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- - m
(HCHO) PP
. 0.27H/cc(E & B TWA)
(Asbestos) - - 0.5 /co(Z A3 TWA)
2.0 /cc(BH A 3 TWA)
k= B B B
(Radon)
T 0.0548/m (TWA)
Cu 1.0ug/m (TWA)
Hg _ 0.05u4g/m (TWA)
s=5 - 1.5ug/m (L&
e cd ( ) 0.0548/m (TWA)
Cr 0.5ug/m (TWA)
AS 0.2ug/m (TWA)
e =20 100ppm(TWA)
oy | TuH ) ) 100ppmM(TWA)
T WIS 750ppm(TWA)
Slet=
Bl Al 10ppm(TWA)
« DIAIBIX (PMT0)0Il CHOIA S 999 128 31LNFA= 24A2F B Al 25048/ 0lol= XZofd
20018 19 122EH 20018 122 31UNK S 24A12F BRI 200m/m 0|52 =K.

o APAOPM S AYM X 42% X SE AAE M 93X ast=E &

—

LE2 DA

Ml 1997-65%)
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<H 25> Os0l28A42 AdUBIIE sXIIE
FEEREE] PM10 COz HCHO [Z28AMzZ| CO
CsoigAd (ug/m') (ppm) (ug/m') | (CFU/m) | (ppm)
Xt AL, XIS A, 42
ASXEHDIE2 UEd, Ex
CIUEDIL, SOAILS fEta, Ol
T A, BIEE, 0,
oA, HEY, GREEE
ol2)|&, EFAIE, _ _
LoloZAlM MExE 10001 ot 8000] ot
AL =XtE 2000] 5t - 250]| ot
<H 2.6> OUs0l8A4e U218 dI|E
FEEREE] NO2 Rn TVOC =] o=
CE0I2AIA (ppm) (oCi/g) | (#g/m) | (Olh/cc) | (ppm)
XISt AF, XISt A, 424
ASXEHDIES e, X
OIALO| [HEIAI ZEIAIMZ 0.050l38t | 4.00l8t | 5000lat | 0.010l5k |0.060!5t
OHHEOIY, SOAIES O,
T A, BIEE, 0,
oA, HEY, GREEE
oz, BFAlY, _
. oo 400001 5
LOIog A, a2 X2|&
NITESF] 0.300! 5} 1,00001 8t 0.0801 5}
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222 =2 AUBII1&d JIE

)=o) FA87|7]&S ASHRAE® HUD(Department of Housing & Urban
Development)ol A ©}F 1 At} HUDY FHAA57]5=(MPS. Minimun Property
Standard)el M+ 0.53]/h Axe] H7|Fe] Au7tsd FS o83 Vs 7|F=
o7 3}—; o]otr:] o] i]—g] 37]: }Q—tﬂzﬂ/] 1/20 o])\log ﬁ-x%a}—/ on;lr

JEO AS VHAT 7S ALEZIAYER, XAXHF X9 FHE 0.53]
/h, T HY FHL 0.78/h, 183 5XE HFZ3 1 99 ?Qoﬂﬁi‘
1.53]/h= A skar At

FHadAE =290, ATFE= & FAHSE WHONA 1987d AAg “Air
Quality Guideline for Europe"ed] &78to] Z} vt A W= 7|&S AA
5}"’ Atk F& W& Aderided FFE v A= AUeAdY AAE st
04 X}ZHQ} Av7)lEs #eEstar Jdom AdEWReA BAskE 7 29
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<H 2.7> =2 208 dUBI1=(AQ) JI&E

QAEASE AluEd Chola&d e
10ppm(L A=Y L 9ppm(EPA 8AIZH EZ)
goMey) 35ppm(EPA 1TAIZE )
= 50ppm(OSHA-TWA)
o e 20ppm(L 2st M| =) -
U A SHERA _ 50ppm (L 2 At 2| A St3])
8.6ppm(WHO Europe 8AIZH B Z)
©O) | WO € . 10ppm(LEAL A M| E
ppm urope O s L SOM P Al R)

51ppm(WHO Europe 308 Zz)
86ppm(WHO Europe 158 H

0.1ppm(ASHRAE)

Z2HI6H0IS | 0.4ppm(01= HUD)
(HCHO) 0.081ppm(WHO Europe)

0.1ppm(ASIE A=FH)

1ppm(ACGIH, TLV-TWA)
- 2ppm(ACGIH, STEL)
2ppm(L = A2 MBHE|)

3ppm(ACGIH, TLV-TWA)

Ol&MSHE A | 0.21ppm(WHO Europe TAIZVEZ _
pom( P ) | 0.065pom(EPA 1412 E2)| Sppm(ACGIH, STEL)

NO 0.075ppm(WHO Europe 24AI12HE 2
(NO- pom( P ) 0.1ppm(2L 2 AiS) A 5t3])
0.0500m(ACGIH BAIZFE ) -
0.12p0m(EPA TAIZF B2) | 0.1ppm(ACGIH, TLV-TWA
=& 0.03ppm( M= BAIZBT) 006pp E e J|’1 ospp EACGIH STEL) )
m = s/ . m
(eD) 0.08ppm(WHO Europe 8AIZHE ) PP PP

_ A2t B) 0.1ppm(YLE At 2|2 5HG|)
0.1ppm(WHO Europe 1AI2IE ) i

4pCi/L(EPA )

et i
2.7pCi/2(WHO Europe) = =
(Radon) )
2.9pCi/f(A QG Z=&4)
0.03ppm(EPA ST )
0l &k 3h2t 0.14ppm(EPA 24AIZ'E ) | 2ppm(ACGIH, TLV-TWA)
0.12ppm(WHO STEL 1AIZH _
(SO2) = 0.8ppm(EPA 3AI2t BZ) | 5ppm(ACGIH, STEL)
0.18ppm(WHO STEL 152) s
0.04ppm(L 2 Th71 5+ Sppm(YE AP AEtE|)
JIE 1A BH)
ooy | O-15M/m(2EARIIEY L 0,075/ (EPA B 2)
TS BloieMple|Y) 7o ) = 0.1568/ W (YR AFR AL M| )
(TSP) _ 0.264/m (EPA 24AI2F)
0.148~0.1248/m (WHO 8AIZ2HE )
=2A=) |5y USAIR AR MI|F
N 1000ppm(L E2A =) =) 1000ppm (L = At | 40| )
(CO3) 920ppm(WHO Europe - 5000ppm(OSHA-TWA)
i 1000ppm(ASHRAE) 5000pm(ASHRAE)
R _ 0.1#/cc(OSHA-PEL)
- 0.01Mcc(LE &
(Asbestos) ( ) 20 /cc(YE At Astg])
10ppm(OSHA-TWA)
gl | Oppm(NIOSH-TWA)
& | 10ppm(ACGIH-TLV)
0.63ppm(EPA)
LA = | 200ppm(OSHA-TWA)
21582 | 0.2~0.61mg/m (HEBE FISIAQ) - — | 100ppm(NIOSH-TWA)
(TVOCs) ; 100ppm(ACGIH-TLV)
~ | 21ppm(WHO)
3 | 100ppm(OSHA-TWA)
& | 100ppm(NIOSH-TWA)
2l | 100ppm(ACGIH-TLV)
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2.3 &J|&&(Ventilation Effectiveness)

2.3.1 &JI8E89 39
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3 Aol A A s
sofof s, w7 & &
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(1 2.0 AR A AFAZ A e G 7172 Fake] )

o to my
2

0{|

7) Sandberg, What is Ventilation Efficiency, Building and Environment, Vol.16,
No.2, 1981, pp.123~135.

8) Sandberg, Ventilation Efficiency as a Guide to Design, ASHRAE Transactions,
Vol.89, Pt.2B, 1983, pp.455~479.

9) ASHRAE, ASHRAE Handbook Fundamentals, American Society of Heating,
Refrigerating, and Air-Conditioning Engineers, 1997.

10) AIVC, A Guide to a Air Change Efficiency, Technical Note AIVC 28, Air
Infiltration and Ventilation Center, 1990.
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2§48 F77F A 99 Hel =gd wizhx] AeE AZRS dA®oldtal
itk 371 9AE ojE] 7HA] ARE Esle] 1 Ao g 4 org I A
Aol wdste F7I9A A8 Fawats a7 AE (Local Mean Age, LMA)

3 gt Ay o] HorRy w7 bA] wAud wi7zbA] Aew
= oA FAIZrol gkl sk o] Ax oY 7HA AREE T3 YAE 3
TIre 2 A 7 7ol A5 A H1Local Mean Residual Life Time, LMR)o|#}
A gtk e S AP T AR Y gAY T IAAFAIEY] 2 O AHE FHshe
71922 AU A F A HResidence Time)o] # T},

=1+

(08 2.1) 3719 A8 JUHMS A JHE

T dAH(OLMA)S AHe717F 919)o] H7A| mdete AlbS or|stR R
w718 A sS AFsste W AHEE  don, AP E A FAIZE
I AFORZHY wiZ|HE H AQHE ARRS EstRE 2¢lEo|
715 = s A™stste ] o] &E & vk He wAYdd
Sk diste] Hargks ek A HrAH (room mean age)©
=

] :
2 A4 AWzt mg Hd SadAAFAEE A Fd Fo A F A (room

mean residual life time)o] ® T} APGgA=EL 2 AA9 F7128S YeE 2
AF T A FAE A HAA Y wrlEsS Ve, duigow s as
1) B33, 47125 o] 88 571 2 w7 ase S47|=d &3 A4, Fvgighu

HARSRR] v=12, 2000, pp.10~15.
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SERY] A Aulel 3717k 9d £FEe] A6l DAl
EE nol= HHUE g s, $aEge] /19w
ARG BB Bo18) e Ak B8, 871959 95e A

26 ko
o 2 [

o gk
< 7HAY ol& WEHAIZHES (Nominal Time Constant, t,) 2Fal $HoH(2]
2.1).
=5 (4 2.1)
T, HS AL
Voo AWHAE
Q: &

TR RS F2MNEES (2 2.2), (4 2.3)3 o] FEAZLAZo
@ waggddoly Eadw ol ARt wgwA Aojdr FraEE
9 s EE(e)e 1 ghel 100% ol TaUE B & 9] HE

I
FEolghs OBt FAaFVIAG B wawriAsets 898 AR

s p= AW A9 A pE ou|gt E=g, AU wjr| el =
AF(LMA,)E w71ToA e FhaH gt FAAFAINLME )Y T

ol WEAZMIES FAE FS Y. wekd FaAFTIg s =
AV Aol LyvA, A MR & o188t dERd S )

& 7ol thEk 1 X Fel el LimAS] WlEolaL, =aulY]
1ol M e Lmre] HEE ol e 5 3l Aot

2
)
R

O o
_EL F:Ll

[e)

ol o }z PRV ON
N
fol
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o
oEL

o &
rlo I
=
i Eu
)
2 ol
o -
ot 1
X

N

LMA = LMR (A 2.4)

12) @88, F71a&e] Qoo #so], a7|xshdeestalx], A28d AlE, 1999,
p.41 745,
13) Ibid, p.41.
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<H 2.9> 2o|gA OE 2IlsE2 o
Mixing ventilation Mixing ventiation Displacemeant venlilalion
L C{ Ly
R
2o
223712 =312 =232
SESFZSIIY . SEHBI|Q . SESHZSIIY S
SEX=¢~¢.)| == SEXH=¢.-¢,) =2 SEXH=¢-¢,)| ==
() () ()
<0 0971.0 ) 0.9 <0 12714
072 0.9 -570 0.971.0 072 0.770.9
275 0.8 >0 1.0 > 2 0.270.7
> b 0.470.7
(1) S8 sz ANEY
Fgo AE N E AFA AZS FAe7] 9 Bass e A E
5 aLgste] (2 2.13)¢F 2ol Agetal 9lom, o= e HASS-102¢} H
=] ASHRAE Standard 62-1989R¢] T3 1 He|E o] 3}
_ G, 1
Qh C/)j Ch() = EV (/\I 2‘13)
A7NM, @, AFFAZ AT BLBIH(s)
G, 292 FalF(ug/s)
C, 8" AU 2954 % (ug/))
C,, - 299719 2AEA F%(ng/)
E, 87N a&l=c-conc-c)l
¢, M7IFe ed=d F5(ug/)
c.,AET7] Y LH9=H (ug/D)
C, " 5599 29=4d F%(ug/)

17) prENV 1752
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HolA o@Bd ¥aF G5 Al BAsH: L@ del B AaAA UL
14 WS Aol Abgch.

W, F99 AF EU #A4S Ed2 45 A8 ¥3 4AES oh
1 3!

P xgeT(C) |ERES s
=0 | (clo) |THAFE AERH| _ (c) SHM/S)| g o592
S 7T 0:‘ 34 ol /m =a=] s i
o (met) | (21/m) = He = | yg | (/5™
= =

24.5+0.5/22.0+1.0| 0.18 | 0.15 2.0
24.5+1.5/22.0+2.0| 0.22 | 0.18 1.4
24.5+2.5/22.0+£3.0| 0.25 | 0.21 0.8

=
10
12
o
o
o

1.2 0.1

24.5+0.5/22.0+1.0| 0.18 | 0.15 1.7

Wil
e 05(1.0] 1.2 | 0.07 24.5+1.5/22.042.0| 0.22 | 0.18 1.2
T 24.5+2.5/22.043.0/ 0.25 | 0.21 0.7
24.5+0.5/22.0+1.0| 0.18 | 0.15 6.0
394 105[(1.0] 1.2 | 05 24.5+1.5/22.042.0| 0.22 | 0.18 4.3
24.5+25/22.043.0| 0.25 | 0.21 2.4
24.5+0.5/22.0+1.0| 0.18 | 0.15 16.0
2% |05/1.0 1.2 | 15 24.5+1.5/22.042.0| 0.22 | 0.18 11.0

24.5+2.5/22.0+£3.0| 0.25 | 0.21 6.4

23.5+1.0/22.0+1.0| 0.16 | 0.13 8.0
23.5+2.0/22.0+2.5| 0.20 | 0.16 5.7
23.5+2.5/22.0+3.5| 0.24 | 0.29 3.2

dIAEE0.5(1.0] 1.4 0.7

24.5+0.5/22.0+1.0| 0.18 | 0.15 6.0
24.5+1.5/22.0+2.0| 0.22 | 0.18 4.3
24.5+2.5/22.0+£3.0| 0.25 | 0.21 2.4

& 105(1.0] 1.2 0.5

24.5+1.0/22.0+1.0| 0.16 | 0.13 7.0
24.5+2.0/22.0+2.5| 0.20 | 0.16 5.0
24.5+2.5/22.0+3.5| 0.24 | 0.19 2.8

SX& 0.5/1.0] 1.4 0.5

24.5+1.0/22.0+1.5| 0.16 | 0.13 3.5
24.5+2.0/22.0+£3.0| 0.20 | 0.15 2.5
24.5+3.0/22.0+4.0| 0.23 | 0.18 1.4

std 0.5/1.0] 1.6 | 0.15

O®m>» O0O®>» O OL®>» OL>» O O®L>» O®>
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ABSTRACT

A Study on the Improvement of Ventilation Effectiveness
for Ventilation System in Apartment Buildings

Park, Woo Jin

Department of Architecture

The Graduate School of Chung-Ang University
Advised by Prof. Rhee, Eon Ku, Ph. D.

Indoor air quality 1is getting worse because natural ventilation
performance is getting weaker due to high insulation and air—tightness
since the improvement of construction method and energy-saving design

strategies.

As one of the dilution control method, ventilation which is generally
applied in the house of common case of Japan the residential ventilation

system became duty already and it became duty in our country recently.

But, ventilation system currently being applied in apartment houses
usually selected without concerning location of contaminant source and
ventilation system, contaminant production type and ventilation rate, so

ventilation system spend energy without proper exhaust of contaminants.

So, in this study, to establish effective ventilation plan, apply ceiling
duct type and Ondol type ventilation system to laboratory and analysis
ventilation's efficiency and ventilation effectiveness according to
ventilation system's location through experimental test. Finally, the

strategies can be suggested for effective ventilation.

The results of the Ondol type ventilation system test can be

summarized as follows.

(1) The lab-1 livingroom's average CO, concentration is 702ppm and
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when ventilation system on, it goes down to 524ppm. The lab-1 master
bedroom's average COo concentration is 1193ppm and when ventilation
system on, it goes down to 675ppm. The lab-2 livingroom's average COs
concentration is 779ppm and when ventilation system on, it goes down to

77 1ppm.

(2) Proper ventilation system is applied in lab-1 and lab-2 since CO,
concentration 1s keep down to 1000ppm but, concerning additional number

of people or seal for hours, ventilation rate should be higher.

(3) When applying ventilation system, supply diffuser and return grill
should be located in module to get effective ventilation as lab-1 and
lab-2 have multiple modules of supply diffusers and return grills and
short distance to each other. Therefore, the performance of ventilation
system was dependent upon the generation rate of contaminants, the
location of contaminant sources, and the distance between the supply

diffuser/the return grill as well as contaminant sources.

Ventilation system design guidelines in a living room can be

summarized as follows.

(1) The supply diffuser of ventilation system should be located near the
contaminant source, however, location right above the contaminant source
has to be avoided. The return grill should be located along with supply

diffuser for proper ventilation.

(2) In a space which have multiple contaminant sources, the ventilation
plan for each source should be considered. Also, to prevent the increase
of ventilation rate due to the individual ventilation, the control system of

ventilation rate considering the occupancy schedule should be needed.
(3) The return grill should be located near or right above the

contaminant source, and the supply diffuser should be installed in module

with return grill to increase ventilation effectiveness.
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