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Water Model Experiment on the Bubble Behavior in a Cylindrical Vessel under Reduced Pressures
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As a fundamental study on the RH and DH degassing processes, air was injected into a cylindrical water bath under
a reduced surface pressure through a centered single-hole bottom nozzle. The shape of bubbles during expansion near
the nozzle and the subsequent dispersion of the bubbles in the course of rising in the bath were observed using a high
-speed video camera. The bubble characteristics such as gas holdup, bubble frequency, mean bubble rising velocity,
mean bubble diameter were measured with a two-needle electro-resistivity probe.

The frequency of bubbles generated at the nozzle exit under reduced pressure almost agreed with that formed under
the atmospheric pressure and the same mass flow rate. Accordingly the effect of reduced pressure on the frequency
of bubble formation is negligible.
volume associated with the hydrostatic pressure. The bubble characteristics in the region away from the nozzle were
satisfactorily approximated by those observed for gas injection under the atmospheric surface pressure and the same
volumetric gas flow rate. '

The total interfacial area between bubbles and liquid under reduced pressures was also determined as one of
influential parameters for the metallurgical reactions occurring in a bath with gas injection. It was dependent on the
square root of the gas flow rate after expansion, and an empirical equation of it was proposed.
steelmaking ; RH degassing process; gas injection ; reduced pressure ; water model experiment ; electro-resistivity
probe ; gas holdup ; bubble rising velocity.

Bubbles generated under reduced pressures expanded near the nozzle up to the
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Fig. 1. Experimental apparatus.
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Table 1. Experimental conditions.

run Q. (Ncm?/s) P, (atm) P, (kPa)
1 41.4 0.14 14
2 41.4 1.00 101
3 258~296 1.00 101
4 20.0 0.14 14
5 20.0 1.00 101
6 125~143 1.00 101
7 10.0 0.14 14
8 62.4~71.4 1.00 101
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Fig. 2. Schematic of the dispersion of bubbles in ‘the
bath. :
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Fig. 3. Frequency of bubble formation as a function

of reduced pressure and gas flow rate.
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Fig. 4. Axial distributions of gas holdup and bubble
frequency on the centerline of the bath for
runs 1 through 3.
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Fig. 5. Axial distributions of mean bubble rising
velocity and mean piercing length on the
centerline of the bath for runs 1 through 3.
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Fig. 7. Radial distributions of mean bubble rising
velocity and mean piercing length at z=
15cm for runs 1 through 3.
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Fig. 8. Axial distributions of gas holdup and bubble
frequency on the centerline of the bath for
runs 4 through 6.
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Fig. 10. Radial distributions of gas holdup and bub-
ble frequency at z=15cm for runs 4 though
6.
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Fig. 12. Axial distributions of gas holdup and bub-
ble frequency on the centerline of the bath

FTB52EPHBILIC, 12700, R=14kPa®iEEFT b ik &
ABIHATERPARFERFBHDOMEL Y 13 612K L g,
THRONLHERPBILL 2 s 2 L THREINAE,

3+5

IR T DEERICD & 512, ECWEBE Ko b

z=15 cm run O, (Nems) | P (Pa)
— Gaussian 2{o| 200 14
6 [a] 135 101
5|e| 200 101
-10 Er
A e} ﬁ g‘e\ E
-
e ®**, @ 3
* L ]
L] _0 6 [}
& 10r
L @
==
& m
@
2 of
=
@ 1 - 1l | 1 L i L
-4 -2 2 4

0
Radial position ¥ (cm)

z=15 cm  run Q, (Nem%s) | P, (kPa)
4 |o 20.0 14
R
Slel = {100 §
_ &
A . A % ¥
°o 8 ) .
NEER o 3 83
A @
o3
= ® 9 « * . . o '3 ,g
& N r
5 g
= -
- 1+ ~ -0 =
1=
So | greseccernsy
g ® e 00,0,
E 0‘1 1 1 1 i 1 L 1
-4 - 2 4

11. Radial distributions of mean bubble rising
velocity and mean piercing length at z=

0
Radial position ¥ (cm)

15cm for runs 4 through 6.

100
run Q, (Nem¥s) | P, (kPa)
a 7 |o 10.0 14 s
o 8 |a|624~714] 101 e
a ]
3
=9
oA _g
° S
100 - 30 -;
L ‘Qgﬂﬁﬂﬂena-.n.oa.o. o
& -0
B2 = 1
§ T
o
£ =
E ,“A
< o
=} o A
3 °la
oA .
I Cbade,
L. [0testessss0as
0 10

for runs 7 and 8.

KR T E RO R

20
Axial position Z (cm)

12

run Qg (Nem®s) | Ps (kPa)
7 |o 10.0 14
AA 8 |a|624~714] 101 190 %’
1 ]
]
o a 4
‘OO(A) AAA g 4
o A .
° ooo e_’g
3633?36“066031 i ;.g
3 )
=
=32
2 g
(o]
3 =
E‘,o ‘:71_ “a a0 70
t I CaaRR 4203600200680,
2
E " 1 1
0 10 20

Axial position Z (cm)

Fig. 13. Axial distributions of mean bubble rising
velocity and mean piercing length on the

Fig.

centerline of the bath for runs 7 and 8.

0 2
Radial position 7 (cm)

z=15 cm run Qg (Nem®ss) | P, (kPa)
— Gaussian ]°] 100 14
a|l 675 101
410 o
s e g3
’//9’6\ E
s 3
] 08 O
» 10r
Q
§ @ N aa
g = A )
o o
8 o
8 5= o+
z J
=
m 1 It L 1 1 ! 1 I
-4 -2 4

14. Radial distributions of gas holdup and bub-
ble frequency at z=15cm for runs 7 and 8.

z=15 cm run 0, (Nem®s) | Py (kPa)
7 |o 10.0 14
8 [a]| 675 100 4100
2
g
L]
7 8
82
A o AR . A A 8
6 © 50 g 0 0o J IEC,D %
¥) 2
=
el 2
g’ =1 — 25
[e]
¥ = aReri2b,,
8,0
-0
AR
é 0 ! 1 1 L 1 L 1 i 1
-4 -2 0 2 4

Radial position * (cm)

Fig. 15. Radial distributions of mean bubble rising
velocity and mean piercing length at z=
15¢cm for runs 7 and 8.

BBEBAE, [EMORSREMEPEE L S5 A —&—
L B, PHSIEER G 7EEO/KREWEATERE LA
—ETH 5 LIRET L, Z OWE% BAEE O ERT 2
FIAOMBIL6Q,/ (2 d:®) £ 78 5, 2 T —[EY b OEERE
(zds?) b, 2 DWIED & AH, OBUNX R % [aH58E8 T 512
BT AEMAT (=AH/Up) ¥8bb¥ 5 b, 2 OB



10%F Q, (Nom¥s) | Py (kPa)| run
[ 0 [100,200,414] 14 74,1
;g a | 624~ 714 8
125 ~ 143 101 6
o 258 ~ 296 3
- e | 200414 101 5,2
(%)
g
2 2
107
2
g
=3
3 - 112
= Sg =16.7 ng
1 e
10' 102

Mean gas flow rate Qg (cm/s)

Fig. 16. Total interfacial area between bubbles and
liquid as a function of gas flow rate.

T 5 REOEHMYKE 5, 2O PRBOXREY /
At O LIEmmETIE-> TML 5 EBERNCTFEET S
LABOEEMSYHON L, 2 2T FHRAESE LY
LTI ELBEERE BT 5 )1LE 6 O BHRNK®

ds=1.5L,
PRHCALEESIS,AH =10mmt LI BB THERTAH,
Z1I0mmI T TS+ EEOR NS I L BMERL T
W3,

RS DRIEME # Fig. 1602777, BIEM L 13ds & us
CENGDREMBEZRAL TRDRSDETH 5, HET
LIRETOLERMMILE b ICH ADBRNIZ T 5 FHRE
FHREQmDI/2F BT 5 2 L ¥REREREL LH-12D
T, MHPUCEFBTRLICKROERK Z2/ER LI,

SB=16.7ng”2:0.668ng”2HL ........................... (5)
R(5)FPEME +20%DRETHEMT E 5, XITL, &
DOHEIZIE, 24DBETIRS T EREE 2 HREE & BHE
TEsRCEZEHN3ISmMmUTOREOFESIHFERE L T,
L LLd' s, BEECTA A5 THELICEMRD R
WrL T, D3RR EOFHSRLERECODSDRIIETINS
tRbha,

SRS 12 TR ER QIR = [6Q,/ (nfs) 112 £ P
Al FREE T HC TRRTEMT S 5,

Sz =6H, Qg/ (ZZ’B;tB)
CAREBREAETTR, RABEKEORNIXENTDH 5 »
S XEROIIZR LT

Us=1.T(Qeg?) B wrvveermmmmmnniirnn e (7)
FR(D)ZACEZ EICL bRRPBONS,
SB:0.147<‘0LTQ3>1/12 (%)msdm‘”ﬁQgS/wHL ............ (8)

IITQ=Qumt B ADT, EXR(8) 12 DRRR L7k—
ZERROWEE 2 AT UL,

Slengm8/15 ................................................... (9)
E 3, R(9)DQmPDIBBEULIZIZL/2L 72 b, Fig. 161278

13

WELLZHAEABRHNIC U 5 [EO¥ENBT 2 /keFVEE

FTE3ER(9)IER(5) L —20%REDRET—KT 5,
K (8) DIBEE~DBHAMEZ SV TIZABROBREL Lo,

4. BE

(1)JRELIGEND 7 A T3 5 [USERBEE %
EEECTFTA DA T ERCTRDIARELETT, Avk
BT 2 EREEYE L CHAOTIEERBE LIJIFEL
{Igote, LIcHT-> T, SUEAERSEE CRIETHIEORBE
ERTE 5, RRITLKEOEREEL Y, BELIES
DHEBKSL, ERBZIFBOLTD 5,

(2)IRE L1cAa e 2 IATER LIREE, 2 vk
FEOMMETHKE» CFIEINI B L THRT 5, 2
DEPES Y FTOFT RAEBR—V T v, [UaEERE
DXITFFIE L, BHALE ORERE LT TOMRERER (<
LSBT H 2 PR S AANEASORESE 121 —3
L1z, —EHOBERBETOF AFHREI/NI VY REFT
HoT2,

(3) [BH O ISFEHE DK & LB Y BT T AR S miE
DFHMiER R LI, ZDHR, BETL O FCRETOBR
PHUCFFE T A R ER IR TERI B L 515, L b
BRC R BT 2D TFEFEREQmD1/2RICHHIT 2
Lo T,

SBZO.GGSngmHL .......................................... (5)
X [:73

1) B0+ R IZ& 1 5 HIEREBHERR (SREEREIL R TR
4 REBIERKIME), (1991), p.101 (HAEHEBH L)

2) ERMRIEE D gk L, 79 (1993), p.1

3) mMEEER, hbF B, BIEh, KE X, SHGRT kLM,
77 (1992), p.1664

4) SHENE, B, BRASECR  MEE e R, 5(1992), p.260

5) T.Fujii, Y.Kato and T.Sakuraya: Scaninject VI, Part
1(1992), p.317

6) K.Uemura, S.Koyama, K. Nishiguchi and J.Katta : Steelma-
king Conf. Proc., (1992), p.819

7) W.Loscher and W.Fix : Steelmaking Conf. Proc., (1991),
p.699

8) EBfIE, HAEK KRFIEEZ MBLFXoex, 6 (1993),
p.-172

9) BAEE I MELE e+ A, 6(1993), p.175

10) EAfE—aE, dcAHEd, THFR T DR E 2 a v X, 6(1993),
p. 1035

11) PHEAX, IKAHE  UHS19ZEa2HFIEEBRNMEWINERS
TREIZ Vv — R AR R, HEN5-4 CER 5 F£111) | MEL L7
vt A, 6(1993), p.1044

12) #10  %%, JEEEE, HEEZ, LOEA, REZ LR 2 LM,
78 (1992), p.1778

13) #F —H, EFIEE £k L4, 67 (1981), p.672

14) 0 %, SRV, ANIHF], FeEM, REZE AR 2k L,
80 (1994), p.515

15) JI FIEHE, #EBIET, IRLER, FEEA @ 8k L, 78 (1992),
p- 745

16) FH0 %, HARKR, WHEh, AHE—R 8L, 78(1992),
p.407

41



