BFEOHEAB XU THA ) RFECET 5% 1203

TW5. SbITiE, BEERsEE ERA~OBEDTRM,

2

X

UDC  669.162.228 : 669.162.264

FE B IR B AR B
KM BB B - R R

Investigations of Some Characteristics Concerning to Gas-permeability
and Stock Movement of Blast Furnace

Yoshikazu KAWANO, Seiichi YAMAMOTO, Keiichi OHTANI,

Kooichi HonDa, Tonshi CHAN, and Chifu NAKANE

Synopsis:

Some characteristics mainly concerning to gas—permeability and stock movement of No 1 B. F. (of 350
m3 inner volume) at Nishijima Works, Osaka Seiko Co. were investigated and following results were ob—
tained.

(1) Periodic changes from tapping to tapping were observed in blast distribution among tuyeres, top
gas composition, radial gas distribution, pressure drop, minute pressure pulsation and stock descending.
These changes were quite similar to those obtained in small experimental B. F. (of 0°5 m? inner volume).

(2) Under the normal conditions, vertical pressure distribution was nearly linear from tuyere level
to stock line. Pressure drop at combustion zone was estimated to be 26~34'89%, of total pressure drop
between blow-pipe and furnace top. In the case of unusual state, a part of stock column with large pres—
sure drop appeared often at upper level of shaft and then it descended downward.

(3) Even under the normal condition, minute pressure pulsation of 0'6~2-8 Hz frequency, which
suggested the occurence of “boiling™ of solid particles, was observed. When unusual stock movement
appeared at the shaft, increase of energy level of low frequency components, which suggested the occurence
of “bubbling” or ‘near-slugging”, was observed. In the case of irregularities at high—temperature region
another type of pulsation with 6~18 Hz frequency, which suggested bubbling in liquid phase, were ob—
served before the appearance of pulsation cited above.

(4) It was presumed that unusual stock movement was mainly caused by the occurence of violent
fluidization of solid particles even in high temperature region. It seems to be difficult to attribute the
irregularities in the melting zone, where nonuniform distribution of fluid flow is remarkable, to the occurrence
of “flooding”.

(Received Sept. 13, 1971)
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BENABCEILEL, RS R Y » PORMEERT.
LD BEREP RELFIBELLS TRV IHELHED
5. FREE BEX¥bd» bLIFN~ 300 mm) 7t 50NCF
EH 2 (&<ic CO) 7w&DZ ik (b)) BTN
X<, (b)) MTKREV. FRFEFAHD CO DK
(a)DFE L H HPEFET, EEFONXKEX HIIE%EL
0, FOREPESRERE L2 ToREBIRD ES.

(c)

(c)DFEHIT>WT

ZhiZ2W»WTh EEPLBH Lt Bbh2BE (o
) LZDUVRNVTEERELIEBONEES (o B)
5. (o) BOFBEHBREFEOCB &I (b) BOHELX
BlLiz v, FEIFZEKICOWTHRBETHS. #E
DS & LTiX loading 3 5 % flooding BT oD
RENEZLNED, TRLEZOWTIRBETERT S
DT T TCREETS.
35 WEERSD

3:5-1 ¥+ 7 b+ EFEEFMECE T BB BER

)

vx7 b LEERTR, HEBEERTLIEETD, Thbb
H AL LEBEIE—BETd, RE—LBa b
JFEIREMBEE L TV 5 T Ediboi.

HEEATICEE b Th O 2 MEREY, HitEHD
HOLIFIEM—FEEETRTORA L, PLEOFNITSE
L DA, IRIBBKE S POEMBPTAT W, L LT
ZDOEEERELFROEE T & {E Lpoie. Fig.
131345 LEGE0O—FITh 5. HEMMTOBRC I
¥, RIS OEEIE 0°6~2-8 Hz OIRENKR T H %25,
LI DI BFES §EhTkb,
index X B BERCO- 198 kg/m?-Hz, ,LET 0°555kg
/m2-Hz ‘CHo7-.

3.5.2 B FEE VSNVIT BT HEERS

(1) FERBPEERES )

Fig. 14(a) W ZDFHRE VRNV THLNSMER
Bo—fizRm Lz Zhrbbd b Xk 5, PRERE:

uniformity
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125 ?istonce : !OOmm from wall “
125 i i |
Distance : SO0Omm from wall
12’5 T T
(e} —"‘\v + e
-125
EE{ 125 ?ismnce :SOOmIm from wall [
_ 125 : !
2 Distance = | 300mm from woll
& 125 T
a 0 = L
2 25 :
§ Distance : | 700mm from wall
a 12'5
o} s
-125
Distance - 2 100mm from wall
125 AM ] LY Y
o A WAL LY W NIV N
PR N A Wl 7
0] 2 4 ) 6
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Fig. 13. Radial change of minute pressure pulsation
in the upper shaft level before the tapping.

KIFEL EDE LAV T, IRIBIZS D OMEIRD DT
D, A—EEOREBRDLNE. NI T a—e4 F
WO T, ThiKREFROIEHEIEEh TV 5.
Fig. 15 Rz oPaoa Mk kb0 THS
2, ThhrbEBLVVESEAYRS E T ¥ ol % D
b, RIS OIRBEGIFE X 0 Lo L ~urTix 006~
28BHzEWRTH D, LD 25% 2 5H5C
s, Fu—s8q FETIE RS 200 Hz, 3RIE
10 mmAq BEDORERSIC 6~18Hz OIEBIENRES
LTWw5A, i HEECE, ZhicX b= &
WE—LRNTEHEHMN 006~2'8Hz D HDH Bbh
5T ERRD LN,

(2) FREREBEELEE

HERB ORMH» 5T, BRERCIIRD 3 20HE
PBH5.

(i) ¥+ 7 bV CHERBOIRBMEIIZH bR
T, IREBOLPEILTH5E. (ZOBRE, Ta~9147F
ERICIIF CIREBNES CH L E L, TRWEENDB,)

Fig. 14(b) Rz HFPED—HFIT, XV v PHELTI

WROPEFE L ECETELIOTHS. COFITIE
v 7 FTROERES R DIEL, DTEBR, o —/94

TEE, v v 7 PR, FROBEIFEIAEDTVWED, —
AN VERAERZ R THS OE TORENSER LS

(a) Normal {b) Abnrormal
O'OOSL AL Ao Upper shoft
-%£1 11 pper s
%

M W Middle shaft
0Q0s

~ o060

Pressure pulsation (k9/¢m?)

%%Qoad%aoﬂi Lower shaft
8%
—~ W Belly
-0005
| | e —— L
—oms n g L H I 1 L 3 13 . 1} 3 ] .
0 2 4 6 80 2 4 6 8

Time {sec)

Fig. 14. Vertical change of minute pressure

pulsation.
<o , ;
;é | | S Bleol\l.v pipe t ’
e —--— Lower shaft
s 05 . —--=~ Upper shaft :
1 S |' [ n L ! i }
Y s e 4oy

5 "N N AR ] AR 4 F AL i
.g ’l" l’ \j%\%}ﬁﬁ@\ =4 ¥ | ¢4 . AV
% 0 X /F i T \ ‘5/ \\,', by* <t S
= K ! :\7‘/ \\.“ i '
s B R
205Xy | |
< ] i i { H

0O 1 2 3 4 5 & 7 8 9 10 11 12 13 14

Time {sec)

Fig. 15. Auto correlation coeflicient of minute
pressure pulsatio (r) at the case of
normal state.

ZEMBEL, TOLNvdBIFEEE TRIRIBIC K S a2
7gv. Zhicst LR KEER X b EALO L~uv EHFRE

LT CrRIES/INE L 5.

Fig. 16 1z Fig. 14(b)icxtisd 5,99 —22& v
FHET, 2 bPELPRESIE LV ESH 0°6~2:8
Hz @il EiEEcss»nd 5. /&L X1 T06Hz
CE~IBRLLNEM, ZO—213v+7 FTFTETE
g, LA TERTIzoMNiz 1'2Hz ¢ 2-3Hz
KD XS — o BHbh, ZOUUVCIRE#ERS
HTEERLTVS.

(i) FEHRC(1)OFE LR BIRNFAET S

B

TR v+ 7 FTFTER—FBEBCEROBAIES S
RBGEITRDE L, RBOFAMRKRSIT 6~18Hz O}
DTHBT EBbPD. KB ZOBREITIE, REMNL
o LBl Ts L& s, 2RTHFOL LV~
i 0°6~2'8Hz DIRMNEMSRELET DL ENRD 5.

(iii) #h» T o —,%4 FEiC 6~18Hz DIREHHEH T
41, EMTREFFRRCOALDNDIREI 22 LD
bR sn, 2T 006~2'8Hz OEFEIL L
NNV FET HEHE

ZOGBEFE-TIOMOEBSRAEL, RTHBIF
B&ix27z BRI AL, BAFEKOKEILLTDED
e H&H T, (i) LRBEORKBE DRI D LN
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; . ;— (o218 SN © -
© Blow pipe © © __Mtddle shaft o g Upper shaft
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. > > >
> € [ -
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E ) ~m = LY ~ "
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%‘ © Z ol @ © % ©
S © g © 2 © [ g ©
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Fig. 16. Power spectral distribution of minute pressure
pulsation at the case of abnormal state.
THbNh-bDEELZ LS. 3.5.1 35X08 3.5.2 (1) W~z &, BIOCER
3.5.3 SEAMOERREICHT 5 D(1), (i), (i) PEEZGETRIE, AWEDOH &L
(1) =FVERRIECI>THRShHE o EIFIERER T T3 boiling 4Fiiic Ho72 % D

HEEIFERAORAY, BXOCEBFHRAOEANMETT
At E LTHVWEEET FLvOER, kO RBRER
X BHEIE - EEBEORKR, RO XS LEEIFHERS
hTwb.

(1) FEARRFORTARBRE LIAD S &, JAEE
2'8 Hz LIT OMERED 45, FEEURO TR
RFBAELL LB >NTIE L B EmZRL, B
BFEREAY T 1'0Hz, EEFOLNT 006Hz TH
5.
(i)  REMEDBEMSET T DN TIT — 2T b
BEOC— s ERARA T, 358X o2TRE
FEHSEEND X 52T uniformity index AR E
{755

(i) 2'8Hz LUFOMEIRENT BHICKBMS RS
oz e XoTHETS.

(iv) HEREFEAD L FEOBRRRFOFITAREI
- WMEMRSES &, WO hold-up MK LD B8
iz, 6~18Hz OIRENEISFEETSH. ZOIRBIEEY
2 MYk % bubbling LT ERTHZLicEDTRE
5.
(v) (v) LRICERTETCARNTFICI— 27 2EZHW
7oA, 6~18Hz OIEENESTAE Lizte, 0T
2— 7 ZAWFO RBNRE D, 1'0~2-8Hz © RENE
BIETHX SIS,

(2) EXRFREpOZEDIKE

LikE Shd. TBE U=Ug/U 2FELTCAHBDL
3.75%** Lz, boiling fHIKICHEY T 5. LT
HiSEERT D O BBV,  uniformity index D{fA> 5% T,
X D BERORBEEE C H D7z £ F 2 bh, Fig. 13 O]
TR TITREESIC DS D EHEEINS.

(3) ERFRRFOESIKEE

3.5:2(2) WlBRAERFFROSHL(1)o%E (&
2EFO—FE LTo Fig. 14(b)DIKEE) TVX, &K
(L)Y () DFEELLLT, (Fig. 14(b)DEAITIEY
7 FFERFRET) # LV bubbling #3584 U7-3d D L HE
EIND. FREFEFER 0) 8 X O30 0BAiE, R
(i), (v), (v) OFE,LLHZT, AR LOTWY
Tdh, ETWREPTOH 2D bubbling BEZ b, Th
BBET LI 2T RL<KEL, FF/TLo>TIE
b BREE»SFRCED RBELRREIRTZE|E
RMZTREDRIEEZRLTWS.

(4) EEREBOFEICE L OBHEDOHER
TEWC342THRRAXSTWFRED ERLETRY »F L
WOREEPRSHRT 56T, EHOFE LWAAL
BB, ZOEROFFEL NV EEEL T a, by, by,
C1,Cp I EDRINBSH L., L LEEEES Y v+ 7 FHER
~TERECRETOHS (b &) DHEERDE, vy

*F  RepMiK#EEMN 6 AT Up 12 Newton HEULUTERDIZ. ZOHEKI
R UF=7"6% & x5, RECRARE—FHODRL LS
»D, INUTOV~NTRY v 7HHVRBERDRENERTS
CEekkpreBbha.
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x----x Widdte shaft ~ Upper shaft
a a Lower shaft ~ Middle shaft 4
Tap Tap Tap ) Tap {;
|¥ x Hanging ;i
(C)J:)O ﬁ|'| 1 Tap Tap Tap Tap /‘ ‘\\
—_ X 8 } % P\
E 0-06 " ‘I X i : l'k ] ‘l
o 1Ty A% il 1o X% /, \\
g 004 _T‘{‘\Jf}\ - "*x-x-’&" %p ’Qx«f R - ; W, A‘.cl\' l‘z‘:.
~ x x X XY AR ()
3 ooz | Nl Lt AL L Ll DSy Bt B
: 0 —W{ﬁ o) £ I;I;A
o a
v » o----o0 Belly ~ Lower shaft .
> 014 :‘ Qe e Blowpipe ~ Belly —
9 \ I
¥ 012 ; -
o 010 ?b‘ Q " ‘\ 'C‘) o.
\ ’“\ ' \ : 1 -
008 R = pt 7%
! h ¥ 7 T
006 i /,9\ /ﬁ' \\ ’l :_)l a| P \ —:— ~, || .,.\‘
ABES N AW AR %N .o-_p"‘ﬁ'_'q N
0.04 '::i g ﬂ{ T y “ (o] o ‘(fo.C‘O‘w —‘7\%\
002 - A\ N
0 4r T A- T 14 . f’ T i T V/‘l T AI\ AT T T ' 1 T T i
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Q
a o as 2 oo = Time (hr)
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Fig. 17. Pressure drop per unit height at abnormal operation.

7 b EE~mER 4T 3354 (a—b—c, R3F)) 253%
HhHE L Abhi. Fig. 1l zhbo—flzrRL7z. Th
XOVHLPR LS a B CEERENTHI~BET 55
HiTh, ZOWHIEY v 7 PHE~TERHCERLNT,
vy 7 NFER~FEECECERT HENEL 260
7.

Thw 2 b, A B EREH a B L F CEEIC X o,
AaBMX D TFTRD L RIVTHIRE LIRS & 28T, 2%
FPHOEEY +7 b ERTmEREL, Thhi(a—b—
C, b—cy, a—¢;) M EDHTTHBH LALIDLFE X
5TENTED. ZhLDOHEFLL bNE DB W
FIFBD T EERERE L 5 EE0HEEII LD T
Tz EbroTwd. T LTEEFRE T0H4
v LEER) OFMICERE LT, 2 S0 HiF<
L, ZhbHEEM(3)lk~<2 204, Tib
b, ¥ ¥ 7 FRITKT HEEREAYO bubbling i
TRIT F51F B UR/BH T D bubbling (& X " DHEDKR Xtk
) EECOTEXDIENTEHIS>CBbRS.

S ECBR7 X S WEMRDOR & LisolEIF T,
EEFRTCHREPNARESEINRBZOTEHE D, &<
CHSERMIC RO R LA T VB LW iREiSHE4 L
TWd. LB OoTkE 2EEADOERSGLE EDR

Pz X 2> CGRFAIEBSESIic R T, mEhiv-o
ZO5BWMULK L DTREEDR DV, TOBRIFLITEL
wig < Hbh'T, bubblingtfiziZz L7-d D Bbh 5.
5 Lo KRETIE POLERC BAMDILEHEES B
T BEVWHREPEREND EATFEEINS. T35
DG I OMBGIETNKEL 2T, FAF T8
I D BRI T 5. 25 LABRBEEDIEX
NEHER, BDEHOKE WERS1T slugging 1T E VW 1KFE
WL, TORMIHEIER LTEHIECA LS. £ LT
LS Lo exn e itial#TT58481C, B
ZHLA P THRVEENRETLIOTHAS. FLEEE
HWOTETRAETHBVRERTEA 505, LR CTHE
TARLERY, FMBBDT NS AREBE, HREAY »7F
TBHIERRBTHAH.

2O LTHRENRL: BEVEKRRED BIRE~ IS8T
, ERREBOTHTCEREERSWNE, —Bcge
DIEEVHERNCAER S B REERH 5. Lordzo
BRRETOBRICKIPSZECERAINE LTk 5
5, R LABHPDO FeOZa— 4 2 L# LIERL,
2 CO AR TS, 25 LT EEF X 45 COr
X 58D bubbling BT 5 L TFHREINDS. X LT
DERBEDOT I, FOTHTHEL T AROFY
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ESFEOESE LR TR Y FEICBE T 520% 1213

—HEBE L, HEKRD T AMOBWET~FDE LT
5. FLTZ5 LT oexant Wil ETT 58
RELT, B b BREW»LIFRIGET 5 KB
EXHIPRETHTHAS. ik bubbling B LB
ZHHETH, SEOBA—>Z I~DEANDEL TH
—IBEIBLOMEA — bubbling S WHIESE LA 5D
DBEHDHTHY, BB OERE, TOBELERT
BIHHDOEEZLNS. TR~FEHETEREER-6
~18Hz DOiRENFEL: —06~2"8 Hz DIREFE > Y »
TEF, LVORBIRIS LERENT DL
BEbh s,

FOTERTOR R F2 0 [EE B L TlE, flooding &
DOFRALDWHREHEDHRE LN TWBHDT, RiITZhERET
T5.

3-6 AFFEFICH(TS flooding RROAEEMEICD
(T

flooding B&ROMITICIX, LIE LIE SHERwWOOD™ D

Hanging factor & Fluid ratio ®BR(2) AW 5T

w5,
2
H.f={ Ug";°} . (%) Cpr¥?
L, ry
ror=(g)- e
Z T, H- f:Hanging factor, F -7 : Fluid ratio,
So : BAWMOLLLE®MA [(m?*/m’], ¢: BIOHEE [m/
sec?], p; : WAEDEE [kg/m®], p: WEDOKYE [ke/
m-secl, L, : RO BERE [kg/sec-m?], G, : KfkD
BHE#EE [kg/sec-m?], e: sk [—]
EXOBEOo»R XS, TORFCHATHIERLS
EHHD, TOPRTELRXBEOREWERL, ZEHE,
HZERE, [MROEEERE L EERETHS. ELor'®
Bk, ZOBMREEF DL EA L, flooding Bk
BREEEOMB Y OERO—2 & LTHREL, %<0
MREFEFD LI OTCEFENTER. LMo TCL
THR U HEZRAT 52, Lo ERXEEFiC
BRATLE, L<EREHEHOXRSVWERI>WIRGTETT
BDTHD.
3.6.1 PEMEAEEDERMER
(2)Ko H- f i, ZHE S OEBETTED,
LOEDOHLTrRELBRE S BETHILEHELMT
HB. LZAHPEBEIEORERRC OVWTORERIT
HETHY, EATIOHERR (2~ 2) »bZh%
HEL, TOEZEKE LTHEERZTRLOTWHORE
BTHD. bhbhli, REDLBEIBLTYSIENE 2
MmEBOEBRRXNEZEY, EER»LERRLEH TS

iz Lie.
4P -g. ( U,y? )ﬁ (DonPG>q
=K - e—kew---( 3
pcleg 2g-Dp el (3)

z T, 4P : [T (kg/m?], L : FFCAEBDOE X [m],
Dy : FFMEHRE [m], pg @ HRAORM [kg/m-sec],
ew : EMRZEMRE [, K, p, ¢, k: RTAMDOER
XoTEEHEK

(RIFRPERRBEE LRERBEDORDRBDIT
DWW, P v~ FEHoESE, #ERE ZRES,
H ARG, 23— 7 ARBREE AN CHERERRZ KD
THTs

OB IER IS5 a, BRETEEOBKRERETY v 7
PRI B LT AR E L, 0:°48~0°52 Offix Z{LLTW
5. JFELLEL LA L &1 0°46~0-60 DR T
LLEBLTED, ERBBEXTLHEET, VWolktA
NS BB ERFHNTDS. TDX S TR
DEMBIITFENCKEL, ABREFOERZERER LI
EF—DE%ZR L7z,

3:-6-2 JEEFRAEED 3 — 7 PR

IR T DEERIIAE S 2 — 2 A LHEE X
50T, AR No 3, No 9 o In&|R i+ L,
FR2— 7 2AHBZERR LT, TOERL SCRCRES
EFE L ToORY Fig. 18 o33, hBligo
7o RIE®D 7Thr 3 XK 8hr §iDEA I — 7 XDONEE
SAib Uiz, Fig. 18(a) 13TRifE L RS, Fig. 18
(D)W ELSHET LIDDOT, ZhICXVHALL X
S TILAE I 3 W O RRICARE 2R Shiov.
ERTIAVAVD 2 — 7 ZAREFERX, FTAT—~ 7 2OFM
PRI LT 20% HhEL L2 Twb. ZOfE
AR, BAMOFERIFERROI D R\ HICET O
BaELTWS2, P ETcorzfka—o &
CHET2MRP 54T 5. £/ 30mm LITDHD
BIEBLEBLDOTVEDOPFHHITHS. Thita—
I ABRTIORTCERET 5 B T 2 EERTEHEIL X
00, HLWIBREL X OTHAE L2 dDhix
FHTH 5.

WTRIC LT POEE DI -2 2D WERD2WT
13, ThBH5BRERMATCEIEERETD>IDEAR
LT, PREECEET 23— 7 ARBITIEAR ORI
D 80% WD L L. BHPBREHEIL, a3—72D
FARBRE @ 2 0°73 L LT, (3)RiCX D kDZm
REFRHL, TDO: EOREEAIE So=6(1—2¢)/Dy-o;
P HRD. LB o CHEMMIIEMEORM L LT
R D B2z



1214 & & 2

% 58 &£ (1972) § 9=

100 ii#ﬁL—
(a) 47/§
£ 8o -
’,
E Vi
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‘: y
Z 40 2
5 / /
e 3
5 wlAf
a4
e .
0 20 40 60 80 100
Size (mm)
x---~X Sampled out of tuyere No 3 region.
e——¢ Sampled out of tuyere No 9 region.
a——4 Charged 8hr before the stoppage.
©—=-—0 Charged 7hr before the stoppage.
40
(b)
*
30 Y
— II !
2 v
20 /['7,’\\ ¥
=4 4 N\
2 \
s ./ ’II \\
o
& 10— s
N
[ XI/ \%
0 x= \
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x—---x Charged 7~8hr before the stoppage.
o———s Sampled out of tuyere region.

Fig. 18. Comparison of size distribution of
coke sampled out of tuyere region
with that before charging,

3-6-3 FofhoxE
BREEELBAT N RAOEEREYIRET D1,
B SUCWBESSLELRDTL 5. Lrl, BE
ZNHEZ2WTRERTE ZHES BTV, KER
CHIBAEROWHFEZ W VI T L, FEORERMEZFA
72225, ¥ 30mm ZEINTVWEDT, BHiRFO
PFHRC 0 3m ORBEZEFE L CHEBEEEL, Xy
VA ABRP LT AFERERD . EleZ DL DI
EEERRTERE L FEOESELB VW REOHE
FER]IBOHSBRSIOR T VEd DEMREHMY~D
DEEZKD. WMOBEIESERS IR S FOEME»
LETEI X 2Tk, BREEROMMEE, 25 70A%
flood ¥%5%D& LT 200cp DIEZEHA LK.

3:6.-4 SuErRwOOD DOHIFIEKMHEIT DWW T

HNIPD B1E, BIPO&HIT 3V T SHERWOOD DIRIE L
T35 2 DDERTIHDEMRH-f=0"1~1'0, F.r=10-2
~102DFHEATH D, WEOBMRIEIEAETT o » bT
hIAEERTEDLEIND L L, ZOEKLOAEN»—1/2
THHZ LML flooding FRELZ SR WRDOEHE
D&MW (H-f)2-(F-r)<10-3 2 LT\W5b. & ZTHIA
THREERZFERA LT, (H-f)2 & (Fr) ofiEsk
¥, Th# Fig. 19 iR/ L.

ZHIZE S EEFEREDLHA, REROR/NERE
(0-46) ORHATH flooding BGMBFe4E Lin W AT H
DI ETRD. (RMEOEEIZ O W, itz
Z p=1000cp & LTH p*? THB55 200cp DI
P45 ULnlebia.) & T AMBFTRR Lic X 5 i iBfig%
EFECEWTREESREE L LR RTHERDS.
ZHEDWTHRERO L SR EHBE2Hh 5.

Ik, BHTEFOHEEC > VT, EHTEBHK
A7 iod, FHEERICHSLE@mestv ey
BRET LS. Tibb, EEITIE flooding HHRHSHE
LL Tz, stEEThBarok s v Rk
DIEBDBLENTES. LrL, DITEIEZLD
LT3 DDRA TR EZEETHIE, FTHAD
EEXEHERICSVWTI 2, R0 L ZAEHKTF (Z
DFET—VR) MEHIEWHBRTRZIBHDTHY, Dt
& A flooding ICHEET 5 LIXWv2 v, £
LT ZRRPFIMAERED X 5 i Rig—4 M OEMHSTE &
Z AT, flooding B hic Wz & EBHRLTVWS
ELBbh 3.

B2y, BELALRTAOEES flooding HRIT
X3d0THL, BBz X SITBEIRFLOK & VER
S EERTRAEL, ThMBBERTHA~LBETLTCE

Hanging factor (U'S/ge®) o2 (Fe/€,)

0005 00! 00s Ol

Fluid ratio (Lg\/ ;f )

000!

Fig. 19. Relation between fluid ratio and
hanging factor.
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REBoh3ZETH5. ¥+ 7 bEREIBMREREL T
B LR TP IEEORAFRELRE L5, ME
PIEFFELL, 2L EHOMERE & IRigCThTh
EWRHDL LR ErDL, BIREBRORTIREEX 2D
iz flooding MR EFLT DT WEBRIVWLIDOEELDS
ha.

B EDighsic flooding MEOFES LW T2 =
HFLLBHDDE LTI, BEDE ZAAREZELTT
H5 T LEEBRE T HEEORYIKIESR flooding iz
XOCHMATZ ZLRHEL WO 5% 2.

4. &

PAEOBEREZBETNIEROEE D TH 5.

(1) 72— 2 2B XCERHEOTAMFHREITIEL DT
ZELCHKD, I~ 7 AONEDOELIX, & v ¢—HND
LRVOBERLEMNIG L TWS. BRSSO, I1~-2
A ERAD X5 mBEREED bhich 0.

(2) HVoEEE, BEEEEmE LT bLTxD,
HISE RSB N CHBESSER R 2 ETS D 5. £
IATAS 2 fHAk, BEDFRCHESEZEME LTE#L
Twd. AV v Pl ERFELETHIE CO+CO, Dffn
ZELLHKTS.

(3) FEBEFELBEY +7 P EROBERLH MO A
A4V, HEEEEME LTtk LTxh, HEEERT
BRI T HISR BRI S5 <, BERIIC
hhxhEshs.

(4) FRPEESEESRERHRS OERE, TIaw
EJ1026:0~348%ThH 1V, Th & b LEOEI, 1EF
ERACEAS LTw5. REPFRRE, ¥+ 7 bEEi
FROSVWERSBET, ThllERTEAm~E THRT
LA, SDTRThR TR CEERETHHEND 5.

(5) NRIFOBAEDIEIEKEEL, §Tiz boiling 48
W ADTED, RIFBRIEFRETS 006~2'8Hz
WMEREIDGRE LTS, FRSPEL LA E S, #ME
RERZFLLARE D, PO » 5 FIRIC E5KHEER
bubbling #FE4 T 5. #HMERBIORER SWVWTIE, =
DDNRE—Bhb.

(6) SHERwOOD DHFILH% ATRE/MRIR b BB ITFTHE
U7ci5R, flooding MR DIRFRLAT O/KEETHRIENL X
NTWBZ LTl Dl L ZARBRESEEIRWTE
EOFE LLEEND D, MERKFEIELCK. Th
I EDOFEHE, SHEERLOLOOEROTER EDM
HExd 5, EFETIE flooding BEIFREZ Dl v
Eibhs.

ESFORELAET IR H2T, RBWICTOE

il

K& 5 X TT SO KIRBEMKRN S 7 & I B0 Y
Wi BRIRED RS U & is D 2 R R BB & (D)

BXUOENEDHK, AEZMLTERC I LTTX
DORBGOEEAC L BEMOEYELET.
X ik
1) RRAEAMKREGFESLF Bl LfEss,
(1964)
2) M P EITRBEREE,
(1966)
3) @M ISR RS E,
(1967)
) A P EIOREREREE,
(1968)
5) A & 2RI EREE,
(1969)
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