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Numerical Analysis for Initial Stage of Rapid
Solidification of 18Cr-8Ni Stainless Steel

Hideo Mi1zukaMl, Toshio SUZUKI and Takateru UMEDA

Synopsis :

The initial stage of the rapid solidification of 18Cr-8Ni stainless steel has been numerically analysed us-

ing the cooling curves at the sample surface obtained in the experiments.

Heat transfer coefficient between

the chill substrate and the samples is determined by fitting the calculated cooling curves to experimental

ones.

In the vicinity of the surface, there exists the region where growth rate and temperature gradient are

very large.
samples.
dendrite arm spacing and cooling rate is obtained.

The length of the region is nearly equal to that of the initial solidification structure of
The solidification conditions in the sample are estimated and the relation between secondary

Key words : stainless steel; rapid solidification; dendrite arm spacing; numerical analysis; heat transfer

coefficient.
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Fig. 1. An example of the cooling curve at the

sample surface obtained in the experiments.
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Photo. 1. Microstructure of a rapidly solidified
18Cr-8Ni stainless steel sample.
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Fig. 2. Heat transfer coefficient vs. time curves.
Simplified curve (Case I ) and modified one (Case

).

300 T T T T
~ Pouring temp. / K
o
£ 200 -
©
o
e
©
2 100 -
-]
Regression line
1 L 1 } '
00 1 2 3 4 5

Cooling rate /10% Ks™

Fig. 3. Undercooling vs. cooling rate. Line shows
regression line.

g —



770 & M

8 78 4F (1992) 5 B

oL LTk,

AT=0006 T 20 ceereereeeerearsrerrrmsenaeenens (3)
DB ELTH 2, 8, Fig. 23 0OMH# (Case 1)
DX ICREBLERRE 2BICE L e 5 L, £l
BEEAEO L S KBk Lzwvy. LaL, AN
O RIEEMR D X IS R ER 2 i O 2 IR L
7-Mi#R (Case 1) L LTHZAHL, Fig 4 IZm3 &9
WEBROGHMBIIZIZE L OERENEOND. 272,
SO X HEEIC L 5 Thke 5 b REMGER KD
fHIdE DS VDT, UTOFE T Bl L FRmasE
ZE M (Fig. 2 ®Case | OHIfE) MW7, &b,
IS W MEE % £ & T Table 1 127”7

¥y, HHEE? S OB EHTEL2HEHEIUTO

EBDTHA. REEHEAS 250 pm ¥ TEEIGE T T
BHOCETHHMEAGIEoRMmE L b ICEA T
A, BEEANS0K BE L /NS WSO ORI 100
ms BRETH S, Z OB & BILHCEE D 53K 72 Bt
HEEEE4 1lmm THY, HLHEEFES Smm OF 20% &
h. Lzh o, REBFHFED KD BT, ANl
BEHERRD S OB L BHT 2 2 LW TE, TS
WD RE AR DB TREL B ON 5.

T, BRIBE Y E L TAMER, KdBBREEZR
g 7 ov-3UBHE O BRI & F VN O BRIt O & L
THEZTWAZ IR T A, SR F VRN OBEN I

2000
T =3.0x104Ks™!
x aT=200 K T meas
——— case

g 1800} _4Kq —-— casell
] Ti T
o
£
G 1600 .
—

1400 1 L L

0 10 20 30 40
Time / ms

Fig. 4. Experimental cooling curve and calcu-
lated cooling curves with different heat transfer
coefficient vs. time curves (Case [ and Case Il
in Fig. 2).

Table 1. Thermal properties of 18Cr-8Ni stain-
less steel.

Liquidus temperature 1724 K

Solidus temperature 1672K

Latent heat of fusion 270 kJkg .

Thermal conductivity 0.0343 kW‘L‘, .

Heat capacity (liquid) 0.712 kag_lKv1

(solid) 0.628 klkg 'K
Density 7 500 kgm
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Fig. 5. Heat transfer coefficient vs. cooling rate.
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