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Grouping



1. Parameters: Particle/Droplet Size, Flow Characteristics

2. Systems- in Nature (Atmosphere, in Water), IC-Engines, etc.
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Grouping in Principle

3. We can Simulate or Manipulate
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Mathematically – Particle Trajectories
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The Basic Flow is of the Form of 

a Moving Wave or a Standing Wave:

   tkxUUtxu bag  sin, 
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The Basic Model- Moving Wave

• Assuming, for the host gas: 

t- time, x- distance     

k- wave number, - angular velocity

Then, for the particle/droplet (non-dimensional):
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The equation of particle motion led to

  sin
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where, for normalization: fLkUw  /
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Particles exit the 
engine

Grouping Coagulation
Large 

particles

1st Application: 

Vehicle Exhaust– Enhancing Grouping/ Coagulation 



First Results

regified MMfractionmass  mod_

Changes in the mass fraction as a function of the 

particle's diameter
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Grouping Spectrum –

from 1 nano to 100 microns

10nm-500nm

Is the range related to  

engines today 



Calculation with Brownian Motion Effect



Mathematical 

Modelling

Preliminary Pipe Design
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Scanning Electron 

Microscopy

base

16



Prototyping Procedure 

Positioning
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Improving DOC+POC nanoparticles reduction

Diesel engine

Trapping 

Nanoparticles



Trapping 

Nanoparticles







2nd Application

Trapping 

low-concentration particles 

in air
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Non-Grouping 

Grouping 







3rd Application-

Induced Grouping of 

Particles in Water

For their Effective Removal
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Grouping of Nano-scale Particles in Water

By Hamdy 

Abo Zaid
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