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Characteristics of Liquid Hold-ups in a Soaked and Unsoaked Fixed Bed

Hirotoshi KAWABATA, Zhigang L1U, Fumio Fuiita and Tateo Usul

Synopsis

: In most previous works, liquid hold-ups were studied by using a cold model of a fixed bed soaked prior to experiments. However, they did not

consider that the dripping zone of a blast furnace is saturated with liquids or with evenly distributed droplets. In the present study, the charac-
teristics of liquid hold-ups and liquid flow were investigated by using a one-dimensional cold model of a fixed bed soaked and unsoaked prior
to experiments (initially soaked and unsoaked beds). Packed balls were five kinds, the diameters (D,) of which ranged from 5.4 to 30 mm.
Tap water was used as liquid. Contact angles (6) for these particle/liquid systems were about 70° and 10° for fluorine-coated particles and
non-coated particles, respectively.

Although, under bad wettability condition (6=70°), total and static hold-ups for initially unsoaked bed packed with small balls are remark-
ably smaller than those for initially soaked bed, the difference in their hold-ups between initially unsoaked and soaked beds decreases with in-
creasing ball size in the bed. In initially soaked bed, total and static hold-ups increase monotonically as ball size decreases, which means the
specific surface area increases. On the other hand, in initially unsoaked bed, total and static hold-ups under bad wettability condition indicate
maximum values at about D,=10mm and decrease abruptly in proportion to a decrease in particle size, despite an increase in the specific
surface area. Only restricted liquid droplets and/or liquid rivulets are formed within the packed bed with good wettability condition (6=10°)
for initially unsoaked bed, nevertheless liquid is easy to spread out on the solid surface. The influence of the initial bed condition, soaked or
unsoaked bed, on liquid hold-ups is great under bad wettability condition.

Key words: ironmaking; blast furnace; dripping zone; fixed bed; liquid hold-ups; particle/liquid wettability; initially soaked and unsoaked beds.
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Fig. 1. Comparison between hold-ups estimated from
Fukutake ef al’s Equation® and present authors’

ones'*!V (2D model).
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Fig. 2. Difference of liquid flow distributions through ini-
tially soaked and unsoaked fixed beds (2D model).
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Fig. 3. Schematic layout of the one-dimensional cold

model: dimensions in mm.
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Fig. 4. Scheme of liquid supply curve, drain curve and
hold-up volumes in fixed bed.
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Table 1. Comparison of conditions for present experiments
and a blast furnace.

One-dimensional Blast furnace
cold model
Fixed bed Metal | Slag
D (mm) |5.4,8.1,10,19, 30 30~60
o (kg/m) 1000 6600 | 2600
Vo(m/s) 0 1.2~1.7
v (mm/s) 0.07~0.35 0.09~0.15
V(mm/s) 0 0.10~0.60
u(Pas) 0.0010 0.005 0.3
o (N/m) 0.072 1.1 0.48
0 (deg) 10°, 70° 125° 105°
Re (—) 0.38~11 3.6~12 0.023~0.078
Ga (—) (1.5~260)X 10° | (460~3700)x 10°] (0.02~0.16) X 10°
Cpi(—) 4.0~120 50~200 48~190
We (—) | 0.37~51)x10° | (1.5~8.1)x10° | (1.3~7.3)x10°°
Fro(—) 0 2.4~9.8
Fri(—) | .7~2300x107 (1.4~7.7)x10°®

Note D diameter of packed particle, ¥,V |,Vs: superficial velocity based on empty column for
gas, liquid, and solid, respectively, 6 :contact angle, p : viscosity coefficient of liquid, o:
liguid density, o : surface tension, Re; = V"D o /1, Ga =g -D[,z- o L:z/'u L?, Cp.=

) ) A
pLrgD o, We =0, -V*D/o, Fri=v"/gD)
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Fig. 5. Influence of initial conditions with unsoaked (I-
UB) and soaked beds (I-SB) on hold-ups under bad
wettability (D,=5.4 mm).
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Fig. 6. Influence of initial conditions with unsoaked (I-
UB) and soaked beds (I-SB) on hold-ups under bad
wettability (D,=8.1 mm).
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Fig. 7. Influence of initial conditions with unsoaked (I-

UB) and soaked beds (I-SB) on hold-ups under bad
wettability (D, =10 mm). .
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Fig. 8. Influence of initial conditions with unsoaked (I-

UB) and soaked beds (I-SB) on hold-ups under bad
wettability (D,=19 mm).
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Fig. 9. Influence of initial conditions with unsoaked (I-

UB) and soaked beds (I-SB) on hold-ups under bad
wettability (D, =30 mm).
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Fig. 10. Effect of contact angle on hold-ups for initially
unsoaked bed (D,=5.4 mm).
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Fig. 11. Effect of contact angle on hold-ups for initially
unsoaked bed (D,=8.1 mm).
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Fig. 12. Effect of contact angle on hold-ups for initially
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Fig. 13. Effect of contact angle on hold-ups for initially
unsoaked bed (D,=19 mm).
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Fig. 15. Visualization of liquid paths in packed bed with
bad wettability (6=65°, D,=5 mm).
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(a) Good wettability ; 8 =5°

‘ (b) Bad wettability ; 8 =65°

Fig. 16. Visualization of liquid paths for initially unsoaked
bed (D,=10 mm).
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