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Influence of Channeling Factor on Liquid Hold-ups in an Initially Unsoaked Bed

Hirotoshi KAWABATA, Kazuya SHINMYOU, Takeshi HARADA and Tafeo Usul

Synopsis : One of the important factors for minimum energy consumption and CO, emission of a blast furnace (BF) is to elucidate the liquid flow phe-

nomena and liquid hold-ups in the dripping zone of BE. Liquid hold-ups were studied by using a cold model of a fixed bed soaked prior to ex-

periments (hereinafter called initially soaked bed), but the existing correlation equations derived from liquid hold-ups under initially soaked

bed do not agree with liquid hold-ups under initially unsoaked bed such as the dripping zone of BE.

In the present study, correlation equations for liquid hold-ups in initially unsoaked bed were experimentally derived by a new approach, in

which channeling factor (F.) was proposed and defined as follows: F is the ratio of the number of liquid paths per one horizontal line to the

number of voids between particles per the same horizontal line, and was measured by using the moving image of liquid paths photographed

by a CCD video camera.

By using empirical equation for F, hold-ups in initially unsoaked bed were described as the following correlation equations.

Static hold-up  Hgy s, (%)=0.9-Hg g FEH Ne,!

Dynamic hold-up  Hy g, (%)=O.9'Hd(I,SB)-[*‘g'5
Total hold-up is the sum of Hyand Hy  H, (%)=Hs+H,

where, Nc, =1+ (cos8)’, and subscripts I-SB and I-UB designate quantities associated with initially soaked and unsoaked beds, respectively.

The comparison with the previous liquid hold-ups shows that the estimated hold-ups are in good agreement with the experimental values

for any particle diameters used and both contact angles of 10° and 70° under initially unsoaked bed.

Key words : channeling factor; empirical equation; initially unsoaked bed; liquid hold-up; liquid path; blast furnace.
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Fig. 1. Schematic layout of the two-dimensional model for
visualization of liquid flow behavior and measure-
ment of channeling factor (transparent acrylic

resins).
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Fig. 2. Measurement method of channeling factor.



A2, 3MgEDIEL,
F B & U7z,

3 DDAEAR ETORBUED I8 %

3. R

3.1 YHERFEEICH T IRANEEIOARE

Fig. 313, ¥R AHEBIZ BT, Mhic{ vk
(6=65°) D D,=2.8,5.0, 10.3 & 15.1 mmERFIARZIZ 1) 5 1]
HALEEO—HlERL TW5, ki, RETRE V)
0.lmm/s—ETH 5. Fig. 3&D, D,=28& 5.0mmDFH
JBNIZI T, FEHRBTAER & 01— B L 72 iR 2 R E D
WM AR L T O MO, D=28TW3, 44,
D,=5.0mm T 10ARBEORBRIHEHRATEE, —FH,
D,=103 & 151 mm DTSRG TS, Wi > M3 T 4
TRICVE DR FRIPR & i EIIRIE— 2L T s,
Fig. 413, ¥R FHEROF N TV R(6=5)I2FK T
AHILEEDO—HITH %, D,=50,103, 15.1 & 19.4mm
THY, V,=01mms—ETH >, MR TVROFLIHRE
EERIcB LTI, WESEN T HAEATED, T
RRR T EA LI KBRS TOBDONG0 5, FTEEN
1231 % D,=5.0mm DK IL3, 44, D,=103mmid7
KEETH O, PIRCRT SR 113 5 RO B L D D

KV, E612, D,=1515 %\ 3 19.4mm & SR £ K
X< Ko TH, TREP MR E O WS 2 TR L 54 6 i

TL, BHEBAEKIZAR > THENWZ ERKLS A5,
TEN SRR FREIZADD R TV SRS
| WIEGER RS O BTEY b TR I — L 2o Wk
13, FEHBAERIZIZIED & TR RS 4 TR L 558
LW TLTWA, Lib "2 [BAKRO/NKAFEIHE DS
&, BRSO X DRI EIZARL, Frv *
Yy rzu—»ERIhE, | EREL VWS, ZO&D

YRR I B AW — L T v TS

Fig. 3. Visualization of liquid flow behavior under initially
unsoaked bed with bad wettability (6= 65°).
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Fig. 4. Visualization of liquid flow behavior under initially
unsoaked bed with good wettability (6= 5°).
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Fig. 5. Influence of wall surface on liquid dripping distrib-
ution (1: front side, 10: back side).
Where, dripping hole rate is the ratio of the number
of dripping holes to the number of all holes for an
array in the width direction.
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Fig. 6. Effect of liquid velocity on channeling factor under

initially unsoaked bed with bad Wettablllty
(6= 65°).
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Fig. 7. Effect of liquid velocity on channeling factor under
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Fig. 8. Relation between channeling factor and mean void
diameter under initially unsoaked bed.

Table 1. Particle diameter and void fraction of 2D visual-

ization model (400 WX 100 DX 175 mm H).

Particle diameter| Void fraction Mean void
D, (mm) g (=) diameter d, (mm)

2.8 0.35 2.3
5.0 0.36 4.1

8.1 0.375 6.8
10.3 0.385 8.8
15.1 0.39 13.0
19.4 0.40 16.9
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Fig. 10. Comparison between experimental and estimated
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particle diameter).
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Fig. 11. Comparison between experimental and estimated
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POHFBELEZR—LFTy FlE Ry FEFLORE

il LIS — LT B L Bbh B,

4.2.2 VIR AHEBIIB T 3KRE—LEFT v FICK
9 2 BrE DO

KA RDRL 2 20O REBOMGIEEZ{L X 2T, ¥

HWNCRTHEBIZ BT 3Wb— L F 7 v 7B L OCBR RS

CRIET 2B AEREEDO B A RN, 2B ARG IZB T
% [ fRILFEBR IS Fig. 1ITRL22DEF A% VT, ik —
L ETy TOREIZIDET L (NE200mmX & X 500
mm DFIEE) &N TTo 7=,

Fig 121578 L 72 & 910 (TG 0=65° DIBA) |
TRIZD,=103mm DK F & A, 20 EIZD,=5.0mm O
Kif & BiA B 72354 (US-L10) & F DD NEI K+ % A
LT 75E U10-Ls) DR EEZ EL B b,



(a) U5-L10

Fig. 12. Visualization of liquid flow behavior through two
layer bed packed with different particle diameters
in initially unsoaked bed (6= 65°).
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Fig. 13. Comparison between experimental and estimated
hold-ups under initially unsoaked bed (influence
of packing order of two layer bed packed with dif-
ferent particle diameters).
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Fig. 14. Comparison between experimental and estimated
hold-ups in initially unsoaked bed (influence of
particle diameter).
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