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Effects of Sheath Flow Nozzle Shape on the Focusing Efficiency of
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ABSTRACT

Viruses, bacteria, and toxins are some of the biological warfare agents (BWAs) used in military operations that can cause
fatalities by spreading diseases in ecosystems and spreading to even humans. BWAs are initially difficult to detect and require
considerable amount of treatment time because BWAs are self-breeding, easily spread, and have latent periods, preventing the
immediate onset of symptoms. Because BWAs exist in an aerosol form, many studies have been conducted to investigate
biological weapons. In this study, the shape of the sheath flow nozzle was optimized to improve the focusing efficiency of the
aerosol particles. ANSYS CFX ver. 18.1 was used for conducting the numerical analysis. The design parameters for
optimization included the injection angle of the external and internal nozzles. The experimental results were obtained using the
design of experiment to minimize the analysis time and obtain maximum information. Based on the results, the optimum shape
was determined using the response surface method (RSM). The results were compared by CFD with the RSM results. The
relative error was 0.14%; thus, the validity of the proposed method was confirmed. The results of the reference model and

optimal shape were compared, and the relative error was 3.36%.
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Fig. 1 Schematic of sheath flow nozzle

Table 1 Design parameters of sheath flow nozzle

Quter nozzle

Diameter of outer nozzle(D,) 9mm
Inlet diameter of air(D,;,) 6.4mm
Height of outer nozzle pipe(#,) 20mm
Length of outer nozzle(Z,) 55mm
Outler diameter of outer nozzle(D,) 1.3mm

Injected angle of outer nozzle(é,) 15°

Inner nozzle

Diameter of inner nozzle(D,) 6.8mm
Length of inner nozzle(Z,) 68.2mm
Outlet diameter of inner nozzle(D,) 0.9mm

Injected angle of inner nozzle(d,) 15°
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Fig. 3 Grid dependency test,

Table 2 Boundary conditions applied in the study

Working sheath fluid Air at 25°C
Working aerosol particle TiO,

Sheath fluid inlet 1.0 LPM
Particle inlet 1.0 LPM
Outlet 1 atm
Turbulence model Shear Stress Transport

Convergence criteria 1.00E-5

Table 3 Properties of aerosol particle, TiO,

Aerosol particle

Particle solids TiO,
Molar mass 79.866 g/mol
Density 423 glem’

Size 9.6um
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Table 4 Design variables applied in this study

Design - Level 2

variables Description Level 1 (Ref) Level 3
X Inner angle [ °] 14 15 18
X, Outer angle[ °] 13 15 20

Table 5 Results of design of experiment,

X X, Dc?tecting
efficiency [%)]
1 16 16.5 79.08
2 14 16.5 88.13
3 18 16.5 76.45
4 16 13 80.39
5 16 13 83.60
6 14 13 91.73
7 18 13 73.43
8 14 20 87.21
9 18 20 74.80
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Table 6 Results of response surface method

Candidate point X X, E, \fiiltlir(l)lz
Point 1 14 13 91.73 0.23083
Point 2 14.018 13.879 90.15 0.23106
Point 3 14.01 14.754 89.44 0.23203

Table 7 Comparison results of focusing efficiency and volume
fraction between the RSM and CFD

Volume
X, X, E

! 2 D fraction

Reference model 15 15 88.62 0.23285

RSM Point 14 13 91.73 0.23083

CFD 14 13 91.60 0.23065
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Fig. 4 Comparison of velocity distributions between
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Fig. 5 Comparison of volume fraction at detecting area
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