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7 FAE NSy A AVIHYE AFEe] &ue] A E7] Al AT

ASHRAE (American Society of Heating, Refrigerating and Air-conditioning
Engineers)ol A= 199111 ASHRAE Standard ‘Ventilation for Acceptable
Indoor Air Quality’?lA 27|58 A F 2 Fr]jd=de /My 37|y 2=
ol thate] AAston, 1992 S & &l gk =4 AEAAE TN
sto] =9 rEE HIFE S AP E AlEHA, SRS Ao
ol gk A REo] Hx A

Feo] ol = 3krIA 28] tsle] 20021 IEA(International Energy
Agency) 4Fs} ECBCS (Energy Conservation in Buildings & Community
Systems Programme)®] Annex 35 Z2ZAE2) A= A3 AW dS
FASHEA oA S AT 5 A=EF AdgT|eh JAST] e £ e
Rew Fdo] 7hedh S|AAEHS dfolBelE SY|A A" o R Aol
Annex 35 415 2 HREG AR wsiA o] HEEol tiste] sfolH g
= S7A e Aoy B ostolBE = YA Ade] ST G5
M, sfolB = SHrIA 2w AR oy B
= HAEdE A4 Vs S8 AA7H

Katerina Niachou 5232 =<1, 77|, sto]l = g 2
S A Y EAo] thE olFEE tido = 2002 AT EAIET o

A g7 of stolBel= fr|AAEle] Y] 5o A= JFE A= A

21) ASHRAE, '1992 International Symposium on Room Air Convection and Ventilation
Effectiveness’, 1992

22) Per Heilselberg(Denmark), 'Principles of Hybrid Ventilation’, IEA ECBCS Annex 35, 2002.8,
p.10

23) Katerina Niachou, 'Experimental performance investigation of natural, mechanical and hybrid
ventilation in urban environment’, Building and Environment volume 43 issue8, 2008.8
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H

EC(European Commission) RESHYVENT®] EU CLUSTER ZZ A E2)=
fr237]=ro] Feste] 20029 1€5H 20044 12€97bA4] &A= &3
stolBg]= F7]A| "o #sk AFAFFelth. Cluster Project on Demand
Controlled Hybrid Ventilation in Residential Buildings' ZZ2 A E+x FHS 4
N 713 A9 (severe cold, cold, moderate, warm climate) . %2 ¥ 3}lo] o] 9
A FALE A=Y stolBYr VA ARE st 4F /9 prototype
22 (The Swedish Concept, The Dutch Concept, The French/Belgium
Concept, The Norwegian Concept)sS ZA3}==Z AAsIATh (29 1.2)& A
AL Eut7)ole] B 2o Dutch Concepte] sto]lB = 3H7] A~
FeAbE ot 7 B A8 H AR FAHAAA, olibste A w3
A Fol AAHo] AFae] Adde 3 A
9] ol wE} Q3| He Fusta F2 Ao (demand contro)e] 2
QA AT CO: v% HAAAE o] &3 Ao7]e=S SAAAAA Y ¢

)

Azl ARG R ALAe] £E shefatA Fahi Aol vlskel w0

2 A7t Zbesta, sEAME FHelu S20M =ET7F gel wAd

i fJees @718 AReRA A4 4S5 AL F Ak o9k e

Stol B = S| Al 82 FAIE7] Tl L AA % kL
[e)

A sle] Q3 i HQd wFe 37w
TN e o2 A Hoh A A A} oy AegaE FAlo i

A 5 = AAFo® AA st

24) Peter Op’t Veld et al, 'Cluster Project on Demand Controlled Hybrid Ventilation in
Residential Buildings’, EC RESHYVENT, 2004.12
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(b) Air Inlets

(c) Exhaust Chimney (d) Demonstration House Brno Czech Republic

(0% 1.2) EC RESHYVENTY Gl0IE2IE & J|AIAE JHer At (Dutch Concept)

James Reardon %252 NRC(National Research Council Canada)ol A 2004
dARE 2008974 38t 94 ‘Energy-Efficient Hybrid Ventilation
Systems for Residential Buildings' ZZAE|A] slolB = J7|A| A&
&3 FHe qyA B&S ] A% HS AskdeT, o A
= AFEe] stolnE STAAHSE dUA EEAQ] P9 AsAlE

S AW AN Ae BHow s Ytk

25) James Reardon et al, ‘Energy-Efficient Hybrid Ventilation Systems for Residential
Buildings’, NRC, Canada, 2008
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312 =9 &77]E

I I X P

u=2] 37]7]5& ASHRAE (The American Society of Heating,
Refrigerating and Air-Conditioning Engineers)®] SSPC(Standing Standard
Project Committee) 620141 AW 37| A(TAQ)| Wt & & #3ste] 1973
ASHRAE Standard 62(Ventilation for Acceptable Indoor Air Quality)E *]
o AAE ol o2 WY NA FAYES WPt kv o] 8 19734
ol= 714l #7]¢F A F7](Standard for mechanical and National
Ventilation) & ¢l3te] Ao=2 #AAE Zolm, 1981+ Ventilation for
Acceptable Indoor Air Quality® #AlZo =z 7AAEAom 19890 thA
Standard 62-19892. = 7| = At} 1992dol= o] FAES oFx2gdoz upit
7] 91k AHEE Ah3)7 A4 E AL 5 Building code)oll A ANAREF O =
AL F AEE S FX5AT Standard 62-1989% 8 7|y} A
o ar|Fem A ol olF Warst A HE&sHrlel= oelgol UE
Wan, gk Ay dAd A UEuE AR ARY AR5E FEske] AlE
o] 7hsotes Hi HdslE AXE Folth L3t 9

AA 271 d st 7 8Y AR AEE AS AYstr] 9% 51 E
AARsta o 7HA A2 RokE Frhste]l xQbE FHIsH L, 19961 8¢
of MAS #1g Z<to] AAHIAT THIEHFH AAE FES A}
ANSI(American National Standard Institute) -4 AL Ayste 19974 6¢
o] Standard 62-1989 ¢l &k /W8 2ol FHE AL 19973 3 Al
gk 22bS AR Codedt 2ol A& =AUt A43|7F A12dE #1094
Thol]l Standard 62-1999¢} Standard 62-2001°¢] €A =t} 20043 += A
Tl OE Vol HE A= o]  ANSI/ASHRAE  Standard
62.2(Ventilation and Acceptable Indoor Air Quality in Low-Rise Residential
Buildings)®2 # /53 7]&9] 7]+ ANSI/ASHRAE Standard 62.1% -
FE Ak, ASHRAE Standard 62-2001°14 AAIS 27|7]E o

=

¢

34) w7, mEe] 37 R, tiddnEets] 20065 A el Ed ] =2, pp.116~120



<3 3.2>9F

<H 3.2> ASHRAE 62-2001 =HE 2= &IIJI&E

I = &710|F Hl D
S = 0.35 3|/h, HAl U RE B TE
=< 15 cfm(7.5 4/s-21) 0] (& MA 2|2
2b& 8] 200 cfm(50 4/s),
=T} o8| = HR2IPAL | JIHBIIRS
25 cfm (12/s)
2v& 817]:50 cfm(25 2/s)
24 3R ol=s)| = HR2WPAL | JIHBDIRS
20 cfm(10 ¢/s)
uBtsoz #J| E£= Xt
D(AZ=SD 221) | 100 cfm(50 £/s-car) oISl oah JIE UA
=
JlEt SUIE 1.5 cfm/ft?(7.5 £/s- ") -

(2) AIVC #7171+

AIVC(Air Infiltration and Ventilation Centre):= 198911 ¢] X 1A| o] A T
A7), &, A7, 55, A EA(EE), d4A=4, ARSI E 5 L
=4 AAE ST 48 Ha VS dEd 2ol FYekiitt. ASHRAE
MM AW S| VeSS A Rbete] AIVCE 54 Ld=4d9 AAE
A8l a5 vl digk 7]EE& AAISEL Ak AIVCOl A AlAlekar 9l

= 712 v <i 33> Zrh
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<H 3.10> =2 =Jt2 &J| 738 (Standards, Codes & Regulations)

=29 FHE HE AMEA Y SN H2
0l = | ASHRAE 62-2003 Ventilation for acceptable indoor air quality.
ol o Japanese Building Standard Law(Z2EWSH HFI|IE=Y).

SHASE S102-2003 gD &S (I =3-2AMSEE 7)

prENV 1752 @ Ventilation for Buildings—Design Criteria for the Indoor
Environment(1996)
prENV 15251 : Criteria for the indoor environment(2005)

NBN D50-001: Ventilation system for | NBN B 62-003 Heat loss calculation

21 housing. 1991
CSA  Preliminary Standard F326.1 | NRCC No. 22432. Measurement for
MU o -M1989, ASHRAE 62-1989 Ventilation | energy conservation in new buildings.
for acceptable indoor air quality 1983 / ASHRAE 62-1989 Ventilation for
acceptable indoor air quality
oo 3 DS 418 Calculations of heat loss from | Danish Building Regulations 1982
building 1977
D2-Indoor climate and ventilation in | Indoor  climate and  ventilation in
° 2 = buildings, Regulation and Guideline buildings, regulation and guideline, 1985
~ = 7| National building code of Finland / D2-National building code of Finland.
1987
N French regulation for ventilation of | Cahiers du CSTB No02286-Oct. 1988
= | dwellings
= o | DIN 1946 Part 2(1995) DIN 1946 Part 2(1995)
- VDI 20881 Ventilation of Dwellings, 1976 | VDI Ventilation rules, 1983
o1tz o Ministerial Decree 05.07.75 Ventilation | Ministerial Decree 04.02.76 Ventilation
requirements for residental buildings requirements for schools
TER= NEN 1087-Ventilation in dwellings NNI | NPR 1019 — Ventilation in school buildings
1991
w290 Norwegian Building code Chapter 47, NS3031 Energy and power demands for
Ventilation and installation, 1987 heating of buildings Calculation rules
BFS 1988:18 Chapter 4:1 Air Exchange. | Standards BFS 4:1 Air Exchange.
A 9 ©l| National Board of Housing building | National Board of Housing building and
and Planning. Planning.
SIA 384/2 Heating load calculation o
o A o SIA 382/1 Ventilation and AC plants 1992
A 2 A | 1980/ SIA 382/1 Ventilation and AC plants
1992
Building Regulations Part F : Ventilation(1995)
British Standard BS 5820:1979 Code of Practice for mechanical ventilation and air
b= = | conditioning in building. British Standard BS 5925:1991 Code of Practice for

Ventilation Principles and air Designing for Natural Ventilation.
CIBSE-Guide A'Sec 2(1993)
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- 4dF SEAUA 248 A4 (Dissipation rate equation of turbulent

kinetic energy)
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Solution procedure
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<H 6.2> S&Y 2A=320 HEEZ (%)
1N 2 3 4 5 6 7 8 9 10 11 12 PR
A JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC. | ANNUAL
M2 |CALM| 42 | 35| 34 | 36| 50|61 |60]|63]|66| 73]|54]50 5.2
22| NNE | 53 |37 | 36 | 29 | 26 | 24 | 26 | 33 | 45 | 53 | 55 | 5.2 3.9
=3 NE | 11.7]10.1] 92 | 9.0 | 9.4 | 11.0 137|191 |19.2 152|159 [ 147 | 13.2
S=2S| ENE | 11.7 102 | 10.9 [ 10.7 | 10.4 | 11.5 | 12.6 | 16.7 | 18.1 | 13.5 | 14.1 | 10.9 | 12.6
= E 20 | 27 | 35 | 41 | 3.1 | 38|38 | 45|39 |35 | 27|24 3.4
SY=| ESE | 05 | 0.7 | 1.1 1514119 |20 |20 15| 14107 ] 05 1.3
=L SE | 04| 05| 08 |14 |15 |18 |23 |22 | 14]09]06] 04 1.2
SGet=| SSE | 04 | 083 | 07 |10 |12 |16 |20 | 16| 11 ]08]05] 04 1.0
=1 S 06 07| 13 |19 |20]| 21|26 |17 |10 |12 | 10| 08 1.4
A SSW | 15| 20| 30 | 3.7 | 47 | 39 | 70|43 |22 |21 | 23| 1.8 3.2
=A SW | 32| 48 | 7.8 [11.0 124|104 |126| 76 | 45 | 40 | 43 | 3.3 7.2
MeA| WSW | 58 | 84 | 103 | 126|133 | 126|102 | 7.5 | 53 | 58 | 49 | 5.2 8.5
A W 172189 | 183 [17.3 [ 17.6 [ 16.7 | 11.3 [ 10.4 | 11.0 | 14.0 | 142 | 156 | 15.2
MEM| WNW | 21.0 | 206 | 165 [11.5] 92 | 81 | 6.0 | 6.5 | 9.0 | 13.0| 16.4| 19.5| 131
=N NW |101] 90 | 63 | 47 | 38 | 38 | 30 |30 | 54| 68| 73| 93 6.0
S2M|NNW | 27 | 283 | 20 | 15 |11 | 12 |09 | 13| 25 | 25| 21 | 25 1.9
= N 19 15|13 |13 |13 |12 |13 |17 |29 |28 | 21|24 1.8
N
NNW.—2° NNE
.NE
WNW ENE
W 1 E
WSW ESE
SW SE

S

SSE

HAE 2 Wind Rose

(O 6.1) ME2XY ST (30 2+:1970~2000)
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QA JAN. | FEB. | MAR. | APR. | MAY. | JUN. | JUL. | AUG. | SEP. | OCT. | NOV. | DEC. | ANNUAL
SE2S| NNE | 1.3 [ 1.3 | 1.4 | 14| 12 | 11 [ 12|12 |11 ] 11|12 ] 13 1.2
£ NE | 16 |181] 19 |20 [ 1.7 | 1.7 |19 |19 | 1.7 | 1.4 | 16 | 1.5 1.7
S=ES| ENE | 22 |24 | 25 | 24 |23 |21 |22 |21 |20 ]| 18] 21| 18 2.1
= E 1920 22 |22 |17 |16 |17 |17 |17 |15 |16 | 1.7 1.8
SYS| ESE |14 |18 | 1.7 | 18|16 |16 |16 | 15| 1.4 | 14| 13| 1.4 1.6
g3 SE 12 15|17 |17 |15 |16 |16 |16 | 1.4 |14 | 1.4 |13 1.6
eS| SSE | 14 | 14| 1.7 |19 |17 |17 |16 | 19 | 16 | 1.4 | 1.4 | 1.6 1.7
=1 S 16 17|19 |25 |21 |20 |21 |21 |17 |18 | 17| 1.8 2.0
M| SSW | 24 | 29 | 31 | 34 | 33|28 |33 |31 | 28|27 |25 28 3.0

gA SW 26 | 29 | 3.6 38 | 34 |30 |32 |32 |28 |28 ]| 27| 26 3.2

MM WSW | 29 |32 | 34 | 35|32 |30 |29 | 28|28 ]29]| 28] 28 3.1

M W 3.3 | 35 | 35 36 | 34 |30 |28 |28 |29 |30 32] 32 3.2

MEAM| WNW | 33 | 35 | 36 35|30 |26 |24 |26 |26 | 30| 33| 34 3.2

=1 NW 28 | 29 | 29 29 | 25 | 20 | 1.9 | 20 | 21 24 | 26 | 2.7 2.6

S=EM| NNW | 24 | 23 | 23 20 | 20 [ 16 |19 | 16 | 16 | 19| 21 | 2.2 2.0

= N 1.2 1.4 1.3 1.3 1.4 | 1.2 | 141 1.2 1.3 | 141 1.3 1.3 1.2

g2 avg. | 25 | 2.7 2.9 29 | 26 | 23 | 23 | 2.1 19 | 20 | 23 | 2.3 2.4
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1) HB_CA F7] : MulZA1Z wj7] : 8297

HB_CA : CFD Al2d0/4 Z 1t (Stream line)

- 186 -



A AT Abe])

2) HB_CB (571 : Al A &, 7]

23014 2 (Velocity distribution)

HB_CB : CFD A

HB_CB : CFD Al2dI0l& Z 1t (Stream line)
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HB_CC : CFD AI2dI0l4& Z 1t (Stream line)
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4) HB_CD (7] AWEA%, 7] : 85%)

HB_CD : CFD AI2dI0l4& Z 1t (Stream line)
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CAFAIZ W) 7] L 8 (T x)

5) HB_CE (#7]

23014 21 (Velocity distribution)

HB_CE : CFD A

HB_CE : CFD Al2d0l& 21} (Stream line)
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6) HB_CF (&7]: A&, wj7] - $L kg x) - AL FALe])

HB_CF : CFD AI2d0l& Z Dt (Stream line)
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7) HB_CG (=71

23014 21 (Velocity distribution)

HB_CG : CFD A

HB_CG : CFD Al2dI0l& Z 1t (Stream line)
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HB_CH : CFD AIZ2d0I4& Z 1t (Stream line)
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9) HB_BA (F7]

22014 21 (Velocity distribution)

HB_BA : CFD A

HB_BA : CFD AI2d0/& Z 1} (Stream line)
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10) HB_BB (F7] : Al A AZ, v} 7] 1 AAFHAFo])

HB_BB : CFD Al2d0l& Z 1t (Stream line)
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11) HB_BC (&7]

23014 2 (Velocity distribution)

HB_BC : CFD A

HB_BC : CFD Al2dI0l& Z 1t (Stream line)
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12) HB_BD (F7]

23014 2 (Velocity distribution)

HB_BD : CFD A

: CFD Al2dl0I& A1} (Stream line)

HB_BD
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DA A, Bl

13) HB_BE (&7]

2301« 21 (Velocity distribution)

HB_BE : CFD A

CFD AI2dI0l& Z 1t (Stream line)

HB_BE :
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HB_BF : CFD Al2dI0l& Z 1 (Velocity distribution)

HB_BF : CFD Al2dI0/& Z 1t (Stream line)
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15) HB_BG (71 : At G A%, wl 7]

23014 21 (Velocity distribution)

HB_BG : CFD A

HB_BG : CFD AI2d0l4& Z 1t (Stream line)
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16) HB_BH (57|

2014 21 (Velocity distribution)

HB_BH : CFD A

HB_BH : CFD AI2d0l& Z Dt (Stream line)
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17) HD_CA (F7]

23014 21 (Velocity distribution)

HD_CA : CFD A

HD_CA : CFD AI2d0l& Z Dt (Stream line)
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cAMEAE, w7

18) HD_CB (=71

231014 21 (Velocity distribution)

HD_CB : CFD A

HD_CB : CFD AI2dI0l4& Z 1t (Stream line)
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19) HD_CC (&7]: At 54 &, 7]

21014 2 (Velocity distribution)

HD_CC : CFD A

HD_CC : CFD Al2dI0l& Z 1t (Stream line)
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20) HD_CD (#7]

23014 21 (Velocity distribution)

HD_CD : CFD A

HD_CD : CFD Al2dI0l& Z 1t (Stream line)
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21) HD_CE (&7]

231014 21 (Velocity distribution)

HD_CE : CFD A

HD_CE : CFD Al2dI0l& Z 1t (Stream line)
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22) HD_CF (71 : A=A 5, wi7] s 218X 2] - AL AR])

HD_CF : CFD Al2d0l4 Z 1 (Stream line)
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23) HD_BA (F71 : Al A, v 7] A8 - AL S 8ALo])

HD_BA : CFD Al2dI0l& Z 1 (Velocity distribution)

HD_BA : CFD Al2d0/& Z 1t (Stream line)
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24) HD_BB (7]

23014 2 (Velocity distribution)

HD_BB : CFD A

: CFD Al2dl0I& A1} (Stream line)
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25) HD_BC (&7]

231014 21 (Velocity distribution)

HD_BC : CFD A

HD_BC : CFD AI2dI0l4& Z 1t (Stream line)
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26) HD_BD (H7] : Al A%, v 7]

23014 21 (Velocity distribution)

HD_BD : CFD A

: CFD Al2dl0I& A1} (Stream line)
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23014 21 (Velocity distribution)
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CFD AI2dI0l& Z 1t (Stream line)
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22014 21 (Velocity distribution)

HO_BF : CFD A

HD_BF : CFD AI2d0/& Z Dt (Stream line)
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ABSTRACT

Improvement of Ventilation Performance

in Apartment Housing by Hybrid Ventilation System

Chu Young Chun

Department of Architecture

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

As the Sick House Syndrome has become a major social issue since
early 2004, the regulations such as the amendment of indoor air quality
(TIAQ) management law, the establishment of recommendation standard for
TAQ, and the establishment of the requirement standard of installation of
ventilation system quickly have been become institutionalized. The
enactments and amendments for the improvement of indoor air
environment are hard to find even in other developed countries, and it is
encouraging that the public interest and the will to resolve the issue from
government level for improving the IAQ of apartment housings are high.
Although many studies have been conducted to improve the ventilation
performance of mechanical ventilation systems that are applied to mid- to
large-sized apartment housings and mixed-use apartments, the verification
studies on ventilation performance of hybrid ventilation system are
insufficient, and the studies on ventilation design method for applying to
apartment housing are also needed.

Therefore, the purpose of this study is to evaluate the applicability of
hybrid ventilation system in apartment housings, and present a design
method to improve the performance of hybrid ventilation system. In

addition, this study is to present a plan to use CFD simulation as a
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design methodology for hybrid ventilation system.

As a research method, after confirming the reliability of the simulation
result through the comparison and evaluation of the field experiment on
the CFD simulation result, the improvement plan of ventilation performance
was examined through CFD simulation. As the object of field experiment
and CFD simulation, a small apartment house with area of 51m’ that can
actively utilize the performance of hybrid ventilation system was selected

and evaluated. The major results of the study are as follow;

(1) Field Experiment of Hybrid Ventilation System

In a small apartment house with area of 51 m’ in Samchuck region, a
system that meets the requirement of ventilation of 0.7 cycle/h of the
regulation for a different kind of hybrid ventilation system was actually
constructed that included window mount type natural ventilation systems
for supply air, bathroom fan interlock type bathroom and livingroom
ventilation systems for exhausting air, and duct exhaust systems for each
room. The experiment of ventilation performance was conducted according
to the ventilation types.

The results of the experiment revealed that the average age of air for
the hybrid ventilation system that consists of bathroom fan interlock type
bathroom and livingroom exhaust systems was 1.42 hour with the average
efficiency of room ventilation per room of 949, while the average age of
air for the hybrid ventilation system that consists of duct exhaust system
was 1.52 hour with the average efficiency of room ventilation per room of
81%. The average age of air for the hybrid ventilation system that
consists of bathroom fan interlock type bathroom and livingroom exhaust
systems was short and the ventilation efficiency that is defined by the

ratio of a nominal time constant and an average age of air was higher.
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(2) Assurance of Reliability through CFD Verification for the Ventilation

Performance of Hybrid Ventilation System

To present a plan for improving the ventilation performance of hybrid
ventilation system using CFD simulation method, the reliability of the
CFD simulation was confirmed through the comparison of the results of
the field experiment and the results of CFD simulation.

The simulation results for the ventilation system in each room were
satisfied with the error range of field survey wvalue, and the simulation
results and experiment results were revealed to be identical to the order
of the age of air for each room. Based on the assured reliability of the
CFD simulation results, this study presented the predictive method used
CFD simulation as a method to evaluate the performance of hybrid

ventilation system and to deduce an improvement plan.

(3) An Improvement Plan for Hybrid Ventilation System Utilizing CFD

Simulation

To present a ventilation plan to increase the ventilation efficiency of
hybrid ventilation system, an optimal ventilation plan for each system was
deliberated through CFD simulation by considering the locations and the
quantities of diffuser installed for each system as the variables.

In the case of window frame natural air supply & bathroom and
livingroom exhaust hybrid ventilation system, the ventilation efficiency
was high when the location of natural air supply was located on the
boarder or the household rather than at the center of household, and when
the location of the livingroom exhaust of bathroom ventilation fan
interlock was located at the center of the livingroom or at in between the
livingroom and the kitchen. In a design plan that allows the total amount

of flow to exhaust through livingroom exhaust system without operating
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the bathroom exhaust, the mean ventilation efficiency was high but the
effect of stagnation of air current in household occurred.

In the case of window frame & duct exhaust hybrid ventilation system,
the ventilation efficiency was high as the distance between air supply
system and exhaust system became more distant when the location of
natural air supply system was located at the center of the household
rather than on the boarder of the household. In addition, the ventilation
efficiency was high when the air was exhausted through two exhausts in
similar amounts of flow rather than when the duct exhaust system was

installed on every room.

(4) An Optimization Plan for Hybrid Ventilation System of Small

Apartment House

In the installation of window frame natural air supply & bathroom and
livingroom hybrid ventilation system, installing exhausts at the center of
the bathroom and livingroom and installing window frame natural air
supply on the boarder of household revealed to have excellent ventilation
efficiencies without any effect of stagnation of air current.

In the case of installing only one exhaust at the center of the
livingroom and installing window frame natural air supply on the boarder
of the household revealed to have the most excellent ventilation efficiency.
However, it was revealed that installing window frame natural air supply
at the center of the household was the most ideal for the age of air and
its current to have the same distribution, as the effect of stagnation of air
current appeared around the dwelling space area of each room and the

boarder wall areas since the deviation of the age of air inside was severe.

Through these results, a ventilation plan to improve the ventilation

performance when applying hybrid ventilation system (window frame
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natural air supply & bathroom fan interlock exhaust system) in apartment
housings was presented, and a method of utilizing CFD simulation with
its reliability confirmed through field experiment was presented as a

method of evaluating the optimization plan for hybrid ventilation system.

There 1s a difficulty in applying to the results of this study to various
types of apartment housings because of application to a small single plane
type as the object of study. Therefore, to expansively apply the results
of this study, a practical study that considers various variable should be
conducted. It is expected that this study will be effectively used as basic
information for the performance verification and improvement study for

applying these hybrid ventilation systems in the future.
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