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SUMMARY

« The context

« The objective of the study

 Airtight chamber for vehicle housing (the bubble)

* Numerical investigation of the flow topology in the enclosure (CFD)
« Experimental characterization of the airtight enclosure

 Conclusion
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CONTEXT

Maladies associées a I'exposition a des nanoparticules

C. Buzea, I. Pacheco, & K. Robbie, Nanomaterials and nanoparticles: Sources and toxicity, Biointerphases 2 (2007) MR17-MR71

= The transport sector is often a source of various and varied
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e Cristina Buzea; Ivan I. Pacheco,; Kevin Robbie (2007) Nanomaterials and nanoparticles Sources and toxicity
e Luke D. Knibbs; Tom Cole-Hunter; Lidia Morawska (2011) A review of commuter exposure to ultrafine particles and its health effects
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* Proposal of an innovative chamber for the control of air pollution
concentration level outside of car cabins

* Investigation and proposal of a protocol for better concentration
measurements of pollutants (VOC, NOx, Particulate, O3) and CO2
into car cabins.

* Determine the representativeness of measurements of general

concentrations of VOCs compared to measurements by speciation
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Fig.4 structure of the measuring bubble

The dimensions of the bubble :
* 6 mlong, 3 m wide and 2 m high. The room
is equipped with worktables, a fan and a

gauze extractor.

Fig.5 bubble equipment
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Fig.3 CAD of the bubble and the measurement room
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Real-time monitoring of VOCs resulting from the thermal degradation of PMMA (Latappy (2004))

Hubert Latappy. Etude des COV issus de la dégradation thermique et oxydative des matériaux polyméres. Polymeéres. Université Paris Sud - Paris XI, 2014.
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NUMERICAL INVESTIGATION OF THE FLOW TOPOLOGY IN THE
BUBBLE (CFD)
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JUMERICAL APPROACH PROCEDURE

CAD

A 4

Fan positions

|

Mesh
optimization

|

Definition of the parameters for
calculating the boundary
conditions

Single phase simulations

Two phase flow
simulations
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Determination of the optimal
position of the fan.




VEHICLE CAD

SN AR

1624 mm

Design of the
car CAD

1601 mm 4447 mm

Fusion of facets
of the car(more
than 20,000
facets)

Mesh

optimization

’-7 Fig.6 CAD representation of the vehicle
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7 4r P SIMULATIONS CONFIGURATIONS

2m
2m

* Creation of 4 fan positioning

configurations.

6m

Position 1 Position 2

e Study of the the influence of the fan
position on the flow structure around the

vehicle.

Position 3 Position 4

} — Fig. 7 : Location of the fan center for the four configurations studied
(44
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MESHING

ANSYS
RI92. |

Academie

an unstructured triangular surface meshing and

0,000 1.000 2,000 (m)
. —
0500 1,500

tetrahedral volume mesh was applied.
8-layer inflation-type mesh for boundary layers.

Mesh cells number between (3-15 millions cells)

o ﬁ%{éﬁﬂﬁﬁﬂ%§féé.

Fig.8 Global mesh of the fluid volume in the bubble and around the vehicle.
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SIMULCATIONS CONDITIONS

e Single phase flow (air flow)

» The turbulence model used is the K-omega SST

» For the boundary conditions the surfaces of the bubble and
of the vehicle were considered as "WALL" conditions.

» The fan is considered using "FAN" condition

» The pressure jump in the fanis : 294 pa.
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e Unsteady two phase flow (With particles)

» Lagrangian approach used

» Particle injection speed (15 m/s) same as that of the
discharged air (measured experimentally)

» The size of the particles studied are 2.5 um, 1 pum and 0.1 um.

» Forces taken into account: Gravitation, Brownian, Saffman Lift

and Drag.
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7w JSINGLE PHASE FLOW SIMULATIONS RESULTS
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Fig. 9 Vectors fields of the velocity magnitude around the vehicle for position 1, position 2, position 3 and position 4 of the fan
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APE-TRES

.
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Particle 0,1 um

Fig. 10 residence time of particles at physical time: 0.3 s
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FINAL FLOW CONFIGURATION

[E] 3.77e-04

Q}ESTACA LITAS A ARAMS 15

IIIIIIIIIIIIIIII Bacves



EXPERIMENTAL CHARACTERIZATION OF THE AIRTIGHT
ENCLOSURE
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measurements without measurements with vehicle

vehicle
h 4 \ 4 \ 4 4
V\Cth_out With stirring it " Withiwithout
stirrin i
g particles string

ventilation and

background noise ] [ recirculation mode
measurement deactivated
tightness ventilation and
L , recirculation mode
measurement [ -

activited

without ventilation,
recirculation mode active /
desactivated

Stability threshold
measurement and
homogeneity test L

bubble characterization
measurement in the
bubble and in car cabin
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Left door Rigth doér
0]
1G 1 1D
2G 2 2D
CG Centre CD
3G 3 3D
4G 4 4D

Aerosol outlet —_

Cyclone generator

Tank

Fig.13 representative table of measurement positions

(top view of the bubble)

* Flowrate: 4to 101/ min

Injector

Fig.12 AGK 2000 particle generator

* Injected particle size range: 10nm to 15um
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Fig.11 Positioning of measurement points in the bubble
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Particle size measurement in nbr/cc in CO2 concentration measurement
real time (optical technique) = (in ppm)
£

Measuring range (0 to 5000ppm) &
Particles between(0.02 to 2um) Iy
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L—ARACTER|ZATION OF THE BUBBLE

([

e Background noise measurement
Mass concentration (ug/m?) Concentration (i;/r;LrJnr?)ber of particles
Minimum | mean | Maximum | Minimum | Mean | Maximum « Measurement of particles concentration in the
1 4 18 empty bubble
= 1 ) . » Without injection and without mixing
PM, & ] ] ] * Measurements made with Dust-Track and Ptrack
- ' ’ % . The result is used as a reference concentration
o 1 4 18 1030 1403 1830 throughout the measurement day.
ota
Tableau 2 : Description of average background noise concentrations.
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e Bubble tightness study:

- Particles Dynamics:

1400

y = 879.79¢0-002
1200 \ R2=10.9612
1000
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400

Particules concentration pg/m3

200

0 100 200 300 400 500 600 700 800 900 1000
Time (minuts)

Figure 16 : Time evolution of the mass concentration of
particles for 15 hours without brewing

* Two decay phases: transient (30 min) and steady (14H30.)
* From 1200 to 800 pg / m3in 30min
* From 800 to 200 pug / m3in 14H30.
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JARACTERIZATION OF THE BUBBLE

Particle size distribution of particles in number: measurement of 15h, comparison between t
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Figure 17: Particle size distribution of particles in number
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Figure 18: Particle size distribution of their mass concentration
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FARACTERIZATION OF THE BUBBLE

- Tightness against CO2:

6000

y = 3E-09x* - 1E-05%® + 0.0098x? - 4.7512x + 4473.3
R2=0.9882
5000

4000

(ppm)

3000
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1000
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Temps (min)

Figure 18 : Time evolution of the CO, concentration

» Decrease of 1 ppm / min therefore a relatively good bubble sealing
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CC particules/cm3

Spatial homogeneity:
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Fig. 22 Behavior of the particles without mixing inside the bubble
along the longitudinal points (a) to the left of the bubble (b) in the

center (c) to the right
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7 AELARACTERIZATION OF THE BUBBLE
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Fig.23 Behavior of the particles with mixing inside the bubble along the longitudinal points (a) to the left
of the bubble (b) to the right (c) in the center
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— Particules’s number — Pressure
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Fig. 24 Evolution of the concentration of total particles in number according to the injection rate (prepressure) of the AGK 2000 generator.

» Step 1: engine off » Step 2: engine on

* The transitional phase lasted 17 minutes. * The transitional phase lasted 31 minutes.Ll'objectif de 125000 particules/cm3a été atteint a 2,4

bars d ion d’injection (AGK 2000).
* The target of 125,000 particles / cm3 was reached at 1.6 bar injection pressure ars de pression d'injection ( )

(AGK2000).
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CONCLUSION

Summary of the work of the first year of the present Phd thesis project:

Bibliographic review

Establishment of numerical flow simulations for flow in the bubble (CAD, bubble domain, mesh and flow characterization

Design and assembly of the measuring chamber (bubble)

Study and evaluation of the airtightness of the bubble, measurement of the distribution of the concentrations of particulate pollutants
(PM1, PM2.5 and PM10) and CO2 in different configurations

Subsequently, a large campaign of measurements will be carried out, on the basis of the finalized air pollution generation protocol, to

study the infiltration of pollutants and the release of VOCs into the passenger car cabins
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