
m e t a s

metrology and accreditation switzerland

Jürg Schlatter
Swiss Federal Office of Metrology and Accreditation, metas, Lindenweg 50, CH-3003 Bern-Wabern, Switzerland

9 ETH-Conference on Combustion Generated Particles 15 17 August 200
th th th

5-

The combustion aerosol standard (CAST) generates an aerosol in a flame. The flame is protected against ambient influence by the enclosure of the burner. Mass flow controllers
regulate the gas flows of the burning gas, the oxidation gas, quench gas and the dilution. Nevertheless the first generation CAST is exposed to ambient pressure. Using the CAST
as an aerosol standard for particle size and number concentration at different locations, it is essential to know the influence of the ambient pressure. A field experiment with the
CAST at three locations at different altitudes showed the influence of the pressure on particle size and number concentration. In the pressure range of 860 hPa to 960 hPa the
particle size is shifted from 80 nm to 95 nm. However the influence on the particle number concentration is not significant.

Results

Abstract

The combustion aerosol standard (CAST) works with specific flows for
propane, air and nitrogen. The flows are controlled with mass flow
controllers and kept constant according to normal conditions (0 °C,
1013 hPa). Using the CAST at different altitudes, the actual speed of the
gas molecules in the combustion are a function of the atmospheric
pressure. This experiment shows the influence on the ambient pressure
to the particle size and concentration of the aerosol from CAST.
Temperature changes are assumed to be negligible.

Influence of Ambient Pressure on Combustion
Aerosol Standard (CAST)

Command of
CAST

Pressurised
filtered air

CAST
S/N 100299

Data registration for
SMPS and OPC

Flowmeter
S/N 950892B

DMA 3081
S/N 8100

CPC 3022
S/N 513

Aerosol excess

CPC 3022
S/N 304

Location Erstfeld
Altitude 460 m, 963 hPa

Location Wassen
Altitude 910 m, 912 hPa

Location Andermatt
Altitude 1430 m, 859 hPa

Scope Experimental Setup

The CAST, a Scanning Mobility Particle
Sizer (SMPS) and a Condensation Particle
Counter (CPC) were mounted in a mobile
laboratory car. At three locations at different
altitudes measurements were
performed with three different particle
diameter settings for CAST. The SMPS was
controlled by the Aerosol Instrument
Manager (AIM) from TSI. In order to get
correct size measurement in AIM the
parameters for viscosity and mean free path
length were adopted to actual ambient
conditions (see Table 1).

(Figure 1)

The particle diameter was evaluated as the mode of the particle size distribution (raw) and the mode of a log-normal fit to the distribution (fit). The
particle number concentrations result from the integration of the size distributions (raw) and the parameters from the log-normal fit (fit) (Figure 2).
- The particle size increases with the ambient pressure (between 0.09 nm/mbar and 0.28 nm/mbar) (Figure 3).
- The influence of ambient pressure is presumably larger in relation to the diameter for smaller particles .
- The number concentration from SMPS is systematically smaller than the concentration resulting from the curve fit (Figure 4). The reason for this
effect is not yet known, it never occured during the measurement in the stationary laboratory.
- The influence of ambient pressure to the particle concentration is smaller than the uncertainty of the concentration measurement (Figure 4).

(Figure 3)

Figure 4: Measured particle number concentrations as a function of
ambient pressure. Results from raw and fit values.

Figure 3: Measured particle mobility diameters as a function of
ambient pressure. Results from raw and fit values.

Figure 2: Average particle size distributions from SMPS at three
locations and for three different CAST-settings

Figure 1: Experimental setup: scheme and picture of mobile laboratory (owner: inNET MonitoringAG) Table 1: Constants for the calculation of the particle size distribution withAIM

Acknowledgement: This project was supported by inNET Monitoring AG, CH-6460 Altdorf

1.0E+05

1.2E+05

1.4E+05

1.6E+05

1.8E+05

2.0E+05

2.2E+05

840 860 880 900 920 940 960 980

Ambient Pressure p (hPa)

N
u

m
b

e
r

c
o

n
c

e
n

tr
a

ti
o

n
N

(c
m

-3
)

N CPC 100 N SMPS 100

N CPC 68 N SMPS 68

50

60

70

80

90

100

110

840 860 880 900 920 940 960 980

Ambient pressure p (hPa)

M
o

b
il
it

y
D

ia
m

e
te

r,
M

o
d

e
(n

m
)

fit 100 nm raw 100 nm

fit 68 nm raw 68 nm

0.0E+00

5.0E+04

1.0E+05

1.5E+05

2.0E+05

2.5E+05

10 100 1000
Mobility Diameter d (nm)

d
N

/
d

lo
g

(d
)

(c
m

-3

)

Erst100nm Was100nm And100nm

Erst068nm Was068nm And200nm


