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Model Experiment and Theoretical Analysis on Structure of

Inverse V-segregation

Shigeo AsAl, Hajime INOUE, Hakaru NAKATO, and Iwao MucHI

Synopsis:

Concerning the formation of macrosegregation in ingots, it is well known that the channels are smooth
on the side facing outside of ingot and rough facing inside of ingot.

In this work, these phenomena were reproduced by a model experiment of NH,Cl-H,O system and the
progress of channel formation was precisely visualized. The experiment indicated that the channels were
melted on the side facing outside of ingot and solidified on the other side, and that the interdendritic liquid
flowed into the channels through the wall facing inside of ingot and a part of the liquid flowed out the

channels through the other wall.

The difference in the roughness between the both walls is theoretically

explained on the basis of transport phenomena in this paper.
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Photo. 1. Transitional behaviors of channel structure in the liquid and solid
region during freezing of NH,CI solutions.

— 45 —



1504 #% & M

% 66 4 (1980) 55105

Photo. 2. The structure of “A type channel”.
(a) The channel observed in the ingot steel®
(b) The channel observed in the NH,Cl-H,O system
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C.S. : center side, M. S. : mold side L?—QE—I

Photo. 3. Transitional behaviors of channel structure in the NH,CI-H,O
system in the large magnification.
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Photo. 4. Fluid flow around a channel visualized by tracer method.
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Mold Center
side side

Interdendritic
flow

Fig. 1. Schematic flow pattern around a channel.

m.S. C.S.

Photo. 5. Fluid flow in a channel observed in
the mold.
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Photo. 6. Fluid flow in a channel observed in
the inclined mold.
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Fig. 2. Schematic view of a channel and relation
between (X,”Y) co-ordinate and (x, y)
co-ordinate. ’
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Fig. 3. Schematic flow pattern in a channel.



1510 % & W

s 66 4 (1980) #10%

g E, WIWANCREE TS LT s,

42 FrrINBRRROBF[(ETIV
ﬂﬁ@f@%;o%ﬁﬁ@ﬁ%k#é%fﬁ%ﬁﬁ
DB INER DN TRIGT 21T 5 L KRR BT LR S,

or T T _ &
ot 78X Y ~ Cpp
2T 92T\ 4H de
'<aX2+aY2>~ c, o T ¢ 1))

MBI, BN OB LR LT ORTESR
A.

aC oC oC

€ ot +eU oX +eV oY =eD
aC | aC a(1—o)
<3X2+ayv>+(L_K)C ot - (20)

7 3 V3 A NOBIKITATIREC D v, BE LBEORH
BB cEshs L ThE, 5+ YRIVRBIROR
EL %F@%%m@bﬁfréh%

T = 7m+mc (21)
@%ﬁ&@bﬁ#%ckﬁfbfﬁbh%ﬁ&,0%%
i @T/06) OERMEELTERTS L, KANEDL
ha.

gL—KﬂTm—YU%_AH}ae

3 ot
p #T 0T aT oT
=<Cpp—D><aX2 aY2>+(l ){U ax TV BY}
- (22)

R 2), 3) & (2) RdbELhBRO (23)RNOBR
BEOT, QREMELTEEEHRERD.

V:u Sin T_I._v CcOS r tesssssssesssetssstes e tss tes s (23)
O (1_5){”51“7+UCOST}G RO ¢ 7
ot (1=K) Tw=T)

[ Cp

EHKRoEIE { } PEERCUIECETHD, £
o (@e/0t) DEDELAIRALAD { } OEDCEAR X
STHRESL. Thbb, 5+ VALVACKHFET ST VT
54 b OFE, (0e/06)>0 TLIREMRL, (9¢/0t) <0 T
BRETAC s, BRERE X AREFHNOTH
(EEBRD DL B2 X 51, HIULF + v R A OHD
RIEEDs B AT SR T 5 h &7e 2> T %7
W, vIFADEERELLDLEEL LIS Fig. 3 ITRL
I 51, F 4 viRARORR e 3T ORLAEA
5 LCw B, SBRAEET,
Liey @i ((0e/06)>0) H»#EFTTHZ LS. L
73T, BHLTOWET Y FZ 4+ ORKEEFEL, F
wrECkSsbDEEZBRS. —F, POMABLEEET
13, lvcosy [>lusingl &b, VT4 b OEDK

lusin ¥ [>] vcos 1 |

E ((0e/0t) <0) 2MEAE I TSR, HWHKRD D
LHEEINSD.

7 VA LVHOREFES BT S &, Fig. 3 D (2)
wabh X5, miurhomibT s, L oRR, &
FIBEFTEE T, |vcospl >|usiny| &eh, T FIA
FAVRE LCHE &, OMIBSESE T, HIS,
lusin 7[> lweosy | Eic 2T LMRERRS DL
HEIxhs. WEEOREARD/NSVWEZAHT, HH
BIBEHHE <, FOEBELE Db ORARDRBY &
Lit, EoBEEcIsborELORD. BRI
BT h, BHEPERIETT +» VEAAVAREARZ /)N
%< Li-B41ciE, Photo. 6 It bhB X 51C, F+4 ¥
FARFTITRLHRIL L, 5+ VR UPRBEOMEE XS
#FOH O LTI DO TS,

5. %

pesk, KESRBOMB VIS & VAL, F 4 VENVD

SERIGIBEIIVE 2 Th B DXt L, AL IBEAM < Teo
TWB o ERHEIhCE. ZoFRREENTLZ &
1, ERMBOF v vk AR X OV U A BLAE
T5 L CHRO CEETHD L OBLEND, HAEKRIH
MR, Thbb, BT veE=7 A KROD
ERIEER T, F 4 VA ABOHEECERN LT HHSR
AHEL, BEOETTHES 5+ VEAABEBAEEF +
VR ARIROTR OBEBEIKREERIT ok, BEGR
TS, F v VEABCATIHEEOERCOY
T, EHMEEDIZ, BEBBESRICE S ERET
0T,

i

E =
a: ()R TEHRSHHERTH (=)
b : (M) RCcEEINLDIBRTHK (=)
C:REoBEIRE (%)
Cp : Mok (J/ kg-K)
D : PEEIR 3K (m?/s)
Fr : Froude (=u?y,5/gk) (=)
Fe: x HFRORMEHEAZ VoM (kg/m?-s?)
Fy: y FRORMEEY 2 05J1  (kg/m?-s?)
G : BREAE (K/m)
Gr : {5 E Grashoff % (gp Gl4/v?) (=)
¢ EIIRE  (m/s)
AH : BifficfE > = v 2 v EEAL (J/ kg)
K : P RAK (=)
L:532vargsx (m)
1 :F v VRAIG (m)
m : Wi AR AE (K/%)
b REOBE (Pa)
p* o RO EEICHE > HEZILE (Pa)
Re : Reynolds ¥ (=umax/v) (=)

— 52 —

I o




HVIET OWARICE T % WA KB I X O ERBT 1511

Re' ;: Reynolds # (=vl/v)

T

DIREE

Ty : EUERE
T : Wi E O BUR

t
U

u

T R
: X5 o
: XH D FE®E

Umax @ U DFRKILE
u: m\(kf:fhghkxﬁﬁlf‘]@?ﬁg(=u/umax) ('_)

Re a8 0o W MR Mo <

: Y 5w o

Ty O

TEEHEOREE

X LTy RO EN L EE
sERTTIL X e x O (=x/1)

o Sy Al ¥

Yo LT r AT ENL R EE
KT E iy oEEE (=y/D)

D RIEERR K

P F o VR AERS

TF oy VRARNERK

D EVRIEEE

D EPRE R PR B
R LR Bk

(=)
(K)
(K)
(K)
(s)
(m/s)
(m/s)
(ra/s)

Ppb ¢
Lo

1)

10)

11)

PSR O BN A *

D BE ( kg/m?)

WAk D W ( kg/m?)

e (kg/m?)
'S ik

NMFEHE, Je)l @, £8 %, PHIEZ: %iE

BIOZEELE I HHSRERRHFEIIRIEH,
19£-10077, &E 229

SR gkem, 13(1927), p. 1001

H. FREDRIKSSON and . O. NiLsson: Met. Trans.,
98 (1978), p. 111

BRHEE—, HHOBfT: & &8, 56(1970), p. 212
BEE—, & MBE: $L#, 56(1970), p.1323
AR, EARIYL: gk, 63(1977), p. 45
IR %, BAEE: &k, 53(1967), p. 27
T. Ogkamoto and K. KisHiTARE: J. Crystal
Growth, 29(1975), p. 131

BHpE, EREE, W & gk, 63
(1977), p. 1512

EFHEA, DRIEE, M BE: Bk LW, 64
(1978);: p. 730

AT BsHE, JbRZERE, ME X, LEREE: #E

— 5% —



