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2) AAFHEA ¢ oojolt Helfwe UXehr] ¢ WEe Fzro) 4
2 dwdow Y4 dojde £ oA Agsted ddade
2ol AT, AEY Y 85718 E¥e 08 4AE Adedos B o
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st 19 W Ry B e AASA Juz g7 o84 BAFPe AHHm
Atk Az ARz 75%0 el Aol dojdg AAY W 53 Ag
FUZ 98 Ane Frio] Wastn R FEAL,

3) ¢&49 M2 fal dael s 1§ wens sdnz WP 7t
T2 W Be o) TG G4 Hid $55 el da A%F e
o aTEd AAE F2 wzus w94
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4) TEFEFEe] ol HFH WA e B HEFRTIAM, PR, 1998
5) Akbari, H. ]. Huang, P. Martien, L. Rainer, A. Rosenfield and H.Taha(1988), ‘The
impact of summer heat islands on cooling energy consumption and global
CPconcentrationy . ACEEE Summer Study on ‘Energy Efficiency in Buildings’,
Asilomar, CA.
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6) E. Arens, Passive Cooling by Natural Ventilation, Florida Solar Energy Center,
1981,
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EAR A FHEVE A Yo $3H0 7 F $3YL DEL.
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WERGUD, wbgle] flTel AZow mi blaa Bole W AYEL %
FEs FEHE 4 Qng AdE $ogdge,

\’:3600><O><R><A><v ------ (2.1)
V. ATRE Fdsts £33 mh)
Oi%ﬁﬂ?g
R: A8 =27] gl 28 A&
A d AHe AT FEHH(mMD)
v I 7R EE(m/s)

ATES] FAEATE0)E vgo] HZow Bolg = 05-06, HIASE B
o2 @ 025-0359 g W R@FL #UF, FFTo) 4@glol o 2
tRe AATEG Rt Fe ApR wge o ALz <E 21>9 e
otk ATRE Sass $%e Ry $Ew S dd Bagme oy
& gake neste] TR fARH G A olHh

<H 21> AT A7) v S o2 R

9 2 AT/ e AT R4t
1.00 1.00

1.25 111

1.50 1.18

1.75 1.23

2.00 1.27

25 1.32

3.00 1.34

4.00 1.37

5.00 o4 1.38

7) Donald W. Abrams, Low Energy cooling, van Nostrand Reinhold Company, New

York, 1886
8) Ibhid.
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& QA FFR 4FE nFAY. FAFTIUEF
(AaZ A (22)8} zto] Aatgd 4= 909,

# HelA Az frgl T Adolu, Aok FE& 79 WA §d7Y &2
T E T el WAl AAW FEHL FolakAT AA AFEE wHo) g
st Rl frEare]l Ao g o XAl 7R o A I)§
= FHAME YT WHe] fEFEY AW G2 FE2Y JF2ES Wi
AL FYTEYG &7 FAo] AW fAF P VRS es ¥ #EAg,

2

Roluck o] ] 7 FEYE7t vigel MaEs RE A O T EFA
%

5% ZHeTHo, ulgo] P¥o) tete Hzoz i

Feel AAgAel Wik fyds TR 2P viAG. SN, o
1%, 293 Awning Window) 5 %9 715 3¢ 288 4 gt ww
MAZI S o Ewe Y T Hueld AFazz JFd TYs 24T £ @

U qEol}e £ HlagE NE ubdde] diste] EaAeln] ool 2y
FE S el Aoy ditdin Felsith. gl dd £ A 7)F

g #gHoz zasnd el £9FE NHE FANLR 248 4 Ao

4

AR Fuel uF 7% U At 5o olfT RrHE vty e
se Aye EENvel 48¢ oAd AANE 2457 4% FFPNSE §
Gt 7)F 0 W Fupol AL HAnZ ol WE nelst Bas S

A% AAE FUEE L VIF 4WE FEAes 238 4 Aen £4 e

9) Donald W. Abrams, Low Fnergy cooling, van Nostrand Reinhold Company, New
York, 1686, p.119.

10) H. J.5o0bin, Window design for passive ventilating cooling~ An experiment model
scale study. In Proc. International Passive and Hybrid Cooling Conference. AS/ISES,
1981.
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27)ef wetk AUFHe Aus 21Fe W v FuEHe] WaEn s BLEs]
FHE R GH7b S Bwo] gagd web wide MYz 499 o &
Qoo fETAlolol §PY FETFHG O A4S = ATFRSo g
G4 FFS H A Al PR 26 s AR

5Ee AdME HA dxel MTRE 2 Awdwe] vgHHNw YA
AE Aol doir e F7te] BEo] gFHug 7158 7IHEE2L uhE s
GowA AFTH LT 7187 AU F UER goo] Mol B A
ohgttl, YWl o® zhule] W ugte] Hol it Zo] W& FTHE WE 4

PET YAE ghofob Fhe,

@ A5ddd
ARAEEE A Folu i AFFE Abgste AW @A Ty 58S &
AANIZ g B 7] F7EA ] Fee] 9tk

1} F{Wind Tower) : dtgel 532 dUixtE ol&sled F7k Jeof ulzt

o

11y E. G. Smith, The Feasibility of Using Models for Predetermining Natural
Ventilation, Texas A&M University, Texas Engineering Experiment Station, 1951.

12y B. Givoni, Man, Climate and Architecture, 2nd Edition, London, Applied Science
Publishers, 1976

_14_



AT skl A% el AW FeE wsi wyoz 1Ee MALL
3 BHAA 44"+ ok

2) GAEWing-Wal) © @AM Gasl 37 AAA gHoz 529
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2.22 F#Z3A P2} (Mass Cooling)

TEA BAUAE 8] E ABE ol §Ee W 948 ARG 9
7120] © @opAiy opzie] H& wjEstel Wabsie Waeld. IxM yYge
ofzbell AWisrzt wE: AW Fr2E T3 YRIVIE cBARLEAN T
FAE AN dEctdiE P8 AFRE Bk BT HFUL =t
WrrEl yxAs ted Faed AE ddAd $AHE 98 Free 294 o
& Frh oRIT T ol8F TRA WAL 4§ Wy HAHLEI 20T

duakzt digf 15CTE de 71804 gl oft BFE

i AdEe A2 Hde R 2% BYEE mar dde] g Z njx
BE T T GANE ARAITIR A g3 opttd BFE ol &3E 7

o8 97| & ulf °of 3B-4%HL ArIes o A FAY F

P
2
ok,
N

FNFEOE AW FRAL Y4 ALe FAA 283 Lrvse )
FHo® A% + Adthd FzA Wrelq g Y Fdde 24

13) Ihid.
14) B. Givony, Performance and Applicability of Passive and Low Energy Cooling
systems, Energy and Buildings V-17, 1991 pp.177-199.



AASAAM Jl7Re AL FPe] AAdEFo|} MUNEE wEd HAY
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SLHE AREE R o TERAW BAAE $ gled dE So W, AA
B Evr g %95 (Rock Bed), B B 53 Zo] SAY 9 AL 43
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2.2.3 EAb) ZH(Radiative Cooling)

EAgZEE oW mEE FH7F obF gt e A7be EA AAEAle
U2 QAU WAs s 718 2 2A% Fu o Bee Fie) g
BAb U2 AR 48 HAST A Pe g guEay "ez A7e 8
TR BALE Agargint. %A &4 F03 of7te] RE dojyr)
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A1PAQ BAAES YRAL e P,

Q= 0 XFX e XAX(T)-T»* -+« « - . (2.3)
o, Qr P BAR Qe A7

o @ SHH-FET A4

F - gejA+

e 1 BAA|S) PALE
A Habahel wa

T @ BARAY 25(K)
T:: &F54ls 2% (K)

A @3 FEHAFIE F 847 of9A vlErn glave] mhed QofM
17b29) g& e ddAoz ARAY AFoldE e B A v
T ORI YA G 2L HYATE 12 B BA Yde e ANy 9§
HEL2EE 785 % 27 Fod 28" $3718 I3 4G ez Aifelg
th dutdezm Axstn 7 7FoAM HAF2EE LR 11T/ Bxg
BTHT & 2xaE e
HE2EE A72% UL E ol &dte A (24)7 o] Ag 5 e,

Tsky = (0.742+0.0015Td) " (To+459.7) = Tol0.8=(Td-273)/250]- - (2.4)
4714 Tsky: T FWLE(K)
Td @ AEESS =FH2Z(T)
To : A&EFTL 27 AFZE(T)

A 7bA 2 7)1 F3 ezt b #2 vE (K29 stgo] 7t
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15) Donald W. Abrams, Low Energy cooling, van Nostrand Reinhold Company, New
York, 1986

16) D. Watson, Climatic Design, New York, McGraw-Hill company, 1983, p.62.
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oM g oA dejdd, Ty o}y @ Wrade YdE 99
e daEgdodds dojur] wie] AL BAd Fde Wasid: e ¥
Aol Fuyen e Aidd weEd dAZ dEge L5 ARt 10T
ol4b ol BAlgztog Q8 LEAEs olnul Aol EE FHEa}
= 913l AFe 2t 7] ET FelAd £ Fr|9 dF duge]l Yol
EAbEdAe v gl HE | #3 Wind Screendll A2 wA® 2% g}
EARZE Babgdld 18 Adig dRos ofgA dAAF = gt o

| o] ¥ 89 4 Qi

o
e

- A B Ay 2H(Direct Radiative Cooling) @ Al 20] BAIZHOo 2 A Ag#c}
52 HESAIEe JH gE REE Fodte dEL2Dd, £F
AFtel oiay 7hd £2 248 231 7] WEe A BAAZ 99 &
fdA e AR S ofte] AEAE do] AUz AdHE AL AAANFPeEA
Aee BA W45 HE 7k 5 g 2@ A2 ofduiy 7| FAHd)
AT BEAY AUEFL HEgE AFoZ @ A X (Vaulted Roofs)& AHEste] Bap
Fzste dF Bolfrh ol HEE Ao EUe A9 Fyuldg(wtd
ol A gEct 3wl of IRt ¥ 29w, M o]RL Fedle o & Hddo)
Ha, ool o & 2A EWe] #rl

2 E &

&

A FHAR Ei= ‘Skytherm System’ £ o]# 3 EAlzZE 71N SE8 A @
Aoz F&8 Aoty (g 22)9 Zo] AZAR TE2E AuEd AHa)
HZ Zuo]E(Steel Deck Plates)®o] Eo] A Zetr€¥dFulg el
oluf JbEA 2L A5A FIele E BE Wy ozl HAWEE g Wl
g =&A7t.

HAEZaa g $7HA171 7] Yal M e EALA) (selective radiator)?] NS A=

AFE e Qo eleig AFI9EL 3 ¥ A atmospheric window)2]

rot

170 M. S. Sodha, N. K. Bansal, P. K. Bansal, A. Kumar and MA, §, Malik, Solar
passive building ; Science and Design, Pergamon Press, International Series on
Building Environmental Engineering, Vol. 2, Oxford and New York, 1986.

18) H. B. Hay, and I J. Yellot, ‘Natural air-conditioning with roof ponds and

movable insulation” , ASHRAE Transactions, Vol. 75, Part 1, 1969.
19} D, Michell, Selective Radiation Cooling, Another Look, CSIRO Division of

Tribophysics, University of Melbourne, Australia, 1976.

_18_



,19,



- PSS AR ZHIndirect Radiative Cooling) @ M2 EAIE Z3 $3)(8 zo
F/DE AT WA fA9 Wrle 549 94 % So Az
(Rock-bed), &8z & gl #24 & A%drt. o o, 278 27)e
AE= A 49 = & ded 37 248 AYsiER sw o Fu
(24 23¥1M 5~10cmB =2 F7) 52 oldioll ¥ & 2% AEE Bl

g2 g,

(ZEA)

(I9 23) 743 HAp 42t

2.24 4Pz} (Evaporative Cooling)

Fold Mzt FANA Vst AARALE BAG, o] Yoiw w
we EuT gEen g7 el dojut RWeEREH e o] Fad
CEWE 37150 BRE £20129 WFel By e o) TRt

Iy

O A45%Y 2 Direct Evaporative Cooling) @ vl2o] &3 ¥ 92 =7}

VM FUE FUAHoZN FHF N AY Wy, ol T Fo £Z7)
o] 7802 YT ST 257 AT Aefoa] ol Fojar}
2 1+ F4¥ ZHIndirect Evaporative Cooling) @ 7HH 2wzt 21 g vzt

20) M. Santamouris and D. Asimakopoulos, Passive cooling of Buildings, London,
James & James, 1996.
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A #AEY) Aol A% EW Sel e e WAHAY E= 2L e
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231 AAYY Al~dle 282 g 71F=

U ow stobel Al wald) 8THE JFA9 AN 92 e 7
FERAG 24, WEW 2o dgat 2o

AFETE DERGE ViFdAN 488+ Udn A e Adyd 3
welvh. Hul 1% &£R7F vad waodd 2Fe 5Foz A8 durjee
Aol @71zl A F NREEE 1520m/sB T B oo, YREAS
g F AT AHTFL AR 97)Lo] 28320 ANFZANA shss,

O

Mgl A ads) s)7leol BTN A 2BIAZo|E o FA
L5m/s ol4be] vigbel R et 82969 WMo AQEEY o]% A
o a2t}

} ORI EF

oFZt& % (Nocturnal Ventilative Cooling = Mass Cooling)& 2§ dg%e
bl Agel AS 5vl&o] 30~36TA ool Wrlee 20Co&e Az
A F2 HE8Ed. oRIEES H457] A MExAL 87 F JALns)
20Coldtol . Yatabi= 15T 0|4 o)ojof gz

vk, MEe] Adwate 64w 998 RS HF 89T, 799 88 e HF 8C
olgtol mR ofEF S ol &% TZA Wizeo] FHo) WolRE AoT BMEg)
o},

) By 2}
HTHALE ol gatiz HAW YolH F® A FaAe ofzhe) TEO Hol
ofstn] sHiol ghe ® $rE kAl FasA 9. ART ATl HeEw

21} B. Givoni, Perforrmance and Applicability of Passive and Low Energy Cooling
systems, Energy and Buildings V-17, pp.177-199. 1991
22) Tbid.
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<H 22>3 MEAge dtdr AT $HE Hosod sy dyie o)zt
o} ko] Wit 650)delx ofghel] HHE Alzke] AL gl ¢ YoM
EAbEzEE ol gatede thh oel gl At A ¥ ¢ Uk

<K 22> BHE7 Ht +F

A o] PHw AT (ko] 021 HH) Az e
z 3 o 1t

649159 - 6€30% 28 10 6.47

74 19 - 7314 32 11 7.19

88 19g - 831« 33 3 7.10

94 149 - 9¢144 29 15 6.26

(4) FEer

AR FUWE R V) FoldM E& FREA & £ AT A H
£ 7% 2L A F7PER FHET AUWIIFY S5 #H ) W
g IEd o A4 edd4e o454 Jd §72%7F 22-24Celsteln

Hgol 7heatet. Ed Y FE WS

A At VFxAE H §F =T BC, Hul AFLTE 46Te|th

<E 23>3 AEAWe stdr] A7 4 75 Adgd HLEFgE B
ot oA & g AdRe] T IAE AGHoR o&srlde ¢4
vhel stdrle] SNt thh 58 ez v

<H 23> s E7 AP ne USRS oY

.

|19

r.
rlo

- AT LE(T) FFEE(T)
Ao | Wgg | Adg | Azg
59159 - 69304 29.44 26.25 2278 1979
78 1Y - 74314 30.56 26.36 23.89 22.18
g4 1 - 841 32.22 26.85 23.89 2231
99 19 - 02149 | 2778 2550 2389 1966

23} B. Givoni, Passive and Low Energy Cooling of Buildings, Van Nostrand Reinhold,
New York, 1994
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Jl}l

£ Ak wel grh ¥ Ao 94 BARTe) A2 Tae k4L
gustn, AAEE 4TS PrsEd dold Y4 SR ohe A<

e
=

o @A Aarstel AWA] ARE EEn AAE o)gd F g US
Alg 8kobg A Atalarxt gl
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A3 AAEE A5 AT 27
31 748

Ag e Feo 71Fe Mo YntAlom 513 A HAFHES o)&3 #
A& 4 (CFD), #%(Wind TunneD2 3 2 4%(Water Mapping Table)2d So
o) gt

TEA AGEAE 7IEAR FAGe] o2 zE AP Ay HojEE
delstel M1F5 #idete Wlolth EAe 34 A2 whyge ASHRAES
M AAR FALE F2 AbSsta e, 7oA E @71&(Air Change Rate)
= duWs] Ah(Pressure Difference) 2 ¥ %(Airflow Rate)e AAbstn 9o},
e 7IREEY dHE fUdE FHE At gos
TESA AREE <l ole wE Ftel Wbt R g Aasied ged
7 A ey et A Bde A B WA EEEE By £
71 dEel 2dEEs 3 Wgans #98 £ vk 3 AT
TREA neiHelel s AW ARHY o
Aol bttt &, 3 MU Ee AATE] 2442 ATEA Ay
st dlell s aloke) Qg

FEe AR JlHs Avsty] dsie] ddAe old Ao v

o MHE §3 s

r'o
zQ

mlm
ofn

o
e
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>
nE
H‘N
lo,
+
o
i
X,
R
o
ol
lo
i
i

*]

TEEAE 7IAA FAot F¥Y FUATL FEL FRa: nige] d4s
T 2P EES o &9 JFANE AT Uil JF AU saHo
2T 5 UL W oohd FUY NFEES 248 5+ o w@ Bg
AHES MBS TdR F247 29g o g8y WEo) 33902 AA} FAb
P A4%E Adw + o aed A4 ERdN £5RAE £F A8,

TEL A, Bug 9 @ AAY AL W 2 A Sd 2o ongn A7

1) ASHRAE Handbook, 1997 Fundamentals, American Society of Heating,
Refrigerating, and Air-conditioning Engineers, Inc., pp.25.1-25.28
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K3

T, TeddE 2abe RS ojfste HE WY JFuHe 47
ANEE ootz Ade] vk B ATolA AL %% X (Water Mapping
Table)vz H@ ¢l AT Fof 82 YA £x2 nz 4 Fyauwdy Fg

fol 53 AEo) 2449 Rdae FAS BEY 4 Ak FAoY. 4AEFS

Agelo A o vie FEE 523 8o 4ig wde AAY% 2E ne
2 aslel e 4 vk £BAYe 2As) destn 2de) Ay 4
of slofH Aulek Azrel A AguEz A 2/ @AY Ay A7 @)
A EHA 0188 & oAk aey £RARE 30U FRNNY S FAEL
sobg 4 gyl Wi FEAYE S PHE A Ao TFAhD
o WFel wasich

PFE S o8 fAl Y P (EF A A, Computational Fluid Dynamics) &
A%E 2o 24d G4 2= FRANY £ A4 A48 data @

M FE 9 Aol A A (Control Volume) Fv 84 (Element)S5 2 ZAFA] 7]
= oA A dos b 24w JlRE AgREFY ¥E 4 5@ ne
o AN S FHEAYES tFd dyo) os wawEith CFD siA by
AR EbA A Wyl FE £5 A9 HHdA a2y oddd
MrRel Ay dE WRE s dEaE FE AAS §8, ¥4
A, Aol ol dsl 3G siMe] shmat, gdHe R A i 23e
FEZ Aoy Ay, Zk 24k HA T FoA ©@x F REug

Mo

JErdAl "ok fAel ol € gk BoL e A A (Discreted Transport
Equation)®] €<l <& zt Ao AF grell FAFCH HPAHA HAe Ao B
7hsakz]l diel B W] disl Ztzie wg el F38E ol & w7tz wE
Aldbel Basiy ofz fsiMe &3 HFEY Zho] AfHold, Habfx
M-S fe ity L2 addE CFX, PHOENICS, Fluent, Star- CD %] gl
om & AdyelAs FHit dFEobedlA 88N E7 EolAT ¥ PHOENICS

mlo
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32 BALY £2H 9 54

321 &% A9 A (Wind Tunnel)

el 290 THe HAgo) 175m, FEHENY @A A5 1.7m x 1.3m, &

=

g5 mel ome! =Fd FEAAoiuD. (3¢ 32)¢ TEIFAY g4 £ AL

Fedel F45HaE A7) e SRl 270, Settling Chamberoll 470 €]
saagle] Halkjo] itk Settling Chamber A &35 %6 = Honeycombg 4 %] 3}
of vigel THHE Fatdivh FEel A8E 3 A% <F 3D>#H #
on ¥ Fusg 2EFoRA FIF9 AA-E 2Hsl Hdisle Tae
dE o URE 2AEHded, $49 FURT A2%UeR vl g FdsiAl gy
A (OE 3Dy EHaRged ugg F&el Wt

A

BAFT 2RRde

<3 31> FE71e At

- 2t 630 m*/min 79 )
& b 4o |
A 9F 50 mmAqg 7 b ‘
— & 3 //
3\ 1,315 rpm L -
S I 1 e
& el AXIAL FLOW FAN ; _ B
o 15 KW 0
0 10 i X 40 % &0
)EL/;-'*; ;q._)Y; 3 /LC} 601 {z - _ Inverter &2l F 2l

(79 31 22 Pl wE o

2) A gAdustE U8 29 0§ A
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322 7% 4% FX(Water Mapping Table)

(29 33N ¥ 4 gFol #ES Gad Fue WA 2= 24
a9 ool e ve YYIHWA Late 2o 58S o8a: Aot
Fo 9 URe A RELE AASHE o A9 pEaA AL

2 4+ o FRBAdq guHel 528 e Table] A4xo] Wojy Dol
A wola, s ge AWF T Uzt

g0t W2 Fol EAZ WUW 02 dFoz $HoA AY. 2
oA ol Bk Q4 s1Fe ST Boul og ge zud APe ¥a

S¢ NRAEE ANRY F Ao
F¥o) 348 wde] VR WA £FFAE 23d Aol e A

AR B 29F ¢ . agrg mde Fojd oA 2o

it

£ of

s 2 fFe ¥R 27 dE FEEE e
F olen AR glvbd Water TableS 71 &old 248 = Qi

3.23 PHOENICS =271

PHOENICSE 4= Imperial College®] D. B. Spalding®tA}7} 71ds 58 A
A RAE tRadoer AF VA, B4, 8F, $FEF Go EopilA
FHg, FA ol FHItE & MAsEH AHEHD U 53 AEEA
9y FEol sl e FLAIRSE AR T2y RES Adsig g2 7
Afoke] HEFANY 2R diige] 7§ % 2REIHYE B &
olatAl FHE 4 oy,

PHOENICS 9] of Mhal (i)W & #3342 M (Finite Volume Method) 0.2 A

$5Y 2 Ao WEEHT WEAI §olssE APoR NEYAAL

r

olabslat . flvh.  PHOENICSY 1@l= AlAgE 2w HFA} 2d dA4s

B FAM, &AL 9, Tudwdgel oA And Wb @ @FATEA, ¥
2% AF7E AFL, 1998,
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Mg 4+ 9le 42 FEABFC ; Body Fitted Coordinates)7b it} u] & 44
et 433 E By dE F on, B3 odd 3R Rdyd H§, ugE
d A bEA A, cldREAe 5 shEsit. diFEe olatade
B2 1, 22 Ax FAAHEY, stelEa =y, Quick, "eY T vl g
HE AFTas dow ntdggAA e Yoz e BB, AFY AEL9HY
FTo AHEE T Uk AIGEERS n3 vAd4gE SHY e $RSs)
HOEE ARESAL FEAE sfMEte WPo2 s SIMPLESTWR S ol gdtch
slip22 223 Hy3 58
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ra
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Ir
ol
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o
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rly
=}
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=
BN
™
R

AFgE L QU

F
of AAlxz 2 48uies SEAANE, EAEY, AdREWY, 77173
Ay & AHEstn vk Pz AHeln Ankdel ML 2F pull-dow
o menu® T3 HA Al 7HE3H menudM AFTEHA EFd S5 FAE
€ user interface program= F& Rul Zx AGIA 4L & 4 Ut
TEF AbEAte] HelE YAl A T EAHG HAAAA fEHETE 48
B RS, 2%, RV, &4 b8, 25 S HaAdE exE B F

o Balel 744 £RA #¥o) W fold 48 mzagolth

=
oft
>

pas
2
2
r>'
ol

33 492 $¢ /1% A4 =79 Ha 2 AF

NFe AR HAE 998 29 Aole BAE olaisy] AT REA
Ay FPOR FFEAAN RUHOR ASHAD A2 BRGH vg, AT
A EQolA we Alcte] HmErh wed # dFdAs $E4R (Water
Mapping Table)g ol & 7bAs 43 o7 $3 9 49 FH Pz
glele] CFD Xz-1@el PHOENICSE ol gatglon 4¥2xe 49 Azel
PHOENICS® #1% Amsl d%¢ fistel F5 49 drsted 2429 d%s

B8 grol i, ¥AE G
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331 2 BAx o] Ay

FF 9 we) A R QU 2de A4S 47 FEAYE AN s

Y mde sl Bgel AsHEg F9w oladz Agagon e

YEE B FAE S dERo)s HolZr B

:
}/ ) B F
S @1 D
\4\/ E
5,
(2% 34) uztd =% 2y (219 35) @MY =

@ T A
(¥ 349 £& ddrder g2 42 9 X GRIDE v zb A(cell)
o] T4 AAeltt. Tkl FHel= vlAGAZ ALREIa 2 SR A o}

2% WA Hol ¢ 44N T hFNES F9s ANAY+EIDE

ol ZAHL (1Y 35)9 Zo] &9 Mo 2 4 TR F4 Ho

o E4 717l dd F4E A (Multichannel Anemometer)& o] 435
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o

,47~



@ FF43¥e 7hA g

7PN S AE S flstel $E4A el 0mm x 0mme] ot=d Be wixslm
HpErel A 10em wolel 24 FHon A, o dHE Yo gHEe
F7b Tetwl EtEe)l darlel Ary sav g gh

25 HF

FEAYe] v $U9 YW BYS ADsd FE 28I gy wel
ndel At M 2R TR ARE g4 op3

B CFD =z

@O AMEdolA =4

7122¢ Domain®] A28 F54Y AAd FdaA dAsn Agrdo
2718 ad® fH& . PHOENICSY 9#d8 #8 wWa FgEL <X 32>9
2ok

<¥ 32> PHOENICS Al4H&

Relax Control

Relaxation 2t

i S 4 9 dEdg W
Domain FEAN (= X=1.74 Y=0095 Z=3.00
Menu k) VR mode
Gnd AL A2 & 40 x 64 x 60
main fluid SHEH 14T #7)
Solution variables A rbel 49, &=
¥ Pl= 01

£5 ul,viwl= 0.1

Global Convergence Criterion

AN =E A

0.1%

A~ 1=

Inlet & x

wolof wel g

TERA g3t 5

turbulent Intensity

YEZE

5%

Model

SRR

K- & RNG Model
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o 71& Domaing W& obf InletS 13712 Uo] 52 wjEgoar oo j
TEHEEZE HA F% W AREEY AR syt (2F 3608 EZ oA
o 4% F£3 PHOENICS L2108 A Feo]Ast TE8d o] 42 a0}
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i 170 b . -

i » STHEE
1.50 e ——

135612511.510595 B85 75 65 55 45 35 25
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3

ST dt=oil el #0|(em)

(7% 36) Eolo] wE T T v

332 %9 AFA Fd ¥

(1% 34)8 £& vy F§% 2de] % 4% #y 9 CFDZEIPL o
FF Algdeld datg wosd (29 37 2 (1Y 387 g

5 A Aol WAy vwste FRE ABHIH A ez A
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FEEAG TEFAY A E 44" d3 2 CFD 22199 71FEE ¥E

Avg nad 2%E den 2y

) HEAY ) 745
(2% 310# (79 31DE 27 FF 79 L 9y Ade AuF ARe

pelEnh /14 B & A%l ¥¥9 §9 4L R A ALel® B
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P4 93 gtk $3 (09 DA 2 4 Fel @9l Auie) A9 oy
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3 CFD a1k o o) §ok 7pA) &) AW

(Crg) 31k (Trgl 315 CFD Rl {(PHOENICS)S ol &8 Algaols

Adbg Helgu o /1A ¥ 5 9lfe] &k e g Moy sl 2718 U

s

[

Brul s g sel IR AR ohel ekl BT 2 Fae sjera 4
otk ek Aol v wa Hae AAdxde F=u A" 2Rz
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34 4 4

ARAFEE AMete BT e P 59 CFD 2 ado) tjsld
Aol Ay, dge AT, 08 W A A Bo WA e EHL
] T o5 i T ed =

U 7bd drbael 33 A5 B9 =72 2oz Ay 5 Ao AS A4
2 b AR AR AEE F dodt A8 A4S fEdE 28 A
S R A £ze]l AeHold, HEAFAY £FNE TS FEIA 9
of Hg8 4ol wet AgAV SxA9 22 Y N desin o)alg
ZIAAe] HEE FHEAY FEo) FEAAY AAY £Po} A zdAunZ
Hdapel Tag F3E vidd weA Y A4He] 2aX7He WA g
ol #% vixAlel Ful, wd Aztd @e Azl asdrt 53 sgw @
& 7bEE ol g d virel 2 A4, setme A2 SA4% 4F £% R
w3k E3e VIR MEetel AMRE HE W A7t uigo] @o] 4Ag¥EY |

2) T AL 2RYeE §F BAS IANFE e ETEA A48 &
TS 7 SekE Wl FE AR AFAY EMdE thi Aol Yok FEF
FAe 7hals AFug @i dAle] A9 glo: Ae)rt X% CFD 221y
&+ o83 £k ME ABdold ARe fFARRIG & FEFAE o83 7}
Ael Aot obF mAF G SEd RAFA $AY AFe] 4 55¢
weoll Bej@Evh mgl A Az Jfsn AgAds A4 deles 44 %
71 wAe vime] vkl AHEE E4stu uieke: dEE ¢ s #2& %o

‘NP

Eata AlsiElvk

3) CFD #&2adle] A5 FAe B4 AAzaAg2 AgsA 29sd o
gobw A Al vFuie e shAglyg A A ARE FAA AE"
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AT 2zade] gofel Algte) Wol a9tk HATW|L Ay Yol 2
AR HE @ dHrag g8 2EY £ A0 AN Ade Ao E o
ool Azl dig 24 olshe wo) Wasih stAge] AnE 7}
Aol H5 e 27 M HEZ 2ERUE 4 ZAES olfad An
8 Zeslobdth Wb A% A8 9 YEw wed g2 gy nz
29g ol gste] auy B Hopur).

il

ol FE AATE AHNETEE o8l U4 mdg MAsY BT
= oA s vud 2 oo 3o 2o AL A

D ¥ 49 Zue CFD Z2 a3 g o/ 43 A Bwol Axte] kA vlm
T AT 1% o3tz nlad 2 aolrt glvh 7% wddAM AW Zorg
e T% ddgtol CFD 2z agda A4As et i 24 Je wg £w
THUdE o F Aoz mudn. @y Ao 2 Au 7B £wgre
kel W 9% oljo] o),

NFAEY NG F50% +59 shAlE d¥ds 2 CFDERIAS
18d HEMES AFHold Anst A9 fAEAY @, FFANE w4
HFE7A 8§ ot R $53NE AAHA nige] 588 2 4 43 CFD

ZRaPe 4 Age) Hx EYAA APAnE v Eo,

) @A, AAE T NS e BAETEA /8P st 39
T Aol 2y FFAdeld CFD a1 Amst §AlsA deume 4
el sio Aoz A, ¥ 9 FEe AL A Aol CFDEHA
& ol&3hs o] wpEAI Ao ey
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A48 55 Felo] 4E FEHS 24

R AFe FAE A WhEM BEAdeY 44850 52 d4Toe
Ao Aol E wrerh vpge] Ay Wate f£aad gt Arm, o A
QAT 7177F A8 TN N2 HRE 27 ANA 25 %24 g9
27 M2E A5 ARHY HE T AFEE 27558 Y 94 o o
2A AGAT. ol GFEe] vigte] ¥o) Urte FulZa) gddE 2|9 u
E7F oM Rote] AAHEG. AEE FdsE 4 JEE oled Taze
Ak FulZ o 2 olel ofs) AAH

Adeo] Fel, W9, o], AYEY §& uiPor g AR Fwe TRy
of 4FE vHdowA £ v e 58 ohe AZL BEIE Ay
AFe AL WAzt aeeg TEFde] AU TN JUELS o)g
71 HEA 4 5 eiRo VF 54 R AR M) H45E T AE
7t F etk

WEtM, & ATdM e T8 FRANY AAEE AYS dsty g =%
Faol me AgkE ww, 2MgozA 4 FxAdo we A4 w299
BEol Fd B kA FEEHE e sy F% 2w J)RH
1% 4% 32 (Water Mapping Table)E o] 43te A gsigon 35 759

¥9 F<S CFD(PHOENICS)Z2 1302 AAsdul,
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42 55 dRAN TS 4FL vx= g

A=ef oA s), wol 4 Ay R Moz ABiw mo otvet

=)

r

=
S AT RS 4 &5, Ao BEYdA Q9 Mag TETY T
Tol FEleh A gAE o s AdAel @ sbx fEe gaoz o
TEERZAM RO N2HA JtFzd A9 goty 2 o
< 41>E B3] FHE MIAE FF ¥y, WA 4E 9 Yu gase
Boggo),

<E 41> FEYelol 02 RAE 9 FGaye g 4y we

29 ¥ % B9

A4 1 9
3| FE HRE (7)) A9 LY, wad o, 7 19
w 459 : od, T, ng
Tl oE wA zhw@en| o L 45, 90" . 1807 | 225° | 2707 |, 315°

| El(ZH) 5%, 9%, 15%, 19%
W] g g WA, HFA R, %Y

(I8 4ol Yebd gdgdhge FE3de 250 soln 9t dubr el 71
T WHES AR, V1§ dde) av)9 248 AT gy v o8 A
71 w2 & AT e AWY RES J|Eon 7 250 puygs T
ekt

D oel5g, TolmtE Tyel weg
1993,
2) Terry S. Boutet, Controlling Air Movements, McGraw-Hill Book Company, New

York, 1987, p.56.
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T Y3 el g
(28 41) FF] AW e

43 T& BAYHA BE 715 AdHY Gy

Ul vpgow F BFL AEY FAZI EulEo g s
: 2EEolE JEY TEFA4%A 2R Fas

sete 7lRe @A 2

dAes AT, des EAste 71H 24 e Aoz REX

Feel @u Yl U £34%L e 2o wyes Basy,

1) % %A (Water Mapping Table)E ol €3la] dA4Q 7|1F HeS HHe

LA A B0 vAe JEE Hopsty FEFXde] 27|E dusd A

3) Ibid, pho.
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2) CFD 22 1 8(PHOENICS)S o] &3te] AEW wWae 4By s a4s

o ¥ 4TS Y oer va, AEstyc)

FEe A AnE (48 4Dd 2o wES o

H’J

v
SANA 315° A4 87k EaeGon ol vue XM ogmos »
= AoE Ktk olaf AWel whatale 10%2 s ABYelHE AN
%o

D Ade (19 42NAHY e 22 AN Y= A, TA HA TR
olw Adsgom, FYRTE 2 Aol AL AW AAANA e G ¥
XERE £E839

AP = P - P2

P . &<kPa)
Pl : #d HAe) F4(Pa)
3 wAe] EQh(Pa)

(I¥ 42) AYPE

HAY FE g oo (29 4ANY FETAY 2)F sse)
G271 o, Fgol i UE P met RFAAS FRA 2
: SYLe FE U v7)§e ® AFE WA @A,
dEW WA Agte) 01-35PadEE v 48 gs YBhng SRS

FA W
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Ly =% 35,1 8 534 A9 F43 Helg wold o] FEgio
el 2ol Av ekxt )geld ZHS LEANA st ZA debdh. (29
A5k (2 46l 2 3 clRel Lgu ol hE 2F§ HEoF uige] B u
b FEAe delsh 25 vl ZolAn ke W ME LY Wi viEe
EE T A 135 o wlAd o by ¢FEdn. wa dA FEe B4
T wded S gk LY FEe wA 49e 1357, 3157, 180" A%

7 Hdg Ao ® molth
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ABSTRACT

The obhjecive of the study is to present architectural design strategies to
maximize the utilization natural ventilation in apartment houses as a means of
providing human comfort and energy conservation. After having confirmed
through the climatic analysis that natural ventilation is the most appropriate
natural cooling strategy for the Korean climatic conditions, simulations were
conducted to analyze the ventilation performance of typical apartment designs
qualitatively and quantitatively. The simulation tools used for the research
were water mapping table, wind tunnel and Phoenics CFD program. The
strategies were presented for the various design levels such as building block

design, unit dwelling design, unit space design and detailed elements design.

The results of the study can be summarized as follows:

1. Natural Ventilation Performance and Strategies at Building Block Design

Stage

1) The comparison of average wind pressure difference shows that ’45° bent
I-shape block is the most effective block shape in terms of ventilation
performance. L -shape and simple [-shape are also shown to be relatively
effective.  tlowever, I shape requires detailed analysis of prevailing wind
direction since its performance varies greatly depending on the block

orientation.
2) The optimum block orientation toward prevailing wind direction are found

to be 45" or 315" , although the performance differs slightly according to the
biock shape.
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3) As the height of the building block increases, the length of wind shadow
behind the block increases, and so does the wind pressure difference. On the
other hand, the vanations of block shape have little effect on the wind

pattern and pressure difference.

2. Natural Ventilation Performance and Strategies at Unit Dwelling Design

Stage

1) The result of the analysis of ventilation performance on the eight typical
plans of unit dwelling in terms of wind pattern, quantity of inflow wind and
indoor wind velocity indicates that the most important factor in evaluating the
ventilation performance at unit dwelling design is whether the main stream of
the wind flows through the living area of every space, and living space in
particular. The second most important {actor to be considered at this level is

whether sufficient quantity of air is introduced to the spaces.

2) In order to ensure the sufficient quantity and good distribution pattern of
ventilation air in a dwelling unit, the space zoning should be made
considering the connection between the front and rear spaces of the unit.
Since the overall airflow pattern is determined at the unit plan design stage,
the plan should be organized in such a way that the wind routes for all the

spaces be secured and air flow pass through the living zone.

3) In general, there are certain restrictions in space organization and opening

scheme to ensure that all the spaces in a house have sufficient air quantity
for all directions of wind. Therefore, in designing natural ventilation, it is
important to consider the space use patterns and to allow priority to those
spaces to be used frequently by family members such as living room, kitchen

and dining roorm.
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4} Since the wind directions change occasionally throughout the day, the plan

should be made considering the wind flowing from the rear side of the house.

3. Natural Ventilation Strategies at Unit Space Design Stage

1) Shape of Bedroom: As the width of front wall increases, it is possible to
increase the window area and the quantity of air flow into a room will be
maximized. However, if the window area can not be increased due to certain
restrictions, then a room with de®™ plan has better ventilation performance

than a room with wider plan shape.

2} Shape of Living Reoom/Dining Room/Kitchen: In case if the kitchen and
dining room which arc located at the rear side cannot have optimum window
area, the deep rectangular plan shape performs better. On the other hand, if
sufficient area of window can be dispersed at the rear side, irregular polygon

shape is better in terms of ventilation performance.

3) Inside Door Partition between Living Room and Dining Room: It is
desirable not to install inside door between living room and dining room from
natural ventilation point of view, However, if instailed, the area of the door
opening should be equal to or larger than the rearside out-flow window area.

The sliding door which slides into the wall performs better than simple

double-sliding door.

4) Type of Window: The type of window should be selected according to
prevailing wind directions, the location of window installation and expected
degree of natural ventilation.  The generally~used sliding windows show
great deviations of wind pattern distribution depending on window opening
method, and its useful window opening area is only 45% which in tumn

reduces wind quantity at the same amount. Swing window and vertical
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pivoted window have an effect of increasing the net opening area by 35%
and 40% respectively, compared to the sliding window with the same window
area, thus improves ventilation performance. Although the single-hung
window with the shape of long horizontal opening has a small net opening
area, it has little deviation in ventilation air quantity and alsoc shows

relatively good air distribution.

9) If the window sash is installed in the front balcony, it reduces air quantity
greatly. Therelore, when the sash is to be installed, the net opening area of

the sash should be designed to be larger than the wall window area.

4. The case study was conducted to demonstratc how to apply the proposed
natural ventilation design strategies in the real design process. The result of
the case study indicates that the careful consideration of natural ventilation at
all stages of design process can greatly improve the building performance in
terms of natural ventilation, without altering any space or functional

requirements.
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