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Gas-assisted Atomization Phenomena

gas liquid gas
Assisted atomization: breaking of a liquid jet into a spray
(droplet cloud) by a gas co-flow
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« Dimensionality yet to be explored

Nathanaél Machicoane — Réunion du GdR TRANSINTER — 7 au 9 juin 2022



Experimental setup
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Synchronized two-view back-lit imaging
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Camera “2”: (x, z) plane

t =0 ms




3D reconstruction of the liquid jet’s barycenters

Barycenter of the liquid pixel in a band of pixel
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=>» 2D coordinate (y, z) of the barycenter in each x plane



Phase-averaging at the flapping frequency

Power spectra of the barycenter (y, z)
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Confirmation of flapping frequency
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Flapping dimensionality/shape @
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Evolution with parameters
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Flapping frequency
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From hook bags to side bags
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15t conclusions @
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X-Ray Radiography
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Beer-Lambert law: Measure liquid
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EPL(x,y) = f ldz :
Advanced Photon Source, Argonne National Lab
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X-Ray Images

2 .
o 1< M =229 <200 0 < SR =—wirl 4
Pty Qno swirl
Atomizer exit plane Intact cord™ Liquid Gas
M=6,SR=1 1111 111111 1111 M =200, SR=0
500 pm ‘ a) 500 um ) c) Joqumt ,
\ 7
| Crown
to N
A
\ @ A Partial
de-wetting
500 pm 500 pm W d)
o N .‘-.‘./.“
to+1ms
Bag Unstable
break-up crown

1.5d, downstream

Nathanaél Machicoane — Réunion du GdR TRANSINTER — 7 au 9 juin 2022



X-Ray Liquid EPL Movies
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Unstable Crown
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Unstable Crown 0

M =200, SR = 1 op — _Qswir

Qno swirl

Gas Liquid Gas
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« (Gas recirculates behind the liquid nozzle and penetrates inside it
 Instability of the recirculation cavity = drastic de-wetting and unstable crown
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Phase Diagram of Break Up Modes @
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Conclusion
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Low M

» 3 modes of flapping reported

« Swirl is very efficient at
transitioning towards circular
orbits
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We

High M

» Crown/recirculating gas

* Unstable crown only for SR > 0
» Vortex within liquid nozzle
» Long-time dynamic
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Flapping frequency dependency

Delon et al., 2018
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Shear instability with wavelength shorter than liquid jet diameter
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X-Ray Radiography

Focused beam measurements: White beam imaging:
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X-Ray Optical Density Conversion to Liquid Equivalent Path Length @

White beam imaging: Focused beam measurements:

- Polychromatic - Monochromatic > Liuid valent
- Large field of view ~ (10mm)?2 - Point-like (5x 6 um) quid- cquivaien

- High temporal resolution ~ 10kHz - High-speed (0.3 MHz) path length (EPL)
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