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Experimental analysis on effects of nozzle diameter on detection
characteristics of an optical particle counter
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Abstract

The detection efficiency and characteristics of an optical particle counter (OPC), with various sample nozzle outlet
diameters, were experimentally investigated. The OPC system, which was built with original design, was made up of
a diode laser, two photodetectors, and a variety of optics such as a beam splitter and a concave mirror. The
cone-shaped sampling nozzle was designed to be changeable to alter the outlet diameter, within the range of 1 to 3
mm. For samples, sets of polystyrene latex (PSL) standard particle with various sizes of 1 to 3 xm, were used. As
a result, detection efficiency of the OPC greatly decreased with larger nozzle outlet diameter. Moreover, increased
nozzle outlet diameter means broader sample flow, thus caused light interference and multiple scattering which results
in abnormal high peaks in scattered light signal. The ratio of abnormal peaks to regular signal of single particle
increased with larger nozzle outlet diameter.
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Table 1. Specifications of the laser, mirror, and detector.
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Laser Concave Mirror Photodetector
Power Wavelength Collimated Beam Dia.  Scattering Angle Type

(mW) (nm) (mm) (deg)

50 660 3 90 + 19 Si PIN
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Fig. 1. Schematic diagram of the optical system.
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Table 2. Nozzle length and sample inlet/outlet diameters.
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Fig. 2. Schematic of nozzle and sample outlet.
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Case No.

(mm) (mm) (mm) (mm)
1 10 4 1.0 6
2 10 4 1.5 6
3 10 4 2.0 6
4 10 4 2.5 6
5 10 4 3.0 6
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Table 3. Experimental conditions.

Particle Diameter

Particle Concentration

Sample Flow

(/£ m) (#/em®) (L/min)
1.0 62 1.0
2.0 46 1.0
3.0 11 1.0
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Fig. 3. Schematic diagram of the experimental system. Qom, =4 wgo Padd A 1746 dees
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Fig. 4. Particle counting efficiency change by various
nozzle diameters.



el

o4 QA A7) 0 A

Table 4. Sample flow velocity and detection time.
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Case No. Velocity Detection Time
(m/s) (msec)
! 21.22 0.141
2 9.43 0.318
3 531 0.565
4 3.40 0.884
5 2.36 1272
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Fig. 5. Ratio of overlapped peaks to single peaks by
various nozzle diameters.
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