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Liquid Holdups and Abnormal Flow Phenomena of the Gas-liquid
Counter-current Flow in Packed Beds under Simulating Conditions
of the Flow in the Dropping Zone of a Blast Furnace

Synopsis :

Tsuyoshi FUKUTAKE and V. RAJAKUMAR

Experiments were conducted to measure the total holdup, gas pressure drop, flooding velocities and liquid
distribution at low superficial velocities of liquid for various degree of wetting between liquids and solids.
Correlations for both static and dynamic holdups and a flooding diagram that are valid for non—wetting

as well as wetting flow were obtained.

Instability of the bed, in which a transition from a stable to a fluidized bed occurred, was observed be-—

fore the onset of flooding in some of the experiments.

A diagram was developed to discriminate the flu—

idization from the flooding in relation to the flow conditions. This diagram indicated that in blast furnaces
the fluidization of the coke bed is likely to start before the onset of flooding by the slag.
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Table 1. Physical properties of liquids used in experiments.

. . . . . Surface  Contact angle on
Liquid Co(nvgfar}gatlon (11221/1227) Ylirssc/(;;l%r* t(eﬁs/l on  polythene V%ax Symbol
m) (Degree)

Water — 1 000 0.0010 0.0732 92.6 105.6  WATR
Agq. sol. of ethanol 96+ 807 0.0016 0.0240 O — ETOH
Agq. sol. of glycerol 80 1210 0.064 0.0652 88.1 96.6 GLY
Agq. sol. of CaCl, ' 35 1350 0.0059 0.0888 108.9 114.1 CACL
Aq. sol. of ZnCl, 75 .. 1920 0.034 0.0809 84.6 97.9 ZNCL

* Nominal value, ** Azeotrope
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Table 2. Data on packings used in experiments.

Diameter Standard Apparent

Packing mean deviation density Symbol

(mm)  (mm) (kg/m?)

Polythene 13.2 0.10 921 PL13

spheres 9.0 0.08 PL9
10.6 — PLM*%

Alumina 13.1 0.34 3 465 AL13

- spheres

Wax-coated 13.3 0.10 921 W13

polythene

spheres

Glass 8.1 0.15 2 500 G8

spheres

Wax-coated 11.0 9.5 1210 CG11

coke ~12.7%

* size range (openings of sieves)
**  50-50% mixture of PL13 aud PL9

Table 3. Comparison of the values of dimensionless
numbers for the blast furnace with those
for experiments.

Ga AP*
Re (x 10%) Cp Ne (max.)
Blast Metal| 2.5 | 23600 | 34 | 0.43 | 0.08
furnace 0.06~
Slag_r 0.017) 1.0 31 0.74 0.2
Experi- min.| 0.005 0.18 8.6 | 0.59 —
ments max.| 22 3500 | 63 2.0 0.5
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Fig. 1. Schematic drawing of experimentai
apparatus. : )
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