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ABSTRACT A numerical modelling of heat transfer and fluid dynamics in melt spinning process for
preparing amorphous alloys by single roller is developed based on the coupled Navier—Stokes and heat
conduction equations. The thermal and velocity fields inside the melt puddle are characterized for different
wheel velocity by using SIMPLE algorithm. The average cooling rate cross the whole thickness of the
puddle is also calculated. It is shown that the calculated averaging cooling rate is in good agreement
with the experimental results of Fe;gSigB;2Mo amorphous alloy obtained with the help of an infrared
thermovision technique through the most part of the puddle. The simulated values of the quenching rate
that near the upperstream and downstream meniscus are larger than that of experimental results because
the heat transfer coefficient is difficult to be estimated.
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Fig.1 Schematic of the experimental setup (a) and calculated
region (b) of the melt puddle
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Fig.2 Velocity fields inside the melt puddle of Fe-Si-B-Mo for Uy, =20 m/s, Vj=5 m/s

(a) z-component velocity field

(b) y—component velocity field

(c) contour curve of z—component velocity field (d) contour curve of y—component velocity field



11 #8

BAKRE: BREFEIESS &THER SHERTSEEMN

1209

£, 5ETHERRELNTEARR, Navier-Stokes 72
PEE TR, 7£5 Reynold &M T, BHEHTUE
FEEEH, XE—ERE LMH T R4,
3.2 BEHHALHEE

Fe-Si-B §&&F MR ESHITIERmME 3 iR, 7
REBMERAFRLILTE ERERTETIT. BETHE
AEREREREBENXHN. EF B LXK, Hik
BESYHEERT. BTFFE Newton iRk, E154K
S5REREEMAITFHNR, BEHRIZ T, mEHMS
RRREEMEEMREAFHE TR 2T LRRES,
AR T AR TS HEE

H
<:'r>:(1/H)/0 U(j—:)dy (12)

K#, H ABHTESE.

1500

g 8

Temperature K

-
N
(=]
(=]

008

o
8
T

0.04 -

Normal to roll, 10° m

5
0.0011328 12821230 g0

0 1 2 3 4 5 6
Distance from upmeniscus,10°m

(b

B 3 Fe-Si-B-Mo 4& 7% Uw=5 m/s, V;=5 m/s Bt #JiR EE 35
FiB%
Fig.3 Calculated thermal field (a) and its isothermal curve
(b) inside the puddle of Fe=Si-B-Mo for Uy =5 m/s,
Vi=5m/s

& 4 X-F-39:% HE B AR M A AR il 2. 45 R
R, AERAETFHER B HIEBERBOY 4x10° K/s. Bi#
R ETE AR, e ANERE SRR, e T MIBE T LAY (L
Ak R B R ME. R/ MEE B AL ESE 3b AT
R RB/NBERE - WG HERE X 4aeg . ME G
AW, FEREIATE Y, R AEEERF ARE TR E
BAR. T Uw=20 m/s, WHEZLEZHEM, &
WALRE, SHEE SRS, T Uw=5# 10 m/s,
IR T R, RS WA B A%
A B AR I KA AE S, RIURREE K, F
PR A B SR B X A A i R KA v EE
AU LR R bR R R EREEE MRS S
A .

10— S A S T
8.0 —O=-{,~5 mis -

n

2 ~O=Uy=10 m/s

2 —Am =20 mis

9 60

©

o

£

3

Q

(8]

(]

o

©

g

<

1 t L 1 | 1 1 O

0.0 05 1.0 1.5 2.0 25 30
Distance from upmeniscus,10°m
B 4 Fe-Si-B-Mo & &ES MR E LT TS ANEE
Fig.4 Average cooling rate of Fe-Si-B—Mo alloy for various

roll velocities

B 5 i TREEE N Uw=33 m/s iH|FLLIMR
25 S I B Y AR 57 A P390 HE BE R et B RO A A 1
Mk, BT, FERATCER O KOEN, METHSRRER
FEREU. £z = 1 mm &, FR7RIRGAG HIEEE
H-MME R0 FNEOR A, BETER
o AV B AR H PR A SOR B B AR, 7E R I E i %
L, %z =15 mm &, RHERH—NEME, HEERET
SR E LR A B R A0AN=E LR ER ) EZFH
ETFRE TN FERARAMNBEFEERE. b TH
RS 2o ER RGN REEROBSER, B
AR E PR S GOP NGO ped1uA: 05 2 N~ 311893 4N .3 - 1
B mARMEIEE. RMEIBATYIE, RESEERENR
AR KM AR EA A LB R, TERARESR
BIRXHEGE]. BIERFE MR, FRERIAMLEERN
REMEEER, BHFIRE SREF TR ERENR
MEAMAFMEE.  FiTHHFRAGREE R ERKA



1210 & &

¥ 1 3%

4
~[O—Experimental
3 —O- Calculated
w
¥
o
o 2
B
o
£
)
<]
[&]
1 —
0 N U | T U SRS S NN S SN T |

0.0 0.5 1.0 15 2.0 25 3.0
Distance from upmeniscus,10°>m

B 5 FersSigBioMo IEfE & Uw=33 m/s B FHH HEEH
BETFHLRER
Fig.5 Plots of average cooling rate vs wheel surface distance

for the Fe7sSigB12Mo amorphous alloy with Uw=33 m/s

¥, XEFESRREMATIHESEY, BRXMTRITS
FRb R ALAERAE R B AR B IO, TR RN S
R HIAEBRIT AR R, LB BB ARTTREL TS A
M R R AR BE/D. NTERETTRERR R NEEEX
A~ B B B4R K

4 g

(1) % —# Navier-Stokes 7. ELHFRESMES
FREAEE, 3RS AR R B T AR 2

#l % Fdh & ST R R RLA S B, AR SIM-
PLE AT T BB EE SRR

(2) AW EELRRE T ANRHKREREETLLE
WFBEE, WAL R 8 B3 P TR R BE B % TR 5T
BRI 2R TR TR BRI R BRI SR B
TUHES R RRE Z [R O AL EARET RS, &F
I B84 SRR KSR A

() i NBEL U EER EEREREREREYX
B FERERALED B T T 5T R A O BT M0 2R A F B
/ME; ERREFEAFTERASMER.

(4) TEXS LB R KR P, B{EH R 7 S1E B 5
RLLSMRET RSB LR RF B, EREES
WFHFAL, AR B9 v HIE B TR B 25 R K
XS EER S T H SN R E R R Y BEFEE R
EHRH.

£330k

[1] Gillen A G, Cantor B. Acta Metall, 1985; 33: 1813

[2] Liu W, Wang G X, Matthys E F. Int J Master Transfer,
1995; 38: 1387

[3] Pang D, Wang J, Lin X. J Phys D: Appl Phys, 1987; 20:
1544

[4] Gutierrez E M, Szekely J. Trans Metall, 1986; B17: 695

[5] Takeshita K, Shingu P H. Trans Jpn Inst Met, 1986; 27: 141

[6] Gong Z, Wilda P, Mathys E F. Int J Rapid Solidification,
1991; 16: 1

[7] Belenkii A Y, Olotarev S N. Int J Rapid Solidification, 1991;
16: 41

[8] Patankar S V. Numerical Heat Transfer and Fluid Flow.
USA, McGraw-Hill, 1980: 146



