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On the Natural Convection in Solidification Process

Synopsis:

Kenichi Mrvazawa and Jwaee MucHI

Experiments to demonstrate the behaviors of natural convection along the solidification front in the
mold were conducted by the use of KCl solution as the solidification system and with the aid of the thymol

blue method as the flow visualization technique.

Experimental results show that with the increase in the solidification time, the maximum velocities of
natural convection in the upper region of the mold decrease monotonously and the positions at which the
maximum velocity in the lower region of the mold appears approach to the solidification front. For the
case of eutectic solution it is found that the mean maximum velocity in the upper region of the mold is
proportional to the square root of a modified Grashof number. .

Furthermore, the approximate estimations with regard to the natural convection along the dendritic
interface are presented on the basis of the boundary layer theory. By comparing the observed data of
the mean maximum velocities with those calculated curves, the effects of the fluid flow in mushy zone
on the velocity in the boundary layer and on its thickness are investigated.
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Fig. 1. Schematic representation of the experi-
mental equipment. ((A) plane view and
(B) front view) @~®@ Thermocouple,
® KCI solution to be solidified, @ Glass
plate, @ Transparent PVC plate,
Cooling box (coolant : ethyl alcohol and
dry ice), @ Al plate, @0 Insulator, @
Pulse generator.
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Photo. 1. Natural convections along the solidifi-
cation front. (¢=1 mol/l, §=40min,
xp=4cm ; (a) @ =10sec, (b) #'=20sec)
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Photo. 2. Natural convections at the various solidification times () and the locations where
a pulse was charged (x3). (¢c=1 mol/l, §'=20sec)
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Photo. 3. Profiles of the developing time lines in

the natural convection.
(c=2 mol/l, 6'=2sec)
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Fig. 2. Maximum velocity measured in the cast-
ing run of 1 mol/l KCI solution.
(tp=14°C, t,=—54°C, xp=3cm)
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3. Maximum: velocity-measured in the cast-
ing run of 3.3 mol/l KCI solution.
(tg=14°C, 1, =—54°C, xp,=3cm)
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Photo. 4. Natural convection in the solution of potassium chloride of the various
concentrations at the different solidification times.

(xp=4cm, 6'=7sec)
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Fig. 4. Effects of the solidification time and the
concentration of the solution on the mean
maximum velocity measured over the
range of x from 5 to 10cm.

(te=14°C, tp=—54°C, xp=3cm)
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Fig. 5. Effects of the solidification time and the
concentration of the solution on the
temperature in liquid pool.

(ty=14°C, t,=-54°C)
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Table 1. Physical properties of KCI solution.*

¢ (mol/ 1) 0.5 1 2 3.3

v ( cm?/ sec) 0.0169 |0.0159 [0.0148 | 0.0139*
a (cm?/ sec) 0.00166(0.00168! 0.00176/ 0.00183
g B/v? (cm=3.°C-1)| 206 340 532 736

Pr (— 10.2 9.5 8.4 7.6

t (°Q) —-1.6 |—3.3 | —-6.5 | —10.7

* These data shown above are the mean values estimated from
the literature23’ over the temperature range (¢=0 ~10°C)
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Fig. 6. Relationship between the mean maximum
velocity measured over the range of x
from 5 to 10cm and the modified Grashof
number. (G'r=gg (ty,—1t;) /v?)
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e Cr BB O>TRELLD L EPbIDTC.
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Fig. 10. Effects of the solidification time and
the concentration of the solution on u;
(at x=5cm) estimated on the basis of
the observed data shown in Tig. 9 and
by the use of Eqgs. (11), (12), (15)
and (6).
L7ch32T, Fig. 8B DEERLHEET 5 &, Ymax. D3R
VIR EHARKITIE V& S BB O EBRES R (7 X 0,
Photo. 3) 13, BEFHAEE w & GrErkEwo &
(Fig. 8 318 5) »oOHEMTES, ¥, AATOR
Ricxneg, (14) X ob»P 5 X9, tmex. 1T x O
BN E D TRE {52, Fig. 2, 3 oFENEETIF
Umax. DSEEINT 5 OUF x S HEHVNE WEIBHTH B 7=,
KR OFER OB SAL IO B LIRS 5
CEDHETES. Zhil, REINIEROER DS
5 PHA L CRERE S EE LGS, BEREFLOR
DRWE, EBERTEC S S-SR ER LTWA
W, AP TEE L (6) R irs o T T2
HTHEWIERRXDDDEEIBNS. Lich>T, 7o
& X Photo. 2 B2 3 X 51T, #HAREOTIRC
BUID ymax. W EHCKITD ymax. X0 DXL B
ZEBRHRBENPE RTZELTER. Tihbt, (6)
RPD Co s x BRI —F & LB ofERic X
T, (9) IO (13) X 5h»5 X5, Pmax. 13
x DWICHEDTHINT 5 2 &icie D, Lis Lishss,
—ED x BX v DA Co DiEip T g, Fik
@ Tig. 8 OFMAE» LI D X 5T, Imax. EHRLT B
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Distance from meniscus

Fig. 11. Comparison of the computed pattern of
time line with the observed one.
(¢=1 mol/l, §=60min, Pr=9.5, G'r
=680cm=-3, u;=0.04cm/ sec)
TZT, (16) KLk B Y 385 4—%Thb. #4
574 OFETHE, (16) RicY offE (0~1) 25 %
T, @'sec 8D x, y ZRDBZENTES.

(16) K2 o3kD/es 4 654 D FHEEE FE—L
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cm/sec ERA L7c. Fig. 1l X0, SBWRLEIHCET
Ba4 LA L OFHNE L FEEE, W R
PETHHE T 5E 5 %R VT, RIS —FHTrz &
Db 5.

5. ® =
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RERE ORI > CHEIBL T 58, BRBOE
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BT ERE D LEERECELTS. 5k, EWLE
FENICS BRAMIBC X2 A HFETSEE, XY
BERE D O AR X 2T ERAKRD HEH 5 F 1T
B i EMbhrole. (2) HRIREOEEIT L AR
DD L KPHED FHlik, B IE 752+ v 7H
(G'r) @ 12 HPIT HERDH B & EhbirD7.

EIHIL, T FI74 MAOBRBREITIA DR B AR
BRHE LR, ) GEHE LoEEERNE s
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