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Comparison of numerical simulation to experimentsfor ajet nebulizer

N. Lelong (1), L. Vecellio (1), A. Junqua-Moullet (2), Y. Soner de Gelicourt (3),
C. Tanguy (4), P. Diot (5), H. Suzanne (2)
(1) — DTF Aerodrug, Faculté de Médecine, ToursnEea
(2) — CEA Le Ripault, Monts, France
(3) — ANSYS France, Montigny le Bretonneux, France
(4) — Dantec Dynamics, Nozay, France
(5) — INSERM U1100 — EA 6305, Faculté de Médecirmyrs, France
nicolas.lelong@etu.univ-tours.fr, vecellio@med.utours.fr,
alexandra.junquamoullet@cea.fr, yann.sommerdegeti@@ansys.com,
christian.tanguy@dantecdynamics.com, diot@med.touys.fr, herve.suzanne@cea.fr

Abstract

The performances of jet nebulizers for medicappses are limited compared to the new mesh nelsilize
regarding output rate and drug loss. Their expantaiedevelopment has reached a plateau, howeveirrthe
provement of the device, cheaper and able to peduowaller droplets, stays an important challendpe gur-
pose of this study is to design a numerical motheligting the nebulization process and to compiavégth ex-
perimental data obtained from various measuremethads. Such a model allows a better understarafitite
atomization process and a determination of thevaglephysical parameters influencing the nebulmeput.

The Updraft nebulizer (Hudson) was chosen to setgéric dimensions of the model and was designed
with ANSYS Workbench. The simulation domain covaraide area with a dm mesh in the center of the de-
vice, where the liquid atomization takes place. Timet air flow rate were considered: 2 L/min (R&800) and
8 L/min (Re = 16000). Boundary conditions werewith experimental data and the relevant model patars
were determined through a 2D axial simulation. kaEgldy Simulation has been used as the turbuleoncelrto
account for the wide range of Reynolds regimesénprocess. The transient 3D CFD calculations were run
on a 15° angular sector representing 4 millionscefth ANSYS Fluent. Droplet formation times anddtions,
along with diameters and airflow velocity, wereateatined thanks to user-defined functions in Flughe ex-
perimental study consists in characterizing thegmutput. Particle size measurements were perfbruith a
laser diffractometer Spraytec (Malvern), particieesand velocity were measured with a Phase Dopjher
mometer (Dantec Dynamics) and aerosol output wesréned by a gravimetric method. The behaviorhef t
droplets was visualized with a Fastcam SA1 CCD Qar(fehotron).

Observations made with CCD camera showed simildemme as numerical results. At 2 L/min the ligpit
riodically formed a film which blew up in drops Wwivvarious sizes. The larger ones impinged and dpvation
the sphere while the faster ones rebounded andirs@maller particles. At 8 L/min, images showedoatinu-
ous production of small droplets and the progresgivmation of a liquid ring on the sphere surfdeer both
flow rates, the simulation and camera particle sistributions were similar, especially at 8 L/mirhe differ-
ence between the mean diameters was about 20 %nf{26. 21um; 17 um vs. 14um), which is acceptable
given mesh size and image resolution. PDA and ldi$actometry, which take into account spheridedplets
with a diameter less thanydn, provided smaller values.

CFD predicted atomization phenomena and providegpal estimation for droplet size in the nebulizer
compared to CCD camera images. By showing the digzaim the liquid phase during the fragmentaticepst
CFD helps understanding the physical processesgiogethe fragmentation of droplets oven®, which could
be extrapolated to micrometric particles obeyingh® same dynamics. This model could help predjatiebu-
lizer output with defined geometrical and physjgatameters.
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