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Interaction between Gas Jets from Two Orifices in Liquid

§ Yasuhisa OzaWA, Yoshiyuki MATSUI, Kazumi MORI and Masamichi SANO
4 Synopsis :
. A study has been made of the interaction between gas jets from two orifices in liquid by using a high

speed cinecamera. Nitrogen was injected into a mercury bath through two orifices of 0.1 cm in diameter
(d,) located at the transparent vessel bottom. The distance between the two orifices (L) was varied from 0.2
to 2.0 cm. Additionally, experiments were done of helium injection into the water bath through two orifices
(d,=0.2 em, L=0.6~4.0 cm).

, The bubbling behavior at two orifices has been classified into three patterns. “Coalescing”: two adja-
f cent bubbles growing at the orifice exits coalesce into one. “Contacting” : the adjacent bubbles contact with-
“ out coalescing. “No contacting” : the adjacent bubbles do not contact. “Coalescing” occurred more fre-
quently with decreasing L, while “no contacting” time fraction increased with increasing L. The time frac-
tion for “contacting” increased to a maximum and then decreased, as L increased. The jetting behavior at
two orifices was found to be strongly influenced by L. In certain ranges of L, jetting at two orifices
occurred more frequently than in the case of a single orifice. A theoretical model is given to explain the
interaction between gas jets from two orifices in liquid.

Key words : steelmaking ; gas injection ; jetting ; bubbling ; interactions between gas jets.
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Photo. 1. Jetting and various types of bubbling.
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Fig. 4. The ratio of “Coalescing” to bubbling time
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Fig. 5. The ratio of “No contacting” to bubbling
time represented in M’- L diagram.

fEmAENT WS, Fig. 555, +1 74 2L
BHIEE2IAFT T4 ZAD5D 250K FOEMITE S
N2 < %Y, “No contacting” DEFEE|I&28EMNT %
WD AH, T, ZOEEEES I ZAEEFEASBEI
FTLEERPTHEMDOBL Z EPRENT WS,
3-2-3 SO AR AR o [F e

2455 2 D OKIEA RIS AR & BIth L 72541,
ARG SR % 2IGE T 2 > ORIR ISR L
YL, o, ARERILRTVWEEILNSL. 72
T, ZORKEEEEILT SO —HDF Y 7 1 RIZE
BL, €AV 71 AhSEETLIRBN) b, fiho
F T4 A0HOFIBAER L B AER F BT A58
DEFFEREEE L, ZOREONT) LT ERORE
WCEDBEIGT RO 0L KD -EBERES L

2.5

T | T ' ‘v \| T T |-
09]07| 05 04 No-Hg|
0806
2.0 Time fraction ]
for
synchronous 4
bubble formation
1.5} V4 .
- L 0.3 Sonic i
= {—_

M=11
1.0f 02 Subsonic '
0.5¢ 4

0005 10 15 20 25
L (cm)

Fig. 6. The ratio of time -of synchronous bubble
formation to bubbling time represented in M’-L
diagram.

5777 RN\ o5 7,/ <o
N\ ]
20 ¥ 0. 0403/ Sm:l;a orifice
. 1 ',' :/ .

25

Lo .
704 Time fraction

L for |
1.5 jetting
\z -
" ~— MU
1.0f ‘No contacting ]
i region
0.5 i

- J ‘/" 4
Coalescing : 50% Np-Hg

0 05 1.0 1.5 20 25
L (cm)

No contacting : 50 %
N s R .

Fig. 7. Time fraction for jetting represented in
M’-L diagram.

M'-L OB#%R% Fig. 6 ISR L7z, HA25, 22004 Y
7 4 A5 DKW ERRGHORBEIZ A ) 7 4 2
BMEOIAA BIEEETTAZ ENbhs.

Fig. 6 & Fig. 4, 5 o#gH» o, 234+ 74 205
D 2 D DFIRDEHEE) L im0 E B o BRI
HEREDHBZ Esbhdb,. bbb, KIEHFEEI
EELR2TWAY 74 ABRBORVWES BT
“Coalescing” DEFMEIENKE L ZoTwab (Fig. 4,
6). 7z, KIBOFBFERIRIDIZCVEY 74 2
B OIL WA Tk “No contacting” DRERIEIE 45K
v, (Fig. 5, 6). = Hhid, “Coalescing” 7%#2 2 % 3
I, [0S 2 50+ ) 714 2T—5L,
BRI OB I HE C ROFIBDER I FEIZE S b 2
T B LIZX B, “No contacting” DIBAIZIEERE

— 104 —

Y 2 "



HWRF2ILA Y 7 4 ADSDRAA T R = v b OMENEH 1547

DHEBBIAA—F L, ROGIBDOAR S REIZE S
U - AN A s

3:2:4 VxoT4vITORE

Fig. 3(¢) 5V v 54 v 71CE M ©3», L
HERLTL A D bhA, ZOMRYIDHECT
B2, Fig 7BV VzyFqary7OBMEE
M L LEEBETAHT T 7 EICEERE LTRL
7o, BOBEREHICEEILA T 7+ 2BV TBLRL
TrvTA v IOREEEE M OBRY 2EHITRL
7:. Fig. 7 1243, Fig. 4 T “Coalescing” O EIEH
50% Ll b & 7 B4EEi % “Coalescing” #HIBE L TiRL,
%72, Fig. 5 T “No contacting” DEFEEIA A 50% Ll
F & % A5 % “No contacting” FH L LTRL, &
525 22000 D “Contacting” D% WHHE %

“Contacting” #EIH & LTRLZ. &8, MFo 2480
BT 33 HTHRRDEFNEHEIZLS “Coalescing”
& “Contacting” #EIHNER B X " “Contacting” & “No
contacting” FHIBDOERTH 5.

Fig. 7 128BW T, “Coalescing” #HETIZI Vv 74
TR LANIVEERINRTLRDOTWA, F/-,
T 12954 v i “Contacting” $EIE TIZ L K EWIT
&, “No contacting” FEIE T3 L AV/hswigsEEz R
T AHEANENRTYS, /2, BILOBEIHRT
2HAY T4 2DBERY 2y T4 FE LH 05 em
UTox) 74 ZABBOPCEBEB I LA 1.5 cm
BEOHEBIEBVWI2LIEINRT L DTV,

“Coalescing” $ T LA/ h&WEEY 29 T4 v 7
AR DR bDF, A1) 74 AHOEZED2OD

FHEBENT OMOHENERA L A/NE L 5513 L8
HCkEY, AP 29 MIEETHL-DTHLEER
SNhB. T, L=15ecm BEEIBVWTI Ly T4~
FOBBEEHERELELNDE, £ 74 ABMEEX
NEBICEFICBUD 2008 AV 2y FOBEIOHELE
BIZEBEEZLONDD, TOHIZOWTIX 3-4 FHi
BT, He-KARDEERFER & R LKRET 2175 .

3-3 R[BOEHG BEMOERHICOVWTOETFIVEE

| REAO T ABE FERE I — 2@ A, kA
HADBENEIZ X HIJIKARFENCE . 72, [l
RE A D S8 CHKERRIBESICB W TRBTE
INELS BB, 618, 254 ) 7 4 2h 5 DK
WO WTHREHT 5 &, 200K EARECKE % BET
BIE, [REHFHEEICHLEIREL D, 220058
DOEICIZE T NBEOENEEE S, DLk ) 2K
W@ < HoOFRE—HEr 6, KEAREFERVEEIE,

12 X#k6) » Fig. 8 DR 7 » FEH

4@ Photo. 1(b), (¢) WRENTWVDB LI, B
BEI2R@sBIL2L)ICBERTAILICRD,
“Coalescing” 2S#2Z V¥ 2 5. —F, KWEAHREI+
SICEmINE, SRR —IBEL, b0+ ) 74 2
EBVWTHRERORRESHRLYT (k5.

PEo X5 icKBNERREOEA - il & B
BhEHBENZD, FIT, KIBAEEZDLTOLS 125
B, BRREREOLENERNICEILT 2546, /B
OEHEDIEN % P, KD S +5ICHEN LB TOR
HWOEN % P L30T, —HEIRADES NS0,

(Pr— P.)/pr=mM/R — m?/2R* ++overeen - (1)
22T, m=RR, m=dm/di, R=dR/dt, p:i&
HROFERE.

Pp WRIBNIE Pp 2, Po DEKE P, 0 LW EE

A, ROFEREOEH HFERSBONS.

(PB_PS)/Psz(pt/Ps)'

CE= S IE S ) p—— (2)

HAGF Y 7 4 A% B FIEANTILA L2, ZOF
V742 (HEEd,) AOHERAIBWT, HRAEHD P, O
Y74 ARO25 &5 EROES P, i (B
L,) I TCOBEBERBOFHEL X &L, FAFFRDY
CRhB ERAETE, XRXBES AW,

A(Ly/ do) =11 —(Po/ Py {/xM,}

T 2N ( Py /Py )eereeererrereserrerersentscnnnens (3)
T,
IM? = qul /(Pu/ ) roeeeeereesemerensssnsenneen (4)

TIT, kHEK, M, q., 0. RENRTHREND P,
DILEBIZBIDED < v N, FABRE, TABET
Ha. (3), ()E»o, TV 74 AHOKEBILED
H ABIIE q, 12,

2 1_(P°/P“)2 & ............... (5)
Yo = T (Lu/d)—20(Po/ P)) pu

)74 AHOMBOBHKECBITAEEN ARE %
Q AU 74 2AOWEEE A, ZRETNVDS Pu/pu
=P, /p(ps : BKIETOHTAEE) £T5¢&,

Q= A;Dfu'\AI:'X(Lu/ldO)(foz/hI:(z})%/Pu)] - (6)
V74 AMODFESN P, L OMEBEO#EKE P, &
O BRI TS A (M <V +1)72) iIcBWwvTiz?,

Py = Py rveeeeeerseerermrrtmmiiiansaesettiitieeeaes (7)
ThiHH, TERER (M >V xT1/2) cBwTiz?,
Po/ Ps=+/2/(xF1) M’ coeeererreerencecanieanans (8)

o, M"IZRXTERTILHFTES.

— 105 —




1548 #k & M  F 734 (1987) £ 11 FH

M7= Q/QA, +oerreereresrrrannieiiii, (9)
T, a HERICBILAKARA T ZHDOEETH 5.
ARSEO LR OES FER AR TREN Y.
gt vegs)
2T, s BRI LEAEEE Ve XFREFE, gixEN
MEEARL TS, M, & H 2 EFHEIC LB TTRN
THZHN 5,

WE R (M <Vx+1)/2)

o Vs8+ M=

Mg=%f1(¢1+2u—1M(z—l)AJ% --------- (11)
T (M > V+1)/2)
Mg:(mM,_l)AoP&» ..................... (12)

F 7, SiA Fig 8 HRICTET L 2BIRCTH B LR
ETH L REE Ve kTS,

Ve = n(2R® + 3R2s — 8%)/3 -vrveerererenenreanans (13)
A1 7 4 AHOME OB KEIC D W THILE L 2RI fiE
%V, &g,

PpVg = P Vgrerrerrroreeesentumneereeennimuniniinneenes (14)

Q=dVs/ db +eeereerreermmmiiiii.. (15)
(14) o0 % Bl ¢ TR T 5 &,

_i_j ZZB d([:;;PS) Vg = Q ereereeresseneeneens (16)

r FRUAREFE L §hE,
r= \/R?__s_z .......................................... (17)

WEEHEE LT, =018V R=d,/2, dR/dt=0,
Ps=P,, Q=Q; (Q;: FE L -WAARE) A, (2)
,(6)~(13),(6), 17) X % # 3L % ¥, Runge-Kutta-
Fehlberg 4 RIFEIC X D BMEEHE L, Pp Q r DRFEE
fbxkds. B, BEADLD, P a4y 74 2H
O ED? S TN ALBICBIIBENTH Y, M
LRI BEOT T —ETHD LIRE L.

Fig. 8 IZRJAMNE Pp, 7 AR Q@ B X OWRIAKEH Y
®r OBBELOREMNERLAT HMicBWT, Py
BARBEEEZCEBNICERE L, FYAKRE Q 1aK
WA LT b, P idBAMEISGEL 214, KIBOBE
WZEBRHEWRTL, 8KEXVEC R, BIMEIZEL
7215, BUO LA, THREZEVEL, BERPHL VDS,

AE 33 DRLDIZBVWTEANTESB VAT

“Coalescing” 2T Z D T W EE 2 7208, ZORAN
ED&EVIREE X Fig. 8 TR IAERMGR S AR E

+3 Fig. 8 1 AL, /d,=10 & L2EHEBITH A%, AL, /d, BBELT hid,
Pg, Q, r OBERELE R0 ERRCED. 1L, Bk
4% “Coalescing” & “Contacting” FEIENIER B X UF “Contacting”
& “No contacting” FHIEDIEFICOWTOEEAERE AL, /d, DIEIC
Er ALV,

1.8 — 16
*Lu/g,=10 = NsHg
1.7 R d,=0.1¢cm 5 1.4
l— £ 3 R —~
3 Q;=100cni/s AL ;
1.61 T 12 -«
1.5 110S
ORKS: 108
o g
1.3 106 <
a@ -
1.2 104
1.1 {02
1.0 40
0.9

0 001 002 003 004 005 006
Time (s)

Fig. 8. Predicted pressure, bubble base radius
and gas flow rate fluctuations.
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SDOHAT 29 B 1OOF AV v bELTEEL,
FIAEWMBICBID TR Y = v FOBIESEML, Kid
PERELRT VI EITL B,

t4 —HDA) 7 4 ATHEEPOREE LMK E L ShEE s,
HEDOF) 74 ZARSOFARZOMERALEEL T AV END
REX»20BB IR0, —Fo+Y 7+ 2IZEBLT “No
linking” DEFREIE % R 72,

mWWww~wwMme«w%wawwww

L =06cm

i g T e L (T R
L=10cm

AU 'VUPIED VAU 07 VYR N TWVWI 1YW "SUS WP
- L=18cm

O RRPTYY APV 'Y RUURDURY TPY VP AV VIV RPN WOVE T SUVUON o
8] ’9_9_53 L=24cm

BT it e ot TYV VI LYV TV INVR T ERVI DR IO
L=30cm

M=12 dy=0.2cm He-H,0

Fig. 10. Bubble knocking measured by accelero-
meter.

B, L=rp—p~ry ® “Contacting” #H Tix, “No
linking” OBREHEISEFT Y 7 4 ABRATLWIZEE L L
BALTwA, Zhid, Ny KSEREERIZOWT Fig. 6
WCEDE LTk X 910, T OFEIC B W I RIENES
BICBEL, 2Ke LTRIBHEIRAER 20, ZOHR,
FBOEHEBIRIDRLTL DO THS.

A L7z K 912 No-AKERRDEEE X ) “Contacting”
FWIZBWT Y 2 v 74 v 7 OBREERLY 74 2
fRoOLAAE ML, BILICHT22D P2 v 7 4
YIIFREBINDR TR D (Fig 7). ToHRHEZE

“Contacting” fEIE T RBOAREEFE I DR T
A EWV)EREOBREHRE BRI TRO LS ICFHA
ENnL, Thbb, BIEO BV THERALZLICT 2y
T A Y 7R RCEHOARHBI /NI L > THE A
DENEDOEENC LN AEEBIIE B, 24A )74 20
B4, “Contacting” BBV T4 Y 74 AMOLE
HTCOREDEERERENIRIY, Z0-OENDOWEDE)
FEDEEIW/NEL DT 2o T4 Y IHREILLZDRT
W,

Fig. 10 iZ He- K ZREERICBWTHES R NEERHC
L ABHEER OB ORESI 2R L. BIZBWT, *
)7 4 ARBEORE L=0.6, 1.0 cm DA ITITIEE X
INEVHTRELRBFEIEEINL TS, L2L, T 74
2L e B &, INEREEISHBE SIS LD
KRB, Zhid, Fig 9 L HET AL, Fig. 10 ® L=
0.6, 1.0 cm D#EF 12 “Coalescing” #EIHICH D, L=1.8,
2.4, 3.0cm DR 12 “Contacting” FEIEICH B Z LI
X%, T4bb, “Coalescing” FHBIZ BV TIEAIKIC
I KR@IGERL, HFEHEEDLKRE L RDH,
“Contacting” fHIFIC BV Tk, FEPKEICERKL,
MRS s EEMICARER SISO, Y T4
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1550 B & M 734 (1987) & 11 B

AHADRAATAHET AFICZ O FEE MR =
N, REEOERIIH SIS, Tk, /NS EE
PEBEREENDLI LIRS,

4. #& =

No- KRB LU He-KRIZBWT 23 A Y 7 1 2h
LA AMARLEEZITV, LT ORI/,

(1) 29LF V74 2AHh 5D 22oDEEFOREDOH
HEEHZBEIE > XD X ) 28T & 72, “Coalescing” :
2OoDFANERL 1212% 5. “Contacting” : 22D
RAADHE 9 5 HE4K L %2 . “No contacting” : 3
filtd L7z,

(2) *V 74 2ABEBIIRVIGE, “Coalescing” #%
ORI, AU T4 AMBPILHF 513 E, “No
contacting” Z#E Z ) ¢ < % %. “Contacting” 31"
2OOEBOTHMLBRTHY, TOBHEGEIH S
AV 7 4 AMBICBVWTE AL LS. ZALRBE DR
CHRTVEBEFANITOToNEEL ) T 2 ABBED
B 4% M T “Coalescing”, “No contacting” # K O
“Contacting” I ? 3 D DFEIKICH T TR L 7-.

(3) “Coalescing” FHI T 220+ 74 2 H 5
DEIAIE FFFIC S L, “No contacting” #HI#i T3 R ia
BARBICHEET HERNTH S, ZOFHE D “Contacting”
BT AV 7 4 ABBOED B ERIBOZHEED
HZDEENEL 5.

(4) “Contacting” %818 & “No contacting” FHiK D
BERAT T DGR B G DA BRI & ER P 0 &,
AEDEMERARIDRTL, T2, Y2y Fars

DEEHEIEHTK E W,

(5) BHERIBICRE L IEER % Hv - 0Ee B
VT, “Coalescing” #HISTid K 2 BRI EBE S 1,
“Contacting” fHISCIZ/NS REEIBEE I T,

(6) RIBHOEHNELDOFEL S “Coalescing” &

“Contacting” SEIRDHEH B X U “Contacting” & “No
contacting” TAIRDEEFR DOWGA A 54 % a2k 72,
CORERRIERER LB D KB L

ABRO—EHIE, 4 23 [HE LIFZEBIEE B L O
60 F R CH AR LM BB S RERBFE (A) 12 Lo 7
CEEMRLTHEER LY.

B, KRBT HEREROEROFEICLHE
REKBIFTER L ¥ —2FF L7,
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