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Fig. 1-1. Schematic diagram of upper area of continuous casting machine

in steel production process.
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Fig. 1-2. Schematic view in continuous casting mold.
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Fig. 1-3. Schematic diagram of typical submerged entry nozzles with single port and two ports.
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Fig.1-5. Schematic diagram of water model experiment with swirling flow nozzle®®
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Fig. 1-6. Schematic view of flow formation in conventional nozzle and mold
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Fig. 1-7. Schematic view of flow formation in swirling flow nozzle and mold
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Level Level
Controller Indicator

=Y

Nozzle

Mold
'TEMF EMP
= B

S~
EMF : Electromagnetic Flow meter =S g
EMP : Electromagnetic Pump

__II

Dump Tank

Fig. 2-2. Schematic diagram of wood—metal experimental apparatus

Table 2-1.

Conditions of wood—metal experiment

Module Rule Fr approximation 1/1.69
Physical Density (kg/m®) 9550

Properties of

Wood Metal Viscosity (Pa.s) 0.0032

Mold Size Diameter (mm) $133 (It corresponds to $225)

Nozzle Size

Diameter (mm)

$24 (Inner), ¢62 (Outer)

Immersion Depth(mm)

20

Flow Condition

Flow Rate (cm?®/s)

250 (It correspond to 1.41m/min)

M-EMS

With (15A) / Without

21




Permanent Magnet
(¢ 3 X 6mm) Enamel Wire

S

E=VXB E : Electromotive Force
V : Flow Velocity
B : Magnetic Flux Density

Fig. 2-3. Vives type sensor

Table 2-2. Swirling flow nozzle properties for wood—metal experiment

[tems Specifications
Type Mechanical rotating impeller
Rotation rate of impeller Max.15 s™!

Inner diameter of main body | ¢ 24

Outlet port R60 extended single port

v

|_— Impeller

V.4 IIIIIIIE

~
7Z N7 7 7 7 7 7 7 7

30

LS

Fig. 2-4. Swirling flow nozzle for wood—metal experiment (mm in length)
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Fig.2-5. Measurement line of Vg4

-® Impeller Rotation Rate: O s™', With M-EMS
—— Impeller Rotation Rate: 10 s™', Without M-EMS
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Fig.2-6. Influence of M—EMS and swirling flow in nozzle on V
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Fig.2-8. Influence of swirling flow intensity on V4 without M—EMS

(Swirling flow rotates in inverse direction)
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Fig.2-9. Influence of swirling flow intensity on Vu without M—EMS
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Fig.2-10. Influence of swirling flow intensity on V4 with M—EMS
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Fig.2-11. Influence of swirling flow intensity on Vu with M—EMS

(Swirling flow rotates in same direction of M—EMS)
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Fig.2-12. Influence of swirling flow intensity on V4 with M—EMS

(Swirling flow rotates in inverse direction of M—EMS)
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%,
M, =m-W-r ... (2-9)
CITOHE WOREE T AR M D I dr, Wi T R E dl oW ER OMNME R 2R E

THE, TG R dn T HIKDOEELE o LLTE-3)X, AES & M, 1L, C-DRDLHIckS

nNo,
dm=p-dl-2wr-dr ... (2-3)

dM , =dm-W-r ..... (2-4)
C-DABLV@-3)NZ2C-HXURALTH L T2L. AEHEL 5 250C-5)ANHELN

5o

Wl

M, =2m -dl

AEHEPRAESINDELT, 2-5)RUITLDF R AE I, Fig.2-15 IZB T DA X7 — [ K 5H
3% (Area I; r,=25mm) &, AKRFEHIEL (Area B; r,=12mm) IZBWTELLRDIT T THD, T70b
H KDC-6) X1 HFHND,

VZ; JZZ r’edr =2np -dl, %L:z redr o ... (2-6)

ZIZTHEEMERAETHLELRE THE. BEKRADEMEID, kOC-)ATREINDHA
VT —[RIAFE K (Area DICBITHHAIE & m b, 2-8) N TRINHAMKEIR (Area B) IZ
BUDHENE & my L I3ELLRDDT, dl&dl,EDRITIE(2-9) D LR BRI L N D,

M =2nmp -dl,

my=[dm, = 2mp -l [V redr = pr (7 = 1)) oo

mpy = .L::de = 27p -dlBjorlBr-dr = prr -dly 1y e (2-8)
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AR — AR GE IR BT AN EE T 5 D[RR 3 W, 15, A>T — Bl #5323 iy K
(16s ) DLE 1.13m/s EERSNTWD, ZOMEAEM W, ZIE/ AV NIZEB T 5 E R T5 i
HOPR A HAL T, K(2-6)BLOR(2-9) B ARG I 1T 2 N EEIT 15 O [RHR HiEH 1W,
ERDDHE, 2.63m/s LD, Flo, RRFEKIZ BT HFE) FREGEE U,,. 1%, Table 2-1 IZ7RL
Tt B &R AV O AE D, 0.55m/s EROBID,

RAE ANV OAT — VS id, [BIHEE DT MR e, sl 77 mitd Uz v, (2-10)3 D

NeFREND 10,

4

W 3Uave ..... (2_10)

ZZC, MM ENE Tl 58 i 12 3T, [BHER D5 ) it Woo BT, NEEREF 1231

D WORKAE W, 2T, 2/3W, &85 ([ J7 AR E I B T 556 M

(ZHE - TR T MR W Z2fE oL, Wi ChRUAEIE., 2/3W, &70%) DT, (2-11)
ANFELND,

SW = e (2711)

LEDIDNZILTAT =V S, 23t E LI5S 5% Table 2-3 1I2F LDz, R FRITRT I
A2 ARG — AR E N KDL& IRIE S/ AVARREBICBIT AR — Vi, 2.11 LRED
TEMBTE,

Table 2-3. Flow rate in nozzle at maximum impeller rotation rate.

Area Items Values Notes
Impeller rotation area | Max. rotational flow rate W, 1.13m/s Measured
Max. rotational flow rate W,z 2.63m/s
Main body area Ave. axial flow rate U,,,. 0.553m/s Calculated
Swirl number S, ' 2.11
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Fig.2-16. Influence of Sy in nozzle main body on V in mold
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Fig.2—17. Outlet flow angle near nozzle inner wall estimated by W, and U
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FR SHUVAR D 2 HE F TR S W TR IE / AN DO M IR B IE B AIETHH E § (48.4° ) &
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Fig.2-18. Extended angle at edge of nozzle port
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DIDNTRDEND,

1.9
O =tan 1(ZSW) ..... (2-12)

AE L M 5 3 S B~ D B 81 AT B RUR G AL i i ICH 7o o TR R T& 54
YT Ay a— G o 2 R0 B W T R A R O BLIRE DD GOSN AT — LRI K
SNDHREMEDR DD, TDOIDRIGEITITHRFIZ, (2-12): > § LR % LU T ok FLIK 230 £ i
(R AT 22 8ICd o T ALIC IR T DA D FEE 2 H ) S, R BE I~ 7 LA/t &
e T DT ENFTRE L2 D,
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Fig. 3-1. Schematic view of swirling flow nozzle for water model experiment.

Fig. 3-2. Dimension of swirl blade
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Fig. 3-3. Axial and tangential flow velocity with radial position for various v

43



JE [0 3 AR % 388 38 L 72378 AU, Fig.3—4 (R T EIC2E T v it &b, Fig.3-3 ICHB W Tk
B RN RKEWIGFITIZ2E T 2O EH N HAE W L., E DL E D2 T 2o i O [al 5
AIEERDDHI LR AT,

¥

Fig. 3—4. Double spiral swirling flow
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Fig.3-5. Relationship between flow velocity in nozzle and tangential position ¥
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Fig. 3-6. Dimension of swirling flow nozzle
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Fig. 3—-7. Geometric relationship in velocity formed along circumferential part of swirl blade
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Fig. 3-8 Schematic view of swirling flow nozzle for round billet casting (mm in length)
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Fig. 3-9. Extended shape of port —1 Fig. 3-10. Extended shape of port -2
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Shape of extended Shape of extended
outlet port: R60 outlet port: R120

Level of molten
steeel surface

¢) Swirling flow nozzle

o) Swirling flow nozzle

- Mold
Mold

Fig. 3—11. Effect of extended port shape on flow pattern in nozzle and mold
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Bk OB FHIHESWT, Fig.3-8 DXL Z M E LB Rl i A4 5 RR T A v 2 e
Ly MNEBEFFE I LT, #5314 F % Table3-1 [T,

R AL E T, Fig.3-12 IR T IDIZH I O IR E IS4, 6 DDA /L5340 &8 i
\Z XD AR G % 36 A2 U COK i N O B85 3 2 45 D AE AR T D, 18 A R o0 J8 3 01 4Hz,
BEULAE 500A D LEHEM 1.0 0 e RBG A% FEIE ¢ 225mm $5 T 650gauss, ¢ 310mm #54
T 530gauss TH-o7,

PG R BRI IR F YL 0.2-1.0mass% O W2 RELT-,

Table3—1. Casting condition of round billet

Mold size(mm) @225 ¢ 310
Casting speed ~ 2.0m/min ~ 1.2m/min
Through put 0.2 - 0.7 ton/min-strand
M-EMS With / Without

Internal diameter: ¢ 50

Conventional nozzle
Outlet port: Single (straight)

Internal diameter: ¢ 80— ¢ 50

Swirling flow nozzle .
Outlet port: Single (extended)

(Fig. 3-8)
Swirl Blade: D,=L=79, 6=180°
Top of mold Outer jacket
Inner jacket
A Mold tube
EMS Coill
S |
(2]
3 —
.
o
Bottom of mold =
® 520
@ 700
¢ 1100

Fig. 3-12. Schematic diagram of mold with M—EMS coil for round billet casting.
(Mold size: ® 225mm).
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Fig. 3-13. Effect of swirling flow nozzle with variable through put on dendrite arm angle
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WZBWTHl OB ALIRJE 2 AV RIS TR 10 C N I8 8l 2% i 3 65 O 23
EHFLZEN DT, FRICK L, EiIfEZ 400A LU, EREELRO S A2,
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@ :Swirling flow nozzle (Inverse rotation)
[] :Conventional nozzle

1530

06 ¢ 225 Mold (@)

;’ Ve=2.0m/min )

S L [C]=0.2mass% -~

£ 1525 0 ®

k=

S

g 1520 O]

s .

E

E 1515 |

% Current of

= M-EMS: 200(A)
1510 | 1 1 1

10 20 30 40 50 60

Distance from molten
steel surface  (mm)

Fig. 3-14(a). Effect of swirling flow nozzle on molten steel temp. in mold

[Vc: Casting speed, [C]: Carbon content in steel]

@ :Swirling flow nozzle (Regular rotation)
Current of M-EMS: 200(A)

@ :Swirling flow nozzle (Inverse rotation)
Current of M-EMS: 500(A)

[] :Conventional nozzle
Current of M-EMS: 500(A)

~ 1500
O 225 Mold
= 14 Ve=1.7~1.8m/min
g 98 " [C]=0.4mass%
=
S 149 [
£
&
< 1494 -
3
=
g unt
(=]
=
1490

10 20 30 40 50 60

Distance from molten
steel surface (mm)

Fig. 3-14(b). Effect of swirling flow nozzle on molten steel temp. in mold

[Vc: Casting speed, [C]: Carbon content in steel]

56



O :Swirling flow nozzle
Without M-EMS
@ :Swirling flow nozzle ( Inverse rotation)
Current of M-EMS: 200A
O:Swirling flow nozzle ( Inverse rotation)
Current of M-EMS: 400A
[]:Conventional nozzle
Current of M-EMS: 400A

1530

o
Hc (@)
g 1520 |- ® o O
T T °
: LT
: O - @)
: | O Hreg
§ 1500 — ] o h
= [C]=0.2mass%

1490 | | I

0 20 40 ” |

Distance from molten steel surface (mm)

Fig. 3-14(c). Effect of swirling flow nozzle on molten steel temp. in mold

[Vc: Casting speed, [C]: Carbon content in steel]
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Fig. 3—-15. Effect of swirling flow nozzle on molten steel temp. in mold as combination
with M—EMS
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Round billet CC:
Mold size: ¢ 225, Vc=1.5m/min, Superheat in Tundish=48°C
With M=EMS (500A)

Bloom CC:
Mold size:410 X 530, Vc=0.4m/min, Superheat in Tundish=44C
With M—-EMS
70 -
B Divergent columnar crystal [C]=1.0%
@ Equiaxed crystal
60
S
» 50
8
2
= 40
E
wn
2 30
[&]
Gy
1)
2 20
<
~
10
0 .
Round Billet CC Bloom CC
C tional Swirling flow Conventional
onventionat |, 4zzle nozzle
nozzle . .
(Inverse rotation)| with two ports

Fig. 3-16. Effect of swirling flow nozzle on equiaxed crystal ratio of billet

[Vc: Casting speed, [C]: Carbon content in steel (mass%)]

60



4—4 BRERABFHEEEIK

FLE Ly ME e 8 S (SR TER T N TR G R A0 9D L BT N IR B 2% 1w 3 AU kR
BL., T— VIR X — Ul R 0SS R BE T 5 IR W TR R T OMENELD, DXt
RELTIHIE Ly NIt 85 365 12138k B — LR 7 — 2350l ST D287 K BE o il
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Z 2T, W AR T [ O BE B AT 5 RR S AL EE L, BN O F — LR H — I
il JE D oy A 2 E LT, VRl R ORI E IR IE / AV (VAL INBEDD 10mm) | 85
TUBE T 7 (BERLBEND 10mm) , B O A OF B AICBWT, TAI=U AT L& K
FHMRAEFHOVT, TAI=D AN R L TR R B IRDE T E ST N ORSEZE—
RN Z —E g E ORI EME L7, HIEIR - A X ¢ 225mm (2B W THT o7, HIE
B A Fig.3-17 [oR

@ :Swirling Flow nozzle (Inverse rotation)
[ :Conventional nozzle

o Raw mold powder layer :: :.::.,
'E Molten slag lzlyer - ] %
g //A/—T— E
z A : i
: i Molten i
i ' steel !
i i i
= ’glo ¢ 225 Mold, [C]=0.4mass%
SE T Ve=1.5m/min
g~ s | Current of M-EMS:500A
[
=)
- L
25
EZ6r
2 oo
=c |
==
4 | | |

Near nozzle Middle Near mold wall

Fig. 3-17. Effect of swirling flow nozzle on profile of molten slag thickness in mold

[Vc: Casting speed, [C]: Carbon content in steel]
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D mARE MAE B0 K- 0 251 SR, FUI kS CAMP-ISIJ, 15 (2002), 898
2) FLUENT User’s Manual Version 4.4, ed. by Fluent Inc., August, (1996)

3) B K JIARTE 3, [ A — 55 F i : £T0&H, 44(2005), 62
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Table 4-1. Typical through put of several continuous casting machines

Mold size (mm) Casting speed Through put
Round billet ¢ 225 2.4 m/min 0.74 ton/min
Bloom 410x 530 0.4 m/min 0.68 ton/min
230 x 1250 1.6 m/min 3.59 ton/min

Slab
270 X 1600 2.0 m/min 6.74 ton/min
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Water supply pipe
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Fig. 4-1. Schematic view of water model set—up (mm in length)
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Fig. 4-2. Schematic diagram of water supply (mm in length)
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W DI J5 1) BB 2~ 3, I E A S IX Fig.4-2 [ORLIZEDIC, BiE/ AL BICRITTEES
30mm DZE / AVERE MR O EEH G 110mm By OWNEEm &L, JIE R MISHFR N K &
SR W, RIE/ AT N TH R OB E 1T+ 5 I REWOTHE R M IZBT 53R
%0 ERZRL, Vi T BEENENORDOONG R JREHE W, o, BT Pold, </
A= ORPEEZHNTU-2)IDIDTRD T, ZNHDEEZA- DR AT DL, LB~y
R(EBICBNTL, Zr Ty a- R ORE G SD7E) R DLIENTED,

H=

PS = Pm + (pHg - pw)thg - prAZ """ (4_2)

(4-2)RUAZBNT, 0 1 TKBOBEE | hy, 1T~/ A—FNOKBHEDOWK I ZZRT,

Table 4-2 | R T TR DRIE /) AN ZKET NVEBRIML v/ A= 2 NKRAOHE 1 7
ZME LTz, 7T HEHOW 6 FIHIT, B2 ROOBCKRERPNR 2N LR E /AL T
HD, FEEIPIARZNEEL 2\ DiRiE /XL 1 f% (Conventional) b L #E S E & L TNz
77

Table 4-2. Specification of submerged entry nozzles

o
Outlet port A=
D, |ID,| L | 6 |R; (le_ﬁ’) ﬁ 41
Swirl-1 (SW1)| 85 |50 | 85 [180° |1.0| 55x60 D

Swirl-2 (SW2) | 85 | 82| 85 |180° | 1.0 55x%60 N

Swirl-3 (SW3) | 85 |82 |128|180° | 1.5 55x%60

Swirl-4 (SW4) | 85 82|85 |120° |1.5| 55x60 A

Swirl-5 (SW5) | 100 |82 |150 | 180° | 1.5 | 55x90 &
o

Swirl-6 (SW6) | 100 |82 |100|120° | 1.5 | 55x90

Conventional | 85 (82| — | — | — | 55x60 =)
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FERDPAR (X, AT E D Fig.3-2 I EZRLIELDO LR UL, SERIPR DO E S L | BEEN
D, ARV 0 DERVBUR TH S,

Table 4-2 (Z351F% 6 FEIEH O KE A it A 5- AR E 2 XA LT, e = PR oAk |
FEE AR FIICH N TRONTZNE D, R AL ORES, T2bLH B OE (W) B&
O (H ) &8 272, 22T ERPR ORI R 1, 4-3)RICE->TEZ L, FERPIRO
JEZ 0, SW1 228 SW4 12\ Tl 20mm, SW5 Tl 14mm, SW6 IZEWTIE 12.5mm L7z,
i & DRE /AL (Conventional) 1%, SW2 235 [BI AR 2 B = 72k L LTz,

RE /A OFR ST 645mm 225 730mm, JRIE /A0 b HE A 25 BE ERAR i E
TOHHEIL 195mm 205 340mm, {28 /AL D FimoM: L T i ETO I 25mm 7>
B45mm & L7, EERH O XV ERSIEL, N K 2 HIRE AV T E T4 270mm
(R~ 72, KO EIEL, 0.91 X105 1.30X107%m*/s EL7=, ZaE, I D AL —7 vk Z
HLRL T 3.8 7»5 5.5ton/min A Y 35, ks IRIE ANV ANHICATAT A T — Mg %
LU T2 DITER T2 o T,

2—2. ER#ER

Table 4-2 |ZTRUTCIRIE/ A& A LT RBERKET VEBRINOROONTZ LB~y R
Table 4-3 ICF£LO TURT, AR IR TION, BLE~YRIIREBOHINIZ O T RL, £
b RERMEA~YRIL IZIE /AL SWLIZEB W TR ALK,

Table 4-3. Heads measured in water model

Nozzle type Water flow rate Q (x1072 m3/s)
0.91 1.04 1.17 1.30

SWi1 227m | 298 m | 3.78 m | 474 m
SW2 1.31 m 1.64m | 205 m | 251 m
SW3 080m | 099 m | 1.22 m 1.53 m
SwW4 076 m | 099 m | 1.22 m 1.58 m
SW5 — 0.30 m — 0.54 m
SW6 — 0.36 m — —

Conventional 043 m | 0.57m | 0.72m | 0.88 m
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3. BR
3—1. MEAYVNEERBRADNDEH
3—1—1. &

JERIPAR AN LTZRIE /AN 2R G T 2I0HTeo> T ZOERRPE DL E IR RKE
THNERETOEVS LAY EHEE CEOERAXEZF THIENER THD, AHIZE
WTIE, 2D IR TR A2 — RN Z BERIFEOFELZHONTRD L, 2L, BB O x
X —ZNRO RS E OB RN Z RIS 572012, ERALEFRITIT A~y NE &
W LT ERONDER 22T TN b OB R M (AR E 2 BRI 12K D 54 2 in R
DIEReZ LT, FIZEM EOBLRD, RERXO AT HBITRE /XS AL O (GF
B BLOREEL,

3—1—2. XEAFDETE

Table 4-31Z/R LIz B~y RIZE S RIE R OR TOE IR IOBINITHD, ZDOH T,
UTO2ERBNIEHI THLEE R Tz, Thbb,

(1) Hy < BEBHE I RIS PES 1R e BLOY,

(2)Hp - M FLJESD I 31T DAL D J5 11 D BB 22 AT B R0, $5T N ~ ik HY 12
IR I

D2FH T D, TIC., FEBPAR A& bR <2/ RV NI 1T 5 BE B KT e p 72 h
0.05mA il ThHEL TG LT,

3—1—3. EEIRMAICHSIEX

J B W A RSB K H 13, RN AEB =R LT —C /A oKk E, 2T EDEE
BB R EOBHIDOGE Thd, ZI T IR IE/ Z/VNITTE LSS BE R 1, (3185 55 A o
838 78 = PR L B 3 B 5l I O T iR THDERE L, BE B F I B T o K, k-
LS OZOM OB KRG E D T, A CEIEE T AT E ORI G THELE,

[ i 7 1) 3 R A B[R] AR 2 & 012 0 ) AL ONE TR B L OE B A2 W TER T LN T
TR, TO2RIMR AT CERROH, HETHIENTED,
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RAR ) AV N O B i H 36 L O i B A Fig.4-3 D XD E # LTz, A E TR OIBARK
BB 35 1T 2 B8 B FIAR O MR L HE (319 & 0 B AR & & L7 (3-1) A D A5 3 I BE B3 2 B 20 5
FRUDHE, FEEIAR OTEAR LR BEOBER BT EDOB{RITA-)XDLIcFEIND, (4-3)2,
(4-O, AEEBEF P LENNERTEOG-2)R, BLOWHEQ=V, S, OMENL, N

PR 00 PN BE T 51 351 F 2 [R5 J7 ) 3 3l O fie KAE W, 13(4-5) XD I2TR Db s,
W_, D0

=Q——— ee.n 4-4
4 2L - t @

W — T 'Dl -0 Internal Diameter D,
2T (4-5) Vo |« Area of cross—section S,
2R -8, -D |
T P12
Iz
ll
Internal Diameter D,
W, Area of cross—section S,
Il/z
/) Internal Diameter D,
Wz - Area of cross—section S,

Fig.4-3. Dimensions of swirling flow nozzle

BE [B] 57 T R A ED R 21T, £ 2 o MIRIE / ANV O BICEL T —ETHHEIEL
T, U-6) D IR ESND, (4-6) DA HIAS 92 be Bl & Hoid, 525k % [l 7§y 12
ROHERTRETHILELIZ,

2 2
HSochzoc(sz :(251)51% j ----- (4-6)
a 791 )
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3—1—4 HMHEAEDIZEITEHEX

M L SEE RN~ O H D XD REQRE&GH N ~D i H IS &> TEB) =R/ F — 73
BInbH% 6O EERKIL, -DROI IcRINDY, U-T)RITBWT, U, IZHH LI
BIDRE, {1 3FERROBRETHD,

TR EHAL O 720 IR I T R A O T L IR D (4-8) i B -, (4-8) KTV T,
Upore + Spore 1EZ AU HFLIC351F 5 8 705 . 35 L OWE HFL Y 1 i RS Tdn 2,

2
HP x l]port2 = [SQ j """ (4-8)

port

— AR, HEEER K ORE £, 1321.08725, LU ARIE T, (4-8)=4A 38120
BRI A TR O AR I B IS BT AT LT [ O AR B ] 7
NEBEINDHZEND, RENT BRS¢ 131050 KRELARDZENRTHIESNDY,

3—1—5. BEA/XIAOMBEEBTNIEX

Table 4-21Z7R L7z fLER DN | BE [B1 3 £+ 5812 18 2 A/VSW1, SW2, SW3, SW4, I L@
HORE /A NVZB N TUL, 2O AN DIZB W TR NN ¢ 107Tmm2 D ¢ 85mmIZ 2T
BNHZLITER LB KR H, BAELD, 2O IR AW 0T K 248 Kk, —#ic(4-9)
ARDIHcEKENBY, 22 TIE, WKV EE230.8(785/107=0.8) THH7-, Lk IZFE#
STV EB RAR B E DR AR LI ROEEZR AL T, BRMHRE =0.15&1L7,

2

2

V. 8

Hc:é/cL:é/c_ Q 21 *°ccc (4_9)
2g g

(4-9)XUZHB W T, V, 13, RIE/ ANV ORERIPAR IS LRI T H TH D,
728 RE S A NMALERSWE B L USWEIZ B W TIE, RV L.0ISE W EMD ¢ =0 LR
7V, ZOTd | AR T DB K He 1, T B A 5 BE 2 XL SW1HSWA, B8 KTV
HORIE ) AR TOH IR 272,
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3—1—6. BLEAYFDHE

BRI/ ANV E B> TN ~BI DM ICB TR B R A, X, (4-6)X, U4-8)XBL W
4-9XUNR LT L DOMEL T, ENENOHI G T a, bB LD {2 fH1 TR O4-10)=X
DI TESTZEIZT D,

2 2 2
H,=H+H,+H =a DO +b- 2 +g’c§ Z 5
' 2R, -S, D, S g\ rn-D,

port

KETIIVEBRICBITZE DB EOREMEZFIHL T, 4-10)=F OFR Hak O b%E A7
FHEICLTROTEAETLE, OU-11)X DG,
- D, -2

2
j +2.19><10_1(L5‘port)_2 +§c§(7f'D12)
X g

T'Sl'

H, A =0 5.O8><10‘2(

3—1—7. ZRAX D1
RIE/ANVEARROBIRT =2 B EEH W TU-1DRIZEDRD T E A~y RO
FAEE, Table 4-31TR LIz B~y RO FEH T — & %% e L CFig.4-4I127R 7,
FTRE & FE R IE ., M8 TR VMR IR AL DA AR I KON & Tk LT, AH BIFR B D 23 AR =
0.994LIEHICRW—HAZ R LI, T78b5H | BIE/ A/VORGHIE H TE 50 H A~y R T |
XEB/HEVIYB IO HMEZERTHIEN T,
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Measured head (m)

5.0

4.0

3.0

2.0

1.0

0.0

Apg

SW1
SW2
SW3
SW4
SW5
SW6
Conventional

| X OO me

0.0

Fig.4-4.

1.0 2.0 3.0

4.0

Calculated head (m)

Comparison of calculated and measured heads
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3—2. BREAYFIZHOEZEERDFENEE

AT TR OEZEBRRU-1DICBN T, FEBEDDIEAIC OV TH DI EITHRE N, Z
TCIEL WA 1.04 X 107 BEV1.30 X 10 °m?/s (W HI A/ — 7 v 4.4 XV 5.5ton/min (2
HE)ICBITOMNE~YRE (A-11D)RNDOEMIT/ 1T T Fig.4-5 IZR- 75,

Fig.4-5 25, FEEDR O30 /NS MO REERHNR O F it TN E K&K > 7Bk
D SWI1 AZRWTIE, & LHEOKE RRE RIS EI ~ Y R DS b REWZEN DT, Tz,
SW1 DME A~y RNIE3mZ B A, EEEOEGHFERICKITOZ Ty a- g O~y R
JOHLREW, T72bb, ZOMESRME T T SWI O HIXATREE 72D, — 7, Table 4-1
WR LTI BNV N EWT L — D DR & 11X, X T vy a— R O~y R %
HHALCTHROWEERIEZ S HEVIBLR D, SWL OB E L TWAEE 25,

$72. Fig.4-5 725, SW3 /b SW6 DRIE / ZA/ALARIZB W TR, F1HOE| G132 I
e RTNSLARDERIRFIZ LB~y R OfE 38 5 ORE /AT W FE R 7§ 12725
TWD, FRICNE DB R EV SWE HDVN T SWE 13, 8 D2/ AL & [6) 5 52 FE 10
Ay RAMEI SN TRBY, A7 7 O ICHL A 5 I ] T 5,

SHIZ, Fig.4-5 b, H3HITRINDRE / AV ABIZEBITS ¢ 107 275 ¢ 85mm ~D 72
ANV EIL MMOF 1THCE 2H I R TEMA TEXHIIE/NINIENHLNE
olc, TRbHRIB/ANVARICBITONEKVEZ 0.8 BEETTHILUL, 4-1DI,
4-12)0 X5z, IvfiifEicRshsd,

2
”'—DIJ +2.19><1o—1(Sp0,t)’2 ----- (4-12)
2

ca

H, =0 5.08><10_2(

T'Sl'

ZDIHNZ, 4-1DKHLNFME-12) a2 WD e, FET VEREZITORES | 1 T 58 it
PG DS T 4y a-FR Sy R AR BTG T, M IER A~y N H &R DIRE /AL
EARDB T ZATHOZLENTED,
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Q=0.0104 m"/s

3.2
3.0
2.8
2.6
2.4
2.2
2.0
1.8
1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

2
M 1st. term 508x10°2 7Dy -Q
2Ry -8, D,

2
M 2nd. term 2,19><10_1[ 0 ]
rt

O 3rd. term

Calculated head (m)

SW1
SW2
SW3
SW4
SW5
SWé

~~

)

~—
Conventional

Q=0.0130 m?/s

2
M 1st.term 508x10 2 _mDb0
2R, -S,-D,

O 3rd. term

Calculated head (m)
b
>

— N m N 0 ©
= = =2 B =2 =
wn wn wn wn wn wn

(b)

Conventional

Fig.4-5. Influence of each term in Eq. (4-11) on prediction of heads
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3—3. MEFAABDICHETREREFEHK &» 12OVT

A-1DREDTH NS (A-DRIZBITDHE 2RO DL 4.3 L7200 H= ¢ U,/ (28)
= 219X107'U,,. " ) RROYEFER RARE ¢, BNEVIDIKAE 1.0 [T AR TR KEND
LMo,

(A-1D)R O 25 1T, BIE /Ao kAL DB T 28k © 7288 2 Ta | Mt LB
HO2FAZHI T DL E L TR IR B AR OT2b D TH D, M LD ICRB T 58k
R LT BRSO ZACITE R RO, PR EEH L BEHE AR THD, (4-11)
KXOFE2HITIFEBIT, FEFRAE H B I\ TR L RIE XV RN T D EE# R
KPEEINTOWDLARERELHD, ZNOHDOR A RIBIROEEDMRE (, OfEEZRELE
EZ2Hhb,

NG, 20X KRER £, THHILPPOLT @O E O IR XA G L2 e
O, HEINTZHEDOIZEAEITHHILEZ DD TH- T, Tz i2(4-11D)DF 218 1%
M- FLAE ) W D2 F I L7 S HER S D,

3—4. EERMFEDIRILF—RhE

(4-0)b LIE(U-5) R OFEEIFE I RN F ALK THRE o 13X, BT EOKET VERIZES
T 0.65 & E STz, (4-11DXDHE THITHE R IE SO TH F A~y R RERSHTNDHD T,
R o BRWCEEOEIES T A FEZ RO IV, BRI 5 O3 LF —gh R E BiED
HIENTED,

T2 ARE o ITBLTE RIE/ ANV OERRICE S TR T 20BNV DT,
2T 7 W ot 5 1 I BE B A 5 RRIE ) AL DK BT IVEBREMICB IR o 23K
B TR BN ARAT IC Lo TR | BT EICBIT DM EE 0.65 LB LT,

SHECITIL B IR EVEEAT Y 7 B = 7 Fluent6.0%% =, B Bfb A% — 2403% QUICK scheme
EL. ELITEET VIZIE Reynolds stress model 23 F L7z, 4 S 13, B/ AV A RIZE
W) — 723 Sy A5 O F & FEaL, 8558 F g O H DB W TS LR D0 B 8Kk H &
L. ST NK NS IV T slip Hitdv, ZALLA OBEE (IC W TIRBEBI S & A L 7=,

FHREIL, RIE RV SW6 xR el i fiE 1.04X 107°m*/s &L7Tz,
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BTS2 IRE S AN O WD ORE T i1 I 361 20 3 3 A0 [ & LT Fig.4-6 (2”7
Fig.4-6 X0, JERIPRICE -T2 SN 2@ o712’ 2 I Bz kL Tnad D
ERDIND, 2 BT BAFIE, 150 R E 725 3 0 3 it 5 Z il x5F R A LT D, Fig.4-6 H1i
FRFICL DR K & 720 TS EFRES O L AR T, £z, FiE AN e D D1,
O HL D BE [E] 7 O [Bl#E 57 M2 Z 2 90° DAL E Th-oTz,

(m/s)
3.00e+00 Upper end

2.85e+00 of swirl blade
2.70e+00

2.55e+00

2.40e+00 Lower end
2.25e+00 of swirl blade
2.10e+00

1.95e+00

1.80e+00 — Mainstream regions
165400 B o double helical flow

1.50e+00

1.35e+00

1.20e+00

1.05e400

9.00e-01

7.50e-01

6.00e-01

4.50e-01 |
3.00e-01 |/ | 7 Outlet port
1.50e-01 "

0.00e+00

Fig.4-6. Contours of flow velocity magnitude in swirling flow nozzle (SW6)
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FE BT PIAR O F 225 180mm it £TOEILIZIBVNT, BEAE ¢ 50mm O [ & i b TR g/
ZOLDOHFDRNEHE 25mm BTN E O 2R 6 | O MR KA E 35 KO /ML E

JiE B 3 AR 35 2 5 o0 B BE & e [R] 8 B L D BAFR &L C Fig.4-7 12877, Fig.4-7 {28\ T, Line
(DN DR KA & Lo 7o T DAL E OHERE AR L, Line(DIEH o — J7 O F il O A7 &
DR %~ T, FAARIC, Line(a) i3 B /N & OHERE A 77 L Line(c)id®h 2 — F7 D it 1 i
INMLE OHERS 2R LT D, Fig.4-T OFEsh T2 HE Bl 4 13 HE B PR 0 |- bk 2 S e (4 2
0° BLUN180° )EL7ZDT, &l 120° OFEEINARO T X, #fh 0mm 2>l 120°
FEN300° ("120+180=300) DAL EIZHD,

Angle of Max./Min. flow rate at ¢ 50 cylindrical section
480 & Line (a), Y=0.85X+302

Center of weak-flow region

420
Line (b), Y=1.02X+ 186

Center of main-stream region

360
300

mLine (), Y=0.85X+ 122
Center of another weak-flow region

Line (d), Y=0.97X+15
DCenter of another main-stream region

240
180
120

Swirl angle of flow in nozzle(); Y
(120°/300° at bottom of blade)

0 20 40 60 80 100 120 140 160 180

Distance from bottom of swirling blade (mm); X

Fig.4-7. Swirl angle of flow in submerged entry nozzle as a function of axial distance

Fig.4-7 @ Line(a)’*5 Line(d)D4->D#R DM E O F-EJEIE, 0.923° /mm (ZHZ FLDHE X
Line(a)?% 0.85, (b)73 1.02, (¢)7% 0.85, (d)723 0.97° /mm) ThH-7=, ZO VBl % W THAZ
it FHEEESH -V DOFER A p & 5.13 rrad/m &R T,

HIF D Fig.3—-7 (R LIZRERPPARTZIR LT E L DO BFR ISR NT W, .V, D, ZZhTh
Wois Voi Doy 0/L% BICESHZDE, SR ZE L& 0N BERT 7 I2361T 2k KAl
s 5 [ i UL, RO (A-13) R D LI R DT ZENTED,
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(4-13) Koyl V, 12, BT ia IS BT B E 40/ (7 -D,S) ZRAT D&, RD(4-14)
ANFHND,

w, =289

w-D,

(4-5) D W, &, (4-14)KD W, ENFELWERE T DL, EENRIE IR o 12(4-15) D
Folzkdbins,

o 4RT2- S, B

"D,

B AV LR SW6 DIk (R, =1.5, S, =0.006607m’, D, =0.100m, £=5.13 xrad/m)%
(4=-15)UTARA L TROSNIZIEE FRIE L o 13 0.65 Th-o7o, ZOEIE, AIFEIZB W
TKETNVERIZE>TROLNIEE—E LTz,

RDDFEIZRRDLOD, BFeBRIE ) ZALERIZ O W TROONIZIEFIT R E o
DIERE — ThHol2Zenb, a TR E/ ANVERICEST — ELRELRODIMEE R T
DR ZALER S LT, B XN oEldiz i fiE sk sz e e Lz,

[ ik 7 1) 370 36 8 e B AT B 451972 9 1 LS Fs W T T I T 0D 3 B 4 4K oD [R5 5 1) 9 3R
ERE L. T OW R TEBRUME ., T bR O iE X 2/3W, &b, 2T, 4
R T L —Hr (X, (4-16) DI HRkdDBS,

ZIT W, bk, WEET BRI D KBS 5 [ i E TH B,

A-1D XD H TSR LIZRERNBRTE BRACEOTH &~y & (4-5)A, (4-16) X, BLW
@=0.65% VTR OBITIRE AV NHE RN O (E s = R L X — L OB fR % | Fig.4-8 12
Y, Fig.4-8 (ZH1F DRI # OH Z0 5 R/ A0 N BE AR O f S = 1L —1, g
B 3 A G > THE ST~y RO 18.8% ThHhHZENbnolz, TRNAF =R NI LD
IRARVMEIZEE FoTe DX, W 2N K ERIZIE / AV NI O BCIR OFE RN R 2 5% @& L7z 2 &
IR LT, RERENBRPIE A L2 EHEE T 5, 21 AV EERNE A 5 o= 3L
F—ZhFEEE DL, Wi A REIREDNSWFAMEFTEGmOfREEE 27z
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P L B W T R A /N Ly A D R O A U & R LR O ) s 4 i 60 % 5 1A AN LT
LHEEZBND,

Actual head of rotational energy
0.8 = 0.188xHead of consumed energy
for swirling flow creation

0.7

0.6

0.5

04

0.3
0.2
0.1 |

Actual head of rotational energy (m)

0 <&
0.0 1.0 2.0 3.0 4.0

Head of consumed energy for swirling flow creation (m)

Fig.4—-8. Comparison of rotational energy head and head consumed by swirling flow

creation.

82



N

6 i KE O JiE [71 it A G- BRI ) AV E 1T O I8 DR IE ) ANV bx | ERRKOKET VE
BRICHEL , AKYEDPR EIZDONWT, ZNENRBERE T 4y oI~y RZ2 ] E L7,
EBIZ, BIE/ANVO IR BLOVE ENOLEA~YREHE THEBRREZRD T,

FERA A R OBRENS RIE S/ AVHNIE DB RIT, S (DRI H#E K 72
BN AL B ICB T DB K NOR LI EN DI >T, Fio, RiIE/ ANVNTEREICTE
ik SB[ E 7 [ 3 8 2 SR T iR B AR AT IC K- CREED Y, BERIFE AT 5 IS R EXRF L
Toife R BEERAT 5 D = R =2 HRIT L 20%FEE DR WE THLHZEN DT,

"o FZHAUT, A ESNDHECF A T REAR XL T 4y v 2 A~y RZ2 TR LT,
JiE 51 i A+ - IR ) RV %3 1E 2 LR ISk B 2 BRI T D,
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1) S. Furuya, M. Murakami, Y. Yamada: Kaitei—shinban—-Ryutaikougaku, Asakura—shoten,
Tokyo, (1984), 125-130.

2) AN R, BEFHE, REEME: BLH, 78 (1992), 439-446.

3) FLUENT 6.0 User’s Guide, ed. by Fluent Inc., Dec., (2001).
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AT T, BEENR AT 5 RNRIE ) ANV E T80T vy a- M~y a2 Tl 455
BRAEE -Gz, BONTEBRXEH VDL, AL —T B KEWAT T 0
L8 1 23N T FEME B 2 SRR AV R DRV 2 o~ R 2 ) 3 2 5 [R10R A+ B T 120
JARVDEREFIDAREL R DN BNl oTe, TRDOLREIEOM A A H \WHZEIZE- T,
Jig |l i A+ BB R A ) AV DR GEE DI H |~y RIEEICE DL A ThoNERERNPAR O
WAL EZRETDIENTED, — 7 SN RN RESEE T L Mk oA
RIEMVVIZHONTIH, FHNERBIOEMEICB W CHER LIZALE Ly ME g5 126 35
L2 ZNVITEE T 25 RAZFRWTIIH L TR, AT 7 O i i E 1213, S50 NG i M
PR OWE J7 10 ~DE - E BB DL EHD, —HIC2LRE/ AALPH VWL TS, LE
Ly M e 85 18 FH O BLALIZ 5/ AV EI3 R 720 | 24 E 2 AV id, i fLE R I B W Tk
DI BEA T D72 E ) ZANVHNEIZ B W THEHHMERREN AL L0 T, 2O XS 725 B (I he ]
A>T 56 OFF 2+ I B L LT LA G T 222k b5,

AT, EBEROKET VEER I L OBUE i B) i AT 240 2 & o8 T, gl 58 2
FLIZIE AN EAT T O EICEH T 256 O HARFHIC OV TR Z1T o7, A
FREHZEBWTIE, FFICERIR O EIZE A L HILOBIKREZELZEEEMA L, T720b
HHEALRIE/ ANVOEA L3820 24LRIE AV O 86 121E, M AL IZ 38 W TiE BT 1
ZDELINZE-THER T MICEELISET D, 2oL, KV Lo i i3 mIR
WZIR3D |, B NS Lo PR, FR 5 i sl & R R ISR > THRESNDR D T
MEDAELZFF> T LEIET D, 2B D NE BT O Rt 2 F H L TR B AR/ 72 M H i
EAFDTOIT, KPR LT AL (BF LR 2 5 [~ D HY i O TR A30) &80 1B ifi (2 42 52
L7zt v (M H i o0 a1 A4 B2 ) oD i i 7> B e Y FL O T R & i (e Ak U7e, 85 TR 2 05 1)~
M 3 O TR 230 Z il - 2 K 1 X 3 2k H FL olgE TH Y | ik H i o 1 )£ EE A 1 3 A A
FIEFEICHHASSBLOHIL E TEDOIRTHS,

B 22t HFE & 1T, IR 1 AV IS B O I EW £ 3 A R L7 D FE N D IE 2 58 48k 3
W2 & RIE AN B DT RN E LT TR R0 A AR D Z e, i 23
TRk 9 D8 RN I3 25 A A IE D DR ELTWAIEEER TS, 20X, AL DK
FHCIERE AN 720 Tl SRR N BN S DWW TOH B AR08 N 8 o 1R
FRIR BE L PEEH DO 2 HLL T O XN EAT T OND, T2 6 8 e #5185 85 8 N Tl
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RUBE R OWHNCE > CTREE V= VAR ESED— 5 SR NG HZ 8L CRIBCHEE RN
TEM % RAMTHEH L CWD, 2o lid, B EE ) CHRE[E > = /L2 m EL 206 W i R 1
— & LA EITPR 7222 TR G700 B e B 18 R SE OAR STRY R EEL SIZH T D, SHIT
— M D3 A B 1 TUE L B~ OB RS A — AR DRIE R LB S LDV L4 R IR S
O TWDHIEMND, BIE /XD i 2 EAL L THELWEERNIRBI ZTE K 9722
EMIEFICHE ThD, Flo, A=AHALAFITIS W TEEFE > = /LI~ O 5KE R0 4 8 I
TEW O Z 5 1L T 28 A0 RN K @il O FRMEIHESNDL—F, T—/LR 3
UK — D% XA BB AL OBLE D DILEE RN 3K U O LR E ShARE SR S NI
F3UF B 7 1 it L2V EFLPH A FE TS Tng VY,
ZOET, SHFRNTRENCIT, BEE Y = L ORI AR E P T 02 e #5N B T~ D
Bfitda | b NCEF R N R I it A W EH P ICHERF T 28R OB, ZDOLHREK
FMET 2T DI, WRERKNEFH LB T L —F BRI DAH WL, 2
NODFEFTFEHEEIZBON T B EXOBEROUFRICARN THLZENHERINT
WD VT RIFZEIL, SRR NIC BT 2B R A L0L IR OREE ) XV inb O H i A
AL L CERARIC W RN TR B A TE T 282 A EL TWD, AE T, 5N DO E
W7 L — 0B R H W WZ LRI IS LD R ARG LTz, Zds ., AN TR
T DR ORI HIE 5 L7222 M OB 23 K e 72 60 12 LA B i A 4T o
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2. KETILEBREH

Fig.5-1 3L U\ Table 5-1 I[ZKET VERIEE RO ERZ MG OMEL R, KET VL
FEERIEE OFFR T, SFANOE T AR N AR AL T AT E LR E R E LTz,
B A R4 B T3 (jR) Fnal L 8k i (B L (BR) (1 & 80 8k Fn 3k 1) 1236 1 DNa 3R T
7 fot 5 3 D LR (Wb B6 RIE) A X B LT, AR N IR E SR ISR R
TR EER V125 H 952 8 ko T BE R A 5 ) RV DR Y K0 AT ) IS A
ENDHIEEAR LD THD, BEEHEIL 1.6m/min 8L 2.0m/min £L7Z, ZhH0 855
WX, WO EEZ 7.0 LLTALV—FyMNIBET5L N2 4.4 ton/min BE 5.4

ton/min |ZFH Y 55,

Table 5—1. Water model specification and condition

Scale 1/1

Mold size 210 x 1850 (mm)
Bath depth 1850 (mm)
Corresponding casting speed 1.6 ~ 2.0 (m/min)

Submerged entry nozzle
T
Water level
4
Mold 1
I
S
S
S
Q
1850 210
Multi hole plate
Outlet —F="""7""""7"""777mo=fmmmmmmomoees _ Outlet N
~— — O

Fig. 5-1. Schematic diagram of water model set-up (mm in length)
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S HEANERKOBEARSIHTIZERAE
3—1. BE/ANOLEHKRBLERERE A E

Ji 18] 3 A+ 5 B R A ok AL ZBR<SER T, BT OU-1D)RICE > TR O =AL—
Ty RNETH B~y R E O BIER DS FN K 1L No.3 AT 7 fot 7 385 4% 0D 85 38 5= 1 |2 & B 9D il & Table
4-2 0 SW6 (7272 UBE B PR D JE Zu i APEZ B LT 16mm (2 L72) LTz,

i H FL OOFE T T T2 IR 13 Fig.5-2 (2R 978912, MEWr m 23R8 W THAE 60mm o F g A ELAE
80mm DRIE /AVINBEICE:T 5 EREFEIREL, B 10° O FEELHHL A b TRk it LTz,
M-t FL b BE 2 P W BT Lo DX, 33 0 ) 252 0 TR D30 i3 ik H 9~ 2 5 [B1 i AT 5-
HRIE ) ANV A ORNAZMBICHEHSEL720 0 TR THDH, L H O O IRIE,
Table 5-2 |Z/R T XD, [Al— i FE Cl@E /i S H 3 B 72 2 3B A YE G L 7=, kLI DR IE
IRV 140mm L LTZ,

RIE ANV O AL IRIZ 06T AL B T im ORIBIRSZ /K25 225mm T
D—FENAR DI K & SEHERF L CEBRAEIT o7, R/ AVOME L, ERICHWDLE
B ERERDOTNIFTTT7T7 74 LTz,

BN B QML — Y — Ry 7T =l iE 2 A SN R m i ORERMEL
TR 1/4 B8 —1/2 JE — KT F 50mm (S350 B8R K2 & AT 72K 7 1) i 3 &8 E L
7= BN 2 i 1%, Table 5-2 1278 374 Case (2%} L T34y M & L7z 2l 2 3 L
iz,

¢80
&
W Table 5-2. Outlet port size
g ) Case Size(mm)
A W=80, H=62
Lo
N B W=66, H=75
Q~

ls \ J c W=55, H=90

i

o1

Fig. 5-2. Dimension of outlet port (mm in length)
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3—2. KETILERHER

FR o> R A RN T ERE R N 3R T o A E L7 A SR A LR LS L C Fig 53 IZaR T,
Fig.5-3 MHE B2 e o1z, M FLIEAY 7 AL N LA U 80mm D35 & 121385 4 PN 2% 1 i 3l
PREEREL, EW LI NR B LR 52 enbnoTz,

EEEORE RS BE B A 5 BRI ) X AT IO CRERL N I B O 45 i A8 DI, it
TR CTHE 23 W H LA L TV DT EM B BT 72 o 72, FFICHE H FLIE 2% 55mm @ Case
C . SR NREFHNEIEL S OIS 0.2~0.3m/s"OHFPFNTHY, #FE IR THDHE
B cx5,

0.30
Area of outlet port = 4900mm’

0.25

.\
0.20

0.15

0.10 \\\\

(m/s)

Ave. surface flow velocity

= 0.
=
= 00 \\\\
£ 0.05 \
0.00 ' ' ' O
40 50 60 70 80 90

Width of outlet port (mm)

Fig. 5-3. Influence of outlet port width on surface flow velocity in mold

(Corresponding casting speed=1.6m/min.)
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3—3. X
3—3—1. HHKRDIHETE

R O &A1 BRI 5 B2 38 7 XA E T, M LR 23585 80 PN 26 1 i 5 Lo K & 7
HEERITTIENDI 0T, ZZTIEZEOEEICONWTE LT D,

BE [B1 A G- BURAE ) A D6 L 2 AV R B IR B R E B Rl oy 3 IS Tna 2 e
P AN ELBE O 5 B A 52 R [R] T SR C UK mIC B LA A A L C)
M2 ER TR END, B, B AL N LR R BE O R &7k AL o 85 4 1213,
M- DS FIRIC KR ESIE DB > TH 58 265, TOHEIZIE, RN Z DRV
FoTHETLIZLIMA, FUEDETHL TR TLIHENELLILEZDND,

3—3—2. KFEHEAEAE

3—3—2—1. BIEAELIER

Table 5-2 @ Case C DFERIFLAT 52t/ A% W T, EER DK ET ILVERIZE-T
AT P 52 Uik A8 B A 8 U7z, I8 121X Fig.5-4 ICHEZE A R 37/ S 100mm, fE 30
mm, JEX 0.3mm O 5 AR & & 7] FE O Lo lcH- L E RTIZH L TEE L, 10s Mo (LA
T KRR A ) O fe RAE & e /M Z 38 A~ B, Z O B2 K SEE A EELE R T DT
CIZEY R DT, Wi B, $51EEE 1.6m/min. fH Y L LT,

Nozzle —]

[

Outlet
port

Flow direction
V" indicator

T

NN

N—

\

Fig. 5-4. Setting of flow direction indicator plate
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AP A RV e AL RE S AT e 5 A 00 &L BE ] o (Al s 7 R A& IE & Uz,
FEALE L, 0~ 1 (MR oeib L7 i fLIE o 0.2, 0.5, 0.8 D3f&E LT,

fit AL Fig.5-5 (28T, Fig.5-5 K0, M Hi Wi A3 HE [BI 8287 7 7] D K A JiE %5 o
THH T 2RO LR T, Fio, MR O 7K IR A B 1 B |l 3 =R 5 17 o F it
Ml (Fig.5-5 (ZRB W TIEM AL FRDIZERENZEN DT,

Case C Side wall of
outlet port

Flow angle (Horizontal) 4——— 0.2*
=2 degree (Velocity=1.00m/s )

Flow angle (Horizontal) 4/ 0.5%

&

5d & o

= egree (Velocity=0.95m/ & &
gree (Velocity m/s) 0.8% &8

Flow angle (Horizontal) §

= 15 degree (Velocity=1.06m/s) * Non-dimensional

width position
of outlet port

Fig. 5-5. Horizontal angle of outlet flow

3—3—2—2. FEHKFEHHAE

ZIE AV FLORTE 5mm (23 THRIE SAV72#8 K 30 I AT 727K J5 7] O M H i
WA Fig.5-6 (27" 3, Fig.5-6 (2351 2 m: M it 3 ) 7 s i3, 0~ 1 IS ME YR oAb L7 i H FL g o
0.2,0.5, 0.8 DTALBIN0~1 (MR LA L7z HFLE & 0.2, 0.5, 0.8 DT AL DA R
LMD RELT, MIEIIZL — Y =Ry 7T —idl Gt 2 v 1R & 720 35> I E L7 %)
AL,

Fig.5-5 (278 LIz M W O 7K - 05 11 4 JE % k| Fig.5-6 (2R Lz Rl 12 AT 22 il
ETF3ROFEEMEE v LU, ROG-1)ZZ W TE L FLIE 5 17 O 457 B3B8 5 - 2
v (Fig.5-5 HZF#) #FH LT,

V=Uu/coS Kk et (5-1)
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HIZ(5-1D) UK > TR O SI T2 M: Y FLIE 5 17 O A A7 & (HE R JCibE 0.2, 0.5, 0.8) DXt
W vy, Ves, Vog & Fig.5-5 (TR Lok i FLIE J7 18] O 45 AL & (2 31 D H i 0D 7K 2 0 1] 4
E ko0 Kosr KosHLRDG-2)ROICHATINE LU TAREM A £, 72
DB M H FLARIBE (256t 372 - 24 /K S 1 A B 2SR oD 7,

K ave=(K 90 Voot K05 Vo st £ 058 Vos)/ (Vo ostVostVos) =+ (5-2)

CZOIDNTUTROTFEE K FE A 1L 8 ThoT,

Fig.5-5 1Zi&, M LR 23 55mm L b/ NSV A ORI EEZ R L TWD, TR DK
6]~ J A0V E [B1 7 (815 05 18] 0 F 3l (Fig.5-5 1231 2 H AL FRDIEE RKENZEND,
M H FLIE D3R 3D ESHITHE IR A KR EIE DR HEE ZBILD,

Case C

15
0.8 B E
=
= Lo 3 z
- = _O
Outlet @) @Jé‘ 0.5 %g
Port 4 &’ e &’ ?« -g %
= h —
g g £ 00 T =
h=
2 ' 0.5
/ =~ 02
\‘Toﬁ Port Width
% _________________________ ~  (Side Walls=0,1)

Fig. 5-6. Distribution of outlet flow velocity parallel direction to mold wide face

(Corresponding casting speed=1.6m/min.)
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3—3—3. KIERDENICKDIREE

ERROBLZEET DI, 3R SCEEMFATIC LK E T VRIS T DR Bk B O
FEAAT T2, FRNT UL A R B fEATY 7 b =7 FLUENT 6.0 Y% F L7c, B fikfb A% — 4
I% QUICK scheme &L, ELIEE T /MICIERE RN IZH# LTV HEED Reynolds stress model
ERALE, BASMEL T ADIRBOWCOKET VERICBITHHERE 1.6m/min (240
VI r8—EE 52 N ODICBWTEEZ AP0 R EL., SN R IZE
WU slip AL, LA ORE R IZ W CITRE B M2 H L7z, M#AT#& 1% Fig.5-7 1T
T fEHTHE R KD Table 5-2 @ Case A (P H fLiE W=80mm) D2 5§ / X)L} 972 Mz Hi it
Mg J7 16 ~D JL 3R L % Fig.5-8. Fig.5-9 IZX /R 35,

[
e
I A

e =
L]

Fig. 5-7. Geometry of grid (Vertical cross section)
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Fig. 5-8 Mean velocity vectors
(Horizontal cross section at center of outlet port, Case A)

I 2.00e+00

—‘_‘\—__.\_\_LHH
1.50e+00 b =
05

1.00e+00 0.75

Fig. 5-9 Contours of mean velocity magnitude

(Horizontal cross section at center of outlet port, Case A)
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ERELFEBR DR F &/ A VAR Case—C (L H FLIE W=55mm) (2D THAT W, g [ J7 1]~
DR HY i 0O S5 K JE A FR L[ U071 TR | ik H FLIE (26 U TR L 72 R A E
I & OF ¥ C Fig. 5-10 (27”87, Fig.5-10 KV ik 3R D5 7K Sy BE D FH B B, vk
FLIE W=55mm (ZRWTEAMEEEL —F Uiz, £, st B R L0, ik AL E WA
(F, M R 2SEE B 5 [~ RESIRNDE M ZHF T2ZENRBNERoT,

20

)

¥

58 15

- ~—

=

o

Gy

o

2 10

&

5 L 4

E

g 5

E & Measured

mo —— Calculated
0 | |

40 50 60 70 80 90
Width of outlet port (mm)

Fig. 5-10. Influence of outlet port width on horizontal outlet flow angle

M ] FLIE 80mm D215 /AL (Case A) BEL O fLIE 55mm D2 {E / A /L (Case C) & H
W2 A O RO NIC BT 5% B 2 #F R bE T R 5 100mm, 300mm, 500mm (23
TR RDICEERMER LIZ, FWMEMRKELTRE LIZON, Fig.5-11 BV
Fig.5-12 Th D, ZNHDOM NG, M FLIEAN K E VY Case A Tl MR NRTE /X0 b
HEPDIZHONTHIZA D> THM AR TRIDE T W T 2872 R Tl d, £l
THEH LI O/NSUY Case C T, i FE 2B KD L AT IS AL, SRR ETH 452
ERRKEF L BLIA A D ZE D DN D,
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Submerged entry nozzle

1.00e+00 U Case A
] = W=
I Distance from half (BE i FL#8 W=80mm)

width of mold
100mm

8.00e-071

/‘7< 300mm
6.00e-01 q
4.00e-01

2.00e-0 \‘/

0.00e+00

500mm

> 4>/><
/

Half thickness line of
mold narrow face

(m/s)

Fig. 5-11. Contours of mean velocity magnitude in mold (Case A)

Submerged entry nozzle

1.00e+00 U Case C
. (It & FL1E W=55mm)
Distance from half
width of mold
8.00e-01 100mm
300mm
500mm
4 00e-01
c
/ Q
c o
= O
o 8
[}
2.00e-01 e 2
< £
O ®©
c C
T
© ©
I E
0.00e+00

(m/s)

Fig. 5-12. Contours of mean velocity magnitude in mold (Case C)
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83—3—4. RFTEHGHERARERMERIZE/XILICHE L -0 H FLIE

LL b0 X5 W HE B A 5 BRI 2 XD T, e i ANR 18 2 XL N BE 8] i 0D (6] #i5
FINZKEAELEA LU TRANDFMEEZ A T250 T, M H FLIE 25 D TH: H i D JR 230 2 #))
Hl L2 VR85 B N R B DME T T2 2 E M BN EIR o7, REBRICB WL L 0=
i/ AV NS 80mm (256 LT Y FLIE 2 55mm, 720 HiRE S A/VNEED T0% L0 /N &7
i D H LT R T T~ 5 2 AT o T ik I D K S 5 18] 0D T AR OIS A 5 85 75 PN A B o0 462 1 23
BETONDEVIREHEE D EF LT,
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4 MHEAEOHENRBICHTIEZERE

4—1. RE/AILOEHBIVRRRE A E

AR O FHT Lo TR N R BY B B S FIl Ch D ZEh3h o7 Table 5-2 @ Case—C (i
55mm X & & 90mm) (T Y FLWT i T K A [ 7 L7z BT, Table 5-3 (TR 3K, rh Lk
BERB IO TNEETE IR (A ) 2B ZDZLICEVER 2 2t A AR 3T 28N TRISN S5 E
O FE [B1 i A 5- BI85 2 AL | 38 KL OVE B PIAR A N 25 L7\ il 01258/ AL 3HE 2 W
M i oD =R J5 1 A BE (BLR ik A BE) 2385 R N R BN IS M E 3 s B AR e, ik LT
WK D>—1Hil (Case C) & Fig. 5-13 1T~ ¥, EBRICALIZRZE /AT, TAIF 7 F7 7 AMUT
b2, RIE/ANT, AT AL A T DR IEHRS % 226mm — & (SPR-D KO /K H & S & #E
FFLCHEBREIT o7,

Table 5—-3. Specification of submerged entry nozzle

Shape of outlet port Internal Outlet
(mm in length)

Upper | Lower diameter | flow angle

Size |l wall (mm) )

R60 u*10° $101-¢80 d*40°
R60 u*20° $101-¢80 d*37°
R60 0° $101-¢80 d*24°
W=55, | u*10° u*10° $101-¢80 d*14°
H=90 R120 d*30° $101-¢80 d*41°
u*10° u*10° $101-¢80 d*18°
u*10° u*10° 690-¢77 d*32°
J d*30° d*30° $101-¢80 d*42°
u: upward, d: downward

Type of nozzle Case

Swirling flow

—|T|O|mMmM|O|O

Conventional

*

80
o ? /] @@
55
r A
S
O
,L(_) oo v W
722
b 140

Fig. 5-13. Dimension of outlet port (Case C)

98



Table 5-3 12/ € [\ 1 5- A2 & 2V O N F L OBE B AR DI IK 13, Table 5-4 33
KO Fig.b-14 (R @ L7k E L7z, SERIPIR DE 71T 15mm ThH D, Table 5-3 TR
Tl IRE AV D HBEOJ 1T, BERNRAT 5B R 2 AV ERI TN O AR Z F v, JiE
PR ER VLD THhAD, - BEIEIE /AL 1 iE AMENE R AL E#NE 90mm, F
S NEE TTmm O M #EE TR O — 7R/ ANV ThD, ZNHDIRE AV E4 THI IR
DIEZHFLTEY, MR BOWESIE A 2BFIE 15mm, 123 10mm EUEIE / AV E13 4T
140mm &L7=,

PPN IR B AL (IE L — Y — Ry 7T — il G2 H U B P9 3R I I J6 KOt H AL R
WA E U, B8N R m R, $5 1/4 08 — 1/2 JE — K F 50mm (Z351F 858 K1
EEAT IR K D5 I i R Sy IHNE L CTRFEME E U, M AL 3%, #53& 3 1.6m/min
FA Y D&M T T/ AN FLORTE 5mm OALE 25T D85 R 30 I PEAT 7K 5 h B &
OV IEL T 7] D IR 21 E L7z, BE IR O E s, 0~ 1 ISR sefb L7z H FL I 0 0.2,
0.5, 0.8 DT AL 0~1 ([ZHEER LA LIz ALm & 0.2, 0.5, 0.8 DITA L ZN LD R
LB mE LT, WIERFRNIEA AR LT3 M ELT, ERRIRICHBWTHIELIZAKFEF
[ Y 3R & B 1 5 17 3t 32 0D - 2 Il 2> B 3R o 7= M [ 4 B A RiT ik @ Table 5-3 IZFEL7Z,

Table 5-4 Specification of swirl blade le

Type Tinste(l'J plate i
(Fixed in nozzle) !

Diameter & Length D,=100, L = 100 (mm) 9 i
Twist angle 6=120° \
|

|

|

‘,_i{wmt ngle &

[ {,iji,i, —

Fig. 5-14. Dimension of swirl blade
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4—2. KETIERHER

M H A R LT N R R R SO BIfR % Fig.5-15, BFR N R m i A B EOB{R % Fig.
5-16 (27”3, Fig.5-15 BL U Fig.5-16 (ZF\ T, M A FE X T [ & A3IE, Fig.5-15 (281
285 N 2% 1 R R S ) KV~ 03D JF [ & IR & UTZ, Fig.5-16 Offtdlix, #5%
PR T i A B ORI L LT, DR A I CRULIE CTh 5, 858N 2 i It 13
DIEHEAR 21, WE T —H% 0.5s I EHMELIzb & 1T —2E L, JIERERH 3 43 [0 360
H DT — 2R DT, Fig.5-15 BI O Fig.5-16 1 0 I IFHE [ i A 5 AR E / X1ic ks
(F% 5 iR ORI TE AN KT 32 20 ULl B, BERR 30 TR IE ) AV IS 1T D 3 R O E i A
52 W TH D, F7- Fig.5-15 BL W Fig.5-16 H DU T 1L, Table 5-3 28175/ AV
i (Case) &7~ 77,

Fig.5-15 XU Fig.5-16 XV HE R AT G R E / A Vb ONT@ H iR 1E / AV EBIZ,
At A FE 23 30~40° (SIS TEFRY PN 3R I B 5 R &Y | T DR B DB NEIRDHTEN
Dholz, 12120 Fig.5-15123\F 218 F = {E / ATt 372 E M O K Rix, 77— 3 4

ThE S 2 IR O OHE E Th D, 72 Fig.5-16 1T 3 X912, FEMIVE AT 5- B2 1 2 AV i,

W H IR K VAT TR RPN 2 T 0D 28 Bl A3 R S i A R D S o TR T
Holz,

AHFIEO B BT, SFRNIR BN N2 ETDHRMEER DT HZLTHLnD, LR NKE
e 3o A e 3 28 B A s RS D E T — 2 O 85 I N 3R i A B 23/ SUy Case
C H2VME D 23 72 HFLIE AR TH D LR im D1 7,
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Fig. 5-15.

¢)

| c/Ave. |

Fluctuation index of surface flow

velocity in mold

Fig. 5-16.

0.40

0.30

0.20

0.10

0.00

-0.10

1.6
1.4
1.2
1.0
0.8
0.6
0.4
0.2
0.0

O Swirling flow nozzle @A Conventional nozzle

Corresponding Casting
Speed = 1.6m/min
l l

10

15

20 25 30 35 40 45
Outlet flow angle (degree)

Influence of outlet flow angle on surface flow velocity in mold

O Swirling flow nozzle A Conventional nozzle

Corresponding Casting
Speed = 1.6m/min

H.‘\A

20 25 30 35 40 45

Outlet flow angle (degree)

Influence of outlet flow angle on surface flow fluctuation in mold

101
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4—3—1. HERNRBOBE R E

Fig.5-15 3 LUV Fig.5-16 IZ/R L72 OIS Ml A4 2SI 86 Y PN 35 1 iR R 25 R & e Dl bd
(222 4 530 E# RN EIE T DI b oTz, T2, M FE AR PN & i i ok 28 @
(CR B BT TR IC WO I KRR O R B L ORI N B O B B IR B (8 b iR
B i) OBLENDE R EIT 5T,

5 750 PN 2% 1 O E R LI B RIS N A B35 B IR B B N Bl S5 Y
BNRboT-, TOHFHIREE M A2 RO D010, BN EFETE T — %% FFT f@srictL
7o FRMT OFE R XU =2 VEEN 2.0X107" L EOE—IRNBREINT-H A1, £D
JE 1 2 85 T N R Bh o0 B R IR Bh JE T & O 7z, RARATICIR W TE, T X INEHH O R X (3
43T 2 & BB L RS B M T 58 3 0.03Hz A A 34s DL ) o — 213 E\H LIz,

ER D AU TRed 72 B b iR B A 14 2 B 85 8 PN 2 1 i & fF T Table 5-5 (2R3,
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Table 5-5. Period of self-excited flow oscillation in mold

Shape of outlet port ) Ave. surface |Period of
Type of (mm in length) Corresponding )
Case[ o _ . ) flow velocity |[flow
nozzle Size: |Upper |Lower (casting speed | o
WxL lwall wall in mold oscillation
A (80x62|R60 u*10° 1.6 m/min 0.00m/s —
B [66x75|R60 u*10° 1.6 m/min 0.18m/s 32s
o C R60 |u*10° 1.6 m/min 0.22m/s —
Swirling o
flow D R60 u*20 1.6 m/min 0.22m/s —
E R60 0° 1.6 m/min 0.24m/s 18s
F u*10° |u*10° 1.6 m/min 0.20m/s 32s
G |55x90|R120 |d*30° 1.6 m/min 0.09m/s —
H u*10° |u*10° 1.6 m/min -0.09m/s —
_ -1 . . 1.6 m/min 0.26m/s 21s
Conventional u*10® |u*10
1-2 2.0 m/min 0.28m/s 17s
J d*30° |d*30° 1.6 m/min 0.30m/s —

*u: upward, d: downward

Corresponding Casting Speed = 1.6m/min

Swirling flow Conventional

nozzle nozzle
With
_ o
flow oscillation
Without

flow oscillation

22 0.35 _

E é 0.30 ,Are.a of.flow i A

B! oscillation A

£ 0.25 o b 0 Area of
Poon e ¢ i
> 015 | :

R R R . eeyreess
§ 0.5 1 A f fl

S rea of flow

E ggg S stagnation

< -0.10 — A

10 15 20 25 30 35 40 45 50
QOutlet flow angle (°)

Fig. 5-17. Influence of outlet flow angle and surface flow velocity on stable flow
formation in mold
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O Swirling flow A Conventional

nozzle nozzle
2 40
=
2 35 |
= o
2 30
=)
E 25
S 20 | A
= O
=)
.5 15 Corresponding Casting
Speed = 1.6m/min
=R 10 P 1.6 ‘
0.15 0.20 0.25 0.30

Ave. surface flow velocity in mold (m/s)

Fig. 5-18. Relationship between surface flow velocity and period of flow oscillation in mold
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Fig. 5-19. Schematic view of double roll flow pattern in mold
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Fig. 5-20. Schematic view of single roll flow pattern in mold
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Fig. 5-21. Geometry of grid (Vertical cross section)
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Corresponding Casting Speed = 1.6m/min

1.56€+00
1.36e+00
1.17e+00
9 76e-01

7.82e-01 N < . , i

5.88e-01

304607 ?ﬁ@ ~

(m/s)

Fig. 5-22. Outlet flow vectors of mean velocity (Vertical cross section, Case C)

Corresponding Casting Speed = 1.6m/min
4.07e+00
3.67e+00
3.26e+00
2.85e+00
2.45e+00
2.04e+00
1.63e+00

1.23e+00

4.16e-01

9.15e-03
(m/s)

Fig. 5-23. Outlet flow vectors of mean velocity (Vertical cross section, Case H)
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Fig. 5-24. Section for flow velocity calculation near nozzle
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Fig. 5-25. Flow velocity distribution near nozzle

(Corresponding casting speed = 1.6m/min.)
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Corresponding Casting Speed = 1.6m/min

O Water model @ Calculated
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Ave. surface flow velocity in mold

Swirling flow Conventional
(Case F) (CaseH)

Fig. 5-26. Comparison of surface flow velocity in mold
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Fig. 6-1. Bad influences of conventional nozzle
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Fig. 6-2. Schematic view of flow formation in nozzle
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Table 6-1. Water model specification and condition

Wakayama Kashima
Scale 1/1 1/1
Mold size 210 x 1850 (mm) 270 x 1650 (mm)
Bath depth 1850 (mm) 2315 (mm)
Corresponding casting speed 1.6 — 2.0 (m/min) 1.5 (m/min)
| fi
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Flow —X-=="""""""=-==-===moommmmmmooooooos —~1— Flow Py
Out —1 —  Qut hd

Fig. 6-3. Schematic geometry of water model set-up (Wakayama)

120



Inserted narrow face

270

fs

3
1650 N
2300 270
|+ Plate
— = L e e o —m —_— —_——_— - -— e - I
Flow Out Multi-hole plate S i [Flow Out A
— e N

Fig. 6-4.

Schematic geometry of water model set-up (Kashima)

WE Bl £ 5278 7 XL Dt kA Table 6-2 3 X Fig.6-5. Fig.6-6 (23, i H FLER IS

BUIDRIE ANVAEOIE T, Fndk iU AEAR2S 140mm, FE B {EEEDS 161mm Th D,

Table 6—-2. Specification of swirling flow nozzles

Wakayama Kashima
Internal diameter D,
(Diameter of swirl blade) 100 (mm) 128 (mm)
Internal diameter D, 80 (mm) 98 (mm)
Length of swirl blade L 100 (mm) 163 (mm)
Twist angle of swirl blade 8 120 (° ) 175 (° )
Cross—section of outlet port 55w X 90h (mm) 55w X 90h (mm)
Upper wall shape of outlet port R60 (mm) R90 (mm)

Lower wall angle of outlet port

Upward 10 (° )

Upward 10 (° )
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Fig. 6-5. Dimension of swirling flow nozzle Fig. 6-6. Dimension of swirl blade

Lk B Lo T8 H R AV D4Rk % Table 6-3 127897, M HIZ{E /A WiE, —ED
WEZA L. M FLITHE RN AT 5 RS 7 XV ERARICHETE T, 20 L FREIZRE /AL
WS B FLH D22 > TRIC T REH2WIE EmEo M EE2 A T 58 NAD D, it
HALENZ BT DI IE ) AV AR OANEEIE, FER LA AR Y 140mm, BE /4% 72Y 150mm TdH
Do

Fig.6-7 (2%, Fnak (L AL kR a8 7 IR IE ) A VTR &R 37, 18 H IR E / AV 1%, i L £ 4% -
JE AR VNG Fig.6-7 O XOIZ, WHIEES M AR THY | M H RS (i H FL T EE 2
WL DL HNAINE T £ TOEEE) X, 10mm 2°5 15mm OFiFHOH 0% W,

Table 6-3. Specification of conventional nozzles

Wakayama Kashima
Internal diameter 80 (mm) 83 (mm)
Cross—section of outlet port 55w X 90h (mm) 90w X 92h (mm)
Upper wall angle of outlet port Upward 10 (° ) Downward 30 (° )
Lower wall angle of outlet port Upward 10 (° ) Downward 30 (° )
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Fig. 6-8. Outlet flow velocity distributions of conventional nozzle under two directions of

vortex in port (Wakayama, Corresponding casting speed=1.6m/min).

124



Fig.6-8 HHI BN LT, Bl 2 (il D EIER 5 [0 23R GBIV O A (£ DK | F B 23 e
WNTRE ) AVIETIZ S T2 o ALA T O E 23 b @ <, WA Toh EoiidiT/ha
IpoTe, WIHP/NSWERAL Tl IR ORI E B 2 E T 5L, WA B (EE AN~ AT
) Ll TVDIFR AR T HEB 2D, O EIERJ7 [ A3 IR FHEID D35 6 12i%, k5T
I A W DR Sy A LR Tz,

W OEEL J7 [A TR & S ANV F BRI ODLEIZL > TEMTH0 T, EMEEE TRV T,
Fig.6-8 |Z/R Lz S7c oD i s o3 A D 22 8 T2 EHE P SN D, 7235, % b OFE &L
BEOEHFIRIE /A NMZBONTE, AN OIZBLE SN 272D T, 2O X727 D%
AR HY LR 23R IE AV NI R TN SNWZEICER 583 2615,

Fr ek (A1 Ak o0 g a1 s 1 - I8 2 XV %38 ) L7235 & o LR 3 23 A & Fig.6-9 1R
T, Fig.6-9 (T3 9" X912 BE A A+ 5 BLIRE / A L 0 AL il (3 H L4 B2 > T
S ChoTo, TORMF . WE Shz i i O f KAE I, 8 FIRIE/ AVOZNOK 1/2 12
KL=,

= 08 Q)
Sh ©
T T 10 E3
j== S >
o O N
~ 5 0o £ 2

o c 2

/A T

0.3

0

03 port Width

(Left Side End= -0.5, Right Side End=0.5)

Fig. 6—9. Outlet flow velocity distributions of swirling flow nozzle

(Wakayama, Corresponding casting speed=1.6m/min).
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Fig. 6-10. Outlet flow velocity distributions of conventional nozzle

(Kashima, Corresponding casting speed=1.5m/min).
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Fig. 6-11. Outlet flow velocity distributions of swirling flow nozzle

(Kashima, Corresponding casting speed=1.5m/min).
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Fig. 6-12. Effect of swirling flow nozzle on stability of outlet flow velocity.
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Fig. 6-13. Effect of swirling flow nozzle on surface flow stability in mold

(Wakayama, Corresponding casting speed=1.6m/min.)
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Fig. 6-14. Transition of surface flow velocity with conventional nozzle

(Kashima, Corresponding casting speed=1.5m/min)
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Fig. 6-15. Transition of surface flow velocity with swirling flow nozzle

(Kashima, Corresponding casting speed=1.5m/min)
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Fig. 6-16. Effect of swirling flow nozzle on flow velocity control in mold.
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Table 64 (ZfE A48 T3 (BR) fn i gk pr (B, (BR) (£ @8 $k ik 111) | Table 6-5 (2
(TR B BRI IS B D85 E S th A m 37, BR B ORI R & LTo 1%, 2 i dh B B R AK A
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Table6-4. Casting condition (Wakayama)

Items Specifications

Mold Size (mm) | 210t % 1780-1880w

Ultra Low Carbon Steel
for Automobile Panels

Steel Grade

Swirling Flow Nozzle | Max. 1.5-1.8 m/min.

Casting Speed
Conventional Nozzle Max. 1.3 m/min.

Table6-5. Casting condition (Kashima)

Items Specifications

Mold Size (mm) | 270t % 1500-1625w

Ultra Low Carbon Steel

for Automobile Panels

Steel Grade

Swirling Flow Nozzle Max. 1.4-1.6 m/min.

Casting Speed
Conventional Nozzle Max. 1.4 m/min.
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Fig. 6-17. Effect of swirling flow nozzle on mold level fluctuation (Wakayama)
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Fig. 6-18. Effect of swirling flow nozzle on mold level fluctuation (Kashima)
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Fig. 6-19. Effect of swirling flow on stable flow formation in mold (Wakayama)
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Fig. 6-20. Effect of swirling flow nozzle on pinholes on slab surface (Wakayama)
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Fig. 6-21. Effect of swirling flow nozzle on pinholes on slab surface (Kashima)
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Fig. 6-22. Effect of swirling flow on surface quality of coils (Wakayama)
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Fig. 6-23. Effect of swirling flow on surface quality of coils (Kashima)
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Fig. 6-24. Top view of swirl blade in nozzle after 450ton casting (Wakayama).
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Fig. 6-25. Effect of swirling flow on prevention of outlet port clogging.
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Swirling Flow Nozzle

Conventional Nozzle

Comparison of internal view of port after 450ton casting (Wakayama)

Fig. 6-26.
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