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Fig.1 Anode slime side-brown furnace

smelting process
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Fig.2 Outline structure of the assembled lance and base



2024 4FE8 HEg4 M RIS BRI ZALIEBHR RS 5 1% IR T BUE AT <77 -
400 PR SRS T
— 967 M(p +p,,)
12l _ P Py)
300 p= (4)
e 7
& 200} Hrrip AR kg m ™ ju, R URTE x, ALY
5 B mes ™ p HRUERIE ), Pas, A BN L, Pass;
100} ¢, JE R, I kg™ K™ T WIREE , Ksap 2 Pr
; ; . . B EIEGM R 5 B s p,, WARAVERE T,
D Mook Pas R CHRHHLT-K ™ mol
gz . N M e 3. L o2 *“E!
3 ORRNEF R oy Y2 WRRR .
S S A R ANSYS Fluent [ i1 58 A4 1F 2, 105 -7
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Fig.7 Variation of different physical quantities of natural gas and oxygen-enriched air along the flow

direction of the lance
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Fig.8 Pressure distribution on the central

cross-section of the lance
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Fig.9 Variation of the cross-sectional average
pressure in the lance airflow channel along

the flow direction

FR IS MR AL B i A e 7 A 1 s g A0k
H AT I A A (14 e g 0 2k dz vy T R T R A% o
2.3 AERETHICRINERD

TESEPRAE =, B B3 2 AR A0 BHAR D8 1 R
SR HE R P, AT AR R VE T B0 i 2
fiti 1=, 3 AN [ X W AR U Sl AR R, AN [R] A
i LU BEE N 4 PR, HAb S BB E 2 IR 15
A

T OU T, Y1 WA PR R o o el
IR, P I 7 -5 30 4 1R X I S R A A
A, B A RNRE T KRR Wi ALE



. 80 - + A G LA REIZE
4001 250
350
200}
300
250+ 150
£ — ik & — Ik
L2000 -3k < ---- B
Risol — BR RI00F e M
= 150 ) 4
100 - 501 L
50+ o P
- L e e '
| — - 0
0 200 400 600 800 0 200 400 600 800
WA S AR G BN 5 0] fmm AR S ARG 1 7 1) /mm
(a) R (b) BHET

B 10 A[A] L A 24 s A I sl ) A8 A 3

Fig.10 Variation of cross-sectional average pressure in different channels along the flow direction of the lance
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lance at different flow rates
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Fig.12 The variation of gas temperature along the flow direction at different flow rates
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Fig.13 Variation of cross-sectional average
temperature along the flow direction of the

lance at different flow rates
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MA Haoran, ZHU Rong, YAO Liujie, et al. Numerical

Numerical simulation on characteristics of gas flow and
heat transfer in immersed multi-channel lance
TANG Zhibo' , WANG Chao’, HU Weiwen', CAO Huan', LI Mao', YAN Hongjie’, LIU Liu’
(1. Shuikoushan Nonferrous Metals Co. Ltd. , Hengyang 421513, China;
2. School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract; As a crucial equipment in the smelting process, the performance of the lance directly influences the
stirring effect of the airflow on the melt. In this study, a physical model of an immersed multi-channel lance with a
length of approximately 800 mm used in the anode slime side-blown furnace was established. Numerical simulation
studies of gas flow and heat transfer processes inside the lance were conducted based on the SST k —w turbulence
model. The distribution characteristics of gas temperature, flow velocity, and pressure inside the lance were
analyzed. The variation characteristics of airflow pressure along the flow direction under different flow rates of
natural gas and oxygen-enriched air, the relationship between flow rate and outlet velocity, and the cooling effect of
airflow rates on the lance were investigated. The findings suggest that the multi-channel structure of the lance
enhances the outlet velocity and reinforces the cooling effect of the gas flow. However, significant pressure loss
occurs at abrupt changes in the cross-section of the airflow channel and at the outlet section, hindering the
enhancement of the outlet velocity. With the increase of airflow rates, the outlet velocity of the lance increases
significantly, and the pressure loss at the outlet segment of natural gas and oxygen-enriched air reaches 40% and
25% of their inlet total pressure, respectively. Additionally, the cooling effect of flow rate on the lance is
significant, with a decrease of approximately 15 K in the temperature of the outlet section for every increase of 5
Nm®+h ™" and 10 Nm’ -h ™" in flow rate for natural gas and oxygen-enriched air, respectively.

Key words: anode slime side-brown furnace; multi-channel lance; numerical simulation; pressure loss; lance

cooling



