.22 - T EHKE & L4 BIHETE

SEREIRBE I o0 e e b oA S5 WA D R A ) ) AR AU

AR, IR, RO, WER, RS
(1AL B TR W G S REIR A Be , Wt il 063210
2. WM IE BB e R A B E R S R, Jbst 100081)

[ BE] AT BMERBRIE 50 Ha R 3R SRR 09 TACHLAE GBS R e M A R BT o A F K
T AMR ARG RNESH T R FEFA, RTARBERHATHZ AN, 22 THAR L LA
B TR ERIE A EEIET SHAEERRABHNEGIAE, HATEALRALINER
AW HRATEH MK FEESZNEIEA L, ASTREN, B LR FEATH NG AL ERZ
BREOHAEKR, AAAR EINAHATEIES BFAAKTAER B Mk FRFiE
RN T T ER A I, % TR R T A RIS 2 Y 69 A I BN R R AR A

SR
[ CHEA] ] BBEMRBEIE 50, BRI, SHARAT A, &2 54 WA
[FESrZES ] TFS06; TP391.99 [ Cikbrikid] A [ CEH'S] 1672-6103(2020)03-0022-08

DOI;10. 19612/j. enki. en11-5066/tf. 2022. 03. 004

AT = PRk T TG B HETBOR R B 17 Aif R
S ) 2 T AR ATl Y Bk e R R AL Kk
JEU T AREP R T2 AT R R R R R B
HER A SRR 22—, Herp I fld I pR 2 X4
FERBGE S LLBLA R R e RO R R
COREX F FINEX %8k T Z B L8 Tkt A= 7=, (1
IFFE K BUAS 2 5 | TGk 56 443 M X 6 e M ot 4
IR0 R, ZE A T A e R R MR R,
G Romelt X Rl U0k SOA b e Ak, DL
] 7 Ry T D il 4 T ] A A A D — A
BRBErE R T 200 BRI o b AR S i
T RN e HR o R R T e R P 2R
Tkt it DX BRE AT T AR AT TR AR AR A A
T A SRR (R 0 SO AR A S R #2454 | 48

[ Wiekm BT 2021-10-16

[MEBMIA ] B (1996—) , 45+ FZAFGE 5 [ MR gk Bt
512,

[EFER ] BEL(1981—) B i+, B, E2WE50H 1) gk 3E
WHTZ AAENL,

[HETH] FEESHFATR(2017YFBO603802) ,

(SR B, TkIGo%, BB, S5, SURERBEIE 73 b e it oy 5
WAT ARA R EEUL )], TP EA AR 4, 2022,51(3) : 22 -29.

Ttz shHL A RITAR

R, 3 5 fe 2% DA B 07 4 (4 TF 9 v, 0 B
P k)T iz 4d A, oA BRIMACOMBE Fi1
CASTILLEJOSE "> ="' 45 ¥ J&. 35 T Wy AR 400 1) L Aty 1=
HIF5E I SE 7% PN R AR A A, T X6 8 e M) 19 S0 37
Yol SR HE A S A S A SC R | X S A
3 PR [l IRy A TR S, ISR IFAT>
1) &A% TR B S i - A s HAE ], Peng Yan
ST DIBUE R R R m & BT ST R A
ARAL Se i ) S 2 ] A SR IEME R |l BL T, iz
Sy SN 7 PN S I AR A A SRR T SR AT R Y
B RSB Bh YRR R B, B AR
A A PSRRI BT, S BUAE [T I 10 445 i
P, Bt TOU IO {37 P48 e, St b s 1 o T R 2
PEFHEIE N, LI Ming-ming 2518 58 o R 0045 S 000 1
S 4 P R O e TR ZF BRI, 56 T
b ST A I 58 22 4 P e DAIRITE 7 R 1 2
R T2 KT A b B B 5 3A il = G5 — A
ST AR X 2R £ R K s 7 i T R FH 7 6 D e
R AU it b S AT R I AR b S B R
M b PR A R B e P9 O, B B B IR A T o S AR
it e R A M R CR s AL SR AT s bt
Wt XoF i SRRk B EE A



2022 -6 HE 3

HORESR 55 . SEUBEIRIRIE S I b A S A T D AR F) ) B AR - 23 -

BTG i AR S, B T AR B, 55 T
50 VYA | Al DA v il B F R S S A 48k, X
SECIRAIRBE NS 23 e 1t DX I8l 80 S O A S L AR AT
Fo IFUASHAIE 25 v AN 52 1 o G, S
T L THE SRR s A AR A A AR IR B IR
VRIS AR Y 548 1 DN WSt 2 1547 oA 9 52 )
AR FHPLEE, S SRR BE a7 b (Wb AR S A
BOHRHEHIE R &,

1[I 7 T It~ SRR B o o

T

s 2 B i~ SRR e T R O
L1 T A T R STV A8,
PR BEABIGAE R, b FHEA SRR A0, I 2.
it UG M b Iy 2 A5 —
SR TR 1 5Bl 5% b8 5 R eI 1
R, PR T R Kt ok e 44
LA AT SAF T T J AR TE T HE I 7 KB,
WesEA . FEMAUHRIO — WA A AL HR
U ST GRS L

15U 2— Ml i 0 3— T R 4 IS0 5— PRk
s 6— A s T b 8— S AUHE  9O— B W IR RE 5 10—k
KHE ; 11—
B 1 [l Td - AR
Ko R TR
Fig.1 Process flow of rotary kiln pre-reduction-
oxygen coal combustion melting and

separation ironmaking

2 SEEG RPN AL
DL ARIEAR B 43 S TR | SR A ML B8 B8 M
Y AP 3 O R PR VR R IR | %

ZIEAAHI-
i <
—IREA
RIEmAR
JICHE

B2 BB it

Fig.2 Design of oxygen coal combustion

melting and separating furnace

G [R) AU 722 F X I N W2 T M R e N S e A 7
AR A
2.1 KIGEIE

FE S T M R AT 2ok A e B[] A i A A 2R R
RIR F A Re IAHAFAAAEAR K ARIME , HA OREE 1: 119
AL A T S2 B, HL Re 76 M3 [ Bk X B 22 19 1E
J&i , BEBT Re (A28 A6 TLT- AN 23 % i 3 R M ik Js s v
BRULZ AN, B TA T 20060 R0 s v 290 Ol
PIAHIE 3l , S RS ) o R R R & R, 7E
Wt F IR T IE

FHAKBLRLE AH , 25 B CO, o T PR UERE L Y
SIS B AR | AR A B B SR A& I A 3 55
TR F AR AR A e ek U (1)

F' =F', (1)

HRAE Bl 3 AEARL, 52 96455 R0 R0 S s J5E 8 1) 3 5 72

BOHAE, BRI (2) .

2
PV Py

= (2)
8a p,
B 2)RA)TER(3),
i Pa _i P2
gd, xpu ~Py _gdz Xplz ~Pg 3)
M SRR Th R T A X I (4)
_40
v=20 (4)
Az (1), (2), (3), (4)13K(5),
_ dil T Py  Pu —Py 2
0= (dz ) * Py Xplz ~Pg xC; (5)

(1) ~ (5)H:F), F )00 e BR R ) e 1 3
FITER Q, L Q, 73 B D BT A i Y ) MR R



.24 - T EHKE & L4 BIHETE

Nm'/hsd, ., 53 5 RS R R R ) S8AR 1 AR,
mm ;p,, \py, 73 1 A A5 AL A R () VAR B ke/m’
Pyt 0 T AR R R (1 AR B kg/m’
2.2 XEE

(1) 2(2) TS B KRR R
AR ER R AR E NS E, WK 3
N N 5 SN I VAR R B € ik
S Tt YR T ey T B B A7 523 mm Ab

1R DA 5 B 2 — 11 1] 33 A s 4— 6 Tt
S — TSk 56—k 57— PR 4 L 8— T 9 — 7%
AR5 10— T A3

B3 MRS R AT N

Fig.3 Schematic diagram of experimental platform

for jet penetration behavior of oxygen coal

combustion melting and separating furnace

S SR R B AR LR A S PN S A8
1k, IFBC AV GIR 2 SRS HLAE  F R A 1Y K50
i Photoshop 2445 & Matlab 40 75 2] 8 17T R
AR ESHL

3 SLERATIRAIEE

SIAE R ZH T /N RT, R R AR R S
A S R A R AR, T B A8 3 A S R AT
BRI SZ B R R R R B, Rtk X 5
AN T R 3Z 3 1 BUHEAT A A, AT RSN
SRR AR AT R A ER T
3.1 MRSEKSHRIENEE

Xt G R P AN S TS R T2 T 4y
B, BE SR AE# R A Thig 3, S B A T
RUAHEERIE . S5 552 80 R E T Fo Rl
i S R F, VLR YR F o,
1T A2 BTN KR 14 5 i), 6 P AH 38 20 11
AR R R SN BT R AE 2 ) A p i

Ferp AN B RSB T B, A T2
32 A B PR B R AR PP 2 SRR R UM R
NTIHIERS IR T 1, 5 180 5 S A P i
PRBGARXTIZ S 07 I RE I, PRt R 432 3l 75 1) 4
NIETT 1), BT 875 1 o BT T (R o
3011 BRI A iz SRR

ARG O BN B TR A2 3 e i O, A
LB 1T R D7 Il R L 1) O IE D ], LY
Z AR (6)

F=F -F -F, (6)
AR AL iRk AR (7) .
1 1 1
F=pg gﬂ'ds _TCDPIAUZ; —P.8 ET"(P (7)

SEA LI I G R 4, 5 A b T s Y T Y
[, S HOAEAES) B Ik 2 ANW B, 52 J1 438 43 ol
Tk,

,,,,,,,,,

G

U ] LA
B4 Sharh iz s
Fig.4 Movement of bubbles in the jet

1) 5B 352 150 Hr
I Z I ILA(8) .
1 1 1
Pig g d=p.g cd =§Cnpuu§ (8)

Xp, o, d LI T sk BE ¥ o B AR

XF(8) M7 e, v 45 B A AR A O R, L
X(9),

4gd(p, -
. gégppg) (9)

X d IR EAR, T2 SR 5 i i A
RN AT IR SE, IF LI AR BN ; € R
BH A 280, th TR TR X, €, BLO. 44;p, .
p, ST IRKFNZS SR



2022 £ 6 A3 M

HORESR 55 . SEUBEIRIRIE S I b A S A T D AR F) ) B AR - 25 -

RIS [R) 46 B2 B /N AR 2 804 O 8 4, AR 4l
2(9) ATFHE B B AR AL Y A S AT, &l 5 Birs
TE/NE RS B R E AR, S E LA )
— UK R AT RN T, 3 m] A i 3 XS
MRS B P, A R AR I i 2 DU R
R BTt

0261
0.24
022

020
= 0.18}
Z 016} /
I 0.14f
012}
0.10F
0.08}
0005204 06 08 10 12 14 16 18

d/mm
5 A ER/ N ERNEOCR

Fig.5 Relationship between velocity and

bubble diameter

2) hniiz 852 1534
iz a3z sl W (10)

F:ma,m:ng:l wd® (10)

o
Waa(6) A (10) 15 (11)
| _4pigd =3Copu; —4p,gd
- 4p,d

(11)

ﬁEP;aﬂU%%iiﬁ%o

X, =4p,d, X, =4gd(p, -p,) X, =3Cpp,, B
AW NGIDLCIEES b
d
OTZ:XI =X, - X,u (12)
X0 (12) ATy B AR I, 2 1 =0, u = u,, BEH
Af(13),

11
X3 X3 u,
1 11 arctan T
Xitan| X7 X} | ¢ X3
-+
X 1 1
_ : X3 X3
u(t) = T
A3

(13)

TE1=0,u=u, N, HFEETT 0,2 u, 5T 0, b
AR 32 1A, SO TN BT AR 3
A13) T AT 5 Pl A [R] B A4 0 3k J3E i b ]

AR el 6 Pz, el I m] A Bt s ] )
SEI, AN TR B AR U B LA S, e 28 TR
€, HE AU D, d 235 B R E I A 3 32
Ko WALSZ TR ERYE, SOAEIE BT, sz
BFIRE A b AR S T RS,
EIv, BEEAGERY BT, ) B AR B
iy , B 2 R ORI A 5038, IR B 2 1 P A, B R AR
T AR UM T B R diy B 52 AR,
I, SR AR PO TR E

0201
0.15
7010 A B AR /mm
§ —a— =12
= —-—g=1.1
0.05 ——d=1.0
——d=0.9
ol —~—d=0.8

1 1 1 L 1 1
0 002 004 006 008 0.10
t/ms

B 6 ANIEIEAR T B ] 3
Fig.6 Change trend of bubble velocity with

time under different diameters

L£(13) 0 w@ﬂ%,ﬁtﬁ ¥ hNTH T
BB ¢ WA FH T2 T ], % 0 =0,y =0,
TR (13) 0 UM BT T ¢ fORE ik
0t (14)

1 1
X X¢
1
XX, log‘xi X]log[tan( X, +1j]

t) = - +
y(t) X? X, X,

9 )—

1 1
1 1 X?X?
X, log"? +X32u0tan( 2X 2 +1j
1
(14)

X

A (14) | BeIBOR [R] BLAR B /NS, MR S
AL B AR | 22 < L THES AR o Bl T
AT, DL BT u BEE B THEEAR
SR, A B 7 B 8 FR . TRV
WFFEIE I b EAR R, d T AR R B B, =0
WSS Sl =Y iy ey SN TR R Yl ] g o
R, HAHAERE L HP A 45 B I T I, R 4R THA
Mo P AR R SEBR 2R E, EAA T RM A
M FE IR TS A e+



.26 - T EHKE & L4 BIHETE

0.0161
0014 “UEHAR/mm
=12
00128 o ]
0.010F —4—d=1.0
s 0008 & d=0.9
g ——d=0.8
= 0.006F
0.004
0.002
0 |
-0.002

1 Il 1 1 L I}
0 0.02 004 006 008 0.10

t/ms
B7 AW BRI TR y B E
AL
Fig.7 Change trend of rising path y with time

under different bubble diameters

0.201
————0
R
0.15 .
T 0.10- S EAE/mm
= : —-—d=1.2
< —e—d=1.1
0.05F ——d=1.0
—v—d=0.9
——=0.8
0 -
Il Il 1 1 1 1 J
-0.002 0 0.002 0.004 0.006 0.008 0.010 0.012

y/mm
8 A HASE T u BB
THERE y BB L H
Fig.8 Change trend of rising velocity u with the
rising path y of bubbles under different diameters

P 8 FR , FER DT R Y L THES R, <
T B BRIV FE B K 12 2 38 B RS I A 2 e 3
K R RE R A b R T, BTSN g, 2 |
LEEEALblRliEse .

ZEA IR AT 2 AN B B, A AE SR
e [RIE , Sa 2 iy hn sk e B, A0t n sk | -, A [
() AR RN R 2 LAAS ) 1) 3 B et b T, e 2%
IR E BB, 5T T2 o SAR /N, B inak
A TRIAR 6, 7 A TR AU i, IR A3 8 By
] 52 77 VA, S B2 A0 8, v W S, AR
BEilshne, 51k,

3.2 MMRSESHRFETA

SFUBIRBRIE Sy i B B 254 T TR M R iR 1
IERD SR EAR TG M5 T8 AR A1
e 9 frR, A REE i i 1A R 238 A )

FEAS AL , AN 5] 1B 285 18 565 30 2 e (s 0 45 4 1A
B AFERRCR, anlEl 10 s,

B9 SHRESZEMRE
Fig.9 Diagram of jet shape change

318 T e D) I ERVV R 202 Sy 20 2 g bR i)
PN SR It 2 A B N
Fig.10 Diagram of jet penetration distance in the

melt pool at different flow rates

S WITEA R B TOL T AT 2
WOt e N SR LG AT T
3.2.1 R arE T A b

BEXSREIE AR 5 B ARt T 28, 73 3l i
N [) AR RIS ) 3R B 9 4R, e U ) 221
TRTCHEI MR B I MR i 9 S 28 4T o A
s, FRHIRAFERE L EE M A
SEHE I =AM BT B TR AR R R o R R
esEgs S SR E I B R TE AN 11 s

W 2R 3 AR Y AR R BEIR T , 22 il &
12 R a$ &l al i ZE R AR EAR N 4 mm A
TR BT, BEE I WCIAL 8 8, A0 St F) 25 a5 B
BTSN, (AR AR IR BORIE T, S 2 5
FINMZERIA KR, S Hr ] H, 2 AR TR BER L
NI SARAETE I A v, 2 S 00 30 B i 7 I
TSR AR AL 1 A v, 239 B S O e B
AR S RE 23 T I BE 50N 3 BT A BE A e ]



2022 46 H 5 3 W FORE SR S5 o SEURORIR AR 20 e b N S 3 7 D0 WL ) ) BEASE AL, - 27 -
SHRERYIG AN, 4 5R BHR 0 ZF 3B ATy, P 5 i v 2 3%
BRI RE N T TS B A A 22 s 2
HRM OShREA AL, I, 25 A SEER A5 R AT,
TEV ARG O, A AR X R 2 i R B Y
SRR
L - 2 ? Or a5 mmiip o
e I - o
o i n O —A— 3 mm& 1% 2
OC:':EZE o ; 30k AIEAL A,’ :
E 25t : /
B VY
27 ay
_ K 15 proos ,
B BRI T \-
Fig. 11 Diagram of model penetration behavior 5p = "

VERITIB A, 3 000 (5 S5 3 1) i 6 G ) 2l BE )
ZEE TR B RE RN /N, HBE A B I, SR
B SCAE SN B) PR T 38 3 SRR A eI
SPPUILSZ “ W BE SO ™ PR 5% T AR, PRT LG AN (] 48R 322 152
WL T F BT N EAY R,
350 & BRI mm

i /’?i"/}irﬂéffli mm
307 s B TRAE20 mm

ZE5 IE B /mm
I

..

10+ e
&
5 -
0 1 1 1 1 i i
0.5 1.0 15 2.0 2.5
i/ (m? - h!)

B12 AR BRBE T MW I 2 2 i e
Fig.12 Trend of jet penetration distance under

different intrusion distances

F T X 4 mm SEAC BT Y SE 5 45 B Rt
Lt , VEHU A A IR TR BE O 15 mm ANAE | AR SR 1Y
HAA A 3 mm M5 mm, AR T2 E T 5
BRI

A 3 AR AU B AR, a3 K, an il 13
FR o LR FEOR R EA IR IR EEAE IR BL T, 5
UL FA) 2 375 L 0 20 50 7 W W i ) 8 T A i
TE ] — it 2 Hh AR A DN | AR 2 3 TR e e
AR AR R Ut 1 OC 2R AT B ELAR O, 4
e H 1T HRE S0 W A R R x5 DR SR

0.5 1.0 15 2.0 2.5
T/ (m’ - b

B 13 N[ SAE LA 0 S O 2 375 P e
Fig.13 Trend of jet penetration distance under

different oxygen lance diameters

3.2.2  BRmEEET MEe M

TR 2EE PR B RNEUAR ELAR TR O L, 3 T AR
LA T S 2 35 L B 5 M B R I ity b s ST 4K
SRR BRI R 2 AT O AR DG HE A
HKZ .

SBUD 0N A M e 2R S o= O e AP D R
b 3252 B TR B Re 91 55 1550 Fr FIH A5 We
MR, anfE 14 s R MR & Xk T2
JIT R FH 9 2 (B A5 SAR T P T () A SR S R A
ik ] B P i 4 B G A I P TR v
iDL K EE ) S B R 2R n] 20 W 3k T ik
FIFEM

2K VS
Fig. 14 Schematic diagram of round

14

tube oxygen lance



.28 - T EHKE & L4 BIHETE

il BT B IR LT RN 1 R E R L
A (15),

L=f(D,u,g,v) (15)
K. L ASHR SR D NEM EAR o HE N
AL HUH 9. 8 m/s%,

FRESCRR[ 21 ] TR | 25 5 5 15 1 2 1Y) pR 0%
FRAGZR PR 25 35 B B A48 B e v U
g, W(16)

L

D
e HEREGH o 733 BB Re) 1 55 185K
(Fr) (5%
R (16) Fe b R HoE A, W (17) .

ln(%):lna+bln Re +cln Fr (17)

WA ZIT R H AR 32 1] Matlab 8PR35

=aRe"Fr* (16)

15

4 &g

SEUHR DA 52 R P SR DU B A 1)
{1 o — 7 JE A I8 8, 9 B U P4 A
BRHE T AR B T 0T AR PRI B EE X AT I
18 SRR A O 28 14, 43 S i 30 580
W AHERT TR A LT Em A,

1) RS SE 30 AL 8% S 00 o AR
AT SRRSO T TR SRR 1S T
P P ACHIBEAL T4 00 X B G 14 , A e
B 8 SR 7 S BB,
ELERR/N BT B R B 1
5, PO AN, 0 RE I 0 A T )
it L, LT 2 R R B0

) WO S SR 5 0 A
7 SRR A2, U 0 1 2 i 22 S A
th SR, 1 1R T RO TR

FH :In a= —10.739;b :%;c -1,
PRI, AT A S it 2 s iR g ik =, L (18)
lL) =2.17x10°(Re) " (Fr)™

=2.17 ><1o-5(”dj9(“2)7 (18)
) v gd

Zi b RIS I B IR LI T AR A
P15 AT, S 2 s B R AR A WP R BT Y
SR, B A T2 R T A I Wi B Mt
WP T2 1) 22 A by SR 2 i AT O U ) N R
TEVR LR SE I, S8 ELAR X 20 34T 0 A5 IR AH LR
IR BRI B SR B s A T2 R A L S A )
W2 SRR IR 9 BLAR nT DN A EAR
I, AP S5 2 B A A T 5 | ) A A
NBRER

MW it 2375 17 L
Fig.15 Side-blown jet penetration condition

5158 A M BERTARE | DR I S EAR XS B AT R 52 i)
A HE B 12 T R JEE )52 M A3

3) LEE LY EE I HENT TN R B A 2 I [
AR L 22,17 x 10 ”dj? (“—d v

E
2y \
D v gd) ’ U
SH A RIS 00 W S 2 3 B A8 A P 5 | 1)
AL EEON B
E=3UN

(1] EE, . S semgkn a8or1]. FiEs
%, 2020, 38(14) .68 -76.

WANG Guodong, CHU Mansheng. Green metallurgical technology
for low carbon emission reduction of steel[ J]. Science and Tech-
nology Herald, 2020, 38(14) :68 -76.

[2] HEGZH, DUXH, QU H, et al. Present status and development
perspective of non-blast furnace ironmaking technology[ J]. Multi-
purpose Utilization of Mineral Resources, 2014:2 -5.

(3] JeBEUE. EAR T SUEBRHEEOR IR H kR SRk T].
R4, 2017, 27(2) :6 - 11.



2022 £ 6 A3 M

R < U S R P AT AL 0 B

.29 .

YAN Junjie, Progress and future of ultra-low CO, emission steel-

making projects[ J]. China Metallurgy, 2017, 27(2) :6 - 11.

tion of oxygen lance nozzles for 200 t vanadium reflow converters

[7]. Steel, 2019, 54(9) .50 - 56,105.

[4] WANG M, REN Rong-xia, et al. Discussion on the latest technol- [13] CASTILLEJOS A H, BRIMACOMBE J K. Physical characteris-
ogy and process route selection for molten reduction ironmaking tics of gas jets injected vertically upward into liquid metal [ J].
[J]. Tron and Steel, 2020, 55(8) ;145 —150. Metallurgical Transactions B, 1989, 20(5) ;595 - 601.

[5] Z=hk. Hlsmelt gk TEAYERIDIZ[D]. dbat. JLmAHER [14] ORYALLG N, BRIMACOMBE J K. The physical behavior of a
2, 2020. gas jet injected horizontally into liquid metal [ J]. Metallurgical
LI Lin. Basic research on Hlsmelt ironmaking process[ D]. Bei- Transactions B, 1976, 7(3) :391 —403.
jing: University of Science and Technology Beijing, 2020. [15] ZHH, by, D5, & AR N TS E AT

(6] ikmete, WAl BXHL, 5. JEmbrRik L2 R IR HRRELT]. LT 244R, 2019, 70(3) :901 -912.
AR T]. A, 2020(2) .8 - 15. WU Min, LI Xiaorui, MA Jun, et al. Characterization of bubble
ZHANG Xiaohua, SHI Xuefeng, ZHAO Kai, et al. Development generation behavior under different orifice submersion methods
status and prospect of non-blast furnace ironmaking process[ J]. [J]. Journal of Chemical Engineering, 2019, 70 (3):901 -
Mineral Comprehensive Utilization, 2020 (2) .8 - 15. 912.

[7] HUCQ, HAN X, LI ZH H et al. Comparison of CO, emission [16] YAN P, JINH B, HE G X, et al. Numerical simulation of bubble
between COREX and blast furnace iron-making system[ J]. Jour- characteristics in bubble columns with different liquid viscosities
nal of Environmental Sciences, 2009, 21 (supp — S1): S116 - and surface tensions using a CFD-PBM coupled model[ J]. Chemi-
S120. cal Engineering Research and Design, 2020, 154 .47 —59.

[8] TIHEA, sk, BHEEM, 5. COREX 3000 44 Rl i ik 2k T (177 BB, DR, 22N, 25, S dp ToTm A pA S it 0 o R
ZREEANRHELI]. T EIA4, 2007(3) 143 -47. [J]. #%k, 2019, 54(7) .35 -41.

JIA Guoli, ZHANG Binghuai, YANG Haibin, et al. Energy utili- LV Ming, PANG Zhuogang, LI Xiaoming, et al. Impact charac-
zation characteristics of COREX 3000 molten iron reduction teristics of converter top blow gas jet[ J]. Steel, 2019, 54(7) .
process[ J]. China Metallurgy, 2007, (3) :43 -47. 35 -41.
[9] SONG C H X,SONG W J. From COREX to FINEX: The Case of [18] LIM M, LI Q, KUANG S B, et al. Coalescence characteristics
Path-revealing Innovation in POSCO[ J]. Journal of Korea Tech- of supersonic jets from multi-nozzle oxyen lance in steelmaking
nology Innovation Society, 2010, 13(4) 700 —711. BOF[J]. Steel Research International, 2015, 86(12) :1517.
[10]  EEZE, JOHT, PRt & P T0R R - A BRe s [19] PUDASAINI S P. A fully analytical model for virtual mass force
IHEBFE AR 1], WERIIFE 244, 2018, 30(2) ;91 - 96. in mixture flows[ J]. International Journal of Multiphase Flow,
GAO Jianjun, WAN Xinyu, QI Yuanhong, et al. Analysis of 2019.
pre-reduction-oxygen-coal combustion fusion fractionation iron- [20] XUz ek, 205, FE4E, S5 MRS 5817 N I 5T
making technology in rotary kilns[J]. Journal of Iron and Steel [J]. Tolkm#k, 2017, 46(2) : 14 -18,24.
Research, 2018, 30(2) :91 -96. LIU Fanhan, LI Peng, WANG Hua, et al. Study of the penetra-
[11] AMIRAFTABI M,KHIADANI M, MOHAMMED H A. Perform- tion behavior of side-blown gas jets [ J]. Industrial Heating,
ance of a dual helical ribbon impeller in a two-phase ( gas-liquid) 2017, 46(2) : 14 -18,24.
stirred tank reactor[ J]. Chemical Engineering and Processing- [21]  MERR0E, SREA, TESZHT, S TSP T S g X ¥ v 1 2
Process Intensification, 2020, 148. BUREE R SCIRARSE[T]. R, 2000 (6):32 -37.

[12] JEIRT, HEE, }%Jf@’f"z“, SE. 200 t PR WS b A AR T Sk A YE Shufeng, XIE Yusheng, WANG Lixin, et al. Experimental

fR[J]. %8k, 2019, 54(9) .50 -56,105.

study on the penetration depth of the top jet planar jet into the so-

ZHOU Zhenyu, TANG Ping, ZHOU Zunchuan, et al. Optimiza- lution cell[ J]. Steelmaking, 2000(6) :32 —37.

Physical simulation of jet behavior rule in bath of oxygen coal

combustion smelting-separation furnace
SHEN Yao-zong' , ZHANG Qiao-rong' , ZHAO Kai', ZHEN Chang-liang', QI Yuan-hong’
(1. College of Metallurgy and Energy, North China University of Science and Technology, Tangshan 063210, Hebei, China
2. State Key Laboratory of Advance Steel Processes and Products, Central Iron and Steel Research Institute, Beijing China, 100081)
Abstract; Aiming at the change rule of the jet flow field in the bath area of the oxygen coal combustion smelting-

separation furnace, by means of theoretical analysis and experimental study, investigation is made of the motion
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