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Gas-assisted Atomization Phenomena @

gas liquid gas

Gas-assisted atomization: breaking of a liquid jet into a spray
(droplet cloud) by a gas co-flow

Spray formation: Large-scale:
* [Interfacial instabilities FLAPPING

* Primary break-up Farago & Chigier, 1992

Near field Multiscale process S =P, J c i

0.23 ms
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Atomization Physics: Proposed Interfacial Instabilities @

Interface destabilized by surface tension

Accelerated interface
(transverse to shear)

Interface aligned with shear IIII
-]
o o T——

Rayleigh—Plateau instability

Rayleigh—Taylor instability

Drop under
strong air flow

Gravity-driven Aero-driven
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Drop Break-Up

Low to moderate Weber numbers
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Pilch and Erdman, IJMF 1987
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Fiber-Type Atomization

c) CASTASTROPHIC BREAKUP
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P. Marmottant and E. Villermaux, JFM 2004
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Atomization Regimes
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Experimental set-up @
i : Weber number Gas-to-liquid dynamic pressure ratio

1100 <|Re; |< 8500 By varying the 2
5 pPgUg’d] P U’
- gas and liquid We.|==-29 — M = 2979
10* < Re, < 10° flow rates 9 o pruj
side-view exit plane top-view
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-
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Spray characterization

(a) We, = 210 (0)
0 ; [ . . 0 .
SR=0 g’ SR=0.8 SHE=0
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7°/dg
1100 < Re; < 8500 1< M <140
10% < Re, < 10° 200 < We,; <1300

Phase Doppler Interferometry
Injector 'E'

. Receiver
Transmitter

1 < d(um) < 100
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Gas jet radial profiles
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Axial evolution of the gas jet longitudinal velocity
Single phase (HWI)
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« Broadening of radial profile with SR
» Properties of the swirled annular jet are those of a round turbulent jet
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Mean droplet slip velocity

Uy, Qas Droplet Stokes number \ﬁl,
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Uy 0, 7.5 Centerline axial velocity and half-width of the gas jet

1.5 (emanating from flapping)
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Local droplet size distributions and radial profiles

We, = 830 %
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Radial profiles of mean droplet size

O SR=0
Re; = 1120

40 || || ||

Swirl addition =>»

SR =0.8

40

RQ[

—o— 848()
—=— 1120

Decreasing M

« Spatial rearrangement of the droplet

* Local reduction of mean droplet size at low Re; and high We, (high M)
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Droplet size statistics — integrated over a transverse plane

Re; = 1120 We, = 830
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Swirl reduces the drop size
2
beyond M (= —ngé’) ~ 50
U

pP1Y;
=>» All size class

=>» Throughout the spray
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Radial profiles of axial flux

d?; cos 6 6 velocity angle (u, t=0 ms
Ix 6TZ Z Si probe_volgme are .08 x = 25d,
i=1 j= T sampling time
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2 2.5

— 15 Of the gas jet

« Swirled low M sprays have off-center maxima of axi
* Axial fluxes show centered maxima for high We, an =) 5 0 0.5 = 0)

=>» Low M: strong flapping with long liquid jet, brings n y/dl
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Conclusions & regime map

Swirl in the gas flow leads to | | Re; = 1120, We, :.830 |
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Thank you for your attention




Gradual change of swirl ratio
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Radial profiles of mean axial and radial velocity
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Mean droplet slip velocity @
400 e, 250 o 1y 5 Of the gas jet
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