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Coaxial Atomization

Matas, J.-P.; Cartellier, A. Flapping Instability of a Liquid Jet. Comptes Rendus. Mécanique 2013, 341 (1–2), 35–43.

Nozzle scale

𝑺𝒔𝒄𝒂𝒍𝒆

dL [mm] DL [mm] dG [mm]

S1 2 3 10
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Coaxial Atomization Vulcain engine

Soller, Sebastian & Behr, R & Beyer, S & Laithier, F & Lehmann, M & Preuss, A & Salapete, R. (2017). Design 

and Testing of Liquid Propellant Injectors for Additive Manufacturing. 

https://www.esa.int/ESA_Multimedia/Videos/2020/09/Vulcain_2.1_roars

Vinci Injector plate
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Motivations

Better modeling of atomization processes

We study:

• Nozzle geometry and scaling

• Cryogenic atomization

• Instabilities

• Large scale fragmentation mechanisms
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Parameters

• Weber number :  𝑊𝑒 =
𝜌𝑢𝐺

2𝑑𝐿

𝜎
=

𝐼𝑛𝑒𝑟𝑡𝑖𝑎

𝑆𝑢𝑟𝑓𝑎𝑐𝑒 𝑡𝑒𝑛𝑠𝑖𝑜𝑛

• Dynamic gas-to-liquid pressure ratio : 𝑀 =
𝜌𝐺𝑢𝐺

2

𝜌𝐿𝑢𝐿
2

• Gas Reynolds number : 𝑅𝑒𝐺 =
4𝑄𝐺

𝜈𝐺 4𝜋𝐴𝐺
=

𝑢𝐺 𝑑𝐺
2−𝐷𝐿

2

𝜈𝐺

• Liquid Reynolds number : 𝑅𝑒𝐿 =
4𝑄𝐿

𝜈𝐿 4𝜋𝐴𝐿
=

𝑢𝐺𝑑𝐿

𝜈𝐺
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Experimental Setup



4/3/2026 GdR TransInter, Corentin Bourjaillat
8

Experimental Setup

Camera

Light

Injector

Back-lit Imaging
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Experimental Setup

O. Tolfts, A. Rack, N. Machicoane, Morphology and dynamics of the liquid jet in high-speed gas-assisted 

atomization retrieved through synchrotron-based high-speed X-ray imaging, International Journal of Multiphase 

Flow (Express Track) 181, 105004, 2024

X-Ray Imaging
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Experimental Setup

Camera

Injector

Laser Sheet

PIV Setup
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Flapping Frequency
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Flapping Frequency 𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

620 2,7E4 56

𝐿𝐵 ≡ Intact jet length
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Flapping Frequency
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Flapping Frequency

2

3

Fiber-type

MembraneRayleigh-Plateau
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Flapping Frequency

2

3

Fiber-type

MembraneRayleigh-Plateau

Power law only

partially

explained by 

models, e.g. 

Marmottant & 

Villermaux

2004
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Linear Stability Analysis
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Linear Stability Analysis (LSA)

Liquid Gas

• Linearized N-S equations in cylindrical

referential

• Error function profile
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Linear Stability Analysis (LSA)

Liquid Gas

• Linearized N-S equations in cylindrical

referential + normal mode analysis

• Error function profile

• Shooting method : integration over both

domains

• Validation of continuity conditions gives

(𝒌,𝝎) solutions
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𝛿𝐺 𝛿𝑙𝛿𝑑 𝑅 𝐻𝐺

Gas BL

thickness
Liquid BL

thickness

Velocity 

deficit

Liquid

radius

Gas 

thickness

Characterization methods of stability analysis input parameters

LSA : Inputs
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LSA : Inputs

𝛿𝐺 𝛿𝑙𝛿𝑑 𝑅 𝐻𝐺

Gas BL

thickness
Liquid BL

thickness

Velocity 

deficit

Liquid

radius

Gas 

thickness

ImagingPIV Hot wire Nozzle geometry Hypothesis

Characterization methods of stability analysis input parameters



4/3/2026 GdR TransInter, Corentin Bourjaillat
21

𝛿𝐺 Measurement
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𝛿𝐺 Measurement

𝒖𝑮 (m/s) 𝒖𝑳 (m/s)

10.6 0.64
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𝛿𝐺 Measurement
Small recirculation zone

𝒖𝑮 (m/s) 𝒖𝑳 (m/s)

10.6 0.64
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𝛿𝐺 Measurement

𝒖𝑮 (m/s) 𝒖𝑳 (m/s)

10.6 2.64
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𝛿𝐺 Measurement
Larger recirculation zone

𝒖𝑮 (m/s) 𝒖𝑳 (m/s)

10.6 2.64
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𝛿𝐺 Measurement

Reattachment

point

𝒖𝑮 (m/s) 𝒖𝑳 (m/s)

10.6 2.64
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𝛿𝐺 Measurement

𝛿𝐺 measured at 

reattachment point
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Wetting evaluation 0 = Fully dry

1 = Fully wet
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0 = Fully dry

1 = Fully wet

=> Lip 

mostly

wet

𝑀 =
𝜌𝐺𝑢𝐺

2

𝜌𝐿𝑢𝐿
2

Wetting evaluation
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LSA Results
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LSA : Instability Mechanisms

Plot (𝒌,𝝎)solutions :

Select 𝜔𝑖

Cut in (𝑘𝑟 , 𝑘𝑖) plane

Curves parametrized in 𝜔𝑟
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LSA : Instability Mechanisms

Plot (𝒌,𝝎)solutions :

𝜔𝑖 = 250 rad. s−1

Cut in (𝑘𝑟 , 𝑘𝑖) plane

Curves parametrized in 𝜔𝑟

𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

550 2.7E4 55
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LSA : Instability Mechanisms

Plot (𝒌,𝝎)solutions :

𝜔𝑖 = 250 rad. s−1

Cut in (𝑘𝑟 , 𝑘𝑖) plane

Curves parametrized in 𝜔𝑟

𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

550 2.7E4 55Shear

Surface 
tension

Confinement

𝜔𝑖
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LSA : Instability Mechanisms

No pinch for 𝜔𝑖 > 0

=> Convective (shear) 

instability

𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

550 2.7E4 55Shear

Surface 
tension

Confinement

Most unstable mode



𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

550 1.8E4 27
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LSA : Instability Mechanisms

Surface 
tension

Shear

𝜔𝑖

Pinching

=> Absolute

Instability 1
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LSA : Instability Mechanisms

Pinching

Shear

𝜔𝑖

𝜔𝑖

𝑹𝒆𝑳 𝑹𝒆𝑮 𝑾𝒆𝑮

550 5.7E4 260
Confinement

=> Absolute

Instability 2

36
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LSA : Comparison with experiments
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Conclusion
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Conclusion

Flapping frequency
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Conclusion

Flapping frequency Flow Characterization
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Conclusion

Flapping frequency Flow Characterization Stability Analysis
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Conclusion
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Perspectives
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Cryospray

Coming

Soon !


