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Numerical Simulation on Dispersion of Fume Micro-Particles
by Particle Suction Flows in Laser Surface Machining

Kyoungjin Kim'’

" Department of Mechanical System Engineering, Kumoh National Institute of Technology

ABSTRACT

In CO2 laser surface machining of plastic films in modern display manufacturing, scattering of fume particles could
be a major source of well-recognized film surface contamination. This computational fluid dynamics research
investigates the suction air flow patterns over a film surface as well as the dispersion of micron-sized fume particles
with low-Reynolds number particle drag model. The numerical results show the recirculatory flow patterns near laser
machining point on film surface and also over the surface of vertical suction slot, which may hinder the efficient
removal of fume particles from film surface. The dispersion characteristics of fume particles with various particle size
have been tested systematically under different levels of suction flow intensity. It is found that suction removal
efficiency of fume particles heavily depends on the particle size in highly nonlinear manners and a higher degree of
suction does not always results in more efficient particle removal.
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Fig. 1. Schematic diagram of particle suction system for
removal of fume particles from laser cutting of
plastic film.
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Fig. 2. Validation of drag coefficient model for low
Reynolds number flows. The experimental data of
symbols are from the case of particle settling. Dotted

line represents Stokes model and solid line is from
Khan and Richardson model.
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Fig. 3. Suction air flow patterns in particle suction system
over a plastic film surface for the suction case of Vi
=0.5mfs.
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(a) Vi =0.125 m/s (b) Vi = 0.25 m/s

(©) Viu=0.5 m/s

(d) V= 1.0m/s (e) Viu= 1.5 m/s
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Fig. 4. The effects of suction velocity and particle ejection angle on the transient trajectory of fume particles.
The diameter of fume particles is 100 pum for all cases.

(a) D, =40 pm (b) D, =60 pm

(¢) D,= 100 pm

(d) Dp= 140 um (¢) D,=200 pm
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Fig. 5. The effects of fume particle diameter and particle ejection angle on the transient trajectory of fume particles.

The suction velocity is 0.5 m/s for all cases.
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Fig. 6. Characteristic map of fume particle dispersion by the
influences of suction velocity and particle ejection
angle for different fume particle diameters of (a) 60

um, (b) 100 pm, (c) 140 pm.
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