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Particle Number and Particulate Mass Emissions Measurements on a Euro V
DPF and SCR-equipped Heavy-duty Engine using the PMP Methodologies

Objectives of the AECC Experimental Background

h ea\/y‘d Uty EU O \/‘ teSt Background to Improved PM and PN AECC heavy-duty Euro VI test programme Detailed Preconditioning Procedures Employed to
roaramme Measurement Procedures Ensure Consistent ECS State for Each Day’s Testing
p g - In the mid-1990’s it was widely recognised that the current filter-based « Engine designed for US2007, provided by an engine manufacturer « For repeatability, the daily test regime started with a cold start test (WHTC,
mass measurement method is at or near its limit of detection for the - 6 cylinder 75 litre engine FTP or NRTC) and finished with a standard preconditioning regime.
. cleanest Diesel engines and vehicles , . ) e .
« Demonstrate the performance of an integrated | - Common rai The end-of day preconditioning consisted of
L. - European Govts: Germany, Switzerland, UK, France, Holland, Sweden Turbocharaed (Fixed ~ mode4warm-up:  15min.  2130rev/min. 560 Nm
emissions control system on a modern, low wished to enforce DPFs to eliminate carbon  Turbocharged {fixed vane)  olowed by ot et 00N
NOx engine to be less than O.4g/kWh from the - Strong relationship between carbon and negative health events - Max-injection pressure 180Mpa | | . .
_ Substantial historical data _ Cooled lambda-feedback EGR. - then: 60 min. 1300 rev/min. 150 Nm
ETC CyCIe BMP P ., . Emissions control system provided by AECC:  Following each test cycle the engine was run at a Mode 4 standardisation
. . . rogramme started to explore new methods for the “development of e LT Fat e o
« Com pare current Eu ropean graVImetrlc and improved type-approval test protocols for assessing vehicles fitted with advanced - Oxidation catalyst (DOC), catalyst-based particulate filter and urea-SCR with o
: articulate reduction technology that would complement or replace the current ammonia slip catalyst (ASC). » Pre-test conditioning
heavy-duty Particle Measurement Programme P 9 P P . |
PMP hod f icul PM legislative measurement procedure for particulate mass” « Fluids: - ETC, JEO5, ESC: 75 min. mode 4 (2130 rev/min, 560 Nm)
( ) methods for particulate mass (PM). " Diesel reference fuel CEC RF-06 (max. 100pm S) - WHSC: ;()llmin.dmbode9(1816rkev/min, 373 Nm)
- I . i ] : : ollowed by 5 min. soak.
o Assess heavy dUty PMP partlcle number Particle Number Measurements Made to Latest Low ash 10w-40 engine lubricant
methodology. PMP Protocol - AdBlue® aqueous urea to DIN 70070 specification.
» Provide data on European, World-harmonised . Particl ts from all tests according to the latest draft of th , _ ,
. articlc meas e en s TTom af iests aceording "o Tne ares Cratt oTThe Multiple Particulate Mass Measurement Methods Used Simultaneously
and other ma jor test procedures. heavy-duty PMP inter-laboratory correlation exercise guide
- Particle number measured engine-out on additional tests from partial . 3 particle mass methods were tested. . PMP method
fl t
oW system « Partial flow system using mini dilution tunnel (MDLT) - Sample is taken from the secondary dilution tunnel, as for current method.
et t - measurements from Horiba MDLT. : , - -
H Ig h E c I e n Cy Wa I I- ) - Sample taken directly from exhaust, before CVS system and diluted - Same principle as current method, but with improved control such as
» Delivers (variable rate) in the MDLT before collection on sample filter. single TX40 sample filter, smaller (47mm) filter, tighter temperatures

F I OW D P F E m p I oyed - Particle number emissions. - current legislation allows this system to be used as alternative to full flow. controls etc.

- Real-time particle emissions traces . Current full-flow legislative method

- DPF filtration efficiency for solid particle numbers. - Diluted sample taken from the CVS system, further diluted in 2nd tunnel,

« PMP does not currently address particle number from partial flow, sample collected onto 70mm TX40 filter paper from this secondary tunnel.
hence no partial flow tailpipe number measurements.

PMP Particle Number Results for ETC & WHTC Show
>99% Filtration Efficiency

« ETCtailpipe emissions ~4x1011/kWh « WHTC tailpipe emissions <5 x 1011/kWh

- DPF Efficiency > 99.9% - DPF Efficiency > 99.8%
HOoRE lEn.gir.'le-out 1.00E+15 M Engine-out ° ° ° ° ° ° ° °
raibipe Schematic of Test Engine, Emissions Control Systems, Measurement PMP Particle Number System Employs Heating, Dilution Authors
and Emissions Sampling Locations and Size Classification to Define the Particle Measured
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DOC - Diesel Oxidation Catalyst C-DPF — catalyst based Diesel Particulate Filter controller and pump
o LOE+2+ SCR - Selective Catalytic Reduction  ASC — Ammonia Slip Catalyst
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Particulate Mass From Partial Flow System During Transient Comparison of average PM results using different Average PM results for engine-out and tailpipe
Operation —Very Low Mass but Poor Repeatability methodologies shows <5mg/kWh in all cases
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Higher ESC results were believed to be due to mode 10 desorbing low
volatility materials.

ETC and WHTC PM emissions for engine-out and Background Contamination Derived From Partial Flow Particulate
tailpipe show >99% reduction Dilution Air Led to High Apparent Emissions - Measurements Gave Extremely
Regulations Allow Background Subtraction Low Filter Masses From All Cycles
B ETC,engine-Out [] ETC,tailpipe [ WHTC, engine-Out [ ] WHTC, tailpipe Emissions [g/kW.h] . R
THC NOX CcO « Partial flow PM measurements from mini dilution tunnel
100 Test Procedure PARTIAL FLOW SYSTEM
Partial flow measurements Engine| Tail . Talil Conv. | Engine| Tail (MDLT) show very low levels of mass
_ ou L SllEE pipe | Eify. | Out | pipe Exnaust ——— Cvs_somple - - Maximum total mass collected on filter was only 41ug
080 Engine Out % 50 Current European Test Cycles Exnoust Toilpipe (ESC)
=L — ° i CVS_PDP ) . o
E ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ‘%’ 6.0 :‘rgilzfz::t 0.43 0.16 CVS_Di_Ar  — % VS Dil_Exh — Other cycles results typlcally 10to 20“9/ similar to
= 8 ] ' g ’ @—" background levels
g I Tailpipe smryeas || Ods | Gtk P;mw W DLAR Ly st B Typical uncorrected specific emissions from ETC/WHTC/
'aedll B e 3 ! ! 172 Bal 200 1/min,—— PrmTun_Tronsfer 47°C £57C JEO5 cvcles ~ 1 to 2ma/kWh.
Sl D g - ‘ Harmonised Cycles Vel . i‘\_ = Z _ o Y . J |
FOUNEE B T 55 Tailpipe cold, +5min, | oo | o0 ¥ D ’ ESC results were higher, believed to be due to mode 10
N Tailpipe | _ ‘ +hot transient | ' Heater R desorbing low volatility materials that are captured by
| } WY, Steadystate | 0.19 | 0.01 Thfotbi Pump supplied contaminated air the filter
0.00° ETC WHTC (5 min hot soak 0.0 === ' , velve directly into secondary dilution _ _ _
10% cold weighting - =T 109% cold V’J‘é%ﬁ?iﬁés system; background correction Particle number counting was used to verify MDLT

therefore necessary. operation.
CURRENT

FULL FLOW Subtraction of background reduces all masses to zero.

Filtration efficiency for elemental carbon >99%
for all emissions cycles

o i
« Particulate filter efficiency for removal of elemental carbon is > 99%. Ve rv I ew

« Efficiencies for particle numbers and elemental carbon are very similar

« The PMP particle number method proved very repeatable even at

5 e ] ambient particle emissions levels.
{): 0900 « Engine-out particle number data was in the range of 2.5 to 5x 10" mg/kWh
% 98.00 - All transient cycles data showed tailpipe particle number emission full flow
§ 9750 10"2/kWh.
g §§§§ » Particle numbers were essentially cycle-independent.
£ 9550 B - Background-corrected PM from PMP method gave results below 5

95.00 N l,\o ~ l\>\ ' 3 kWh.
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