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Effect of Molten Steel Flow on the Surface Solidification Phenomena of
Ingots

Hideo MizukAMI, Takayuki OKAMURA, Susumu [ZUMI and Takaji Kusakawa

Synopsis :

The molten steel poured into the water cooled copper mold was rapidly solidified by changing the filling
time. From the measurement of the temperature change in the copper mold, heat flux was calculated.
Temperature distribution in the copper mold was simulated and predicted, and the primary dendrite arm
spacing was calculated by use of the dendrite growth theory. Heat flux in the copper mold increased with
time and reached a maximum value and then decreased gradually due to the formation of the air gap. The
shorter was the filling time into the copper mold, the greater was its maximum value. The reason for this
is that Nusselt number as a function of Reynolds number increases and extractive rate of heat increases

with decreasing of the filling time.

Therefore, it is found that the shorter is the filling time, the thicker is
the initial solidification layer and the finer is the microstructures.

By the modeling of the dendrite arm

spacing based on Trivenr's growth theory, the arm spacing was found to be mainly influenced by the tempera-

ture gradient.
Key words : 18-8 stainless

steel ; ingot ; fluid flow ; solidification ; heat transfer ; heat flux ; Nusselt

number ; Reynolds number ; primary dendrite ; arm spacing.

1. #

I oOREMEK, BIOKBREMSIHONE Lk
ETAHETEETHLH, TRALIERBEOTELZ
HALDEEZONDL., FICRLTIE, X5 LF—,
HEETEIR E BRSO ki ik, M- ME AL S
EXRLTBY, s6I2205EHEE LD DV F 2omR
% 383K L 7= Near net shape #$ENVHE IR 22H S
A, FRUSEVIIERER AL, KEXKBO LW
BREEZEL THBTHIEPARNRTHDLEEZOR
Y,

FIT, TOL) G OHERMNIIBIT L O E
FHEPRAERBSIATBH, 21X Tomono 52,
ACKERMANN 53 12X ) 2 = 2 h ZDFARIZOD W THFE S
7z, Savcepo 5V, Laki 5P 12 LN XA =2 A H XA TDH
BEIETANEFG SN LTS, 72, oM
B & FWMPEIKICOWT Lakt 594250, #ED#IW

o

BEIZoWTIE Takeven 65 2 k> THfE s TH
D, MOGEXHLETHEDIZFRS OB OEEMH
R nTWw%. —%, BEEFC BT 5EHRICo W
T DRFZEAS MeYER 5P % Oxamoro 519 12X HiThbhR T
Bh, 2OEBIIOVTHREENTVAS.

LIAHT, —ROFH OREMKEE RS L, Kl S
D HHEB T RO FE L B> MBI EL L Tw5
DHEBTH Y, I TITHRE 2 AEBERAGFEL T
L. ¢ by, TOHEBIEGPHEFRRETHLLEEZ LR,
COESRLENCES I 7 aRiTC X D REMHIRASE L
CHBERRIZSADEBRLR, ZR6OEESRONE
MEDETHROTEETCHALERbNS, LD T,
ChLOEFBEREAT ALK, RIFKREN
KoOHERORENEEICE L EEZONSE. 2 TAEF
FETIE, WIS AL KT SRR O LS
TH-S, THEXHFWICEHFINEEOKE WV 18-8 27
YL ARESHAA, FHALREEIIT T 5 KRG LR

BHI 62 F 4 ARGEHERASICTREE HBA624E7 A 16 HZf (Received July 16, 1987)
* BHRRKFEAFEE (Graduate School, Waseda University, 2-8-26 Nishiwaseda Shinjuku-ku, Tokyo 160)
*2 BARHKFE T (3 RFHH KA AFEE) (School of Science and Engineering, Now Graduate School, Waseda

University)
*3 ME T ¥ (#) (Sakai Heavy Industries Co. Ltd.)

4 BERH X LE LT (School of Science and Engineering, Waseda University)



1610 g% & M 74 4 (1988) F 8

@
©) ® stopper
. '{//M @ Basin
/ ® Downgate
® /z _? / ® Runner
5 ® Mold cavity
® 7 7 ® Hot top
% @ Weight
® ooo/ooo oooo/ Thermocouple
100mm ® Heater

Fig. 1. Schematic diagram of the experimental
apparatus for making ingots of stainless steel.
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Fig. 2. Schematic view of the water cooled copper
mold for rapid solidification.
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Table 1. Chemical composition of steel ingots

( mass % ).

No C Si Mn P S Cr Ni Cr’/Ni’
1 0.07 0.52 0.84 0.032 0.006 17.67 8.92 1.72
2 0.08 0.55 0.72 0.032 0.007 17.91 8.56 1.78
3 0.06 0.53 0.78 0.033 0.007 18.14 8.88 1.81
4 0.05 0.46 0.74 0.034 0.008 18.00 9.03 1.81
5 0.05 0.37 0.76 0.034 0.008 17.86 9.05 1.77
6 0.05 0.48 0.78 0.034 0.008 17.90 9.20 1.77
7 0.07 0.33 0.71 0.034 0.007 17.71 8.67 1.75
8 0.06 0.56 0.74 0.033 0.007 17.99 8.98 1.79
9 0.05 0.50 0.75 0.034 0.007 17.91 9.10 1.79
10 0.05 0.44 0.74 0.034 0.007 17.86 9.06 1.78
1 0.06 0.37 0.68 0.033 0.008 17.81 9.01 1.74
12 0.07 0.61 0.77 0.034 0.008 17.92 9.11 1.73

Table 2. Experimental conditions.

Quantity Value
Pouring temperature 1823 + 10K
Runner temperature 673K
Deoxidization temperature 1973K
Mold temperature 288 + 3K
Water temperature 288 + 3K
Flow rate of water 8 1/min
Roughness on the mold surface 2 um
T, — Ts
q= k 77? ................................... ( 3 )
1
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7o, BBEOBHICERRICEA Cr 48 G & Ni 48
Ni" LD Cr'/Ni” bR L7212,

Cr’=mass%Cr+1.5 mass % Si
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Fig. 3. Variation of heat flux behavior in the cop-
per mold.
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Fig. 4. Variation in the maximum heat flux with
time.
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Photo. 1. Initial solidification structures.
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Fig. 5. Variation in the initial solidification

length with Reynolds number.
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Fig. 6. A model for the formation of the initial
solidification layer.
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Fig. 8. Theoretical prediction in the primary den-
drite arm spacing as a function of growth rate for
various thermal gradient.
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Pr: Prandt] ¢ [—]

q : BRHEH [W/mm?]

R : & [mm/s]

Re : Reynolds 1 [—]

Tip: 7 v N7 4 FEROMEEE [(um]

AS: Bkl hoE@gz >y o — [J/mm’K]
To : SFRIOIIIRRE (K]

AT - BEFRAEHP [K]

T, : MK mEE [K]

ATy 7 F 74 FEMICBY 28G5 [K]

R [s]

: H® [mm/s]

: B [mm]

CREREE [mm?/s]

: £M5RS) [N/mm]

M: 1LRFYRFIA L - T—24 A= % [um]
y: BI¥EE [mm?/s]

o: EE [g/mm®]

o~
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