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ABSTRACT Based on the population dynamic method a model has been developed to describe the
solidification process and the thermal histories of gas-atomized droplets. The model is coupled with
the droplets’ heat transfer controlling equation and the droplets’ motion controlling equation, and
used in Cu-13.5%Sn (mass fraction) alloy. The effects of the droplet size, the initial gas velocity, the
superheat of the melt and the wetting angle between the primary phase and the catalyzing substrate
for heterogeneous nucleation on droplet solidification behaviors were discussed.
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Fig.1 The velocities of the atomized droplets (a), the
relative velocities between the droplet and the at-
omization gas (b) and the convective heat transfer
coefficients (c) of the atomized droplets as a func-
tion of flight distance of the droplets (vg,; =250
m/s, § = 35°, AT=150 K)
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Fig.2 The temperature (a), the solid fraction (b) and
the nucleation rate (c) of the atomized droplets
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80 10"
(@) ¢,deg 9, deg (b)
70F — 20 wemim 80
E ----35 100
E‘ 60 } ‘7E
g - 107+
3 50 %‘ '
[=] c I
= - $ i
o 30 : ¥
- I:
£ 2 10"}
5 :
: of |
10l g
1M
0 L N 1OH :: e i 1 1 "
0.0 0.1 0.2 0.3 0.4 0.5 06 0.0 0.1 0.2 0.3 0.4 05 0.6

Flight distance, m

BT

Flight distance, m

T A XS ELAEY 60 pm SCTE AR5 AR Aok e B A S

Fig.7 The average grain radius (a) and the grain number density (b) of the atomized droplets as a function of

flight distance when the wetting angle is changed from 20° to 120°(d=60 um, vg,;=250 m/s, AT=150 K)



928 & B

= 41%

H, SRR L, RS RO T R E R
RATRER R TIS HAEIE. BIIE, 7EF— RITRER Lisit
PO B AR ARG R, R, WOE SR
B R, B AR
2.5 FEEEARNXRERETAMR M

P 6 IR XTI B K 60 pom Wi B4 IR AT IS AR R
B gtagigng. WEFafUER], BEEEE AR, ®
B R, AR Rr R R L R, WEE
HRAITRE AR A R A, ERAERREZE
AW LR — (L R Se s . E, T RAE
KiEIE AR R, MRS RAERUE R RITREE A
SEAH). I 6 AT, BEENGIR AR, BRT OB
ARG EARBCES,, B AR, AN, BE
FNGEARR, W PSERLE ROFRE, R
PR, & 7 Brom.
3 £k

TERFIRZN J1 2 EERE [, B T R mES e L e
SRS RS R B R, PSSR S RIT
BMZHTEMARE, B0 T Cu-13.5%Sn §&%
WK R BB R, hE THEIRRCT, [EWIhEE, &
S B AT YR A DR /N YR O TR AT A A S

G RR]: AR HAE T SO B B[
0 W I E — R BT, BEJE SR s W
HERMN, HGERBRR, WA SRR RS,
BEIE 2 R SRR A TEAZ NI A i IR B B
0, S BCROE PAR R BRI, AR R R TR
EIRE BRI, AT IR N SRR .

SE I

(1] Singer A R E. Mater Sci Eng, 1991; A135: 246

[2] Grant P S. Prog Mater Sci, 1995; 39: 497

8] Fan H B, Cac F Y, Cui C S, Jiang Z L, Li Q C. Chin J
Nonferrous Met, 1998; 8: 431
(FOBEUR, WHEE, AN, WHEE, ZRE PEACEEE
1%, 1998; 8: 431)

{4] Zhang J S, Liu X J, Cui H, Duan X J, Sun Z Q, Chen G
L. Metall Mater Trans, 1997; 28A: 1261

(5] Yang L, Chen L J, Liu Z, Zhao J Z, Zhang Y C, Ye H Q.
J Mater Sct Lett, 2003; 22: 45

[6] Xiong B Q, Zhang Y A, Lin Y J, Zhang S M, Shi L K.
Trans Nonferrous Met Soc Chin, 1999; 9: 302

{7] Liu Y, Guo S, Liu Z M, Du Y, Huang B Y, Huang J S,
Chen S Q, Liu F X. Z Metallkd, 2005; 96: 83

[8] Kim H J, Lee J K, Shin S Y, Jeong H G, Kim D H, Bae
J C. Intermatallics, 2004; 12: 1109

[9] Zambon A, Bedpan B. Mater Sci Eng, 2004; A375: 638

[10] Kiminami C S, Basim N D, Kaufman M J, Amateau M
F, Eden T J, Galbraith J M. Adv Powder Technol II: Key
Eng Mater, 2001; 189(1): 503

[11] Afonso C R M, Bolfarini C, Kiminami C S, Bassim N D,
Kaufman M J, Amateau M F, Eden T J, Galbraith J M.
J Non-Cryst Solids, 2001; 284: 134

[12] Golumbfskie W J, Amateau M F, Eden T J, Wang J G,
Liu Z K. Acta Mater, 2003; 51: 5199

(13] Liu D M, Zhao J Z, Ye H Q. Acta Metall Sin, 2004; 40:
873
(ZRH, B, WHER. SRR,  2004; 40: 873)

[14] Grant P S, Cantor B, Katgerman L. Acta Metall Mater,
1993; 41: 3097

[15] Liu D M, Zhao J Z, Ye H Q. Acta Metall Sin, 2003; 39:
375
(RIARE, ®LH, MHEIR. SJEEdR,  2003; 39: 375)

[16] Xu Q, Lavernia E J. Acta Mater, 2001; 49: 3849

[17] Cantor B, Baik K H, Grant P S. Prog Mater Sci, 1997;
42: 373

(18] Mathur P, Apelian D, Lawley A. Acta Metall, 1989; 37:
429

[19] Seok HK, Lee H C, Oh K H, Lee J C, Lee HI, Ra H Y.
Mater Trans, 2000; 31A: 1479

[20] Fu X W, Zhang J S, Sun Z Q. Acta Metall Sin, 1999; 35:
147
(OB, Wl AMELE. IR, 1999; 35: 147)

[21] Cal W D, Lavernia E J. Metall Mater Trans, 1998; 29B:
1085

[22] Liu D M, Zhao J Z, Ye H Q. Mater Sci Eng, 2004; A372:
229

[23] Zhao J Z, Drees S, Ratke L. Mater Se¢i Eng, 2000; A282:
262

[24] Zhao J Z, Ratke L, Feuerbacher B. Modell Simul Mater
Sci FEng, 1998; 6: 123

[25] Porter D A, Easterling K E. Phase Transformations in
Metals and Alloys. New York: Van Nostrand Reinhold
ComDanv, 1981: 193

[26] Liu B C, Jing T. Numerical Simulation and Quality Con-
trol for Casting Engineering.
Press, 2001: 167
(WreE s, B F e TR IS REER. el

Beijing: China Machine

BT RREE,  2001: 167)
(27] Ranz W E, Marshall W R. Chem Eng Prog, 1952; 48: 141,
173

{28] Lu Q Q, Fontain J R, Aubertin G. Int J Heat Mass Trans-
fer, 1993; 36: 79

[29] C1if R, Grace J R, Weber M L. Bubbles, Drops and Par-
ticles. New York: Academic Press, 1978: 111

[30] Tiedje N, Hansen P N, Pedersen A S. Metall Mater Trans,
1996; 27A: 4085

[31] Patankar S V. Numerical Heat Transfer and Fluid Flow.
New York: McGraw-Hill, 1980: 59

[32] Massalski T B. Binary Alloy Phase Diagrams. 2nd ed.,
Materials Park, Ohio: ASM International, 1990: 14



