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Coupled Analysis of Heat Transfer, Fluid Flow and Solidification
in the Filling of Castings

Sung-Bin Kim, In-Sung Cho, Jin-Su Kim and Chun-Pyo ang

Abstract

A Numerical technique has been developed for the coupled heat transfer and fluid flow calculation

during the casting process. In this method the SMAC technique was coupled with the concept of Vol-

ume of Fluid(VOF) to calculate melt free surface and velocity profiles within the melt, and the Energy

Marker method coupled with the finite difference method was proposed for the convective and conduc-

tive heat transfer analysis in the casting. When comparing numerical calculations with experimental

observations, a close correlation was evident. [t has been shown that this technique is useful for proper

gating and casting design, especially for thin-walled castings. (Recerved July 8, 1993)
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Fig. 3. Energy Marker concept.

(40)



T A 1338 A b F(1993.10) Ei=

427

o] & &}

= Z] Q.
T =

Gil=gl;

Markerj%% & 3l 4 819 0.1,
§ AfEB ) Seh AR mete
Markergo| <& 2 9w s ksl
Energy Marker®]-& o] &-3lo, &80 2]
gH e 4%& Adedt. 19 & AfEE
ANM e FAFF(VOF)YE T8 118, ol F o
$3tel $90 33 193 Flske] AAWS

Z

T
LEE

o]

S
el A AlLtsls T
u, vo S ZEH AP
(staggered mesh) oA A olslo] AL&3A
o}, Fig. 3] 4] &= Energy Marker=of| <olst <
g AL A e el . (a)d)
Al B o] o ¥ Energy Marker& &
AEY A9 22 & 7HX3 3 AR

A "ok (b)oll A = g AR & 258
st A HFHH o] HIE9 H[AE
(VOF) & #stAl &t (e)oll A o] & A sfiA +
szl Fa ek & o] &slo} F Al
THEE AN oF, Aoz (M=
Energy Marker&o] AjFA Aits Ao 2w
& 7HAD tA] e AEgR ol F s Hrh
21§t Energy Marker¥ 2 Ao 7+A-g w4

A%, fAle 458 UWud

f

O
A

o] 2

e
e

iy}
MEY

3. siMdn o n

2 Aol NEs e AHE A E3E
A, FEEIAAY 95 E 2 nEAS
Aet7l Aot HaAd FE28 5384 Aav
T8 E AR FRAEES YT T, o] 4
g A ddet vustH o Fig. 4ol B
o] 7}Z, AZ 150X150mm¢e 3 & A}l&-3}
Ko, 989 A4F FA 9mm, A9 F3
o] A9%E 30mm FAZ A&t A4S
T THE £ EFUE(ITR)E AFRFP o
TUEES 389 45 °F 90cm/sec, A<}
o] 4% °f 25cm/sec®E A th &¥e TEIH

(41)

150

Casting

L] ® o ®
TCI1I3 TCi4  TCis  TCis

Sprue

& ® & e
TC8 TC10 TCN TC1
‘e 150
e -~ ® ] [ ) ’
TCS TC6 TC7 TCS8
[

&
L
TC2  TCa

k— |C2.
\ 4

Runner &

ingate
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Fig. 5. Calculated flow pattern and temperature distributions in the ceramic mold casting at various
time intervals during the filling stage.
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formation in the metallic mold casting
with an insufficient superheat of 20C.

Fig. 8. Calculated flow pattern and cold shut
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Fig. 9. Calculated temperature distributions in the ceramic mold casting after the mold cavity 1s filled.
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