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Abstract In spray forming the variations of droplet temperatures with flight distance are very important in determining the
thermal condition and overall solid fraction of the spray at the point of deposition. Gas and droplet velocities, droplet
temperature and solid fraction with flight during spray forming have been predicted in Inconel 718 alloy. As the size of
the droplet increases, the starting and completing points of solidification move toward a longer flight distance, and the
solidification process also proceeds over a wider range of flight distance. The solidification mechanism of the droplets has
a relatively small effect on the dynamic and thermal behavior of the spray droplets, while the size of the droplets has a
strong effect.

Key words Spray forming, Inconel 718 alloy, Gas-atomized droplet, Thermal history, Soid fraction

= =] 3 =7 H o =
Inconel 718 ¥59 &5 A¥ AN &5 4F9 dol¥g U I} £& odF
UzE" =8

AL YaerlgE R Y g ek, Y, 46241

(2025 1€ 149 H5)

(20253 119 199 AA1eE)

(20253 119 24 A 2H)

2 o B Aol Hld Aol wE AFe] £x HEles EF AFA 43 A% HF 2N &S AH s
¢ 5231k Inconel 718 SFEAlA FF AF T vl APl whE 7pAch AF £ a2 g 3 £8% IFA
4 mdlg 53l ottt AHe At FUHESE S AR dEHS ¢ 71 vd A £og o]Fsi O

[e)
We ula A delels QAT Ao S ) TE B A 52 A4 Age] vwa A4 JFL v, o4
o 27 A% 4L VAT

o~

=
BRAY el )] HFEE B e 2

EFAAEHES T2 7l vla] Ax] Ao AL 7] &2 HF vAIERFd 4 938 23] 3 &
= 2 obaol Wl TY WAVL Anke A B O o] AU B A5 4B /13S ANE A
92 M3 G AEe B8 $3 2 Bmer o Yol WErt we 4% AIAE 2717} ofi
net-shape) 71=& AF Az Fopla 2 WS WAL R A4 B&o] U B Ag Aok o w <
S, B HEN ToIA s ASE B8 T o) B 0] AR A2} AHS TR A
ZERF FEAA TS B A48 &7 4 HE AFA N 7k 71l d4E 4 Stk olEg &
Aol A Hojzl 7ol FRE] SaEn AF Foll 71 F A4 We] 3 £&& A 7k o4, 8% =
TS ol FFOEA T, B 2 WS I F8Y 0 &S5, 88 25 ¥ 27 =0l 5 38 ¥l w4

AEAT AAR Hofshs AF o] 2% B Re] 34
*Corresponding author &S ASske S A9 EvFssy] &) wiie]
E-mail: kimjk@pusan.ac kr shele AA e A F& g JERe ERAITE =



148 Jin Kon Kim and Hyun Cho

1% %0
x

=2

>
N
X
2~
)
ot
%

o 2
o
b
o
BN
et
K
LIS,

AN —l> r (0
3% on

ol
[
lo

N

ko

3
H
;

, 0
d
il
A

ol F

B
}~01
°
o

4o 1l
29

ok Al 7] 23= F YA 7Rk
o} Qo] ggsed 7], b 9 Aut
Ejlel] de] ARE L UTH4-6].

Inconel 718 &2 <1, 9=, A9 2 vtk
Fatal Azre] golaie] 7] Akl 7H
He YA 7k 23go |tk A2 o] Zo} —253°C
oA 650°C7IA] B s 2 WLl AT AR
T AHs5,6]. T F3] AW FF ¥IEE 30%
o} RIS [5] B2, HA AR 2H, §4 7k H
A = FAL g0 ALRE I )

B AFoMe dslshe A2 54 9 44 AsS
=23k 4= e EA%H 422 2718 E3l Inconel
8 TS uoE dHel A7), 7] AN 7R =

<
ofo [1-'}0
> qu fo rr

N
-

e o
> -
b o

rJI
=

2. AlEzlod =2

7ke B e T w5l 8% 271 24 7Rt
FEshe A SA] dHos EysiEtal 71t
&

g 7o A5 S5 LS FAslaL HFo] Fyoli
At 7Pl dAe] 52 S (gravity force), &
2 (drag force)t ¥/J¥ (inertia force)?] ol JslA]
ARE™ thadt 7 2oR Tl & AT

du, 1
PdVthd =Vu(ps— pg — ngAdCD|ud - ug|(ud -u,) (1)

AN uy, py Ve A HHS] HelEE, HE, R,
G0l ust p= BAF 7HR0] S0t ’E, o= T
g JiEEeln. = Al Cpe dH9] delsEs
Re = p,Dju, - Ug|/lvlg°ﬂ w2} WEPH0.1 < Re < 4000
HeelM Fo= 7% WelR o 22 AYdeR
A = 3l D A9 AEolAl e A 7HS
o] AAg=oltt.

Cy=028+-2 4+ 2L ?)

JRe Re

TAF 7E2=0] Aol e S= Yy QT 2dA
=55 97 A AlE(turbulent free jet) WHAS

ol 43l tea e Aoz Yl 4 Q7).

M _ |:1 N (@20}005 (3)
Uy

A7|IM ye EFE S 2] TEE £, = AE
= W Aotk v 7kE X 7H Ad(gas velocity
decay constant)® o /A, ©1H o= AF Aol Wi
ZHT AEOA 74142 LHA UL AE THE =E =
T 2 dHAoelr

347 dEollA Hatehs BAE A o] HIFFQ Wzt
Aee g Yz, WA A3 (recalescence), A -3
(segregated solidification), 3-8 -3 (eutectic solidification),
a7 37 ol @A S A A" & 5 3l
TH23). 7ks B A ejde] wWzke £2 R o))
AP BAL 7|odee FAI = AL, A 47|17}
Zop A ] & FHIE FAISH fF o] ol
EU @xg 2o2 FdE 4 ok A ade]
% ogo] ZE AHe) A% el H
o] £ T 4H W T4 BE LA UhE @
7 it 919 e 27914 A730] DAl &
Golz A e thest ol vebd 4 SlehT).

il

H

dT, _ ... dfy  6h

Crgp ~ AHag ~ pT)(Td T,) 4)
de =Cp = (Cp - Cy)fs ®)
AHy = AHp = (Cp = Co)(Ty, = Ty) (6)

714 C,p, Cp, Coe TIERFT WG EA,
b avge] 80|, AHE 9EET oL 7,
T2 H3d 2=oltt. €4 Al he= Ranz-Marshall
AR o= ALk 4 Qi)

h= %(2_0 +0.6./Re-3/Pr) (7
o714 k= HAF k=] GHERE, Pr = Cu/k> 7t

2 Prandil %, Cpie 1A% 712 Hlgol),
STt A7) AAHE AR 98 Aols] o

4
Bl H@pI 9o B G2 TASE Tt 2L
g gele] Dol A AL 4 Ak,
dT,  6h
O opT T ®)

2710 efae BA she] tiRol ola F48 §
Hol sy el mgdt) ol ko] slyow
chgel $al o] WAsle] BhE AHe 743 7
Aele AFHge] Lol Ha AHe] L A
R e L R I e



Thermal history and solid fraction prediction of gas-atomized droplets in Inconel 718 alloy during spray forming 149

A3 B o Z=ab7] o]zl M ol A3 FHL )
© wEA AP HE S nRE= JFo] 7| uf
Fo[3] & APolNE FAS AT gl Ao
oA FUsA Sel Aok RO HYa

B o] eyl M EEPS W St A
Ao} WY gart AR oleF B S AFE
TR} 7¥o] Schiel A4S wE= Ao w 713K

df) dT, _ 6h .
(- angr) G- b o T ©
1
_ ~ TM_TL)I—I(O
fs=1 (TM—Td (10)
ﬂ,
& L _(QusTy™ an
dTy (1 =ko)(Ty = To\Ty — Ty
q71A k= HFE A (equilibrium  partition  ratio),
[e)

6h

dfs
[AH; = AC(T, = To)l g = 75

(Ta=Ty) (12)

1714 AC = C, - CeITh.
AT HAs] A A A4l

f = 12 ol
W TR e 3 gele] Gold A2 A+
dT, 6h
—f= 2 (T,-T 1
3= Te T (13)

Inconel 718 T2 Al 291 FAA HE=E Hol=
AR dEA A89]. A& W4 2 S 2
o] g3te] Yalols Aol &Hwel dolg, A
o] &S AN BAF 7ReE AldL TR =F
Z70 f& WHALS 225x 107 m’, BA} 7k 2%
£ 500°CE 7Pgsiint. Tak B5 aF] yjRola] dg
3 age] W FUsiHa 7RSI Akt AL

(o3

H EAF 7E=9) Inconel 718 =9 €ETA 5%
Table 1] YERH AT

Figure 12 A]§°] 10, 20, 30, 45, 70, 100 Z&]3L
150 pm?l 5 A2 o] H|g) Aol wE Hal = ¥

;

Table 1
Thermophysical properties of Argon gas and Inconel 718 alloy

Argon Gas [10]

Cpq 519 J/kg'K u, 1.7 x 10" kg/ms

k, 0.0164 W/m-K [N 1.654 kg/m

Inconel 718 alloy [11,12]

C. 650 J/kg'K k, 0.44

AH; 210 x 10" J/kg . Ty 1,455°C

Pd 7.4 % 10" kg/m’ T, 1,336°C

Tx 1,185°C

250: Inconel 718, T,,.=1536 °C
o @¢ =10 um
9 200p d,= 20 pm
E 1 d,= 30 um
2 enl d,= 45 um
g 150 d,,= 70 um
2 d,= 100 pm
S d,= 150 pm
5 100 gas velocity
-
g
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Fig. 1. Gas and Inconel 718 droplet velocities with flight dis-
tance.
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Fig. 2. Inconel 718 droplet temperatures with flight distance.
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Fig. 3. Inconel 718 droplet solidified fractions with flight dis-
tance.
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Fig. 4. Inconel 718 (a) droplet temperatures and (b) solidified
fractions with flight distance for equilibrium solidification.
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