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Study on Multiphase Flow and Dehydrogenation Behavior during RH
Swirling-Flow Injection Refining Process
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Abstract: The study on multiphase flow and reaction behavior in RH with a novel swirl injection technique was
carried out. Mathematical model has been confirmed to be reliable by comparing the measured and simulated mixing
times. The effect of nozzle angles and gas flow rate on multiphase flow and mass transfer behavior in RH refining
process was studied. Furthermore, a coupled model with dehydrogenation reactions and fluid flow was developed
to investigate the effect of nozzle angles and gas flow rate on dehydrogenation efficiency.
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Fig. 1 Geometry of RH: (a) parameters of RH water model (b) conventional nozzle between water model and simulation

arrangement (c) non-radial nozzle arrangement (d) schematic of RH water model
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Fig. 3 (a) circulation flow rate and (b) mixing time with different nozzle angles; (c) circulation flow rate and (d) mixing time with

different gas flow rates
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Fig. 4 (a) Circulation flow rate (b) mixing time (c) inclusion removal rate under different nozzle angles
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Fig. 5 Steel streamline distribution with different Fig. 6 (a) Circulation flow rate and (b) mixing time with different gas flow
nozzle arrangements rates
LY ,—
3.4. RH BEBREITH

AR 35 SCHER A IR J LA RS 7 RH =4y, e TH RS Re0E i 5 f & S T 1%,
THEA B S A EBER (] At 22, FE 5 SCR o DI EAR AT b, Wi 7 B Wil sShr
T RH 960 PR AN CLBE TR 2 8], AN B0 AN T LA T 30~40 mm (OB . JEIEXF Rl 50, Afulal 55
R RIS ) AT, 3R I 2 A I SR AR Y RE A L (AL SE R RH B2 b IO RNV ) i AT

K 8 4 RH LA AN AR E A, tHETHA: 144Nm¥h, BiBEMAEE 0°. ATLAE H, SURERI#
RERREERTEN, b MR S BT PR T R BRI S SRk B 22 5 i iR g 3, B4
WALN B S BB

B9 AAE T MANE NP E & R R A b, Hh 2%, FonBi SR N . A R SRR
BN, BEE AR RGN, USSR RN . EAH R ARAR I W A R SR R, BEE SRR 144
Nm/h #2155 % 288 Nm¥/h, HEUM 900 s J5, 06 A-FHE S B4 22.5%.

280



Ho s (2023 ) AR AR S UOCTEANHE EAE

8
2 BB t=10's t=300's t=900's T —>—144Nmeh, 0°
7 o SfRUIEH - g_ 6L —o— 144 Nm°/h, 30°
£ 6% 5 s —o— 288 Nm¥h, 30°
£ LoE
o ° . HE
% 4 i 6 Z3t
W 3 0 ® @
3 3 2+
2 ° ° ao;g :_ P; =
... 5 S
0 200 400 600 800 0.1 0 200 400 600 800
I 18] /s IR 1) /'
K7 AR A A S P 8 RH = A1 4 H Sk FE 43 A1 = B9 AE LA RN
A5 Tl i 2180 Lk Fig. 8 Distribution of hydrogen concentration in the molten S5 b A AR L
Fig. 7 Comparison of hydrogen steel on the main plane Fig. 9 The change of the
content variation at monitor average hydrogen content in
between numerical calculation the ladle with time under
and industrial measurements different conditions
N
4. &R

(1) EEZ1 RH ASEOE AR 22 AH A L AN 00 S0 s R R S 2 5 S E W) S 300, et AR H 0000 RH A
Wi 2 2 AH R B A0 U R 7 5

(2) MFESAERE T, KA RN A A A= A e i s, ISR R 4R St
[B); Bl TG AR FE (R BE 0, PEPR LR, TR 45 .

(3) MR AT, BEBIRARTLEIG N, RN R ER . RAII R 465 ;

(4) K FHARAR M A B0, A R T IS S T, 4R E 144 Nm/h 3850 % 288 Nm/h I+,
WP E S B PR,

o
B E X AR R H BIH (WHS: 51704062) 3 HF.

SE 3K

[1] Park Y-G, Yi K-W, Ahn S-B. The effect of operating parameters and dimensions of the RH system on melt circulation using
numerical calculations[J]. ISIJ international, 2001, 41(5): 403-409.

[2] Seshadri V, Cost S L D S. Cold model studies of RH degassing process[J]. Transactions of the Iron and Steel Institute of Japan,
1986, 26(2): 133-138.

[3]LiB, Tsukihashi F. Modeling of circulating flow in RH degassing vessel water model designed for two-and multi-legs operations[J].
IS1J international, 2000, 40(12): 1203-1209.

[4] Chen G, He S. Mixing behavior in the RH degasser with bottom gas injection[J]. Vacuum, 2016, 130: 48-55.

[5] Z=E5%, RHHE, FFRTE, etal. WAHIRAMN RH BERGEEARAII LT T[], R4 BRBHERL 2005,
26(8): 759-762.

[6] Li B, Tsukihashi F. Effect of rotating magnetic field on two-phase flow in RH vacuum degassing vessel[J]. ISI1J international,
2005, 45(7): 972-978.

[7]1 Zhou X, Zhang Y, He Q, et al. Novel Evaluation Method to Determine the Mixing Time in a Ladle Refining Process[J].
Metallurgical and Materials Transactions B, 2022: 1-10.

[8] KiE. RH FEAGHRILARM BPIAHIL B A AT J9BiE 7 [DIE PR, 2017.

281



