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Abstract Sheath flow is one of the key technologies for the optical detection of high concentration aerosol particles.
Based on the aerodynamics theory and the related researches abroad, a gas sheath flow jet is designed to achieve the
effective measurement of high concentration aerosol particles. First, a group of optimal design parameters are
determined according to the simulation analysis by the Gambit and Fluent modules in the large-scale general finite
element analysis software of ANSYS, and a real sheath flow jet is made as well. In addition, the simulation results
show that the sheath flow jet can compress the diameter of sample air flow from 1 mm to 0.34 mm, and the
compression effect is obvious. Then, a kind of experiment scheme is put forward, in which the compression effect
of a sheath flow jet is indirectly analyzed using the size distribution errors of a particle counter. Finally, the
comparison and analysis of 0.3 pm particle distributions are achieved for $1.0 mm ordinary jet, $0.5 mm ordinary
jet and sheath flow jet on the same particle counter. The experimental results show that the sheath flow jet designed
here can effectively reduce the overlap rate of dust particles and significantly increase the concentration detection
limit of a particle counter. These results verify the feasibility of hydrodynamic analysis and provide an important
basis for the optical measurement of high concentration aerosol particles.
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Fig. 1 Optical system diagram of dust particle counter
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Fig. 2 Structural diagram of air nozzle. (a) Ordinary

gas nozzle; (b) gas nozzle with sheath flow
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Fig. 5 Simulated results of sample gas for different nozzle

inclination angles. (a) 30°; (b) 45°; (c) 60°
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Table 2 Key parameters

Parameter Value
Carrier gas nozzle diameter d /mm 1
Sheath gas nozzle diameter d,/mm 3
Inclination angle 8 /() 45
Wall thickness s /mm 0.3
Carrier gas velocity
4 21.22
U,(1 L/min) /(m s ")
Sheath gas velocity
_ 9.88
Uipeas (3 L/min) /(m s 1)
Carrier and sheath gas Air
Particle diameter d,,/pm 0.5

1040 (polystyrene)
Particle mass flow rate m /(kg* m™*) 5X10°°
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Fig. 8 Simulated results of sheath flow. (a) Particle trajectory; (b) particle distribution curves
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Fig. 11 Schematic of experimental device
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Table 3 Calibration results of absolute concentration vale of 0.5 pm standard particles in calibration process

Particle Concentration /(particles.™") Nos >0.5 pm
Type ) ; - /%
size /pm 1 2 3 4 5 6 Average Nos (PMS)
1.0 mm =>0.3 2119 2123 2277 2128 2073 2064 2130.67
50.1 1089
sheath jet =>0.5 1063 1038 1123 1088 1050 1041 1067.17
) =>0.3 2064 2177 2096 2284 2156 2203 2163.33
$0.5 mm jet 51 1145
=>0.5 1076 1140 1156 1148 1075 1100 1115.83
=>0.3 2241 2218 2347 2277 2413 2353 2308.16
$1.0 mm jet 50.5 1194
=>0.5 1121 1120 1202 1145 1212 1189 1164.83
T4 FREDET 0.3 pm xR AR B L X B E 25 R
Table 4 Calibration results of absolute concentration vale of 0.3 pm standard particles in calibration process
Particle Concentration /(particles L™ ") Nos
Type 4 , = /%
size /pm 1 2 3 4 5 6 Average Nos
1.0 mm sheath =>0.3 1014 942 912 984 970 964 964.33 16
flow jet =>0.5 156 138 168 156 150 152 154.33
>0.3 1056 1017 1120 1001 1098 1053 1057.5
$#0.5 mm jet 17.9
=>0.5 200 190 182 176 200 189 189.5
=>0.3 1200 1014 1160 1108 1068 1014 1094
$1.0 mm jet 18.9
=>0.5 204 194 192 198 196 188 196
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Table 5 Saturation measurement concentration

ranges of three jets

Saturation measurement
Jet type ) ) B
concentration /(particles L™")

5000-10000
10000-14000

$1.0 mm jet
$0.5 mm jet

$1.0 mm sheath flow jet
, 15000-23000
(core diameter 0.34 pm)
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