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Abstract: This work focus on the effects of bottom blowing Tracer

tunnel

operations on the bath mixing, plume velocities, “dead

zone” volumes, shear stresses on bottom refractory and gas Conductivity Computer

instrument
=) _

Pressure

efficiency of the bottom blowing. It was found that the

mixing time increased when bottom blowing flow rate

Conductivity
meter probe

decreased 54.8% when the bottom blowing flow rate HF=========

decreased or the tuyere number decreased. The mixing time

increased from 15 L/min to 50 L/min by applying 12
tuyeres. If the total bottom blowing flow rate was constant

(50 L/min), the mixing time increased 52.9%, when 3

Rotameter

Air
tuyeres were applied compared to that of 12 tuyeres. When compressor

the tuyere number used in the bottom blowing decreased, the volume of “dead zone” and “low-velocity zone” increased
4.89% and 28.9%, respectively. Moreover, blowing flow rate increased when the tuyere number decreased to 3 when
the total flow rate was not changed. The maximum value of velocity in the liquid—gas region increased from 0.34 m/s
to 0.64 m/s. As a result, strong shear stress, which was not favorable for bottom refractory, was formed in the vicinity
of the bottom blowing tuyeres. The intensity of the shear stress increased 52% on the bottom refractory. Furthermore,
based on the numerical analysis results, it was found that the transfer index of bottom blowing gas were affected by the
blowing operations. The utilization rate of gas energy of the bottom blowing decreased although the kinetic energy
increased with increasing of bottom blowing flow rate. The utilization rate of gas energy was slightly changed if the
total flow rate was small. It was also found that higher utilization rate of gas energy of the bottom blowing can be
obtained when more tuyeres were applied in the process based on the current model. If the bottom blowing flow rate
was 50 L/min, the utilization rate of gas energy decreased 18.4% and 23.3% when the tuyere number decreased from
12 to 6 and 3, respectively.
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Table | Physical simulation parameters

Parameter Prototype Model
Converter size/t 250 -
Similarity ratio 1 12
Liquid phase density/(kg/m?) 7000 1000
Gas density/(kg/m?) 1.25 1.29
Bath depth/mm 1681 140.08
Bottom blowing flow rate 0.03, 0.05, 0.08, 15, 25, 40,

0.1/[Nm¥/min-t 293K)]  50/(L/min)
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Fig.1 Schematic diagram of the physical simulation experiment
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Table 2 Bottom blowing parameters of the converter

Case Number of bottom Bottom blowing Schematic
blow hole flow rate/(L/min) diagram
A 12 15, 25, 40, 50 Fig.2(a)
B 6 15, 25, 40, 50 Fig.2(b)
C 3 15, 25, 40, 50 Fig.2(c)
D 6 7.5,12.5,20,25 Fig.2(d)

(c) (d)
K2 SEERJR IR T SR

Fig.2 Physical simulations of experimental bottom blowing schemes
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Fig.4 Numerical simulation of the bottom blowing in the bath

i
‘

......

S it = A DX B A R B A

Fig.5 Velocity and vector distributions of gas—liquid two-phase zone in the bath



6 T2 WIS 250 MG e IOG] s it 15 11 0 5 i A A 683
0.35 -
030 7 (a) Case A /O Bath height, H/m 0.5 - (b)Case B o Bath height, H/m
| Q —0—0.04 i —o—0.04
@ 025F - —0—0.08
g — E —2—0.12
= 020 S —v—0.135
g [ '3
= 015+ S
= . >
0.10 |-
0.05 |-
000 [ . . . . W N L L L -!L L L Wi
000 005 010 015 020 025 000 005 010 015 020 025
Distance from the central axis/m Distance from the central axis/m
0.7 0.4
0| ©CaseC Bath height, H/m | (d)CaseD o Bath height, H/m
6 —0—0.04 —0—0.04
Z 05 —o—0.08 _ 03 —0—0.08
g I —A—0.12 2 —2—0.12
2 04 —v—0.135 =
2 i 2
g 0 i
0.2 - (o} / -
L =i AV
0.1k &9 1 5, AT
0.0 - T

0.00 0.05 0.10 0.15 0.20 0.25

Distance from the central axis/m

0.00 0.05 0.10 0.15 0.20 0.25

Distance from the central axis/m

6 T drvieiy it = R DX AR T A1
Fig.6 Velocity distributions for the gas—liquid two-phase zone in the bath

43 BHIRRX PRSI

TERCFRALF, Guit- b T A F 7 RAE My 5 4
RIS “FEIX” GHREEA 0~0.01 m/s)Fl “iLiH
X7 GEEEN 0.01~0.03 m/s)F X AN K b Jes BT 52 85 41)
1o RIF RAESAR RN 50 L/min B, 30 “FEX 7
A ARTEX” AL 7 FioR. ek FLH B 899 7
i 8 firun . AT AT, BT RARA RIS A 5,
AP R BT ) 7 AR FRRAS o B U) )3 78 S Rk LA B
K, BERERMFLEE B3 KRN . S5 K 7, B
WFLER D, “HEIX 7 A ARIE X AR PG R,
AN ERAL SRR EIG K, R FLAR BT Y] 138 16K
JEMFLECE 12 MRE 3 M, “FEX 7 I “AREX " 1A
FREL 2> B INZ) 4.89%K1 28.9%, JEMFLAL BT ) J1
I 52%. JEMSLECH 6 AN, AL E H 50 L/min 9%
25 L/min B}, “BEX” FI AKX " AFLEL 53 5138 02
1.94%711 9.28%, JRMRAFLALII Y] 1k 34.3%. JERIRAL
BT, ATH SRR “BEX 7 R RIEIX 1k
0, SRR BI ) /7o IRIRFLAL 75 4 RF— 2 (1 B5 )
71, BiILJERALIESE . EEIY) R, S RmfL
(45l

40

35 [ [ ]Dead zone
@ L /) Low speed zone
< 30+
N r
X 25+
s L
s 20F
& L
g 15 +
E L
SR

5 [

0

A B

Case

7 AFTTRMEHR “IEX 7 R “AREX T AR
Fig.7 Volume ratios of the “dead zone” and “low speed zone”
for different cases

4.4 RRSFEEEF AR
Fs It 50 BE SRR T B UM BT 3 R v X A T i
1. RIS RER R AR e(W/ke) N

_pgoL
o= (13)



684 U = B

20 %

Wall shear/Pa

- TH—

O D ® > ® DA D N O
SESES SRS SN SN NN

0 0.01 0.02 (m)
— —
0.005 0.015

(a) Case A, the maximum value is 0.314 Pa

0 0.0:

0.01
l.MS 0.015

0.02 (m)

(c) Case C, the maximum value is 0.477 Pa

v

0 0.01 0.02 (m)
—— ————

0.005 0.015

(b) Case B, the maximum value is 0.341 Pa

0 0.01 0.02 (m)
—— e——

0.005 0.015

(d) Case D, the maximum value is 0.224 Pa

K8 AT SR ALE B KBS 5] 7

Fig.8 Shear stress in the vicinity of the bottom tuyeres for different blowing schemes

Kb, p A (kg/md), O NIRRT E(mYs),
L PR BE(m), W 4 5 & (kg).

S AERIRAE T N IS B PEDIRAS Y, ST B
EE EJ), Wx(14):

n
1
E=) pCWe (14)
i=1

A, n AMEEEL C AMREAARF(m?), Ve ¥l
HEIH FE (m/s)

JERIAS RSN BE S AA T B BEIA B FATRE, RIS
PRRE R 2 1 RAEIE B 585 RIS RE =LA
Kz, W@15):

_EIW
et

1

15)

HH, =1 s.
SREBRITFE AT, BRRRAEN SRR

RIS RE R sE M, W 9 Fos . WEIRTE H,
ST, JRRAARALEA 50 L/min, JEKMRILECH 12
AN, SARRE RN BRSSO . RS &
K, SRR N R AE M EhREE K. I shBERY
K A 52 IR AL B 2, IR FLACR 2 I8, Jv i 5l
REIG KR BE R, (AR T R =S 1B KR 2

ANFTT B, SRR ER SR &R 2 15 m an
Bl 10 Fos. BHERE, BERMAERI, [iAReEF
FZ TR Hrp 12 AN ERWFLI SRR 2R H 2~ PR
B BN T3 F1 6 AN ERIRALI o IR AL &4 50 L/min
B, 5 12 ANRRILALG, 6 A3 ANRMRFLIVSRRER
FIFZ 735 R % 18.4%A1 23.3%. IbAh, RS ER /N
B, RMILEIN B AL RS AR =R 2 10421
R ERCRET, RIRALER D, AR FLI S
PRI, PRIV PRI I A R T
o



e 2 P55 - 250 W AP R ORI A5 X RE M B 7T 685
0.06 0.06

e L L

= 0.05 - 0051

S )l r

g 0.04 - EB 0.04 -

E ool 2

2 0.03 - S 00t

z k3]

g 0.02 2 i

g | 2 002+

5

2 0.01 [

6} b 0.01 -

0.00 L L L L 1 L L 1 | L L 1 L L 1 |
15 25 40 50 5 10 15 20 25 30 35 40 45 50
Bottom blowing flow rate/(L/min) Bottom blowing flow rate/(L/min)
KO MBS BE i A\ T 2 R Tt 50 B O R R
Fig.9 Effects of bottom blowing flow rate on gas energy input rate and kinetic energy for the bath
0.060 4) JEMA =R, IEvthshaeian, HEHAMAEEREF

0.056 i
0.052 L
0.048 i
0.044 L

0.040 -

0.036 |-

Gas energy conversion efficiency, /

‘ L P R
5 10 15 20 25 30 35 40 45 50

Bottom blowing flow rate/(L/min)

K10 SRR R BE R 3 AR
Fig.10 Effects of bottom blowing flow rate on gas energy
conversion efficiency

5 % b

BEXSTHEEN 250 t Fe P AN [RGB VR 23 I ()
HHATYIERR, TEULEEAE b, RS o M e I 7
AN T BUR I “ARBEX " T “BEX” 23 SRR
RS H S BY U] 3 43 A B AN [8) 000 44 i %o JeR PR A
MR, SR Ed:

(1) RS B K BURRALEE I 2 56 R T 4858
JEIIRSIET R JIRIRALECH 12 AN, RIS E R 15
L/min 34 %% 25 L/min, #1570 8] B0 55K, A 38.1%:
JEMKS N 50 Limin, JEVIR SN A5, N 19 s,

(2) RSN AE B 53 9 LA R B ST (1) /) B
X, S BAR IR B B R . JIRIRS &4 50 L/min,
JERIRALECH 12 985 3 NI, S A X B KT8 R 0.34
L/min ¥ £ 0.64 m/s.

(3) JEMALER D, AR X ” RARIE R, R ALAb
FIETY) 3K . SRS &N 50 L/min, JEMRFLECH 12 ik
Z 34, JRMFLA MBI 1K 52%.

PG, JRWRHESEN 50 L/min i, MLEET 12 MK
AL, 6 ANF 3 AL AR RE A 2850 71 T B
18.4%R1 23.3% . AWFIT6AT T, RIS RE & H FH 2 AE
JERIRFLECH 12 AN 52 RIS = A R /)N o

RPN

(1] BFRA, RICHE, 8N, 5.
[7]. %&4X, 2016, 32(5): 1-10.
Zhong L C, Zhu Y X, Zeng X F, et al. Mixing technology and
application of molten pool in double-blown converter [J].
Steelmaking, 2016, 32(5): 1-10.

[2] EXE, BRA, RICHE ZWEP R BN (7] &
M, 2008, 24(4): 52-55.

Zeng X F, Zhong L C, Zhu Y X. Discussion on optimization of

W Jp sl 458 P BOR K R

bottom gun arrangement of combined blowing converter [J].
Steelmaking, 2008, 24(4): 52-55.

[3] XUt ZEum, WHHE, % LBE #IRAWIR T 258N KE
SEEHETE (7). MM IR AR, 2003, 2(1): 21-24.
Liu AH, LiQ, Feng M X, et al. Study on the water model experiment
of optimizing the blowing process parameters of LBE converter [J].
Journal of Materials and Metallurgy, 2003, 2(1): 21-24.

[4] WEWRTT, B, FERER, 4R 120 t EWKEE RS IR
WHFFE [7]. 154K, 2011, 27(4): 47-50.
Pan Y F, Zhao H X, Li S Q, et al. Simulation study on optimization
of bottom blow supply of 120 t combined blow converter [J].
Steelmaking, 2011, 27(4): 47-50.

[51  X/NZE, PR, D%, &5 Bh R gt Uy SO b e 5
W [J]. BRI AL AR, 2017, (12): 990-996.
Liu X L, Zeng J Q, Ma D, et al. Effect of blowing air supply mode
on the stirring of the molten pool [J]. Journal of Iron and Steel
Research, 2017, (12): 990-996.

[6]  BCiz, Zemk, So/hH, A P SR g SRS i AR B R
RIFEA (7). hERS, 2017, 27(12): 14-21.
Yang WY, Li L, Peng X Y, et al. New technology for improving the
life and metallurgical effect of ventilation bricks in combined
blowing converters [J]. China Metallurgy, 2017, 27(12): 14-21.



686 o E TR YW %20 %
[77 Martin M, Rendueles M, Diaz M. Global and local mixing [12] Sokolichin A, Eigenberger G. Applicability of the standard i—¢
determinations for steel converter analysis [J]. Chemical turbulence model to the dynamic simulation of bubble columns: part
Engineering Science, 2005, (60): 5781-5791. 1. detailed numerical simulations [J]. Chemical Engineering Science,

[8] Diaz M, Martin M. Mixing in batch G-L-L' reactors with top and 1999, 54(13): 2273-2284.
bottom blowing [J]. Chemical Engineering Science, 1999, 54(21): [13] Sokolichin A, Eigenberger G, Lapin A. Simulation of buoyancy
4839-4844. driven bubbly flow: established simplifications and open questions

[91 Z, Tof&, THE, % PR 4 A B 5UE B [J]. AIChE Journal, 2004, 50(1): 24—45.

[J1. #X%k, 2018, 53(2): 32-39. [14] Chen P, Sanyal J, Dudukovi¢ M P. Numerical simulation of bubble
LiJ, Yu H X, Wang X H, et al. Numerical simulation of optimized columns flows: effect of different breakup and coalescence closures
arrangement of blowing blowers at the bottom of converter [J]. Steel, [J]. Chemical Engineering Science, 2005, 60(4): 1085-1101.

2018, 53(2): 32-39. [15] Zhang D, Deen N G, Kuipers J A M. Numerical simulation of the

[10] TARHT, ML, TKFIH, 45 100 t SIREEIPRIRGE U 2340 (1 dynamic flow behavior in a bubble column: a study of closures for
BUEBRL [, P ERE, 2018, 28(7): 8-12, 18. turbulence and interface forces [J]. Chemical Engineering Science,
Ning L X, Xie J Y, Zhang L J, et al. Numerical simulation of the 2006, 61(23): 7593-7608.
distribution of blown ventilation bricks at the bottom of a 100 t [16] Launder B E, Spalding D B. The numerical computation of turbulent
double-blown converter [J]. China Metallurgy, 2018, 28(7): 8-12, flows [J]. Computer Method in Applied Mechanics and Engineering,
18. 1974, 3(2): 269-289.

[11] 48, ZR3E, XIHREE. 100 t ZIREE Y IRICA BB SN [J]. [17] ShuenJ S, Chen L D, Faeth G M. Evaluation of a stochastic model
Tolkhn#s, 2015, 44(2): 22-26. of particle dispersion in a turbulent round jet [J]. AIChE Journal,
LiuY, Zhu R, Liu F H. Design and application of the position of the 1983, 29(1): 167-170.
bottom gun of 100 t combined blowing converter [J]. Industrial [18] Zhou X B, Mikael E, Zhong L C, et al. Numerical simulations of the

Heating, 2015, 44(2): 22-26.

kinetic energy transfer in the bath of a BOF converter [J].
Metallurgical and Materials Transactions B, 2016, 47(1): 434-445.



