West Virginia University

In-line, Real-Time Particulate Matter Sensors for OBD and Exhaust

After-treatment System Control Applications

Marc C. Besch'', Arvind Thiruvengadam®, Daniel K. Carder*, Juha Tikkanen?, and Mridul Gautam®
' West Virginia University, Department of Mechanical and Aerospace Engineering, Morgantown, West Virginia, U.S.A.

Fundamental sensor response studies - soot generator studies
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Real-world

Light-duty vehicles application
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Soot generator studies with AVL Particle Generator
=> particle response as function of particle size mean
diameter, particle concentration, particle volatility

=> using SMPS, AVL MSS, electrical aerosol detector
(diffusion-charging type instrument)

Calculation of particle concentration ratio due to
sample probe misalignment

Particle loss characterization in sample probe,
heated sample transfer lines and inside sensor

For Stk < 0.01 particle :

e s . Characterization of internal ion-trap to be applied
o : as lower particle size cut-off (e.g. PMP 23nm)

Characterization of supply air pressure and tem-
perature effects onto dilution ratio in ejector pump
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on-road studies

Heavy-duty vehicles application
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Reduced DPF filtration efficiency at
beginning of test cycle => Regenera-
tion event during previous and start of
this cycle.
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Miniature diffusion-charging type particle
sensor for OBD applications of the DPF

Characterization of regeneration strategies => e.g. distance and time based intervals
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Developing Sensor

e
Response Models

Coefficients:

By = 211x 10°
p,=212x 10°

R? = 0.8957

EEPS Particle Concentration [#cm”)
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Diffusion-charging type sensor

Charged particles

and excess ions X
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e PM detection based on diffusion charging and
escaping current principle

e Flow through device => low maintenance

High o .
volawe @ Constant dilution air pressure leading to con-
oltage

- stant sample inlet flow => constant internal
—_— dilution ratio

| Only charged e Sensor shows proportional response to
Electric field particles leave the .
particle surface area

removes all ions ion trap

NiF o Turbulent mixing of

particles and ions

Picture provided by Pegasor Oy
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Evaluate Methods for

In-Use PM Quantification
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Controlled environment studies - en

HEPA filtered

e Refining sensor response models over transi- Dilution Ar
ent and steady-state engine operation

e Measurement verification against proven labor-
atory grade instruments and standards.
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Filtration Efficiency Calculation Dry, 25°C
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Exhaust Transfer Pipe
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CAFEE

Center for Alternative Fuels,
Engines and Emissions

Ine dynamometer studies

CVS-SSV (40 CFR, Part 1065)

Gaseous Emission

2"Y Stage Mini Dilution Tunnel To

Cutlet
A 4 4 [

3" Stage

HEPA Fitered
Air Supply

Stainless Steel

80.52 % 93.84 % 80.08 % Line

FTP #2 91.16 % 96.67 % 91.66 %
FTP #3 94.32 % 97.82 % 97.10 %
FTP #60 99.02 % 99.87 % 98.50 %

Integrated PPS vs. CPC Measurements

10000
Coefficients:
Bo = -148.45
By = 0.0081

R? = 0.9832
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Inteqgrated PPS vs. Gravimetric Measurement
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Coefficients:
Bg = -1.4173 EO3
By = 1.0619 EO6B

R? = 0.9531
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Cake-layer build-up of ‘brand new’ (i.e. non-degreened) DPF filter

during consecutive FTP cycles
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FTP #1 (Hot Start)
FTP #2 (Hot Start)
FTP #3 (Hot Start)

— — — FTP #60 (Hot Start)

Analysis of:
« Sensitivity
- Repeatabllity
« Accuracy

Semi-controlled environment studies - chassis dyno studies

e Evaluation of particle sensor over wide range
of engine and after-treatment technology, engine

operating conditions, and fuels (i.e. Diesel, CNG,
dual-fuel)
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