"m Check for updates

SYHAAESES|X| M27d H1Z pp. 58-68 20231A 22 ISSN 2713-8429(Print) ISSN 2713-8437(Online)

—Ho T

Journal of Power System Engineering https://doi.org/10 9726/kspse 2023 27 1,058
Vol, 27, No. 1, pp. 58-68, February 2023

S718E7|9 Xt SE 2 WA L AR XA <
OJM™MX] XMzt =of0f| Cist siAE A4
An Analytical Study on The Effect of Reducing Particulate
Matter Located Occupants’ Position in a Classroom by
Locations and Air Flow-Rate of Air Purifier
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Abstract : It is a study on the influence of locations and air flowrate of air purifier for reduced particulate
matter in classrooms. It was analyzed that the effect of reducing particulate matter in the classroom
according to the operating locations and air flowrate of air purifier. CFD simulation was used with
calculated air flowrate base on ACH 1, 2, 3 and 4 of the volume of the classroom. it was assumed that air
purifier was operated for 3,600 seconds in all cases. The result shows that when air purifier was operated in
161.4 m*h condition and was positioned in Case 3, performance of reducing particulate matter was 23.6%
and 43.2% higher than other two cases. When air purifier was operated in 645.5 m*h condition and was
positioned in Case 1, performance of reducing particulate matter was 36.6% higher than other cases.
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(c) Case 3 (back wall / right side / direction 45)

Fig. 1 Locations of the air purifier for each case
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Table 1 Information of CFD simulation

Parameter Value Unit

. 161.4 / 322.8 3
Air flowrate / 484.1 / 6455 | ™/h

. 0.43 / 0.85

Air flow speed /128 / 171 m/s
Density 1,500 kg/m’
Particulate matter size 10 um
Initial concentration 150 ug/m3

Operating time 3,600 S
Filtration efficiency 99.9 %
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Fig. 2 Position number for post-processing.

Table 2 Comparison of average concentration and
standard deviation (3,600s)

. Total |16 Point | 16 Point
Case Alr[rtig)/;v]r ate volume | Average | Standard
[ng/m’] | [ug/m®] | Deviation
161.4 87.2 92.1 4.06
Case| 322.8 52.8 56.1 2.79
1 484.1 14.7 15.7 0.94
645.5 7.1 7.5 0.41
161.4 90.2 80.2 8.36
Case 322.8 32.6 28.9 3.24
2 484.1 15.5 14.7 1.59
645.5 7.5 7.1 0.75
161.4 73.0 64.3 15.12
Case 322.8 37.0 32.0 7.13
3 484.1 18.8 16.7 3.65
645.5 9.7 8.8 1.93
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Fig. 3 Contour of particle concentration
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Table 3 Particle concentration in local position

Case | Position 1 2 3 4 Case Position 1 2 3 4
Case 1 88.1 852 | 933 86.1 Case 1 53.9 | 52.7 59.3 52.3
Case 2 1 69.4 | 635 | 653 | 67.6 Case 2 1 237 | 223 234 | 25.1
Case 3 101.6 | 442 | 804 | 63.6 Case 3 47.8 | 23.2 364 | 29.9
Case 1 92.7 | 945 | 96.5 88.8 Case 1 57.1 | 583 57.9 53.3
Case 2 2 85.5 86.6 | 869 | 81.2 Case 2 2 309 | 32.6 323 28.9
Case 3 88.5 | 553 67.1 57.2 Case 3 479 | 29.1 334 | 284
Case 1 98.7 | 97.6 | 95.1 89.6 Case 1 59.9 | 60.3 58.1 54
Case 2 3 88 85.1 83.6 | 80.5 Case 2 3 31 304 | 30.8 29.4
Case 3 36.7 | 653 62.7 | 57.2 Case 3 18.9 | 319 31.5 29.0
Case | 95.7 93 91.6 | 87.2 Case 1 59.1 | 554 | 544 52.3
Case 2 4 849 | 89.9 | 84.2 | 80.6 Case 2 4 292 | 31.2 31.2 30.4
Case 3 62.7 | 60.8 | 583 | 67.6 Case 3 31.6 | 30.8 | 29.6 | 319

(a) Particle concentration (161.4 m’/h) (b) Particle concentration (322.8 m’/h)

Case | Position 1 2 3 4 Case Position 1 2 3 4
Case 1 15.5 14.7 16.7 14.5 Case 1 7.5 7.3 7.9 6.9
Case 2 1 12.2 11.3 12.5 14.3 Case 2 1 6.1 5.6 5.9 6.6
Case 3 24.4 12.6 19.3 15.7 Case 3 13.5 6.4 10.2 8.1
Case 1 15.3 16.7 16.4 14.8 Case 1 7 7.7 7.6 7.1
Case 2 2 15.5 15.2 14.4 13.2 Case 2 2 7.7 7.4 6.9 6.4
Case 3 25.2 15 17.2 15.1 Case 3 12.4 7.8 9.3 8.1
Case 1 17.4 17.1 16.5 15 Case 1 7.4 8 8 7.3
Case 2 3 15.5 16 16.8 15.7 Case 2 3 7.5 7.8 8.2 7.6
Case 3 10 16.5 16.1 15.2 Case 3 5 8.8 8.8 8.2
Case 1 16.4 15.4 15.1 14.4 Case | 8.3 7.8 7.3 7
Case 2 4 14.4 15.5 15.6 17 Case 2 4 7.1 7.6 7.6 7.6
Case 3 16.5 16.1 15.6 16 Case 3 8.8 8.7 8.6 8.5

(¢) Particle concentration (484.1 m’/h)
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(d) Particle concentration (645.5 m’/h)
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purifier and the number of air changes per hour
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