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1 I ntr Oductl on The DRI Vehicle Emissions Remqte Sensing Sys_tem (VERSS) combines a 266-nm uItrav_ioIet lidar and A_ncillary measurement of speed and_ accelera_tion an_d_ th_e acquisiton o_f a
. transmissometer with a commercial remote sensing device (RSD) to measure both particulate matter picture of the rear plate of each vehicle permits stratification of the vehicle
DRI has developed a remote sensing method for measuring particulate matter (PM) and gaseous pqllutants in the exhgqst of passin.g vehicles. The Idar and transmissometer ultraviqlet emissions by model year, fuel type, vehicle .type and.vehicle specific power.
emissions from on-road, in-use, spark ignition and diesel vehicles. Remote sensing of wavelength achieves greater sensitivity to _sub—mlcrometer_ particles, where the g_reatest mass fraction Example data s_hown h_ere are from a large field experiment conducted in La_s
gaseous pollutants in vehicle exhaust is a well-established, economical way to has peen reported. The VERSS 'system integrates the Il'dar backscatter with mfrared colu.m.n mass Vegas, NV durlng_sprlng and summer 2001 and 2002.. The data analys!s
determine on-road emissions for thousands of vehicles per day. density CO, measurements to estimate fuel-based PM emissions. Carbon monox!de (CO), nitric oxide r_evealed that the dirtiest 10% of_ the entire measured mobile fleet (14815 _valld

(NO), and hydrocarbons (HC) are measured by the collocated gaseous remote sensing. lidar measurement) was responsible for more than 80% of the total PM emitted.

2. Vehicle emission factors (EF) are 3. UV Lidar and Transmissometer 4. Results
Cal Culatm fr Om COZ and PM COI umn An example of aDiesel vehicle (ISUZU, model year 2000, CO EF=1.3 gco/KGe, HC EF=2.5 gc/KGue, NO EF=20 gyo/KGe) iS

Cont en t S, aS gr am S Of P M em i tt m p er On_ Road Setup Panel (a): time evolution of PM and CO, column mass density, panel (b): linear regression.The slope between the PM column mass
Kilograms of fuel consumed. S o

density and the consumed fuel column mass density corresponds to the emission factor:
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PM EF=1.47 gpy/KQsue
*Spherical particle shape ey, GO GO, A, 0
-Density: 1.25 g cnt® '
-Index of Refraction:
Organic Carbon m= 1.5
Elemental Carbon m=1.5-10.5
Particle composition Tre detclea
-Solid OC for spark ignition
-Layered sphere with EC core and OC shell for Diesel — Table: Average PM emission factorsfor Diesel and spark ignition vehicles.
*Mass size distributions approximated as lognormal: Year Engine Average |Standard Error | #Vehicles
-mass median diameter 0.15 um ¥ .k [9om/KOrua] | [9pu/KOrual
-geometric standard deviation 1.5 um g 2001 |Spark ignition 0.070 0.007 6047
*UV Transmissivity near 1 Diesel 21 0.35 65
*Fuel Composition: 2002 | Spark ignition 0.047 0.004 8768
- Gasoline CnH1.825n Diesel 1.3 0.2 191
- Diesal ChHon

M easur ements:

*PM UV backscattering

*PM UV transmission

*CO3 column mass density r coz

eLidar calibration with CO2 and HEPA filtered air

M ass Backscattering Efficiencies
Theoretically calculated from the assumptions:

*Spark ignition: Bpscar = 0.16 mé/gpsr : gL 0.05 |
eDiesel: Eyseat = 0.08 M2/ gpsr - B - .
M ass Extinction Efficiencies S S S
Theoretically calculated from the assumptions: Retro unit Vehicle Age [Years]

*Spark ignition: Esx = 10 m#/g Plot of PM emission factors for spark ignition vehicle versus age.
*Diesel: B = 13 /g

EF Computation:

*PM mass density column density from backscattering:
r pm = (Exhaust Backscattering) / Epscat

*PM mass density column density from transmission:
r pm = (Exhaust Optical Depth) / Eu
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Transmission

EFpvm = (CMFue/CMFco2)(r pv/ 1 co2) [gramsem/Kdruel]

—— UV Laser Beam

) 5. Mazzoleni, C.; Moosmiiler, H.; Kuhns H. D.; Keislar, R. E.; Barber, P. W.; Watson, J. G. * Effectiveness of
. — |IRBeam Inspection and Maintenance Programs for Estimating Real Worl d Emissions’, JAWMA 2003, submitted.
Where CMF = Carbon mass fraction (43 mm CO,

absorption band
& 3.9 mm reference)




