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Abstract: According to the similarity theory, a physical model of molten iron ladle was established at a ratio of 1:5
between the model and the prototype size, which was used for solid-liquid two-phase flow experiments to study the
influence of the insertion depth and speed of the stirring blade on the particle dispersion behavior inside the molten
iron ladle. On this basis, the volume of fluid (VOF) model and discrete phase model (DPM) in Fluent software were
used to simulate and analyze the influence of blade size on the flow field of hot metal ladle and the dispersion effect
of desulfurizer. The results show that when the insertion depth of the impeller is 95—125 mm, with the increase of the

insertion depth, the number of particles at the bottom of the ladle increases first and then decreases, and the particle
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dispersion effect is better in the insertion depth range of 105—115 mm. When the rotational speed is 112—180 r/min,
with the increase of rotational speed, the number of particles at the bottom of the ladle increases significantly and
then decreases slightly. When the rotational speed is greater than 180 r/min, the number of particles at the bottom is
basically not affected by the rotational speed. The physical simulation conditions with better particle mixing effect
are the insertion depth of the impeller 115 mm and the rotational speed 147 r/min.There is a weak flow zone below
the rotating blade, with a flow velocity below 0.4 mes . With the increase of the blade diameter, the overall velocity
of the molten iron increases, the depth of the vortex deepens, and the range of the weak flow zone decreases. When
the blade diameter exceeds 1 440 mm, the weak flow zone remains basically unchanged. At the same time, with the
increase of blade diameter, the content of desulfurizer in the bottom area of hot metal ladle increases, which is
beneficial to improve the utilization rate of desulfurizer and save cost. When the blade diameter is 1 540 mm, the
central part of the upper surface of the impeller is exposed, indicating that excessive blade diameter is prone to
entrain air and reduce the yield of iron. The blade is close to the wall of the molten iron ladle, which can increase the
erosion effect of the fluid on the wall of the molten iron ladle and damage the working life of the molten iron ladle.
According to the comprehensive stirring effect and the dispersion degree of desulfurizer, the particle mixing and
desulfurization agent dispersion effect are better when the impeller diameter is 1 440 mm, and the optimal diameter
ratio between the stirring blade and the molten iron ladle is 0.401.

Keywords: KR desulfurization; desulfurizer; dispersion behavior; blade; numerical simulation; silicon steel; new

energy

T AR it A R 2 T ) e e R, L L B g
PEVRGE L R r . UL AT T MR A T ol ) T A R, X
T (JRARBES ) al B4 T S K . AR
JH TR A FITER, MUSHIRW AN S,
RAR A B AL BE, 3 25 52 i i, T B P g
HRTERER A 7 )iz R B R T2 0 &2 A ik
A KR AUARBERE L 5 A WA T, KR
P P11 R R AR 1 B, L TR s R e i A e
SRV DL R S I B ) 2 A5 TR e L, B
¥ B A B CAR AR kAl B AR T2, ke
B, EBAT )T KR kK Ak 25 A 30t ) s s A v
FI B CaO Ji i 734 ik 70%, 1 B 7 P s 4G CaO
JoT it 4 HCR 78%, KR 8k 7K i A 3 o A w4 551 )
FHEAR, Re AR R . ik, 4k KR T.
SR ASCR T T B v kAN i PR B, 2 T A HE R RE
WEHARM Kk A EEE X,

KR #4752 B M Tt b Rk 28 4 ki i
NIRRT LAS — 8 VR EE, 38 3 1 S e e A oK
VT TR G I T 165, A e I s fim A /K 3% 1 1 it
T 0 A AR AT T AL 2 1, 38 314 K i
B H P R A AR K R R 4 BT S AR A 5%
B KR BB RCR, Tolk 3135 8K i it i
FRIBETEA AT WA Bk A2 b 64T Y, DL B 250
ot P A K I 7 A 79 A 4R 0 A
PRI, 16 422 R FH 2 AR TR AL | BRP7 LAY 5 B
A (discrete phase model, DPM) &5 455 1] 5 v £

b KR Bifi T-25, 2 Baiaicr . He %" R A DPM
5T % B, B PEIE AR 100 mm B, 47K A Je 350 I A7
F G o B R 0.9%: BT AT DR A" 3l i Fluent
BRAFASEAEL A3 W7 2 I 505 J2 O K A D R A 5
TR, 45 R R 5L G UM 2AE H, SUZ =t
AR K A RS B 70 14 5 B2 43 5 T 172.41%;
Ji SR BIPRS00 B, A8 s 45t 1 5 =T ek
S K 7K B R AL 70 1) 43 BIORLCAR s Xiao 2517 R
RNG & it i A5 A0 e B 0o 8 P A 1) F AL 5
P o1 0T A 3l 5 2 2% R 75 (multiple reference
frame, MRF) L& B, H P13 0O m] e A3 AR 1l
I 0155 901X 9 [, (EL O O 5 5 R 2 S it i R
Ap s Fo 2 AU SR = Ye A e S BUE A R &
B, 20 JEC IR T W M A R B R P AR R 1Y)
Sy, ELR IS M A5 A KR AT B R
41200 2 A AR (volume of fluid, VOF) £ AH i A
R & B, 7 Bk AL PN 8 $4 0 AT 4 K A 371 fr)
SYHLIX I BLAb, P AR AR | e A R
B, SRR AR AT D ISR S WX S H . B
WFFE AR X KR BB ACR 4R THEE ) T —E i VEH,
{H 22 R FH B — A B AR D v, 220 5 oK A 45
PV H B A 2%, MEADUAIE 5 B X LA 3 T 380 e s
PR . FEU A P T AR E T s ek, B3
I EL AR KR B3] 19 3 WA — 22 52 W), A W2 AE
BB A SLRE | 25 A P B AL 5 325 %o 3 )R~ sk
TIIRALIE SR . Rk, 256540 KR BaRAE 7~ S5 BR,



554 i

I, 2 KR IEWUBT A F T 2045 2 RS X BB 7 #5087k R i 459

R BRAN B AR S, & A7k, BB PE T2
(CinEi B S PN N e RESEORSE e S U DN DT
KR 8 A it 7 o Jd 82 57 2 HECA T oA A 2 0, A A
AL 790 A9 e 00M) P L BRI I B 7 P o MR B 3t i Al
2%

1 IR S EERE

SN ok R BEIE 1 oK ERE &
i, ERTF/N, %Mﬁ%gﬂ‘j Hges T R R Y
EARTMA D,y Dy WIUR WA N H,, 23 A TR
JE H, 2t bR B AR A RE . B
BRI A, RS RN 1(b), ERTRN, BETR R
T EAR I BN d, dy, SV EED b, X FREEHG AL T
DTN ) R R S T S R A v & ) W BT e D
o BRKELRIR 2L JF A R b2k 1.

(a) Bk

(b) Ht4it
Bl $KkEREMHEMTEE
Fig.1 Schematic diagram of iron ladle and blade structure
®1 HKERRMHERRTSWESH

Tab.1 Prototype dimensions and physical parameters of

molten iron ladle and propeller blades

S5 Bl
BRIK AL TR E H g/ mm 3900
Bk 7K A I T i B 42 D/mm 3650
£k 7K AL F IS 1 B % Dy/mm 3340
Pt P13t b 1 H £ d/mm 1 340
it £ 2 kT R T B4R dy/mm 1240
i P 2 it 5 B2 h/mm 850
W U Y 1T 15 B H/mm 3200
BRoK % ¥ p/ (kgem ) 7 140
BRIK B BE i/ (Paes) 0.038 4
6 8% 570 %5 B o/ (kgem ™) 1144
it 78 790 40 B3 6 % d /mm 1

1.1 PIEAEsl
1.1.1 AR

HR AR AL B IE, Fe A A 5 I R RSF 9 125 ST
BRAK ALY PRABE AR, FH T A 7 19 PR A A S 3, 5 B4k

AKALJREHS 1/3 XIRUBLAIR 1 73 B O . R AT HLBE
T T o A ) A AN B A AR I B oK A AN BE
5, il T BOK Az sh S IR R K 92 Sh B
HHAL, KA oK . Py BRI N e 2.

E2 #EERREE
Fig. 2 Physical model diagram
Ol Ay BRASEDL 23 SR BE A8 HOR B U, 7R AR L
AP FRAL AR ALl b, 5 RAE S AR L, BRORERE TS 1Y
35 S5 TERL (Fr) A
8Ln 8Ly

L= : (1)
P.ri \3 Pprg 3
(Kdrsnpm) (Kdgpp)

St AT m A p 4B Bk A R R ¢ g
FANEEE; L oKL TR P B e, - ik
SR d KB K NI REG p RS

B K AR 5 S 1 z=§, SR AT 1
R PET % 2

[STEN]

2P

p,=2Emp, )

1.1.2 XEHTE
FRAE DA AR, 455 SEPraE ™ T,
THY RS th e 2 Am AR H, AR n, G136 2,

Tab.2 Experimental parameter

H,/mm n/(r/min)
65, 85, 95, 112, 135, 147, 157
105, 115, 125 168, 180, 191, 213

ZAR HE A A 2 Wy BRI N R
& d, d, 53K 268, 248 mm, A ELULFEAFE Pk i
L FE P SRR F A A BT R S I ROR A RO,



460 TR 2 4 (A RBLAR)

2024 4%

o AR AL 7K A 8 PP A 3 %) S 3 3 AR R A T 4T
B ] A DX N R B A R o e . S e i
T g ilie i A g, NEKIKEL D/4 AR fTA 1 000 528
BRI, Ve FEUELE LR 1 XS gt b 4k, 2 X
ZIXIEON X, FEMEL R 20006 VR TH 280 mm, H 5
LR LA FFAZE . R Image—Pro Plus 4411
ST BB o A 5 R, Hom AR R
& 3. i/ NS g iR 25, AR A 10 S
[ Bk 220 g L AT e v, IO 249 4 Ry e & 1 11
B

STefm] o Count

(a) Ri oA (b) it gEit
B3 BRI TFEITRER
Fig.3 Flow chart of plastic particle statistics

1.2 HE#EL
121 #=H75E

BROKEL N B B T B T Sl il R
B R AT S SR 00 ELE i 5808, XLl
RAAT LU HA B

1) B B AW by AN AT e 446 6 1 A4 WAL A, 3 T
B2 S A R AR E s

2) 2 Bk K A5 A1 T A% R B ok Bk K i 2l A
JEEARAS B S

3) WL 79 AL HE — B8, S BRIE UL, R BB AL
$E2¥) | LS TBU R oy R AR R NE I BT RS g R VA 8

TE bR B i BE At B ST 101 BBk A AR
K Fluent ZRAFEAU M A [F) 2 RS Bk i
UL 3 A7 -5 AR B9 3 BT O o DT PR 3R A
e QU NEREVSERTEE S & AUWNsREdHE 2T RN
100 mm F13% K 100, 200 mm, ELARGNFE 3.

R3 BEHERRERMHRSTSH
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