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Background

Additive to enhance energy density:
nano-Aluminum particles

« Higher energy density
~* Less CO, & NO,
' « Shortened ignition delay time

« Enhanced fuel oxidation by catalytic effect
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SEM photograph of 80nm nano-aluminium particles*
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Kerosene droplet combustion: Measurement

Experimental Setup @ Zhejiang University, China
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Kerosene droplet combustion

Major components of Chinese RP-3 kerosene (mass fraction)
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MD simulation of nanoparticle effects on nucleation

Numerical setup

« Software: LAMMPS
* Force field: TraPPE-UA
- Using single interaction sites to

represent a carbon atom together with

all of its bonded hydrogen atoms.
 Ensemble: NVT

Molecule number: 30000
 Nanoparticle radius: 10 /20 A
* Nanaparitcle number: 1/ 8

« Sample T: 524 K(85% Tc-decane)
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MD simulation of nanoparticle effects on nucleation

Validation for TraPPE UA force field( VLE simulations)
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MD simulation of nanoparticle effects on nucleation
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MD simulation of nanoparticle effects on nucleation

t=1632ps

t=400ps

t=1800ps t=2016ps

(a) Homogeneous Nucleation (case 2)
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(b) Heterogeneous Nucleation (case 4)
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Snapshots of bubble formation and growth when p = 0.462

Brunel University London

g/ml, R=10A, n=1




MD simulation of nanoparticle effects on nucleation
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Number density of the n-decane molecules
surrounding the nanoparticle for the
heterogeneous nucleation case (p = 0.462 g/ml)
averaged over the initial 200 ps. Dash line:
average number density of n-decane for the
homogeneous nucleation case.
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12-6 Lennard-Jones potential
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MD simulation of nanoparticle effects on nucleation

Al nanoparticles aggregation

Snapshot of nano particles distribution when p =
0.472 g/ml, R=10,n=8, t= 2500 ps

Al-aggregation
combustion and residue
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Conclusions

« The TraPPE-UA force field was first demonstrated to be able to properly predict phase

transition via vapor-liquid equilibrium simulations.

« For p = 0456 g/ml, the metastable system became unstable with addition of the
nanoparticle. For p = 0.462-0.472 g/ml, the nanoparticle was found to enhance the
nucleation rate. With the increase of the particle size and number, the nucleation rate

was enhanced.

« A density gradient was observed near the surface of the nanoparticle because of a
larger van der Waals force between Al atoms and n-decane molecules, leading to easier
formation of bubbles and thus an increase of the nucleation rate further than 65 A away

from the nanoparticle surface.

« And a larger van der Waals force between Al atoms leads to the aggregation of Al

nanoparticles, which agreed with the founding in experiments.
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