CFD modelling of nanoparticles emissions in a laboratory experimental set up:

preliminary results and simulations

Computational fluid dynamics (CFD) simulations have become a valuable tool in
occupational safety and health research for modeling the dispersion of harmful particles,
such as aerosols, dust, or pathogens, in workplaces. Protecting workers from exposure to
nanoparticles is a major challenge, mostly because the particles under 100 nm due to their
aerodynamic properties may penetrate the respiratory tract and deposit directly into the
alveolar region of the lungs.

In this study we developed a "digital twin" framework using computational fluid dynamics
(CFD) modeled on an experimental glove box. By simulating a steady 1 L/min laminar airflow,
we were able to map how individual particles move through space. The numerical model
calculates the force balance for each particle size, factoring in drag, gravity, and inertial lift.
Because laminar airflow is entirely predictable, particles of different sizes separate along
reliable, mathematically consistent pathways.

Future steps willinclude model validation tests by coupling the CFD simulation with particle
number and mass concentration measurements inside the chamber by using commercial
sensors compared with standard reference instruments.



