2 101 [a] BV ERC

B EFREEY ERERE dES BIR
HRAI2E EA FrElel B Mot
A Study on the Ventilation System for the

Improvement of IAQ in Existing Apartment Houses

FRRER KR
AT B B BT

20044 6H



B AT EREBERE KES B
BEAI 28 GEA FrElol B B9t
A Study on the Ventilation System for the

Improvement of IAQ in Existing Apartment Houses

o] W= ALV W= T

20044 6 A

IR RER: KERRE
YRR BYGtE 2 REER



FERY HERM mXE R
FHERE F
® & & B EL
& & & B Fl

kR KB
EEER BEEHE 2 REHK

20044 6H

ol



oir

|

SECIER

1.1.

ikl

1]

ol

2%

Z]T_

o
&

T
B
~
Ho
<

K

—

ol
R
of
N
Ho

—

<M

700

15
18
18

$22

2.1.2. TUQ] AUIZI|BFA T] T crrerermeersmeessssssssssssssississssss s

N

™

7] &

W

7] 2

2.2.

o
o]

317]

2.2.1.

2.2.2. =9
2.3 A 7179

14

24
26
29
31
-+ 31
.33

=

B

Bl

38



X." 3 él- CFD ﬁHl_c‘l jHR ................................................................................................... 39

3.1, AJ B O] AL TE T e 39
3.2. Al EH o)A thAF el @ A AT e 40
32,1, THAF I T o 40
3.2.0. A ZET] weererereeentntn 45
3.3. hAF BZJAAEIG] TP s 46
3.4, AJBET O] AL HH G e 47
Rl 4 Z CFD GHA ZIh oo 50
4.1. case 1 (G717 A : round diffuser) seeeeseeeseeesere, 50

4.2. case 2 (F7]179 #HA=slotd diffuser, ¥7]79] ¥ J=round diffuser) --- 94

X.” 5 <I>|- DE:’% .................................................................................................................... 114
iDI-J_]__E_é‘_-l ............................................................................................................................ 116
—__.-|1_E__77<_§ ............................................................................................................................ 119
ABSTRACT ........................................................................................................................ 122



N\

AAANAANAAANAAAAAAAAAAAAAARAAAAAA
<~ <[~ <= < = < R« R« R « R« N < R < B « I « <« < < - < = < [ < < [« R« R « R« R R < R « <[ 4

FH

A

FH

WHOS2F EUNIA &E AHBIIR2E2 =2 QESE I LB 6
HETTHUHA SMEE =TQ AHQEIE v 6
QUAFSIEFA (CO)Cl QIR QI BE coeererrerueseisisitsis e 7

Ol ABHEFA(COL)C BIREEQ SFIESE s 8
EIAASFZ(NOX)O| QIO DI RIS GBF oo 8
K I QIR O T[S TABE eereerererresreeeresseieesss sttt 9
OFEFAFIFA(SO0) Ol QIR QI BE worveverremeiseiscisseise i 10
HETHZREE O] BFE HEAFD crerevererrereeersereiietietsstie e 11
T2 S(HCHO)S QI RIBHA oo P
210> HIY, HH M2 SOREE O LEUQIF| S EIAFS s 12
1> 2Q|O| TLZ2QH|IT|E J|TE crerereeerrerererrereremrrsse s 12
212> HAETUZ L HEUA BEELS VOGS o 13
213> HAETUZSZEE O VOCS BEAFS o 14
214> 22U AILHZ DB A (JAQ) JIT oevremrereeimess i 16
215> =L 218 AIHZ IS (AQ) JIE e 17
216> EI|LAIN M2 SEHO BI|E R (ff oreeerreerrerseemeremeineinieeneeiees 20
217> A QUEZSE HMHE 8t F|A SFI|ZE(AIVC) oo 23
218> =R 2N Z=HE H20| CHBE FIA BFI|ZE DT oo 24
219> CO j'.ﬁgl %gi|£ ............................................................................................... 28
299> CFD A D2 R HHELRA QU LER G e 30
293> A= Q| MHIAIAFS] 24AI2F BFI|A|AE o 35
224> DIMHIAIAFS] K ERBFI|A|AEL F H| oereereerereerermerermsressmsessmseesmsssssisisenns 36
205> KA HES SI|A|AE HEA| DHIE e 38
31> 0B ZES=EO| HUHSE Y PADIEO| T J| crererrrerreenenienennienes 41
2QIO| HEUMIF|E L VOGS DT ceorrerrerrermmitrimietistetisteesesene 43
FEOIT I COp BFAHRE oottt 44
34> A|RPAK 21 }”ﬁ}’% _?__l@ _%E_JQL(‘;IE tL_J': a}l\» ....................................................... 45
BHAD EH 2 ettt e 47
ZHHD| RO AN T3J] L {00CMH L M ESZD e 48



A

A A A A A A A A A A A A A A A
FH 2] FH 2] FH 1] FH 1] FH 2] FH 1] FH 2] FH

H

A

FH

41> =122 Xt supply-
ol 22 XIS

12 M

_gn_j|gE‘é=l g_cl @-jlﬁ% .............................................................. 54

4.2> 21729 AXIIt supply-1L [

BHO122l ?AXIE

E_}.\_ COZ —EE E_cl /él.\ga- Coz _‘é—_E ................................... 55

4.3> 2122 Xt supply-2& [
HH3|?9’| 7°__|i|té:i gjl@% El_cl -él'j|§'§ ................................................................ 59
4.4> 31729 AXII supply-2L [H

gHo1=22l ?AXIE

_J‘\_ C()2 ‘5 E_cl /é!fga COZ —EE ..................................... 61

4.5> 2122 Xt supply 3

BHOI=2 /AXE

_A_j|gE‘é=1 E—cl -él'j|§_g .............................................................. 65

4.6> 21729 AXIOt supply 3L (H
HHj|__r}._QJ _C,>_|i|% E_J‘\_ C()2 _‘é—__|‘:_ E_cl /élfga COZ —EE ..................................... 67

4.7> 2122 AXIIOt supply-4 [

oI RAXE 019 & SlIsE

4.8> 2172 AXIOt supply-4 [

o122l /AXNE 24 CO, s& € A

4.9> 2122 AXIIt supply-5& [

oI RAXE )19 & SlIsE

410> 22172 /AXIJt supply 5& M

BHO122l ?AXIE

411> 2122 /Xt supply-6<

BHOI=2 /AXE

4.12> 59172 fIXIIt supply 6 [

BHOI22l ?AXIE

413> 2122 /Xt supply-7<

BHOI2 /AXE

414> 22122 {AXIOF supply 7

BHO122l ?AXIE

415> 2122 /Xt supply-1<

BHOI2 /AXE

416> 2172 |AXIIt supply-1g

BHOI=22l ?AXIE

................................................................ 71
BT COp SE v 73
................................................................ 78

A COp S L ABHR COp ST e 80
ey T =y T O 85
A COp S L ABHR COp ST s 87
ey T =y T O 90
A COp SF L ABHR COp ST e 91
ey T =y T O 98
A COp S L ABHR COp ST e 99

417> 27122 /AXIJF supply-2<

_iv_



A

A A A
1] FF 2]

FH

AN

A

BiOIRel |/IXE 37149
4.18> 27172 fAXIJt supply-2
BHOI S R/IXIE 24 CO»
4.19> ZJ1+2 2IXIJt supply-3
BiOIRel |/IXE 3719
4.20> 27172 ?AXIJt supply-3
BHOISl f/AIXE 24 CO»
4.21> 27172 {IX0t supply-4 M

0
o
N
fol
1o
2

ol e H2 o ol e M
2

IO ROl QXY ZI 2 QU SIS 8 cweeerrereerermeersereienneeieeicenneeien 111
4.22> 271722 /X supply-4<
HHj|?9| _?__|i|téi E_J‘\_ 002 EC|>:_|‘:_ E_cl /é!l_gﬁ 002 EC|>:E ................................. 113



UUUUUUuUuUuUuuoob

IJ

U

ooooD 0D DDoo

IJ

% 11) C&I;_Q_l §%_||:_ .............................................................................................................. 4
2 21) 2 A8 L KURBAIZEO JE - 19
E‘:,! 22) /éILH_,Qr%;OEHQJ _i__,@r ............................................................................................... 25
2l 2.3) 2L ZEZEH SII|A|AEIO JEHE v 32
2l 0.4) U JIX0F HAEO 24A12F SIAIAE J|E HE oo 34
E‘:,! 31) All’pak_J Basic Program Structure ..................................................................... 39
2l 3.2) 30EE M 2-bay ZSFEHO THHGET «ovvrererrsi 40
gl 33) 30 .LL=1o:I|:H 3- bay —E%EF_F;‘H_QJ %Eﬂv@rg ............................................................... 41
= 34) GH&_QA_?_I-_CH —__—j_j|, HERA glcl _gn_j|g1g /ﬂ-g R K| eeeeeeeereeereerreerrini 42
el 35) @-j'}dﬁE‘:ﬂgl ?/5!_“:_ l;l_cl jHé\t&l@ éO:IEH ............................................................. 46
= 37) Case10| Dod_?_ EHHjl?' H | HJ?_E ................................................................... 48
2l 3.8) case 22 AR ZI2Y BRI QT wrerrerrerermmrersiiemsineises s 49
2l 4.1) 2122 ARt supply 12 T SHHIIT BT v 51
g 4.2) 271729 XD supply-12 [,

HHD| O QIE|E 2AZI|ES U AT S| SR e 52
g 4.3) 221722 XDt supply-12 [,

BID| RO RAXY 2A COp, SE L AR COp S e 53
& 4.4) supply—1 / retun—-12 [f =0I€ CO, SE2XE X ALY JIF o 54
& 4.5) supply—1 / retun—-62 [f =0I€ CO, SE2XE X AL JIF oo 55
2l 4.6) 2122 ARt supply 22 T SHHIIT BT v 56
g 4.7) 39172 Xt supply-2& [,

HHD| Q) QXY 2AZISS U AT B - ererrrrerrrmmnssssnsnseees 57
2 4.8) 27172 At supply-2 & [,

HID|RO XY 2A COp SE U ABHD COp S e 58
8 4.9) supply-2 / return-12 [ =018 CO; sT2E & AW J|F o 60
& 4.10) supply—2 / return—-5& I =018 CO, SE2XE X ALY I|F v 61
E‘:,! 41‘]) ajl?gl ?,liljl. Supply_SOEI [[H g-HHjl?_ HHilE ....................................... 62
g 4.12) 27172 X0t supply-3€ O,

HiD| 7ol /XY Z2A2)|ss ELEI é%a‘ BE)| ST reeverrrerrrrrnenrennennenienn 63

_vi_



U

[ERERTRE
o

U

[ERERTRTRE)

U

[ERERTRTRE)

U
v

4.13) 221729 {AXID supply-3 & M,

HH3|?.9’I T_|x| _J‘\_ 002 OE E_cl /élfga- C02 EC|>:E ................................ 64
& 4.14) supply-3 / retun-22 M =0/E CO, sT2E L ALY J|F - 66
& 4.15) supply=3 / return-62 M =0IY CO, ST X L AL T v 67
2l 4.16) 2II22 ARt supply—42 T SHHIIT BIKIE oo 68
& 4.17) 22172 AXIJt supply-42 [,
HH3|?.9’| |x|tﬂ ﬁ_).\_a |§% E_cl /élrgﬁ- :|-j|§% .................................... 69
& 4.18) 27122 Xt supply-4 & [,
HHj|__r)._QJ _C,>_|i|E E_J‘\_ COZ —5E glzl é%a COZ _‘é—_E ................................ 70
& 4.19) supply-4 / retun—-12 M =0/2 CO, sE2E L ALY J|F - 72
& 4.20) supply—4 / return-32 M =01 CO, sTEX L ALY J|F o 73
g 4.21) supply—-4 / retun—-6€ [ =018 CO, ST2XE X AW J[F v 74
2l 4.22) 27172 2AXII supply=5 M ZHUI|T IR G coeoveeverrrersesmeisinnieiiiins 75
gl 4.23) 27172 <Xt supply-52 [,
HID| 2O QXY 2AZIESS LU AT B[S s 76
& 4.24) 27122 Xt supply-5 & [,
D1 2O XY 24 CO, S5 L ATHP COp SE e 77
& 4.25) supply=5 / return-22 M =0I¥ CO, sTSEX L ALY J|F e 79
& 4.26) supply—-5 / return—4& [f =0I€ CO, SE2XE & ALY JIF v 80
& 4.27) supply=5 / return-62 M =0IY CO, ST X L AL T v 81
2l 4.28) 2129 AXIJt supply-52 [ ZHUI| T BHXIE oo 82
gl 4.29) 27172 <Xt supply-62 [,
HHO| O QXIE 2AZIESS L AT SIS R orrerrerrerermennnieans 83
2 4.30) 22172 <IXIDt supply-6 & O,
HHj|__r)._QJ _C,>_|i| E_J‘\_ COZ OE glzl é%a COZ _‘é—_E ................................ 84
4.31) supply-6 / return-32 Ml =018 CO, sEFE L AL J[T e 86
4.32) 2I122 AXIIt supply-7L T DHHIIT BHEIE -woeeeeverereeeemmeeemsesenieeeenens 87
4.33) 2J172 {IXIDt supply-7< [,
HID| RO QXY 2AZIEE L ATHT SIS e 88
2 4.34) 2J|172 2IXIDt supply-7 & O,
HH3|?.9’I T_|x| _J‘\_ 002 OE E_cl /élfga- C02 EC|>:E ................................ 89
4.35) supply=7 / retumn—12 [ =018 CO, sEFXE L AL JIIF e 90
4.36) supply=7 / retun—-32 [ =018 CO, sEFX L AL JIIF e 91

—vii—



|
u

ocoooD O DDDD

IJ

4.37) supply=7 / retun—-62 @ =012 CO, sE2X L ALY JIF e 92

438) ajl?gl 7°__|i|j|. Supply_1OE| [[H E}HHjl?_ HHi|E ....................................... 94
4.39) 27172 <Xt supply-12
HID| RO QXY 2AZIESE L ATHT SIS e 95
2 4.40) 20172 <IXIDt supply-12
HH3|?9’I T_|x| _J‘\_ 002 ':C%E E_cl /élfgﬁ- C02 %:E ................................ 96
4.41) supply—=1 / return-32 Ml =018 CO, sE2E L ALY JF e 97
4.42) 2172 AXIIt supply—22 T ZHHIIT BRI S oeeermsmsmnmsnsisiiiiin 98
4.43) 27172 AXIIt supply-22 [
HH3|?9’| _’__|X|E E-_J‘\_g- |§% E_cl /élrgﬁ- :I'jlfl% .................................... 99
2 4.44) 21722 fIXIOt supply-22 T
D1 2O XY 24 CO, S L ATHP COp ST e 100
& 4.45) supply=2 / return-12 M =01Y CO, sE X L AU T e 101
&l 4.46) supply-2 / return-52 M =012 CO» sE2% L AU IIF e 102
E‘:’! 447) ajl?gl 7°__|i|j|. SUDD|y—3%' [[H gHHjl?_ HHi|E ..................................... 103
e 4.48) 27122 fAXIJt supply-3
HID| 2O QXY 2AZIIEE L AT SIS 8 e 104
2 4.49) 271722 XDt supply-32 M
HHjl?Q’I T_|x| _J‘\_ CO '_-C:> g_cl /é'l_éﬁ C02 EC|>:E .............................. 105
& 4.50) supply-3/return—-22 [ =0|8 CO,rsT X L AL J|F e 106
& 4.51) supply-3/return-52 [ =0|E8 CO,rsT X L ALY J|F e 107
2l 4.52) 2II22 AR} supply—4L T IR BRI E ooeeeeremmmemmsmemsnsinneinens 108
gl 4.53) 27172 <Xt supply-42 [
HHj|__r}._QJ _C,>_|i|tﬁ E_J‘\_a |§_§ ELEI éfga é}j|§§- .................................. 109
2 4.54) 21722 Xt supply-42 O
HH3|?9’| T_|x| _J‘\_ 002 ':C%E E_cl /élfgﬁ- C02 %:E .............................. 110
4.55) supply=4 / retumn—12 I =018 CO, s X L &AL} JIF e 111
4.56) supply—4 / return-32 I =012 CO, sEEE L AL J[F v 12

—viii—



H1d M E

K%
1
10
[ =y

EREE

He

H
Atk HZ | A "ok AeA s Fdoer AFEo] wrEst - ad

al
sh ol whel AT 7F A GAA HAT. AAs] AAHe7] =9
= =

| ol i
Hol AAA g AR, 2AA TG ed=dol AASA wEH A Hst
of AWE714JAQ : Indoor Air Quality)o] Ast¥+= A3Fs Helal Svh. 4
dagolF shaade LRz AA, AFAE, 7t ol stehEdoe] v ALS
gol| we} AFAE 7] G B A wEFFHa = 3ot 3etE
Ao Agow AFaAel AMEE wF o B HEdd wFAdw dx
Helo] ofd Fojth whHe] o] Ho| g upEt AFAe] AUl AFEA
of gt #de] FrteAl HAa Buh HHsta S FHo AF AL 2
TFEA HAoh HT AFHL Qe B 2uT FEFEE FHOR AAA
go] Hgxa gloy V¥ FE e S49 wjrjH, e F=vle] A
_?_

d Az Auer8dS ndd A4Eg A ge] 79 o
2

= X}3
T

it
-y
rir
of
A
=
Hu
o
fru
-z
Ay
i
2
to
rlr
Oﬂ e}

A= Qlake] #71E A ol m

A A AR Orled 2e Foz el AAT AARIT} o] F
= 2%

=
ol



el

AFA el A A 7

L
R

FZeo) A

Ho

2]
ol

bal ok ey oefRt W

S

ofo

F7] s

S

8=

w

i

1

2600mm W& & 7]

ol glThy,

bol Al

[e) =
2dS TS

37 A

[S]

AR

MEERREE]

X F]
= =70

KX
=

[e]
™

AR

AN el w97 g wol

=1]
=

Foz

|

oj

~
)

Al A
ZS|

Aol A= 7]

=

w2}A)

1D
10

oK
00
ol
al

1.1.

=

305

7 o] Fo]Aopst ZoR K

Ao o
T84 3714

tol AAAA 714 BT A ~E

S

Aol A=

s B
3ol

Al

~
B

QEER

Aol CFDE

=

_?4




Ny
op

ol
it

K

<
o
o
H
e

2

K

g ©

3) CFD
4) 71&

o

3

Aoz Aol A4

ki3

Z

I

il

72 el A €]

A,

WA B Aol A

g 74 28

]
ZS]

5o

g

P

)

ol

*

214 €]

3|
il

Al &} 2L 2} 3k}

o]
o

TEA G PARRE BAs e dE TE

7el

714

gt

A 5Bz AbA

5|

s

wep o ural ol

74 el

geA vz @

R
.

el A

o

Ho

<0

el

H
=K

|

YA Ao digde] A7)

=

el

(2

B

To

"

—_
1o
o\

ol
B

ﬁo

o

B

el

AN %

o] F19 24m=E

w
)
ol
0

B
Jlo



o
Al
bl
m
i
=
= ~
ol =
ol K
Rl x|=
O 0
104
- RO
% o il X0
L 2 - 4
@o N IH
R : x
o M o Ji[d
= Q= i - ~
= K = - <k N
: D ol 1 %) L
K == S E a
i W 0 R 2 <@
AI_ Ol_ Io Em -
K 5 4 L < :
w 2 4 ® = i
ot
~ W o H.J lod
- o o o) ~
= oo W . o i)
. i T o W ;
oﬁ 0 o o Jo I il
i S 00 I~
1 Wl iz JI[d by Xy
= W . = 00 K 5
—_— _|/ R
= 7 i) B =
= = =
o) i o @W 2 o
. . . . " o © aﬂ

| S8

9]

(Og 1.1) &2




|

M)

0l

2%

oK

~
[0

A

2.1.

-

—_
o
o))

—_

0

B

X

A 5]

=13
=

onz  AyA

shal 2l

&

ol A A

—

O
¢
oV

k!

=

el
;.OO

‘._Aw_yo

o]J

<l

Z

==
o

il

H

A} A 2 K-

=
=

2} 21 (Guideline

o 2
=S

o

=

73
7ol

L
L

]_
7189

°©

3 A

3

Aze 9

[e]

j=4

o

o}
=

.

WHOSF 8 A3HEU)]

1
.

WAt v

1
.

71Z =2 1997d Expert Task Force3]2]ol A

For Air Quality)<

o] Ao A&
WHO® A

2185
ol tt.

=

J
fite)

el
o

Gl

244 of) 4

=
=

L), Aue) A T

23l tt. WHO<$ EUZ}

—_
fite)



<H 21> WHOSH EUOIAH E& AUBJIge 2 2923 LM
o= =2 =21 2
SOz, SPM/RSP 2ol ois 22E
Os ZoI8tErS
SHE(BII=) U=, 2 Ix AE
a9 Pb, Mn T3t
Pb, Cd S E
HRESHE, 22HAL ARMA
VOCs, PAH
Rk
NO,, CO EEEEES
CO2 HEo A, HALEE
_/'k_§j| g%x—l s HA EUEF
/é'LH /é'O o = -/ =2 o) — ’ =]
- LN, AR A, T8, HARE,
VOCs _ -
ASH, Y
VY 35
ete U2, A=TE, 2
EELHGIE HOWE, Ot2, gbie|
S Hold 23, HAlR
NHa AL S
ALy PAH, As ETER]
VOCs &, 8H, 2, SES
BIx SEH, T2, $2 HSHBUM 25
227 ohete s=2o &, S|
e EEE
<E 22> ASTMUAN L5 F2 dHHSH
A= AENST
MEIZ2S QARF)EE ESLHGIS
2| 52 DOIEE| 24 ZEFO6IS
M| Z2tolecs QARF)EE ESLHGIS
gecs RARF)HE ESLHGIS
.| B DIZR, ST, TELHGIE
| e B S, B2lALY, BEsL, B2RYE
fH ME cgm VOCs, 24 ESZHIGIS, 48, W, HHAHSIC,
OLMIE HIBIS, TS, HEUTS, i3S, 22U0t
f: :4 o, SEd BalaA, XA Etste4, VOCs
_| =4 Agdl, 2@, o3, HiY
e ZSLHGIE, VOCs, BEER, LILE, eteA, ZojZ2ad,
EZo|AH, JHHE 32i4, JIHE & £° 0I4S, UM, 01X
Z32IE DIBIN, 2te
LS DIZN, 2te
HE 2te
3 9 ael@ Bid ZEW, HIEL Sia SE WA




(1) LaL3LELA (Carbon Monoxide, CO)

Mo

e

weba Ay Labse

Far gl

LS

ol 4

7FA 2w
H, A3

=
=
i

3l

3

=
T

3%,

D, el e

A
T

e

Q23

Ape) WA

-

I nO
S} 1Y) 2| =
=g |00 |Ro|W
orleo| o | |o7|"0
ol | 0o n
=(a|E| |do|a
o= |~ || |®
E3l T g (RS [ P
—lm| . RO -
= o) | .| KO ~
B0 |5 [ AU | Ar| & |30 |30
JIRIAMN<|I<I<|I<
oy NI ARY
ol B A AR A R BN |
M EINERREERE
Hr NMwlw|lo|s|a|®
2 S
=
g olo|lo|o|8 S
Slo|o|o|a|a|8]
Ho =

(2 O|4t3EHA (Carbon Dioxide, COs)

How t7] Foll 0.04%

el NAZ Ak

\=
T

EE grgee] HER AbgE v

e AgEa o,

5|

=

yedsZd =
i =2 uj

9]

=

!

w3
JNFo w2

Foll 9 =
o A4 = 1000ppm
F9] ol]itstebAvt 3%7F =W

2E oA T

a}

ba gk,

3|

Kol
=

Q)
=

Bl

el ol 4l

-
X

ol AAH 4%7F HH 7

e

ol
of

B

~

™

~

—

O

ofpy

N

o
plo

o
il
o

M
ol

I

S T 24>E

o}

ZY v,

oyl &FEetol

&

St 1 o]

W7 7}F

e}
R4

5% 7+

2) M& Algietal Al e,

A, B, 2002, pp.4~25.



9

9

t

oy
00
s}

ol
OF

R0

Ju

i &l ot

Eny
Bl

Ch==Dt A

| —
=&

, B AR = S8

—
25t

o

0
gl

oJ

_

Al
10D
1of

iio)
0

al
11O
10D
0]

-

~J
4
(@]

EH

t

o

2@7ts e A

A

A&
2 4HA em, 500ppm ©]/dd

o

R

=l
o

2

-

al

A

A

ar
=
ARcls

0.2 ZEE =BtotH Z0HIt Bl TEot=
b

o] A8 A

= (%)
0.07

[
=)

0.2~0.5

Fal
Al
>
~
o
0 =
w)
o 2o
=
]
< =
=
_IA
Ko 55
Ul
<+ U
o
-
S R
=
-1
ol o
%
o <k
S o
6 A
ar &u
Noar
m S
s
iy 1©
0] @
o
Lo
)
Ry

ok

3

Aol A €]

(3) EAAFSIE(Nitrogen Oxide, NOy)

danr 540 4uy

N

,Eﬁ

=
- f

~

o1 =
0

e FE

ar
[€)

gl o= el o]del A vk

A =

%]
2l

24
yul

-

Fs

=

L

| 23S goyn 7)

AE QRO gk 7HE A A
Aol

L

R

]_

Rk ZFA el M
[e)

A A

(e}
=
=

=

t}. 53
SRR

}

3
YA

1 oF

o

%

fex]

|: o 5F
= oS

X

1A AFSFZ(NOY) 0l 21 AI0f O

X
=

2.5>

I
v

=
i
n =
0 =
KI i
I} ~
20 30
bl )
Hoﬁ oK
Wl |wa
~ ~ 20
0D Klo 0
O ko [ om | |5 | &
30| 5 [ 80| 5 [ KO KO
2y (R0 Lo | w0
o1 W RI=
o ~ W || &0
o o) nNin <
~
~ o~
= | 3™ ro| _ o]
Wl | <|Dk L I
~|— |2
oll
=
— (@]
I
l |o 0|
B Re] (<o}
Slsls| |=] |8
(@) —




(@) 2%l (Particulate, PM10)

H

H

H

Jol <

57

e

257] 48 Aol ]

e

oF
-
B
w
)

=3

A]

=

o #H el 7]

s}
=

o]

b7k} SOE 2

L

A oA (SO) = &=

Go

°§

3

oS
S S

=
=

IN

}

pul

W FACl FAHHE,

o

= =94 7taEA FEE(S00F A 7H

stk 1Ael o
o4

al

Aol 0l

0]
el

2.6> S XIot

T
e

<

NN |
KIO | Ko | 3r
T
JEE
== HE II.AI
= [ ok o
LN
n0 @ ol =
Y = A o
w8
Y
0| of | A
2 B0 |~
W_ - ~
i
wl=|3
Hr N
SRRE
HEHEE
W S
H0 @™

ot

]

{3

1H o wAY

bzt S of 10

QA

e

Hn1y o
T =

A

(5) OH&H&FJEA(Sulfur Dioxide, SOo)

o

=
1o

=y
70

Mo
o
o)

—_—

)

A, 713

R

R

o] Ui, wATE e

1
R

AA el v A]

el

27

M

B

—

)



AJEA

2.7> 0ot

<H

W
_ |
R0 — |m0 _
J| <ol %_
or ol
AN =
o 10}
7| o] (W]
N o= | k0| |R0|°
100 |ﬂ:_\FjC._
B0 o U_ = o0 | _ | RO|—|0D
= 0| ol | = o wuo ) il
o |g|ar|mier 5| T w oF
30 | oT w.m cl._ 0| Jh ol H <)
I_.|_:U.jnn A_I_A_.LI I
TR e A0 S B S g
=0 20 O |RO| A0 IOV | | S 20
I e L - A L N = E L T
%%quwxwg_xx%a_w
M|l || 80|~ R|=< IR
Z |80 | |aD|w0|MH|<|=<|f|ad|ad|mD|=<
3002 (30 00| == |oir | @) T~ ||| o | S
N M|~ .
= | w |~ N | 5
O.NI.A <lo
w I | @7
\m/ o) o o o
W Te) H,rmO“nlvO%OO,\_.rMvu
(\12~5-2~0~00~
H ™ oo 010340
| — 0 <t (@)
Ho © — <t

(6) et=(Radon, Rn)

o]J

)
ol
)

ol

—

i

Ahgol 7b

3
A

ghso] Bl W7 Tom

AR 2HE A

=
=

gl

o) E]—

GES TRE ASE AAFD Ao SGE BAFe] wet depad o

-
It

P
T

o

-

—

__AU

—

<
3
1o
]

——
o

=K

I~
ilfa}

Ko
=]

1
.

<

bl olidelEe 747}

L R

to el WelEol A4

Aol o3

_xB
o

o] <3l (a)

o

3L
s i

o] o
Aew A

[e))]
H

oty ey ¥rzkrb 3.8Y

2 ogol w7l g g el A

35 Al

H

o

n 2 EPAS] ZAbe] wrEw ulZy 714 9]

i7F =i giet

3

)
8t3] AWy, 1998, p.66.

©
|

=

A gl A Y

4, 0%
A9 A0 2

a7
1%

N

)

3

_10_



A=, oF 8%(800%F 7HH)7F EPAS] 7]

=
==

o

HdESrE 1pCi/e =
A

T

MHEZREH ctE AlE

=

=

wi

[

4=7t 9
2

H 2.8>

1L
sl

<

=

=

=

(@)

<

[ — |

Rifwlo|s|w

o 5|22

o R

=

30

]

0

| wi o4 |l | B
Y| iG] G
ml B

= O | %r | R

Ho
K

i
N

—

O

W
ol

G

UFFD

A ol A

=
=

=49, A

el

A=

p==
[e)

o] B uwh

==

L# oA E 949 A (Urea Formaldehyde Foam Insulation :
[e)

AW A,
§oagEt med duese) 8

1
3

R
=

of €]

A vebuy xe], Hd=2 7]} W= (heater)

L

e}
27

LS|
=

=N

[e)
19813 Schenke

o] Ah§-5

5!

Al
=

T PE
A2, vl

ol

N
ol

N
)l

R

|

R

.

ol A

=0

]

5|

|

Njo

B8R

)

ol

o

%ol
EE

p—
51
v, 3L, =

kol A

(Hghe] U&= FHoZ YERRT

[

_11_

I F%7F lppm £ I 9]

4) Leslie G. B. & Lunau F. W., Indoor Air Pollution, Cambridge, 1992, pp.99~116.
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150ug/m (L E )
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OIESHEE | 0pom 1000ppm - 5000ppm (TWA)
(CO2) PP (1AI2 BR) op
0.06ppm(S T 7
et - 0.150Pm oosppmio'mﬁ; 3ppm(TWA)
(NO2) (1AI2 BR) epPmiS S PP
0.15ppm(1AI2H TR)
0.03ppm (ST 7
0l 452t 0.15ppm ppm( )
- 0.14ppm(L T ) 2ppm(TWA)
(SO2) (1AI2F B2) -
0.25ppm(1AIZH HR)
E 0.06ppm(8AIZH HR)
_ _ B 0.1ppm(TWA)
(02) 0.1ppm(1AI2H BR) PP
ZEAMHSIE 1ppm
- - 1ppm(TWA
(HCHO) (2mR) ppm(TWA
el 0.291/cc(H A HTWA)
(Asbestos) - - - 0.57H/co(Z 44 B TWA)
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« OLMIZIXI(PM10)0l CHBHAIS 99 12R31LNIXI= 24521 BRX 25048/ 0l51E =250
20004 12 1LSE 20018 128 31LUNKIS 24AI12F BRX| 2004g/m 0l5IE =8
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IE=S2 Al tHoler& ESgea R ]
10ppm(ZeAF)|I=Y L 9ppm (EPA 8AIZH EH?) 50ppm(OSHA-TWA)
goMaey) 35ppm(EPA 1AIZE B?) 50ppm (L2 At 2| A4 5H5])
o A BHEFA 20ppm(L=st P MI| =) 10ppM(L AR AMII=
8.6ppm(WHO Europe 8AlZ F%E) LSOoIMRMY)

25ppm(WHO Europe TAIZHE )
51ppm(WHO Europe 302% =
86ppm(WHO Europe 158 H =

0.1ppm(ASHRAE)

EZSLU3IE| 0.4ppm(01=2 HUD)
(HCHO) 0.081ppm(WHO Europe)

0.1ppm(ARIE Al=Z=D1)

1ppm(ACGIH, TLV-TWA)
- 2ppm(ACGIH, STEL)
2ppm (L2 At A EHF])
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0.065ppm(EPA 1AIFE )| 5ppm(ACGIH, STEL)
5ppm(olz A}m$|AHor9|)

Ol MSHE A 0.21ppm(WHO Europe 1AIZVE )
(NO» 0.075ppm(WHO Europe 24A12tE )

0.050pM(ACGIH BAIZHE 2 N
o : ogppmim'ﬂ*c 8Mjm;) 0.12ppm(EPA 1AIZF BR)| 0.10pM(ACGIH, TLV-TWA)
= O'OBme(Vz/THZ‘_E:ro ooy | 0-06PPM(ECDIZIIE | 0.30pm(ACGH, STEL)
(O2) PP pe SAESE 1AI2 BR) 0.1ppm(LE A9l AI5t3))

4pCi/L(EPA =)
2.7pCi/4(WHO Europe) = =
2.9pCi/o(ASIE Z=¢&H)

0.03ppm(EPA HEZR)
= 0.14ppm(EPA 24AI2tE )| 2ppm(ACGIH, TLV-TWA)
ol&tstgr | 0.12 WHO STEL 1Al
pom( ) 0.5ppm(EPA 3AIZIE ) 5ppm(ACGIH, STEL)
s

(S0») 0.18ppm(WHO STEL 158) 0.04ppm(L 2T EZIIE | Bppm(2 = Areiol s
TAIZ ER)
0.15mg/m (Y2ARI|I=Y & _
SR ¥/ (mmo:wam) 0.075m8/ (EPA B ) 0.15mg/m (2=
=y =
- 0.26mg/m (EPA 24A12}) AR A 2| M| )
(TSP) 0.1~0.120g/ T (WHO 8AI2HE 2) T
== OIS AD A AM)|I=
Ol AFSHEF A 1000ppm(L2AFI T H) 1000ppmM(L A2 AR M| E)
920ppm(WHO Europe) - 50000pM(OSHA-TWA)
(CO2) 1000ppm (ASHRAE) 5000ppm (L =2 A 9| A4St 5])
A 0.01 /ol CI7182) 0.17H/cc(OSHA-PEL)
- . ccle= =3 - =
(Asbestos) 2 /co(L e Ai9IMES))
10ppm(OSHA-TWA)
gl | Oppm(NIOSH-TWA)
H | 10ppm(ACGIH_TLV)
0.63ppm(EPA)
EEIP — | 200ppm(OSHA-TWA)
SII5EE2 | 0.2~0.6mg/m (MBS FISIAQ) - — | 100ppm(NIOSH-TWA)
(VOCs) ol 100ppm(ACGIH_TLV)
21ppm(WHO)
3 | 100ppm(OSHA-TWA)
& | 100ppm(NIOSH-TWA)
@l | 100ppm(ACGIH_TLV)
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1981, pp.123~135
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1999, pp.31~40.

1A E 7|88 9
FHY i Zo 3V A <HE216>3 o] 3r|HA e e 3
7la&s aEste] 29 U FS AbAgsia 9.
==
R,
—_—,
k :._i?f_ _C_.'
2220 222J|¢ 222J|¢
SEX 2J|9 |BIIEE| SEY ZII9 |EJls8| &Y ZJI9 |#IIss
25X (=t-t)[TC] 25X (=t-t)[TC] 25X (=t-t)[C]
<0 0.9~1.0
< -5 0.9 <0 1.0~1.4
0~2 0.9
-5~0 0.9~1.0 0~2 0.7~0.9
2~5 0.8
>0 1.0 > 2 0.2~0.7
>5 0.4~0.7
2.2.2. 2U2 #J[&H JIE
(1) 2 o1z JI=
S AS AEFEY ANFUSAT BEAAE AF5H AldFH ASLIZR <
stH “37|E §sle] AMd AR Ee FE T WA I AL upgE A 9
1/200]7¢o]ofoF str}. uiuk AAdF#Ho] H3h= vhol] o sto] Ao A o] fl=
ANAAE AR A= 173 1 olysit}’etar qFA ULt ol f
AL HZ 1= BE AEd AHEst7lde FErt Jdoernz Aol Ia
sk, YA AW|SW-S 318 stal %H%—__!XM A4S AT + &= - F
of gt 7]Fo] AAEoforst Aol
(@ 29 &2 JI=
AA Fa=7te 775 Ul FAE A5G AAFAY dgust 22 I
&9 F8d wet HA U F VESAE FE - AAE . Ao v =Y HA§-
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ASHRAECIA &= 979 2 A5 dd, Aedsrt &4 5 99 ax
of #e F/HAE ael w3 W] MRS AA duA v Ao
Ao AHe ¢+8S fA487] 93 ASHRAE Standard 62 19892 A A| &} %1t}
ASHRAE Standard 62 198941 74 & o8] 71314 0.35ACH(Air
Change per Hour), 27m'/h - A9 #7|&FS GHEE FA3a Qo)

ASHRAE A= dA4de] 7% 7l+s AAgd wate]  AIVC(Air
Infiltration & Ventilation Centre)ol e Ao W& 7S 7|F0 2 A A

st vk AIVCOlA AAE Fo duerleded AAE AT H287F2

<E 21753 2THO),

<H 247> U S22 HAHE I8 =l SI12(AIVO)

ATENECE A2 Eolg ATEREEE 34 B0y
SHHH 1§ TS 50~120m
SET<P] E= =1 o 0.5~1.0 ACH
101g 8~20me/s
- ) 1215 8.0m/s
=2 101 17.5m/s xE / F0) (019 3ami/s)

T8 I/ FAL A& Ui H4 BU|F VS <E 218>

10) AIVC, International Energy Agency Annex IX, AIVC Technical note AIVC26, Minimum
Ventilation Rates and Measures for Controlling Indoor Air Quality, 1989, October. p.40.
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tDl(displacement ventilation) (d) Stet(short-circulating)
HI &£ & (non—-mixing)

(08 22) dURSEHY 27

(1) 2™ E8H(complete mixing

)
Aol BofEe] waA Bustel AelM wAtE e@wdel vl A

grrew #AdaA HEE Aol oRERy FFHE AdeE AT
7)ok A Efol ol FolAm Wy FelAe] FEE Ao FEs FAsi)
olel @ #7118 HNBI G Brh AL 5

2}
o] ZF AldAe Fsr== ot
oz AuA A gt §71%, = %—ﬂfﬂ%‘r% , 24
w71, w71 f1A el dE FstER flaes aed davt glth
@ dl&#&(non-mixing)

HEE2 ede=dd Aderlel o] dAF ofFofxx] &= Aoz A
W& (short-circulating) ¥ %] 2+3}7] (displacement ventilation) 2 %t}
@b (short-circulating) 2 AWl F71E gFEY AAF77F LdL FH35)
A izl = w7k AR L dUS AASE Hel do] 7B &E&o] F
% ) Aefoltt. X33k 7] (displacement ventilation)= wFX] 3] AE 9] £ 9]
A Adel w71 & 717 A edE=dS oWl wi7IAT= Aew o
d-5- 3]Ag7)el wE] olEFom F ouje fU|AETES Kol TP oAl

dHE Al s AAsk=d 7HE e @v1dHed. 1
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o

o
<
I
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@) 2= (incomplete mixing)

Eddede hdEdd vy FHFUE A Al fsdEe 7
stk AAR F719 A B o= A, AW Y Tl osto
AU el 7R e 2 EM oo mel 3o AEvF AFEr B e[t

&

o

A AUZIFE e S dde] A mep FEA R Fr Eddoe] A
W fAd wel wadez e f/4HE na,

FAGEe vl A AN ASHAY, &5 WA, duARAdYges
TEEH, 2 AR e fAgete] 37H4 B84 dYE FA xdow o
Bz, 5 Modelel 3714 f2]E HEA1A =EF Ak CFDell #8-5 = 37H
o =914 e e 2o

(1) Mass is Conserved.

(2) F= m-a (Newton’s Second Law)

(3) Energy is Conserved.
(1) ¢ LAA [The Continuity Equation]
o] A2

A5 A e B4 FBedels dgrEe] W, f@AolALe Bl

A Ao AA L Bukslr] A3t Fo Aol wgkel Yk AL ol gty

A [e)
= T
ATk, %, 5 WA FRANALE Aoz A 5 A7 WEe] mE A
of AA oA AIFWste] AEA = 0o HrbE UES g 3 Aol A
& Ao (4 259 2,

Ip. _ Al

(2) s 2AA [The Momentum Equation]
Pz

284 7|EA8E FES A2HAoH fA Lk ZgstE wWEH sed X
Hgog nARHE F,=ma, = JE, o © 220 F8etE 9L Body
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Body Forcev= frAl84e] AA e ma Hiko] A&ste Jo=, dPAE]
A e 7t F8, @719, 27]18 So] 1 dolt}l. Surface Force: H3924
of FHol] #gst= Joz o P2 A, FALL F99 =Ed FW A&
st EfAle gEExe EA, v & =FH AW #EstE AdS

8 a T 87— T a 2T
ol v uvy——G + o GE o GE L <A 26>
U sy fp e G G R <
o pw . _ 8_p 37'1-2 37—;1/; 87—22 Al
J—lat tVepwV) ==+ 5 T 5 T e Tk <A 28

(3) IUXI YHEA! [The Energy Equation]
84 712 de e @98t Al 1837l ouArES] HHolw, fE5fAoA 9

2
S AFT A A= FH ol FAS] WHely X (e)2t %%Oﬂbﬂﬂ(‘;

)2l

2
¥ et 0% bk BV 8 B9 AFY A WA

2
A= p% (e + VT )dzdydz < 29>

(4 45)9F #Zol yety, dA] olvix] WAL (4 21003 2ol Aeld + At

D lpte+ LN+ v - pler 27
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_ 0 0T\, 0 40T, 0 0T, O(up) 9(vp)
Pat g g )+ 5, by 1t 5 b g ) =g )~ —5, )
2(0) , dur,) , O(ury,)  O(ur,)  9(vr,)  O(vr,)
0z oz oy 0z 0y 0y
a(Usz) a(szz) 8(’[U7'yz) 6(w7—zz)
+—5; 5y T 3y =, * pf -V <2 210>

= — oy M om, ]
Ji= —(pDy, + Sct) oz, <4 212>
oJ71A, Sc, = FF Schmidt No( &l )
pD;

ol 9gEAR e CO,

e
rE

2
o

A

i1t
=
of
N
to
o2
il
i)
lo,
:.oL_l,
1%
=
>
=
=]
2

|5 EFT EE] ==
C, 870.9 J/kgK Moyl
k 0.0166 W/mK =Pl
a 1.06e-0.5 m?%/s SEEME
v 0.832e-0.5 kg/ms PSP

1) aAlE o], opgtE F8el] QoM Aule7]d7g71el 2% 97]9) A]e)A,
ighdn]F8ts] =i, Al 139 A3E, 2001, pp.217~225
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400 & B 400
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| 340
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Lo

ol

<H 41> SJ1729 SIXIJt supply-1 M IO AXE 37198 L &DISE

return—1 | return—-2 | return—-3 | return—-4 | return-5 | return—-6

LMA (2) 26.05 27.31 27.56 27.85 28.07 28.66
=22 SIIEE (%) 9 %A A 93 92 920
<LMA> (&) 22.86 25.99 26.06 26.44 26.78 27.45
AmEa BIIEE (%) 57 50 50 49 48 47
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o I1-

o= o

R

412> 29172 |AXIOt supply 62 M BRI |IXIE

7)o A A 2
°F 700~915ppm&]

=

COe
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1‘\1&

B 3y =
—Xix=
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NIE
05'

@ CO2
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Hola 3l

—

ST

return—1

return—2

return—3

return—4

return—-5

return—6
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600 |- - - :

400 |- - - :
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return—1 return—2 return—-3 return—4 return-5 return—-6

(08 4.30)
o112 *IXIE CO, & & &AEA CO, s&
w71 vkE Qe A% w719 return-5%F return-
o] v CO, 555 YehlaL Tt
sty HEg CO, &2 0] o]Fod 4=

=2 g &S Bl return-3oA =4 COq
CO; 3=+ 648ppmo = EFY
A ey, ]G & o
CO: = 9A vt Y= Ao
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7
g

FUook
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@ 2179 AXIOt supply-7 & M

719+ supply=7< 7H7kE B o RN 0.21m o] AHIA e +A BA

gli-2ol AAEAT. w7l wiA = (" 4.32)9F

oo b & a0

22—

1000

00 |

o, wl7le] SR Ha o AR AR =

o
E
2 F7ES, AEHAd E l§ S <FE 4.13>T

<H 4.13> 29172 ARt supply-7Z [H HHOI17E SI1¢88 L SIISE
return—1 | return-2 | return—-3 | return—4 | return-5 | return-6
LMA(Z) 31.81 30.80 30.50 29.92 29.77 28.81
24 SIIEE (%) 81 84 85 87 87 90
<LMA>(Z) 27.83 27.09 26.92 26.47 26.14 23.70
AR IS E (%) 46 48 48 49 50 55

7172 912 7F supply-6¥ wl HAHAAHOLMA)S oF 208~328 Ao
= e

Hol wjr]gte] fIAE= °F 10%

i, w4 J37188E 81%~90%° #H71a
Aol Apol7h MAshE Ao w debdth A Fa AP KLIMA>)2 24 ~27%
Arolal, At I/ EHL 46%~55%° WEE Bl w77 AER oF

10% AE9] zpol7} WA= Ao Z e
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return—1 return—2 return-3 return—4 return-5 return—-6

D=2 37/as WA BF #7128

(08 4.33) 22172 AXIOt supply-7< O,

BHOI2l |IXE =480]88 & AdEualIasE
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N
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o
o
T
o
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o+ BNEEE 46%~55%2 53 3~ Atk JHl7]TRe] o4
A7 7S SUaso] MAFEE & A=, w77 L9

2
7Wkel AAHo] e dE o] A&sHA wWiEHY] WEs] Aow ddEH.
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7]
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0[1110
55
H %
b

<H 4.14> 27172 ARt supply 7 M BHIIE 22 CO, s& & AEA CO, =&

return—1 | return-2 | return-3 | return—-4 | return-5 | return-6
=24 COst 675 790 817 804 822 765
AMEHA COsk 620 701 715 712 717 638

el A A BE & ostd wirlge] X7t return-69 W, w4 H A
it COr F%7F /M il return-108 A5 mold Aow o AdE o
AN EHolA Ayt A wio AXAFH return-13 return-69142 CO, =7 713

L
S A FPRE 25E CO, BRI S OR Ve
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0
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(08 4.34) 27172 2 supply-7 & [,

o172l /IXE =4 CO, sk & &8z COo, sk

I
J

ol H719 YA7}F supply-1¢1 74
o] AX9x|7} WwHo] <elHsle] AHX =
7NE5EY COsRREET Aold A=

=, 77172 HAlel vS Zhrke]l AAsA HW 73R o] AdeEdo] ofg s
AA Hez AR 8] ojAste] dAsof & Ao FrhEv)
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case 1 &~ &
Hu 7179 dAFo] round diffusers! 7 -$-

18 e W% PA HAG S Wl AA w8 E s
o glo] F 10%AHESY AolE Holxd 7| FE AU T4l Axg u
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w7178 L9dE A AAT A9 wr]Te] fAe wE 3rjas
2 Rolad Fu7t olAAYY 1.7 mAw 7 5E
=2 yebstth Sz Akel o] o] AAE7E 1.0me] el g ]
© AoR HoXER o] FgoHxm fr|A|2HE]

A 3
4E dolg A2 5 e olA7YE o 1.0m A Ae= vy

aeu BT Wes Qs 448 4% @/5E B/ qEg va §
dEolt AuslF 3 =

Foke Alow dAdHolA = F -7 Yo s HA 05meld o4
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4.2. case 2 (27179 &at=slotd diffuser, HiJ|T22 &&=round diffuser)

0

FAZR A5 AFAL R Adeol &7 Sow dskel @ Te Py
of YR wEFHE AL HAxsses APl Yk AT 1FF FEFY
488 1Y A2HANE G717 49 R £59 OFAe] 9
P gk wed B AdAE $%9 ORAE /172 448 W9 o,
FEREG 4% R AW FRES AR asg.

(1) 2179 AXIOt supply-1 & M

F7 T supply-1& BW o 2RE 0.1m o]ZAH o] A=A, F/)TF =4O

298 WA e AR Ade 2dmelth #7179 WRERE wT

of FAMNAL] ATE olAAYR AHsta olA4AZ = ImAHE HAIAH
HHEl7I o] WA= (2 4.38)3 2k

2000

: 2000
: 100 000
e é‘) 4)

1000 S00

pr=d 101

| i % o

(08 4.38) 22172 fAXIJt supply-12 T S-6HI17 BHXIZ

H71725E 1molAd% w77 return-3, 2m °]Z¥ 7|47} return-4,
3molZd® w77} return-5°]t. return-49} return-5% LG9 SAE 9

-

Z&kal, return-32 B EA] 9 AYJ o2 RE 0.9molAH ¢ X o]t
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7179 A 7F supply-1<¥ o, #j7]F+9] X w4 9 AHA AHI} =
A FNES, AT B F5 8 <F 4.15>9 )

<H 415> SJ179 RAXIOt supply-12 W BIDOIRE 371998 & 2D|s=
return-3 return—-4 return-5
LMA(Z) 26.71 27.22 27.67
=24 IIEE (%) 97 95 94
<LMA>(2) 25.01 25.55 25.73
AR BIIEE (%) 52 51 51

120
100 ,,,,,9,7 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
—~ 80 -4 - - - - - -
2
o
o 60 - f s st 51
D
1ol 0 F--1 -1 B ]
20 -1 ----—--1 [B------ -
0
return-3
D=2 37las WY ¥F B7|as
(08 4.39) 22122 2XIIt supply-1L M
BIOIRe XY =A30a8 & AER 8|88

o T AFLMA) of
lgES Holi vt A W ARPKLMA>)S oF 257 Aol At g
2 BXE Hol w7]Te] AAER grjasol slo] A9

@& AN EES Hehs
A HEYA, return-39 @&o] Mg £ o2 YERT

£5%Y UFAE 099w AT S )P JF71T76 Imeld el
A% o o] AAAE S5 BNEES FHT 5 Y Ao AgHn



<# 4.16> 27172 ARt supply-12 [ HHIIPE =2 CO, s& & HEZ CO, s&

return—3 return—4 return—-5
=24 COs: 663 634 611
AEA COsk 704 613 597
1000
g 80 I A
E% 634 613 611 597
wOr | . T Tmm
<9
wl 400 |
@
<l
5 M0
0
return-3 return—4 return—5
B2 ojessieks 5 WA BR ol BT

(19 4.40) 221722 IXIJt supply-1 O

BHOI22l fIXIE =4 CO, sk & 282 CO, sk

Stelld BrlEads A Ay Jurlae ol AAYTt SUrEE Ve d
o] Zﬁ‘}lﬂ% ALZ Yoy Co. sk o fhadhs o2 YERT. o=
ol

1€ 7

WA 099l Apkell AAE Ae
Ao 7 FET)

CO, &=7F B 97 vt A
@715 & B COo, $&== L ghol AR Wel Jdnta & 5 glerme FUT

2 supply-19] AT F§ w7l BN 20 ABH HE dolg Ak

stat1 el w7199k Im ol A% return-3° A ek Aol 7Y ma& Aol
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(@ 2179 AXIO supply-2 & M

F717 supply-2% BHHOZHEE 1.2m o]4¥ o] AAHAY. F7]7 AL
ZRE vgRA 0 A A71# 9] AgE 0.8moltt. F7]79 SRR RE w7
of FAAY A”E olAAYR Aosta olAAYE ImTHE Al

w7 v A= (1 4.42)¢8F 2

200 4 | M | ——<

(02 4.42) =2172 RIXIDt supply-22 [ S-HHI17 HHXIE

2 F7ES, A 58S <FE 4.17>3 o)

<H 417> S22 AKXt supply—22 [ BHOIRE SJ19d & eJIss

return—1 return—4 return—5
LMA(Z) 32.89 28.94 28.00
=24 IIEE (%) 79 90 93
<LMA>(2) 27.83 25.50 26.04
AEF BI|a8 (%) 47 51 50

slot®d F717¢ 91217} supply-2¢ w, 5 A% A= (LMA)S oF 281 ~33+%
o] ¥ Z Yl FAF7E8E 79%~93%2] FEZ Bl wjz] e Ao
wet oF 15%78 %] Apol7h wAstE Ao yetwth. A A= (KLMA>)S
26 ~28 02 YEgon HAF I V| EaES 47%~51%° TEE Ho w7
7o 9QA|o whel oF 5%7FF xpolrh WS Ao ® UpERRTL
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40
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0
return—1 return—4 return-5
EEREHE ] PFEEERES
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79%, At 71 5EL 47%= 7P AxF Aow UBHt. ols A FUN
o|x 24 AR supply-29] fIAA TV H F7|7F FHASA Aol
Z-gat= Ao ghajA] w7 Ft e e d P o2 HE He o]AHo] lo] drjaol
A bt Aoz gk

F7)TERE 999 =92 1m o]A% return—-4°1A4¢Y =& FIEES
90%, AT FVaEL 5192 YER F7)7 GRZRE 2m o]Ad

al,
return-5° A1 9] wAF7] @& 93%, AW F71a8E 50%= YEST 9]

= 3T PLOS%P—E’%H 0.8m °] A= e}l H7HL” 2}7} vhep 24
A
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slot® w7179 A7} supply-2¢ o, wi7]5-¢] $IAE =4 2 HAHFA CO, &
T BYXE <FE 4187 2Y. F4& CO, %+ ¢F 550ppm~675ppme| EEE
|

AL, At Co, ¥+ ¢F 520ppm~590ppm o] #XEE Kol QJr}

’

<H 4.18> =172 *AXIJt supply-2& [} BHOI7E 24 CO, s& ¥ AEIA CO, =&

return—1 return—4 return—-5
=24 COxs=s% (ppm) 675 654 549
AEA COsZ(ppm) 587 572 517
1000
800 |
_ 675 654
1S
é 600 F - ,&é? ,,,,,,, 572 ,,,,,,,, 549,517,,,,
i
_%j 400 |
of
<_J

200 - |- [ ---

retun—1 retun—4 return—5

| B2 olisfeie  WAEZ OkkEE: BT

(19 4.44) 32122 IXIJt supply—22
BiO1F2 /X8 24 CO, s& & AdEHZF CO, s&

W 7] return—-1°1A4 ¢ =4 COy&EE 675ppm, AFH T COy35E+E 587ppm
o2 YERTE  o]& HiZ7|F LAY EZRY HE oA o] 2HddeR
FH HAE edEdo] andor mMEsA Xt Auel FAH e Al
ol Ao 7] a&e @A Co, vEv EA HEd Ao®

W 71 7 return—-4°1A ¢ A& COs5EE 654ppm, AH T COrsEE 572ppm
S &2 Yergth o= wi7|F 7 v AR ol ST 9Aste] S HEH]
ANl wjE ¥ o] return-19l] Hlgte] 7]gE B CO, w=7F JHAAE A
FEch, w7 return-591419 4 COy ¥EE 549ppm, AHT CO, =
i 517ppme= UERRL o= w7l fd dH AR mojy @

A oRE WiEEH B|EE 2 COo, vE7F 7MY 45 Aow ddH)
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(3 2179 AXIJt supply-3 & M

717 supply-3-2 BW O 2K E 2.3m o]A¥ o] npetaA] @ ¢lglo] %
AAEGY. F7179 GRZ58EH 7|t TA7A e Ags olAA
stal o) AAYE Ime = AAHSIATE  Fulr] e wiAE (2™ 4.
t}.

2000

oo | 100
I:E:] IEI ——

T2 A7 supply-3€ wj, wi7]7e] AAE =4 B HAHAA AR =
a8, Ad Va8 <GE 4.19>9 Erh

<H 419> SJ172 AXIOt supply-3€ [ BHOIE SI/19E8 & DIEE

return—1 return—2 return—5
LMA(‘=') 28.91 28.40 28.96
=4 sI|a 90 91 90
<LMA> 26.46 26.09 26.59
o EBa 2JEs 49 50 49

o), ZAHFAFOLMA)S of 298 =
BRE] HEE Hol wi7lge] A A Ogr‘z}
A AHKLMA>)S 27892 e
E 5ol o] A wir]Te] fA] el A %%%

1 o‘.ﬁ‘. o L
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20 F--1 -1 Bl - -
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return—1 return—2 return—5
EEREHE Y FEEREED

(O™ 4.48) 22172 AXIJt supply-3<

BHOITS PRI 2ASIIES L ABR #II5S

71725 H 2m °]Z2¥ return-19149] 4 F7Ia &S 90%, AFHT 317
S 49%=2 JEIY T, 37 TF25E 1m o)AH $P9YoRRE 1.7m °]Z4

return-2°14 9] FAF7EEE 91%, AHA 712 8E 50%%E 49 A
J

it ol

ojAIRE 7| g &A1 SN P S AeE YEET. SHd9So® Im
ol A% return-5°1A4¢ =4 FIEES 90%, AHA VI EE&EE 49%=E LE
ek

ojgell A A wpel o] =4 B AR frlgfel o)A wjrlThe] 91A]
of wet AA A7t fl= Aoz wolAu w7 9A7}F return-29 W 7}
F aEol $Y AeE Yy o A TdelA wlE 27 L9dS
B B HFgEHor VFrE MstEdal, edEdo] HE VIFE B
aj 7] | 7H%

i)
N

g wEe] 999S FUREA 9AF return-59] A$ A 7 FE
Tb Q@A ol RolA A ol AW edwo] Aol AR Algke] A
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slot®d w7179 91417} supply-3<¥ ®, ¥j7]5-9] 9148 4 2 A CO.
BEXEXE <F 42003 2d. T4 COyxsx+ ¢F 590ppm~610ppme] #3E

= ¥
Holal i, HAH COys=t ¢F 530ppm~580ppme] XS Holi 3l

<H 4.20> =172 At supply-3€ [ BHOIHE =4 CO, s& E &

08!

o CO sk

return—1 return—2 return—5
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AMEHZA COsk 554 534 581
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I e
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i
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(O™ 4.49) 22172 AXIIt supply-3
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=
HiDIROl RIXY =4 CO, 5F ¥ ABR CO, 5%

29] Apolol At 27| g o] M -
oMol =4 CO, sk&+ 586ppm, dH COx&fkis 534ppme 2 7H w2
FEWEES Hola gtk whdl w7 return-5914¢ F4 CO: T=
608ppm, AAF CO; F=%E 581ppmeZ YERRTE 7@ do] o] <
1~2% S& Ad5s B Ad v&] w4 CO; ¥% <F 20ppmAE FA A%+t
0; %% o 50ppm AXE ¥L Aoz Yyt ol wizl 37t &
SRR AXFHo A VFRE QGEA o] FolX A gko

= } 2
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@ 2179 AXIO supply-4 & M

||\

F717 supply-4+ BHWOZXE 3.4m o|Aw AR AutEA 9 dLle
o AAFATE. F7)Te GEZEE w7 T SA7A e A”E o4 A
Z AYsla o]AAZYE ImyY = AASYT. Tl mxE (28 4.52)
o} Zr},

3000
400 ' e 1000 §iii
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(08 4.52) 22179 At supply-42 T S-6H017 BHXIE

T2 A7} supply-4< w), wi7]5-e] AAE =4 B AHAA AR =
A

a8, AEd Va8 <E 42153 P

<H 421> SI172 ARt supply-42 M BHOIE SJ19E & DS

return—1 return—2 return—3

LMA(Z) 30.95 31.23 29.80
=224 IS8 84 83 87
<LMA> 27.05 26.82 26.01
A TR EIIESE 48 49 50

<

slot® w7179 #1X17} supply-49 W, 5AFFAFOLMA)S °f 30&t=
VERSE L, A §71 88 83%~87%9 wEE Kol wi7|go] 91X wh oF
5%ol ] ztol7b A= Ao R YERRTE AEd JdHKLMAY)S 278U =
e, At BT E &S 48%~50%9] wEE Ho o] GA] Hj7|Fe] 9
of wel oF 5%oluje] xto]7t WAsHE Ao R Ve
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0
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g o

]
< 84%, AW+ ¥ Ea&S 48%% dEtEd. w71 return-12 F71T
ZHE 3m oA YAE egdorRE ¢F 25m o|AE glo] F7]FHA 9
3 sAE edEde] wrlTrE wEHE LH9=HY ol AR FdAeE 4
o] &7lg&ol 7 vmA yehd Aow ddEh

gkl w79 retrurn-3elA 9] wA FVIEES 87%, AW FUEES
50%% el 817 return-4% F7]7 HE2RE 1m o]AH A 9
dhomFH °oF 0.5m olAE] glo] LAUFNA F7I7t o] FolA L 2
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slot®d w7179 91A17} supply-4< i, ¥j7]5-9] 91x¥ 4 2 A CO.
XS <F 4.22>9 2. T4 COyxsx+ oF 775ppm~790ppme] #3E

x|

[e]

= ¥
Holal dir, AH COrys%Es ¢F 665ppm~680ppme] XS Holil 3l

<H 422> SI179 RAXIDt supply-4& [ BHOIFE =4 CO, s& & &

08!

o CO, s&

return—1 return—2 return—-3
=24 COsk 786 772 776
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1000
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0
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rlagol 7P vmA yeEld w7l return-1°49] =4 CO, FLEE
786ppm, A CO; &=+ 68lppmo = WERET o= wi7|Te] f1X7F &
dHdomRE 7PF e olAHol ol FTIFl s IAH LA=Ho] w7
T2 WA UsbEd thh Alzre] Ao A=A Al AFAsE Al 2
Aol WAl ExE3te] Co, v Al FA HERd o R AT

Wl gl g ol M skl vEbd w719 return-3914¢] =4 CO, E
=¥ 776ppm, A% CO, X+t 664ppmo 2 YEGTE  olE oA T3
vpel o]l wj7] - return-32 FYOEHFE] °F 0.5m o]AHo AU} 714
7kelel iR E o] glo] e &l mRHow wiEH ol AW co, sEF 7H
A YEbd Ao g
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ABSTRACT

A Study on the Ventilation System for the Improvement

of IAQ in Existing Apartment Houses

Lee, Jin Kyeong

Department of Architecture

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

In recent years, apartment houses have been insulated and air-tight due to
the energy-saving design strategies and the improvement of construction
methods. Therefor natural ventilation performance is getting weaker, the fresh
air is getting decreased and it is a tendency that IAQ is getting worse. But
recently the importances of good dwelling environment/circumstances are
embossed, so it is decided that some regards to real mechanical ventilation
strategies or application of mechanical ventilation system are accomplished in

existing apartment houses

In this study, wall-type ventilation system is suggested that it is an
applicable ventilation system type in existing apartment houses. And its
ventilation effectiveness is analyzed through 3-dimensional unsteady numerical
analysis. Indoor air current’s distribution, ventilation effectiveness and
concentration of carbon dioxide are analyzed to present the optimum distance
between supply and return diffusers of the system and fundamental design
data of ordinary ventilation system using CFD(Computational Fluid Dynamics)

analysis.

The boundary of CFD analysis is in living room and pollutant resource is
suggested that carbon dioxide is made by human breath. Simulation
variables are the shape of supply and return diffusers and the distance

between supply and return diffusers.
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The simulation results of ventilation performance of mechanical

ventilation system can be summarized as follows.

(1) case 1 : the shape of supply and return diffusers = round diffuser

If the supply diffuser is located in opposite corner of pollutant resource,
the difference of ventilation effectiveness is about 10% according to the
position of return diffuser. In this case, when the return diffuser is
located at the center, the ventilation effectiveness is best. The optimum

distance between supply and return diffusers is about 1.0m

If the supply diffuser is located at the center, the difference of local
ventilation effectiveness is up to 30% , and the difference of room mean
ventilation effectiveness is about 10% according to the position of return
diffuser. In this case, the return diffuser should be located close to the
pollutant resource. The optimum distance between supply and return

diffusers is about 1.0m

If the supply diffuser is located in the corner of pollutant resource, the
difference of ventilation effectiveness is about 10% according to the
position of return diffuser. In this case, when the distance between supply
and return diffusers is 1.7m, the ventilation effectiveness is best. But
when the distance is longer than 1.0m, the ventilation effectiveness is

exactly same.
But if the supply diffuser is located right to the side wall, the supply air

is not enough to build up air current’s flow. So the supply and return

diffusers should be located 0.5bm apart from side wall.
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(2) case 2 : the shape of supply diffusers = slot diffuser

the shape of return diffusers = round diffuser

If the supply diffuser is located in opposite corner of pollutant resource,
the ventilation effectiveness and local concentration of carbon dioxide is
exactly same. If consider the construction performance of the ventilation
system and minimize the duct length, the optimum distance between supply

and return diffusers is about 1.0m

If the supply diffuser is located at the center, the difference of local
ventilation effectiveness is about 15%, and the difference of room mean
ventilation effectiveness is about 5% according to the position of return
diffuser. In this case, the return diffuser should be located close to the
pollutant resource. The optimum distance between supply and return

diffusers is about 1.0m

If the supply diffuser is located in the corner of pollutant resource, the
difference of ventilation effectiveness is about 5% according to the
position of return diffuser. In this case, the ventilation effectiveness is

best when the distance between supply and return diffusers is 1.0m.
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