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Hepiznyn

TNV TOPODEO. EPYATIO. TPOYUOTOTOLEITOL aPIOUNTIKH TPOCTOUOIWaTN
TG PONS GEPO EVIOS KOl EKTOS KTHPIOV QOITHTIKNG E0TIOG. ZKOTOS
eivor N UEAETH TOL LOVOTAELPOV YLOIKOD aeplopod (single-sided
natural ventilation) oe évo TOmKO POITHTIKO JWUATIO OTO 1GOYELO
¢ eotiog. Eéetalovior dvo mepimrawoeis: (a) dvo avoiyuora, xoi
(B) évo. avoryua, oty avavty TAEVPO. TOL OWUOTION. 2T0 EGWTEPIKO
700 dwUATION VIGPYOVY EMTAN Kou TPELS Oeppurés mnyés (avlpwmog,
wmieopaon, H/Y). H topfadns pon mpooouoiwverar ue ypnon o6vo
HOONUOTIKOV LOVTEAWY E101KC, TPOTOTOUEVMY YIa. VO. AOpSAvovy
omoyn v emidpaon e avawong. Eletaloviar dvo diapopetikol
LIYOVIGLOL QVOIKOD GEPIGUOD. 0,) YVOIKOS OEPIGUOS EKTOTIONG (0DO
ovolyuate) koi f) pooikog agpiouos avouelns (éva avoryua). To
op1Ountika amoteléopuaro emainBedovial e GOYKPIoH UE TO. OTOTE-
AéoLoTo. TOY TPOKDTTOVY OTO TIGTOTOINUEVO. EUTEIPIKG. HOVTEAQ, TAL
omoio. apopody to polud Kai v TayOTHTO. EIGPONS, KAOWS Kol TO
DWOG UNOEVIGUOD THG UEGHS TOYDTHTOS OTNV TEPITTWOH UOVAOIKOD
ovoiyuatog. Telika, to mpotevouevo oapiBuntikoé poviéAo xpnot-
HoTOIEITON YIOL THV EKTIUNGN TV oVVONKOV Oepuikng aveons tov
dWUOTION, KO JLOTIOTWVETOL OTI, TOVAGYLOTOV VL0, GYETIKG. UEYOANS
o 0TNTOG EEWTEPIKO GVEUO, O KAALDTEPOS TYEAIOOUOS EIVOL 1 TEPI-
TTWON UE TOL ODO aVOTyUaTO.

1. EIXATQT'H

O QLGIKOG aEePIGUOG amoTeAEL piot 0TOdOTIKT) EVOAAOKTL-
K1 A0om Yo T HEl®ON NG EVEPYELNKNG KATAVAAMONG GTO
KTNpLoL Le TouTd)povn dStaoPaiion cuvinkdv Beppukng ave-
oMg Kol KOANG To0TNTOG £6mTEPIKO aépa. Tumikd to evep-
YE0KO KOOTOG £VOG PLOLKA aeplidpevou ktnpiov givar 40%
LKpOTEPO 0o ekeivo gvog kKpati{opevou ktnpiov [1].

O puowodg oepiopods aflomotet Tig eEmTepikés cvvOnKeg
YropfriOnxe: 19.12.2008 Eywve dextij: 11.1.2010

avELOL Kot NAoKNG aktvofoAiac. [evikd, 1 kivion tov aépa
o€ £va PLOIKE agPLLOEVO KTNPLO EIVOL ATOTELEGLOL SLOPOPHY
migomng Ay duvapewv avépov Kot dvmong. Ot Suvapelg tov
avELOL eival omoTEAESHO TG €EMTEPIKNG TVUPPDSOVS POTIG
YOP® OO TO KTHPLO (ATHOGPOIPIKO OPLOKO GTPMLLOL), EVD OL
duvapelg g Gveoong TpoKoovvtal omd T HETAPOAN NG
TUKVOTITOG TOV AP0, (G CUVETELN TV BEPLOKPAGIOKDY Sloi-
QOPAOV AVALESH OTO ECOTEPIKO KoL TO EEMTEPIKO TEPPAALOV.
Awpopég oV Tieon AOY® T®V SLOPOPETIKMY SUVALEDY TOV
AVELOL OTLG JOPOPETIKEG TAELPES TOV KTNPiov 1M/kat Adyw®
OlPOpeTIKNG  BePLOKPOGING £0MTEPIKOL Kol EEMTEPIKOD
TePPAAAOVTOG TOV KTNPiov TPOKAAOHY TNV OVTAAAXYT 0EpaL
OVALESH OTO £0MTEPIKO KoLl TO ££OTEPKO TEPIPAALOV TOL
ktnpiov. Avddoya pe ™ 0éon TV avorypdtov ot dSuvapelg
™G AvmOTNG GUVEIGPEPOLY 1] avTitiBevTal 6Tn por AOY® TOv
avELOL Kot ennpedovy To puird pong Tov aépo LETAED EGm-
TePIKOD Kot EEMTEPIKOD TEPPAALOVTOG, KAOMG Kot TOV TPOTO
dieioduong kot eEATAMGNG TOV GTOV ECMTEPIKO YdPO [2].

O1 oyedlooTikoi TOTOL TOV PLGLKOL OEePIGHOV givat: (PA.
oypa 1) [3.4]: o) eyképolog aepiopds (cross ventilation):
0.EPLOULOG TOV TPOLYLLOTOTOLELTOL LE aVOTyLLoTO TOL PpickovTol
o€ OLOPOPETIKES OYELG TOVL KTNPiov, B) LOVOTAELPOG AEPIGUOG
(single-sided ventilation): agpiGHOG OV TPAYLOTOTOIEITAL [LE
avoiypata Tov Bpickoviol otny idta Oyn Tov KTnpiov._

Hepimwon A Hepintwon B Hepintwon I

— — | h—

L | T ] ]
Zynpa 1: Tomor pvokod agpiopod: a) eyxdpotog aeprouog (Lepinrwon
A) p) novorlevpog aeprouog (lepirraroeis B, T).
Figure 1. Natural ventilation designs: Cross Ventilation (Case A),
and Single-sided ventilation (Cases B and C).
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Me Bdon 10 oYed0GUO TOV OVOLYUAT®V, O UNYAVICHOG
aePoLOD OV emMTLYYXAVETOL UTopel va etvan glte aepiopdg
e EKTOTIOUO €iTE AEPIOHOG UE AVAUEIET. ZVYKEKPUEVOL, OE-
PLOUOGC eKTOTIONG £fvor O aePIoUOG TOV TPOYLOTOTOLEITOL LLE
EKTOTION TOV €0MTEPIKOV Bepprod oépa and Tov e@TEPIKO
yoypd aépa (mepumtmoseig A kot B), kot agplopog avaueléng
glval 0 aEPICHOG TTOL TPUYUATOTOLEITOL HE AVAUEET TOV
€0MTEPIKOD Oeppod aépa pe tov e£mTEPIKO WYuypod 0épa
(mepintwon I).

Yromdg g mapovoag epyaciag eival n avanTuén povté-
hov Yrnoloywotikng Pevotoduvapknc (Computational Fluid
Dynamics, CFD) otV mtepintmon tov guotkol aepiopol o

2. XYMBOAIXEMOI

dwpépiopo KTnpiov Tpoypatikng KAipakag mov Ppioketon
otV Biprloypapia [3], kot 1 diepedvnon TG CLUE®VING TV
OTOTELEGUATOV TOV TPOTEWVOUEVOD UOVTEAOD UE TOL OMOTE-
AEGLLATO VOIOTAUEVOV EUTEIPIKDY LOVTEA®V TPOPAEYNC TNG
TOYVTNTOG EICPONG KOL TOV VYOLS TOV ONUEIOL UNOEVIGHOD
g péomg tayvtntag oto &va dvorypa (BA. elodoeig (3.1)
kot (3.2)). Zn cvvéyeta, To aplOUNnTIKG OTOTEAEGLLOTO TOV
LOVTEAOV VTOAOYIOTIKNG PEVGTOOVVOLIKTG 0EL0TOLOVVTOL
vy v agloddoynomn g Beppukng dveong kot yiveton cv-
mon Y T GVUPOAN TNG VTOAOYIGTIKNG PEVGTOSVVOLIKNG
oV mpoPreyn TG Bepuikng dvcEopiag 6€ PEUAMOTIKEG
KINPLOKEG YeEMpETPIeC.

Mivaxag 1 - Zvpforcpol

Ayyhkd oopfoia EAAnvicd ooppora
C YVVTEAEGTNG TOYOTNTOG EUNEL- r Zuvtedeotg Sudyvong oty e&iocw-
PKOV LOVTEALOV on dotnpnong
C, YUVTEAEGTNG AVOONG EUTELPL- € Pubuodg amoppoenong g Kvntikig  m?/s?
KOO LOVTELOV EVEPYELOG TNG TOPPNG
C, Yvvteleotng TOpPNG eumelpt- AP Awpopd eootepikng ko eéotept-  Pa
KOO LOVTELOV KNG wEoNG GTO VYOG TOV OLOETEPOV
onueiov
g Emutdyvvon g Bapvtntag m/s? AT Awpopd Oeppokpaciog eootepucon K
Kot e£@TEPIKOV TEPIPAALOVTOG
H "Yyog avoiypotog m [0) E&apmuévn petapintn, Metapepd-
pevn mocdT T
h AvBaipeTo vyog kotd pnKog m
TOL KOTOKOPLOOV GEOVOL
h, EvOaAmio J/kg
k Kuwntue evépyeia tng topPng  m?/s? Agixteg
P ITieon Pa eff Evepyog tayvmra e16porg
p TMvkvémta kg/m? h AvBaipeto VYOG KOTO PNKOG TOL M
KOTOKOPLOOL GEova
Se Inyn M kotaPodpa g peto- met Metewporoyikds oTabpog
Brntic ¢
Ogppoxpacio K
u Atdvoopo, Ty 0TnTeg
u, Vv, w JuvioTdoeg TG ToyVTNTOS  m/sS
oT1; S1evddvoec X, y, Z
Vor Toydmto €16pong omd eumnel- m/s
PIKO LOVTELO
V. Toydmto emepydpevng pong m/s
oe Oyog h
Vo Toyvmta HETE®POLOYIKOD  m/S
ISV TTo])
Z "Yyog ovdétepov onpeiov m
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3. EMIIEIPIKA MONTEAA ITPOBAEYHX

3.1 Epnepuko povrého tov Phaff kon de Gids

O1 Phaff kot de Gids [5] peAétnoav v aAAnienidopoon
AVELOV KOl AVOONG Kot avETTLENY €Val EUTTEIPIKO LLOVTEAO
VIOAOYIGHOD TG TOYVTNTAG L0000V GTO HEGO TG EMLPAVEL-
aG €1GPONG, SOUEGOV HOVOIIKOD OVOIYUOTOS, COUPOVA LE
NV axdAovOn avaAvTikn oyxéon:

[ 2
Ve = c,v,, +C,HAT +C,;)
Omov C=0,001 , C,=0,0035 ko C,=0,01.

3.1)

3.2 Ovdétepo onueio

To ovdétepo omueio oe éva Gvorypa OvTIGTOLXEL GTO
Vyoc, 670 omoio N Tieon PESH oTo SOUATIO gival ion He TNV
mtieon Tov eE@TEPIKOV TESIOV POT|G, OMOTE M HEST] TOXVTNTA
Tov aépa unodeviCetat. H peyoldtepn ecmtepikn mieon tove
amd aUTO TO VYOS EYEL MG OTMOTELEGLLOL TV EKPOT| ALEPOL KOLL
N YOUNAOTEPT) ECOTEPIKT TEST KAT® amd ALTO TO VYOS TNV
ewopon aépo. (BA. oynpa 2) [6].

To ToydTTeg 0€po KOVTA 6TO UNGEV TO VYOG TOL OLOETE-
pov omnpeiov divetatl and v mapoukdTo Eicmon [6, 7]:

Z=H-—
pg

(3.2)

Zero velocity

ynua 2: Pon aépa 010uE000 EVOS aVOTYUOTOS
Figure 2: Bi-directional flow through a single vent

4. ®YXIKO ITPOBAHMA

Xty mapovca epyacio yivetor aplBuntiky enilvon g
poNg aépa €vIOc Kot ekTOC KTnpiov eortntikng eotiog [3]
pe dwotdoelg 8,4m vyog, 11,7m widtog kot 25,9m pnkoc.
Mehetdtor T0 UIVOLUEVO TOV HOVOTAELPOV QUGLKOV OEPL-
opov (single-sided natural ventilation) og éva dwpdtio pe

dwotdoelg 4,7m pnkog, 2,9m mAdtog kot 2,8m Vyog, To
omoio Ppicketar oto 16oHYE0 TOL KTnpiov [7]. E&etalovran
dV0 TEPMTAOGELS: 1) 6VO0 AV Kol KATM OVOLYHOTO OTIV OVa-
v TAevpd Tov dmpotiov pe dwuotdoelg 0,6m wAdtog, 0,8m
vyog kot 0,15m mayog to kabéva, B) éva v dvorypa oty
avavtn mievpd tov dwpatiov pe dwuotdoelg 0,6m TAGTOG,
1,08m vyog kot 0,15m wéyocg [7]. H dudtaén tev avorypdtov
KOl 1 €0MTEPIKT YeOUETpior TOV dwpatiov amekovifovtot
670 oynua 3.

TOiIX0G
Swpariou

=N

TPATEQ
TnAedpacng

(@)

4,7m

®
Zynpa 3: doudrio pe: a) 000 ave Kot kKatw ovoiypota ka1 ) ue éva
GV® avoryua, oIV aVeVTH TAEVPA TOV KTHPIOD.
Figure 3: Room with: (a) two openings, and (b) one opening,
located at the windward fanade of the building.

H enimioon o610 gowtepikd tov dwpatiov amoaptiferol
amo éva kpePatt, éva tpoamédl (tpanél H/Y) mdve oto omoio
Bpioketor mAektpovikdg vmoroyiotig (300W), pio viov-
Adma kon €va tpaméll (tpoméll TMAedpaong) pe TnAEdpAoT
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(300W). O avBpomog (100W, Beppikn mnyn ©g amoTéAesiLo
oV pLOpoY petaforicpod) avtimpoocwneveTol e Eva e&d-
€0po opBoydvio mapoiinieninedo, Oempeitar KaBIGTOG KO
Bpioketal oto kévrpo mepimov tov dwpatiov. Ta ecmtepid
OVTIKEILEVO TTPOCOLOIOVOVTOL (OG CUUTOYT EUTOOL0, EVD 1
enmidpaon tov kdBe epmodiov opiletarl omd T Bon Tov, ™
YEOUETPIO TOV KoL TO TOGO TG OEpUOTNTOG TOL EKAVEL.

Ot 1oiyol tov dwpatiov Bewpovvror adtaPatikoi. To
10606 Beppotntag mov exkddeTol and Tig Oeppukéc nnyég Oe-
opeitar 0Tl PeTaPEPETaL €5’ 0MOKANPOL LLE CLVAY®YN TTPOG
10 dwpdtio. H apywn Oeppokpacio oe OAO T0 VTOAOYIGTIKO
nedio givan ton pe 25,5 °C.

5. MAOHMATIKH EIIIAYXH

TNo T podnpatic) Teptypaen| Tov TpofAnpatog yivovtol
ot 0kOAovBeg TopadoyEc: (o) Movyu, acvopumiestn por vev-
TOVIKOD pgLoTo, (B) Adwfatikd Toydpata (KTdg amd Tig
Bepukéc myEQ), (v) Ot puoikég 110t TEG TOL aépa. AapPd-
vovtot otafepég ot Beppokpacia 25,5 °C, (8) H petapopd
Beppotntag pe aktivofolrio Kot aymyn Bewpeital apeAntéa,
Kot (g) Ovdétepn KATAGTOGN TG OTULOCPAULPOG.

TNo ™ pobnuatikny povielomoinon tov TPOPANUATOg
epapuolovral ol e€icmoelg dratnpnong g opung (Navier-
Stokes), Tng cLVEKELOG, KOl TNG EVEPYELNS Yo TUPPDIN pon
oTov Tplodidotaro ydpo. H yevikn popen g e&icmong oo~
mpNong v poviun pon givar [8, 9]:

div(pgu —T'gradg) = S,

omov ¢ givar 1,u, v, w, h :

¢= 1y v e&icwon g cuvéyelog
=1, V, W Y10 TIG TPELS CLVIOTMGEG TNG TAYVTNTOG 0TI E61-

CMGELS OPUNG

= h_evbairio oty e€icoon tng Oeppuikng evépyelag

H topPdong pon TpoGOoUOI®VETOL [E T (pNoT dVO po-
ONUaTIKGOV HOVTEA®V HETAPOPAS TNG TOPPTS, TO TpdTLTO k-8
[10, 11] kou To RNG k-¢ povtéro [12], tporomompéva yio
v enidpaon g dvoong [13], 1 omoio povtedonotleitan pe
v Tpocéyyion Boussinesq.

H oapBuntikn pébodog mov epapupoletor yuoo v emi-
Avon tov padnpoTikod mpofArHaTog ival 1 HéBodo TV
TEMEPAGUEVOV OYK®V EAEYYOV [8, 9]. H apBuntikn eniivon
mTpoypoatonotleitarl pe xpnon tov Aoyicpukod FLUENT ver-
sion 6.3.26. O ypo6vog emilvong e&aptdtol and Ty TayvTNTo
TOV AVELOV KOt TO LOONUATIKO HOVTELD TOPPNG OV EQAPLO-
Cetat. T TodTES OvEOL TOV PETEMPOAOYIKOV GTAOOD
2 — 10 m/secn emiAvorn TOL TPOPAUATOG TNG TOPOVCUG
gpyaciog o€ vToloyloth pe eneepyaotn dvo Tupnvav 1,66
GHz kot pviun (Random Access Memory, RAM) 1 GB o¢
Aertovpykd cvotnpo Windows xp dwopket omd 12 émg 24
MPES.

H pon tov aépa evtdg Ko eKTOG TOV KTNpiov akoiovdel
T Bewpia pong YOp® and cupnayég epunddlo, 0TOTE TO VITO-

(5.1)

AOY10TIKO TEdI0 EMEKTEIVETOL YOP® GO TO KTNPLO CUHPMVO
LLE TPOTEWVOEVEG TEXVIKES TTOV PpiokovTol ot BifAoypapio
[14, 15] (BA. oynua 4). Zovenmg, N €icodog Tomobeteitan
5 Oyn avdavrn tov kmpiov, N €£0dog 12 Hym KkaTdvn TOL
Kknpiov, ot cuvOnKeg cuppeTpiog TomobeTodvTal 5 Hyn ToLv
KTnpiov TAgLPIKA Kol TAVE omd avtd. Me Tov TpOTO 0VTd
dopaAileTor n TANPNG avamTLEN TNG PONG TOV OVELOL
YOp® amd TO KINPLO YOPig vo meplopileTal omd TG OPLOKES
ouvinkec cuppeTpiog TAELPKA Kat Gved Tov KTnpiov, Kabmg
Kot amd TIg 0plakéG GLVONKES E16OS0V KoL €630V aVAVTY Kot
KOTAVTN TOL KTNpiov avtictolya, e omoTELEGHO TNV 0po1|
emilvon g Katovopng Tev e&aptnuévev petafintov (u, v,
w, k, €, P, T) 1600 d101€000 TV avolypdT®V 0G0 Kol GTOV

ECMTEPIKO YDPO TOV SOUATIOV.

z
y
X ouvoAIké edio
pofig
Xynua 4: Yroloyiotiko medio. Omov H givar o dyog tov ktypiov.
Fiqure 4: Computational domain. H is the height of the building

o6mou H=8,4 m (Uyog KTnpiou)

H opBuntikn enilvon tov TpofANHaToC TPoyUaTOTOL-
gltan Yo d14popeg TaXOTNTEG AVELOL TOV UETEMPOAOYIKOD
otabuov Ve [2,10] m/sec. H taydtnta tov enepydpevov
avéLov akolovbel Topaforikd TPOEIL Kat, Y0 AOTIKN TTEPL-
oyn, VITaKOLEL 6TV TopoaKaTo e&icwon [3],  onoia TibeTon

®G 0ploKy GVVONKY otV £€0pa E1GOO0L:

Vh = 0’35 ’ Vmet ’ hO’ZS (52)

5.1 Béhtiotn yopwi| Sokprtomoinon

[paypatomoteital yopikn S10KPLTOTOINGN LE EPAPLOYN
SOUNUEVOL AVOLOLOLOPPOV TAEYHOTOG TOAAOTADY VITOY®-
piov. To TpdTo TAEYpHo omotereital amd 388.070 kehd Kot
XPNOLLOTOIEITOL VIO TNV EKTIUNON TG 0pBOTNTAG TV TOpQL-
doymv Kat yeviKd tov poadnpotikod povtédov. To dgdtepo
mAéypo omoteleitan amd 792.520 kehd. ['a va dramotmOet
av pmopel va mepLyplyel KavOTomTikd to povopevo yi-
VETOL TEPAUTEP® TUKVMCT YOP® amd TG KPIoEG TEPLOYES
(Beppucég mnyég kot avoiypoata) [16] Kot Tpokvmtet £va Tpito
mAéypo pe 1.087.722 kehd (BA. oxnua 5). Evdewrtikég mept-
0Y£G OTIG OTOLEG YIVETOL TOKVMGT TOL TAEYLOTOS PAiVOVTOL
oto oynua 5. Ot kotovopég Ko’ vyog 600 eEuptnuévav
petafAntdv (cuvietOca TG ToXOTNTOG OTN X-0levbuvon
Kot Beprokpacia) oTIS KPIGIUES TEPLOYEG OmEIKOVILOVTUL GTO



Teyv. Xpov. Emot. 'Exd. TEE, tevy. 2 2010 Tech. Chron. Sci. J. TCG, No 2

159

o 6.

(@) ®) 67
Synpa S: Ioxvwon tov mléyuarog oty mepioyn: (o) tov avlpami-
vov povrélov, () e mledpaong, kai (y) tov H/Y.
Figure 5: Grid refinement around the: (a) human model, (b) the TV,
and (c) the PC.

Y10 oynua 6 Topatnpeitat 0TL 1 MG OTIg TEPLOYEG VYN~
AV Babpidwv dev mapovotdlel HETABOAN e TEPAUTEP® V-
Kvoor ave tav 792.520 keMdv, omoTe TO deDTEPO TAEYA,
pe 792.520 keld, diver avelaptnoio Abong kot pmopei va
xpNoponom el yio tn pobnuatikn exiivon tov aptpunTikod
TPoPANUATOC.

ZUVIOTUGA TR TAXOTOTAS TN X-BIE0BUVGN GTHY TTERIOXN TOU HIY
2.6 =
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£
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(9)

Zynua 6: Kataxdpoen y-ooviordooa toydtyrag otny mepioxn: (o) tov
H/Y, kou (B) s tieopaons. Karovoun e Oepuokpacios
oty TEepPLoyN: () TV ddo avoryudtwy, kot (6) Tov avlpw-
TIVOV UOVTEAOD.

Figure 6: Vertical x-velocity distribution in the area of: (a) the PC,
and (b) the TV. Vertical temperature distribution in the
area of: (a) the openings, and (d) the human model.

To BértioTo mAéypa enilvong TapovclaleTol 6To oYL, 7.

(/3 o : : ()

ynpa 7: Béduomn ywpixiy oaxprromoinon: (o) EEwtepikod mediov
pong, ko1 dwuatiov ue: (B) ovo avoryuazro koi (y) éva
avoryua.

Figure 7: Optimum spatial discretization: (a) External domain,
and internal domain with (b) two openings, and (c) one
opening.

6. YIIOAOTI'TETIKA AIIOTEAEXMATA

6.1 Zvykpion pe to epmepiké povréro Tv Phaff kot de
Gids

Xty mapovca evotnTa Yivetal GUYKPLON TG optOpnTL-
KNG ADONG TNG ToYLTNTAG EIGOO0V GE SLOPOPETIKES TOYLTY|-
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TEG AVELLOV, M OTtoio TPOKVTTEL UE EPAPLOYN TOV TPOTLTOV
k-& kot tov RNG k-g povtéhov yio tnv mepintwon tov evog
OVOTYHLOLTOG, UE TIC aVTIOTO(EG EUTEIPIKES TILEG TOV TPOKV-
TTOLV LE EQUPHOYN TOV EUTELPIKOD povTéLOL TV Phaff kot
de Gids. H apiBuntiki Avon yio v mepintoorn tov dVo
aVOLYHLATOV O CUYKPIVETOL LE TO EUTEIPIKO LOVIELO TOV
Phaff kot de Gids [5], oAA& mapiotdvetot 610 id10 cvGTHLA
a&Ovov Yo AOYOoVG amEKOVIONG TNG OlopopoToinong g
TG G TayvTTOG €106d0VL (oynua 8). H péon amdivtn
OYETIKN SLPopd TG apBUNTIKNG Omd TV EUREPIKY TN
Y. SLPOPETIKEG TAYXVTNTEG GVELOV TOV HETEMPOAOYIKOD
otabuov Ve [2,10] m/sec eivon 18,6% woi 41,4% pe
epapuoyn tov mpdétvmov k-g poviélov kot tov RNG k-¢
LOVTELOV, OVTIGTOUYO.

NpoTtutro k-e povieho
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Ve TaxUTATO 816650V (Misec)

—e— avaluTikn Adon B gpiBpnmikn Avon 1 avoiypa

4 apiBunikn Aven 2 aveiypara

(@)

RNG k-£ povreho

T 038

s 07 s

E o086 i B

2 05 . -

[ 0.4 - L e

g 01

£ 00 . . . ! . :
E 0 2 4 [ 8 10 12
"% Ve TAYUTNT 0 HETEWPOAOYIKOU OTABHOU (MiSEC)

>

—+—avahumikn hoon B apiBpnmikn Aoon 1 avorypa

A4 apIBUnTIKA AUGT 2 avoiyHaTty
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ynua 8: ApiQuntid amoteAéouota TV TIUOV THS TOYOTHTOS El-
00000 KOL QVTIOTOL(O. OTOTEAECUOTA THS EPOPUOYHS TOV
gumelptkod povreélov twv Phaff ko de Gids €£.(3.1) o¢
O10POPETIKES TAYDTNTES AVELOD TOV UETEWPOLOYIKOD GT0.0-
HOD e EQapuoy a,) Tov Tpdtvmov k-¢ povtéiov ) RNG k-
Hovtédon

Figure 8: Results obtained by the CFD model for the cases of one
and two openings (windows) on the windward fanade
using the: (a) standard k-, and (b) RNG k-¢ model, in
comparison with the results from eqn. (3.1), for various
V. . values.

6.2 Yroroyiopog 100 VWYOUS TOL 0VIETEPOV oNpuEion-
XOYKPLON HE TNV AVOAVTIKI AVoN

10 oyua 9 mapiotdveTor 1 HETABOAN TOV VYOLS TOV
0VOETEPOV ONUEIOV OE SLOUPOPETIKEG TAYVTNTEG OVELOL LE
v . € [2,10] m/sec.

Hopoanpeitot peimwon Tov VYOV TOL OVIETEPOV GMLEIOD
pe avénon g T OTNTOG TOL AVELOV.

NpéTutre povreho k-t

2,26
2,20 {
2,15
2,10
2,06 A
2,00 4
1,95 4 T T T T T

0 2 4 & 8 10 12

Ve TaxUrnra per ewpohoyikoi aradpod (misec)

L PrTn—

(@)

RNG k-£ povrého

0 2 4 6 8 10 12
Ve TOXOTHT 0 peTEWwpoioyikod oTabpod (misec)

®

Zynua 9: ‘Ywog tov ovdétepov onueiov o€ S10pOpETIKES TOYOTHTES
OVEUOD TOD UETEWPOLOYIKOD GTOOUOD UE EPOPLOYN @) TOD
potomov k-& poviédov ) oo RNG k- povréioo

Figure 9: Neutral level height calculated by: (a) the standard k-
model, and (b) the RNG k-¢ model.

310 oynua 10 yivetar cOykpion tng aplOunTikng pe v
AVOALTIKT] ADGN, oV TTPoKVTTEL and TV e&icwon (3.2) yw
TOV VTOAOYIGUO TOV VYOVG TOL 0VOETEPOV onpeiov. H péon
QmOADT GXETIKN SOPOpd TNG OPOUNTIKAG ADoNG amd TNV
OVOALTIKT] ADOT Y10 SLOUPOPETIKES TULES TAYVTITOS OVELLOV TOV
LETEMPOAOYIKOD OTAOLOD TPOKVTTEL LIKPOTEPT| LE TNV EQOP-
poyn tov poviédov RNG k-¢ kot ion pe 14,2%, evd pe v
€QapLOYN TOL TPOTLTTOL k-€ TpoKvRTEL ioM pe 15,2% o€ avti-
Beon pe TV TEPITTO®OT TOL PETPOL TNG ToOTNTOG EIGPONG,
6mov 10 TPOTLTO K- POVTEAD divel TN LKpOTEPT dLapopd.
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Synpa 10: Xoyxpion apiOuntikns koir ovolvtikng ADong yia tov
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potomov k-& uoviédov B) oo RNG k-e poviéioo

Figure 10: Comparison of the numerical and analytical solution
for the neutral level height calculated by: (a) the
standard k- model, and (b) the RNG k-¢ model.

6.3 Iledio porfc-Karavopn tng Oeppokpaciog

Yty avdivon mov axoAovdeil mapovoidlovial To amo-
TELEGLLOTO TTOV TTPOKVTTOVY LE EPAPUOYN TOV TPOTLTTOL k-¢
povtélov tHpPng 610TL vtoroyilet TV TaXVTNTO EIGPONG LE
peyordtepr akpifeto.

Emumdéov, n andxhion tov ovdétepov onpeiov givar pu-
Kpn, evd N TPOPAEYN TOL TEGIOL pong dev eppavilel onpo-
VTIKN S1opopd amd TO TOLOTIKO GUUTEPOCLLOL TOV TPOKVTTEL
pe epappoyn tov RNG k- povtédov.

Y10 oynuo 11 anewovifetar n pon og Slopnkn Toun,
OMMG EMAVETAL OO TO OPLOUNTIKO HOVTEAO LE OPOVS SLoVL-
oUATOV TaXOTNTOG.

Yty mepintoon 600 OvVOlyUAT®V TOPATIPEITOL TO PUL-
VOLEVO TOL QUGLKOD 0EPIoHOL pe ekTomcpd (BA. oynua
11(0)), evid 0TV TEPITTM®OT EVOG OVOTYLATOG EMTVYYAVETOL
aeplopog avapeEns (BA. oyqua 11(B)).
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Zynpa 11: dwovdouora toyvtyrag oe dwounxy toun oty Oéon tov
ovOPOTIVOD HOVTELOD VIO TOYDTHTO AVEUOD TOD UETEM-
poloyikod araluod V=2 m/sec, oty mepintwon: a)
000 ovoryudTwv, kar B) evog avoryuatog.

Velocity vectors at the longitudinal plane of the domain
for a room with: (a) one opening, and (b) two openings,
at weather station speed V, =2 m/sec.

Figure 11:

10 oyfuo 12 mopiotdvetal  Kotavoun Beppokpociog
o€ LK Top ToL SOUATIO e dVO OVOTyUATH Kot LE Eval
avotypa otn Béon Tov avBpomivov povtédov. Hapatnpeiton
1 dnuovpyio vog Gve Beprod GTPOUATOS AEPO GTA VYNAO-
TEPO TUNLLATO TG PONG.

YUYKEKPIUEVE, GTO SWUATIO pe VO avoiyLaTo TOPaTN-
povvtal younAotepeg TYéG Beppokpaciog kot ioeg pe
Beppokpacio Tov TePPAALOVTOG GTA YOUNAOTEPO OTP®-
pato (aepiopds extomong) (PA. oynpa 12(a)). Avtifeta
070 OUATIO PE €va GVOLYHO TopaTnpobVTaL, OTMG gival
AVOPEVOLEVO, DYNAOTEPES TIEG Beplokpaciog KAl GE O
opowdpopen Kotavoun (aeptopdg avapeEng) (PA. oyfua
12(B)).
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Yynua 12: Kartavoun e Oeproxpacios (° K) oe diounxn toun otn
Oéon tov avBpdmIvov HOVIEAOD Yia TaYDTHTO. OVEUOD TOD
uetewpoioyixod orabuod V. =2 m/sec, oty mepimtom-
on: a) 000 avoryudrwy, kai ) evog avoiyuatog.
Temperature contours (° K) at the longitudinal plane of
the domain for a room with: (a) one opening, and (b)
two openings at weather station speed V, =2 m/sec.

Figure 12:

310 oynpa 13, 6mov mapioTaveTal 1 KAToyn Tov TEdion
PONG YOP® OO TO KTNPLO, TOPATIPELTAL: O) 1] ATOKAIOT TOV
POTK®V YPOUUDY AOY® TOL QUGIKOD gumodiov (ktipto) B) o
OVOUEVOUEVOG CYNUOTIOUOG «TETOAOEWD0VG divne» avavn
KoL TAELPLIKE TOV KTNPIov Y) 0 GYNUATIGHOG 600 oTpofilmv
KOTAVTn ToL KTnpiov kot 1 emavakoAinon g pong [17].
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Zynpa 13: diovdouoro e toydtnrag oto eminedo Y-X (kdrown)
700 €WTEPIKOD TEIIOD PORS VIO TOYDTHTO OVELOD TOD
uetewpoloyixkod otaluod V. =2 m/sec.

Figure 13: Formation of the “horse-shoe” vortex around the
building at weather station speed V, =2 m/sec.

7. EPMIKH ANEXH

H oa&oldynon g Bepukng Gveong mpaypatomoteitot
pe v epappoyn dvo kpinpiov and 1o Apepikaviko EBvikod
[pdétumo g ASHRAE [18]. Xt0 mpdtumo mpocdiopilovtat
ot cuvOnKkeg, oTIg omoieg TovAdyotov 80% TV avlpodTmv
o€ £VOV €0MTEPIKO YDPO VidBovv Beppiky dveon 6To ydpo
avTo.

1o Kpumpio: H dwagpopd Beppokpaciog 61o katakdpueo
eninedo o€ vyog and 0,1 émg 1,7m (byog katethAnuévng {m-
yne) dev mpémel va gival peyaivtepn omd 3°C.
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Zynpa 14: diopopd Gepuoxpacios oto Katokopvpo eminedo oTo
DWog ™S KaTEANUEVNS (VNG UE EPOPLOYR @) TOD
zpotomov k-g poviéiov kot B) too RNG k-¢ poviéioo,
0€ TOYOTHTEG OVEUOD TOV LETEWPOAOYIKOD 0T0HUOD 2-
10m/sec. Araxpivovrai: i) Méyioro opro g d109popag
Oepuonpaciog yio emitevn Oepuurng aveong (3°C) ii)
Ap1Buntird omoteléouoto, dwUATION UE EVo. Avoryuo. iii)
Ap1Bunrird amoteléouato dwpatiov we 00 avoiyLoTa
Vertical temperature difference in the occupied zone in
both cases studied, using: (a) the standard k-¢ model,
and (b) the RNG k-¢ model. The barrier for thermal
comfort AT=3 °C is also presented.

Figure 14:

310 oynua 14 mapovoiafovrar ta aplBuntid amotehé-
OLOTO TNG KOTOKOPLONG METAPOANG NG Beppokpacios oto
EGMTEPIKO TOV SOUATIOV OTNV TTEPINTOON pe d00 avolypata,
KO TNV TEPITTOOT LE EVOL AVOTYLLOL Y10 SIAPOPES TAYVTNTEG
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eEotepikod ovépov, Ve [2,10] m/sec. Ilpoxontovv Ta

axo6Aovba cupmepdopaT:

o) Xnv mepintmon tov dwuatiov e dHo avoiypora to 1°
KPUTNPLO IKOVOTOLEITAL OTIG PLEYAADTEPEG TOYLTNTES EEW-
TEPIKOD OvENOV, 6mov V€ [6,10] m/sec. Te pikpodtepeg
Taydteg avépov, Ve [2,4] m/sec o eioepxduevog
aépag AOY® UIKPOTEPNG TOYVTNTAG OEV KOTAPEPVEL VO
EKTOTIOEL TO OeppOTEPA OTPOUATO 0EPO GE PEYAADTE-
po Oyog and 1,7m mpog 1o dve dvorypa (displacement
ventilation), pe amotédespa va dlatnpovvral to Oeppd
OTPOUATO OEPA YOUNALL.

B) Ztnv mepintwon tov dwpatiov pe éva dvorypa to 1°
KPUTplo Kavomoteitol povo ot peyoAdtepn tayvTnTa
avépov, ormov V=10 m/sec. e avt] Vv ToxdTNTA TO
evepyo Pabog [19] tov elcepydeEvoL aépa 6TO dWUATIO
glvar peyoldTepo, [Le GUVETELN VO ETLTVYXAVETOL KAADTE-
pN avapelsn Tov ec®TEPKOL BepoD aépa TOL dOUATIOV
pe Tov eE@TEPIKO YouXpO 0€PO KAl VO dMovpyodvTot
ouvinkeg Beppkng dveong yio Tov avOpwmo.

20 Kpunpio: T'a avBpdmovg pe cuvidn vrodnpata
Beplokpocio TNG EMPAVELNG TOV TATOUATOG TPETEL VO EIvail
ar6 18°C éwg 29°C. IN'a avBpOTOVG TOL TEPTATOVV LLE YOLVEL
nod0, M emBopnt Beppokpacio eaptdtal amod To 100G TOL
TOTMOUATOG,

o) Xnv mepintmon tov dwuatiov e dHo avoiypora to 2°
KPUMpPLo kavomoteital TANpwg, apod 1 Beppoxpacio
TOV KOTOTEPOV GTPMOUATMV TG PONG, Yo OAEG TG TOYD-
TEG avEpov, omov V. € [2,10] m/sec pe epoppoyn Kot
TV 000 povtéAmv TOPPNG, VToloyiletal evtog TV mEPL-
0pIoU®V TOL TTapamdve kprtnpiov (PA. oxfua 12(w)).

B) Ztnv mepintwon tov dwpatiov pe éva dvorypa to 2°
Kprmpto dev avomoteitat, 610TL 1 puéon Beppoxpacio
Kovtd oto danedo vrepPaivel Toug 29 °C (BAéme oynua
12 (B)).

Yvumepaiveror 0Tt 0 QUGIKOC OEPIGUOG LE EKTOTIOUO
(dopdtio pe 6o avoiypota) IKavomolel Kot To Vo KPLTipLo
Kot Stc@aAilel cuvOnKeg BepLukig GveoNS OTIC TEPLGGO-
tepeg meputoel. H dwmictoon avth ocvupovel pe to
oupmépacia Kot GAA@v epgvvntav [20, 21], 6Tt 0 aepiopog
pe exTomopo dtac@arilel kakvtepn Oeppukn| dveon. Awomi-
OTMVETOL ENIONG OTL Kot 01 SVO UNYAVIGHOL LOVOTAELPOL PL-
OOV aEPIGHOV (PLOIKOG AEPICUOG LLE EKTOTMIOUD, PLGIKOG
aePIoUOG te avapelln) amodidovv kaAdtepa Kot 0o~
Covv ouvOTKeg Bep KNG Gveong OTIG LEYOADTEPES TAYVTNTES
€10EPYOLLEVOL OEPQL.

8. XYMIIEPAXMATA

To cvpmepdopata TG TAPOLSOS EPYAciog cuvoyilovTal
g &8fg:
= To mPoTEWVOUEVO HOVTEAO VTOAOYIGTIKNG PEVCTOdLVO-
pkng etvor a&omioro. Me epappoyn tov mpdtumov k-g
povtédlov topPng n péon T andkAong amd To. oroTE-

Aéopata TG EPAPUOYNG SVO EUTEPIKDOV HOVTEA®VY gival
amodektn (18,6% péon amodALTN OYETIKN S10POpPd GTOV
VIOAOYIOUO NG ToyLTNTAG 10630V, 15,2% péon amd-
ADTI OYETIKN S1POPE GTOV VITOAOYICUO TOV VYOV TOV
0VdETEPOL OMNUEIOL).
= XMV IEPInTeon tov dmuatiov pe Yo (Gve kol KATm)
ovolyuoto  TPOyUOTOTOEiTOl  aEgPICUOC  EKTOMIONG
(displacement ventilation). H péon Tty Oeppokpaciog
TOL OMUOTIOL Elval YOUNAOTEPT] OO TNV TEPIMTOOT HE
éva avotypa.
= 2NV IEPINTMOT TOL EVOC (VM) OVOiYULOTOG PO LTOTTOL-
gltar aeplopog avapeEng (mixing ventilation). To vyog
TOL OVOETEPOL ONUEIOL GTO GVOLYHO LEIOVETOL, KOOMG
avédvetat 1 TodTNTO TOL gloepyopevoy aépa. Emiong,
000 LEUDVETAL TO VYOG TOL OVIETEPOL ONHEIOV oVEAVETOL
10 evepyd PaBog tov gloepyduevoL eEmtepkov oépa. H
péom tun Beppokpaciog Tov dmpotiov givor vymAoTepn
o€ oYEoM e TNV TEPInTmon pe 600 avolypoTo.
= T v aoldoynon tov aoBUatog Beppiknig aveong
YPNOHLOTOLOVVTOL VO KPLTHPLOL TOV TEPLYPAPOVTOL OTNV
evoto 7. Ltov aepopd ektomions (dopdtio pe 6vo
aVOIYLLOTO) TO TPAOTO KPITHPLO IKOVOTTOLEITAL KoL TO OPLOo
g Beppukng dveong vaepPaivetor HOVO OTIG YOUNALS
TOYVTNTEG OVELOVL TOV UETEMPOAOYIKOD GTOOIOV, OOV
0 €loePYOUEVOG 0€PaG AOY® HIKPOTEPNG TOOTNTOG OEV
KOTAQEPVEL VO EKTOTICEL T BeppOTEPA GTPOUATA 0EPT
ynAotepa amd tov avBpwmo. To dedTEPO KPLTHPLO IKAVO-
moteital TANP®G. ZTov aeplopd avapelEng (dopdtio pe
éva Qv Avolypra) To TPATO KPP0 tkavoroteitot Lovo
oTn peyaAvTEPN ToXOTNTA 0vEROV, 6mov V. = 10 m/sec.
Yty mepintmon avth, To evepyd Pabog tov gioepyopLe-
VoL 0€pa EVOL PEYOAVTEPO, |LE ATOTEAEGILA TNV KOAVTE-
pN avAapelEn ToL e TOV E0MOTEPIKO 0EPA TOL dWUATIOV.
To devtepo KpLTNpLo dev tkavomoteital, kabdg og Kapio
oo 116 e&eTalOUEVES ToOTNTES O AEPIGUOG LE EVOL AvOLy-
Lo KOVTA OTNV 0pOPT] TOL SOUATION dEV KATAPEPVEL VOl
egaopaiiost ta embountd emineda Beppokpaciog KoVt
oto ddmedo.
AwmoetdveToL 0T ) O LOVOTAEVPOG PUGIKOG OEPIGUOG
O ovpPaiAetl ot SOUOPE®OT GVVON KOV BepKnG dveong
oe yapunAég taydmreg adpa (V,  =2.4 m/sec), ko1 B) oe pe-
yolotepeg taydteg agpa (V, = [6,10] m/sec) o guotkog
aePIGLOG eKTOTIONG (dVO avolyHoTo) VTEPTEPEL EVAVTL TOV
(QUCIKOV OEPICUOV avapelEng (éva avorypa), yati Slec@o-
Mgl ouvOnkeg Beprukng Gveong 6To CHVOAO TV TEPUTTO-
oemV. Zoumepaivetol 0Tt 6 UK aeplOpEVa KTNPLO., TOV
gykaficTavtal 6g TEPLOYEG GYETIKA EVIOVAOV OVELLMV, 1) KO-
TOOKELT] TEPLGCOTEPMOV TOV EVOG AVOLYLLAT®V € BEGELS TOGO
YNAG 660 Kot yopnAd ent g piog TAEVPAS TOL KINPLOUKOD
KEADPOVG, dnovpyel KaTAAANAEG cuVOnKEG Yo TN PEATIOT
pON TOV 0GP TPOG KOl A0 TOVG ECMTEPIKOVS YDPOVG, LE
AmOTEAEGO. TNV KOTAAANAN oTpmpoTonoinon g Beppo-
Kpooilog oTo €0MTEPIKO TEPIPAAAOV KOl TN SAUOPPOOT
oLVONK®OV Bepukng Gveonc.
Téhog emPePfordvetar 6TL 1 TPOPAEYN TG PONG TOL BEPQL
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®C OTOTELEGHO EEMTEPIKAV KOl ECOTEPIKAOV EMOPACEDV
elvar dvvarn pe ypron HeBOd®V VITOAOYIGTIKNG PELGTOdV-
vapkne. H apBuntikny mpocopoioon pmopei vo odnynoet
G€ YPNOIU0 CUUTEPAGULATO OGOV OPOPE TNV KATOVOUN TMOV
WB0TATOV NG PONG G KTNPLOKOVG YDPOVG TPOLYLOTIKNG KAL-
pokag. Ot KaTavopég auTEG HTOpPOLY OTI GUVEXELX VO, 010~
oM B0V TPOG LTOAOYIGHO TG BEpLUKTG Aveog EVOG GUYKE-
KPYWEVOL KTNPlov 7oL eKTIBETOL GE EMKPUTOVVTEG AVELOVG
NG EVPVTEPNG TEPLOYNG TNG EYKATAGTAONG. EmmAéov, pe tov
TPOTO AVTO, TOPEXETAL 0pOA 1] TANPOPOPIL. TNG ECMTEPIKNG
pong aépa Kol Pmopel va ypnoiponoindei yuo fedtioon tov
oLVONK®OV TomiKNG Beprukng dveong Tptv, oAl Kot KoTd T
SLpKELD TNG KOTOOKELNG EVOG KTNpiov.
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Abstract

The present study investigates the airflow in and around a naturally
ventilated building, which represents a student dormitory, using
computational fluid dynamics (CFD) techniques. Turbulence flow is
simulated applying the standard k-¢ and the RNG k-& models, both
modified to account for wind and buoyancy forces. The focus is to
study single-sided natural ventilation in a typical room situated on
the ground floor of the student dormitory. Two cases are investi-
gated: a) two openings, and b) one opening, on the windward side of
the room. Internal furnishings and three thermal sources (occupant,
TV, PC) are taken into account. Two different mechanisms of natural
ventilation are examined: a) displacement ventilation (two open-
ings) and b) mixing ventilation (one opening). The numerical results
are compared with those obtained by two empirical models related
to the effective velocity of incoming air and to the height of neutral
level in the case of one opening. It is concluded that the numerical
results are in acceptable agreement with those obtained by the em-
pirical models, especially when the standard k-¢ model is used. Fi-
nally, the mathematical model described is used to evaluate thermal
comfort inside the room and the outcome is that the best design is the
case with two openings on the windward side of the room.

1. INTRODUCTION

Natural ventilation is an efficient alternative method
to reduce the energy use in buildings. Generally, air-flow
in a naturally ventilated building is the result of pressure
differences produced by wind and buoyancy forces [1].
Depending on the location of the openings, the buoyancy
forces may assist or oppose the wind-driven flow.
Furthermore, the opening location strongly affects the
air-exchange rate and the temperature stratification in the
interior of the building [2].

Submitted: Dec. 19, 2008 Accepted: Jan. 11, 2010

The two major types of natural ventilation are (see figure
1) [3, 4]: a) cross ventilation: ventilation through openings
located on different sides of the building, b) single-sided
ventilation: ventilation through openings located on the same
side of the building. According to the openings’ design, the
expected airflow may be displacement, where the incoming
cold air tends to drive out and to displace the indoor warm
air (cases A and B, fig.1), and mixing, where the incoming
cold air spreads out and tends to mix with the interior warm
air (case C, fig.1).

The objective of the present study is the application of
a CFD model to investigate natural ventilation in a part of
a building of real-scale geometry, such as that found in [3].
The cases considered are: a) one opening and b) two (low
and high) openings on the windward facade of the building.
Turbulence flow is modelled using two well-known
turbulence models. Additionally, two well-known empirical
models [5, 6] are applied, which predict the inlet velocity
and the height of neutral level (in the case of one opening),
for validation purposes. Finally, the mathematical model
described is used for thermal comfort predictions, for both
cases studied.

2. EMPIRICAL MODELS

a) Empirical model of Phaff and de Gids

Phaff and de Gids [5] studied the effects of both wind
and buoyancy forces and developed an empirical model to
predict the inlet velocity, through one opening using the
equation (3.1).
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b) Neutral level

The neutral level in a single opening is defined as
the height where the interior pressure equals the ambient
pressure, and thus the mean air velocity becomes zero. For
low values of airspeed, the neutral level can be calculated
through equation (3.2) [6, 7].

3. MATHEMATICAL MODELLING

Mathematical modelling consists of the Navier-Stokes
(N-S), the continuity and the energy equations, for a 3D
turbulent fluid flow. The general form of all the governing
conservation equations, for steady-state conditions, is that of
equation (5.1) [8, 9].

The assumptions made for the problem are the following:
a) steady-state incompressible flow of a Newtonian fluid, b)
adiabatic walls (except for heat sources), c) constant air-
properties at 298.5°K, d) heat transfer at the walls by either
conduction or radiation is neglected, €) neutral atmospheric
conditions of the incoming wind. The temperature of the ex-
ternal environment is 25.5°C.

Turbulence flow is simulated using two Reynolds-aver-
aged Navier-Stokes (RANS) mathematical models, standard
k-¢ [10, 11] and RNG k-¢ [12] model, both modified to
account for buoyancy effects due to density differences [13].
The numerical procedure followed is based on the Finite Vol-
ume Method (FVM) [8, 9] provided by a general CFD code,
i.e. Fluent (version 6.3.26).

The computational domain is extended around the build-
ing (see figure 4.1), in order to account for external flow
phenomena (stagnation, separation, reattachment) correctly,
hence to obtain reliable solutions to the distribution of de-
pended variables (u, v, w, k, €, P, T) through the openings, as
well as in the internal space of interest [14, 15].

Numerical simulations were performed for different val-
ues of wind speed reported by the weather station [3], in the
range of 2-10 m/s.

The incoming wind velocity profile, for an urban ter-
rain, is given by equation (5.2) [3], and is applied on the
windward side of the computational domain as a boundary
condition.

For the numerical solution, a multi-block structured grid
for each of the two cases studied is used (see figure 8). Grid
independency is tested by repeating the simulation for a
gradually increased grid-cell density.

For this reason, the embedded grid method is applied,
according to which the grid is locally refined around criti-
cal areas, such as the thermal sources and the opening area
(see fig. 5). Three grid sizes are tested and as revealed
in figure 6, the optimum spatial discretization is that of
792,520 cells. The optimum grid for the problem is pre-
sented in figure 7.

4. RESULTS

Comparing with the results obtained by the empirical
model of Phaff and de Gids, the numerical results of the
inlet velocity deviate by approximately 18.6% and 41.4%,
in terms of mean absolute relative error, using the standard
k-¢ and the RNG k-g¢ model, respectively, for a wind speed
range V€ [2,10] m/sec (see figure 8). As far as the height
of neutral level is concerned, the mean discrepancy of the
predicted value, compared to that obtained by the empirical
model (equation 3.2) is approximately 14.2% and 15.2%
using the RNG and the standard k-& model, respectively. In
figure 10 a decrease of the predicted neutral level height is
observed as the wind speed increases

The predicted flow field, in terms of temperature and
velocity distributions, is depicted in figures 11, 12 for both
cases considered, using the standard k-& model. The expected
mean flow around the structure is illustrated in figure 13,
where separation and reattachment zones on the windward
and leeward sides, respectively, are shown.

5. THERMAL COMFORT

Evaluation of internal thermal conditions is based on two
criteria recommended by the American Society of Heating,
Refrigerating and Air-Conditioning Engineers (ASHRAE)
Standard [18] for thermal comfort.

1% Criterion: Vertical air temperature difference within
the occupied zone, measured at the 0.1m and 1.7m levels
shall not exceed 3°C.

24 Criterion: The surface temperature of the floor for
people wearing typical indoor footwear shall be between
18°C and 29°C.

It is observed that in the case of the room with two
openings (displacement ventilation) the first recommendation
is satisfied at most of the examined wind speeds (see figure
14), with the exception of lower values of wind speed (V, ,
€ [2,4] m/sec). Additionally, the second criterion is satisfied
at all wind speeds studied. In the case of the room with one
opening (mixing ventilation) the first criterion is satisfied
only at the highest value of external wind speed (V, , € 10

m/sec), while the second criterion is not met at any wind
speed studied.

6. CONCLUSIONS

The proposed CFD model, especially using the standard
k-¢ turbulence model, is considered satisfactory, as it
provides acceptable agreement with the results obtained
by well-known empirical models, i.e. discrepancies of only
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about 18.6% and 15.2%, referring to the inlet velocity and
the height of neutral level, respectively.

As far as the openings’ design is concerned, it is observed
that single-sided natural ventilation does not contribute to the
creation of thermal comfort conditions at low wind speeds
(V.. € [2,4] m/sec for both cases studied, while at higher
wind speeds (V, € [6,10] m/sec displacement ventilation
(two openings) performs better than mixing ventilation (one

opening), because it creates thermal comfort conditions in
most cases. Finally, it is concluded that a residential building
consisting of more than one opening located at the lower and
the upper heights of the windward facade may prove to be
a valuable design idea, as it provides an optimum air-flow
path into and out of the inside of the indoor space and meets
thermal comfort recommendations, especially in areas of
relatively high wind speeds.
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