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Flow Phenomena of Mushy Zone Caused by Suction and Formation Mechanism of V-type Segregation

Akira Suvcryama and Itsuo Ounaka

Synopsis : In order to clarify the formation mechanism of V-type segregation, flow phenomena was examined by using two kinds
of samples : solid particle-water mixture and aqueous solution of NH,Cl The former was used to simulate the slipping
phenomena of equiaxed crystals in the mushy zone and the latter to simulate the remelting of mushy zone of ingot.
These samples were sucked down through the outlet located at the center of the bottom of a cavity with constant
velocities, which is called artificial suction. Most particles or equiaxed crystals and liquid in the upper part of the cavity
moved down vertically. The V-type movement or slipping of particles were not observed. In the case of aqueous
solution of NH,Cl, equiaxed crystals moved down vertically during the artificial suction and the V-type movement or
slipping were not observed. However, the V-type segregation were formed in the mushy zone. It is concluded that the
V-type segregation were not formed by the slipping phenomena but by the remelting.

Key words : solidification ; V-type segregation ; solid particle-water mixture ; aqueous solution of NH,Cl; artificial suction ; direct

observation.
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Fig. 1. Shape of artificial dendritic particle.
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Fig. 2. Schematic diagram of experimental equip-
ment.
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Fig. 3. Schematic diagram of mold for solidifica-
tion experiment for NH,Cl1+H,O.
(a) cooling system.
(b) silze of cavity and location of thermocou-
ples.
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(c) flow pattern of ink.
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Fig. 5.
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Fig. 7. Formation of V-type segregation caused by
the artifical suction during solidification of
NH,CI. Enlargement of the dashed square
region shows in Fig.13.

(a) before artifical suction.
(b) 600sec after artifical suction.



* e l. * o -

§n° |o o o é’

“gg |§ °8§

T .igf"-g
« * o o O:o
[ gl §s§
gpy N fEs
58 :

! : ©

13
columnar regon  center line '5 py

solid region

Fig. 8. Behavior of equiaxed crystals.
‘ (a) before artifical suction.
(b) 600sec after artifical suction.
(c) position of some equiaxed crystals.
. staring point.
every after 30s.
240sec after starting.
artifical suction start.
600sec after artificial suction start.

Rx[10@

BESINATC A L) REEGHR-T O S EARER TR~
FTp RGN, b LARL FIMTENE P~ L7z,
Kz, NILH 27 arehnaz Tuv s EIICER (296K) TH
FIREE DKMnO, /KIE#E 2 AR e & S5 mh i OB R 3o
FEAL, BAHOHEOKT 2FAICHEREFig. 9 LR T,
KMnO, i34k S5 2 & Zlil fh ik O Hol~ 1m0 TR 5 E)
LT b, VERSEAEFESNOEAEOREN S mb VER
o TwbdbDEELZONI, 272, FiglOlRT L 5 2
BH OB (Fig.10(a)) (=351 5, FEEEC AT 5 8%
DMWY 7 — Y T L7z, EHMITELOERDO TEHEY
0t L7z, Figl0(c) R T#TA RS> 6, 5 ~10mmiZEE
DEZALNIRE—26L3bDVROLNE, THIEH
ERREZ RT3 L LY —2 Tl
reht, BELL, AERBROFHTIE I OREDORMBTELE
FWBPHEATV2bDEE2 LML, HEBLREEDOT
FEAFAEC B AR A S LIARDERREE L L b, K
S BENICERRBORM CBF e BARBYELC 20T
HAHI, o T, RIFFEIZ 31T 2R D 61X, VFIRES
TRARRSEIR OB FE L RIEY H 5 LIXE 2 L v di,
B 5 FE O BN 2 - TEAREBYERINSG LE
2B, ki, 7— ) ZEMTIAFig10 (a) D EARZ U T 2 <,

35

Frraiid o TAL 5 BRIAHORBELR L VIR O EBHEE

Fig. 9. Flow pattern of KMnO, in the mushy zone
during artificial suction of NH,Cl+H,O0.
(a) immediatery after injection of KMnOj.
(black dot was splashed and solidified
NH,CI on the surface of mold)
(b) 100sec after injection.

200

150 |4~ | l } ,|

Brightness

100

A T T N S
0 20 40 60 80 100 120
Distance from the bottom of the cavity (mm)

600

Intensity

|20mm|

15

) 10
Period (mm) ©

Fig. 10. Periodicity of high liquid fraction region.
(a) solidified structure for analysis(line
part).
(b) distribution of brightness.
(c) results of fourier transform.

Sl LIRS b 1o T 2 mmEBRTIT - 7o3, T ho®s
RLFRRTDH - 12,

3 -3 VIRWTERBEAE

Ll b 6, VRS IRAARFEI (L B T D30 Tk %
CEMOBEFRB L THEREINWL EELLNSE, T2,
RO EFEHE B © TR GHRRT RG22 E®BT 5
ETVREAPEL 22 LD Y2, TOHAE, DT Y
TR O THEMTHBET S 3 28w, FHEHEC
I AV OERME R L TI3HIE > TELIAREE
IR X 2 WREME2ODRESINT V3, L»L, F27¥ =
> DN CIBALHARDTV F R TRENT 2 R PEIIBA G 0 b 72
ST, RFROHERE» G, HEREEDLOCHED

833 W



B 834 &% = $8Vol. 82(1996)No.i0

R — BB IRAARAE DT 2 & a o & 5 RIEOFENIZ

SMETHTHA L ELONSE, LT =T 2KEKD

BEEIM AT 2o a v A EA LIRS > TVR
Wi 3 2 THALT 2> a il & 2 RMOTENLEE
THTHY, ¥ 74 FEhR>» BB INTL 572
DIIZFEH SO LESDRNL R EC, E2AT, B
R S LR DI SRR W B R D AN — e AR DS
Rond, EGH¥ THE~BEHL L L5 LEHEROF
TR L > THREHEIIO KR S LER E 2 209, WK
FEEERBEORCESERBOREIBR LRI T LV EREOS

CAKEIFE R OGNS, T b bNAI~FRENT 5, 2

DEE, FLEROB, X YHLL ) DEREPAI~DT] &
AsPWET A 2L LA, 2DL3 LR SDHENE
WHEIBED &GO RMOEIE 2 AR T 5, BMIHEE
BT 5 ERAEDLORCEBERERS T EH512D, 36
CIRICEERA DGR EI Y HE ATIE MY I T b s, 2D LT L
TVRHADPTER SN B AR H 2 LHF L 6N b,

L2 AT, EMBONRE)—5AGIC L > TVRHTAER DR A
LR 2 BRREYER SN LT 5 L, BEREGAERO
DEHH 6T b EBARBYER SN L TREE»H 5, Ly
LAED 7 — Y ZfTOBRIR I & 51, ECRETCAL
PEERGLH A S, MR L TH 5 2RI e MR
PRETTELRBSER IO TEREEY D2 L EL LS,

HEVIRAT & VIRETD F v > AR OME S, Fv o &
NER DRI, BEARSHOE MK GET 5 LB b
%, VIRAT I EEE A O Fes isE R N o, AR
DIARE— L IR TR S N5 10w, VIR L L=< TR
FroANFERLEZC DO EELNS,

4. %BE

VIRHT DAL 2 W 3 2 700 1, S 2 rEb vk —
BARLFR AR LG, BEE 2 E S EILT > =0 2/KiETH
CATHRCY 7> a i, BT, %HEOFKE S
LI, AT E > T TG L o712,

K — BERR- TR AR S A

() ERERF TR FRCLOTY 2o a v EC B L
AR TSR P ~FEIL, VERORENIEE S 1L »
212, 212, RAADTE b SRE T HTH H VFIROFRENLER
gankro1z,

(2)7 Y N4 MIRBFTIRHEARDOTR SN A LR 71358
A, BEVEIRD ERAEEIRHTE U 12, 7K — Bl ik 7R
BERORBNI AR L - 1257, VEROFRENI R & e b

36

- 712,

(3)EROEBETRON S & 5 RS E b Sihih g L
DHEMMFES S I a2 — 1 T CEHRNERELE XYY
7 4 HREBEDORIF OFESE, EIHR %2 2 2 TERZIT- 1297,
VEROTRENI R G g o T,

WALF MY UL G ICREEEROYA

()EALF V) v agEBR AT 27 a v 2mist
VFIR O kAl R B HTE LIS,

(5)HAHOTRENZZIZE T H Th -1, 272, FEFD
VFERT Y 230, EAREHP R T 5 VERSTEMEE
SR, D EOBEOKE, ShEFHCTHRET 2#%
Hh3, b ICEHROFm IS 2B T/ L NE S ~
DFNEELSE, ZONES~DROV TR E > TH
BRPEL, VEIPERSh2 LERbNs,

(6)VIRITICWIRE L BRI R o Lt o 1205, BTk
DRI ERET 5 BRFER DAL E2Tb T h 5 2%
BE LR TITbNs b DEHELZ NS,

D EDOWRPEROMOSGFE - b FHT S 22 E 52
SOV VETIRD 0%, DL Ly VRITOEKR I,
FTARDIDL L ) A ORREEY T LR b
%,

X [

1) M.C.Flemings and G.E.Nero: Trans. Met. Soc.AIME, 239
(1967), 1449.

R.Mehrabian, M.Keane and M.C.Flemings : Metall. Trans., 1
(1970), 1209.

S.Sundarraj and V.R.Voller : Int. Commun.Heat Mass Tran-
sf., 21 (1994), 189.

D.G.McCartney and S.M.Ahmady: Metall.Mater.Trans.A,
Phys.Metall. Mater.Sci., 25A (1994), 1097.

Kpelft, MAHES © & L6, 73 (1987), 1698.
R.J.McDonald and J.D.Hunt: Trans.Met.Soc.AIME,
(1969), 1993.
SR, EARMIUL
AR, EARRIA
BHEE, EREE,

2)
3)
4)

5)
6) 245
DEk L8, 63 (1977), 45.
Cgk L, 63 (1977), 53.
B OME gk LH, 63 (1977), 1512,
SEAEM, BORE D g E8, 65 (1979), 1571.
SAAAERA, O RE gk L, 65 (1979), 1581.
J.J.Moore and N.A.Shah : Int.Met.Rev., 28 (1983), 338.
BRFER T Bk E AW, 13 (1927), 1001.
TAILE D gk L EH, 43 (1957), 431.
AR gk L4, 43 (1957), 528.
A, EAEIL : 8 LA, 59 (1973), 431.
SAAEA, EARMIL : 8k L 8A, 59 (1973), 1540.
M.C.Flemings : Scand.]J.Metall., 5 (1976), 1.
HH E, K¥ %, NRFEH, W&, SpOwk, SHEBS,
LILFFR T gk LW, 69 (1983), A193.
Fb BE, SIEAE, WEOBR D g% LM, 71 (1985), 1132,
I BA, K c gk L 8H, 81 (1995), 46.
BRIBUE— (BT B ABISE (BR)) - RLE

7)
8)
9)
10)
11)
12)
13)
14)
15)
16)
17)
18)
19)

20)
21)
22)



