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Abstract quality, and comfort index improvement effects in a lecture

room-style laboratory with 16 persons present in the room.
BACKGROUND: In the month of January 2018, fine dust The system provided 4.24 ACH ventilation rate and

alerts and warnings were issued 36 times for PM, and 81 reduced indoor temperature by 1.6C and black bulb
times for PM2.5. Air quality is becoming a serious issue temperature by 1.0°C. Relative humidity increased by
nation-wide. Although interest in air-purifying plants is 24.4% and deteriorated comfort index. However, this
growing due to the controversy over the risk of chemical seemed to be offset by turbulent flow created from the
substances of regular air-purifying solutions, industrial operation of air blowers. While PM;o was reduced by 39.5%
spread of the plants has been limited due to their efficiency to 22.11xg/m’, CO, increased up to 1,329ppm. It is
in air-conditioning perspective. interpreted that released CO, could not be processed
METHODS AND RESULTS: This study aims to propose a because light compensation point was not reached. As for
vegetation-based bio-filter system that can assure total the indoor comfort index, PMV was reduced by 83.6 % and
indoor air volume for the efficient application of PPD was reduced by 47.0% on average, indicating that
air-purifying plants. In order to evaluate the quantitative indoor space in a comfort range could be created by
performance of the system, time-series analysis was operating vegetation-based bio-filters.

conducted on air-conditioning performance, indoor air CONCLUSION: The study confirmed that the vegetation-
based bio-filter system is effective in lowering indoor
*Corresponding author: Tae-Han Kim temperature and PM, and has positive effects on creating

Phone: +82-41-550-5303; Fax: +82-41-550-5305; comfortable indoor space in terms of PMV and PPD.
E-mail: taechankim@smu.ac.kr
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Key words: AHU (air handling unit), IAQ (indoor air
quality), Phytoremediation, PMV (predicted mean vote
index), PPD (predicted percentage of dissatisfied)

M B

2018 1€ gt &7t v AHA|(PMyp) Fof gt
4 AR A2 07 363], ZuAHA(PM25) 55
ToH 4 AHE 8137} W Eo], ZuAHA <]

T o8] 68.8% 73t Zlo® HAE I ek nlAw

=

o,

o
2o 2 & o
2 rn oo

N

!
£1995\d 873 715550 pg/m’) £} tlEo] thekst Ty
374 AAFYS Tl 201297H4 JRAEE FAgon)
201335 oA ofsl, FA|E 1 9l Aotk Lee, S. H.
2018). o]l wet FH= T HEo] 4319 3ul) 711 ofdo]
o} w0l 5o WAASS 3 A vAEA 7= AldE

3, AEAE QI wAHA] SALE FFate] HeUNkS

Zdskebs RS whstal 9lvk (Joint ministry, 2017).
A e Bk A7k AREAE b A9

m Aol vle] et ZAoR 9% ukdof FHeksh= o

o

o] Ao PdsHA Q14 eh= W]k shtolrth. A=7|4k
9] ¥NA MAATE VOCs 7|9 744t Byt 5
£ olF1 §lom, 1 3 X3 Potted-Plants(PPs) 3=
HuE3 QltHAydogan, A., et al, 2011; Irga, P. L, et
al, 2013). A&l ot v|AHA] AAGE] st A= ¥
Aghel WA AES] 4714 23x7del| wE PM1, PMy,
AAEE g A5 (Kwon, K. J., et al, 2017), A4
& Odnplorel AxE]E#E 0, 30, 60 pmol/m’s?]
PPFD(photosynthetic photon flux density) Z71°lA]
PM1, PMyy AAEES E1st A5 (Kwon, K. J., et al,
2018) 50 XL Qlrh @Al 2Eof ot nlHHA] A|A
HAUSS HEs] A dgkon, &% WL =0t 3
Q3 Agsfolrk

b AWE A AR AR et sk
WAoo HAYEE dA3Al 7|Qleh, FEFs
HAAE (thermal comfort index) & TFFo] %
BArAZ B8 JdHT 2LF (PMV:
redicted mean vote index)> 57 ALY A=
Hrksh=d) g3t o2 gg5 gtk PMV 7159
U2zt Ul A4 57kT2 1SO 7730 7152 PMV
243k Matlab / SImulink 7]%Fe] PMV Ao &
Oox 9F U AR RS A4S A5 Mo P
., et al, 2008), EnergyPlus 7.0 7158t] A& &
3 &= PMV 3R A|o]g} Fanger PMV 22 Alof 7t
o] Yot o] ARgES nlwdt o (Kim S. H., ef al,
2015) 5] PMV 7|9ke] A3k Alofe] Ade A
7b F2 B glek vhd, AL thigh A=) dE
S UF d7EE @Y PPs 7N AUdE 8%9

T

o)

]

off

o &
>

h

30
& 1q
mO

N
Jr
o

(o
i
il

e

i

o\ 1> ok
o o

ich

T Rl o wx
oX,

F

=

MV £}

PPDE AHEdte], 2994 T4 A ES e A
(Han S. W., et al, 2005)7} A|A = 3ie.

sow 371 Ee] Adlerd dads HAst
ab7] flal sxdn|eh AAI nle|edE A4k HiE
UTHLlewellyn et al, 2008; Irga et al, 2017). F %
O AARE SR Husste] JHE Ay, PPsel HlE) =
< AEdE, FAuE 9 AA SRt Thedt Aeaagt
S Ae <+ U Torpy et al, 2018). o|¢} ¥ A8

fot o, H

AREE SAIE AL AR, @) WA 371099 Al ZE
2 AAR 1 Awrt BLF ggolrk. AnkA o R ul
]

o]y AAGES HNRNG A TFsd FEF ¢
v Hued dRE 8 vle] 28 9] ¥x71(AHU:
air handling unit) A7} 19 5 QloH, H* og} #
e A7 vlo] @ e A7 X H AL ITHKIm ef al,
2017).

B A7 T Agas 2Ho] rhedt yRAIAEA
A wpol e H9] 4eirEE Fal Aderd S
gt A=) a&7 AREREE AEtaAt gtk ol
Slall, AAEY] 22 SAS sistaL, mAwA|, o]bsigk
20 Al JWdastel giEAel #HHAE] PMY,
PPDE AHEste] A7 uho] @ AE|7E A 4] o mA]
= ®E st g

ERTRETE

ALy S{™X[E: PMV, PPD

AU AR AAY S JFH o FdHshs HAAR
5 A8-25(OT: operative temperature), 52 5(ET:
effective temperature), T4-F&2% (CET: corrected
effective temperature), PMV, PPD 5©] 3{t}. o]F PMV
+ DTU(Danmarks Tekniske Universitet)2] P. O. Fanger i
Foll oJaf Fo thaEAQl HAAEEA 17| 293t 7
Z(hot, warm, slightly warm, neutral, slightly cool,
cool, cold) 8.7 8t Frlsit) S 2RO R FoF
= PMV = 09] 2AeXe FAH0R AAAte] 95%7F 4
2 R UEh, o ARk 97 AAAEE B2d
Shs AR 88 5 Qlth o7|A AEEe AR &
5, FE VIREE, By, €% #9737
AR o] FolA|H, tha} o] el 4 UTHISO 7730:
2005(E)).

PMV=10.303 + exp(—0.036 « M)+0.028] «

(M—=W)—=3.05 « 107% + [5733—6.99 « (M~ W)—p,—0.42 « [M— W)—58.15]
—1.7+ 107" « M(5867—p,)—0.0014 « M« (34—1,)
—3.96 « 10°° o f,[(t,, +273)" = (¢, +273")]—f,, » h, = (t,+t,)
(#11)
t, =35.7—0028 « (M= W)—1I, (212)
{3.96 « 1075 « f,,[(t,, +273) = (¢, +273)* ]+ f,, « b, (t,—t,)}
0.028 « It,,—t,"% for 238 « [t,,—t 0% > 121V, Al
- (#3)

he=l12a « 7

for 2.38 « |t,, —t " <12.14/V,,



270

Kim et al.

Fig. 1. Vegetation biofilter system and characteristics of fan blower.
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M is the metabolic rate, in watts per square metre
(W/m’)

W is the effective mechamical power, in watts per
square metre (W/m?)

I, is the clothing insulation, in square metres
kelvin per watt (m*K/W)

fq is the clothing surface area factor

t, is the air temperature, in degrees Celsius ()

~

is the mea radiant temperature, in degrees

Celsius (C)

is the relative air velocity, in metres per second

(m/s)

P, is the water vapour particle pressure, in pascals
(Pa)

h. is the convective heat transfer coefficient, in

s

v,

ar

watts per square mtre kelvin (W/m’K)
ty is the clothing surface temperature, in degrees
Celsius (C)
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Table 1. specification of monitoring system

Multi-function measuring
instrument

Particulate matter

TIAQ meters Turbulence probe

=1 I

Sl WEE WES 9 EEE4S JHzw

Image
Model Testo 480 TSI AM520 Graywolf 1Q-610 comfort probe 0628 0143
-100 - 3 CO, : 0-5,000 ppm )
Range 100 - +100 hPa 0.001 to 100 mg/m VOCs : 5-20,000 ppb 0-+5m/s
Temperature-humidity L .
Radiation temperature Air flow probe PAR probe
sensor
Image F g %
ij ®
. Thermal air flow
Model Humidity and temperature  The globe thermometer oo ead and PAR-BTA
P humidity probe 0635 1543
Range -20 -+70C / 0 - 100 %RH 0 - +120C 0 - +20 m/s 0-2,000 pmol/m’s
AEI§AE-171| 11025.26
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ol dAE e SAole B (light scattering
method) 650 nm LD (laser diode)®2jo] &&=, 7}
2 299 4L vl 294 (NDIR: non-dispersive
infra-red)*8219] CO, AlX7} SAE Rdlo] ARGE| It} vt
Table 17} #o] 7k 299 5747)(Graywolf 1Q610Xtra),
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A 299 Z47)(TSI AM520)7F 015911, Fig. 29 3
o] AX|= itk

AELE 2018 59 94 17A]9] JPFGon, Hof F 16

G G

3. TESTO 480 PMV/PPD(ISO 7730),
WBGT(ISO 7243) probe set

- [Talsl ] I

N T

Fig. 2. performance evaluation testing room for vegetation
biofilter system.
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Table 2. operation time table of biofilter mockup system

Time (hour)

Operation
condition

00:00  1:00 2:00 3:00  4:00

5:00 6:00 7:00 8:00 9:00 10:00  11:00

12:00 13:.00 14:00 15:00

16:00

17:00 18:00 19:00 20:00 21:00 22:00 23:00

55.80
L/min
Fan 1441 W < on >

Pump <on>

<on>
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Fig. 3. measuring point of face velocity on vegetation
biofilter system.
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Fig. 4. Face velocity and air flow rate on vegetation biofilter (a), top part and bottom part (n=210); (b), outlet (n=25).
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(b), turbulence.
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