SIRAIIRBE5|X|, H29H H35(2019) ISSN 2384-132X(Print) ISSN 2289-0564(0nline) Original Article
Journal of Korean Society of Occupational and Environmental Hygiene, 2019: 29(3): 343-350
https://doi.org/10.15269/JKSOEH.2019.29.3.343

S8 14(K-Factor) Z710f| 2 AFAZELC| 17] =4 U S8 JiM0j| 25t H7

IS TSI BB, AEA HeTA, ISOISI ofnCtst ofo/stn

An Experimental Study for the Improvement of Ventilation Conditions and
Effectiveness in the Manufacturing Industry by Increasing the Mixing Factor (K—-Factor)

Yun-ho Lee' + Seokwon Lee? + Kyoungho Lee? + Hyunwook Kim'**

'Department of Public Health, Graduate School, The Catholic University of Korea
2Samsung Health Research Institute, Samsung Electronics Co., Ltd.
SDepartment of Preventive Medicine, College of Medicine, The Catholic University of Korea

ABSTRACT

Objectives: This study aims to identify whether ventilation conditions and their effectiveness can be
significantly improved in an experimental chamber by increasing the mixing factor (K-Factor).

Methods: In a chamber with a volume of 1 m®, air velocity was measured at six different points with four roof
fans in the upper part of the chamber being operated in order. The impact of the ventilation conditions was
analyzed when the flow rates were increasing and the first inlet of the chamber was either open or closed.
Smoke patterns were also observed at four corner points where ventilation was limited. Kruskal Wallis and
Mann-Whitney tests were performed to compare air velocities measured in the chamber.

Results: The air velocities measured at only the third point increased significantly from 0.03+0.03 m/s (door
open) and 0.05+0.06 m/s (door closed) with two fans, 0.08+0.08 m/s with three fans, and 0.09+0.09 m/s
with four fans operating (¢X0.05). However, air velocities at the four corner points did not significantly increase.
Smoke patters also showed that the open inlet of the chamber had no effect on improvement of ventilation
conditions and effectiveness.

Conclusions: In this study, the air velocities at six points in the chamber did not significantly increase despite
the increase in the mixing factor and flow rates of ventilation in the controlled environment. Therefore, the
inflow of outdoor air throughout an open inlet and installation of a forced ventilation system can potentially
increase the indoor air velocity and improve ventilation condition without an increase in the mixing factor.

Key words: Experimental chamber, indoor air velocity, mixing factor, smoke pattern, ventilation condition
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Figure 4. Measure points in the chamber
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Table 1. Average velocity (m/s) at each point by the number of fans operated at the door

No fan One fan® Two fans® Three fans® Four fans'

Location  Door closed Door open Door closed Door open Door closed Door open Door closed Door open Door closed Door open
N AMSD N AMSD N AM#SD N AWSD N AMESD N AMESD N AMESD N AMESD N AMESD N AMESD
Point 1 10 0.01#0.01 10 0.01x0.01 40 0.071#0.01 40 0.02:0.02 60 0.01#0.01 60 0.02:0.04 40 001001 40 0.071#0.002 10 0.010.01 10 0.01x0.01
Point 2 10 0.01#0.01 10 0.010.00 40 0.02:0.02 40 0.01:0.01 60 0.02¢0.02 60 0.01x0.01 40 002+0.03 40 0.03:0.16 10 0.03t0.04 10 0.02+0.02
Point 3 10 0.01£0.01 10 0.010.01 40 001001 40 0.03t0.04 60 0.03t0.03 60 0.05:0.06 40 0.08t0.08 40 0.071£0.01 10 0.071£0.003 10 0.09+0.09
Point 4 10 0.01#0.004 10 0.01+0.002 40 0.01#0.01 40 0.01+0.01 60 0.02#0.02 60 0.02+0.02 40 0.01+0.01 40 0.02:0.03 10 0.071#0.004 10 0.03:0.04
60 60 40
60 40

Point 5 10 0.01#0.002 10 0.02+0.02 40 0.01£0.01 40 0.01x0.01 0.0210.01 0.0120.01 40 0.01+0.02 0.08:0.08 10 0.0120.003 10 0.02+0.01
Point 6 10 0.01#0.003 10 0.03t0.04 40 0.01¥0.003 40 0.01+0.01 0.0240.03 60 0.01+0.004 40 0.02£0.01 0.01£0.01 10 0.0120.003 10 0.01+0.01
Total 60 0.01:0.01 60 0.02+0.02 240 0.01:0.01 240 0.02+0.02 360 0.02£0.02 360 0.02+0.03 240 0.03:0.04 240 0.03:0.08 60 0.01£0.02 60 0.03+0.05

0.003* 0.00* 0.003* 0.00* 0.003*
(3 point) (3 point) (3 point) (2 and 5 points) (3 and 6 points)

p-value 0.26 0.16 0.08 0.23 0.71

" Statistically significant (p¢0.05)

" One roof fan was operated (6, 7, 8, 9)

" Two fans are combined and operated (6&7,688,689,788,789,889)

§ Three fans are combined and operated (6&78&8, 6&7&9,6&889,7&889)
T Four fans are combined and operated (6&7&8&9)

o 28y Y YRl ZheE AR W At 2715 H
4W7A Z7V5o) ahet A XJA-oA 2] 8&o] 2} The smoke is discharged from roof fan.
SHATH(p0.05). 45 WE 2 715T B9 B 59 sk et _——"
o] SAFO AT 39 XA F7] F50] JTF

7HeF Al 0.03+£0.03 m/s, 4 A] 0.05+0.06 m/sC.=Z
S7FIRAL, AR W RS 3R ST A% A
B w2 Al 33 2304 0.08+0.08 m/s, i Al 21
AZolA 0.03+0.16 m/s, 58 AHNA 0.08+0.08
m/sC& JF7FIAT (p€0.05). AHF W EE VIR
S7HA B AR HA) Al BE AR 571 745
o] S7F5HAl Qkd WhH, Rt 7 Al 3W Aol A
0.09£0.09 m/s2.=2 2I5HA S7Fstith. wehA &3t
Aol S7HS, 7FsE A4 WY 74 S7hol wE &
7] AR 1,24 9 58 AN 371 f50] 37t
SHA| gkot B7] HiEd S7H= 't 8] 23 Aol

ke VR A ttHTable 1).

Figure 5. Smoke pattern from the roof fan in the chamber
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Figure 7. Smoke pattern at the corner part (Point 2) of the
chamber
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Table 2. Average velocity (m/s) at each point after installing a flexible hose by the number of fans operated at the door

No fan One fan’ Two fans® Three fans® Four fans®
Location Door closed Door open Door closed Door open Door closed Door open Door closed Door open Door closed Door open
N AM N AM N AM N AM N N AM N AM N AM N AM N  AM
Point1 1 015 1 014 4 018 4 020 6 016 6 025 4 014 4 023 1 018 1 0256
Point2 1 011 1 011 4 012 4 024 6 6 022 4 011 4 027 1 009 1 024
Point4 1 015 1 01%5 4 017 4 028 6 017 6 028 4 016 4 027 1 020 1 027
Pont5 1 007 1 003 4 004 4 014 6 003 6 015 4 003 4 016 1 003 1 013
Total 4 012 4 010 16 013 16 022 24 012 24 023 16 011 16 023 4 013 4 0.22

" One roof fan was operated (6, 7, 8, 9)
T Two fans are combined and operated (6&7,688,689,7&8,789,889)

T Three fans are combined and operated (6&7&8, 6&78&9,68889,7&889)

§ Four fans are combined and operated (6&7&889)
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