Cambustion Application Note ~ DMS03
Sampling Engine Exhaust with the DMS500

* CAMBUSTION®

Introduction

When comparing instruments for measuring partieufism
engines the consideration given to sampling andidii is of the
utmost importance. The issues include:

* Necessity of dilution

* Pressure fluctuation tolerance
« Condensation of water vapour
e Agglomeration of particles

e Loss of particles due to electrophoresis, thermogydis,
diffusion and impaction

* Particle creation

The Cambustion DMS500 offers a complete “turn-kengjine particulate measurement solution for
research and development. The DMS500 can be cathdoectly to an engine exhaust, even
upstream of a Diesel Particulate Filter (DPF), withrequirement for further third-party sampling
accessories or expensive Constant Volume Samplik®) infrastructure. The DMS500 is designed
and calibratetito give good agreement with CF@mid PMP type solid particle number systéins
particulate mass measurement technigjesd size standards such as D¥|Am Diesel, gasoline and
gas turbine engines; all from one instrument.

The remainder of this application note is struaiuss follows:

Sampling issues, and solutions offered by the DMIS50 pl
“Out of the box” steps to making engine particulateasurements with the DMS500 p3
Summary of DMS500 capabilities for engine partitell@measurement p3
DMS500 sampling system in detalil p4
References p4

A. Sampling Issues with Solutions offered by the DMS50 0

1. Necessity of dilution

Many issues in engine aerosol measurement regjlitéod of the sample®. Some of these are
discussed in more detail below in items 3 & 4. didiion to these, most instruments simply cannot
tolerate the high concentrations of aerosol pregpstream of a DPF without any dilution. A CVS
dilution tunnel is not usually enough to reducepibeticle concentration sufficiently for most aerbs
instruments. Usually this necessitates the purchadause of an additional dilution system.

Vehicle emissions from tailpipes are immediatelytaid by the surrounding air; therefore for R&D
studies requiring aerosols representative of takwerld, dilution is an advantage.

Solution: The DMS500 offers fully integrated two-stage diat The dilution factors in the user
interface are set, and the data is automaticalisected for the applied dilution. A dynamic range
indicator provides a guide to the user on how nuitthion to use. Dilution can be set either frora th
user interface, or remotely via an analogue sigbahtinuous feedback from the dilution system means
that changes in sample pressure which may affegpleaflow and hence the dilution ratios are
automatically compensated for. Diligent use of titiha significantly reduces the cleaning interval.
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Where a CVS tunnel is available, the secondaryetilalone can provide sufficient extra dilution. We
supply unheated conductive silicon tubing for sangpfrom a CVS dilution tunnel.

2. Pressure fluctuation tolerance: Sampling pre-DPF

Transient pressure fluctuations can cause problenmeany aerosol instruments and sampling
systems. Removal of the DPF to either reduce thk peessure for direct measurement or allow the
use of a CVS tunnel affects the engine’s perforraambus online optimisation of engine-out
emissions of a DPF equipped vehicle is difficulimapossible with most aerosol instrumentation.

Solution: The DMS charger and classifier run at a fixedspuoee, with the sample passing through a
critical orifice. Therefore it is not necessaryctorect for the effect of pressure fluctuationsmpo
charging and classification, which would be difficie achieve with highly transient fluctuationsnyA
changes in sample flow caused by pressure fluctustire measured and dynamically compensated for
both in terms of the operation of the diluters, &meloperation of the classification system. Thedi
sampling system means that the benefits of a Ce¥%vaailable, without losing the effect on the ergin

of back pressure. This powerful combination makesRMS500 the first choice for pre-DPF

particulate evaluation and optimisation.

3. Condensation of water vapour in a sensitive instrument.

Many instruments are sensitive to water ingrespaiticular this affects the performance of mage/fl
meters and electrometer based detectors. Gasolfieecexhaust (at stoichiometric operation) has a
dew point of 55 °C.

Solution: The DMS500 applies compressed air dilution atpthiet of sampling to reduce the partial
pressure of water. This is further assisted bystmapling head and line operating at 250 mb abs.
pressure. In addition, the sample line can be Heatep to 150 °C so that the sample remains alisve
dew point.

4. Agglomeration (coagulation) of particles.

Highly concentrated aerosol streams can promotkaggation of soot particles, thus changing their
size and number concentration

Solution: Dilution (factor of 5) at the point of samplingduces the concentration, and hence reduces
then likelihood of agglomeration. Low pressure apien of the sample line further reduces this
likelihood, as the mean free path between partislesduced, and because the transit time in tine 5
sample line at this pressure is < 100 ms lessismagailable for coagulation to occur. Once the gam
reaches the main body of the instrument, a furdiletion factor of up to 500 can be applied. Th&to
particle transit time from sample point to measwrahelectrometer is < 2 s.

5. Loss of particles due to electrophoresis, thermophoresis, diffusion and impaction.

Nanopatrticles can suffer comparatively large lossdbe walls of sampling systems due to the above
effects®. The build up of static electricity can precipittarticles from a stream. Thermophoretic force
can also cause losses, especially if a hot aestrg@im is allowed to cool slowly. Diffusion losses
become important for the smallest particles. Plartiopaction affects larger particles travellinchagh
velocities undergoing abrupt changes in directéord is a consideration for sampling system design.

Solution: Firstly, the rapid transit time in the DMS500 saefihe reduces the likelihood of all three of
these effects; there is simply less time for demson the walls. Secondly, the use of conductive
tubing in the sample line prevents problems cabsestatic electricity. Thirdly, pre-heating the
primary dilution air before dilution means that #iggine aerosol isapidly cooled to the temperature
of the line, thus reducing thermophoresis. We (@thers) have studiéti*?the effect of diffusion
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losses in our instruments’ sampling systems inildetave are able to offer those customers inteckest
in the smallest particles a spreadsheet to catsiae-dependent losses in our sample lines.

6. Particle creation.

Condensation of volatile species (e.g. hydrocarpsmghate) can cause measurement artefacts in
aerosol instrumentation. This is especially truembampling from gasoline engines. Certain material
emit particles when subjected to heat and stressaldecomposition.

Solution: Primary dilution and low pressure sample lineragien reduces the partial pressure of
volatiles. The DMS500 heated line can be run at°I5@hich can reduce the likelihood of
condensation. In addition, an activated charcodPMfilter can be added to the secondary diluter to
remove hydrocarbons. For more information pleaseapplication note DMS08. The heated line does
can be safely run at 150 °C without particle geti@na

B. “Out of the Box” Steps to Making Engine Particulate Measurements with the DMS500

1. Wheel DMS500 and vacuum pump to test site (no teedrry around or have a dedicated
aerosol bench)

2. Connect sample line, compressed air supply, vaquump mains and computer leads to
DMS500

3. Connect sample line to exhaust pipe tapping viaoat stub of stainless steel pipe using
standard Swagelok® or ISO/BSP fittings.

4. Connect any required analogue inputs or outputdd@gult the DMS is configured to give
solid particle number and mass as signals fromafats analogue outputs, and also
summarised in the data file. Analogue inputs candgal to provide an exhaust or CVS tunnel
air flow signal to allow number or mass rates tallvectly calculated by the DMS software in
real-time; even cumulative emissions can be. Velspkeed or any other signal can also be
logged for instant presentation of data and tingnatent with other instrumentation.

5. Switch on the DMS and start the software on a P@mpop (up to 100 m away).

6. Set the required heated line temperature (settirgsemembered for next time once initially
setup). Allow to warm up for 20-30 mins.

7. Set to high gain (for most purposes.)

8. Set required sample averaging and dilution. We doetommend keeping the primary
dilution set to 5 to prevent condensation and agglation, and then set the secondary
dilution to e.g. 50-200 for pre-DPF work and 1-80gost DPF studies. The dilution can be
changed if necessary during a test in respondeetdytnamic range indicator.

9. Click “Autozero”. After a few seconds the measusedsitivity level is displayed on the
screen.

10. Click sample.

11. Set a filename, start your engine and click “Stagging”. Click “Stop Logging” at the end
of the test.

12. Open the non-proprietary tab-delimited data fil&ktel (or Matlab or any package), and
either plot data using your software’s usual ftieti, or with a couple of clicks use the
supplied and freely distributable Excel macrosreate summary data, contour plots, 3D
animations and more.

C. Summary of DMS500 capabilities for engine particul  ate measurement

« Simultaneous real-time measurement with one ingniraf: particle number including solid
particle number measurement by virtue of the unagrmsol mode differentiation feattife
particulate masg and size spectrum.

* Fully integrated 2-stage dilution for direct exhiassmpling. No need for any further dilution,
no expensive CVS infrastructure needed.
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e Good tolerance to pressure fluctuations pre-DPF.

e Ability to automatically calculate emission rateglaspecific emissions in real-time if
appropriate flow signals are available.

«  Unrivalled time respon$&(200 ms To_go 300 ms with 5 m sample line). 10 Hz data rate.

» Easy test cell integration: 4 non-linearly scaladoh@logue inputs and 4 programmable
analogue outputs, digital control input, remotelegae control of secondary dilution.

e Built in dilution combined with two gain ranges giza dynamic range of 9 orders of
magnitude, suitable for light duty pos-DPF measetsithrough to heavy duty Diesel
feedgas applications.

Cambustion have over 20 years experience in auteenemissions instrumentation and consultancy
and offer a joined up approach to sampling adv@ehnical support and helping customers make sense
of their emissions data.

D. DMS500 Sampling System in Detall
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