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Fig.1 Geometry of the oxygen lance in the bottom-

blown furnace
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Fig.2 Diagram of temperature distribution on the

outer wall of the oxygen lance
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Table 3 Statistical table of the calculation results of the oxygen lance

. B Q/ E=Nitvic) s o U/ HAES/ R
75 WAL h/m
(m*-h™") 0/(°) (m-s™") Pa K
1 1 1 1 199. 1 367 493.5 285.4
2 1 2 2 197.1 372442.9 285.8
3 1 3 3 194.3 377 503 286.3
4 1 4 4 192.0 382 590. 8 286.7
5 2 1 2 204.7 372 805.3 284.3
6 2 2 1 207.7 367 194. 5 283.4
7 2 3 4 200. 4 383192.8 285.1
8 2 4 3 202.5 376 901 285.8
9 3 1 3 210.0 378 348 284. 1
10 3 2 4 207.5 383 675.3 284.9
11 3 3 1 215.7 366 712 282. 8
12 3 4 2 214.5 371 358.3 282.2
13 4 1 4 216.4 384 037.7 281.9
14 4 2 3 219.5 377 985.5 280. 8
15 4 3 2 221.6 371 960. 4 280.3
16 4 4 1 225.7 366 110 279.3
Fie U RSy HTvE 0T IE A8 S e i e AT R4k B BRI LR 4,

Hx oy il R bR)= (A RZ ORFR 3 R8N

IR PP bR (M) o AR IE K B3t
63



A OB

2025 455 3 H#

x4
(gij*u s;)

=FE = MK R4 R H HE AR R T 1E

Table 4 The average of the corresponding judging indica-

tors at the level of three factors and four levels

(gij*n s;)
FE
AR KF #RE o/ AeAE Wi
(m*-h™")  6/(°) h/m
K1 195.6 207.6 212.1
K2 203. 8 208 209. 5
L K3 211.9 208 206. 6
K4 220. 8 208.7 204. 1
R 25.2 1.1 8
K1 375007.6 375671.1 366877.5
K2 375023.4 375324.6 372141.7
WS K3 375023.4 374842.1 377684.4
K4 375234.4 374240 383374.2
R 15.8 1431.1  16496.7
K1 286. 1 283.9 282.7
K2 284.7 283.7 283.2
R K3 283.5 283.6 284.3
K4 280. 6 283.5 284.7
R 5.5 0.4 2

%5 £ AN IS KT RS 2 (8
g, TAEHHE AR RAF 4 G, = g, IR ITHIHE
FREUINELER 4 G, = 1/g, . I T R 00 16 A 10 4

T 0 0
T=0 T2 0 (10)
0 0 T

3NVKFIZHRE(S) . AIEACIRE i MR
B 2N s, Si =si/ Z s, NI LS (1)

S

S1
=82
S3

(11)

S PEHIFEARE AR (@) . @ =MTS,
SRR D EE o, AR o, 1R
B w,, TPEERLK(12),

0. 172 6647 F0.0002217  [0.1763737
0. 179 902 0.000 221 0.175 51
0. 187051 0.000 221 0. 174 801
0. 194 834 0.000 220 0. 172997
0. 008 186 0.019 974 0.013 589
0. 008 202 0.019 955 0.013 58
“=0.008204 | 27001999 | 7| 0.013575
0.008 231 0.019 897 0.013 569
0. 059 289 0. 224 85 0.061 292
0.058 569 0.228 077 0.061 384
0.057 759 0.231 474 0.061 622
| 0.05706 L0.234961]  Lo.061709]
(12)

AR X bR B R A AT R A 4E

B (9) .

G, 0 07
G, 0 0
G, 0 0
G, 0 0
0 G, 0
0 G, 0
M=y 6. o ©)
0 G, 0
0 0 ¢,
0 0 G,
0 0 G,
0 0 ¢,]

D) HRREFE(T) . AT, =1] Y G, ik

FELEC(10)
64

I TARINERRES ., X (12) 8y 3 4
TEPR A SO EARIZR S A, 15 81:0(13) .

w, + W, + W,

0. 116 4197
0. 118 544
0. 120 691

0.1227
0.013 916
0.013 912

~10.013 903

0.013 899

0.115 144
0.116 01

0.116 952

L 0.11791 |

0
¢,
05

)
N

[S)

(13)

w

N

[S]

w

GRS T SR )

4

XS PEHFEAR PO ER L ZR G IE 0, %A



X A TR AR B AR5 P ]

AR TORS W B AEA BN Q,0,h,, BN E Q =
55000 m*/h FAEFE 0 =5 h =2. 12 m, Kl 3
JEIRT 3 MR FEAS R K F T 25 5 AN 7AE
b, 7T LIE H AR AR B, e A2k HE R
RS I OB R AT T SR A0 A /N SRS
U, Hod, QMR K, 0, SRR/,

0.20
—u— SRR

0.16 —— TR
®
(=3
2012 g—m—u—" A—a——A—A
L
&
<z 0.08
&

0.04 -

[ L L 2 L

0 0, 0,0,0 0,6, 0 h hy hi h
R AT
B3 =ZEHROKEXNERHORSHNEANE
Fig.3 The comprehensive weight of three factors and

four levels on the export state of the oxygen lance
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Table 5 Statistics of different prediction effects under

different K values in the prediction condition (1
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Table 6 Statistics of different prediction effects under
different K values in the prediction condition 2)

K B MAE RMSE R K B MAE RMSE R
K=3  0.27465383 0.67836897 0.998 92232 K=3  0.27456489 0.67835468 0.998 376 46
K=4  0.27985646 0.73456877 0.998 755 62 K=4  0.27956535 0.73567456 0.998 157 94
K=5  0.27696345 0.69568789 0.998 804 25 K=5  0.276896 64 0.69578438 0.998 221 69
K=6  0.27245687 0.64587658 0.998 92475 K=6  0.27249867 0.64597654 0.998 382 37
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Numerical simulation calculation and rapid prediction of oxygen
injector in bottom blowing furnace
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Abstract; The oxygen injector in the bottom blowing furnace is an immersion oxygen injector, and its gas
state of outlet plays a decisive role in the melting process of the bottom blowing furnace, but the outlet
information of the oxygen injector cannot be directly detected. In this paper, the numerical simulation
research method is used, and the numerical simulation is combined with machine learning, the orthogonal
experiment is designed, and the matrix analysis method is used to calculate and predict the outlet
information of the oxygen injector. The effects and weights of the gas flow, the angle of the oxygen
injector and the liquid level of the bottom blowing furnace on the outlet velocity, outlet pressure and
outlet temperature of the oxygen injector were studied. The results show that the gas flow rate has the
greatest comprehensive influence on the outlet state of the oxygen injector, while the inclination angle of
the oxygen injector has the least effect, and the gas flow state of the outlet of the oxygen injector is the
best under the conditions of high flow rate, high liquid level and low inclination angle of the oxygen
injector. At the same time, the KNN algorithm is used to establish a fast prediction model, and the
results show that the regression coefficient R* of the indicators of the predicted working conditions and the
actual calculated working conditions can reach 0. 998, and the prediction accuracy is high, and the
prediction model is accurate and reliable.

Keywords: oxygen injector in bottom blowing furnace; numerical simulation; orthogonal test; matrix

analysis; KNN algorithm; copper smelting o



