Air Quality Monitoring

Model 3031 and 3031-1
Ultrafine Particle Monitor

Theory of Operation
Application Note UFP-001

Developed under the auspices of European Union sponsored prestigious UFIPOLNET” project, the
Ultrafine Particle (UFP) Monitor incorporates field-tested technologies offering its users the highest level
of reliability and performance [1-3]. The operational principle is based on diffusion charging of particles,
followed by size segregation within a Differential Mobility Analyzer (DMA) and detection of the aerosol
via a sensitive electrometer. The flow schematic is shown in Figure 1. An aerosol sample is drawn into
the instrument continuously at a rate of 5.0 L/min. Within the instrument, the aerosol sample mixes in an
equalization tank to smooth out short-term fluctuations in the aerosol sample and then passes on to the
diffusion charger as described below.
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Figure 1. Flow schematic

*US Patent No. 6,544,484

# UFIPONLET stands for Ultrafine Particle Size Distributions in Air-Pollution Monitoring Networks
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(B) Differential Mobility Analyzer

The DMA contains two concentric metal cylinders, an outer cylinder and the inner high voltage
cylindrical rod. The polydisperse aerosol and sheath air are introduced at the top of the DMA column and
flow down the annular space between the cylinders. The aerosol

surrounds the inner core of sheath air, and both flows pass down the

annulus with no mixing of the two laminar streams. The inner e
cylinder, the collector rod, is maintained at a controlled negative 210000
voltage, while the outer cylinder is electrically grounded. This _
creates an electric field between the two cylinders. The electric field

causes positively charged particles to be attracted through the sheath air

to the negatively charged collector rod. Particles are precipitated along

the length of the collector rod (see Figure 2). The location of the

precipitating particles depends on the particle electrical mobility, the

DMA flow rate, and the DMA geometry. Particles with a high electrical

mobility are precipitated along the upper portion of the rod; particles

with a low electrical mobility are collected on the lower portion of the

rod. Particles within a narrow range of electrical mobility exit with

the monodisperse air flow through a small slit located at the bottom

of the collector rod. These particles are transferred to the

electrometer to determine the particle concentration. The remaining

particles are removed from the sheath flow with a high efficiency

filter and routed to the top of the column as a re-circulating flow.

Figure 2. Operation principle of the DMA
(C) Electrometer
After leaving DMA, the aerosol enters a faraday cage where the particles, and their charge, are collected
on particle filter. The filter is conductive, and is electrically connected to the input of a sensitive
electrometer amplifier. By successively stepping the DMA voltage and measuring the current at each step
with the electrometer, an on-board computer calculates and reports the number concentration for each of
the six size channels every 10 minutes.
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