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Abstract

For precise particle measurements in combustion environments, various dilution sampling methods were compared.
Dilution equipments using dilution tunnels and hot/cold dilution with porous tube dilutors were most frequently used
so far. The combination of porous tube dilutor and ejector diluter has relatively small footprint, and it results in lower
particle losses compared to other methods. To determine the portion of condensable particulate matter, proper

temperature control and flow control is required.
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Fig. 1.
permission from Taylor & Francis)
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Dilution stack sampler schematic diagram (Source: Hildemann et al.,
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1989, Copyright (2017) with
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Fig. 2. Schematic for EPA CTM 039 (2004)
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Fig. 3. Particle sampling and measuring system (Maguhn et al., 2003, Copyright (2017) with permission from
American Chemical Society)
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Fig. 4. Axial dilutor (Mikkanen et al., 1999, Copyright (2017)
with permission from American Chemical
Society)
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Fig. 5. Porous tube dilutor and ejector dilutor combination system for measuring particles (Source: Lyyrinen et al.,
2004, Copyright (2017) with permission from Taylor & Francis)
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Table 1. Dilution methods comparison
method strong point weak point reference

dilution tunnel

condensable particle

measurement

condensable particle
definition can be

different

EPA CTM 039 : 2004; ISO 25597 :
2013; Brockmann et al., 1984,
Hildemann et al., 1989; Lipsky et al.,
2002; Lipsky et al., 2004, Lipsky et
al, 2005, Li et al., 2011, Jaiprakash et
al., 2016

porous tube

low particle loss

need additional
equipment for fluid

flow

Mikkanen et al., 2001, Lyyrdnen et
al., 2004

ejector dilutor

flow available from

venturi effect

particle loss, limitation

in dilution ratio

Maguhn et al., 2003; Koch et al.,
1988; Mikkanen et al., 1999,
Lyyrénen et al., 1999

combination of porous

tube and ejector dilutor

commercialized product
available, limited

particle loss

complex, particle loss

at ejector

Lyyrénen et al., 2004; Tissari et al.,
2007; Saarnio et al., 2014; Desantes
et al., 2011; Reda et al., 2015a; Reda
et al., 2015b; Streibel et al., 2017

rotating disk diluter

commercialized product
available, controllerable

dilution ratio

particle loss

Burtscher, 2005; Hueglin et al.,, 1997

simple and small

thermodesorber . particle loss Burtscher, 2001
footprint
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