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The acoustic radiation pressure acting on the surface of the
object (in the case of harmonic waves of period ) is:

Where represents the contribution due to the motion of the
object, the time-average volumetric kinetic density, and the
time-average volumetric potential energy density. is given by:

approach).

The comparison of our model with Ficuciello [2] model (which
does not consider the effects in the interior of the object) is
shown on the right.

Normalized total field representation
at in a velocity antinode 

(VAN)

Objectives
Reach injection conditions closer to real LRE conditions by :

Coupling of acoustic pressure field with:

Single transcritical injection.

Multiple subcritical injection.

Theoretical modelling of the effects on the interior of a spherical real fluid under an acoustic pressure field,

mostly on the several acoustic relevant positions: PAN (pressure antinode), VAN (velocity antinode) and

IAN (intensity antinode).

Acoustics
Transverse eigenmodes
Cavity coupling
Complex boundary conditions
Non-linearities

Fluid dynamics
Turbulence
Two phase flow

Atomization
Vaporization

Combustion
High power density
Flame/acoustic interactions
Flame/flame interactions
Flame/wall interactions

-, trans- and 
supercritical
conditions

Velocity and pressure perturbations

Unsteady heat release

The involved subprocesses

are dependent on combustion

chamber pressure and

aerodynamic fluctuations

Governing equations

Incident field:

Field in fluid (0): , with the scattered field

Field in fluid (1):

Limit conditions at the object surface:

normal velocity continuity

, pressure continuity

Barycenter velocity of the center of the sphere approach)

: at the 1st order

Nonlinear acoustic analytical model considering perturbations in the interior of a real fluid .

o : Density of the undeformable
spherical object (1).

o Density of the surrounding fluid (0).
o The whole system is submitted to

progressive or standing plane acoustic
waves.

o Acoustic velocity for the medium (m):
.

o Pressure fluctutations in fluid (0):

Calculation parameters
o EOS used on the numerical calculations:

Peng-Robinson EOS.
o Fluid (0): Nitrogen; Fluid (1): Ethane
o Temperature = 310 K
o Pressure = 50 bar

o Density ratio

Normalized internal field representation
at in a velocity antinode (VAN)

Normalized norm of the gradient 
of external field at in a 

velocity antinode (VAN)

Comparison of the model with the model of 
Ficuciello [2] of the normalized acoustic

radiation pressure in a velocity antinode 
(VAN) on the surface of the object.
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Implementation of multiple injection dome at the MARACA [1] experimental bench

Moderate Ambient pRessure Acoustic ChAmber (MARACA) developed by [1], 
on which multiple injection at pressures up to 5 bar are to be implemented

Approach real LRE injection
conditions, multiple injection
on an air-assisted system.

Currently-in-development
dome, up to 5 simultaneous
air-assisted coaxial injectors.

3D Cut of the design
of the multi-injection
dome with both
injector and stopper

Design of high pressure acoustic resonant chamber

Implementation of the piezoelectric driver loudspeakers into the high pressure chamber HP-5L with LC2H6/GN2

Moderate pressure and high temperature ( and )

High pressure and high temperature ( and )

Experiments on the multiple injection on moderate ambient pressures (1 to 5 bar) and ambient temperatures using air/water

Further development of the theoretical model.

References
[1] Herrera, Rafael (2022). Experimental study
of assisted jets in a pressurized atmosphere and
modelling in the presence of non-linear effects of
acoustics. PhD thesis. Université de Rouen
Normandie.

[2] Ficuciello, Antonio (2017). Analysis of high
frequency/high amplitude acoustic field effects
on coaxial injection: application to liquid rocket
engines. PhD thesis. Université de Rouen
Normandie.

Test chamber for acoustic measurements. Simulations done in COMSOL Multiphysics
(shown on the left). Experiments done at CORIA laboratories at ambient pressure and
temperature on the acoustic characterization chamber (on the right).

Piezoelectric driven loudspeaker design. On right the
displacement magnitude of the system under preload

Design of Piezoelectric driven loudspeaker


