ISSN 1738-8716(Print)

ISSN 2287-8130(Online)

Particle and Aerosol Research

Par. Aerosol Res. Vol. 19, No. 3: September 2023 pp. 77-87
http://dx.doi.org/10.11629/jpaar.2023.19.3.077

7| = Hig|2|0} Em% _?_l@. ﬁél AI2Z0| CFD siMe
T34l - HIMQ . MX|Q - SHS

AMe . 71 A58zt
(B2 20234 6¥ 23%, 74 20239 89 21¥, AAEY 20233 89 21¥)

Design and Performance Evaluation using Computational
Fluid Dynamics (CFD) Analysis of Wetcyclones for the
Collection of Airborne Bacteria

Hyun Sik Ko, Jungwoo Park, Jiwoo Jung, Jungho Hwang"
Department of Mechanical Engineering, Yonsei University, Seoul 03722, Republic of Korea

(Received June 23 2023; Revised August 21 2023; Accepted August 21 2023)

Abstract

We present the development of a wetcyclone sampler designed for the sampling of airborne bacteria. The
wetcyclone design involves a combination of two traditional cyclone shapes and computational fluid dynamics (CFD)
analysis to validate its effectiveness in terms of pressure drop and collection efficiency. The wetcyclone exhibits a
collection efficiency of over 90% for bacteria, specifically targeting Staphylococcus aureus. Additionally, the
wetcyclone enables continuous bioaerosol sampling using a liquid medium (deionized water), demonstrating a
concentration ratio exceeding »10° and a stable microbial recovery rate of 81.9%. The application of real-time
quantitative polymerase chain reaction (qQPCR) and the colony counting method ensures precise measurement of the

concentration ratio and microbial recovery rate.
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Figure 1. Geometry of wetcyclone (a) 3D CAD full image (b) Volume extraction image of wetcyclone
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Table 1. Geometrical dimensions for wetcyclone

Our study
Cylinder diameter (D) -
Height of inlet (a) 0.5 xD
Width of inlet (b) 0.2 xD
Diameter of gas outlet (D) 0.3 xD
Length of vortex finder (S) 1xD
Length of cone (H) 2xD
Length of cylinder (h) 1xD
Diameter of sample outlet (D) 0.2 xD
Diameter of liquid inlet (D) 02 xD
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Shepherd & Lapple Stairmand
(1940) (1951)
Cylinder diameter (D) - -
Height of inlet (a) 05x%xD 05x%xD
Width of inlet (b) 025 %D 02 xD
Diameter of gas outlet (D,) 0.5 xD 0.5 xD
Length of vortex finder (S) 15 xD 05xD
Length of cone (H) 2xD 25xD
Length of cylinder (h) 2xD 1.5xD
Diameter of sample outlet (D) 025 xD 0.375 xD
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Figure 2. Geometry ratios of the Shepherd & Lapple (1940) and Stairmand(1951) cyclones
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Table 2. Airborne bacteria size and total number
concentration each test

Wetcyclone Biosampler
Mode diameter 0.78 0.83
(um) (+0.000) (+0.000)
GMD 0.76 0.78
(um) (+0.003) (+0.001)
1.22 1.23
GsD (£0.001) (£0.000)
Total particle concentration 411.35 439.49
(particles/cm?) (+4.554) (+21.045)
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Table 3. Collected particle concentration, CT value,
and colony concentration for ATH samplers

Improved Cyclone

Wet-cyclone Performance

Biosampler

Collected particle concentration

7 6
(particles/ml) 8.8 x 10 2.7 x 10 x 32,6

qPCR CT value 20.80 25.12 x 27.9

Colony forming unit
(CFU/ml)

4.6 % 108 1.8 x 109 x 25.6

*Sampling time: 10 min

= £ vhg|glo} 4 &, qPCRY CT#t} vhe|gjol =
2Y vEE HoEry 2" MA dregote] & &

TE A 98l A (D& ARgSHSiTh 4] AlelE
£33} BioSampler7} Z+ZF 8.8 x 107 particles/mL,
2.7 % 10° particles/mLelth. 4] (1)9] H=H|S 1
HotlZ o, oF 32.64) YA ZH wE Folof gtk
SHA|YE, PCRY CT#S T&oto] § GCY i3 v
nE AP A7, Y T SFT CTES F4] Aol
Z20] 20.80°0]1 BioSampler: 25.12%c}. whahA,
A (169 o &4 AlEEY ATH 55 4%
BioSampler t¥®] 27.9 Hjo]t}, A (1) thH] 4o &
/K“’('S]-Ojl:]-_‘:_ e & /\ OTT;]- /\/k] /K]—O]E’-EQJ =

ZH)E 1.7 x 10°0]t}. 4] (17) - (ZO)OE S4 At

222 BioSampler HH] 81.9 %9 3+ 7M.
wehA], 4] AlEE2 AU 3719 AsE (0100
CFU/m’ o2 ZAek= g Ejots &2 ATH =3t

dFHQ I4E Bof widEH AskErd  (PCR,
ELISA, ATP &) o] d&doz Z-2 A7k LOD
2 £Z535= AE H2E AT £ Uk



37 % weelol 2YL U 44 AolF

5. 28
2 Q7L UAZ 371 F et 322 UE 44
HISES ALHA PANH 4UE B P5e

lg—ff‘,— (BloSampler ojH] 27. 9HH) 9‘]'?15 AL,
o1& qPCR% bl ’“0”—‘1 o7 g5yt &, HAE
ko2 Qg ARl ul¥E 34& (BioSampler
H 81.9%)= 7Ht= ﬁ% slolslgict. wakA, B A
TE NEE 52 ARIEELS 3] F AsEE A o}
= HElgorg 1sF 2] 9df A2 5 e
o, ThFEt Hio] Qoo|2E HUYEY Ate] J&E £
A= Aot

£9] CFD si4g o83 44 % Hs 37t 85

Al =
£ d7e AL MOTIE)S} =i 4714
H7HAKETEP)Q A€& ob 37t AFTAIYY

t}. (No. 20181110200170)

Part. Aerosol Res. Vol. 19, No. 3(2023)



References

Antonyuk, S., Heinrich, S., Deen, N., & Kuipers, H.
(2009). Influence of liquid layers on energy
absorption  during particle

Particuology, 7(4), 245-259.,

https://doi.org/10.1016/j. partic.2009.04.006

Burger, H. (1990). Bioaerosols: prevalence and

impact.

health effects in the indoor environment.
Journal of Allergy and Clinical Immunology,
86(5), 687-701.,
https://doi.org/10.1016/S0091-6749(05)80
170-8

Bush, R. K., & Portnoy, J. M. (2001). The role and
abatement of fungal allergens in allergic
diseases. Journal of Allergy and Clinical
Immunology, 107(3), S430-S440.,
https://doi.org/10.1067/mai.2001.113669

Corman, V. M., Landt, O., Kaiser, M., Molenkamp,
R., Meijer, A., Chu, D. K., ... & Drosten, C.
(2020).  Detection of 2019
coronavirus (2019-nCoV) by real-time
RT-PCR. Eurosurveillance, 25(3), 2000045.,
https://doi.org/10.2807/1560-7917.ES.202
0.25.3.2000045

Dabrazhynetskaya, A., Volokhov, D. V., David, S.
W., Ikonomi, P., Brewer, A., Chang, A., &
Chizhikov, V. (2011).

reference strains for

novel

Preparation of

validation and

comparison of mycoplasma testing
methods. Journal of applied microbiology,
111(4), 904-914.,
https://doi.org/10.1111/j.1365-2672.2011.
05108.x

Daher, N., Ning, Z., Cho, A. K., Shafer, M.,
Schauer, J. J., & Sioutas, C. (2011).
Comparison of the chemical and oxidative
characteristics of particulate matter (PM)

collected by different methods: filters,

Particle and Aerosol Research A 19 @ A3 &

impactors, and biosamplers. Aerosol
Science and Technology, 45(11), 1294-
1304.,
https://doi.org/10.1080/02786826.2011.59
0554

Douwes, J., Thorne, P., Pearce, N., & Heederik, D.
(2003).

exposure

Bioaerosol health effects and
assessment:  progress  and
prospects. The Annals of occupational
hygiene, 47(3), 187-200.,
https://doi.org/10.1093/annhyg/meg032
Heo, K. J., Ko, H. S., Jeong, S. B., Kim, S. B., &
Jung, J. H. (2021). Enriched aerosol-to-
hydrosol transfer for rapid and continuous
monitoring of bioaerosols. Nano Letters,
21(2), 1017-1024.,
https://doi.org/10.1021/acs.nanolett.0c04096
Hong, S., Bhardwaj, J., Han, C. H., & Jang, J. (2016).
Gentle sampling of submicrometer
airborne virus particles using a personal
electrostatic particle concentrator.
Environmental Science & Technology,
50(22), 12365-12372.,
https://doi.org/10.1021/acs.est.6b03464
Jeong, S. B., Ko, H. S., Heo, K. J., Shin, J. H., &
Jung, J. H. (2022). Size distribution and
concentration of indoor culturable bacterial
and fungal bioaerosols. Atmospheric
Environment: X, 15, 100182.,
https://doi.org/10.1016/j.aca0a.2022.100182
Jeong, S. B., Heo, K. J., Ko, H. S., Ahn, J. P., Lee,
S. B., & Jung, J. H. (2021). Evaluation of
survival rates of airborne microorganisms
on the filter layers of commercial face
Indoor air, 31(4), 1134-1143.,
https://doi.org/10.1111/ina.12816
Kairova, M., & Rakhimzhanova, D. (2021). Molecular

genetic techniques and oligonucleotides

masks.

for mycoplasma identification-a review.



371 & HE2lol ZPS AT F4 AlEE9] CFD siA2 o83 44 9 4% B7F 87

Acta Veterinaria Brno, 89(4), 317-332.,
https://doi.org/10.2754/avb202089040317

Kim, H. R., An, S., & Hwang, J. (2020). Aerosol-to-
hydrosol sampling and simultaneous
enrichment of airborne bacteria for rapid
biosensing. ACS sensors, 5(9), 2763-2771.,
https://doi.org/10.1021/acssensors.0c00555

Korea Ministry of Environment (KME) (2018).
Enforcement Rules of the Indoor Air
Quality Control Act.

Lapple, C. E. (1950). Gravity and centrifugal
separation. American Industrial Hygiene
Association Quarterly, 11(1), 40-48.,
https://doi.org/10.1080/00968205009344283

Lee, S. A., & Liao, C. H. (2014). Size-selective
assessment of agricultural  workers'
personal exposure to airborne fungi and
fungal fragments. Science of the total
environment, 466, 725-732.,
https://doi.org/10.1016/j.scitotenv.2013.0
7.104

Lin, X., Reponen, T., Willeke, K., Wang, Z.,
Grinshpun, S. A., & Trunov, M. (2000).
Survival of airborne microorganisms

during swirling aerosol collection. Aerosol

Science & Technology, 32(3), 184-196.,

https://doi.org/10.1080/027868200303722

Choi, J., Massoudifarid, M., Park, J. Y.,

Hwang, J., Lim, J., & Byeon, J. H. (2023).

Size-classified

Oh, J.,

monitoring  of  ATP
bioluminescence for rapid assessment of
biological  distribution in  airborne
particulates. Biosensors and Bioelectronics,
115356.,
https://doi.org/10.1016/.bios.2023.115356
Rao, C. Y., Burge, H. A, & Chang, J. C. (1996).
Review of quantitative standards and
guidelines for fungi in indoor air. Journal

of the Air & Waste Management Association,

46(9), 899-908.,
https://doi.org/10.1080/10473289.1996.10
467526

Sgrott Jr, O. L., Noriler, D., Wiggers, V. R., & Meier,
H. F. (2015). Cyclone optimization by
COMPLEX method and CFD simulation.

Technology, 277, 11-21.,
https://doi.org/10.1016/j. powtec.2015.02.039

Shepherd, C. B., & Lapple, C. E. (1940). Flow

pattern and pressure drop in cyclone dust

Powder

collectors cyclone without intel vane.
Industrial & Engineering Chemistry, 32(9),
1246-1248.,
https://doi.org/10.1021/ie50356a012

Stairmand, C. J. (1951). The design and performance
of cyclone separators. Trans. Instn. Chem.
Engrs., 29, 356-383.

Sung, G., Kim, H. U., Shin, D., Shin, W. G., & Kim,
T. (2018). High efficiency axial wet
cyclone air sampler. Aerosol and Air

18(10), 2529-2537.,
https://doi.org/10.4209/aaqr.2017.12.0596

Tan, M., Shen, F., Yao, M., & Zhu, T. (2011).

Development of an automated electrostatic

Quality Research,

sampler (AES) for bioaerosol detection.
Aerosol Science and Technology, 45(9),
1154-1160.,
https://doi.org/10.1080/02786826.2011.58
2193

Weber, S., Greiner, R., Bartes, A., Kavermann, H.,
Knack, Y., & Deutschmann, S. (2021).
Validation of the MycoTOOL mycoplasma
real-time PCR kit.

Wu, Y., Shen, F., & Yao, M. (2010). Use of gelatin
filter and BioSampler in detecting

airborne H5N1 nucleotides, bacteria and

allergens. Journal of Aerosol Science,

41(9), 869-879.,

https://doi.org/10.1016/j.jaerosci.2010.05.006

Part. Aerosol Res. Vol. 19, No. 3(2023)



