-

1 | NSTITUTO DE
PESQUISAS

TECNOLOGICAS COMUN'CACAO TECNICA

N2 179090

Numerical simulation and image analysis of a moltem metal atomization
focused on the additive manufacturing route

Alexander Ariyoshi Zewas
Flavia Costa da Silva

Udo Fritsching

Jose Luis de Paiva
Roberto Guardani

Péster apresentado no CONGRESSO
BRASILEIRO EM ENGENHARIA DE
SISTEMAS EM PROCESSOS, 3., 2024, SGo

Paulo. 1 slides
A série “Comunicagao Técnica” compreende trabalhos elaborados por técnicos do IPT, apresentados em
eventos, publicados em revistas especializadas ou quando seu contetdo apresentar relevancia puablica.

PROIBIDO REPRODUCAO

Instituto de Pesquisas Tecnoldgicas do Estado de Sao Paulo )
SIA-1PT | www.ipt.br
Av. Prof. Almeida Prado, 532 | Cidade Universitaria ou
Caixa Postal 0141 | CEP 01064-970
Sao Paulo | SP | Brasil | CEP 05508-901
Tel 11 3767 4374/4000 | Fax 11 3767-4099



Numerical Simulation and Image Analysis of a Molten Metal
Atomization Focused on the Additive Manufacturing Route

Alexander Ariyoshi Zerwasab.¢" Flavia Costa da Silva®, Udo Fritsching¢, Jose Luis de Paiva?, Roberto Guardani?

. . . . . - - : NHARIA
a Chemical Engineering Department, University of Sao Paulo, Sao Paulo-SP, Brazil ENEI%ETHEQAAS A

b Laboratory of Metallurgical Processes, Institute for Technological Research, Sao Paulo-SP, Brazll EM PROCESSOS
c Leibniz Institute for Materials Engineering IWT, Bremen, Germany
*alexander.zerwas@usp.br 29.-31.07.2024

Research Methodology

Aim Numerical Simulation High-speed Imaging
* Enhance powder yield from close-coupled assisted gas —

atomization for additive manufacturing

ODbjectives
» Understand the effect of atomization gas pressure and

N\ | e | /4
\ O\

temperature during the atomization i O
Methodology 2 poundary
» Extract information from primary breakup region based %0 Middle
on high-speed imaging . position
« Simulate the gas behavior during the atomization S 20 boIlQJir?crI];ry
process, for the different process conditions e e - - Widih

Conclusions How the atomization affects the metal
powder properties?

Axial Position z

* 1 Liquid decentralization —
T Off-spec particles

]

10 0 10 -10 0 10 -10 0 10 -10 O 10

* 1 Gas temperature — postion  Postion  Postion _ Postior
t Velocity— 1 L-pbf yield - S

« 1 (Gas pressure —

*GMR — 1 L-pbf yield

* Aspiration pressure
predictions match exp.

High-speed Imaging

Axial Position z

Breakup length

.__Atomizer_ 4 i
Tower High-speed

280 55

Axial Position z

. Camera ; A _ 8 Temperature 50: Temperature
Observations s £ 250 @ 23k | . oo @ 293k
. . . . = R;éli%l Sos)itlign _:P?agiallo _:Igac?iallo 2 220! ® 423K > 40 ® 423K
_ mm osition osition X = 573 K Q. 573 K
* Simulations — Similar W @ —— 5% 100 3200 4 s
o E t@ - E
~~ 160, =30 hd
ren O Dlea Up eng 5 100 A g n =
- 130 20-
o - -
1007 2 3 153 2 3
Gas Melt Ratio Gas Melt Ratio
. : : Cohesion 280 C) . 55 d) .
N u I | I erl Cal SI I I l u I atl O n © Temperature 50- Temperature
L 250!
< ® 293k | o . @ 293K
o | @ 423K =) ® 423K
— 5 220 S 40
T 00l g @ Aspiration Arér:.é‘ 573 K Q E 573 K
3_0.1- ° o . pressure (Pa) g = 190 | :'\:T é’ E35 | - :._
£ P ® o > 160° @ © 0. e
§-02 o o o O . 0 i £ 25 W
£ 03 Height bel | R Tl s e B e I T e = 130 _ 20 ;
5 O B T Aibeligrenls o0 @ .
E-os | meTemeoman T 30 60 90 130 3060 90 120
[ o ® 293KT. (Exp. - Schwenck 2017) N 1D . . . ] Thrust (N) Thrust (N)
£-0.5] @ 573KT. (Exp. - Schwenck 2017) 0 d C I
= 0.25  0.50 %75 100 125 150 175  2.00 5D LIqUI entra IzatIOn a) T=293K b) T=423 K c) T=573K
omization Pressure (MPa) b) C) d) = : - : : e
‘ 1.1 MPa 0.8 MPa 1.1 MPa
300 T ] gV ¥ L Ry ~®- 1.7 MPa 1.4 MPa @ 1.7 MPa
L e - N — —k— 2.0 MPa
e IR RhoPimpleFOAM !
0 L T T e O ] 4
€ 400 e P " . D N +
— N
I  Compressible 8 !
2 g - 0. Centre Z = 2
O B : . © 2]
§ 0 | ine * Transient Z g1
> oo} —— 293K memeemeem 1.6 -
—— 573K 2.0 = 157
e A0 O e o <
4000 5 10 15 20 25_30 35_ 40 45 50 55 60 65 70 75 20D Argon -10 O 10 -10 O 10 -10 O 10 -10 O 10 20-
Axial position (mm) Radial Radial Radial Radial
Position Position Position Position 25 ] ! -2 S R R B = o B
a)1D(1.5mm) b) 5D (7.5 mm) LIqUId JI GaS P=0.8MPa | 1.2 MPa | 1.6 MPa 2.0 MPa P=0.8 MP . MPa (mm) (mm) (mm) (mm) OS 5 W(]ji(:)h OS 5 W(]j.eh OS Width
pray Wi pray Wi pray Wi
' (mm) (mm) (mm)
| 45 -
| Wall . “ 9 ' B Discrete Jet
- 1 i) o Amar Gas Temperature
I QlE Q| E ]
; i glo; LA - 35 - a)
. 815- — 1 .
| o % T30+ 8 7 293 K
>- | - 2 ] 2 . ; - E
Ul o ] e L CHE 0
-— c » 29 - C 8L
GE’ ' o e | AT s
| 1Y) .
el g el " 0 0.050 0.075 0.100 0.125 0.150 0.175 0.200
(B’I =zl |. L 15 4 b)
| R il,'\? % ° 10 " 9 0 3 gA_S 573 K
; ] gt g E2E o
| : ° %° o , 37 5
=400 e e ot e, ||| S e e p s e R " £20 T ; T ; T ; T ' T ; '
% Ml peettioniony . | | Fadi) festion fom) | Outlet c 05 10 15 20 25 30 0.050  0.075 0100 0125 0150  0.175  0.200

GMR Time (s)

References

Schwenck, D., Ellendt, N., Fischer-Buhner, J., Hofmann, P., & Uhlenwinkel, V. (2017). A novel convergent—divergent annular nozzle design for close-coupled atomisation. Powder Metallurgy.
Zerwas, A. A., Avila, K., Luis de Paiva, J., Guardani, R., Achelis, L., & Fritsching, U. (2024). High-speed Video Image Analysis of Liquid Metal Atomization Process. Atomization and Sprays.
Zerwas, A. A., da Silva, F. C., Guardani, R., Achelis, L., & Fritsching, U. (2024). Impact of the gas atomizer nozzle configuration on metal powder production for additive manufacturing. Powder Technology.



	Slide 1

