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Abstract: The importance of dilution’s isst
during the dust’s measurement has risen in re
years with the interests of researchers

engineers wdking in environmental an
occupational safety sector. In fact, the stud
machining process recommended adeq
devices with best sampling. Furthermore,

excellent measurement of fine and ultral
particle passed through the dilution high
concerratior. The aim of this paper to
propose a numerical study and graf
simulationfor the best choice ilution’s issue
during dry machining. The constitutiNaviel-
Stokes equations and CFD-e¢ modelwas use(
in COMSOL Multiphysicsto obtair the griphic
simulation of dilutionand choicethe alternative
which wasthe inlet and outlet in tr samejet
directior. The experimental seticonfirmed the
mean of dilution rati with 95% confidenc:

Keywords. Mixing, Simulation, COMSOL
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1. Introduction

Metallic's particle wa considered as tt
principel responsible of health effect[1, 2]
caused by airborne particles in workplace.
guantitative evaluation offine and ultrafin
particle emitted duringdry machining was
seriousl interesed by researcers In 2002,
Zimmer &al. have studied the influence
operating parameters on the nun-weighted
aerosol size distribution in arc weld [3], and
grindinc [4]. Songmene &al. [! 6] quantified the
PM, s concentration during drilling for various
materials (606-T6, A356, AZ91E, 7-30 Brass
and different cuttingconditions cutting speec
feed, metal removal re...). Khettabi &al [7-10]
in turning, Zaghbani al [11] and Kouam &
[12] in milling permitted toevaluate the hig
level of farticle concentratic in the experimel.
Their works proofed the badly influence of hi
concentration in the sampling and
maintenance of air quality dev
(Laser photometeDUSTTRAK, Aerc-dynamic

Particle Size SpectrometeAPS, Micr¢-Orifice-
Uniform Deposit ImpactoiMOUDI, Electrical
Low Pressure impactcELPI,  Scanning
Mobility Particle SizerSMPS, Light Detectiol
And Ranging_LIDAR, Condensation Parti
Counter CPC, Differential Mobility Particle
Sizer DMPS) available in the laboratorThese
negative phenomena was caused by parti
collision [12-15], particle’s leakage lose [16, 1
electrical attraction between particles in mot
[18], agglomeration of particles in the pipe [1
aggregation [20 coalescence [21], coagulati
[22], condensation and sedimentation |

To reduce these effects, the dilution is
was proposed in this study. A simple dil
adapte to the sampling during machining w
designed in CATIA V5 and linked in COMSC
Multiphysics to simulate the dilution proce
The present paper wiorganizer in six section:
Governing equations; Methods; Thec and
numerical nodel Experimental esults;
DiscLssions; and Conclusi.

2. Governing equations

The Naviel-Stoke: constitutive equatiowas
used to modeling the fluid transport and
mixing rate The constitutive equation w:
composed of continuity equation eql),
momentum equation eq2), and energ
conservation equatioleq3) [24]:
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Where: s total enthalpy per mass urS: source
of heat, 7j: viscous stress tensog;: gravity
acceleration, ¢: diffusion heat flon p:
volumetric mass of the aiP: pressure in th
mixture,u;: displacemet
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3. Methods

The dilution phenomenon w defined as fluid
mechani problem whicl could be solved usin
combined analytica and numerici method.
Generally, it's usually difficult to solve the
Naviel-Stokes equation modelling thmixing
fluid with turbulenc. The Computer Fluic
Dynamic (CFD) was proposed to so
numerically the problem and simulate
graphically. The2D or 3C design of diluter wa
made in CATIA V5 and liv-linked in COMSOL
Multiphysics [25]. The experimentaldilution in
COMSOL Mutiphysics was usedwith the
following assumptior:
—Inlet boundary conditions were with the
physical gometry of dilute;
- Aerodynamic diameter of particle is less tl
2.5pm;
—Properties of the fluid (air) were determin
at25°C with atmospheric presre;
—Inlet velocity of pollute and clean air ha
been impose by experimental conditior
- Fluid was considered incompressil

4. Theory and numerical model

With the numerical meth¢, the constitutive
equation was solved and solution converge
was given with -¢ model [2€] represented b
the two following equatior (eq.4, eq.t: k the
turbulent kinetic energy are the dissipation ra
of turbulent energ

a’*+ap“‘=+a{[w“‘}""}eueo—pf—vm% ()

0X;

ot 0x 0X O, ) 0X,

i

2,28 =+"_Ku+§]§ﬂ+@i(@ CaCaCA 1S (§)

k

Gy kinetics energy due to the velocity gradie
Gy k energy due to detachment and volt
forces; Yw: contribution of the expansic
fluctuation in turbulence forg]; C;=1.44,C,.=
1.92,C3=0,C, = 0.09 §, S: source termsg,
o,. turbulent Prandtl number farandk, o = 1,
0,=1.3

Triangular mesing [27] was appliecwith 18846
elements and pviding 89368 degrees
freedon. The momentum equatiol was
implemented b a stationary nonlinear solv
[25] using generalized minimal residual mett

(GMRES) was chosen to minimize memo
consumption of compute

VIR o [ ] P

Bl

Figure 1. Meshing of the diluter in COMSC

The dilutior process was implemented
COMSOL Multiphysic: to firstly observe thi
evolution of the mixingn two alternativis and
choose thepractical alternative adapted 1
experiment in workplac

Secondly, the reason justified the numer
was the location of adequate test in the choi
alternative which was favorable for best diluti

5. Experimental results

COMSOL Multiphysicspermitted to obtai
picture of dilution’s simulation whichcould
visually analyse byexperimenter. Thdifferent
color of these pictures presented visuathe
level of dilutior. The vortex and the turbulen
phenomena were directly observed in th
computer scree.

Temps=7 Surface: Velocity magnitude (mis) Sui de particules avee m

asse: Drag-driven particle mevement

0.5 [ 0.5 1 15 2 25

Figure 2. Picture o velocity magnitudesimulatec in
COMSOL during dilutiol
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The singular evolution of the test done
COMSOL Multiphysic, was observed in table
This table present the test in two alternatit
Alternative «A» presented the situation wh
the two inlet jets and the out flow were in the
same direction; Alternative «l has shown the
situation where the two inlet jets were in

opposite directiol

Table 1: Picturesof dilution's proces in COMSOL

Alternative A AlternativeB
Test =

Mixture is performed in the same flow direction s camied out by opposition of the two jets

10

The different tests have shown that alternz
«A» was more excelle in dilution process tha
alternative «B». The number of vortex direc
observed has confirmed this situation of t
turbulence in the mixing ra

6. Discussions

The number of vortex was the principal reasor
best dilution because relaxation’s effec
during the entrance two jets (inlet clean ail
and inlet polluted air) i the cylindricalchambe
of diluter. The relaxation and turbulence w
due to the wide variation between smal
diameter ofinlet tube (4 mm) an grea diameter
of thechambe (40mm). Thisgeometry increas:
the turbulence ar easily mixing air and particl.
In additior, the recirculatio of flow mixture
remains low even when thtwo inlel speeds ar
equal. The tw-phaseof mixture] seems to flov
in the chambe so as to obtain the desir

dilution for a possible extent.Howeve,
concentratio level was representeby the type
of color presentedlight blue or dark blug). It is
quite clear that direct observation of
simulatior's picture could help theexperimente
in the dilution proces.. A comparative study we
made on both alternativ where alternative «A
presented the best result in the dilution proc
In this casethe alternative «A» was chosen
experimenter to validate in the dilution pras
during dry machining in the workplac

The dilution process was tested statistic in
the workplace where the mean value of dilu
factor wasobtainedwith 95% of confidenc.
This final result was applied with gor
appreciation during samplirof metallic particle
in dry machining

7. Conclusion

This research’swork concerned the numeric
study and the simulation of dilution proce
during dry machining. Tt CFD k-¢ model was
used in COMSOL Multiphysics to obtain t
graphic simulation adilution which permitted t
choose the best alternative where inlet and o
test done during dry machining confirmed
simulated mean of dilution factor with 9t
confidence. In future wo, the dilutior models
could be¢ discusse and implemented i
COMSOL Multiphysics to make a comparis
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8. Appendix

Table 2: Numerical test of dilution in COMSO

Alternatives A or B
Test Polluted air Clean air

Speed(m’s) Flow (cc/min) ~ Speed(m/s)  Flow (cc/min)
1 0.0 0000000.0
2 0.5 3769911.2
3 1.0 7539822.4
4 13 11309733.6
5 20 15079644.8
; 45 30292008 95 18495560
1 30 22619467.2
8 35 26389378.4
9 40 30159289.6
10 4.5 33929200.8
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