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Effects of Natural Convection on Solidification Processes in
Experiments Conducted by the Use of Cold Systems

Kenichi Mivazawa and lwae MUucHI

Synopsis:

A study of the effects of natural convection on solidification processes under the various casting
conditions has been made by the use of KCl solutions as the solidification system.

Experimental results show that the increase in the teeming temperature causes the increase in the
velocity of natural convection taking place along the solidification front and the increase of this velocity
results in the acceleration of the removal rate of superheats in the liquid pool and also increase of the
Furthermore, it has been found that
within the range below an eutectic concentration, as the concentration of KCI solution increases, the
mean maximum velocity in the natural convection becomes faster and also the deviations of the liquidus
and solidus planes from a vertical plane increase, but the mean maximum velocity is not so much affected

deviations of the liquidus and solidus planes from a vertical plane.

by the change of temperature in the colling box.
Moreover, it has been observed in the solidification experiments of the distilled water that the bubbles
rising along the solidification front accumulate on the solidification front near the point of boundary-layer

separation which moves upward with the progress of solidification process.
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Fig. 2. Changes in the temperature observed at the
location @ given in Fig. 1 under the various

teeming temperatures. (¢=1lmol/{, ¢,=

—54°C)

AR & RROBIEFHREZ AV CEERImCE> TR T
LERSROTRHE, X, BEAELLHEHEADIE
EoRBELEEAL, ToERERCESWTEHAR
ROBERCOWTHRETT 5. ik, HHAOREOMIEE
ERRRELEE I BiE T B AR & @K R OMADOER

’a ID T L ] ) 1 1

u ‘ ‘o f2af1a]-2
£ £ O8F \* e iR
2= 06 A ]
g IDE > A\(‘:\\"\

g o4t o .
> ~o~pq—0__ A\OA\\OA\c’\O
S oz EE———

o O
= g 0 1 | 1 ] ‘ 1
0 10 20 30 40 50 60

Solidification time 6 (min)

Fig. 3. Effects of the teeming temperature on the
mean maximum velocity in the natural
convection measured over the range of x
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Photo. 2. Boundary-layer separation observed in the
casting run with a distilled water. (¢(,=13
°C, ty=-60°C, (a)0=12min, (b)O=
25 min, (c)f#=32 min)
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Photo. 3. Curved plane which is consisted of many
small bubbles accumulated in the solid
shell and needle blowholes observed in the
casting run with a distilled water. (¢,=17
°C, typ=—56°C, (a) without agitation,
(b) with agitation for forty minutes)

WHEVWIAKIBENE TH 0, HEOLLENSEL Tk
BEEINES<HmMBH 5. F/, RREREOLELT
EH IR T WS SR OGBS IRERTH D,
K[mERMOLAEFoOsHRA IS 06E Lic, F7,
GUEBAED S DI ZLETMTE b, KCl Bik05
EEBRTHEILLHNVCST57 2 F3 4 bORED
fEim & FikisEmsRoh 5.

ZZC, GERRESE CHE»S x ORIBE I 1) B
BEZRE 2(0, x) & LTHIEESOALE (x=x', y=»")
OBECHET HHSBE2TE S &, REBORBER
HOBARCR LT (1) EABELNS.
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dy*)d x=— Rfu-A-1tan By -ermeeurenescseesionees (1)
T, Y IEED HEED x OB R HHE,ND
SIBERTE CTOEMTH Y, dy¥/dx FEE S RICH
TOHRBERBOAR TH 5. T, REIFHERIITHT
SURERTHEAK T 5 R~ OBERRE (BEEE), vidEl
L TN ORES FOREELIKET 240k
FA~OBEEE, i g Rc g 2RERHOEER
PLOEE/[THY, FLTh R=0y(0, x)/00, v=
—dx'/d8, FXV, Bi=tan~{dy (0, x)/3x} TEH
=hs.

L7332, (DRI o KmEREO 7o 7 « ik
WOR, u, KIO I KEKFET B Lribhd. £
Photo. 3 (2) it 7R LASHEERMCE LT, kit
x=4cm T dy*/dx=0 b, ZORELD b EHTH
dy*/d x>0, H X, TETE dy*/dx<0 THDHH,
GERE SSE S EHRE CEETHHE (Bi1=0) &
i, (D)EhD dy*/dx<0 &7y, Lo TRimE
BESSEL  THEA~ IS VD T ERRET B
W Eabis, X5z, Photo.3 (a) T4 x=
12~20cm DR 3513 5 [MERE T dy*/dx= —
ETHY, Xbic, RIKOBREERTIIZORMEICIE
U BRENEOEE AEIEFITAE (Bi=0) 2o,
(1) ®rd R/ upd—FLi5 0, fgscis T 25EH
OB EEE & IS0 EH~OBENRE D LLAITE—
ETHDHI LI B.

KAVE BRI RSN B VIRIT OAERERIC O W T
VI, ESRX D %< OBLEES Al I N TV 55, REO
ZE1015) T V3 [ §i T 1 PR S o I B IR (LB O _Eb°
FERELEZLATEY, B, HVIETHOHEMAS
KEH RIOGEERE & RSO ERE & O TRE
XNBEVD ZEFEEMTIEDFEOTWHHEN G
»5DH. 2T, BVREIFOERPIRICEBOF LCXS
EWHEIGES e iE, (1)RT, AERICKTHER
EofgtA D EH OBE) LiRILEMOE L& 2 ANt
52 EILE O, BEVIRITHEOIIRDFIIC Eid D&
EHREOKCET S ()RS FEATEHDLELL
ho. LichsoT, B IR 3o\ T VIR #iHs BhEE
HINEVTWBBRRIZOVTIE, BLICEARLWICE DT
EHPEBHEITW3 X 5, bk LcR{LEREOF
FEECRERE L &b ICRERTEHOEER, L ORE
BPERETHEBLBLLDEELLNS.

bR o038 5B o RIEE IR SR VLR B BT I o wE A L
FTHZELXOTRIGAEKY, T, ORI X
STEREMATHRE LTV 5RBIBESHCEHBRFET S
oo, BEZOBENI EEHR SR AmEREIR

bhis 7%, D% Photo. 3 (b) iLFT. 7272 L,
ZOgGEE 0 = 0~40 min g EIR RIS G #E3E% m
%, WBREFRHA Y 60 min £ U7ckf i ¢ Photo. 3 {(b)
ZiF L7z, Photo. 3 (b)h, HligT s ickoT
stIRGBeRERE S HET 2 2 &, BEMEEZRERY
TEBEHMSIEEEICKD T E, BIO, BIER2KRT
LR X 0 RGBS HORE Lign 5 2 & 25bh
%. 7t%, Photo. 3 (b)izk T, 8§ =0~40min D
EIRE RSN CER B LB RSN s LT AR B A58
W, ERERIE & AL IBORMES L It 5 IESC S
2RI DM T H .

5. &

R & LT KO i &R, XU, BASR
AL T 5EBERE LTFE— LT v—EZERBL
T, e ORBELEET TEAKORARE REE
Z, BIXOCWHHNOREZFEEL, DTOHREZE .

(1) FEANREPEVWEEE ER—GERECST S
BARRO FHREAMEIREL LD, 20D, &
HROREOMTHECREIREORER? S OHE A
WA XL LB, BREYOEEEREXRAT 5.

(2) SEHEEEIERWIEEITE EWMEAOEREEL
KTL, ¥, REEECRERGOHEEADLhLH
X kEL BN, F—EERRENIC I T 2RAFEIT
ok E LB bR .

(3) FARELSIWRE ThERFRECTHOT
4 [Fl— 5 B R I 35 1 B BRI I SRIREIGEVWES
B EREL LB icdic, TRABANOIRERT 3B Ok E 5
HOMHEEALHERT 5.

(4) WAEZEFCRE LS oRER2fTRS &,
WD BB DREVIBIR LA VWIBE X ) iER0r TR
b5, EEO AT 1 HEREERER /S L
sy, ¥, BEREOSETEZRCCOTIEERE LS
%

o

(5) HHKOBEEERTHES NI [BERTOR
KRB ORI ST R 1) DEREEE, fEEs o LR~
OBENEE, X OEEFEOHEE AHITKET %-
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