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Abstract

The fluidity of the liquid in the solid-liquid coexisting zone of an Al-2.4 mass9% Si
alloy was measured by the seepage of interdendritic liquid through a cylindrical hole
formed in the zone. The effective permeability coefficient K. which is an index of the
fluidity of the interdendritic liquid was estimated in relation to the fraction of solid f
and cooling rate R at the initiation of solidification. The specific permeability k depe-
nding on the geometrical pattern of dendrites was also deduced from the effective
permeability coefficient. As a result, the following relations were obtained.

log Ke=log 0.079 R**+15.3 R*" log (1-f)—2 {4)

log k=log 2.1 x 107° R**4-16.6 R*® log (1-fs)—4 (6)

The fraction of the solid at which dendrites begin te form networks is about 0.30.
Then the effective permeability coefficient is 7.9 X 107® m/s and the specific perme-
ability is 1.3 x 107 m® On the other hand, the fraction of the solid above which the
liquid cannot flow through the dendrites decrease from 0.70 to 0.60 as the cooling rate
increases from 0.0083 K/s to 0.083 K/s. The effective permeability coefficient and
specific permeability become constant values of 2.8 x 107® m/s and 3.7 X 107" m?
respectively, although the fraction of solid is changed by the cooling rate. It was
shown that the effective permeability coefficient is mainly controlled by the specific
permeability.

1 %

bl

BEOBEMT EFTICT v Vo4 P RIVBICRET 2L, LTOMBOFEC LS TH
BT B & 0FT 2 BB A BT hidie by, T OB BT B B O BN R
WKL LRI K & Ie B b 2 500 g 2 RO T B % BEE 22 & BIGR OV CRER AN
SRLFH SEC¥E=HE




70 THEEETT - AR 2

AT 5 2 LB EERYRET 2B bERL I L LD,

JE ¥R SR A B IR A O REDME VI B ARV BRR 7 v F 7 1+ OEMFRIPEE & T D5t X Uk
FERACEMEELEEL TRNTAZ LOMNETH L, BREOBELLOBRDOT VYV FF A b~
DFEFIBRERBROGHERBECEELEINZIY ZEnb, FY Vo4 F OREVELLTOH Y
BEEREOBR L L TRbT Z LA TH 5, FE LY 12T TREMZ AV, B« O&HEHE
B R L 7o Bl B O — ERIMHER B C A TR e @R OZA AR L, £ O CBE-K
HFEBARHEZRE S S 2 Lic X » TRBOMEE L mERE & EiHE L cBRS1oa23E
BRI CFHA L 7oo ¥ R E-HER RO HE S L OMERREIET 5 2 Ltk ), FoE
BERBENLT v F 74+ OEMBSHVRICKET 558K 8 Ui, BOERBMRECRTML
ity CPIMEARMET LHRLTV50 CoNEE A« ORIV, oL LIRSS
Bhih & ST LREOMENE R LFHIT 5 2 L 2ATRETH B,

ABFFEE Al-2.4 massP6ST H e a k& U, BEEE R « 2L SO LB B I
BT LD MBI & I ZEILE HEC & - TFHE

L, BEBRE L EHRS L OBEEE &£ 0B ™
TRDI, EDICERERRE L O BERYREL, ) !
TR L EIEER s L OWENRE & OB G kb, 7 77 2

F IR CHRAE AR L REMCR T B EERS L
OB, I 5o EEST Lo B b T
75712,

2, & B K &
Ao EBEEE oM % Fig. 1 iR+, HE60 Xy
® ®-8

mm, 5 120 mm OBV Y KA BRIEIUFNOH
BUE R E L BB AL A TR T A 1o,
HompLdry FEROFCEE L THHEER 13
mm, X 10 mm OBRERBEEE LA 13 mm O
EE BB L CHARNEHARELHEE L (B 3e
T2e ERARBEMNCIELNCBE LCEHROE S
AT Ho0BAH Y B I EELTHEL S

RSt 7 v A VEVESR A H, SHEE 1 mm, AR
0.4 mm OHEBE CHEE L, FTOEY 2 mm i3 L

~ O 0 bh oW

W
4
1
i
4
i

G b R, EHIFD5 B0 1 mm A EA Fig. 1 Experimental apparatus to
o estimate the fluidity of the
JTENC i R R & O#MAE RIFICT 5 X 51 liquid in the solid-liquid coex-
Lo MEEOSIE L Y FEHH S 30 mm & & T, isting zone.
S EBE A 15 mm ORLECETE LT 44 -2 L Quartz pide
et Rt e e 2 Thermocouples
B A VBERTIT e - 1o, 3 Graphite crucible
EEEFIHE LCThy, BRIBHFNC YR, 227 4 : Cylindrical hole
RO LI, RMmEts OB R, B O S0lid liauid coexisting zone
SFORER 973K % T LA ST F DR ETRE e mace
L, AlOBEKESFECHERL TH D Al-2 4 mass% 8 : Indicatinb lamp



3 Al-Si &5 0 BRI 35 1) % WA o W B 0 & f A FF 7

Si GEDOEE% 85 mm OF I TAY RRICHEA LT, FD#% 973 K € 600 BEFEEE, FTED
GHERE CHE I CR-REFB AR ¥, FIEDBAHERICHIET 5IEE T 300 RS, 2
AR OLIE S 75 mm O F S F THIICE| & B 7, 22 NS H L 7B 38R an S B2 i
THLIVIDRRIIL, ThiRd > TEAACRBLIBHEOE I L, Z0BICETHETO
REMIF[H 2 I L 7o, BAEEE L 0.0083 K/s, 0.038K/s, 0.058 K/s, 0.083 K/s o 4 BypEcZr
X, FREATRREOREMERKIZ0.33 225 0.65 ¥ TORBTIT -1, A IF LTI TE
LThH2EME DA L 12T, 5 5 W 3RFFREE T 1500 BB L - BTFS L,
ORI OR P LR EZES X 5 Il L, =2 V — L THFIER, 10%w i Yy — &
KEWTAOBWEBEAL, 7 v F 74 MABROBEX Tir- 70, REFRE L EMHEX L 0BFRIX
Appendix 2”3 HEETRD I,

3. R B B R

3. 1 EMB=:IC & 2&EOFREM
Photo. 1 12 % @ BAIAIG O BELEEE A 0.0083 K/s T, Z2AEREFOBEMHR A (2)0.46 = X U8 (b)
0.55 OEEEMME AR T, ZAOEBIIEC X 222NN OEBOBREKE L, EHADT Y ¥ 54
FPOEANDT N T A PRI DB CH S L LBBICXGITE S, A0 T v
NI A M ZEAERROEHEROBE AL WML L T\ b, 202 EIrRHEEHOBERL
WEBT V74 ofiificing T, Bt
U 7R AR BN » TR L, &0
W T EARR O L ST s &

CEIHedLEZLNBY
B ;
R=0.0083 K/s
5
fs = 0.4
al fs = 046
£
‘}‘O I
J 3 |
= fs = 0.49
27// .
| fs = 0.55
| L
fs= 0.65
0 : I
0 05 1.0 15 20 T

t / ks

Fig. 2 Relation between the height, /, from

the bottom of the liquid flowing into photo. 1 Dendrite structure of an Al-Si alloy
a hole and the time, t, after the form- after the holes were formed at the
ation of the hole at different fractions fractions of solid of (a) 0.46 and (b) 0.55.

of solid, fs.Cooling rate is 0.0083 K/s. Cooling rate is 0.0083 K/s. (X1.8)
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Fig. 3 Relation between the height, /, from

7A P EHEL LI EAVR S R B the bottom of the liquid flowing into
FAFIR BB O WA O Tt Bh P A VR 5 o0 JL S a hole and the time, t, after the form-
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of solid, f;. Cooling rate is 0.083 K/s.
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fraRe, TOBRIFRI b EL -KHED E fraction of solid of 0.53. (X1.8)
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Fig. 5 Relation between the effective perm-
eability coefficient, K., and the frac-
tion of solid, fs, at different cooling
rates, R.
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Fig. 8 Relation between specific permeab-
ility, k, and the fraction of solid, f,,
at different cooling rates, R. The
broken lines show the specific perm-
eability change under solidification
contraction.

Kia,-qy | Specific permeability at the boun-
dary between the g, and ¢, zones.

K- . Specific permeability at the boun-
dary between the q, and p zones.

Ko . Specific permeability at the limit

of liquid flow due to solidification contrac-
tion.
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BRECEENHEEOBE S L OBERBEAFTM T 52 bl »T, FYFI4 OO TiEHE
AR T DEBRABTEL, REROFBE S L OMOPIIEEOME & o BB 2178 - 12,

FORRYEHT L EOED LS D,

() ALFSIAEDT v ¥4 FEEHEOMENE 22 A EORBIMHES LR (kb ETL,
F e A—EAEERE CIBEERBROBHEIRE S KN E bR FHERE L t D,

(2) BHEBEHKe (m/s) LEHEf 3L 0%EEE R (K/s) LoBBE->EF¥0 L 510k
HEIND,

log Ke=log 0.079 R®*+15.3 R* log(1-f,) —2 (4)

FRETVFESA D F Y b7 = 2 AW UIAD CHERO LRI T 2 5B ROBEME fo-q
b, BHEOBIMC L - CTHEHL B L e 2B F0BHEEK {4-» T TORBITH YIS, T2
TAFSIESED fo,q EIZ0.30 THD, fo,» BIZAEEE0.0083 K/s 225 0.083 K/s ~
EHEINT AL 07045 0.60 ~EEAT B, Fh fa-a OERERICKTLEDEBEHE Ke
e-ap (1 7.9%X10°m/s TH D, fo-p OEHRICETHEDEERIUE Kew-»n (3&FEKE
WL B393F 2.8X107° m/s O—FEE &R L 7o,

(3) FBERK (m?) LAHEE (K/s) BLUREMEEL LRI X¥0 L5 FEIh3,

log k=log 2.1x10°R**+16.6 R*® Jog(1-fs) — 4 (6)
foorar LY fa,p CETEEEE ka-a, Ka-m EFHRFR1.3X107%m? 3.7xX107
m* TH Y, BEOBEIZREMS L 0P EE BT A WMEE L BV —Fa R, ¥ oBE Gy
LT O BEOREBEABNE R, BEHEC LI 2MEBRABMEEL D LH11% R EEL 0D,
F OFEIMEEI BT 2 FREBEL9.6X107m? & x5,
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(4) RFEMZBT2EEE LEHER L OBEEE - oBIfRY Al-Si 40555 L B,
BHEE L OBRYHE TS &, BEEEI EL 5L AISIEE&0F v F 54 + MRERES
LEEL %,

Appendix

Bl-RHEFERNEHOBRERE, BHES J UTERERBEENAE
BREMMECOEMNGELRBYERT 5 &, BEREERE CL(mass®%) i3 2¥D L 51IckEb
hnie
Co=Col 1 —(1—2ako) fg)kor /1 2ako) (8)
Z 2T Co(mass%) IR HEEREE, k W TPHSEFRRTH D, T a 3 D/l tFb
SNBHEE ST 2 =& THDB, Ds (m*/s) ZEHANOBHELEGE, « (&) GfoRERRE, L
(m) 7 v F o4 MUBRERD 1/2083Th 5,
WHEBEERE C &P ET 2 8ERBEE To (K LoBfE>E0 L 3 RIN 5,
Tw=To—mC, (9)
ot T (K witigBogERE, m (K/mass®%) (WREROEETH D, Lichi-> THELA
WHEEORE 2652850, ()X ORERERE CL rikETE, (8)R L »HEHE
RERDDHZENTE D, HEICH Ik, Dy, To, m 3T Zh 0.13892x1072 m?/s* 933
K, 7.1 K/mass%"chHbh, L & 711110X107°m~155%x10"m 3 L 0F 1210 s~4140 s Ei R
BB,
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