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Model Experiment on the Permeability of Gas in the Shaft of
a Blast Furnace

Atsushi KixucH1, Toshio NAYUKI, Kiyoshi ASAKAWA,

Siro MAEDA, Tasuku Fuwa, and Shiro BAN-vA

Synopsis:

The pressure drops caused by the flow of gas through the various packed beds were measured in order
to obtain some information on the permeability of gas in the shaft of a blast furnace. The packed beds
used in this study are (a) A—type bed or a bed packed with single sized materials (glass beads, alumina pellets,
Marcona pellets, or coke), (b) B-type bed or a bed packed layer by layer with different sized materials,
and (c) C-type bed or a bed composed of binary mixtures of materials with different size distributions. The
results obtained are as follows: (1) The pressure drops for A—type ‘hed were correlated by the equation,
Apg D33 LulU(1-6)2=6.8¢.X%®, where X=Re/(l-¢), Re=D,U p[p, Dp=diameter of materials, L=length
of the bed, U=superficial velocity of gas, g,=conversion factor, p=density of gas, p=viscosity of gas,
e=fractional voidage, and Ap=npressure drop. (2) The value of ¢, was unity in the range 300<X<
8 000 for spherical glass beads with smooth surface, which consisted with the value obtained by Hicks under
the similar conditions, while the value for another materials was greater than unity. From this, it was sat-
isfactory to consider the coefficient ¢, as the parameter due to the degree of surface roughness and the
degree of distortion. (3) The pressure drops for both B—type and C-type beds could be estimated by means

of the above equation, in which D, and ¢, were calculated by the equations W/D,= EW [Dyp,i, and W/g,
—Z}W [$e, i, respectively, where W=weight of packing materials and i=number of layers or component
of mlxtures
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Fig. 1. Schematic diagram of experimental

apparatus.
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Fig. 2. Packed beds used in this study.
(1) A-type bed or a bed packed with
single sized materials.
(2) B-type bed or a bed packed layer by
layer with different sized materials.
(3) C-type bed or a bed composed of
binary mixtures of materials with
different size distributions.

Table 1. Properties of packing materials used in this

study.

Average Range of | Density
Material | diameter | diameter | p,x10-3} Remarks
Dy 103%m) | Dy 103(m)| (kg/m3)
1 55 | 45~6.5] 2.43
Class 12.5 [12.2~12.8| 2.50 |Spheres,
beads 16.7 16.3~16.9 2.50 |smooth
24.5 24.2~.24.8 2.49 surface
29.4 29.2~.29.6 2.49
]
Alumina, 5.8 | 5.5~76.0/ 3.27 |SPheres,
pellets 13.5 [13.0~14.0/ 3.36 oug
m | surface
Marcona|  13.7 |13.2~14.3] 4.29 |Rough
pellets 14.5 ﬂ 14.0~14.9: 4.29 |surface
f [
24.6  '20.0~30.0/ 1.11 |Rough
Coke 3.6 30.0~40.0| I.1I isur&iﬁ
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FI-FERBAOEME « kAT X hkDdi. Table 2. Experimental conditions for A-type bed.
e=1—(4W/aD2Lppy) +--vvevrevvveerenncnn (1) Run averial] PaX10° ) I
T, WarxiEmoEs, LWEIES, DrxX U p) No. (m) (=) (m)
RENTOHES LOTIENOEETH 2. 1001 G 5.5 | 0.38 0.167
_ S 1002 G 12.5 0.39 | 0.076~0.375
22 FRMHIYFRIR 1003 | G 16.7 | 0.39 | 0.076~0.442
FHAE LCREA 5 2AKF, 735y b, 2o 1004 G 2.5 0.41 | 0.078~0.289
i o 1005 G 29.4 0.41 | 0.078~0.475
FFRVy bV -y ARM. FiEY LHEOR 1101 A 5.8 | 0.43 |0.197~0.300
- 5 RT3 T O 1102 A 13.5 0.42 | 0.115~0.429
A 7
FXL LT, BEHRFLAONE NI AHTFR LT 1102 A 13.5 042 50
NEFRVy bOPEHCR—FWEEZED, HKEL DD 1202 M 14.5 0.51 0.117
. _ . " e 1 . . .
FRICREL TR BT LaF Ly FEEOHEE 0% ey | O 5t 0 209
LARE LTV 5% 3~ 2 2D RE L ERO (W o O e
5“’3%‘:’2 & D7 V‘?ﬂ@%iﬁ%%%*ﬁ Lf’:%@%fﬁb‘ A : Alumina pellllcts
M : Marcona pellets
fo. ERFIHOBOFHEL LTI 100 HOEOH C:Coke

hrF s {E 2 v 7.

Table 3. Experimental conditions for B-type bed of glass beads.

Dp, 2i-1 Qp, 2i Wiy . . L €
Run No. n 109 (m) % 108 (m) (kg) Woi—1/ Wi (m) (—)
2001 2 12.5 16.7 1.5 1 0.114 0.40
2002 4 12.5 16.7 1.5 1 0.224 0.40
2003 6 12.5 16.7 1.5 1 0.340 0.40
9004 8 12.5 16.7 1.5 1 0.445 0.39
2005 12 12.5 16.7 1.5 1 0.667 0.39
2006 4 12.5 245 2.0 1 0.301 0.40
2007 4 12.5 24.5 1.0 1/4 0.381 0.40
2008 4 12.5 24.5 4.0 \ 4 0.370 0.38
Dy, Dy, Dy, W, L c
Run No. m 1 %10%(m) | x10° (m) | x 105 (m)| (ke WiWa | Wi/W, (m) (=)
2009 3 12.5 16.7 24.5 2.0 1 1 0.232 0.41
2010 3 12.5 16.7 24.5 2.0 1 1/2 0.304 0.40
2011 3 12.5 16.7 24.5 2.0 1/2 1 0.303 0.40
2012 3 12.5 16.7 2.5 4.0 2 2 0.303 0.40
2013 3 12.5 16.7 245 2.0 1/2 1/2 0.378 0.40
2014 3 12.5 16.7 24.5 4.0 2 1 0.385 0.40
2015 3 | 12,5 1 16.7 24.5 40 11 2 0.375 0.40
Table 4. Experimental conditions for B-type bed of glass beads and another materials.
l i ' '
. ! . ' DP,' =1 L,’ W{
Run No i n i Material ! % 109" (m) 2y (m) (kg)
| 1 G | 12.5 0.40 0.150 4.0
210 ‘ 2 9 A l 13.5 0.43 ! 0.118 4.0
I G | 12.5 0.39 0.074 2.0
2102 l 2 2 A 13.5 0.43 0.236 8.0
{
o3 | o 1 1 e 12.5 ! 0.40 [ 0.302 8.0
| A A i 13.5 | 0.42 0.058 2.0
l ; ‘ ;
: 1 M ‘ 13.7 0.49 ; 0.104 4.0
2201 | 2 | 2 G | 16.7 ' 0.37 f 0144 | 4.0
| oM 14.5 | 0.50 0.105 4.0
2202 | 2 2 G 12.5 | 0.38 ‘ 0.147 4.0
G : Glass beads, A : Alumina pellets, M : Marcona pellets
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Table 5. Experimenial conditions for C-type bed.

E :
Run 3 DP L W € L
No. | Maternal s joxm)l kg) | (=) | (m)
G 12.5 5.0
3001 G 24 5 50 0.38 0.367
' G 12.5 2.0
3002 G 24 5 8.0 0.39 | 0.372
G 12.5 8.0
3003 G 24 5 2.0 0.40 0.376
G 12.5 4.0
3101 A 135 4.0 0.42 0.270
G 12.5 2.0
3102 A 13.5 8.0 0.42 0.311
G 12.5 8.0
3103 A 135 20 0.40 0.359
G : Glass beads, A : Alumina pellets
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Fig. 3. Relation between 4p/L and U for A-type
bed of glass beads.
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Fig. 4. Relation between 4p/L and U for A-type
bed of various materials.
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Fig. 6. Pressure drop correlations for A-type bed.

E23(2)RK X b/hE b EBRAEHEIN TV 5.
Tt HicksD [ IFEEMD ERE A5 0 AT, »D
Z DRI EROEED 4p OUFEDD X H, X=300~
60000 oS @HTES NE LT KRAEZRERELTY
5.
Y =ag X08 (a=6.8) -voeeeeeieeeea (3)

v, Fig. 512(2), (3)x¥x X U0 & » Carman-Hicks
DI LEL LD,

Kb, (3)Xiz L BY DHEEIX X=300~5000 35 &
N X=300~2000 & T+ +Fh Carman-Hicks
K XWX Ercun O ic X 5 EHEEE 1FIF —FHLTw
5.
(3) #HEBRNX FEBRBERLZY X oBFBTTT
& Fig. 6 X5tk 5.

F9, RETRERLDLLAHN T ANFOEEIZD
WCHTHS &, EHREFFE (X=300~8000, Dy/Dy=5.1

* Caryad 2EAFME CEFHR & 0D T Ap OFBRALBH LY.
(4)Ri2 Hicks BHRERTFOBE20TLN 5O EMA TR
RULILHEDTH B,

~27.2) Cix YW Dr/Dp W3 EBABRT X DR TEE D
TV BB HEDONS. ZOFRRIIFER LITIER
U4 (X=100~6600, Dr/Dp=8~22) T T ILD
7o HANDLEY LODFERE—-FH L TW5E. LAhADTE
FREFAANTIRIENBR IO LTEROBZES L LD
EEZLND. HBBRT (X<10) THRENERICEK X
ETHEREDEED Dr/Dp=7~50 THDHLAT 5,

F7 Fig. 6 X H X<1000 T3 YiX Ercun O L
BIE—K LTV, X>1000 Tk X k&< ks e
EHIC Y X ErRouN ORI D/IEL DTS, £KE
BaiE i WEnTZ 59, HANDLEY 59 5, Of5 58 L [EHE
Hicks XL TEIE HOLbIN TS, Lid>T X>
300 Tt Y 12 Hicks R TEHRT HONBYLEZ S
5.

DEREFEOTLIFRLy POBEHTOVWTY X
EDBARE BCHDE, Y 3H I ARTFO HE LR
Xos ZHBILTWB. UL Y i3H 5 AFOLhX
DHKREL, L2d Y & X oM@ Dy tx>TE
EOTWhS. IHNLOMED RBEE Fuvic 70+
Ly hORMAPEHLL, LrbTOEED DS DRED
Dy WX oTHE DTV EFE2ZLNS.

ENERICKFOREM S NHE T 5 Z Lid Leva &
WAEEBINC TR LTS, L LRIk TR ZOEE
ERINCERT S L3R THD.

DERLEPEILSRE LTCVDLEZ DTy bEX
Ca—2 20EL Yiz X8 2l cnsds, Zh
SOBEICE Y i3 Dy icixEBBRTH K.

Bllb, REBRERLIRXTHLDLT I EMNTEL

Y=a; ¢ X0-8 (ag=6.8) «oecoeeeeen (5)
pc DIfEixE—FE LT Table 6 iz 7R L7223, ¢ W FDE
I B X CHRE» LOREBORETREAS LD EE X
BR5.

3.2 B AKEREDES

(1) JEhNEEomEt: BREERBOBED 4p/L

LU LoD L% Fig. 7 IcR L7z #72FD

Table 6. Empirical correlations.

Material { % 10032111)" Empirical correlation ¢Ci(nf'()1'(5)
Glass !5j«49A{ Y —6.8X08 1.00

.| 135 | y—g.76x08 | 1.29
Ammmai 58  v=11.6X03 R
Marcona '3 5 14 5/ y _1g.5x0s C2.72
pellet | ;
Coke }24.6,34.6; Y =18.3X0. 2.69
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Table 7. Calculated diameter D, and coefficient ¢,
_ . B Dyx 109 D,yx 109 Djx 103
Run No. | i | Material | _ Do Pe,i $e, (=) (m) (m) (m)
X100 (m) | (=) Eq. (1) | Eq. (10) | Eq. (12) | Eq. (13)
1 G 12.5 1.0
2001 9 a T 10 1.0 — 14.3 14.3
1 G 12.5 1.0
2101 5 A 135 1799 1.13 13.0 — 13.0
1 G 12.5 1.0
2102 5 )y 155 15 1.22 13.2 — 13.3
1 G 12.5 1.0 ,
2103 2 Y 153 1 9% 1.05 12.7 - 12,7
1 M 13.7 2.72
2201 2 P 157 10 1.46 14.5 — 15.0
1 LM 14.5 2.72
2202 2 . G 152 o 1.46 12.7 — 13.4
1| 12.5 1.0
2 24.5 1.0
2006 5 | G 155 1’0 1.0 — 16.4 16.6
4 L 24.5 1.0 L
1| 12.5 1.0 |
2009 2 G 16.7 1.0 1.0 — | 16.5 16.6
3 24 .5 1.0
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Fig. 10. Relation between Jdp/L and U for C-type
bed of glass beads.
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bed.
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(2) BRFEEFBEBELRMOENBREIEFOEN

HEoMTosobant. $R(ANRCTEELE 6 5
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C CHEBREBOENEETVWTNRYE (5) RTHExH
7.
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i, #EDO I~V R EFOERIZ OWTRFESGR S
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Dy=F% D FHE [m]

Dr=#®& [m]

Ee=FNHWHEAE [kg-m/kg- sec?]

L=%%iB#w [m]

Li= i Fox#EfEv; [m]

n=HfFok [—-]

Re=v 4 7 A X8 (=DyUp/p) [—1

dp=FK N % [mm H,O]

U=#rAoEEdEE [(m/sec]

W=fFoxma [ kgl

X=(Re/(1—¢)) [-]

Y =(4pg. D} e3/LpU(1—¢)2) [—]

ae=S5E8 (=6.8) [—]

e=F/M=*E [—]

p=#ADEE [ kg/m?3]

or=RFOEE [ kg/m3]

p=#ADKE [ kg/m- sec]

po=(5)RDEHK [—]

WEIi=BEHdrbDBOFKS
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