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background
• PMP plans to introduce new particle emission limit
• measure the number concentration of non-volatile, solid particles
• instrumentation includes 
 - sampling from CVS
 - pre-classifier with 2.5 !m cutoff
 - diluter 1:100
 - evaporation tube
 - secondary diluter 1:10
 - particle counter

• does the Volatile Particle Remover (VPR) fulfill the requirements? PMP required set-up

challenge
• in CVS tunnel, volatile material 

condenses to nanodroplets
• nanodroplets are a sampling artefact 

distorting the result
• droplet nucleation influenced by  
 - dilution factor
 - temperature of dilution air
 - relative humidity of dilution air
• all of the above parameters are variable 

in CVS
• solid particles are not affected by 

sampling parameters
droplet nucleation during dilution

Ma, 06.08.2000, Dil_Influence_SMPS.xls, Diagr. 1 Meas. FH Biel-Nidau of June 00

1.E+05

1.E+06

1.E+07

1.E+08

1.E+09

1.E+10

10 100 1000

mobility diameter [nm]

n
u

m
b

e
r 

c
o

n
c

. 
d

N
/d

lo
g

D
p

 [
#

/c
m

3
] Dil. 1:7

Dil. 1:8.5

Dil. 1:20

Dil. 1:50

Dil. 1:20/dil air RH < 10%

Dil. 1:8.5/dil air 80°C

synthetic dilution air, RH 

<10%

dilution air heated to 80°C

post-dilution thermo-conditioning

approach
• dilute the particle sample to 

reduce volatile mass 
concentration

• dilution must reduce volatile 
mass concentration below 
dew point

• heat dilute sample to 
evaporate volatile particles  

• upon cooling, not re-
nucleation occurs, because 
mass concentration is too low
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exhaust

CVS

Heating in Evaporation Tube

Dilution

realisation
• use rotating disc diluter 

to reliably reduce 
concentrations

• heat the transfer tube 
(up to 400 ˚C) to 
evaporate volatiles

• apply secondary 
dilution to minimise 
thermophoretic losses 

exhaust with

nano-droplets

sample with nano-

droplets

only solid 

particles left
dilute

evaporate

& dilute

ASET15-1MD19-2E

commercial solution
Matter Engineering models MD19-2E (rotating disc diluter) 
and ASET15-1 (evaporation tube with secondary diluter)

front view rear view

concentration
dependence: none
• 3 different concentrations of CAST aerosol:
 1e+3 / 3e+3 / 9e+3 prt/cm3

• evaporation tube cold / heated to 300˚C
• secondary dilution factor 1 / 2 / 4 / 6
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Thermophoretic losses with Thermal Conditioner ThC 

Measurement with two CPC and different concentrations

aerosol: CAST 4275, mode= 94nm CPC at ThC inlet: TSI 3010

3 concentrations: 1E3, 3E3, 9E3 #/cm3 flow 1.0l/min

ThC: S/N: 100'563 (24cm) CPC at ThC outlet: TSI 3025A

temp.= 300°C low flow (0.3l/min)

 - linearity differences between the two CPC are included in the calculation

 - diffusion and coagulation losses not included in the calculation
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penetration measured with two CPC at ThC inlet/outlet 

with and w/o secondary dilution, flow = 1.5 l/min

size dependence: none
• thermophoretic losses from upstream/downstream SMPS measurement
• CAST aerosol, approx. 2e+6 prt/cm3

• secondary dilution factor 1 and 8, respectively
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penetration 

[%]

ThC inlet

ThC outlet 65.44

ThC inlet

setup:

aerosol:  - soot from CAST SMPS: DMA: TSI 3071

 - mode= 94nm CPC: TSI 3025A

low flow (0.3l/min)

ThC: prototype ME, 35cm up / down-scan: 120/60s

temp.= 300°C 3 samples per measurement

flow = 1.76l/min

 - diffusion and coagulation losses not included in the calculation

Thermophoretic losses with Thermal Conditioner ThC 

SMPS size spectra without secondary dilution

total number concentration
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penetration from SMPS size spectra
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penetration 

[%]

ThC inlet

ThC outlet 101.46

ThC inlet

setup:

aerosol:  - soot from CAST SMPS: DMA: TSI 3071

 - mode= 94nm CPC: TSI 3025A

low flow (0.3l/min)

ThC: prototype ME, 35cm up / down-scan: 120/60s

temp.= 300°C 3 samples per measurement

flow = 1.76l/min

 - diffusion and coagulation losses not included in the calculation
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Thermophoretic losses with Thermal Conditioner ThC 

SMPS size spectra with secondary dilution, DF = 8

total number concentration
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volatile particle removal: excellent

• model aerosol from 
CAST and 
tetracontane oven

• tetracontane 
concentration is 500 
times higher than 
required by PMP

• complete removal of 
all volatile material 
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total concentration 16...660nm

number volume mass  1)

[1/cm3] [um3/cm3] [ug/m3]

ThC inlet CAST aerosol 3.47E+05 531.62 531.62

ThC inlet CAST and C40H82 2.75E+06 811.62 811.62

ThC outlet CAST and C40H83 3.96E+05 583.48 583.48

ThC outlet CAST and C40H84, DF=10 4.30E+05 674.37 674.37

setup: 1) density: 1g/cm3

aerosol: Tetracontane (C40H82) SMPS: DMA: TSI 3071

CPC: TSI 3025A

ThC: S/N: 100'563 low flow (0.3l/min)

temp.= 300°C up / down-scan: 90/60s

flow = 1.51l/min 2 samples per measurement

Removement of Tetracontane particle with Thermal Conditioner ThC 

SMPS size spectra with CAST aerosol and Tetracontane particle

0.0E+00

1.0E+06

2.0E+06

3.0E+06

4.0E+06

5.0E+06

6.0E+06

10 100 1000diameter [nm]

n
o
rm

. 
c
o
n
c
e
n
tr

a
ti
o
n
 d

W
/d

lo
g
D

p
 [
%

]

CAST aerosol

CAST and
tetracontane

size spectra at ThC inlet
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CAST and tetracontane

CAST and tetracontane,
sec. Dil. DF = 10

size spectra at ThC outlet

C40 oven

CAST

ASET15-1
dil 1:10




