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A set of sampling systems to monitor nucleation and accumulation mode particles from diesel 
vehicles have been studied during several experimental periods and setups. The sampling systems 
used have been two full flow dilution tunnels (CNG, DI) of CVS system + secondary ejector 
diluter (ED), VTT designed porous tube diluter (PRD1)1, another porous tube diluter (PRD2)2,3, 
these as such or interfaced with an ejector diluter (ED) or a mixing tube, and AVL SPC 472 partial 
flow diluter “Smart Sampler”(SS). In the three partial flow diluters dilution air temperature, 
humidity and dilution ratio were controllable. Primary dilution ratio was between Dr 12 – 60. 
Tests have been made for diesel and CNG buses and a light-duty diesel vehicle. Particles were 
recorded either with ELPI or DMA+CPC in the 5 nm – 10 µm size range. 
 
For the very low particle emitting vehicles like CNG buses the coincidence of the CVS CNG 
tunnel+ED and PRD1 particle emissions for both nano and accumulation mode sizes was excellent 
over the transient Braunschweig city bus test cycle. This was the case despite uncontrolled 
parameters like dilution air RH and T and the momentary dilution ratio of the CVS system. With 
another kind low emitter, CRT bus, it became evident that in CVS having low momentary primary 
dilution ratios (Dr 4 or higher) secondary diluter is fundamental for good correlation with well 
controlled partial flow diluters. Mixing at PRD1 was incomplete in certain measurement 
conditions related to different vehicle + CVS systems, in which differential pressures in the 
system after the exhaust pipe were critical, if a secondary ED or an additional mixing tube was not 
used.  In the transient Braunschweig cycle excess for diesel soot particle numbers obtained with 
PRD1 only was 2 to 2.5 fold compared to CVS+ED due to inadequate mixing. For these tests 
PRD1 dilution ratio was Dr 40-56.  
 
To further study dilution with PRD1, and to compare PRD1 and the “Particulates” PRD2 steady 
state tests were made with a model year 2005 truck. Vehicle load was 100 kW (80 km/h). PRD1 
and PRD2 were positioned identically, to intimate orthogonal position with the exhaust pipe. Only 
probe was inserted inside the pipe. No dilution air cooling was used. Primary dilution ratio for 
both partial flow diluters was Dr 12 – 60 (1.3 – 9 l/min raw exhaust). With Dr 12 particle number 
emissions for both diluters were identical regardless of the presence or absence of secondary 
ejector/mixing tube. For higher primary dilution ratios than Dr 20 (lower than 5 l/min raw exhaust 
flow rate through the porous tube) mixing in PRD1 was incomplete and dependent on exhaust and 
CVS system. However, complete mixing was ascertained by a secondary ED. When using 130 cm 
mixing tube instead losses of accumulation mode particles were noticed above dilution ratios Dr 
40. Particle number results obtained with PRD2 were insensitive to primary dilution ratio between 
Dr 12 – 60, use of ED, and they were identical with PRD1 + ED particle numbers. 
  
PRD1 and PRD2 have shown good correlation in many steady state measurement conditions, 
though. For instance, particles of a turbo-charged direct-injection diesel passenger car at constant 
speeds of 40 and 80 km/h were measured with DMA + CNC and with ELPI and showed no 
systematic differences for soot mode particles between PRD1, PRD2 and SS diluters at Dr 12 - 40. 
Results for nucleation mode particles were more deviating for the three diluters.  
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