M. Gautam 48
West Virginia University

Morgantown

us

Nanoparticle emissions from catalyzed trap equipped
heavy-duty vehicles operating on ultra-low-sulfur Diesel fuel



Nanoparticle Emissions from Catalyzed Trap
Equipped Heavy-Duty Vehicles Operating on
Ultra-Low Sulfur Diesel Fuel

Sandeep Mehta, Mridul Gautam, Wesley Riddle,
Dan Carder, Nigel Clark, Don Lyons

West Virginia University
Department of Mechanical & Aerospace Engineering
College of Engineering & Mineral Resources
PO Box 6106
Morgantown, WV 26506-6106

West Virginia University,
Morgantown,WV 26506




GLOBAL OBJECTIVE

« TODETERMINE THE TOXICITY OF PM EMISSIONS FROM
VEHICLES EQUIPPED WITH CATALYZED PARTICULATE

MATTER TRAPS AND OPERATING ON ULTRA-LOW SULFUR
FUEL

SPECIFIC OBJECTIVE

e TO EXAMINE PARTICLE SIZE DISTRIBUTIONS AND
CONCENTRATIONS FROM VEHICLES OPERATING ON ULTRA-
LOW SULFUR FUELS AND EQUIPPED WITH CATALYZED
PARTICULATE MATTER TRAP SYSTEMS
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PARTICLE SIZING CART
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EXPERIMENTAL TEST MATRIX

VEHICLE VEHICLE EXHUAST VEHICLE VEHICLE EXHUAST
ID TYPE AFTER- ID TYPE AFTER-
TREATMENT TREATMENT

SDUDSB- SCHOOL ENGELHARD
8439 BUS DPX

LACMTA- TRANSIT JOHNSON-
3005 BUS MATTHEY

CRT
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EXPERIMENTAL TEST MATRIX

VEHICLE
1D

VEHICLE
TYPE

& ENGINE

FUELS

EXHUAST
AFTER-
TREATMENT

LACMTA-
3005

TRANSIT
BUS
37,920 Ib GVW

29,900 Ib Test
Weight

5-speed Auto.

DDC Series 60
4-Cylinder;
8.5 liter;
275 hp

JOHNSON-
MATTHEY

CRT
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Property

Cetane Number
Sulfur, ppm

SFC Aromatics
Total, vol%
PNA, wt%

CARB

54.1

121

22.5
4.1

FUEL ANALYSIS RESULTS

7.4

10.9
0.9

ECD-1

51.3

13.1

23.8
2.8



ARCO Tanker Trucks

Kenworth chassis
1995 & 96 Cummins M11 10.8 litre turbocharged diesel, 330hp
10 spd. manual transmission

Johnson Matthey CRT
(continuously regenerative
technology)

32,200 Ib
test weight
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Average Tanker Truck Emissions

Each bar is average of 2 vehicles, 3 runs per vehicle
(LeTavec, C., ARICE Workshop, California Energy Commission, July 10, 2001, Sacramento, Ca.)

Average Tanker Truck Emissions

4.25

B CONTROL VEHICLES
OTEST VEHICLES, CAR
B TEST VEHICLES, ECD

B TEST VEHICLES, ECD+CRT

B

Standard
CARB

Diesel

/

/

/

EC Diesel
with

1.66 1.65

CO NOx/10

1.58

.5810.562

HC

PM

Particulate
Filter

/




APPROACH

SINGLE STAGE DILUTION OF RAW EXHAUST WITH A
MASS FLOW CONTROLLER-BASED DILUTION SYSTEM

MEASURE CONCENTRATIONS AND PARTICLE SIZE
DISTRIBUTIONS ON STEADY-STATE OPERATION

COLLECT DATA DURING WARM-UP TO OBSERVE THE
EFFECT OF CATALYST LIGHT-OFF ON PARTICLE SIZE
DISTRIBUTIONS

BASED UPON THE STEADY-STATE PARTICLE SIZE
DISTRIBUTIONS, SELECT A FEW KEY PARTICLE SIZES
FOR TRACKED DURING THE TRANSIENT OPERATION
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MINI-TUNNEL BACKGROUND

Data: BAGGROUND B
Nodel: Loghomal

Qir2 = 55526E14
R2 = -52280.13283

68.06222  +6997229.83787
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TUNNEL BACKGROUND

Dnta: BAGGROA B
Mbdel: LogNbrel

Qir2/DoF = 3.6306E12
R2 = -4654.12809

27.34666 ~ +390205.33873
4126481  +3.16219
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COLD START AT 40 MPH; DR=13:1
TRANSIT BUS
FUEL: ECD
EXHAUST AFTER-TREATMENT: JOHNSON-MATTHEY

Dita: LONGVMRMLP4_ B
Model: LogNorel
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Qir2 = 1.9771EL7
R2 = -486.17702

y0 -78685.06209 +69631357.07132
20.27037 +1.12555
0.39403 +0.06607
1015579919.01093  +134647683.03769
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Data: LONGAARMLPA0_B
Mbdel: LogNormrel

@ir2 = 3.5581E15
R2 = -84.23006

-0.00173 +7660326.50858
16.66031 +0.52051

0.23488 +0.03402
186338746.56612  +22183786.02401

dN/dlogDp
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COLD START AT 40 MPH; DR=25:1
TRANSIT BUS
FUEL: ECD
EXHAUST AFTER-TREATMENT: JOHNSON-MATTHEY

Data: Data7_B
Model: Gauss

Data: Datad_B
Model: Gauss
Chir2/DoF = 2304044893.55192
R = 088749
Yo o 0
x1 889932 4019587
wi

Chi2/DoF = 58663656482.383
R = 098668

o 0 o«
X1 1000021 2005296

wi 469174 2015787

AL 38390166.00344 +1638616.06958
X2 2237229 #132309

w2 1414212 315921

A2 1213340101801 $2179951.84467
X3 6552506 5

w3 1787707 29.26571

A3 5641373.885562555633.18715

2.8440 40.44551
11170205288 +154571.24576
17271 +0.16497

711482 4037993
4476248,80983+247572.12211
8572075 +2.28865

7357633 4500993
2281387308273 +1295876.50453

dN/dlogDp
dN/dlogDp

Data: Data13 B
Model: Gauss

Data: Datag_B
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Chir2/DoF = 1375324682.6376
R = 084935

20

Chir2/DoF = 3606796717.84368
R = 071696

0

15.2847 2012392

0 0
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1854324.18787 +115178.78633
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dN/dlogDp

396365
12521355.40515 2068624.85735

dN/dlogDp

Data: Datal5_B
Model: Gauss

Chi2/DoF = 980753015.66787
RY2 = 075114

dN/dlogDp

0 +0
8174481  +1.98574

75.3909 +3.62947
16705671.39328  744599.87414
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AFTER WARM-UP AT 20 MPH; DR=25:1
TRANSIT BUS
FUEL: ECD
EXHAUST AFTER-TREATMENT: JOHNSON-MATTHEY

Data: Data23_B
Model: LogNormal
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Chin2/DoF =1.2322E13
R"2 = -33062.20607

0.60459 +896621.03746
101.01482 +14.77481
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Data: Data5_B
Model: LogNormal

Chin2/DoF =1.0092E13
R"2 = -35716.73077

yo 0.5921 +646318.86606
116.27605 +16.09971

w 0.70058 +0.18773

A 5389851.15604 +856447.62793

dN/dlogDp
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COLD START AT 40 MPH
TRANSIT BUS
FUEL: ECD 1
EXHAUST AFTER-TREATMENT: JOHNSON-MATTHEY

Data: GOLDIOA B
Mbdel: LogNormral

Q"2 = 7.806EL5
R2 = -74.74228

-0.19609 +10625593.14095
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AFTERWARM-UP AT 40 MPH
TRANSIT BUS
FUEL: ECD1
EXHAUST AFTER-TREATMENT: JOHNSON-MATTHEY
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AFTERWARM-UP IDLE
TRANSIT BUS
FUEL: ECD1
EXHAUST AFTER-TREATMENT: NONE

Duta: IDLEB B
Mbdel: LogNormel

Qir2 = 4.7493E13
R2 = -0.04194

0.14839 +763760.98512
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Dita: IDLE B
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R2 = -73.33068

Y0 -591.62941 +18906004.8423

x 1549838  +0.43006
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A 551180759.789 +60890075.37483
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AFTERWARM-UP AT 40MPH
TRANSIT BUS
FUEL: ECD1
EXHAUST AFTER-TREATMENT: NONE

Data: A4OMPHC_B
Model: LogNormal

Chi~2/DoF =1.3635E17
R"2 = -13870.07349

-0.0892 +107553750.27302

C 54.84063 +5.17918
0.67857 +0.17281
649882165.65839 +113572224.18901

dN/dlogDp

Data: A4OMPHB_B
Model: LogNormal

Chi"2/DoF =2.6058E17
R"2 = -34415.85298

yo 0.01919 +177918911.71443
C 72.24424 +8.47088
w 0.81376 +0.23489
A 818811800.68858 +177916028.71149

dN/dlogDp

1

Data: AIOMPHA B
Mbdel: LogNonel

Q2 = 3.8108E15
R2 = -7510488

775028.48387 +7307976.74624
1564438  +0.44766

0.22923 +0.03069
208167834.81088  +23097132.80758

dN/dlogDp
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AFTERWARM-UP AT 20MPH
TRANSIT BUS
FUEL: ECD1
EXHAUST AFTER-TREATMENT: NONE

T Data: A20MPFB_B
7 r Model: LogNormal

3 ] Chi"2/DoF = 1.7592E16
r u RA2 = -105.09934

h y0 329300.73566 +15879560.37719
m xc  17.18565 +0.52131
u [ | 0.2392 +0.03282

w
430489949.674 +48695787.75668
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Data: 20MPFA B
Mbdel: LogNormal

Qi"2 = 3.8287EL6
R2 = -71.27321

740790.74053 +22651109.87149
17.19155  £0.43995

0.20564 +0.0273
697883824.95754  +77078351.15995

dN/dlogDp
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COLD START IDLE
TRANSIT BUS
FUEL: CARB
EXHAUST AFTER-TREATMENT: NONE

Data: COLDIDLELOC_B
Model: LogNormal
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Chir2/DoF =1.613E18
RM2 = -182.38624

y0 2542892.14617 +157448305.24751

xc 19.36598 +0.68168
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dN/dlogDp

Data: COLDIDLELOA B
Model: LogNormal

Chir2/DoF =3.243E16
RM2 = -382.97398
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26.25 +1.29107

0.36465 +0.05712
445309934.24232 +55019336.31493

dN/dlogDp
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DURING WARM-UP AT 40MPH
TRANSIT BUS
FUEL: CARB
EXHAUST AFTER-TREATMENT: NONE
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Data: COLDAOMPH)_B
Model: Gauss
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dN/dlogDp
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'
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dN/dlogDp
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Data: COLDAOMPHD_B
Model: LogNormal

dN/dlogDp
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R = -6663.28703
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4334834 3454007 Model LogNormal
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100 100
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DURING WARM-UP AT 20MPH
TRANSIT BUS
FUEL: CARB
EXHAUST AFTER-TREATMENT: NONE

dN/dlogDp
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CONCLUSIONS

« ENGINES EQUIPPED WITH CATALYZED PM
TRAPS AND OPERATING LOW SULFUR FUELS
CAN DRAMATICALLY REDUCE THE PM
EMISSIONS, AFTER THE CATALYST LIGHT-OFF
TEMPERATURE BEEN ACHIEVED.

HIGH CONCENTRATIONS OF NANO-PARTICLE
WERE OBSERVED DURING THE COLD START
OPERATION OF VEHICLES.

BI-MODAL DISTRIBUTIONS WERE OBSERVED
FOR FEW OF THE TEST RUNS, BUT THEY WERE
NOT THE NORM.
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