Nanoparticle Formation from Multiple Aerosol Streams
Hetero-aggregates are composite nanoparticles formed by combining two or more distinct particle types. A common approach to produce such structures is the mixing of particle-laden gas streams (aerosols). At high nanoparticle concentrations, these systems can be efficiently modeled using the population balance equation (PBE) within a computational fluid dynamics (CFD) framework, where particle populations are represented as scalar fields in an Eulerian approach.
However, accurately simulating hetero-aggregate formation remains challenging. The complexity arises from factors such as particle size (volume), fractal structure, and variations in composition (e.g., mole fractions of different materials). As a result, conventional sectional (nodal) models become computationally expensive when coupled with CFD.
To address this, we have developed a novel hetero-monodisperse PBE model (see Figure 1a). This model extends the classical monodisperse approach and has been benchmarked against a two-dimensional sectional model introduced by Shigeta and Watanabe [2], which considers particle volume and composition as key variables. Initial zero-dimensional (0D) simulations demonstrate that the new model captures hetero-aggregation dynamics across different material systems with comparable accuracy, while significantly reducing computational cost.
Project Objective:
The goal of this master’s thesis is to integrate the hetero-monodisperse model into our in-house Fortran-based simulation framework, PsiPhi, to enable the simulation of hetero-aggregate formation from two or more aerosol streams.
Project Tasks:
· Translate the existing 0D MATLAB implementation into Fortran
· Verify the correctness of the implementation through benchmark tests
· Integrate the model into the PsiPhi CFD framework
· Perform 3D simulations of hetero-aggregate formation from two or three aerosol streams
· Validate simulation results against experimental data (see Figure 1b) [3]
This project offers the opportunity to work at the intersection of nanoparticle science, numerical modeling, and high-performance computing, contributing to the development of efficient simulation tools for complex multiphase systems
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Figure 1 Left: the coagulation and condensation process in the hetero-monodisperse model; Right: the Double Flame Spray Pyrolysis (DFSP) for hetero-aggregate formation [3].
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