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Fig. 1. Illustration of laminar flow gas atomization process.

SR, J2 TSRS A A IR 55 (LA LB v R o8 4
JRYE, Forb S 2 AR B R, LS S AL AR
KRB TAR ) 2 AR | BRI G R4 23 A Y
K EZHO H T HABSE AT () IE 2 0 <55 (e pL
FAAR T B A 90 02 38 2o BB A AL R A 7 g 4200,
S PR T SRR A X (BRI B EIGA
F AL R AT T RE AL, AR A Bk
(volume of fluid, VOF) FIRKHL -7 4% B H 25 HUAH
% (discrete phase model, DPM) Xf— ik 25 {L Fil —
WA REFEAT T AL, 306148 55 280 fe TR & /K
AR T3 5075 (coupled level-set and volume-
of-fluid, CLSVOF), B{IHAEALL T A8 i 48 o Wk
JEEHST ) IR G, SRS A R I e o 4 1
TR EF BT

AR S A BR T 70 Hr 5 s dd J2 i AR 55 Ak it
P i B A L R AN R B LB AT T R eV
5. R A AR A BB A AN [R5
T EASIRT AT T BER. ETER
PR FE R AR B, SR FHRE B 7K P H- R R 7 4L

140201-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 70, No. 14 (2021) 140201

£ (coupled level set-volume of fraction, CLSVOF)
W T — XS kAR, TR R R
RS AIS B A A S0 5 BUE B S5 R kAT T 1
B, 18] TR AT R .

ARSCEET A B2 S e i T T
AlSi10Mg B AR B H & 5T, I8 4 By R 523
X RUEARAU S R T LEBORIRAIE. A SCHYELEAS AU
SEALHIR SEER L) AISi10Mg A 42 9558 0 kL,
I TR U 25 AR S s A
Kl 2 s, TEZ AL Sc st e, SR AL f% K
TR IRE AL R ST E 50 Pa LUT. 704
W5, TR E AR RS, BERE T
FE AR T A 2 1o X A sl 2 4k sl
HH. AR TN, (i ZE N EJIET 0.1 MPa,
IRZARAIE R Mo AL ZE I R ) 22 Al P

@ .

Atomization
Ar droplets Vacuum
equipment

F o
| ]

K2 HIEBOHAFERER
Fig. 2. Schematic diagram of home-made gas atomization

equipment.
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Fig. 3. (a) Schematic of the nozzle system and flow field structure in the laminar flow gas atomization; (b) computational domain

and mesh grid of single-phase, and primary atomization with boundary conditions.

140201-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

¥ 1B ¥ Acta Phys. Sin.

Vol. 70, No. 14 (2021)

140201

3.1 BREZSHSEFRHRU

WK 3(b) Fizn, fEAHURR I T, T
DA D T A LR U D BE T, o S5 A2 Y T Y
T FEA U R S 1 TR ESE A Rl 43 sk ko
T S LA T RS Ak, DASR m DU B

R AR R U R 5 R AR B Hop
ST

0
2 (pem) =0, )
SO, 0 URSEIES EWIT: 0, T L
fE 4. diEsFE (Navier-Stokes) 7 fe:
) oP 0 [ ou
a5t (peuiuj) = ~or, + oz, (Nazj - Tij) + 53, (2)
S, g0y 7 ) LR IES R PRI ik
SIFEEE; iy ARV kA S o B TR
1) IR, gt A
0 0 (K JT
a1 (peu; T) = oz, (c%) + ST, (3)
b, TOMIEEE; KOIER, St BETEFEHR AL
WY ERIBRE k-e i AR Y :

0 = D (g ) OF
R (S R

+ Gb — pge — Ym + Sk, (4)

0 0 1\ Oe
or (7€) = Ox; <(u " Uk) 31‘;’) e
&2
+ (Gk + C3sGb) - Czepgz + S, (5)

Ko, kMR SRE; G R V34 A B 5 RS 1) i
TEhRE; Gy M= shae; e Ml i shig
FERCR; Yu N o] FEZa i i TP Bk Sh Rk Sk S iR
or NEREE B e MTRIRNEE, Se MURI.
TEFAS AT, S EE SRR
R, VT AR RSE & AR,
HAARRE S -6 1 g, R R KA 106 s,
FARIETR AR E , 751548 100000 25 R
3600 X 0 2 RS SR A R A T B o0 .

F 1 PHRB B SR

Table 1. Simulation parameters of the single-phase flow
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ation. ,ﬂ\:':f:‘ﬂif/( h ﬂ*] 0.5 x 10720, Uﬁiﬁﬁﬁﬂ"ﬂﬁlﬁiﬁ
E Bl .
AT /MPa 2.0 A
AR /MPa 0.1 ,.
B/ (g5 1) 20 NI %
SRR IR /K 1073
G
TIRGAHIIR AR R AR, R TR RS P

RHYRERE, FOUCHIFE T AN R IR, 5 T 2%
BT B A ) 3K FHLER, 7 SRR 1
S PR AR RER TRERE. 250000 %
FHLIRRI S BT Y — R A A
FH 2 B 2 1,

HE BRI HIEELZ T, S 5tk
AR AR R P R . X T2 A
(R, 2% ) 6 L) T ) R ) LR
P 4 B B

Fp = CppagAas (11)
Sl A AR, T pog Jy A G
W FHOFE ), WA
pig = gpalg —uillug —ul,  (12)
Hrru, U o S, L) RA (Co)
S MR, S (Re) 4%
_ Ps |ua — ug|d
Hg
St 4 BHHERIE: g WAL, CofE (v, ua)
PR 5 12

M

Re ) (13)

P4 0 AT bR T a2 0 A s
Fig. 4. Schematic diagram of the force balance on the in-
flight droplets.
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Free
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Fig. 5. Computational domain, mesh, and boundary condi-

tions for numerical simulation of secondary atomization.
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Table 4. Parameters for numerical simulation of

the secondary breakup.
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Fig. 6. (a) Gas velocity vector depicting flow characteristics at pressure inlet of 2.0 MPa; (b) atomizing gas velocity contours at an

inlet pressure of 2.0 MPa.
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Fig. 7. Gas flow field characteristics: (a) Gas velocity curve along nozzle center-line under different inlet pressures; (b) gas pressure

curve along nozzle center-line under different inlet pressures.
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Fig. 8. Primary atomization process with the De Laval
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nozzle: (a) Initial period; (b) stable period.
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Fig. 9. (a) Solidified melts at the outlet of the delivery tube;

(a) R AL REEF A (b) De Laval B4~

(b) morphology of solidified melts after primary atomiza-

tion at the divergent section of De Laval nozzle.
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Fig. 10. Comparison of (a) two-phase velocity vector; (b) mor-

phology of melt in primary atomization at ¢t = 0.20 ms.
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Fig. 11. Morphology of huge droplet: (a) Irregular flake;

(b) irregular bar.
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Fig. 12. The velocity of droplets with different sizes in gas

flow as a function of flying time.
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Fig. 13. (a) Schematic diagram of typical droplet breakup

modes™; (b) shadowgraph of droplet breakup process/®s.
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Fig. 14. (a) Dilatational (symmetric) disturbance; (b) sinu-

ous (asymmetric) disturbance of liquid ligaments.
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Fig. 15. Atomizing gas streamline moving with droplet at
different breakup stages.
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Fig. 16. (a) Rayleigh-Taylor instability deformation; (b) Sh-
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Fig. 17. (a) Cross-section characteristics of laminar flow gas

atomized powders; (b) SEM images of triangular powder.
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Fig. 18. Secondary atomization process of melt ligaments.
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Fig. 19. SEM image of powders prepared using laminar flow

gas atomization.

4.5 EBEBRSELFIMILEER

BT FIREUEREUSE R, R A FBOTHE R
SEALTHIRB & UEAT T AISi10Mg # K 1351k
il S . T R AR SRR, TR SR RAA
JEJ1°H 2 MPa, AlSil0Mg 4@ M 01 bR 6
800 °C, iR 150 C, FHE N EHAEHN 2 mm,
Y 5HUE BN Y S8 2 B, XS g S

- (@) — 100

< _
F 1 Volume percentage 80
a0 —a— Calculative percentage
: /
=
IS 60
/
Q
() .
g 40
2
S
> H 420

. e e o .

20 40 60 80 100 120 140 160

Particle size/pm
()
1 mm
—

20  AISi10Mg ¥ K EAE

Calculative percentage/%

AlISi10Mg ¥ AR A& WPERESEAT 1 RAE. W& 20(a)
FR7R, B S FBOCR BSOS By R i RLAR 23 A i A T
Giit, AR AR IRLEE A 2. Soitas Rk,
AlSi10Mg ¥ K ) D50 N 54.3 pm, i F T80tk
KAEIE T Ak (kife /N T 53 pm) I0fS RN
48.7%, Mt R AL T4l & 1) A1Si10Mg #;
RASWAFHRAE T 35%, MAbIm AR & <k
FARE RIS B AA 40% 4, AT ILZ A ZE A
BARMB TSR IFET LB ERT TR AN
MR, AN, 29 90% AIBARLETTE 30—100 pm,
W FE A AL RIS, WE T R R AL T LA %50
Pl A5 B A8 M AR A o A . (8 FH B AR s
XF A1Si10Mg By AR e sh AT T 00K, 15 2B AR 1
FEIRTLHN 56.51 s/50 g, WA T shh1s 5] &
. XCT # AR X R 2 A%k AlSi10Mg
BARSEATHIN . T XCT AR B AL & kb3
Rt iR AR A Oy R A R R AL
(19 0.39%, [7) Hsf 5 44 1145 2 B B oK B AR Bk B 35
I, Gt WoR A RERIE R 0.92. BARIERE
FEGE A an e 20(b) iz,

4000

(b)

3000

2000

Count

1000

0
0.70 0.75 0.80 0.85 0.90
Sphericity

0.95 1.00

Cube length: 1 mm

(a) Rife s34 (b) BRIEHEE; (c) XCT =4 H AL 51 &

Fig. 20. Characterization of AlSilOMg powders: (a) Particle size distribution; (b) sphericity; (c) 3D surface view reconstructed

by XCT.
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Fig. 21. Processes of laminar flow atomization with De Laval

nozzle.
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Abstract

Metal powders prepared by laminar flow gas atomization have the advantages of small particle size and
narrow particle size distribution. At present, the research on laminar flow gas atomization mainly focuses on the
influence of process parameters on atomization and powder characteristics, but the atomization mechanism of
laminar flow gas atomization is still not clear. In this work, the atomization gas flow, primary and secondary
breakup mechanism, and particle morphology of the laminar flow gas atomization process are systematically
investigated through numerical simulation and experimental analysis. The characteristics of single-phase
atomization gas flow through the De Laval nozzle are studied using the standard k-¢ turbulence model. The
flow field structure shows a “necklace” -like structure with an expansion wave cluster of oblique shock. The
primary and secondary atomization mechanism are investigated using the coupled level-set and volume-of-fluid
model, which is validated by solidified fragments and powders after the atomization experiment, and results of
the numerical simulation also provide some important advices for the application and specific process of laminar
gas atomization technology. The studies indicate that the melts at the periphery of the liquid column are
mainly peeled off by filaments or ligaments, which exhibits the small dimension and pressurized melt
atomization characteristics. The secondary atomization is mainly based on the disintegration of spherical
droplets in the mode of Rayleigh-Taylor instability deformation and sheet-thinning breakup. The simulation

results also show that increasing the gas pressure and melt superheat can effectively reduce the probability of
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irregular powders to occur. The AlSi10Mg powders are obtained under a pressure of 2.0 MPa in the experiment
on gas atomization, and the properties of the powders are analyzed. The results show that the powders have
good sphericity and flowability, and the proportion of hollow powders is very low. In addition, the mean particle
size of the AlSilOMg powders is 54.3 pum, and the yield of fine powders reaches 48.7%, which is greatly
improved compared with the traditional gas atomization processes. Moreover, about 90% of the powders have
particle sizes in a range of 30-100 pm, which indicates that a narrow particle size distribution can be obtained

by the laminar gas atomization technology.

Keywords: laminar flow gas atomization, primary and secondary atomization, coupled level-set and volume-

of-fluid model, atomization mechanism
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