tank

14. Liquid flowmeter 15. Liquid flow control valve 16. Separating tank

17. Capillary tube 18. Acryl glass tube 19. Supporting plate
22. Data collector

26. Air inlet

20. Drain/air-in tank ~ 21. Digital camera

23. Computer 24. Bearing frame
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Fig.1 Scheme of experimental apparatus and process
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Table 1 Physical properties of liquids used in experiments
Liquid (symbol) pi (kg/m®) 14 (Pa-s) o (N/m)
Water (Wa) 998 0.001 0.0705
Glycerol (G) 1338 0.1 0.0412
ZnCl, solution (Zn) 1700 0.0175 0.0517
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Table 2 Data on packings used in experiments
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Packing (symbol) d, (mm)  pp (kg/m3) £ [ 3.1 é%?f\l% Eg % he E"] Tl";ﬁ-

Glass spheres (Gs) 15.7 2527 0.4091 1.000 . B B by A i B 2 M e %

Crushed cokes (Cc) 11.0 1214 0.5096 0.606 PRI ESORL R I A AL A UL 3 2

Plastic spheres (Ps) 216 896 0.4326 1.000 5, BCFBES] TR 3.

Hollow spheres (Hs) 27.0 190 0.4652 1.000
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Table 3 Static liquid holdup %, in packed beds (%)
Wa/Gs Wa/Cc ‘Wa/Ps Wa/Hs Gl/Gs Gl/Cc Gl/Ps Gl/Hs Zn/Gs Zn/Cc Zn/Ps Zn/Hs
0.79 4.10 2.14 1.80 3.38 3.02 2.19 1.48 2.83 3.11 1.14 0.83
EFTN IR g TR/ — R AR TSR 51 h=aGay'Cyp', (5)
I OB HORRSG N PUFRETRL
N . P pa MZpL e Y 2 N Hri/ N 1 R Py ’ D N H

BRI31FFHTS] Niu FOBFS0), A 50 i TR famALa, AT e, PR
DM PR E) R ) M e =37 o W I N h=0.2158Ga,, "¢, 02!, (6)

A 145 h=(20.5+0.263C}.) ", (1)
AP h=0.0194Ga,"**C, ,, "0, )
Niu: h=0.181Gay, "' C, o 4%, 3)
FEPIRERSE: h=0.20Gay, "1%C, , 3. 4)

15 CLRTAE ST T I T P B — 50, 4 A
FoR G IE R 3 Gan=pled,’ @[’ (1-2)°]} A&
IE R I8 Commpigd,’ @' /[ o(1-2)"1} HI R B

T (D)~(4) L X (6) I TINS5 SR AR AH 5% JR 209y
R 0.677,0.344, 0.727, 0.709 F10.744(12 M50 55). H
ORGSR YA IR TR S, M EE R 95%
i, ARV R BN FE A 0.576. W LLE
W, AHFIT SRS . Nius PR RRE RS 7T & 51
— 2 EHIT A (TS, 5542 R4 (R SO0 O 223 K.
3.2 REMEHTHETHEE hilitE

HH I 2 A, AR SIS 0T, B ) (350,

7
| —m—Wa/Gs 10 - —m— n —m—Zn/Gs [}
—e—WalCc o * r —:—g:ﬁgi / 5 —e—2zniCc _—
6 F—a—waps oo 9 _a—cips = . | —A—zoPs " .
. F—v—WaHs o~ s g [ —v—GlHs ././A . 7—v—Zn/2V —
T e—e f o
< L VA A,_A—A/Aiv 7 r ./. L /l/.
S 44t @ - vy 6 A ./
= A v —u [ v 3+
VA 5 . / v .
3+ C L
C . J/ o N A// A A//A
A/v/ - [ v _—
2 - v o 3L H L
i o [ a A v—v—v— 7
1+ / 2 j 1+ v/
\. L | L 1 L 1 L 1 Y L | L L | L | L | | L | L | L | L | L
0.0 0.4 0.8 1.2 1.6 00 02 04 06 08 1.0 00 02 04 06 08 10
u, (mm/s) u, (mm/s) u, (mm/s)

K 2 oA R AR R

HE

i bt w SRR

Fig.2 Relation between /4, and v in the absence of gas
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Table 4 Natural parameter C and constants a, b

Packing Wa Gl Zn a b
Gs 0.842 1.161 0.295 0.296 3.571
Cc 0.337 0.434 0.237 0.147 1.456
Ps 1.393 1.166 0.433 0.153 3.026
Hs 1.359 1.242 0.148 0.371 6.181
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Table 5 Holdups of slag and hot metal in a blast furnace (%)

Dropping zone Dead zone
Sla h 2.96 4.45
N h 0.40 0.47
Hot metal hs 1.67 2:50
hy 0.04 0.05
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Table 6 Physical properties of slag and hot metal

pr (kg/m’) fu (Pass) o (N/m)

Hot metal 6600 0.005 1.10

Slag 2600 0.400 0.47
hS:0.0971p1—0.4047'u10,1096o_02951[(pdp(l_g)]—o,7546. (12)
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Simulation of Liquid Holdups in the Lower Coke Zone of Blast Furnace with a Packed Bed

XIONG Wei, BI Xue-gong, ZHOU Guo-fan

(Key Lab. for Ferrous Metall. & Resources Ultilization, Ministry of Education, Wuhan Univ. Sci. & Technol., Wuhan, Hubei 430081, China)

Abstract: Holdup characteristics of liquid in a packed bed were experimentally examined for clarifying the holdup of molten materials in
the lower coke zone of a blast furnace. The viscosity, density and surface tension of the liquid, size and shape of particles and liquid
velocity were varied in the experiments. The results show that: increasing viscosity, surface tension and reducing density of liquid cause
static liquid holdup 4 to increase. These factors in order of degree of influence are density, surface tension and viscosity of liquid, and
reducing size, shape factor and porosity of packing causes /; to increase. The bigger the static liquid holdup 4, the bigger the total liquid
holdup %, when u increases in all the combinations of liquids and packings, so those factors affecting % are also the main factors
affecting dynamic liquid holdup /4. Correlations for A, h4 without gas flow and for 4, in countercurrent gas—liquid two-phase flow were
obtained. 4 is the determinant of the holdup of molten materials in the absence of gas flow, and the most important factor affecting 4 is
the size of coke in a blast furnace.

Key words: blast furnace; holdup; gas—liquid two-phase flow; mathematical model



