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On the Agitation and Mixing of Molten Steel in a Ladle during

DH Degassing Treatment

Synopsis:

Kiichi NARITA and Takehisa MAKINO

The behavior of agitated flow and the mixing efficiency of molten steel in a ladle during DH degassing

treatment was analogized by observing the motion of glycerin solution in a model equipment.

were as follows.

The results

(1) The motion of the fluid after spouting out from a degassing vessel into a ladle is changed by the

moving speed of ladle and the viscosity of fluid.

(2) The volume of fluid, which is lifted up into degassing vessel from the ladle at one cycle of ladle lifting,
does not depend on the viscosity of fluid but on the moving speed of a ladle,

(3) The number of cycles required for mixing addition agent uniformly in the ladle is related to the mov—
ing speed of ladle and the viscosity of fluid, and is also closely related to the volume of fluid lifted up into de—

gassing vessel.

(Received Mar. 30, 1970}
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Fig. 2. Apparatus for measurement of time
required for mixing.
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Cycle number 2 Cycle number 3
(Periodic time for ladle lifting : 2°7 sec/cycle Fluid used : water)

Photo. 2. Behavior of agitated flow in ladle.

Cycle number | Cycle number 2
(Periodic time for ladle lifting : 127 sec/cycle Fluid used : water)
Photo. 3. Behavior of agitated flow in ladle.
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Photo, 4. Behavior of agitated flow in ladle.

(1) HEEEID e

Photo. 1 35 XU Photo. 2 % ikt % &, REBDOEIE
BRSNS WiBE (BEEESK) id, BERE ST
Wb R AN E L, I SR A RS RBESRICE T U
® ) EAPE L Ed\icd, TBEIRD H_EERA~@H»
DTERALBEBUENRDOTWIHBT W & b
B FRREERESKRE V LIRE AR R T O
BVOT, A AMANIEIME i B ek X QRS
Shizwd bt EhTL 5. FLT—EHtxh
TeREBIEANIT L EE 5T X DF T S0 U A 2
FERCBRETFSNTLESER LR D ObRTEY,
B’EEVIIALEPHT D EPEMBE. —FRBDOEG
RMABKE WFE (FREEE/N) i, By 2HE»s
HHSNABEKIWE SV X SRMEIRCEEL, 70
BRPZDICIDTHRI L EHBATEBRDOTNL. L
LB SN/ EARDIT L A EBRBRITE ¥
EDTWVWSEDLISE. 2 THREDOHKNOE 2t
FHLEZILHAVYSORS T v— FE (RiRoEE L35
BEDOXRE SOFHROLL) #ER L EROER & CREL
B —HE 85 &, BHEROBADOREMITI: X% Tsec
&7 Y, Photo. 1 WRIN/-IEEDES) & ZTHES
BOTWVWHEZLZTEL 2P I

DELSILRABAMEZ K ELLEBE L >V T

Photo. 3 IC R WTHXTH B E, A AM» LI XH
ToRBEDC AR DD X 5312 Photo. 1| DS EITEA
ERLTHY, Licts > THBENEH D EMU Lk &
CEDTHIRBODBIIIDEVEHE I LIT I &
EALNS.

(2) WAooz

EMDAEE M E £ o7 KR LI L T, Wik D
e LIRS DOHND X 54 % Photo. 1 35 XX
Photo. 4 [T W TIHEL CA B L, BBNICAELTWS
MNDCRZE EE RS VDS, Ktk Eihe
DIED PG DO BB 5HEN/N S W & MBEDLN
5. THROLIESKE LD LIENDOBIIEL LW
PEEERESNELLD. DEOL A Lpb Lo
DEH>TiB.

(1) WERNORNOEBMADREEEREIL XD T
fbL, AEEELHEVAELTHLEADENMET Y
5.

(2) BHROHHELPKREL LD E, HhoRZiEid:
DERZE LAV, MOV EBVWAFELLY, B’
BINENRRILED.

L7 0 CEIGEDG A TG HORERITIT—%ET

D5 L, BRAOEBEEZ O X SR L»SHEET

HY, ABEEZAEZLLTERVISCEET D &

— 62 —



DHIE # 2 BBICH T 2 RARNBEWMORFE—RERFIT o>V T 1849

BbbDHA, FRASILLTEDLC & HFEEFHZET]
PEBREEL DO THEET HLENRDHS .
32 HHENOBREOEESER

Y ) KB AERWIERERIC X DT, A=
NI A SN ESE P IMAOE M —ICRE S
NDBEAHET 5720100, BREOASIZEEL T
BEROREEE S LU Y 2 ) LKW O Mtk E (FEE,
REAETL &) 7o KB NIGRY, BB JETEL
DERFOEELZ L O, B L EROEER L O THE
LTHIMLT 5 XS BREBECL BV ETHS. £
ITETIRAEECEET 5 L Bbh bk b B}F 4%
RTCHDBEDEDQISBIDONHT LS.

(1) WMOAMEEM T (sec)

(2) 70 %Y KB OKHEAREK

(3) 70wV L KIBROBE
(4) ERoRE X D (cm)

(5) EhEF g (cm/sec?)

T DIEPIT—RANCIEIRE D L/ D g EREDOIRD
PRRE A2 8 L 2 W UiE e S 7S, AREEER 354 T v
BEEROREEPIZEMUE THLDT, KESDOH
FELUTRIBROAZEM LI, £ E ML
F S0, BENOIBES TS D VAL OB IGR &
ORI, EBREEREE 0O OTER LRI OR.

VWERGEEZESCETLIRB LTI oTHbbT
L, ZORARME X HTRTF L ORI,
—iZ ()R THREINS.

ST, p,0,D, 0=k GEED NG D)

(DRTREIND X5 LEFHOBREERICLOT
ke, FOEOORFZHSLICE LI T oR
FRIOEEEZLLRXSETHIERELDOFNEE
L, E{IZDDEEZVAHNA LI 5T L3701
FHE#ETHS. T2 TOEOOMFEMLTFELEL TR
FENTEZR IS L, 7 EWIC XD 6 TR (t/T),
(uT/pD? XU (WegT/VvVD) 755 3{HDIMKITIA
WEHS, (DHDRR2)KOXSThEhsT T er
TED.

S2(t/T, pT/pD% Vv g T /v D) =k(GEFD - (2)
Finbhb t 2EUEKGTE /T) 3 (uT/pD?) X
O WV gT/D) 755 2 {AoSMUCTHEHOBEE L TH5
bENLHT EMFRHING. LXK 2ThA TRAEDK
Ex b < Th 3 EOMKITTHDOM O HER AR
BEERIT XD TRkdD I EMHTE, EIEORETCORSE
L2 HLRBEFETIHILENTES. 22T /T X
BN OBREEZE—ICIRET 5O ET 5B (R
FEH) CHEYLTVS. £ TIN50 3 EOERIT

1 (g/cm- sec)
o (g/cm?)

Table 1. Experimental condition.

Factor Experimental condition
T 2-7~13-0 (sec)
r 1~-38 (c.p)
0 1:0~1-19 (g/cm3)
D 1 (cm)
g 0-98 (10%3cm/ sec?)
uT/p D2 2-7~300

HOMOBGR % kD B7 8, Table 1 IR 7o & 9 7
BNTT, pr XU p 2EbLIERHED ¢ ZHZEL
Fo. EFRESCELWEES ¢ /T & pT/pD? L0
Blteae Fo v bLIcEREZTTE Fig. 6 0LBDTH
L. ZOMPLBELRELST YT & pT/eD? &0
AR ASE20 BiL, T OBIRIZV g T/v/D Offiic &
DThHTPENRLRLDOTVE I Ebrd. Tihbb
RA LI R EEE ¢ T/0D?>20 OFE T o1/
pD? ORENNT & b7\ ARG T 543, pT/pD?*<20
OFIF T A OEMEEEE T, Ee wT/eD? 3k
S HIF T, Vv g T/V' D OfE X2 Tl EE%H 2

ftLTwd. TV egT/VvD Offick>T ¢/T
HEDES BT A a LEN5kw, t/T Lvg

T/VD L0BE%E oy FLTARBE Fig. 70DX5
with. Tihbb pT/pD*<50 TR EREEKE VvV g T
/VD ORI EBEESS D, BREEKEZ Ve T/VD
MEEFS LV/PEVEZATY ¢gT/VD DML &
PP T BN LD REVEZATIRIFEAEZELL
TV V. TR LT pT/pD>50 TR LE%k &
Ve T/VD rofici3EE»Roohizy. Blkol
ELOEDIOIRNT ENRHELIPITIL DI,

(1) BUROREEMT % — EIR 2 TR D RS
WEEE LD n/o 2ELETBIEE, RETLER
W bE% ¢ /T v& p/p PSS VEIRE T LT Sk
Lz, HHH ETRABCHEMNT 5. ik

= TR

Fioied AR S ML CLAVE LARLTVS.

(2) Wtkoktts XOBEY —EIR> THREREMN
LS EEE, BECLERBLEEROEE,
MeASANE W FIMH T D 5 FIEAME T L T 20w
HRIILTVD. Tibb Vv gT/VD OESSEED
T TRERRZ AE Tl BRI 508
SLAETITIEE AEBLL TWwWiRv. ZhiZRERRY
KE T HITLIHV, BH A S X i dkikns
BHC X > TN ETERT 272D OREAB LW 5 54
BEx5N57dTHY, $70bito5 X5l B

— 63 —



1850 & & % 56 &£ (1970) ®l4=

200
|
OB e 215 !
so |2 Y2THWD 513 A
SN
o %o, -L’. L
@ 2 e
< <20 o b o
ES ° o C op e -
: ° o & o'b'; "'c“:’_*ono °
10 [ _a-o‘oy"&g&f rggnsgg;_.;? .
t a“”%ﬁ%r'?" Q.V‘:J%‘r; o. Y T
N PSR RN S e
o I S a0 N
2
|
ol 02 05 I 2 5 10 20 SO 100 200 S00 1000

AT /pD*

Fig. 6. Relation between number of cycles required for mixing (¢/7) and u7/pD2.

40 40
20 20
2
/lT/ﬂD - /JrT/PDz .
> 27~8 \:\ 8|~20
9 10 10 gﬁ;"&\o%& 2=
L 8 09 G0 dl >
8 bt S1oF
~ 6 ° 57 &%8 | °I%,
: 6 \QQ guotgjp ;:@8%’0
4 a ‘O-g%__:_a_“_
2 2
40 100 [
80 o i
o - °
20 %o |\, 60 - o
% o ° S~ —o- ° g0 o "r
g ° Q’TLO 40 °e°o“3‘°
® * o fe laflowe |l ¥
g‘ 10 . 2000033' n—fb S %o g Y
L 8 < 8q= 20 — S-S to
N e o oo 3
h 4 A 10 ° X
,2u7’/,002 8 [—— w7 /po?
0~50 6 |——50~300
> ] L
1 2 4 6 BI10 20 ] 2 4 6 810 20
Ve T /D Ve T VD

Fig: 7. Relation between number of cycles required for mixing (¢/T) and g T/v'D-

— 64 —



DHE # 2 @B IH T 5 HBNEHOHE—BEREICOVT

1851

o
8 1o ety :
> . a A &
g X o‘g{g.?’
5 09 FxesZn
D~ ,&ﬁ
© x we@o
o g 08 °°¥Km
E g aae0 f o ° ﬁT/pDZ
53 s pER o o <10
b i ::é» a |0~40
£° o7 ird x40~60
=2 "7 + 60~ 80
25 4. + 80~100
s~ b RE + >100
5 e
® 06
E
3 e
O
>
05
I'5 2 3 4 S & 7 8 910 IS
VaT VD

Fig. 8. Relation between volume of fluid lifted up into degassing vessel and ¢ T/1/D.

AR L oW bE L LEHRL Tk 0, FERME NS L
T5L LB EEMNEL, RAOHEMETTDDICHL
T, SIEEME H AL EICETEREEN T EA
FUELTWHERLTHS. FLTXLICHBREABEZX
L Th, B X0 CEMNETERT 570D OR:
MUP S BAEZLNEb YT, BAAFE» GIERNA
Ao THEEN B EERRA L TLHDT, EAIT
DB EEEEENU ERAL v b 0 EFEILR
5.
3-3 ReEELIMEBLOBRK
FTTRORTERLIEPLHELPRIIIT, BEKT
T 7 W - B AS R O 57 B2 B A LRI DRI & - T
2k D X 5T, B AERCR BT SNk &
OZEILEMBEPDETHIGL TVDH LD EFEZLND.
FoTIEORMZIBWEREE pT/pD? X Vg
T/VD & OBFREEZ T oy FLTHBE Fig. 8045
2 h. TCTHERRT LD I SAKREL &2
Ll L Thbbli. Fig. 8 0h& i ld
WERE pT/pD? OEEXELAEITT, VvVeT/
VDD X 2TELLTWAB I &Epbird. Tihbb
VeT/VD DEXRFIZ 6T TRTR2/NE{T5E
AT 55, 6 LA L TIHIIEBINGEL TE D,
NI VRBAMZKE L L THREETZTALL BN
LTwizv. BEEXBMGETSEEZD Ve T/VD

{fivd Fig. 7 i3\ TRAICL BB EEE —E i
MBS EEDV ¢ T/V/D OIEHICIEE—FLTVWS. &
ST EED puT/pD? OEIKFL K v E wH T &
v, T2 —EFCEUEHOEE 2 LA TRV E
EERBERLCHD, CORFI—RIDLFELTD
DX OB ZLH, BMOABER D& hICHHE W
DIAEILT BEFENBAD TV D DT, AEBFEHFDF
ERNTRZOEIEL TWBRICKHEIC X Dok <y
BEDLETLEMTELDTHALD LEXLLND.

DE TR LT B g OMME IR Ok &
DTHHblL, ZOEREREE pT/pD? XUV g
T/vD 0Bk %ER+ L Fig. 9 XU Fig. 10 0 &
KO TH5. Fig. 95 E Ok L5 WREGTLER
W@ E uT/pD? & ORRIT, Fig. 6 WRLAB L
B pT/pD* & OBREFERKOERICDHS. £
7= Fig. 10 1235\ T pT/pD? 2AIHEI/N S 70 H Cli
RECLERERERRZ V¢ T/VD OBELILALY
STFTWiEVT Erbhrb.

WolES Figs TR WTT TNk dE, pT/
pD? DN EE T Vg T/vD LB EEEKE O
LS L —E2oBRPED, Vg T/VD Z/HELLT
W LR EEESEIML TS, TR E D ik E T
Fig. 8 1Rl 7z 1 BloW a2 HEE T X - <&k
FTAHZEEMIGELTWYWS. W29 Fig. 10 &\ THs

— 65 —



1852 & & 0 # 56 £ (1970) #1455

20

®

S o "
o 2 oVGTIND 27 ~ 5
E = sl 5 ~13 et S
a o A _..E <
= S c°'°-‘°.o-
3 Z AN M
E o 2 “.~!.!a‘$
5 =4 « % s E":: gl ¢
e & o ) g4e % 'l
E 32 S ,_.;4%‘353’* ?@ s
- a2 aaﬁ:.uis '.nﬁ %loo °
k) ph —_ 8q A B o |
o 22 05 T
£ a2
2 o
[E IS B o
> 0 o
- & 0¢
0 @ =
5o 2
T o

o1 02 o5 | 2 5 10 20 50 100 200 500 1000

AT 1p0*
Fig. 9. Relation between total volume of fluid lifted up into degassing vessel to the
completion of mixing and p7/pDe2.

w

I 5
/“7'/,00z 27~8 /”-/Faz 8~20
°
o —
£ty ° 2 .
e . .
o > ° o 8 or?g&
22 ol o b plre e
. ©%! o o S0 _ﬁ‘;io_.—
"6 3 OO:OB&:)DOGO’ %%%o 80 a‘%oa?%
g s ° o ©° Lo % °
o . o8 o o °
3o O3 . 05 |- °
> e
B a
'2 2
02 (074
5 20
Y]
© o P 10 5
o °
23 5 R o7, o,
a4 © o 59 °%0 %° o ‘lb
° s o% o B ° o o g %°
‘3 o wo > D> o S PAN A
< & | © 00?9 %%0 ° °°° o
« o 7T T80 T °o0 ig
: 8‘ o o ° z:" *®
g S . ° 2 oo °
2 " ° o
] ,g 05
—_ [+]
25 AT pD° 20 ~50) R
= | o
o2 250~
1 2 5 10 20 o T 1pD |50 300
9T IND 0s
a | 2 S 10 20
VeT D

Fig. 10. Relation between total volume of fluid lifted up into degassing
vessel to the completion of mixing and v ¢ T/1/D.



DHi # A BRICHS T 2WBRAHOBEF—RGAZIT OV T 1853

HOKE VEHF TIHRESICLERER LESAFEAM L
EdhITHEmML TV, TS RE <KD, L
SRR K X <Ts B LT A4 H Dk S L HE
PNE L RO TR ISBES D, XVELOBLE
FUEETENRLTHDLEEZDLNS.
34 BREBCIIATEELERBOEELOND
BEIERIZ X 2T ONClEEZEROEE BT
THEHETNE, £F pT/pD? XU Vg T/VvVDOIE
Xkl T hbLEV. T TEROEETINH
SOfliERDTHD L
pT/pD?==0"1
Vv eT/vD=69

LD BAWSELSR WA #EE T 5 70 DI,
Fig. 6 53 Fig. 7 WHWwTIZ D 2 [EOHEKITHE
DOEITHET S ¢ /T OHEFHH ENEI VDI THD
%, AWEBRTIE o T/pD2>2'7, 277<y ¢ T/v D<I13
DFPHT L l5E L Tuvin o, Thvb O & [l
—H XL LERARETHD. L L HAERD
FER»o, pT/pD? OEMP/NIILEFE (277< pT/pD?
<50) TV g T/v' D OfEin 5 L L Thhid, mEI
LR EEEIV e T/VD OREEZIEAED T
WZ ok k, 227< pT/pD*<20 OFHFE TIIW EEIEIZE
JIET uT/pD? OBERHPEINNPZI VW ERHEH
PTIE2TWE. FLT pT/pD? BRELIT/NHIIVEL
A (0 1< pT/pD2<<2'7) TH VT ZDEAPKE L
ZL L7V o ERET WS, Fig. 6125V T v g T/
VD>5 RG L BlESIER L, pT/oD*=0"1 |
WHIGT D t/T OEZRMNETH LTI >TREICLHE
HREERKEIS XL I~4BTHDL LB HESNS.
EEBTIIELEDEBERRIICE VD T EEEFFEL TV
7o, BRI INIDbbTrEns4vHOR R
HEVEETLTHAD. ik Au A 2> HHA
LT, 7O FNT - bb—3 =R X2 CTREMNTE R
OEFRIREZ L S5 R, B 4EOR EFIZ XD
TEEE— LRGN D Z EaibirD7z.

4. &

DHfi# 2@ 2307, RAAENCIRA SRS

o

EPEMmNCHEE SN0, Fo XS REmiRic X o
TREINDPXTDEHEL HX5H70, 7Y+ K
BHWEECTERER L B L DR 2Z0L 5k
ERDE LRI

(1) BRANOMEROINOIKIEDT, B R [ER
HBH VI ORI X o TEILT 5. AERAME» L
E, ThER/NSKLTED LT AMRIZR LT S
NBHUERERO BN LIRS HENRRT T 525, FEEHM
P53 HIREIC K E < THUITTREM A I H S 7ciiiksi v
EBVISBSREIICEEL, ToRrx il b
HEhRPKE V. EWEEORESARE {72 LD
WERBWITE LD, hoiE Tz s Z{k Lis
V.

(2) 1RloOFRBICX 5B EETEREORE ZITIEE
AEEME S TT, ABRMROREKFEL, FiERiRE
HHELATICT 5 W L FEAKCHDT 5.

(3) AT W b MBI RREA 7 & OV
OFPEC X DT T 5. Ktk Ok & LHFHE TIRXE DK
ANEE < B S BRI T A%, FiEAINEL
7B & T T OB <, L ARERHORE
ML HEbNTLE. ThbbAREMHSSLEID
NS B TABICIENT . Jofiid 1 BoARIC X
LR EEAET DR EFE-FEL TV,

(4) BECLELSB EEIINELIREVEEED
FWTREBEMOEEMT LAY ST, ML
KL TV 5.

ASEERIZ X THELNEEIRIO L X5 IIEH2&
ASRE L, HEHEL LT E RO ASLE . &2 T
T ALHMAHS.

X [

1) #&, B3R, B\, \h: gk, 51 (1965) 10,
p. 1898

2) H. Kniipperl. and F. OETERs: Arch. Eisenhiit-
tenw., 37 (1966) 8, p. 621

3) KA, M, &, &k gk, 53 (1969) 3,
S 121

4) AAR, WM, B, & ghri@, 55 (1969) 3,
S 122

5) =R, Hf: gk M, 55 (1969) 3, S 123

— 67 —



