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Fig.1 Schematic diagram of atomizing device for aluminum alloy

powder with high flowability used in additive manufacturing
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Fig.2 Geometric model of atomizing device

x1 EURELHEY

Table 1 Atomizing device structure parameters

Atomizing disc Nozzle diameter,

Tundish diameter, Bottom cone angle

Atomizing tank  Atomizing tank cone

Atomizing disk
diameter, dy/mm di/mm dr/mm of tundish, a/(°) diameter, D/mm angle, f/(°)
Flat disk 80 3 150 2400 90
Spherical disk 80 3 150 2400 90
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Fig.3 Simulation model of the simplified atomizing device
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Table 2 Material parameters
Material Density/kg-m™ Dynamic viscosity/x10™ Pa-s Thermal conductivity/W-(m-"C)"  Specific heat/J-(kg-‘C)"
Nitrogen 1.145 1.788 0.026 1040.76
Aluminium alloy 2719 160 125 871
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Fig4 Meshing diagrams: (a) three-dimensional grid model, (b) cross-section grid model, (c) flat disk local grid model, and (d) spherical disk

local grid model
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Fig.5 Velocity distribution cloud diagrams of flat disk (a, ¢) and spherical disk (b, d) under no load: (a—b) XZ section and (c—d) disk plane
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Fig.6 Velocity distribution vector diagrams in XZ section of flat disk (a) and spherical disk (b) under no load
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Fig.7 Pressure distribution cloud diagrams of flat disk (a, ¢) and spherical disk (b, d) under no load: (a—b) XZ section and (c—d) disk plane
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Fig.9 Velocity vector diagrams in XZ section of flat disk (a) and spherical disk (b) during the atomization process

Wi A YR R BT, o R S A P AR (R s AR R e i iz
SSE. HATFs, BRI R B X I g m
BRI B T BRI 5 %5 A3 AR HRoe S5 A0 AT
SO EE K. AT IE I B 8c Al 8f AT R A BIM ) FE AL T
BUR, BRI RIS RS, HAUsgs
(ST =T

T 9 AL AR T A RER R S R L AT
D554k Jo i b v Sl e 2 55 A A8 A0 DX 3 2 P 9 X A i
—BIOR, FRl TR, TSR IR U
BRBENERE, R, 200 F Ak /Na0 B BRI R
X3, 432 B PR e 4 o 28] o T A JE B o 2 il B 81 v [
AR RO, FEEMARRES:. Hidd gttt
A IR A 55 A 3 R TE B T i 58 B ., 7= AR R %
A RN R . I HAiZES e s AR R T R Sk
AlSi10Mg & 4 S2I6 36 4E, UF B T %8 00 45 18 (1) e 7
P, ki 10 iR

AFBEAEZNE RS, &B ARSI Rz
I S50 28 TR A1 o0 A = B 11 B, i 1 mp
BRIG AL TH o A BB AR X S35 5], TP AR
T o r BB 2o B SR AN, HAh DX sl S 2 BBk 57 (1) 22
WRAS o FAGBER T 7750 A B #2545 T A0 4 A
FJIARDG, BB 11 ek it O A B X Sk 7y 8im, &
& JR S A A R B S5 A A R s B AR L TE
rhCy A1 P SR 5 P € AR A 5 55 A aa R A 3 TR T o A IR

Bottom of tundish

10 BRI % bt 72 HPoRs B b ) i
Fig.10 Adhesion tundish bottom diagram in the atomization process

of spherical disk

A AU 52 SRS ARSS, B 11 el i &8 rpLe i R X
ARl S B TAR S X3, A X 3 BB 5 R SR Uk
NFEI . AR B X AN S L — [ PR T 58 (i A ey
X2 JaTraaRa R, PR R TR AR
BT B TR B A AR AR R AR AR, AEGRIEX
B AL s v ok B THT VR 2 SRR T, 2 R RS E AR
BN X R ~f 8% LT, DR shE e
ARTAFE OKERILR” Bk, W 12 e s R sk
R R EE S A m B TR, Bl KR4, 0 A
Feig, R NEAEER. FUILPL e b O X8k 7
AT T2 IR T BURME I A4 7 A o £ DAL X5

Pressure/kPa Pressure/kPa b
>3.60
— .>3.60
2.88 2.88
2.16 2.16
e =

1.44

0.72

l<0400

1.44

0.72

I<0400

11 P AR Z L RE R s 046 =

Fig.11

Pressure distribution cloud diagrams in the atomization process of flat disk (a) and spherical disk (b)
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Fig.17 Liquid film velocity distribution (a), radial velocity distribution (b), and tangential velocity distribution (c) diagrams of liquid film on the

surface of flat disk
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Fig.18 Liquid film velocity distribution (a), radial velocity distribution (b), and tangential velocity distribution (c) diagrams of liquid film on the

surface of spherical disk
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Fig.19 Diameter distribution cloud diagrams of flat disk atomized droplets in XZ section (a), in the range of R=0.85 m (XY cross-section) (b),

in the range of R=0.5 m (XY cross-section) (c), and in the range of R=0.25 m (XY cross-section) (d)
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Fig.20 Diameter distribution cloud diagrams of spherical disk atomized droplets in XZ section (a), in the range of R=0.85 m (XY cross-section) (b),

in the range of R=0.5 m (XY cross-section) (c), and in the range of R=0.25 m (XY cross-section) (d)
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Fig.23 Temperature distribution cloud diagrams of flat disk atomized droplets in XZ section (a), in the range of R=0.85 m (XY cross-section) (b),

in the range of R=0.5 m (XY cross-section) (c), and in the range of R=0.25 m (XY cross-section) (d)
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Fig.24 Temperature distribution cloud diagrams of spherical disk atomized droplets in XZ section (a), in the range of R=0.85 m (XY cross-section) (b),

in the range of R=0.5 m (XY cross-section) (c), and in the range of R=0.25 m (XY cross-section) (d)
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Numerical Simulation and Experimental Study on Atomization Process of Aluminum
Alloy Powder

Liu Yingjie"*’, Hu Qiang'*’, Zhao Xinming>’, Zhang Shaoming’
(1. Technical Research Institute of Metal Powder Material Industry, GRIPM Advanced Materials Co., Ltd, Beijing 101407, China)
(2. GRINM Additive Manufacturing Technology Co., Ltd, Beijing 101407, China)

(3. Beijing General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Numerical simulation and experimental verification were used to study the atomization process of aluminum alloy powder by

high-speed rotating disk. The spreading motion characteristics of melt on different disk surfaces, the breaking law of melt thin liquid film, and the

flight cooling of droplets formed after crushing were investigated. The results show that the slip of liquid film on the surface of the spherical disk

is smaller, the liquid film spreads more evenly, and the heat transfer of the disk is more stable. Under the same working conditions, the continuous

liquid film boundary diameter of the spherical disk increases by about 40%, the maximum liquid film velocity increases by about 19%, the median

diameter Dso of atomized droplets decreases by about 12.3%; meanwhile, the droplet size distribution is more concentrated. The size and

distribution of atomized droplets can be controlled more efficiently.
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