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Electrode induction melting Inert Gas Atomisation

Contacless Induction Fusion

Parameters

Titanium Alloy
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Computer Aided Design

Clogging
Top
. — Center
lareeur du gap =g
Top View
Bottom

B. Qaddah, P. Chapelle, JP Bellot, J. Jourdan, N. Rimbert, A. Deborde, R. Hammes, A. Fransceschini
Swirling supersonic gas flow in an EIGA atomizer for metal powder production: numerical
investigation and experimental validation Journal of Materials Processing Tech. 311, 117814 (2023)
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CFD: Meshing and Boundary Condition

P=1.2 bar
T=300 K
P=30 bar e ANSYS Fluent Configuration
=274 K ¢ Dcylmder =150 mm
¢ Hcylmder =200 mm

e Mesh number inside the nozzle
e 1.12 millions cells

e Mesh number
e 5.25 millions cells

* @Gas=Argon
 Compressible Navier-Stokes equation
(RANS)

e k-w SST turbulence model
e Steady State
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Transition to Supersonic
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Loss of Symmetry

ANSYS
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Fusion Chamber Pressure Difference Influence
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Schlieren SetUp

/ Miroir

parabolique

injection gaz

Lame de
rasoir
Miroirs
plans

LED

Installation expérimentale — vue du bas de la

tour EIGA
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Experimental Results
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Comparison with CFD

Density Gradient Z_f,

Limit

AUSSOIS 23-206t
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&

Observation Area

High—Speed Video Imaging

ST

«!.

20°

High-Speed Camera

B. Qaddah, P. Chapelle, J-P. Bellot, J. Jourdan, G. Kewalramani, A. Deborde, R. Hammes,
N. Rimbert Primary and secondary breakup of molten Ti64 in an EIGA atomizer for metal
powder production Powder Technology 119665 (2024)

High-Speed Camera
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Airblast Fragmentation Classification

Hopfinger 2000
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Drop: some DNS Results by Jain et al. (2015
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Secondary atomization classification

Breakup regims l 2 i ! 5 6 T
Vibrational 13 12 We < 10 L 11 We < 13 10 .
Hag 12 < We < S 0= We=18 11 < We <= 35 I3 < We=<35 13< We < 1B 12 < We < 24
Bag-=tmmen Wl = We < 10D 18 < We < 30 Mo We=ds
Bag-phme 5 = We < =) 15 < We < 80 18 <« We < 4D 15 « We < B5
Multibag mudt imode renn | imrwosrle ) 28 < Wy il i < We < BS
Fhame-sheu i < We < B
Sheet | Shen
i oo = 1 0 I 63 =0 < LK) 85 « W 12
thinning
{‘ntastrophis We = 350 W = KON

1. FPilch and Erdman (19587, 2. Kreeczkow=ks [ 1980), 3. Hsiang and Faeth [ 1995). 4. Chow ot al (1997). 5. 1kai and Faeth | 3001 ).

Secondary Atomization:
We < 13 Vibrational Breakup)

We =10 — 50 Bag Breakup

We =20 — 100 Bag Breakup Stamen

We = 20 — 80 Dual or Multi bag Breakup
We > 63 Shear Breakup

e LU
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40 bars, PDI 200 mbar
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t=0 ms t=1 ms t=2.04 ms t=3.28 ms

Fiber breakup
Primary atomization

Shear Breakup

Dm=3mm. We = 66 Dm=5-7mm. We= 100 - 150
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t=0.08 ms
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t=0 ms

t=0.2 ms

t=0.24 ms

t=0.28 ms
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Shear breakup
Dm=2mm. We =50
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Atomization Areas 40 bar

1) Fiber breakup
2) Shear breakup
3) Bag breakup: When powder goes upstream

Note: Very Intermittent jet
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30 bar, PDI 200 mbar
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t=0 ms

t=1.08 ms

t=0.2 ms

t=1.28 ms

Rayleigh breakup
Primary atomization

D#Y4Fil = 0.3-0.4mm. We = 6-8

t=0.36 ms

t=0.52 ms

t=1.52 ms t=1.64 ms

Bag Breakup. Seconrla

Dm=0.7mmn@ We =18

ry Fragmentation

Bag breakup. Primary atomization

Dm_Fil =0.7 mm . We =14

Dm_drop_attaché =4.5 mm. We =100

e LU



t=0 ms t=0.48 ms t=0.6 ms t=0.64 ms

Attention au mouvement inversé
Filament métallique dominé par
I’écoulement gazeux

Bag breakup
Primary atomization

t=0.24 ms \ t=0.36 ms t=0.52 ms

Multi-Bag'Breakup

t=0 ms
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t=0.08 ms t=0.16 ms t=0.44 ms

Dm=0.8mm. We = 25

Bag breakup Multibag breakup |
Primary atomization Secondary fragmentation
Y Dm =3mm. We = 60

P y—. Iag Breakup. Secondary Fragmelatlon

t=0.84 ms t=1.24 ms t=1.96 ms t=2.12 ms

is 23-2
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t=0.56 ms t=1.4 ms t=2.08 ms

gy

t=0 ms

Shear breakup
Dm=3mm. We=90 Atomisation !

[t=1.44 ms
. S Ve
i :;‘
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Atomization Areas:

30 bar

1) Fiber breakup
2) Rayleigh breakup
3) Shear breakup
4) Bag breakup

Note: Intermittent jet

Aussois 23-26th
september 2024

N. Rimbert EIGA Atomizer

GDR TransiInter

M2P

28 @@



(I.emta i JL M2P

20 bars PDI 200 mbar

contour-1
weber-Zmm
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t=0.04 ms

t=0.12 ms t=0.16 ms t=0.32 ms

t=0.44 ms Shear breakup
| t=0.84 ms D=1.5-2 mm

t=1.08 ms t=1.32 ms | t=1.36 ms |ig t=2.08 ms t=2.24 ms )

B\agoBrzeazkth\p SeCIy Fragmentation Rimbert EIGA*Atomizer = GDR
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" . t=2.52 ms
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Bag Breakup. Secondary Fragmentation D=2-3.5mm. We =70-100
Q D=2.5mm. We =30 - 50 ._ W
Ul $ '~
Ly ot £ A =
— ?:stgilj:r_ggtzz = _' ' '\JAtomizer GD n_dnmr ' ”‘v-‘: 31L
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t=0.52 ms t=0.6 ms t=0 ms t=0.32 ms t=0.8 ms
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/ 1? ',:_2 Shear breakup. D=2 -4 mm. We = 70-120
» e Bag Breakup. Secondary Fragmentation. D=2.5mm
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Atomization Areas: 20 bar

1) Fiber breakup
2) Rayleigh breakup
3) Shear breakup
4) Bag breakup

Note: Intermittent jet
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10 bar, PDI 200mbar

weber-2mm
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t=0.12 ms

Aussois 23-26th

t=1.24 Sﬁ,ﬁ)gember 2024

N. Rimbert

S —AtoTTTize &PR Transinter
t=2.44 ms
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t=0 ms

Aussois 23-26th

t=0.6 ms ™"
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t=0.08 ms

t=1.88 ms

Shear Breakup. D=1-2.5mm. We = 60 - 100

N. Rimbert

t=0.4 ms

2A Atomizer
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t=2 ms

t=0.48 ms

t=2.4 ms

36



Aussois 23-26th

t=0.2 ms "
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t=0.44 ms

t=0.68 ms

N. Rimbert

t=0.96 ms

Shear Breakup. D=1.5-2.5mm. We =60 - 100

ElSIA Atomizer GD

t=0.76 ms
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t=1.08 ms
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Atomization Areas: 10 bar

weber-2mm
2.00e+02

1.80e+02

1) Bag breakup L 1.60e+02

2) Shear breakup - 1.40e+02
- 1.208+02
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6.00e+01

4.00e+01
Note: Continuous jet 5 00e+01
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5 bar, PDI 200 mbar

cohtour-1
weber-2mm
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10
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t=0.24 ms

Bag Breakup
Dm=1.5mm. We=20-30

Dm=0.5 mm. We > 10
Vibrational bk




t=0 ms

t=2 ms

| t=1 ms |

t=2.2 ms

t=1.64 ms

t=2.28 ms
Dm=1.8-2.3 mm. We=30-50

Bag bk ou Multi Bag bk

t=1.88 ms

t=2.44 ms

2P




t=0 ms t=0.16 ms t=0.2 ms t=0.32 ms

t=0.72 ms t=0.92 ms

Dm=1.5-2 mm. We=30-50 Dm=1.5-2 mm. We=70-100 Dm=1.5-2 mm. We=20-40
Bag:Brealatp Stamen JellyEish ou Shear, bk . -1 . Bag Breakup to shear breakup
U=0.51m/s
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Atomization Areas: 5 bar

1) Bag breakup
2) Shear breakup

Note: Continuous jet
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Conclusion

* Influence of Injection Pressure

* Change in dominant regime
* Bag Breakup
* Shear Breakup
* Fiber breakup
e Rayleigh breakup
* Transition from continuous to intermittent jet
e Understanding the fusion process

* Influence of Pressure Difference (PDI) (not shown)
e Can explain clogging...

* Mass PDF

M2P
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