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ABSTRACT

Successful energy conservation and good indoor awr guality (1AQ) are highly dependent on ven-
tiletion system. Air filtration 1s a primary solution of mdoor air control strategies in terms of reduc-
g energy consumption and improving indoor awr quality. A conventional system with bypass filter,
as it is called vanable-air-volume/bypass filtration system (VAV/BPFS), is a variation of the con-
ventional variable air volume (VAV) systems. which 1s designed to eliminate indoor air pollutant and
to save energy. Bypass filtration system equipped with a high-efficiency particulate filter and carbon
absorbent provides additional cleaned air into indoor environments and maintain good IAQ for human
health. The objectives of this research were to compare the relative total decay rate of indoor air
pollutant concentrations. and to develop a mathematical model simulating the performance of VAV/
BPFS. All experiments were performed in chamber under the controlled conditions. The specific con-
clusions of this research aret 1. The VAV/BPFS system 1s more efficient than the VAV system in re-
maving indoor air pollutant concentration. The total decay rates of aerosol, and total volatile organic
mmpmmd CEVOC) for the VAV/BPES system were higher than those of the conventional VAV sys-
tera. 2. IAQ model predictions of each pollutant agree closely with the measured values. 3. According
to IAQ model evaluation, reduction of outdoor supply air results in decreased dilution removal rate
and on mereased bypass filtration removal rate with the VAV/BPFS. As a results, we recommends
the VAV/BPFS as an alternative to conventional VAV systems.
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I A

2

=

o A= oz} EAE Fukgle g
"ﬂo’i-i 3-71 o3 air filtration)H

b7 B AT el el ash o

L ;“r}-7] "l)‘t”ﬂ] A]xd:do] ”Ljo] glouz

L

mdom air quahtv)“ °L§}‘] How, ol Alzegle] A4 2] uf-g- alFafol gho,

Wl 21298 = (health risk A Tl Rl AW 23 E3lo)
b A7) 2.9d Bl A Bkl "3101 sk, Augr)eqd g3
i Als) gv)e] fell & 3l A EnE ol EEhr] 9gF W o g FA 427
A 8] Aol obE A e o] £-3f HL*”EP A A ol gg EAIY w
B7) A3l ol g-shed AW slvh, BA1A w8 o] &3t ‘?iql'%‘?’lza]gl o
A7) A 7] wko] alc}, &l Dryve 72| ad-trh glow, Dryes— vhad

57

A arr)ale)

Hol H ¥ ar g



58 Sung-Woo Chot

IR ’H‘”ﬂOI ulae] 578 o
o) NOW©o| et ol & HAlshel).
Ay _?_0 ?_l—é,‘ o] k5 o & vy 3

R EEE!

iy

. AR Gt 1
AN G mgbel oA A Alg o] 851
whaluie] Al el Alsled

! =&kl @ vl Shair 33 Ishizu'V'2]2]
U ‘”.’.:I"XI‘O* elaf Al )3 wello] sk, W.ghy|
":"3‘! Haves' "= AW o82] pniis 44l

Laloff v

’

lsﬂ Al ol % skl e, Spark™
LAy 9 ‘H wdel nbe9l, Sevta Al heating, ven-
tilating and air conditioning (THTIVAC) A 228 2 3]
dzbiel @ a4 kst glall 1AQ model ver-
sion Log i W pakalvl o] 9 ghe] bl A
ol ggk g4 el Ao ) .‘3,9| Ay
v ol Ashiedl s e s Apgve] 8 3
o] 2hif eodibde] A e st %‘J]éM] Jopsh -y
ek

Woedell AbEE] variable-air-volume/by pass
filtration svstem (VAV/BPES)- 713&2] variable-
air-volume (VAV) 2] 2cele) miad o it VAV Al
18 e R B 1 I e i U £ & ¥ S B R
R B e Kt A K S RIS B g B R
2] olivi A Awedt sgel 4 ol akEiglv)
e S K A g ”Pi“ ~<l]0]‘);| ol skl
A VAV/BPES®E 715528 VAV Al =wlgkel A 2

(H fv 1!0] ,” ;.% o ”] RE o H(y}O]

/I Al -4
e

>-0

sk ekt
iy e vedlag l‘” ko VAV
[[’l\ol P N e B S A R S AR

.
o
f0 o] 4g

LA HE 3w
v \V BPF s91 ?J,LH eolAe] e Ra S S
1}

7 : !
1 V= A2 mte] eRFuldE chamb-
vl W olsrelldd ribEl VAV
BPES = chamberoll v Fa vy AlAs w7 sl
alou] v]Ee] VAV A A9l VAV/BPEFS7E 417 2
o sReglu R glalol G- A2l S v st @) st
o] b 2] 48l 8 chamberell Alaistel o] A1=] by
oovfe hghsledul, vk AlEe o)l el 2
sholl 4] prafsbel et b ow Ao ot el 3
Al eatgl oy slule) W) Al S coERle] 4

N

Alkg-atel o chambertl©] S.od-2 2] -l wf&af
S 7] 9l whul @l7)4 - smoking machine& AR
sho] ubal Al ovd, W) A A A L] ~Taflo] AT
) A s} akedv). A, chamberel] 9228 Y3171
olall Al Fo A bl Ek s 200 watts A S vheF A3
3}/0:] 019 % oL ik oleko- Axﬂlﬁl,olLl, 7h 9200
watts®] -2~ chamber Well & alato] 3Hig-g}od
whed ) s oduk S i isle] b 400, 800, 1200, 1900
watts®] odepo abgsholvh A, w1 ol F
ol nk modest FA0E alsislgd o, 7h A
o) Abgw)v] gleh Al P-miz 24CER ek
Ay sl by O‘ﬂ ]2

spspd o], w qliel e gla) whel el

(<] =20 2T
(10053} ol 4 od ek Alal (94038 nldd o 7 33
W alsdaielu). o Al {37 2hal A)ak Aol chamb-

t‘llﬂol olxl ot (]§], E

" MIES! Model
Ram-1 real-time acrosol monitor<t, total volatile
organic compounds(TVOC) = HNU Model PII()l
trace gas analyzer (HNU system) & AH&-&kod 5
#apel o Algl ol A QA/QCE dhadvh o«
& chambertf] @0oeb Al 2wl ek Model
CT-830-D (I1Y-Cal Engineering) ¥F Magnehelic
Air Filter Gages (Dwyer) 3 AR8-3lsich

2. &7] A|AHE

SRR VIR D RO I
Aah A ALl fleleh, 7] e
e Al ] e skelnt wSsted ol
A folshh fel eal wae) %
SO ] g e dlo] et 23]
wsbar alis Al doluh i el el Ab&xl VAV/
BPES= 98] 2]l o] &abo] A a2l
Sl shan Al 2one] oAl 2 askalo] Sla) A
¥1giel. VAV/BPES s 24l 77hA 24 7] SIM
3000 zone controller (Zone-all Control Systems
Inc.)e} TAQ sensor(Staefa Control System Inc.)
& A Vel eluk SZM 30002 Aldlele] -5 & 1)
2lgto sy shfgstel old AL §-2) 8o
TAQ sensori - AlUlar7Re]l A4 Az A S f7
ghcl,

e fal S0 ae]

25| chambertlell 43 2%l [AQ sensori= A

1 =4
A slol Al 2.9

Korean Journal of Environmental Health Society, Vol 230D



Evaluation of Ventilation System Performance Using Indoor Air Quality Model 59

[ "—’7}7 1 S N © [1AQ SENSOR!
H 1 ] I sm s | S
SO A
Chuller! K l | j"““" T e V127 Zane Damper
i e g =N O
. \
A N\

! OERES i} ‘
*

107 Bypass Liamper

g
L2 bater Damges
Filter Housing

Fig. 1. Varable-awr-volume: bypass filtration svstem.

b 3es 49 12 inch filter damper-s 20z, o2
ol 10 inch bypass damperi: srob -5=8F -2-7] W
el gl BAlell dalglul [AQ sensoris VAV

BPES modedl#nb 2hy-ahu] 2] VAV Al 26l ol 4

vm AREshA] e s AlAsksivh VAVIBPES -
7b2l Firel melsh vhalan glell Ae] ulalse §
A oS Bl AlAfEk gl A el
woolatoll s arE S WAL S (filter efficiency

with 90 to 95 percent, Farr Company )9} 2h5jut )

El(filter efficiency with 30 to 35 percent. Farr
Company i AF3-8k]ch.
HL Za 3 0
LA @Y S39| & 248
A7 2] ke E Al e A el
Aol F g Al rbskdvl b ad, KA

51 3719) fradell wht .91 o] a4, A wis

271 4fshrlel elgh ol H s

R =4

Table 1. Total decay rate on indoor acrosol and TVOC.

¢ 01 L /(] Q. ,ql /1 (5]. ]

éhk?lﬂ*“ﬂ
o] /( l ]_u] L]—
K vav =Kot Ky

K\ vavouers = Kot K+ K,

Kovad™ VAV A 7<) /\],.8 }\] o' ©. o &) —§— 7;5\_
Fi2a 418197] RIS} Ae] B HK) R
TFAAEE Kovw ™ VAV/BPES ARg-412] g &

)l:)\_ﬁi;"; /\,1 Alg] i /}

del F ik el £(K), xlcﬁ_ 3
14K a’7| AR HJ‘:‘IL:}. R Bt B
T AR KAz InCob wobe] 418 #7148 o) &3]
of - 5’]'%‘5}'

(¥ tInc,)- (Zt)(zln(“)
3

K&zl 4 f(natural decay rate. hr') &4
C=Ce ML Fslaivt, C3n t=t ollA{e] FXo|y C,
- =0 ollx 2] V] sxelc), "LH 9.9 % °]

FA 8 Table 1ol vhebulale), 2F 4]~ [”9] 7}
R e «h(nnhellHol ol ke H]\’ﬂé}"i =7 Faksdct.
A aRgbell ) edeke] Erps vF gh| 4l oele] Alg)
o1l e b Al e B8 B xet
R I S R e 1 "(].L‘}. ,‘.‘1“0} VAV/
BPFSA= 9] ¥-7]9) 101 Jol2lof] 2%} ""715‘

3 4,}—1 Alzedlost 4stato] chambertlell =3
FHosl VAV Alrdlol njsldq ) dak A ’10] &

$ AP E o 4= olrk Ahd ool w
T 7155 VAV Alzzal ARS8 dfeof] 5=

A 377 hr s VAV/BPESH ’\} 8-3F ujo

. . [ndoor acrosol TVOC
System Energy (watts) - - - — :
K, (hr") R K. (hr') R
100 In Cone=-2.45 1 (.93 In Conc==-2.44 t 0.99
VAV SO0 In Cone=-2.90 1 .98 In Cone=-2.90 1).99
o 1200 In Cone=-3.38 1 0.99 In Cone -3.50 1 (0.99
14900 In Cone=-3.77 1 .99 In Conc—-3.65 1t (.99
106 In Cone=-5.53 1 (.98 In Cone=-3.30 t 0.99
ROO In Cone=-6.80 1 (1,98 In Cone---3.60 t 0.99
VAV/BPFS . ) R ' e
1200 In Cone=-8.03 1t (.99 In Conc=-4.00 1 0.99
1900 In Cone=-9.70 1t (.98 In Cone=-4.47 t 0.99

Korean Journal of Environmental Health Society. Vol 23(4)



60 Sung-Woo Chot

choswmak TVOCe] 2 §-eliz VAV Alas) A8
ufell 4= 2.44 hr 'ell 4 3.65 hr ', VAV/BPESH A8
b wfelli= 330 hr'ell 147 hr ' £ Fhage] of
30 4l ol Fobabalvt, & ghavdel whi A
ol eabi el Al S ) Vel VAV A
cole 34 avtel o] stul, VAV/BPFSS] 4§
ofli= B Auh o3} )L Al A}ﬁfa“’ s

WS R e Aol e S ot o 5 ol

b VAV/BPESOl A TVOC=} LH °ﬂ 18

\on

H
m).
)

T b abels

> s 1o,
T™VOCe] R o W} Fapd
O e e

el ek

24

Mgl ae
_§_1}34]’o W o|?~ 5} -
Xl ,51_0; o] g OP uL” A /| u i‘v‘rﬂg] 7|
(o] A8 = 9l

VS =M +M—M

Vi Al anzke] Y-ulcvolume), Ci= A ool 4r

2] 5N (mass/volume). M= 4] 2.9fhmale] 2t

Meltmass/time), M- 98iirale
time), M= A 2al-412] (kA f-(mass/time)o)
Uh, Mood Rl gle] gl ) A v At shed 29
Gralo] AN R fa) v s kA shed O o A7kl
oAl p o] wel ol Sl SRskeiu Moqlake
A 2bgxt ghv] 2] gt chamberss Fig, 2ol vhe}
Wedek VAV/BPESS] 4% chamberst H-€1 253}
W REE Qe Alel wal Qb gharsle] 93
AENED S B % chamber® R Fv], v]E
VAV Aladle QoF A9 718k, )+
gk 5 chamberthal Slsivh 28] VAV
BPFSS] dhb sl Qo) geh ol
€1 IAQ sensorell 25314 s1c),

] v A]/ HLOA /\ILH _H/] o] &

Fralak(mass/

chambertieft 412
VAV BPFSe! §-

5}] —;r;x]ﬁ’] Qe /} ';}o]‘!l l‘?‘o””} /\]"Q‘Lrl”‘ é}LHJ'~
/]’4;!0] 7H 1701- 'O] g]]‘;?‘; ]% ,:J /]7~ Hg]b}xl ‘6,

chamberti =t # 4 - Fsk Al slck 5 VAV/BPFSA -
"Demand Control for 1AQ" 2] "HH!,‘?A,‘-{ zheal A
siok,

Q.C

| Q-C

Q.Co p -@

1,0

E;s
_—“_ QG QC
it
E,
— M
Qe v

Legend)

M( Indoor source emission rater; CCConcentration of the
chamber ). CA Conecentration of outdoors); C,
( Concentration of suply air ) Qf Return arr flow rate):
Q. Recirculated air flow rvate): Q. Exhaust aiv flow rate):
Ol Infiltrationt): Q.0 Extiltration): Q.0 Outdoor  supply
atr flow rate): E(Filter etficiency of outdoor atr): E,
( Bupass etficiency): FCVentilation effectiveness ).

Fig. 2. Indoor air modelng.

4] ] 49 o] 881 VAV/BPFSe] 4+8ta wel

D@ ek

ORECERY

v 3¢
dt

=0,C.E,+M+0,,C.E,—~QCE,~0 ,CE,

1)

V3~ chamber®] -3}, Ci* chamber25-¥] w3
s eqlide) e Car chamber® §31¥le=
2 L O Al gle] 2 B FE,

QA= chamber® fF81¥1+ 27] #3, Qv chamb-
eri-E] wlER]L - ] frek, M2 chamberti 2l
Qod EA vubaek EAs 3] AL Qi 2k 3]
ol 2|8 chamberw: 315 3 Qo= 2F1 317)
off 2}aj f
o 4] QLA A H

chambersiy-v] 2w 5=

E
2)9} ol f-taxlch

Q.C,

=Q C(1-E, )+0Q.Cu(1-E; J(1-E}) (2)

I IR R S
rate: Koeu) @l 7065 3\:—";}"3'}"4 A
vh Ko™ S -hosl s d
Frekfe i sl felE (KO g ) A st
FK2] ghonl 2L (el olsf 8t 4= 9leh Viz 4
Wl gerkel taelul, Qi w7k s "\'XM! =
] AL galulis QoF 1 (Q=Q), QA= Ale) F

g-(clean air dehvery
s st

Korean Journal of Environmental Health Society. Vol. 23(4)



Evaluation of Ventilation System Performance Using Indoor Air Quality Model 61

| fEelch F Kowd- VAV/
3t 3o,

]] ’TT‘Q'QQ" ZH_’“II'?‘;’
2

BPEFSell 4= K.2F K; 7] VAV Al
elol 4+ K.oF ),
Q. , Q .
K(‘/\DR:%: v +_V:K0+Kf (3)
w3l K.,-Q]' K["L: )S’I’ 9]’ 7-}01 K mk:‘]}' XQ]

He) 2 2] g - o, X(AQ‘.,Q 1= Aldlell #
lw|is = »e,l“/lfo ol LH gk 4l9] —s”ldote! HIOM.

Q. Q.

Kn:‘“\/‘——aI\(AnR“XK(Al)R (4)
Qe Q.
Kf:*;)/f:(l YKear=(1-X)Keapr  (5)
(200405 (Dol thed F- A efshar, Quas
K“(:Q,.,wV i /VE& No& #3hksted vlispi

()3} el Coysz $-3] e
L A}t K‘]Oﬂ A 739] H‘[}?‘}»El:oﬂ
=5 wigkeko ] VAV Al 2dle]

(Z7]271 1=0. C)A
2= 7121 VAV/BPFS
e e

Al 7hol| it g wisbals abnl A (7)F) 7he)
Cive
B [ XK g GE(L=E, W1-E )+N+K,CE, |
E K +K W (X+E -XE )]
+(‘lc by (Kt KeapR (X + by NEqg)] (6)

(‘L\"\V
[XK e CGE(1=E )+ N+K, C.E,]
- B (K, +XK_ ]
+(‘]c F Ky rReanr| (7)
Fig. 52 A (6)% ~hg-38be] Aulg7]59) ool
= 041% ek g wavke] kg Rl

choofl % Fwet A5 s o] rvh 0.9301 e
wg- oF G Mo Folom 7h oldkel wlgkis 4
FHA el of &8 ) Rdskvl Fig. 437 ol ok
Heol Agrws} o gk Mseks Hol-ti-
o2 chambertoll eleks) eoi1bq é‘%lol odir 4

ZH (40 H--1903 ol 4] 3= o 2w e} A &E 7))
Agkdol vhg poduh. # wdle VAV/BPES®] ¢
3| Be2) ] Hah A wlaske] flsl A4y
oo, Al 27k e Fpebd mrelie gz o
sheb cefud 7h o) R by idiae)
”%’ x| ate] zhebst groma] A o) E el

z]

= N

FEg AFSAY AR Ae sk 8

10 oo
400 watts " 800 watty -
£ S5 7
2 s 1
- - = H //’
3 6" e s °
3 s E e
T 4- 7 r=0987 i - /r’ =0.983
# |
: 2 & J E 2 } |
o 7 I S S o -
0 2 4 1 8 10 2 4 6 8 10
Estmated Value (mg/m® Estimated Value (mg/m?)
10— e s 10 ey
1200 watts Pal 1900 waits R
-~ / o~ K
E 8- d E )
, £
g v E
3 e e 3
s e s
34 S Peoses k]
4 / 3
S 2 - 3
b o =
o

o 2 4 ] 8 10

Estimated Value (mg/m’) Estimatad Value (mg/m*)
{mgy

Fig. 3. Correlation cocfficient of the measured versus

estimated  values with one energy load cx-
periment.

10
—— Estimated Value
Measured Values
= 8-
2
g [
g ! \
5 4 |
s I
B \ !
2 ﬂ . \
LN
LN A
e
0 4 T *
a 50 100

Time (min)
Fig. 4. Comparison of the measured vaiues with the
estimated ones with a stepwise inereased en-
ergy load experiment.

18] Aol sjear A 2R %

boAde] 1ol fealel abe 4
R L

g #esr vo] Foh 53 0 H e

,-'r ”:—._‘

Korean Journal of Environmental Health Society, Vol. 23(4)



62

3] sl dsl b s weew
A eet el s ol es ol fal )
vh 2] Al Asl)e] falael b
e R N
Soslol 9 o) W b7ls] AT @S

wol eh. kel A4y

o)
o) A513r] fslel by

sl alaze BaHolh 2 &
el creih s lel fale 2] Azdel o
1 2] 1\_3;1}0&«3_ Zf )zl ASHRAEA= Al

0t g1 e s Ak % 4

Sung-Woo Chot

gatstol Aol Ayghoma HA
ERdi RR B S h B et tﬂﬂlf&&wi
efful#] WAl o ol 5= qlek Fig. 501 (b= =
w3k grle) st Bk Al 2ol teel] vl 4~ 03%
& Hrkgk Aol et ¥7)e %0‘% 10 A ES
oAbl sk 9-5] Hefas
VI dakgend ol

)‘] Rk 11 o] .
= i)
l

Hj S Hol-pglon]

(a)2] 991 4

120 120
I(a) Effect of Outdoor Supply Air Rate (X) (b) Effect of Bypass Filter (E,,)
. (Kcapr=5; E, = 1.0; E,, = 0.0; E,, = 0.99) - {(Keapr=5:E,=1.0; X=0.1;E, = 0.0)
£ 100 - @ e e 4. 4.8 me e £ 100 « .
£ : + X= 0percent g . o Efb= 0percent
2 a X = 20 percent = - #- Efb =20 percent
g - 4 X= a0percent | £ H e s - Efb = 40 percent
s 80 -v- X= 60 percent @ 80 — " . v - Efb = 60 percent
2 Y e X= 80 percent 2 : . <+ Efb =80 percent
8 . e X =100 percent 8 - . . o Efb =99 percent
= 60 . . = 60 £ .
© o B ..
§ . » - § » . . ‘e .
£ 404 . = £ 40 . . ’
= v - A
< . < s -
§ ¢ - - g’ > -
5 20 - . " "o 9 20 — A .
£ c N S
. . A hand e 'v. N -,
- R 99 | - S R g aiA s
0 T T by 0 T P Repiig
[} 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Time (min) Time (min)
Fig. 5. Effect of outdoor supply air rate and bypass filtration on indoor air quality.
. Bypass filter eficiency (E,) = 0 percent . ... Bypass filter efficiency (E,,) = 60 percent
.= Bypass filter efficiency (E,,) = 20 percent .. +... Bypass filter efficiency (Ey) = 80 percent
-« Bypass filter efficiency (E,) = 40 percent ...«... Bypass filter efficiency (E,) = 99 percent
100 ., 100 b4 _
“::‘:.';..‘ Kmnn=1 ] KCADR'"’
. . - :
_ L. ..
8 et e £ i
5 80 | 1. S, . 5 80 -
5 ot . g
& . . . £
c ., - <
@ .o LR © _] .
E 60 J T e '».. 5 60
S coe o, S : .
€ v - c B
E LI v "1 T - ‘g 0 " .
5 4 3 B
2 40 R, = 40 e .
4 L IR S .. < PR »
= - S 'Y L
g 20 Tale T g 2 .
- . - R ] - . _l » * .
.. :;. P"-.. te.,
b ] NN & W
0 T T T T 0 IBAAAS AR ?
0 50 100 150 200 250 ¢] 50 100 150 200 250
Time (min} Time (min)
Fig. 6. Effect of clean air delivery rate on indoor air quality with X=0.1, k. =1.0.
Korcan Journal of Environmental Health Society. Vol 23(4)



Evaluation of Ventilation System Performance Using Indoor Air Quality Model 63

el ol A9l Frle] diA Al ol AHAE = eEQuel digh Aol ¥rle] f-d3w(Q/Q)
o 4 olgdeh & dEefo] Aol upe} Ay 2 7k 10 A E, A8 2719 BQ/Q)7E 90 HALE
719l Y3l g HefAvt He| S80| FHETE 2ol Ak o) Adgol 10 whe SdilEe
A 4?-°é%’.‘z‘9l g fgol AHE o 4 ok [ﬂr 2 OA sgEale] iy FEshA dadE o
eirl Ak oS Asksle] afrpago g Ao 4= olch & VAV/BPFS®] 4% ¥4y Hagr|dd
37)e EHﬂl?U’r:i qlof FAgh A IS R/ F8 FAFoRA Mot agHoR Al edeA
& - qlow, 48] YrlE vk duEir) o & A" 5 elslch
ofof] v} ofif2] A EopE & 7 ok VAV/BPFS®] $-3] deje] Ay 2sdiale] AlA
Fig. 62 VAV/BPFSe] el 719 fsle& 10 A= 5 Al A zbel abE s o] wisleko
wHAleg ddsld o 4 3] Hd S (Kouw)& 2 H7isted o vl %] (concentration ratio=Cvav/
sejglo g A 3]l Eale] Al Aol v Covnvnes 3= AL (B) (7)2] ¥ 524] Al4bsledc) & B 5
A4 dgkg wlwgk slojrh VAV/BPFS?] 7% A H|7} 1) i A 2odgae] A b F 4
3} 3] Hebgo] Ao AW Y edEae Z2gl7kel Aol 7t 9li= ’*O]Ui FEn|7E el A
A wgo] FaE S o S algdeh F Kawel 14 follv= VAV/BPFS7F 718 VAV A 22dloll nls)] A
45-2} 1021 492 vl *1 AV 27k R fsivas 951l AAHEEl S-S vheRinh 2F 27

- Bypass filter efficiency (E,) = 0 percent ---~... Bypass fliter efficiency (E,) = 60 percent
-u-.. Bypass filter efficiency (E,) = 20 percent .- «.. Bypass filter efficiency (E,) = 80 percent
-« Bypass filter efficiency (E,,) = 40 percent ---«. Bypass filter efficiency (E,) = 99 percent

20 , 20
X = 0 percent X =10 percent
16 — ! 16 |
o s 2 !
g 12 L § 12 s
2 ‘ - 2 *
Q R R (&)
L4 .
2 R
g’ 5y
4
QWSS EEHIRE
[}
200 0
20 20
X = 30 percent X = 50 percent
16 16 -
& 2
g 12 g 12 -
2 2
J J
e . | ¥ o8
J P o
hd .
4 Lot ‘- .t
-3 g ".-.. :: 0':
-4: 3% S I vy
.....tlli!ﬂ%i;izi Frees P § 3:’:‘:‘:;5 Zifiéiii.i i
0 T T T 0 T T T
o] S0 100 150 200 0 50 100 150 200
Time (min) Time (min)

Fig. 7. Effect of outdoor supply air rate of indoor air quality with Keye=1, E.=1.0.

Korean Journal of Environmental Health Society, Vol 23(4)



64 Sung-Woo Cho

off whE Arh Fwwlis Fig 6ol Yeldigic) Fig W esdsHe] AR 3 deo HHew ofEs)
I

72- VAV/BPES AH8-4] Alolgr] o] falml(X)e] s Al ek ARk o2 VAV/BPESE 4ol 3719 #4l
b AW R vl R4z cdEks- viel o g ey e F nsbet S o1 VAVAIZ ol vlal A &
AR Ko) 7 B 1SR 12 Q4sbl) slel adiede] 44 Rfo] 2708 oF 5 Qsich
of Aol g7l bl (X)7F 0 AL EelA] 50 54l Fig. 8 Al9] 22712] o)) X7F 10 A=, A5}
e TR R A e sl 38 g AR Ko 19 9 e ] 5E
J‘LIOJI whit A el el A Eo] wWoixl g (Eoe] A w]oogg_:-:gg | Frew)ol vlA|i= <33k
oF 4= alek 53] A9 yviel {amlr) 50 o Al S w)agk Aolrh, vt Ay Al wals) ko] K,
A5z rnle] cdelsh wis Helqo@ VAV sb 1 el A9 Aul esduae] AR gl s 5
BPESe] ofsthol] whi Alul 90144 Al fgo] e ko, o) Yol pE qARES tags o
%18 o) 2 olrh whHol Ale] nv)e] $/ln]v) () el A= Qluh, % kAl wle] Al e B-Ale] Ao
104 gl Holli- SEwnl7b oS Hx VAV/ ebelalodie Ay zke] 3bv) ffo] 2odx 2o
BPES7F 71582] VAV A el mls) fabed oz Al 1= b)) sedinde] xn %lwo] ago, A
QIS AR oF = alek B8] AhN bl kel 3b) shak fes) ek ol sl R Al Al we
Qb 205 el 54 B Xm0 AN £ el el ol
«... Bypass filter efficiency (E,) = O percent ... Bypass filter efficiency (E,) = 60 percent
« - Bypass filter efficiency (E,) = 20 percent .«... Bypass filter efficiency (E,) = 80 percent
. .« Bypass filter efficiency (E,) = 40 percent .. . .. Bypass filter efficiency (E,,) = 99 percent
15 " —1 15
T E,=1.0 : E, =08
‘!
‘.
2 10 — 2 10
O . [N
o | g
g | * .‘. s “,'
2 . K S )
% N t'. E .. .
Oz 5 - . »’ P (63 5 - .l"'o.
» ’” v
| PR * I .
mﬂﬂ’*iii%fi;l:l:::
0 T 7 7 w 0 +—— T T
0 50 100 150 200 0 50 100 150 200
15 ] 15
' E,=06 E,=0.3
|
g 10 - 2 10 -
g g
e Q
s S
o 5 — . o 5 —
..
o* * oe?
.::.04:"_.—1 )
PP L - & 313;;35 igse: 4.......m..mmxi;:';lg3;;5‘5{':51;i
0 T T T 0 T ] .
0 50 100 150 200 0 50 100 150 200
Time (min) Time (min)
Fig. 8. Effceet of ventilation effectiveness on indoor air quality with X=0.1, Ko yue=1.

Korcan Journal of Environmental Health Society. Vol 23(4)



Evaluation of Ventilation System Performance Using Indoor Air Quality Model 65

Iv. & =

Aol Al Al okegxg
(thermal comfort condition) si7ke] Axat %
}\‘10” = oﬂskt— n]i] S ol[], QJHI-24 O 5 A
A x]z vk 2 el o)k o] s, 4
Soll 208k Fral) wale] Sl Ak, 3krlEe gha

2|3
Lol Faak qsle] slof M Aghh o] 2 Qg 17

2l v eb el o) gt W gk il EE bt
Lok H al e, wFO- el el A el
’]’] %‘éﬂof R L B e B Lo R

Sofed 7hx) fels chekban el
B A TR
A

el sl algow Al 2alRlel clabyst
e w7l ge) Mol vhelukh Al 9.9 %

W ee R sk Aol g o golah
T N I
A w A 27 )L e

R !
A -y gk o Rk

4 2 ofslatel
FA Aelck Als]
Zy)ie ofju]®] Asaie} whulxl o i
Jl-g- A ‘Trx]‘fﬂ"] el -4
| oo o] A ARE% VAV/BPES
& aatel 21 Aol oA

kvl e 0*0}%}:

S ] “']”

G #Hestehia Ay e fals
Ml AElo] g i el $8]
VAV/SPES7E 4ds] 5v1e] 7} glo

08 b oin AASHbE sk

ol aleleld whel ek alsh 2%

col VAV A sl ] ir wlasbr] sla 4lsh

i 2
7} %él“‘ Hhslo] Alalslelv) gk VAV /BPESSH
g
'/’ z]Ll—,‘i‘,Ci o]ﬂ.'a} é’]LH 17/’{\] 7‘"_‘3!7.0,* G,.q } {
!

e}
VAV/BPES2] Al g F-Asbsdvk ¥ ol
o] Wil v&a) el A, LIO‘ C{Eiﬂk

4 ofer Adle] Ak VAV/BPFS7E 7] 7-2] VAV A
sowllof w)al Al .ol M- AlS 9‘«‘—7]"{—',"04},’-_ )7 shed
th VAV/BPEFS AR8-3F of 4 L] oflo] il F 7k
Feel 71 VAV 22slof s of 2 o) 3 2hahel
o, TVOCe] F 7agS ok 30 A o4t Sob

]

stod VAV/BPFSZ} Al a-71 4 =ljefel] vi-g- B}
o % wof Falvk w, Y ] WEHED o8
el o

_, o
4
’
1
;
(.

At A el ofl A1 o)
H4=7E 0.980] ol el e,
Fabdch AL penlE

% v aA] VAV/BPESE 419} 7]l falulr) A

o) 4755 35 Hefol o|3k ofwhifo] Z7hYS w
SEHY
ol A 2stel] 2] A adre] 7

Jo s Al A7 z pde H]JL X&) ﬂJw], VAV/
37} 71&2] VAV 4] 2:eloll n)s) aapd e A
1gale bk vl ge] VAV/BPFS:
wolel gl A nstgoa A

el A &go] Flulol e #E A Awgd

o] 55k bW el s RE w7le] EAIRE
chambertfell & Fafrlal e vt g8 VAV/BPEFS

o A s Az slke] oluir) maAd 41E )
g ) oa wele] f-8-Ade] 2 7L wofo}
ghek ool b algle) ’11}9} Al el
whiz o & el “H VAV BPI‘“’P A7) Al
S oefiv] 2] Aviakd 3R o dlefgro R Al -

7] 9. o) Ay 3w jP S o VI A

N .

ZALL|

vE ol s 19968 A el Sl AT In] AL oAt

TRe el el ot ool ghabrginieh,

AR AT -

UZ'-'

nts

—

Hedge AL Sterling T.D. Sterling E.NL Sterling.
D.A. and Nie V.:Indoor air quaity and health
i two office buildings with different ventilation
systems, Environment International, 15, 115-128,
19840

Von Dongen JLE. and Phaff [.C.: Ventilation
hehavior and indoor am problems in different

[

types of newly built dwellings. Environment Int-
crnational, 15, 1-6. 1939,

Grot RAL Hodgson AT, Daisey J.M. and Per-
silv AL Indoor air quality evaluation of a new of -
fice building, ASHRAE [.. 3309, 16-25. 1991.

Mé have L. and Thorsen M. :
vestigations  of ventilation svsters as sources

e

A model for in-

for volatile organic compounds m indoor climate.
Atmospheric Environment. 25a, 241-249, 1991,
Haghighat 7.

[

Zmeurcqunu R. and Donnimi G. :
Energy saving in buildings by demand controlled
ventilation svstem, Proceedings of Indoor Air '93,
5. 51-56, 19493,

ASHRAE  {American  Society  of  Heating, Re-
frigerating and A Conditioning Engincers) © Fun-
damentals ASHRAE Handbook & DProduct Direc-
tory, Atlanta G.A.. ASHRAE Publications. 1995.

6

Korcan Journal of Environmental Health Society. Vol. 23(4)



66

7)

Sung-Woo Chot

ASHRAE (American Society of Heating, Re-

frigerating and Awr Conditioning Engineers) :
ASHRAE Standard 62-1989, Venltilation for ac-
ceptable  mdoor air quality.  Atlanta G.A.,
ASHRAE Publications, 1985.

&) Drve E.E.. Ozkaynak .. Burbank B., Billick P.E.,

9)

Backer P.E.. Spengler J.D.. Ryan P.B. and
Colome S.D. @ Development of models for predi-
cating the distribution of indoor nitrogen dioxide
concentration, Journal of the Air & Waste
Management Association, 39(9), 1169-1177, 1988.

Turk A.:Measurcments of Odorous vapors in

test chambers, ASHRAE J., 5, 55, 1963,

1) Shan F.H. and Heitner K L. @ Theoretical model

for relating indoor pollutant concentrations to
those outside, Environmental Science & Tech-
nology. 8(5), 444-451. 1974.

11) Ishizu Y. : General equation for the estimation of

12

13

indoor pollution, Environmental Science & Tech-
nology. 14(10), 1254-1257, 1930.

Haves S.R.: Use of an indoor air quality model
(IAQM) to estimate indoor ozone levels, Journal
of the Air & Waste Management Association, 41,
161-170, 1991,

Spark L.E. : Indoor air quality model version 1.0,
EPA-600/8-83-097a, U1.S. EPA., Research Tri-
angle Park, N.C., 1983,

Korean Journal of Environmental Health Society. Vol 23(4)



