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Nanoparticle emissions of two 2-stroke scooters were investigated along the exh aust- and CVS-system 
(Constant Volume Sampling) with closed and with open line (cone). Due to their technology the s cooters 
produce dif-ferent kind o f aerosol (state of oxida tion & SOF- content) and in addi tion to that they were  
operated with and without oxidation catalyst. 
 
The scooters represent a modern technology with direct injection TSDI (two stroke direct injection) and with  
carburettor. 
 
The tests w ere performed at two c onstant speeds of the v ehicles (20 km/h & 40 km/h) according to the  
measuring procedures, which were established in the previous research in the Swiss Scooter Network. 
 
The nanoparticulate emissions were measured by means of SMPS (CPC) and NanoMet. 
 
The most important results are: 
 The changes of the PSD’s of t he aerosol alon g the exha ust and C VS-system are connected to  the 

average gas temperature and PC-concentration, which result after the different dilution steps and cooling 
down in the connecting pipe. 

 In the “open” variant of exhaust gas extraction there is a dilutio n step with unfiltered ambient air directly 
after tailpipe. This cause s a stop of agglome ration, reduction of diffusion loses and increased b ack-
ground NP-concentration. There is al so lower postoxidation of CO & HC. In some cases spontane ous 
condensates due to the temperature drop are supposed. 

 With the “closed” varia nt there is a stronger reduction of SMPS PC’s  along the gas way,  than with th e 
open variant. This is to e xplain with the highe r temperatures and concentrations in the closed system, 
which enable more intense thermophoresis – and diffusion losses. 

 The NP-concentrations measured with “open” variant are always higher. 
 Most intense oxidation is observed with Peugeot Carb: due to the SAS, rich  tuning and a relatively high 

temperature level th ere are oxidation effects alr eady without catalyst (temp. appro x. 350°C). With 
catalyst the temperature is in the range of 400°C and the oxidation is so intens e, that the particles are 
nearly eliminated. 

The type of sampling: “open”, or “clo sed” as well as the sampling position in the exh aust installation have 
significant influence on the measured nanoparticles emission results. 
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Passage of exhaust gas from tailpipe to CVS: Sampling positions (Sp) used in the testsData of the investigated Peugeot scootersPassage of exhaust gas from tailpipe to CVS: 
closed (left), open (right)

Sampling positions (Sp) used in the testsData of the investigated Peugeot scooters
( ), p ( g )

Peugeot Peugeot
Looxor TSDI Looxorvehicle identification Looxor TSDI Looxor

2002 2004
vehicle identification
model year

variomat variomat
1400 0
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g
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1 1
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cooling
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rated speed rpm 7800 8100rated speed                       rpm 7800 8100
idling speed                       rpm 1700 1800
max vehicle speed km/h 45 45
weight empty kg 94 94weight empty             kg 94 94

direct injection carburetor withmixture preparation direct injection 
with automatic oil 

carburetor with 
automatic oil 

pump pump 

yes + SAS 
( d i

catalyst
yes (secondary air 

system)

Peugeot scooters:
Pt/Rh Pt/Pd/Rh 

syste )
catalyst data

Peugeot scooters: 
left TSDI, right “carburetor” 5/1 50 g/ft3 1/28/1 50 g/ft3

200 i 100 i

TSDI Carburetor

g
200 cpsi 100 cpsi

metal support metal supportTSDI Carburetor metal support metal support
 60,5 / L 25  60,5 / L 40

Peugeot TSDIPeugeot TSDI

This vehicle has: leaner tuning no SAS TP exhaust temperatures at 40km/h approximately 300°CThis vehicle has: leaner tuning, no SAS, TP exhaust temperatures at 40km/h approximately 300 C.
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Comparison of the DC signal & SMPS integral concentration at 
constant speed 40 km/h with open and closed exhaust samplingtunnel with catalyst. tunnel with catalyst. constant speed 40 km/h with open and closed exhaust sampling.
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SMPS - size spectra at constant speed 40 km/h and 
different sampling points of the exhaust pipe and CVS
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Comparison of the DC signal & SMPS integral concentration at 
constant speed 40 km/h with open and closed exhaust sampling.p g p p p

tunnel without catalyst.
p g p p p

tunnel with catalyst.
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Conclusions •With the “closed” variant there is a stronger reduction of SMPS PC’s along the gas wayConclusions •With the closed variant there is a stronger reduction of SMPS PC s along the gas way,
than with the open variant This is to explain with the higher temperatures andthan with the open variant. This is to explain with the higher temperatures and

t ti i th l d t hi h bl i t th h i d•The changes of the PSD’s of the aerosol along the exhaust and CVS-system are concentrations in the closed system, which enable more intense thermophoresis – and
ffThe changes of the PSD s of the aerosol along the exhaust and CVS system are

connected to the average gas temperature and PC-concentration which result after the diffusion losses.connected to the average gas temperature and PC-concentration, which result after the
different dilution steps and cooling down in the connecting pipe •The NP-concentrations measured with “open” variant are always higherdifferent dilution steps and cooling down in the connecting pipe. •The NP-concentrations measured with open variant are always higher.

•The effects influencing the aerosol at different sampling positions are: agglomeration, •The oxidation catalyst principally lowers the NP count concentrations and moves theg p g p gg ,
condensation, diffusion loses and thermophoresis.

y y
PSD-maximum to the lowest sizes. The intensity of oxidation depends on the exhaustcondensation, diffusion loses and thermophoresis.

I th “ ” i t f h t t ti th i dil ti t ith filt d

y p
gas temperature.•In the “open” variant of exhaust gas extraction there is a dilution step with unfiltered gas temperature.

M t i t id ti i b d ith P t C b d t th SAS i h t i dambient air directly after tailpipe. This causes a stop of agglomeration, reduction of •Most intense oxidation is observed with Peugeot Carb: due to the SAS, rich tuning and a
diffusion loses and increased back-ground NP-concentration. There is also lower relatively high temperature level there are oxidation effects already without catalystg
postoxidation of CO & HC. In some cases spontaneous condensates due to the (temp. approx. 350°C). With catalyst the temperature is in the range of 400°C and thep p
temperature drop are supposed.

( p pp ) y p g
oxidation is so intense, that the particles are nearly eliminated.temperature drop are supposed. , p y
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