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Pon kot Avosmopa POtewv g OokES Xapadpec:
AvaoKOTN 01|

N. KOYTZOYPAKHX
MnyavoAdyoc Mnyovikoc

Tepilnyn

2y epyacio. ovty emiyepninke va ovykevipwlodyv axd tn Pifili-
0YPOPIo. Kol Vo, TaPOVGLOTTODY UE KOTAVONTO TPOTO TO. KUPIO. X0
POKTHPIOTIKG, TOV TEILOV PONG KAL TWV GUYKEVIPDTEDY POTWY GTHV
001K YOpadpa, oniaon, oTov ywpo maVe® Omo EVo. 00TIKO OPOUO
exatépwbev tov omoiov vrdpyovv ktipia. Idve omo ta televtoio
Oewpeiror 6T1 wvéel, kopiwg, kaletog atov alova Tov oo GVELOG,
OV EIVOL 0 KOIVOG TOPAYOVTAS TV POGIKDOV YOIVOUEVMV TOV TOHO-
THPOVVTAL, ONLOON THS OVOKDKAOPOPLOS TOV GENO. KOL THE TOYIOEVONS
TV POTWV [éaa. ot yopdopa. 1Ivetar avapopd. oe ToOALES amd TI¢
TTLO GNUAVTIKES ONUOTIEDTELS, TOV APOPODY GTO CVYKEKPIUEVO Oéua,
ue wm priodolio n epyacio ovtyy v’ awoteléael 1o apyiko fonlnuo
OmOIWV EVOLAYEPOVTAL VO, UGHOVY 1] VO, UEAETTOVY TO. PAIVOUEVA,
oL AP avovy ywpa UG 0TI 00LKES YOPTOPES.

1. EIZATQT'H

Tnv mevinkovtoetio 1950-2000, evd o mAnbvopdg g
YNG TEPIMOV SMAAUCLAGTNKE, TO TOGOGTO TOV AVOPOTMY TOL
Covv oTig mOAEIS avENONKE KOTA Vo TOPAYOVTO 4, OTOTEA®-
vtag Tov ped TAnBucpd g yng. Tny ida mepiodo o apBpde
TOV OVTOKIVTOV TOYKOGHIMG Kot 1 BLOUNYAVIKY TopoyOyT|
avénonke katd Eva Tapdyovta 10 [22].

H ocvuveyilopevn avt cuykEVIpmon Tov avipOTOV 6TIg
norelg [38, 11], o€ cuvdVAGHO Le TOVG OLENUEVOLE POTOVG
ov ekmépmovtot eEotiog Tov apBpod TOV KLUKAOPOPOV-
VIOV OYNUATOV EYEIPEL EDAOYES AVIOLYIES YO TNV TOLOTITA
TOV O€PO OTO OOTIKA KEVTIPA KAvOvTag TNV e&étacn g ot-
0GTOPAG TOV POTOV GTIG 00IKEG YOPASPES, TOV OLGLAGTIKG
OTOTEAOVV TO, SOLUKE oTOoKElo TG TTOANG, Bpa Waitepov
EVOLOPEPOVTOG.

No onpeiwbei 6Tt TOPOAN TNV EVIVTOGLOKY| LEIMOT TOV
EKTEPTOUEVOV POTTAOV OVE STAVOOUEVO YIMOUETPO LLE TN YPT|-
O™ NG KATOAVTIKNG TEYVOAOYING GTO KALVOLPLOL OYHLLOTA, 1
GLVEYOLEVT] 0OENGCT TOL OPLOLOY TOV CVTOKIVAT®V EYEL MG
OmOTEAEG IO, TO LEGO LETAPOPASG Vo e&akorlovBolhv va givat
1 KOplo. Y POT®V 6T TOAELS G€ [LovoEEidio Tov avOpaka
(CO), o&eidia o almtov (NO,) Kot GKavsToug VIPOYOVAV-
Opakeg (HC) [22, 47, 26].

[Mopoin ™ omovdaldtto. ToL BERNTOC deV KOTEGTN
YropinOnke: 11.9.2007  Eywve dextij: 3.12.2007

duvatd vo Ppebodv amd Tov YpApOvVIo GLUYKEVIPOUEVO GE
pio epyocio 1 Piio To YOPAKTINPIGTIKG TG PONG KOL TNG
SoToPdag POT®V OTIG 0OIKEG YOUPAdPES, LLE LOPPH TOV VO,
BonBovv kdmotov mov apyiler v’ acyolreitar pe to BEpa.
Avto 10 KeVO mpoomabel va kaidyel To mapdv GpBpo. H
O KOVTIWVN] GYETIKN epyocio eivol 1 EKTEVHG OVOCKOTNON
tov Vardoulakis et al. [73], mov eotidlel, kvping, ctov T0-
péa TG HovteAomoinong Kot TEPLAUPAVEL TAPATOUTES GE
ekatovtadeg dnpootevcels. Kat ou Vardoulakis et al., dpog,
deV TOPEYOVLY GUGTNILOTIKY TEPLYPUPT] TOV PUGIKAV QOLVO-
HEVOV TOV 0SIKAV XOPadpOV.

2.T'ENIKA XAPAKTHPIXTIKA THX
OAIKHX XAPAAPAX

Me tov 6po actikn 1 0dikn yopddpa (street canyon)
EVVOOVLLE TOV GYNUATIONO TOL O.GTIKOD dpopov poll e ta
Kktipto Tov tov mEepPdAlovy kol omd Tig dvo peptEg [52],

oynpe 1.
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ynua 1: Odwny yopdopa [mnyn: AILO., Epyootipio uetadoons
Oepuotnrog Kor mePIfallovtikng UnyoviKng].

Figure 1: Street canyon [from: LHTEE, Aristotle University of
Thessaloniki].

O 6pog e Vv TAPodo TOL ¥POVOL OMEKTNGE EVPVTEPT
évvola, cuUTEPIAAUPAVOVTOG Kol OPOLOVS YOI YAl KTi-
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plo ) meptoyn Heta&y 600 KTipimv Tov anéyovy oAl 1 Opo-
LLOVG 01OV TaL KTipto, Oev givatl GUVEXOUEVA, GALY VTTAPYOVY
Kot avoiypato de&Ld Kot aplotepd Katd PiKog g 0500.

Kabhg tét0101 oynpoticpol amotelovv cuvin tpuqpato
TOV TOAE®V, €ivol AOYIKO VO GUYKEVIPMGOLV TO EMIGTNILO-
vikd evdapépov. Ilpdypatt, 1 pon Kot ta BepLOKPOCLOKE
YOAPOKTNPLOTIKG GTIG 0OKEG XOPAdPES Eival TOAD CNUOVTIKA
YL TNV AGQAAELD, KOL TNV GVECT] TOV KATOIK®OV OGOV 0pO-
pA GTNV TPOGTOGiK Ao TOV AVENO, TO Kpvo N TN (€otn, T
Bpoyn, Ta évtova kaptkd eawvopeva [53, 49]. Erniong, otig
001KEG Yapadpeg e VYNAN KUKAOQOPIO, GVTOKIVATMV GL-
YKEVTIPOVOVTOL TOAAOL pOTOL, Ol 07010l AOY® TOV YOUUNAOD
aeplopob maydevovtal petald TV KTipimv Kot glvat dpeca
emkivovvol yo v vyeio t@v avBporwv mov {ovv, mep-
atovv, gpyaloviatl 1 odNyovV Gg aTEG, GALY Kol EUIESH
EMIKIVOLVOL Y10 OAOKAN PN TNV TOAN, POV OVTH OTOTEAEITOL
amd oAAndovyia 0dtk®dV yopadpdv. Téhog, oty emoyn pog
VILAPYOLVY CLENUEVEG OVIOLYIEG KOL Yol TNV TEPINTMON dlop-
pong emPAoPOV VAKGV AOY® aTuyiuatog [11,60].

Ta KOPLO YEDUETPIKA YOPOKTNPIOTIKA LL0G OOIKNG Yapdi-
dpag givar To vYyog ¢ (H), to mAdtog (W) kot o prog (L),
Ommg poaivovtol Kol 6To oynua 2.

Synua 2: To yewueTpIKe, YopokTpioTikd TS 0OIKNG YOpaopas.
Figure 2: Geometry of the street canyon.

H pelém pag tétotag yapdadpag pmopei va ivat gite d1o-
duaotartn (2A), dnradn Beopodvtag 6Tt To punkog g L etvan
TOAD LEYAAO Kot OTL 1| EIKOVA TNG POT|G O€ eMineda kGOeTa Le
Tov G&ova Tov dpoov givar id1a, N tpredidotarn (3A), ondte
Aoppavetor vwoym kot to pPnKog kot e&gTaleTor n TANPNG
pon YOpw amd ta KTiplo.

H dwodibotatn pelétn givar mo dodedopévn. L’ avt)v
pmopel va peretnfet povo pio kotevbovvon tov erevbepov
avéLoV, avT) Tov gival kGBetn otov d&ova Tov SPOLOV.
AVt OUOG Elvol KoL 1 TEPITTMGT TOV TOPOVGIALEL TO e~
YOAOTEPO EVILAPEPOV, APOV EYEL TNV TLO YOPOUKTNPIOTIKY|
pomn Kot givat oo TIG SUGUEVESTEPES OGOV APOPE GTNV oL~
yidevon tev pimev. Eniong, n diodidotatn pon o xopadpa
€lVal O TPOTOYEVIG KO TPOGEAKVEL TOVG EMIGTILOVEG TOV
B€lovv va Aoovvy Bactkég poés. TéELOG, 1 épevva yia To pat-
VOLEVO TOV SIETOVV TN PON| AT JEV EXEL TEAEIDCEL, MGTE VO
TPOY®PNOEL Kaveic afiooto og TpEIS SlUoTACELS.

H tpwodidotomn perémn yivetar yio va eggtochovv
QOVOLEVO TOV OQEIAOVTOL GTO TEMEPAGUEVO UNKOG Kot OF

LITopovV va. ayvon0ovv 6g KATOES TEPIMTMOGELS, 1) Y10 TPO-
COLOIMON TPAYHOTIKOV TUNHATOV TOAEWDV.

YxedOV Ge OAEG TIG MEPMMTMOGELG TOL LEAETATOL OOIKN
xapadpa, Bewpeitar 1L 0 dvepog glvat kKGBeTOg G° AVTRY,
EKTOG KL 0V avopEPETaL dtapopetikd. To kvplo yapaktnpt-
oTIk6 oL Tailet pORo Yo TN HEAETN Elvat 0 AOYOG EMUIKOVG
H/W. H kavovikn odwkn yapadpa €xet Aoyo emypmkovg 1,
Ve peyoutepot Adyot yapaxtmpilovv Tig Pabiéc yapadpeg
KO UKPOTEPOL TIG QOPOLEG. TNV TEPIMTOON TOV TPLOV S0
otdoemv, aviloyo pe tov Adyo L/H ot yapdadpeg pmopei va
etvon kovtég (L/H<3), pecaieg (L/H=5) | paxpiég (L/H>7).
Télog, avdroyo av o exatépwbev Ktipta Egovv 1610 1 Oyt
VYOG, LILAPYOVY Ol GLUUETPIKES KO Ol LT CLUUETPIKES YO
padpeg [73]. Ot un GUUUETPIKEG YOPAOPEG KATATACGOVTOL
TeEPALTEP® G€ Yupadpec avENong avaPadpov (step-up), dtav
TO KOTAVTL TNG PONG KTipto glvat o ynid Kol o€ peimong
avapadpov (step-down), 6tav givat mo yapmAo.

3. H POH XTHN OAIKH XAPAAPA

3.1 To a6T1KO 0pPLOKO GTPORA

Onog yopm and Eva mepppedevo 6TEPEO GO 1 TaD-
TNTO TOV PELGTOV TEPTEL GYNLLATILOVTOG TO OPLaKd GTPOLCL,
£TOL KO OTAY £YOVLLE POT) TOV OVELOL TAV® OO Lo, TOAN,
ONUIOVPYEITOL TO KOOTIKO OPLOKO GTPAOUO», TO OTOl0 EYEL
Kamoto, 1dtaitepa yapakmplotikd. [ToArég petpnoelg Kot
TapATNPNOELS £0VV delEel OTL UTOPOVLLE VO YOPIGOVUE TO
A0 TIKO 0PLaKO CTPOLO GE KATOEG VITOTEPLOYES, OTWS POivE-
tat oto oynpa 3 [11, 10, 62].
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Zynua 3: 7o aotiko opiaxo oTpdue. KAl To DTOGTPIOUATA TOD.
Figure 3: The urban boundary layer structure.

Méypt éva péco vyog xtpiov H, Ppiokdpocte oto
vrooTpopa TG 0dkng xapadpag (Urban Canopy Layer). H
Gpeon enidpacn TV KTIpidV 61N SUOpPmo™ TG PONG TOL
0GTIKOD 0PLOKOD GTPOUATOG EXEL TapoTnpnOel 0Tt cuveyile-
TOL KOL GTO VTOGTPMLLO TPAYVTNTOG TOV PTAVEL LEXPL KL EVOL
Vyog 1,5 o¢ 5 popéc 1o péco Hyog ktipimv [62]. TTo naveo
VILAPYEL TO OOPAVELKS VITOGTPMLLOL, OTOL 1GYVEL TO AoYapio-
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pd Tpoeid tayvtntag [10, 34] oty mepintmon mov £xoviEe
OVJOETEPT] KATAGTAOT €VLOTADEWG ATUOCOULPOG. ZUVOAKG
OTO EMUPAVELNKO (1] ECOTEPIKO) OPLAKO CTPMOUO Ol TOPAEYO-
VTEG TTOL €MOPOVV TN pon oxeTILOVTOL KVPIMG LE TNV TPAYD-
ra [10, 34] kot dev emnpedlovtot GUEGO OO TO GUVOAKD
TAY0G TOL OGTIKOV OPLOKOD GTPMLOTOG O TOL gival LEPLKEG
ekatovtadeg pétpa. To yeyovog avtd evKOADVEL T HEAETN
TOV 00IKOV YOpodpodV pe aplunTIK HOVTEAOTOINGON Kot
Le PLOIKN LOVTEAOTOINGY GE agpocpayya, Kabdg de ypet-
aletor M oKpPNG YvOGN TG TG TOL TAXOVS TOV OPLUKOD
OTPOUATOC, apKEl va, £xovv povielomomBel cwoTd Ta KTipta
Kot va givatl cotég ol oplakég cuvinkec. To televtaio amat-
el TN ypnooroinon aepoonplyymv pe €01ko6 eEomond
[8, 66], ®ote va pmopei v’ avamapoydel cuvtopa £va TTLKd
TPOPIL UGTIKOD OPLOKOD GTPMUOTOG Kol OGOV aPOpa GTIG
TOYOTNTEG KL OGOV apOpd GTIG TUPPADIELS TATELS.

H ypnon povtelonoinong gite aptOunTIKng €ite PUOIKNG,
&xet fondnoet ToAH TNV KOTovONGoT) SL0QOP®V PULVOUEVMV,
7oV GupPaivouv otig 0dkéS yapddpes. Ocov apopd ot Q-
GlKN LOVTEAOTIOINGT GE 0LEPOCPUYYQL, TOPEYEL TO CTLLOVTIKO
TAEOVEKTNILA TOL KOADTEPOL EAEYYOV TMV TOPAUETPMV TOL
EMOPOVV GTI| PON KOl TIG GLYKEVIPMGELG POT®V GE GYEON
pe Tig petpnoelg mediov mov mopovstdlovv Tvyaieg Kot
OPOGIOPIOTEG SIUKVUAVOELS TMOV OPLOK®V cuvinkdv [65].
Emiong, éva meipopa pmopei va emavoinedel pe tig idieg
GLVONKES KOl VO TPOGIIOPIGTOVV KAADTEPO TO YOLPOKTNPL-
OTIKA TNG dloomopdg TV pOTtmv. Ot Adyot avtol Kivovy Ta
TEPALOTO GE 0EPOCTIPUYYO KOTOAANAOTEPO Y10 EMKHPMOOT
TOV OTOTEAECUATOV TG aptOuNTIKNAG poviehotoinong [65].
H teAevtaio mapovoidlel To mieovékTnpa tng €EETOGNG TOA-
AoV cevapiov, ota onoia propody va petafinbovy 6Aot
Ol EUMAEKOUEVOL TTAPAYOVTEG TTOV EMIPOVYV OTN PO Kot TN
SCTOPE TV POV e EVOL TOAD LKPO TPOGHETO KOGTOG.

No onpewwbei 6TL 01 HOVTELOTOWGELS QPOPOLY KLPImG
OVJOETEPT] KATAGTAGT EVGTADELNG TNG OTULOCPALPAG, 0YVOD-
VTOG TUXOV AVOGTIKEG OVVALELG TOL o@eilovtal Gg Beppio-
KPOoloKEG Stopopég. At dev elvat mhvta akpEg, Kabmg 1
Béppavon 1 Oyt Tov £daovg amd Ty Hrapén N Ot ToL A0V
dpovpyel KaTaoTAGES EVGTADELNG, OTOV O OEPOG EYEL TTE-
PLOPICUEVEG KOTOKOPLPES LETAKIVIGELS, 1 0.0TAOEW0G, OOV
ELVOEITOL 0 0EPIOUOC KOL VILAPYEL LEYOAVTEPT KATAKOPLON
peTapopd.

3.2 Boowka opaKTNPIGTIKG TS PONS VL0 KOVOVIKT
001K1| Yupadpa

Ta KOpro yopoKTPLOTIKA OV EMNPedlovy TN pon Héoa
ot yapdadpa eivarl 1 TodHTNTO TOV EAEVOEPOV AVELOV TAV®
amd To Ktiplo Ko 1 yeopeTpio v KTiplov.

'Hon, o1 mpmteg peréteg mov €ytvav Kupimg tn deKoe-
tio tov 1970 kot apopovoav eite melpdpata mediov ite
LETPNOEIG GE O.epOcpayya ite aplOUNTIKY TPocopoimaon,
£0EL(VaV LLE GOPTVELD, TOV GYNUATICUO TOV YOPUKTIPLGTIKOD

Bpdyov avakvkilopopiog, oynpa 4, Tov TapaTnpeital Kupi-
®C Y10 AVEWO KAOETO e TOV GEOVA TOV SPOLLOV KO TOYVLTNTES
peyaAdTeEpEG Ao 2 m/s.

To kévipo tov (0e&l0oTpOoPOL GTO CYNA) BPoOYOL avo-
KUKAOQOPIOG Elvol TEPITOL OTO YEMUETPIKO KEVIPO Yio
Kkavovikn yopadpo pe H/W=1 kot eErappd HETATOTIGHEVO
TPog TNV ehevBepn pon yio pun kavoviky. Eniong yia Adyovg
H/W pikpdtepoug 1ov 1 10 KEVTPO PETAPEPETAL ALPYLKAL TPOG
ta 0e1d. Av e€arxorovbnoel va pkpaivel o Adyog, o Bpodyog
Uopel va Un QTaveL ™G TO EMOUEVO KTiplo, OIS Bo SovLLE
Ko TOPAKAT®, OTOTE TO KEVIPO TOV UETOPEPETAL KOVTH GTO
avavtn g pong ktiplo. Kovtd 6to dpio g xopadpag mopo-
povpEe aplotepd (oTo avavn Ktipto) BeTikn KaTaKkOpLEN
GLVIGTMGO. TG TAYVTNTOG, TOV oNpaivel £6000¢ aépa amd T
xapadpa Ko 6518 opVNTIKY.

A 4
A 4

S |

Yynua 4: Bpoyog avaxvklopopiog yio H/W=1.
Figure 4: Recirculation vortex for H/W=1.

TNo Tay v TEG TOV AVEROL TOAD UIKPEG OTIMG £XOVV TO-
POTNPNCEL GTNV TOAD OMUOVTIKY gpyacio. Tovg ot DePaul
and Sheih [20] kot dAlot epguvntég [24, 78], 0 otpofirog
pmopet va gival aotobng 1 vo unv vedpyet Kaborov. Avtd
cuvayeTal Kol omd Tig petpnoelg twv Nakamura and Oke
[49], av kot ovtoi dg PmodpEcAV Vo TPOGHIOPIcCOVY KATOL
T TOYOTNTOG AVEHOV KAT® amd TV omoia va cvpfaivet
e CAPNVELD QVTO TO PULVOUEVO. ATTO TNV GAAN LEPLY EYOVV
napatnpnet otpodfilot akoun Kot yio Toydmreg pog 0,5
m/s [13]. Ev mdon nepumtdoet, ot @Oon ot poég dev givat
e&10aVIKELEVES KOt TapOLGLALOVY HEYAAN aoTdOELa.

2TIC TEPLOCOTEPEG TEPUTTAGELS OTIC YWOVIEC TOV KTIpiwV
pe Tov dpOo VILAPYOLVY Ao EVOG IKPOG AoTAONG avTITEPL-
oTpEPOLEVOG GTPOPLAog [73].

Mia tomikn ToyvTTe HEGH T Yapddpo eival ta 2/3 g
tayomrog otig otéyeg: Uy o= 2/3 U, [49]. T peyado-
TEPOVG AOYOVG EMUNKOVG O TAPAYOVTOG 2/3 avOUEVETOL VO
etvan pukpotepog. [pdypott, yioo H/W=1,2, n apocopoimon
pe LES (Large Eddy Simulation) tov Walton and Cheng
[77] katéinée o évav mapdyovta 0,44. To pikpdTEPOLS TOL
1 Adyovg empmkovg o mapdyovtag 2/3 avapévetot va givat
peyaAHTEPOG.
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Noa onueiwbei 611 pioe Pacikn TaPAPETPOS Yo TIG Lle-
AETEG TOV POdV G 001KES Yopadpeg Bempeitat TOAD cuyva
OTL givat 1 T TG TaXOTNTAG GTN HECT GTO EMIMEDO TOV
oteyov U,

AVt ¥pNOYLOTOLEITOL Y10 OOIGTATOTOWOELS, OV KOl
avTo glvar emikivouvo, kabdg ekel ol KAIGELG TG ToyLTNTOG
elvar ToAd peydleg kot pmopet va yivoov AGOm.

O PBpdyog avokvKAOQopiog TopaTnpeiTal Kot OToV 1)
Y®Vio TOL avEHOD pEe TNV 000 dgv ivar 90° aAld (kpoTEPT,
AoV TAAL VITAPYEL o KAOETN oTov AEova Tov dpdov GUVL-
oTMGCO. TNG ToOTNTOG, 1) OToia Elvat vTevduvn Yo ToV GTPO-
Buro. Ipdypatt, o Bpdyog oynuotiletar yio yovieg mepimon
and 30° wg 90° [73].

Av n yovia givol o pukpn, ddpe yo (oxedov) mopih-
AnAo Avepo, omoTe 0 AEPIGHOG TG Yapddpog aArdlel. To
eVOL0QEPOV, KUPI®G, €0TIALETAL G JIOOIAOTATEG POEG L
yovia avépov 90°.

3.3 Katatoén Tov podv pe paon tov Aoyo H/W

Ot poég e ToydTa ehevbepng pong mave amd 1,5 m/s
®oTe Vo oynpotifetat ovakvkAopopic, LTopovV Vo KOTOTo-
x0obv avaroya pe v amdoTOoT TOV EKATEP®OEY KTipimV
oe tpelg katnyopieg [53], oynua S.

(o) ATOHOVOREVOV GTOTEEIOV TPUDTNTUS
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Synua S: Eion poddv avaloyo. pue tov Joyo exiyunjkoug.
Figure 5: Flow regimes for various aspect ratios.

H xatyopia (y) eivat avth yio v omoia £Y0ovpe AN CEL
AMYO TOPOTAV® HE TO YOPAKTNPLOTIKO BPOYO ovaKLKAOPO-
plag.

Av 10 ktiplo amopakpuvBodv Alyo, TEPVALE TNV KOTN-
yopia (B), 6mov o Bpdyog TOL OPEIAETAL GTOV OLOPOV TOL
TPOTOV KTIPIOV 08 PTAVEL HEYPL TOV SEVTEPO KO OAANAETL-
dpa e T por| TOL SIUOPPAVETAL PUTPOGTE OO AVTO.

Téhog, av amopokpuvhody Kt GAAO To KTiplo, QTAVOLLLE
ot pon (), 6mov T KTipta ival 100 poKpld Tov To Kabéva
£XEL TO O1KO TOV SLOUOPPOUEVO OLLOPOV.

H petdpaoon amd ) pon (y) ot (B) dev emmpedleton
oA 0o TPLodIAoTATA OVOUEVO KOl GLpPaivel Tepimov
vy Adyo H/W=0,7 [53].

Avtifeta and (B) oe (a) o Adyog petdfoong pikpaivet
0G0 LLEYOAMDVEL TO UKOG TOL Qapayytov [67]. Bdost apOun-
TIKNG Tpoocopoimong Tev Sini et al. [67], yio arnepo punKog
(d1o0160TOT MEpintwon) N petdfacn amd Tomov (B) og (o)
yivetat yuo Adyo pkpotepo tov H/W=0,2.

O1 poég amod&eong (skimming flows) pmopovv va katata-
00V TEpUITEP®.

TN Adyovg H/W peyakvtepovug tov 1,3 ta metpdpota Kot
ot apfuntikég peréteg £xovv deifel O6TL T0 KEVIPO TOV PPo-
YOV OVOKVKAOQOPING LETAPEPETOL TTPOG TO TAV®, EVA KOVTA
070 eninedo Tov dpdpov o aépag eivar oxedov otabepdg [73]
He TOAD YOUNAES TOYVTNTEG, TOPEXOVTIOG KOAVTEPT TPO-
0TOCI0 GTOVG OVOPOTOVS, ALG 0&HvovTag Ta TPoPANLaTa
pdmaveng.

Tevikd ya fabiég xapadpeg Kovtd oto eninedo Tov dpd-
HOL M cvumePLPopd givarl aoTabNG Kot To @avopeva. gtval
dVoKoLa TPOGOLOPIcLAL.

[Mavtog €xet emavelnppéva mapotnpnOel 0Tt yio Adyovg
H/W>2, umopet vo. oynuotiotei de0tepog achevig avtumept-
oTpePOEVOg PBpoyog oto Bdbog g xopadpag [54, 67, 28,
41,12, 15, 6, 69, 40].

Axoun kot ot DePaul and Sheih [20] avaeépovv mopa-
THPMNON 0e0TEPOL Ppdyov Yio VYNAES TobTNTES ELEVOEPOL
avépov, Taporo mov o Adyog H/W 6’ avtodg ftav poAg 1,4.
Yrdpyet eniong nepintwon [44] va unv mapatnpnel coeng
devtepog Ppoyog.

TNo axéun mo ynAd ktipio H/'W>3 éyovv mopotnpnOei
Tpelg Bpodyot, OOV 0 TPiTog eival aKOUN Lo PKPOS, AcOevg
Kot acaeng and tov devtepo [67, 28, 12]. Avty 1 alvoi-
oo Ppoywv mpokaAel TOAD YouUnAEg ToOTNTEG KOVTA GTO
eninedo Tov JpOLOL, YaUNAY EvTacn TOPPNG Kot HELUEVN
cuvaymyn [67].

SuyKeKpLLEVa 1) ToOTNTA Alyo LETPO TAVO OO TO EMimE-
00 1oV dpopov Exet o Tomikn T 0,001U .

Mia £1KOVa Y100 TOV PNYOVIGUO LLE TOV 0Ttoio dnpiovpyei-
ToL M 0ALGida BpoOY®V PHTOPOLLLE VO TAPOVLE amd TO GO
6. Apyilovtog amd Adyo H/W=1 mapatnpovpe 6Tt vdpyovv
Vo kpoti Bpdyot otig yovieg TV KTipimv, KAt 6§18 Kot
KAt 0plotepd amd Tov Kopto Ppodyo. Avtoi, 660 fabaivel to
KOVOAL, LEYOADVOLV, HEYPL TTOV VO EVEOOOVV KOl VO PTIAEOLY
ToV 0e0TEPO Ppoyo Yo mepinov H/W=2.

[epartépo Pabvvon mpokoiel AL v avamtuén TV
V0 YOVIOKOV BpoYmV, TOL TEAKE EVOVOVTOL Kol PTIAYVOLV
ToV Tpito Bpodyo Yo mepimov H/W=3.

[eprocdtepot fpdyot dev Exovv avapephel Kat dev Exovv
TPOKTIKY onuocio. AAA®ote ot Bpdyot 6To KAT® PEPOS TNG
YopGdpog Eivol TOG0 0oTaBELG Kot 01 ToLTNTEG TOGO UIKPEGS,
OV GTNV TTPAEN 1G0SVVOLOVV e AMpvAalovca por).

10 oynua 6, mov £xetl Paciotel oe apOUNTIKY HEAETN
tov Jeong and Andrews, [28], paivovtal To dtdpopa €10m
podv amdEeong aviroyo pe tov aptdud tov Ppdyov kot n
petdpaocn and 1o £va €idog 6To GANO.
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Synua 6: I poupés pong yia didpopovg Loyovg H/W.
Figure 6: Streamlines for various aspect ratios H/W.

3.4 H po1} o€ a6OPPETPES YOPAIPES

"Exet mapatnpnOet, oAhd kot diepgovnBel apBuntikd ot
1) POT| GE 1] GUUUETPLKEG XOPASPES ExEL GLVIOMG peyoAbTEPO
aePIGUO, 101G otV mepintmon avénong avafadov, 6mov,
emiong mapatnpeitatl 1oyvpotepog otpdfirog [21]. Emiong,
OTIC OLGVUUETPES XOPAdPES 1 LOPPN TNG oG HeTaPAALETOL
o€ GYE0N LE TN CUUUETPIKN Yopadpa, Wimg 6TV TepinTmon
peiwong avafobuov (step-down) [4], dnwg pmopovpe va
dove Kot 6to oyfuo. 7.

A 4

() <

v

P

O -

Zynua 7: ZOykpion pong COUUETPIKMOV Kol QOOUUETPOV OOIKOV X0~
padpav. (o) Zopuetpixn yopaopa, (B) Adénon avafiabuod,
(y) Metwon avofobuov.

Figure 7: Flow in symmetric and asymmetric street canyons. ()
Symmetric canyon, () Step-up, (y) Step-down.

3.5 Tpwodrdotata gaivopeva TG pong

H tpodidotatn pon yopw omd Ktiplo eivor moid mepi-
ok (oynuo 8).

Awvoprj  topiTITas  Zdiveg anoxMnong
ngooninToviog oMY

avépou oot xau 4~ ZVes emavaxShhnomg )
| TAEVQES omyv. - 0QoQrT Mievo6 6010 Xt AVUYWREVO
xou  TAEVQES tevyog  otpoBihav

Zdvm  xoldmrag

-—

Méon  xoémpta
7’\‘\- Foauun emavaxéMnome

Metadoedric orpdpirog xa
HEOM yoapur anoxdMnong

ynua 8: Tpiaoidarory pon yopw oxd ktipio [82].
Figure 8: Three dimensional flow around a building [82].

Avapévoope Aowmdv Kol o€ TpLodtdotatn por peTagy
KTipiov Tapopotong oynuaticpovs. Ipdypatt, tpiodidototn
npocopoinon mov ékavav ot Hunter et al. [27] édei&e tov
oyNUATIopd 300 dvdv ekoTépmbey Tov ovAvTL KTipiov, To-
popotov pe to (gdyog oTpofidmv mov eaivetal 6To oY 8.

Ot biveg avtég givarl mov TOAAEG PopEg Taydebovy Ta
@VALO 1] GAAOL OKOVTIOL KOVTA OTIS YOVIEG TV KTIpimV,
OTOTEADVTOG o evOYANnon ywo tovg melovs. Emiong omv
omopén tov dwwov ovtdv anodidovv ot Hoydysh and
Dabberdt [25] tig avé&npéves GLYKEVIPMOGELS GTO KEVTIPIKO
TUNHO. TNG 0OIKNG YOPAdPOG OV HETPHGAVE. Mo TUTIKN
éxtaomn tovg eivor 1,5H [27]. Av o Gvepog dev eivor teei-
®G KAOETOG OALG €xEL KO [0 TOPAAANAN GLVIGTOGA, Eival
duvatdv va mopatnpndel omelpoedNg por UTPOGTA Amd TO
KATAVTL KTIP1o, OT®G 0T UTPOsTA amd TO KTIPLOo TOL GYN-
patog 8 [73].

e mpayHaTIKEG 0d1KEG Yapadpeg mov Ppickovtal péca
o€ TOAELS, TOPOINPOLVTAL, EMioNG, a&ldOloya TPLEdIcTATA
eowopeva. Tlpdypatt, omd mEWPAPOTIKEG Kot aplOunTikég
peléteg mov Eyovv yiver [60, 16, 35, 50, 17, 74, 39, 44, 9],
&xel oavel M peydAn emidpacn mov €xovv 6N por| TVKOV
avoiypoto 1 mopdmAevpol Opopol, TapdAO OV  HOKPLYL
o’ ovTd, 0TO KEVIPO TNG XUpAdpag, m pon umopei va &i-
VOl €V HEPEL £TGL TOV TNV TEPLYPAPOVY 01 E&IOOVIKEVHEVES
dwodibotateg kot tpiodidotateg peAétes.Oha o yvooTd
(QOVOLEVO TOPOTINPOVVTOL KOl OTLS TPOYLOTIKEG TOAELS,
0ALG mepmAEKOVTOL TOGO TOAD HETAED TOLG OV Yiol Vo
€xel KOvelg o TpoypaTiky] €wdvo TG Pong mpEmEL va.
YPNOOTOmoEL povteronoinon 1 petpnoets. Ailet €dd va
avaeephovv dAla dV0 mepdpaTa TEGIOV TOL EYOVV YiVEL GTO
mlaiclo Tov gpevvnTikod mpoypdaupatog TRAPOS (http://
www2.dmu.dk/AtmosphericEnvironment/trapos/main.htm)
Kot cvykekppéva to meipapa g Naving 1999 [46, 48] kot
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N doknomn tov dpopov Podbielskistrasse [43, 5]. Téhog a&i-
O6A0Y0 TPOCOATO TEPANATE TEdIOV TNV AUEPIKT €lval TO
Joint URBAN 2003 otnv Oxhoydpia, puGIKN LovTEAOTOiNoT
TOV omoiov £yet yivel omd v opdda g Kastner-Klein [32]
kot to Mock Urban Setting Trial (MUST) [81].

Agdopévng g emidpacng mov £YOVV Ol TOPATAELPOL
dpopoL ot SUOPP®OT TNG PONG GE TPAYHOTIKEG OOKEG
YOPGOPEG, EYOVV Yivel Kol HEAETEC €OIKA Ylo Tn pon Kot
dwacmopd pdnev o dtucTovpdoels dpduwv [64, 3, 61]. Ot
Ahmad et al. [2], mapéyovv o 0vOGKOTNGT TETOL®V TTPO-
onobeidv. To amotedéopata deiyvouv OTL VITAPYEL GAANAE-
midpoon peTasd Tav dpopmV mov dev Teplopiletat poVo ot
dtaoTadpmon, E0KA oV 0 AVELOG eivat TAGY10G 1] 0V KATOL0G
dpoLoG givat EAPPA LETATOTIGUEVOG.

3.6 Emidpacn Tng KuKAoQOpiog TOV GVTOKIVIITOV

"Exet Stomiotbel 6TL T0. 0LTOKIVITO TOV KIVOOVTOL GTOV
dpopo oAralovv v TOPPN Kot emnpedlovy Tn pon Kot T
dtaomopd pOTeV, cg fabud mov cuyva ivar onpovTikog [20,
21,29,44, 1,72, 31, 60]. Idimg yio yopmA£ES TIHES TOV OVELLOV
g ehevbepng pong, ot DePaul and Sheih [20] mapatipn-
oav eMdPUCT TNG OYNUATOYEVOLS TOPPNG HEXPL Ta 7 pétpal
vyoc. Ot Longley et al. [44] ava@épouv 0Tt Ol SIUKVUAVEELS
TOYLTHTOV TOV PETPNOAV GE OPOLO e Kivnom og oyéon e
dedopéva dpopoL YWl KuKAo@opio, LITopodoay vo dikat-
oAoynBovv povo e&attiog TV oynudteov. Mdloto Swomi-
OTMGOV OTL 1] EMIOPACT HTAV CNUAVTIKT HEYPL TOVAGYLOTOV
3 pétpo vyoc. Ot Ahmad et al. [1] pétpnoav meipopaticd o
0EPOCTPAYYQ TNV EMIOPUOT] TNV ASLAGTUTN CLYKEVTIPMON
Kot SLOIcTOGOV 1N AUEANTEES OLOPOPES.

H enidpaon tov oynudtov oty toppn péca oty odt-
KN xopadpa £xel dlomiotmbel, adAd eivol €va mepimloko
@owopevo mov givar dOokoAo va poviglomombei, 1060
apluNTIKE 6000 Kol PLGIKG (o€ agpoonpayya). AAlwote
eaptatot oe peydro Pabud amd ta dedopéva TG GTIYUNG
7OV YIVETOL TO TTEIPOLLO KOL TOV GUYKEKPLUEVOD SPOLOV TOL
pog evoloeépel. Avtd, 6 GUVOVAGHO e TO YEYOVOS OTL 1)
pon pHéca ot Yapadpa ennpedletal Kupimg 0md TOV AVELO
Kot T yeopetpia, eved To vroroura dedopéva mailovv dgv-
TEPEVOLGOG oNpociog poAo [73], Hog KAvEL TPog To TapdV
va teplopllopacte GLVNOMG LOVO GTNV TOLOTIKN TEPLYPOPT|
™G eMidpaong TG KUKAOQOPIAG, OTL SNAAOT 1) OYNUOTOYEVNG
TOpPn ennpedlet ™ pon Kovtd otov dpdpo kot fonbddet ot
LLELOOT] TOV GLYKEVIPAOGEMY PUTMV.

Yy topPn tov oynudteov omodidovy kat ot Stocker
et al. [68] kdGmoleg un ypopUKOTNTEG TOL SOMIGTOGOV
UETAED TOV EKTOUTMV KOl TOV GVYKEVIPMGEWDV TOV TPO-
KOAOVGOV OVTEC.

Téhog, va onpelmdetl 6tL Kot GAlo otoyygio TpoydTNTOG
™G XOPAdPOG TOV PTOPEL VL NV KIVOOVTOL, OT®G GTAOpEL-
péva oyfuaTa, dEVTpa, UTAAKOVIN, TEPIMTEPO KTA UTOPEL,
emiong, vo enmpedalovv (Ayotepo) ) pon [70, 55, 59, 23].

3.7 Ogppikd orvépeva.

H «xotdotoon evotdbelog g atpoécQopag Kot Al
Bepukd Qovopeva OTMG 1 SLAPOPETIKT BEPLLAVOT) TOV EKOL-
tépobev KTipiov omd Tov Yo 1 0 o {e6TdG dpoLog, glvat
SUVATOV VO EXNPEAGOVY LEPIKES POPEG CNULOVTIKA T1) LOPON
™mg pong Héca oty 0dkn yapddpa [67, 46, 37, 49, 71, 36,
12], 6nmg paivetat kot 6To oyfiua 9, To onoio €yet Paciotel
oe o perétn tov Louka et al. [46].
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Yynua 9: Por oe yopadpo. ywpic (o) kot ue (B) Oepuurés emdpdoeis
TNV TPOTHVEUN LEPILC.

Figure 9: Street canyon flow with (p) and without (o) heating the
downwind side.

[opoatnpodpe oto oyfuo 0Tt kabdg Bepuaivetor amd
TOV A0 1] TPOGNVEUN TAEVPE, €xel dnpuovpyndel axpiPag
UTPOOTA TG £Va avOdIKO pevpLal amd Tov aépa Tov (eotaive-
Tot AMOY® QUGIKNG cuvoyyns. To amotélespa ivat o 6e&10-
GTPOPOG PpoY0g OV Ge GALES TEPIMTAOGELS Bl KupLapyovse
oTN X0PAadpa Vo TEPLOPLOTEL GE £Vl LIKPO TAVED TUNLLOL, EVE
TAEOV O OPLETEPOSTPOPOG Ppdyog mov dnpovpyeitanr Adyw®
TOV 0VOdIKOV BepLoD PedUATOG VoL Eival LEYOADTEPOG KL VOl
KOTOAQUPAVEL TNV KEVIPIKN TTEPLOYN.

Ot Nakamura and Oke [49] pétpnoov onpOVTIKEG
dtopopég Beppokpaciog Hovo moAd Kovid (ce amdcToon
HKpOTEPT OO GO LETPO) OTIC AUECH BeplatvOpeVeES emL-
QAVELEG, VA OAN 1 vdAouTn Yapadpa elxe oxeddv otabepn
Oeppokpaciao, HEVOVTOG TIG TEPLOCOTEPEG POPEC GE ALoTUON
N 0VLAETEPY KATACTOGN OTHOCPULPOS KOTA Tr OldpKeld
Kot TG Hépag kat g voytoc. Emiong, ot Beppokpaciokég
Slopopég Hetald Tov aépa LEGO GTNV 0OIKT| Yopadpa Kot
OV e£MTEPIKOV OEPA NTAV TOAD HKPES, TPAYLLO TTOV EMLPE-
BatmOnie kot pe vemtepo mepdpata [S1]. Ot Uehara et al.
[71] damictooay 6T 1 kevpikn divn petal&d tov KTipiov
glvat o advvatn, 6Tav 1 oTLOCEALPA EiVOL OE KATAGTOON
gvotdfelag. Xto meipapa g Naving 1999 [46], dwmi-
ot®dnke N Vmapén pong TPOG TO AV TOAD KOVTE GTOV
Beppavopevo toiyo, Tov motedeTol 0Tt Emotle Tov d1kd TOL
poLo on peTapopd Tov pumtev. Ot Ca et al. [12] avapé-
povv Bepikég emdpAcELS U AUEANTEEG LOVO Ylo aoDEVELG
avépoug N peydro Adyo empnkovg. Télog, ot Sini et al. [67]
SMIGTOVOLV OTL 1) S10QOoPETIKY BEppaveon TV daedpov
TUNUATOV TNG Yopadpag umopel vV aALAEEL CNUOVTIKG TN
pomn Kal vo exnpedost T B€0T KL 0KOUN Kot TOV aptdpd tov
oTpofilov TOL VITAPYOLV G’ AVTY.
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3.8 H pon 1w ktipro pe kekhpéves otéyeg

Amb pehéteg mov €yovv yivel [33, 76, 30, 45, 57, 79], €xet
Somotiel 0Tl 1 LOPPN TTOL £XOVV Ol GTEYEC TOV OTITIDV
EMOPA CNUOVTIKG GTV TEAMKN SLOUOPO®OT THG PONG LA
GTN XOPAdPO KOl GTNV EVKOALD QmOy®YNS TOV pOTOV o’
avt. Mia evOeIKTIKY €1KOVA TG POTG HEGO GTNV 0SIKN Y0
padpa Yo kKekApEVEG 6TEYEG PaiveTol ato oyfua 10.

A 4

- — >

o 10: diopdppwon mediov pong péco. o 00IKn xopaopo. ue
KTIP10. TOV EYOVYV KEKALUEVES OTEYEG.
Figure 10: Flow field in a street canyon with slanted roofs.

O «bOprog Ppdyoc avakvkAopopiog €xel aALdEeL oynpa
Y10 VO TPOGAPUOGTEL GTN GUYKEKPUEVT] YEOUETPIOL KO TO
KEVTPO TOL £xel petapepbel mpog ta whve. Eivat yvooto ot
1N ¥PNoN KEKAMUEVOVY GTEYDV dNpovpyel peyddn enipadvv-
61 011 PoT| AKPIPOG TAV® amd TNV 031KN YoPEdpa. Kot ETSPA
670 mEd0 TAYVTNTO®V TOAD TEPIGGHTEPO O’ OTL 1) TVKVOTNTA
tov Ktpiov [57]. [ meptocdTtepes GYNUATIKES OvOTopa-
GTAGELG TNG PONG YO SLAPOPOVG GLUVIVAGHOVG KEKAUEVOV
GTEYDV 0 AVOYVAOOTNG TOPATEUTETAL GTHV gpYacia TV Xie
et al. [79], kGnowo ooty eio amd TV omoia 0 avapepHovv Kot
TOPOUKAT® GTO KEPAALO Y10, T1) S10GTOPE TV POTMV.

4. H ATAXITIOPA PYIIQN XTHN OAIKH
XAPAAPA

H daomopd tov purev eéaptdtol Kupimg omd 600 Topd-
YOVTEG: TIG EKTTOUTEG Ko TN pon}. Me SeS0UEVES TIG EKTOUTES
G¢€ évo, KOvAAL To S0OKOAO Elvatl vo TposdtopicovpLe T pon,
GuvEmEld TNG omoiag Bo glval Ot GLYKEVIPAOGCELS POTT®V GE
Suapopa onpeio. MAMGTO MG TPATN OPKETE TKOVOTOUTIKY|
®GTOC0, TPOGEYYLOT, 0 pOTOG umopet vo OewpnBOel adpovig
[75] kot avootikd ovdétepog [63]. Ondte pmopel vo vVToAo-
yiotel TO TESIO0 CLYKEVIPOGE®V Yo évay pOzo kot Bo ivan
70 1010 Kot Yy Tovg dAlovg, aAralovtag povo To pnéyefodg
TOV OVAAOYO LLE OVTO TNG EKTOUTNG TOV POTOV Y10 TOV OTO{0
EVOL0PEPOLLAOTE.

"Etot, 6nog elvat Aoyikd Kot avopevVOUEVO amd T Hopen
NG PONG TOL €YOVUE OEL MG TAOPO, GTNV LVINVEUN TAELPA
paledovtar mepiocdTepot pumot e&attiog Tov oTpofilov mTov

670 eninedo Tov dpOUOV KaTeLHOVETAL TPOG TOL “KEL (TYNLLO
4) HETAPEPOVTAG KOL TO, KOVGAEPLO TOV AVTOKIVATOV. MeTd
N pon avePaivel Tpog ta TAve, ondte N POTAVCT TAEL EKEL,
SlopKAG PEetovpevn), OH®S, KoOMS AmTOLOKPUVOUUGTE Omd
v nyn (oKcpévn teployn oto oxfua 1). Xtnv Tpocnve-
Un TAEVPA Ol GLYKEVTPMGELS Ba eivot AOYIKA yoUNAOTEPES,
o€ YeVIKEG YPOUEG Ttepimov ol puoég [25]. Eniong, mepiué-
voupe 6Tt povo Alyot pomot Ba dtapedyovy tov oTpofilov
mpog ta. £Em. Ola avtd Exovv damiotmet, NON, Le To TpOTA
mepapota, Tov ywvav kKopiog ™ dekoetio tov 1970. Hon
amd TOTE TO MO UEYAAO €VOLOPEPOV OV OMOTELOVGE TOV
KINTAPL0 HOYAD OA@V OVTAOV TOV LEAETMV, NTOV 1) SIUGTO-
pa v pOTLV Kal, Kupimg, Tov CO. Mia TumikY| gikdvo Tov
TOPOLGLALOVV O YPOLUES TOV IGOGVYKEVIPMDGE®MY Y10, OOIKT|
xapddpo pne H/W=1 gaiveton oto oyqua 11, oto omoio o
avepog Bempeitar 6TL EpyeTot and T AploTEPU.

o 11: Tomin kotavoun coykevipmoemy o€ 001Kl Yopaopo.
Figure 11: Concentration contours in a street canyon.

Me 10 onpueio A ovpforiletor n 6éom g AINYNG TOV
pOTV. g YEVIKES YPOUUEG Ol GUYKEVIPOGELG TNG TEPLOYXNS
(a) etvon mepinmov dumAdoieg avt®dv TG meployns (y). Emiong,
KOVTE 6TOVG TOTYOVG T®V KTIPIWV 01 GLYKEVIPADGELG TEPTOLY
ekBeTikd pe o Vyog kot pddoto ot Dabbert kot Hoydysh
[19] mpoodiopilovv pia tétota ekbetikn oyéon. Xty dwa
epyacio €yovv depevvnlel mOAAEG KOTELOVVGEIS OVELOL
Kot SamioT®OnKe OTL 0L PEYIOTEG GUYKEVIPMGELG VITAPYOLV
v KoteuBovoelg avépov kdbeteg 1 mapdAnieg, onAad”
otav o Gvepog oynuotilel yovia 90° 1 0° pe tov dEova Tov
Spopov [19]. To yeyovdg 611 oe mapdAinieg devBuvoelg
QVELOV €YOVUE GE HOKPLEG 00KEG Yopadpeg TOAD Leyddeg
GUYKEVTPMGELG GTO EMITEDO TOV SPOLLOV, AVOPEPETOL KOL EXEL
mapotnpnOel Kot o€ GAAeg epyacieg [73, 39] kot deiyvel 6TL N
GLGGMPEVCT TOV PUTOV KATE UNKOG TOL dpOHOV UTOpEl va
VIEPLOYVEL TOV OLENUEVOL OEPIGHOD TNG XOpAdPas, OTOV O
avepog givat TapdAAniog.

Térog, o1 peAéteg OV APOPOVV OGVUUETPEG YAPASPES
£€de1&av 0TL oty mepinTmon avénong avafadpov (step-up)
0l GLYKEVTIPAOOELG gival Aydtepeg [63]. Ty mepintmon
peioong avafoadpod propel va mapotnpndodv vymidtepeg
GUYKEVIPAOGELG OTNV Tpoonveun mAgvpd [4], av to Hyog
TOL KOThVTL TNG poNg KTpiov elvarl kKdtw and kdmowo 6pio,
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yoti TOTE dNULOVPYOVVTAL SVO OVTIITEPLOTPEPOLEVOL GTPO-
Biiot [80].

Ievikd otig ocvykevipooelg mailovy poAo, kvplog, ot
EKTOUTEG KOl OEVTEPEVOVIMG O AVEHOG. AVTO Qaivetol
yopaKTPLoTiKd amd tn perétn tov Jicha et al. [29], 6mov
SMAAGLOGLOG TNG KUKAOPOPTING CLTOKIVIITOV TPOKAAET TOAD
peyadbtepn adénom oTig TEMKES GUYKEVIPMGELG OO VITOdL-
TAGLOGUO TG TaYLTNTAG TNG EAeVBePTG poTg. Ot idtot epev-
VNTES AVOQEPOLY OTL BpNKay ENIOPACT OVAAOY KL LLE TO OV
vrapyet pio 1 dvo Awpideg kuklopopiag. H omovdatdtnta
TOV EKTOUTOV Kot NG BEGNG TOVG avapEépPeTal Kol o€ GALEG
epyaocieg [42, 33]. Avtibeta, 1 kotebBvven mpog v omoia
EKTEPTOVTOL OL pOTTOL O€ PaiveTal vo mtailel poro [76].

[Mepdpata mov ékavav ot Qin and Kot [56] deiyvovv,
emiong, 0Tl ,0TOV 0 Gvepog givatl TOAD yopmAdg, o&LVETUL
N pomavon ot yopddpa. Emiong €yovv mapatnpndet me-
PITTMOGELG ADENONG TOV GUYKEVIPMOGE®DVY LE TO VYOG KOVTH
070 OpOO, TPAYHO TOV HAAAOV OQEILETAL GTNV TOPPN TOL
TPOKAAOVV TO. OYNHaTA, TTOL PonBd TdoTOPE TOV POTOV
yopmAd. Tevikd n kukdogopia Tov oxnudtov exnpedlet on-
povtucd ™ por kot ) dudyvon (§3.6). ‘Evag dAlog Boaotog
napdyovtog Tov exnpedlet ivat o Adyog empuikovg. Me v
abENGN TOL TOPAUEVOVY TEPICGHTEPOL PUTTOL GTN YAPAdpaL
KOl G€ YEVIKEG YPOUWES avEdvel 1 cvuykévipmon tovg [18,
36]. Eniong, oe Pabiég yapddpeg, oL pmopel vo. oynuoTL-
oT0VOV TEPLGGOTEPOL AT £VOG GTPOPILOL, dntovpyeitat TOAD
peyoAhtepn ToyidevoT TV PUT®V, 0L 0010l € HUTOPOLV VO,
dapvYoLV Ao TOVG KatdTEPOLS oTpofitovg. H tupPddng
dbyvom TOTE KOVTIO OTOV OPOUO €ival, emiong, YoUNA) Kot
EYEL LLLOL CTPOUATOTONUEVT] SOUT|, TTPAYLLO, TOV EMIONG HEL-
MVEL TV KATAKOPLEN SGTOPE TOV PLTAVTH KOl ETLTEIVEL
10 Qawvopevo [28]. Onwg avapépovv ot Vardoulakis et al.
[73], yevikd omotodnmote onpeio £yl otpofilovg, £0T® Kot
HKPOOG OTIMG OTLG YMVIEG TV KTIPi®V e Tov dpdpo, eival
mBavo va maydevtovv pomot. Térog ot Qin and Kot [56] d¢
UTOPEGOY VO, BPOVV 1GYVPT CUGYETION UVALESO GTNV TO)D-
TNTO TOV OVELOL HETAED TOV 0POPAOV TOV KTIPIOV Kol GTIG
GUYKEVIPADGELG AVAIEGH TOVG,.

To televtaio @awopevo 1o depedvnoov SeEodikd ot
Baik and Kim [7]. Zvykexpipéva eotiacay T HEAETN TOVG
OTNV TEPLOYT AVALESA OTLG GVO 0POPEG TOV KTipimv, dniadn
07O TAV® OPLo TNG 0OIKNG XOPAdPOS Kol SOMIGTOGAV OTL G
OAN ALTN TN YPOUUN 1] TUPPDOING LETAPOPA TV POTOV Vol
TPOG TO, TAV®, EVD 1 AOY® GUVIY®YNG LETAPOPE ELVOL TOAD
LKPOTEPT Kot €ival GAAOTE TTPOG TO TAV® Kot GALOTE TTPOG
T KAT®. MOMOTO OTIG TEPIGGOTEPEG MEPIMTAOCELS 1) TEMKT|
GULVELGPOPE TNG dlo GLVOYOYNG HETAPOPEG TOV pOTTOL &i-
vau apvnTikn, dONAadn emavaeépel Vo PiIKpd TOGOGTO TV
pOTOV Tic® ot xopdadpa. H tupfoddng kvntikn evépyeia
EXEL LEYAAES TIHEG GTNV KOPLON TNG XOPpAdpag, E01KA TNV
TPOGNVEUN LePLd. AT’ OAN TNV EpYacio GUVAYETAL TO GUUTE-
pacpa 6Tt ot pHToL PevYOVY amd TN Yopadpa Euttiog Tng
TopPddovg ddyvong.

No onpemdei 6Tt GOUPOVA e TEPALATO OTTIKOTOINGNG
™G pong kot aKPIPelg aplOUNTIKEG TPOGOUOIDGELS LLE HOVTE-

Ao TOpPng peydrmv dwvav (LES), £yt pavel 6Tt 0 otpofihog
péca ot xopadpa dev elvat 6Tadepdg, aALY AVEOUEDVETOL
Kot 0t pOTOL PEVYOLV KATA OTOCTH SLOGTLOTO AT T YoPh-
dpa pe Tuyaio tpomo [54, 77, 12, 13]. O actadng yopaKtipag
™G PONG POIVETOL TOAD YOPOKTNPIOTIKG OTNV TEPOLOTIKY
pelétn pe kavait vepov tov Caton et al. [13].

"Evag dAhog mopdyoviag mov avopévetol vo ennpedlet
™ J106ToPA TV POTMOV KoL TNV OTOUAKPVVGT] TOVG 0o TN
YopGdpoL EVOL KOt 1 KOTAGTOOT TG EVOTADELNG TG ATUO-
oOULPOG. ZVYKEKPUEVO, GE TEPTTMGELG OGS TO Bpadv mTov
10 £30pog €xel Yuybel Adyw aktivoPoriog Kot £XEl OMOKTY-
oel Yo unAoTePT BepUOKPAGio OO TO VIEPKEILEVO GTPOLLL
™G aTUOGEUIPOC, VIapyEL pio Betik) Oeppofaduida dmmg
Aéyetat, SnAadn avEnon g Bepokpaciog pe o Hyyog. Avtd
OTOOEIKVOETAL OTL OVTIKEITOL OTIC KOTOKOPLQEG LETOKIVI-
oeig aepiov palmv, AOY®m SVVAUEDV AVMOONG TOL AVOTTVG-
covtat e&attiag TG SPOPAg TUKVOTNTOV VOGS TUNUATOG
PELOTOL (TOL PTOPEL Yo, KATO0 TuYaio AOYO va TElvel va
petakivnOel) kot tov mepifariovtog aépa. [Ipdrettar yio
Aeyopevn evotadn KatdoTaoT TG ATHOGPALPOS, GTV OToid
Ol KOTOKOPLPES dtatapayss ToydTag Tov 0épa e&uche-
vouv. To amotéleopia lvat va unv guvoeitat 1 Stacmopd Tmv
POT®V KOl 1) OTOYOYY] TOVG TPOG LEYOADTEPD VYT, KOOMG
TaydebovTal 6T0 KATAKOPLEO eminedo mov mapryOnoav,
dMAadn evtog g 001G xopadpac. TIpdypott, melpapotikég
petpnoelg og agpoonpayya [S8] Exovv emPefardoet avtd T0
eowopevo. To avtiBeto avapéverar va copPaivel og mept-
TTOGCELG AoTOH0VEC KOTAGTOOTG TG OTHOGPLPAS, OOV KAOE
KOTOKOPLON LETAKIVIIGN TOL PEVGTOV EVIGYVETAL.

Emdpdoeig ot dacmopd pumwv Adyw® tov Oeppokpa-
OLOKAV dL0POPOV UTOPEL VO £YOVLLE KOL AOY® SL0POPETIKNG
BépLovons TOV TOYOUATOV TG XOpAdPaS 1 TOL SPOLOL, 1|
omoio pmopet va opeileTal 6Tov N0 1 68 GALOLG TOPAYO-
vteg. [paypatt, and peréteg mov Exovv yiver [67, 36] €xet
Qovel 0Tt Bppaven Tov dpOHoV 1 TG VINVEUNG TAEVPAG,
TPOKOAEL YEVIKA adENoT TNG £VTaonS Tov Kupiov Bpdyov Kot
KOADTEPY JGTOPE POTTOV. TNV TEPINTOOT TNG TPOCT\VE-
NG mAeVPAC, OUMC, UITOPEL TO OVOGCTIKO Beppukd pedua va
VIEPLOYVGEL TOL KABOSIKOD UNYOVIKOD PELILOTOG Kot Vo, O1)-
povpyn et kbt® amd Tov KOHPLo PPOYO AVITEPIGTPEPOIEVOG
Bpdyoc, ommg eidape kot 6To oyque 9, o omoiog maydevEL
TOVG PUTOVG. X’ AT TNV TEPITTMOOT UTOPEL VoL EXOVUE ON-
LOVTUKG 00ENUEVEG GLYKEVIPAOGELS. TOUQOVA e Tovg Kim
kot Baik [36] avtd cvpfaivel poévo péxpt éva AOYo emipn-
kovg H/'W yOpm 610 1,5 pe 2, kabodg petd topovsidlovat
£T01 KL 0AMADG avTITEPIETPEPOEVOL GTPOPIAOL KOl TOTE KAOE
gldovg Béppavon, oo Kot 6TV TPOSTVEUT TAEVPE, EVVO-
&l Tov agplopd TG Yapadpos.

Tt dtevkdAVVET TOL AEPIGHOD TG 0JIKNG XUPAdPag
LITOPOVV VoL XPNCLULOTONO0LY Kot TEXVIKEG OTMG 1] oAy
TOV GYNUOTOS TNG 0poPNS TV KTpiwv. [Ipdyuat, oe mepi-
TTOON €VoTAfovg KOTAGTOONG TG ATUOGOUIPOS 1 XPNoN
kekMpévov oteyov Ponbast ev pépet va Eemepaotel 1
nayidevon Tov pdnov Aoym gvatdbelog [S57]. [evikotepa ot
001KEG YOPAdPEG e KEKMUEVEG OTEYEG EYOVV ATOGYOAOEL
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apKeTovg perettég [54, 30, 79, 33] kot £xet ovel 6t pop-
oM TV oteydv pmopel vo gival cuykpioung onpaciog pe
TOV AOY0 EMUNKOVS OGOV APOPA GTNV ETIOPOCT TG OTA POl
vopeva mov Aappdvouv yopa péca ot xopadpa [30]. O Ao-
Y0g givat 0Tt 1 oAhayn TG YeopeTpiag empépel coPapég Kot
HepKéG popéc anpoPrenteg pLetaforég ot ponj, Ol Omoieg
eMOPOLV e ot dacmopd Tev pdnov. [ Tapdderypa,
av TPocHEGoLLLE GTO OVAVTL TG PONG KTipLo Tov oyfatog 4
L0 TPLYOVIKY OTEYT, VIApYEL TOavOTNTO Vo dnpovpynOel
péco otn Yopadpo dEHTEPOG OVTIMEPIGTPEPOLEVOS GTPOPL-
AOG KOVTE 6TOV OpOL0, TOV TaydeHEL TOVG pvmovg [79]. TTd-
VIOG G [0 KOVOVIKT 0d1KN yapddpa e Adyo emunikovg 1,
1 VTIKOTAOTOOT] TOV KTIPI®mV He GALOL e KEKAMUEVES CTEYEG
160V GLVOALKOV VYOLG, Ba £xEl EVVOTKE OTOTEAEGLOTO TNV
anoy@yn Tov ponov £ and T xopadpa [79].

Ocov agopd ot dtacmopd pOHTOV GTIG TPLIGOIACTUTES
001KEG YAPAOPES, TO KVPLO POLVOLEVO TOV TTOPOTNPELTAL Ei-
Vot 0 VYNAOTEPOG 0EPICUAC GTO GKPOL TNG XOPASPAS.

(@)

——Car———_

Ca1 =3 C2

® Cp1=3 Cp2

Cp | ! Cp1 | | |

Yynua 12: looovykevipdoeig yio vrnpveun (a) kot mpoonveun (P)
TAEVPE TPLOOLAGTOTNG OJIKNG YOPOOPag.
Concentration contours at leeward (o) and windward

(p) side of a three-dimensional street canyon.

Figure 12:

‘Etol, av otig mpocdyelg Tov KTiplov TG TPOSTVEUNG
KO TNG VAVEUNG TAEVPAG OTEIKOVIGOVLE TIC YPAUUEG (o@V
GLYKEVIPAOGEMV, B oVLE OTL 01 VYNAOTEPEG TIES EIVOIL GTO
KEVTPIKO TUNHA TNG Xopadpag, OT®S paivetal 6To oynua 12,
7oV €xel fooiotel, Kuplmg, Gg o TPIEOACTOTN HEAETT TV
Crowther and Hassan [ 18], mov amotelel cuvéyeia molotoTe-
NG dtodtdotatng LeAEng Tovg [24].

Kleivovtag avt v mopdypaeo, a&ilel v’ avopepBet ot
ot PPAoypapio VTEPYOLY SNUOGIEVGELG TOV TAPEYOVY GULL-
BovAEG Y10 TOV TOAEOJOUIKO GYESLOGLLO, MOTE VO EAOYLGTOTOL-
gtton 1 Toryidevom pOTV 6TIC 00IKEG Yopddpeg [14, 15].

5. KAEIXIMO

EmyeipnOnie va mapovsiostovy pe amho Kot KoTovonTo,
0ALG cLVALO TANPN Kot SOUNUEVO TPOTTO Ol KUPIEG PUGIKEG
dlepyacieg mov AapPavouy ydpa LEGH GTIG 0OKEG YOPAOPES,
He omoKAEIOTIKY Baon Tig debvelg emotnHovikég epyacieg
010 Bépo. O avayvootng Tov Bélel v’ aoyoin0el mepartépw

napanéunetal otn Pipiloypaeia, pe v mpodTacn v’ apyi-
oeL TN HEAETN amd TO SIPacH KATO GEPA TOV EPYUCIHV
Hunter et al. [27], Sini et al. [67], DePaul and Sheih [20],
Hassan and Crowther [24], Jeong and Andrews [28], Chan et
al., [15], Assimakopoulos et al. [4], Vardoulakis et al. [73].

6. EYXAPIXTIEX

Y10 Eexivnua g gpyaciog avtng WITEPO GNUAVTIK
Nrav 1 Pondeto and 10 TPOSOMIKO TG Hovadag Y TOAOYIoTL-
kfg Pevostoduvapikng tov tpunpatog Xnukov Mnyovikdv
tov EMII ko, xvpiwg, amd T0vV €MOTNUOVIKO GuvepYdTn
K. MuydAn Xpiotoan. Eniong, evyapiotd tov kabnynt tov
ATI® Nworoo Movcoiomovio kot tov kabnynt tov EMIT
Teopylo Mrepyedé yio v adela va ypnotponombovy to
oynuata 1 ko 8, avrictoryo.
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Flow and Pollutant Dispersion in Street Canyons:
A Review
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Abstract

A street-canyon is the urban area between two successive rows of
buildings, that includes a pollution-emitting street. A perpendicular
to the steet axis ambient wind above this geometry causes the
formation of a big recirculation vortex, which in turn results in the
pollution trapping inside the canyon.

This article provides all the main characteristics of the fluid flow
and pollutant dispersion of the street-canyon in a single work.
A systematic review of a big part of the existing literature upon
the subject is attempted and most of the main relevant papers
are referenced. The main intend of this work is to provide a
valuable preliminary assistance to every one that is interested in
the physical phenomena that are talking place inside the urban
Street-canyons.

1. INTRODUCTION

While during 1950 to 2000 the earth’s population
doubled, the cars’ number decupled [22]. This, along with
the increasing peoples’ gathering in cities [38,11], makes
the examination of the street-canyons pollution a critical
issue. Note that in spite of the use of the modern catalytic
technology, transportation is still the main pollution source
in cities [22, 47, 26].

This article is an attempt to fill the literature gap
in providing in a single essay all the main physical
characteristics of the street-canyon flow and pollutant
dispersion. The most relevant article is the extended review
of Vardoulakis et al. [ 73], with hundreds of references, which
focuses on the modelling part.

2. GENERAL CHARACTERISTICS OF
STREET-CANYONS

A street, or urban, canyon is a formulation of two long
parallel buildings side-by-side, along with the street between
them [52], figure 1. The main geometrical characteristics of
a street canyon, are the height H, the width W and the length
L, figure 2.
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Since a city is practically formed of street-canyons, they
have attracted the scientific interest in examining not only
the pollution trapping, but also the sheltering and other
effects [53, 49].

Two-dimensional street-canyon studies with
perpendicular wind are more frequent, by being more basic
and simple. Three-dimensional studies are necessary in
cases of non-infinite length, or when a canyon in a real city
is examined.

The main characteristic of street-canyon studies is the
aspect ratio H/W, with the canyons being wide, regular or
deep, depending on whether the aspect ratio is less, equal or
more than one respectively.

If the buildings do not have the same height, the canyon is
called asymmetric: step-up if the upwind building is shorter
and step-down if it is higher. Regarding three-dimensional
canyons, they can be called short (L/H<3), medium (L/H=5)
or long (L/H>7).

3. STREET-CANYON FLOW

3.1. The urban boundary layer

The boundary layer above a town, can be divided into
sub layers [11, 10, 62], as seen in figure 3. The lower 10% of
the boundary layer forms the surface layer, which includes
the roughness sub layer, at about 2-5 times the buildings’
height [62] and the inertial sub layer, where the log-law
applies [10, 34].

Since the region examined in street canyon flows does
not usually go beyond the inertial sub layer, no accurate
knowledge of the boundary layer height is required for
physical or numerical modelling.

Modelling has proven to be a powerful tool for street
canyon studies. Wind tunnel experiments avoid the random
variability of wind that is present in field trials and are more
appropriate for validating the numerical codes [65]. The
computer simulations on the other hand offer an easy way to
examine multiple scenarios.
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3.2. Basic characteristics of regular street-canyon flow

The basic characteristics that affect the flow inside the
canyon are the free stream velocity and the geometry. Early
1970s studies already revealed the main recirculation vortex,
forming in almost all cases, figure 4. Its centre is in the
middle of the street canyon if it is regular and towards the
top of the canyon if it is non-regular. The vortex is formed
even in the case of non-perpendicular wind, if its angle with
the street axis is more than 30 degrees [73].

A typical flow speed inside a regular canyon is supposed
to be about 2/3 of that of the velocity above the roofs: U =
2/3 U, [49]. Deeper canyons are expected to have lower
values; for example Large Eddy Simulation of a canyon with
H/W=1.2, ended up in the following correlation: U =
0.44 U .. It is very common in street canyon studies, to
use the U, velocity in the middle of the top of the canyon as
a non-dimensionalization parameter, in spite of its difficult
determination due to the high velocity gradients on top of
the canyon.

For very low free wind speeds, less than 2 m/s, the vortex
might be unstable or absent [20, 24, 78, 49]. In almost all
cases, two small contra-rotating corner vortices are also
formed where the street meets the buildings [73].

3.3. Flow categories based on aspect ratio H/'W

When the flow speed is high enough for a recirculation to
be formed, three patterns can be distinguished, based on the
aspect ratio H/W, figure 5.

For deep or close to normal canyons, the usual main
recirculation vortex is formed, taking up all the canyon
width (skimming flow). When the aspect ratio drops to about
0.7 [53], the two buildings’ vortices interfere with each other
(wake interference flow). If the buildings get further apart,
at about H/'W=0.2 [67] for the 2-D case, we drop to the
isolated roughness flow case. In three-dimensional canyons,
the above-mentioned values of transition can change a bit,
especially the one between wake interference and isolated
roughness flow [67].

Skimming flows can be further classified. For aspect
ratios more than 1.3, vortex centre is transferred upwards
and at street level flow velocities drop [73]. For H/W more
than 2, a second unstable vortex is usually formed at the
bottom of the canyon [54, 67, 28, 41, 12, 15, 6, 69, 40].
For H/W more than 3, three vortices can be noticed [67,
28, 12] causing very low speeds (at the order of 0,001 U,),
low turbulence and low pollutant convection. Vortex-chain
formulation mechanism can be seen in figure 6. Corner
vortices get bigger as the aspect ratio increases, until they
merge together, forming a big vortex at the bottom of the
canyon.

3.4. Asymmetric canyons

It is a fact that asymmetric canyons trap in general less
pollutants, especially the step-up ones, where the vortex
is usually stronger [21]. Fluid flow patterns change [4],
especially in the step-down case.

For example in figure 7 the main vortex is replaced
from two contra-rotating vortices. When this happens, the
pollution is trapped in the close-to-the-street vortex and
concentration might be higher.

3.5. Three-dimensional phenomena

Figure 8 presents the very complicated flow around a
building, which gives an idea about the phenomena that can
be expected in the case of three-dimensional street canyons.
Indeed, 3-D simulation performed from Hunter et al. [27]
revealed two vertical-axis corner vortices like those of figure
8, extending till about 1.5H downwind.

In real street canyons inside cities, more interesting
three-dimensional effects take place [60, 16, 35, 50, 17, 74,
39, 44, 9, 46, 48, 43, 5, 32, 64, 3, 61] with influences from
cross-roads, roof shapes, side roads, openings and other 3-D
geometrical parameters, like stopped cars, trees, balconies
[70, 55, 59, 23].

3.6. Vehicles’ impact on the flow

Fluid flow and pollutant dispersion is highly influenced
from the vehicles’ motion along the street, due to the change
of the turbulent characteristics [20, 21, 29, 44, 1, 72, 31,
60], especially when the free wind speed is low [20]. Due
to the complexity of the vehicles’ induced turbulence, so
far only qualitative information can be safely given for a
specific case.

3.7. Thermal effects

The atmospheric stability, different solar radiation along
the canyon walls, the warmer street, are some of the thermal
parameters that can change the flow patterns inside the urban
canyon [67, 46, 37,49, 71, 36, 12]. In figure 9 for example,
the hotter downwind wall causes an upstream, which creates
a big vortex taking up most of the canyon space. In some
cases significant changes are mentioned, like the increase of
the number of the in-canyon vortices [67], while in some
other studies [49, 71, 46, 12] the alterations are less obvious
and are mainly limited close to the walls.
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3.8. Flow field for buildings with slanted roofs

A modification of the roofs’ shape changes the
geometry of the street canyon, and consequently the flow
field [33, 76, 30, 45, 57, 79]. In figure 10, the adding of
triangular roofs has caused an upward shift of the main
vortex, which is now different in shape. In other cases,
more severe changes can occur, like the formation of two
counter-rotating vortices when only the upwind building
slanted roof is added [79].

4. POLLUTANT DISPERSION INSIDE THE
STREET-CANYON

Given the emissions inside a street-canyon, the
concentration will depend only on the flow. The pollutant in
most cases can be approximated as passive [75, 63], being
carried away from the flow.

The recirculation vortex, along with the emissions
at the street level, traps the pollution and results in high
concentration at the leeward side, dropping exponentially
towards the canyon top [19]. Windward side experiences less
average pollution, about half of that of the opposite side [25].
Figure 11 presents typical concentration iso-lines.

In step-up asymmetric canyons concentration levels are
lower [63], while in step-down, higher concentration at the
windward side can be noticed [4], (§3.8).

Also, in the case of parallel-to-the-street-axis wind,
concentration values near the street level can be higher than
other cases, due to the gathering of the pollutant along the
street axis [39, 73].

In general, the emissions strength and place is more
important regarding the final concentration values, compared
to the flow field [29, 42, 33], while the direction of the
emission is of minor importance [76].

In low-wind situations, the in-canyon pollution increases
[56]. On the contrary, vehicle-induced turbulence enhances
the dispersion, especially near the street level [1].

As the aspect ratio increases, there is higher average
in-canyon concentration [18]. Also in deep canyons with
more than one vortices, pollution trapping is very severe at
the lower parts of the street. In general, all vortices trap the
pollutants and this is also true for the small corner vortices,
especially that of the leeward side [73].

Street-canyon flow is in fact intermittent [54, 77, 12, 13].
Puffs of fluid quit the canyon at regular or irregular time
spaces and the main vortex is unstable. In fact, it is clear now
that the pollution leaves the canyon because of the turbulent
diffusion [7].

In three-dimensional canyons, lower concentration levels
near the buildings’ edges can be noticed [18], figure 12. Also,
roof shape influences the dispersion and in the slanted roofs
case, the ventilation of the canyon seems to be better [54],
for the same overall height of the buildings. In other cases
though, when two vortices are formed (§3.8), the pollution is
trapped in the canyon.

Finally, thermal effects have their own role in the
distribution of the pollution inside the canyon. Stable
atmospheric conditions have been proven to prevent the
pollutant from escaping from the roof level [58]. Also wall
heating due to the sun can change the concentration levels
inside the canyon. Higher temperature of the upwind wall
strengthens the main vortex and helps the dispersion of the
pollution [67,36], while heating of the downwind side can
trap the pollutants in the additional counter-rotating vortex
which is formed (figure 9).

5. CLOSURE

An attempt was made to shortly present the main physical
phenomena that take place inside a street canyon, based only
on published papers. This work can be an introductory note
for people wishing to learn about street-canyons. For further
reading, the reader is advised to start from the following
papers: Hunter et al. [27], Sini et al. [67], DePaul and Sheih
[20], Hassan and Crowther [24], Jeong and Andrews [28],
Chan et al., [15], Assimakopoulos et al. [4] Vardoulakis et
al. [73].
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