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Thermal History Analysis and Solid Fraction Prediction of Gas-Atomized
Alloy Droplets during Spray Forming
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Research Institute of Industrial Science and Technology, Pohang 790-600, Korea
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ABSTRACT In order to predict droplet velocity and temperature profiles and fractional solidi-
fication with flight distance during spray forming, the Newtonian heat transfer formulation has
been coupled with the classical heterogeneous nucleation and the specific solidification process.
It has been demonstrated that the thermal profile of the droplet in flight is significantly affected
by process parameters such as droplet size, initial gas velocity, undercooling. As the droplet size
and/or the initial gas velocity increase, the onset and completion of solidification are shifted to
greater flight distances and the solidification process also extends over a wider range of flight
distances. The amounts of solid fractions formed during recoalescence, segregated solidification
and eutectic solidification are insensitive to droplet size and initial gas velocity whereas those are
strongly affected by the degree of undercooling. There are good linear relations between the under-
cooling and the corresponding solid fractions generated during recoalesced, segregated and. eutectlc .

stages.

LM =
FYE Fhe BIRAY F BT
A she) s)gel HAA B,
el 4RAT D) AT 5 e
F Az o2 Aede] 2L okl Hl3)
BEY F glo] Ha s @7} A8
F34YY 4T P24 2 34
A5 7)Mol FESHe BRAH U D4R
AP BAZ Y Aoz deA ek 4
Yo ERo) FESIE BTN o) TAE-go)
MR g A5 el sk syl #F

588 A5t BRE ohie) et o el o3
Eo] UF mgo] Hof 4ajale] Wil 22 7]
Fol AR o] FohAlh? Wl Y)%e] £
She A TARgl U F A%, ARl

-

o, rle

85

&
=

7N8& ANE dago) -%6}04 A3 4ade o
2] 713¢ 2 o] D% B4o] detai) Ewr”
AE vlehre] BRAH e ik A
YA Azl 9ol WS St TR YRp2A »y_
R °¢ 20~30% AHE2] fag-go] 7} HA
Aoz FRA kD o|elg} BF-oF e
TAREEL GRS FAs Y, 7 &
4%, 490 L& 9§ ¥FFo] 9 TA WFE
WA ez Aols} sbssich e, Axlz
Gelshs AAe) 2 g WRe) T4REe A
s Ze A9 Brbealy] d e Yahshe 93
TAEEe U ARE IRATH 2l B
FARAL AT F2 g & glrk B Aol
datels dFe) drz 9 9F A d5Y
7 AE ARATH $Arde Afsgon, B
CRHY) A B AHe] 27), 7] FARA

FA4 A



86 oledd] - WA E . AT

&5 9 A44 FYE T2 FHYASe] et
4e] =, 25 U $TAF o)A 233l )4
woaal ek SARA) Aol qlod, FAbrhs
Sx0) 24 AFE ¢ 98 ARAZ AT
olgate] 1 Al E TEsigon], 3 e
JeSEE 23, 79 2 3P 7Y vy
Hozve Adsdc YRHLZL TRaBTsA
A e LEFE A3 2ol AT S 907
Age] & Q7 ey A ) A9
£4¢ =d9dch 992, 299 2F 984
2 ARA $TEYS 42 APAA HF 4He
Folgo] AYH T, Fatete AHE ThiIskA A2
e W7 e, A9, 988w,
$3 9 TAADE A Aoz shgstack

2 wEel AL GHsh: AAs WA
HE T4EES daY 5 g DAL $2
29g sk Ao, w3 Aok mde) 2]
4e £3) delolt A wgAeld He ex
9 2% wE e olssaA ok

2. B $Al3} 0|2

2.1. 2AIAE &5 oE

AR WHHE AAFEAE o Fshe AL
Gelahe dde] JAdY ¥ 2EHEE Sk
ul gle} BEA A HAloley. o] shzte] Fhe]
F571%0) 7k oA e AP E
sk @A A ks RERYE FEHE
FAke AEe) Sxol T HRY e B
7 v glek 2t R 22] 7 2(orifice) o A
4Z5= GF 282 E(turbulent free jet)] 7%
of A ol ATl Qemy F AR
Esh Fapks ABS §AE Ts) & W G
A A Ee 4] Qofzl AAbshe 7l T FAE
$49 5 e R 2 A7) 7 BEA0l 4,4
Py censeye FE2EE 3F ARAE] A
o] w2 &x Zeope o Po] EAE
1—_;},_8-10)

for z<A

1
u2) { N
— for z2A

ull
Zz

Journal of Korean Powder Metallurgy Institute

L ::

I O (i, = 90 m/s (Bewlay)
% 08 | O |1, =120 m/s (Bewlay)
g o L@ %
S 06 - "(") z
-— I u(z 20 7-0.08
Q — | —_== A
g ' ” [1+ ]
-g 0.4 C
K
E L Bap,
g 0.2 an
$ I o

o . Lo 00 by
[} 0.1 0.2 0.3 0.4

Axial Distance (m)

Fig. 1. Comparison between gas velocities measured
by Bewlay er al.'" and gas velocities predicted by using
equations (1) and (2) where o is 10.5 and A4, is 2.25X
107 m?,
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Fig. 2. Schematic illustration showing cooling and so-
lidification behavior of a droplet in flight which is as-
sumed to undergo five different thermal regions.
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Fig. 3. Schematic interface geometry during recalesce-
nce process where the original nuclens curvature is
assumed to be preserved throughout.
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Table 1. Thermophysical properties of Nitrogen gas
and Al-4.5wt%Cu alloy
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Fig. 4. Predicted variations of (a) droplet velocity and
(b) convective heat transfer coefficient with flight dis-
tance for Al-4.5wt%Cu droplets when droplet diameter
is changed from 20 um to 180 ym (u,=200 ms™").
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Fig. 5. Predicted variations of (a) droplet velocity and
(b) flight time with flight distance for Al-4.5wt%Cu
droplet when initial gas velocity is changed from 100
ms~' to 500 ms™'(D=50 um).
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Fig. 7. Predicted variations of (a) droplet temperature
and (b) solid fraction with flight distance for Al-4.5
wi%Cu droplets when droplet diameter is changed
from 20 ym to 180 um (#,=200 ms™' and 6=40°),
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Fig. 8. Predicted variations of (a) droplet temperature
and (b) solid fraction with flight distance for Al-4.5
wt%Cu droplet when initial gas velocity is changed
from 100 ms~' to 500 ms~'(D=50 pm and 6=40°).
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