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AHHOTALUMA

BseaeHue. [InA n3yvyeHns adspaumoHHbIX XapaKTepUCTUK paioHa CTPOMTENbCTBa HEOOXOAMMO 3HaTb pacnpeaeneHne cko-
poCTM BETpa B panoHe 3aCTPONKM, yYeT ero Bo3gencTBusa Ha dacagbl. BaxkHbiM ycrioBueM SIBASIETCA OLEHKa yBenuyeHus
TennonoTtepb 3aaHus. Kpome Toro, camo 3gaHue, ero hopma 1 pacronoxXeHne Ha MeCTHOCTU OKa3blBaloT 3HaYuUTenbHoe
BMUSHWE Ha XapaKTep BO3JdyLUHOro notoka. B6nvan 3gaHus nsmeHsieTcs CKOpoCTb U HanpaBsreHne BeTpa, HabnogaroTcs
CUNbHble BUXpeBble 06pa3oBaHNsA BOKPYr HEro B 3aBUCMMOCTM OT (hOPMbl B NaHe N 06bEeMHO-NPOCTPAHCTBEHHOTO peLle-
HuAA. Takke BNUSET Ha XapakTep BO3AYLUHOMO NOToka U cama TeppuTOpus 3aCTPOVKW C pasHOW NNIaHUPOBOYHOW CTPYKTYPOWA.
MaTtepuanbl U Metoabl. C Lenbio BbISBNEHNS BAUAHUS Pa3nUYHOro penbeda MEeCTHOCTM Ha XxapakTep BO3AYLUHOro no-
TOKa ObINU NPUHATLI METOABI TEOPETUYECKNX, HAaTYPHbIX NCCNEAoBaHNA aspauun 3aaHuii. NpoaHanManpoBaHbl METOAUKM
Hay4HbIX UCCIed0BaHWI OTeYeCTBEHHbBIX N 3apybexHbIX aBTopoB. OnpeaeneHa MeToAonorus, Kotopas AaetT BO3MOXHOCTb
NPOrHO3MpPoBaTh a3paLMOHHYI0 CUTYaLMIO NPUAOMOBBLIX TEPPUTOPUN.

Pe3ynbraTbl. PaccmoTpeHbl noaxoasl K npobneme 03nopoBneHns OKpyxatolen cpefbl C TOYKUA 3peHUst N3yYeHUst MeTo-
0B a3pOANHAMUYECKMX PaCcyeTOB, UCMOMNb3yeMbIX B CTPOUTENbHOW aspoauHamuke. OBosHaveHa LeneHanpasneHHas no-
CTaHOBKa TEOPETMYECKUX W IKCMEePMMEHTamNbHbIX UCCMeAoBaHUA, MO3BONAIOWMX pa3pabotaTb apdeKTUBHYIO MeToAMKY
pacyeTa eCTEeCTBEHHOMN aspauun 30aHuWi. YCTaHOBMNEHa UHTEHCHMBHOCTb BO3lyXOOOMeHa MeXAy BHYTPEHHEN W BHELUHeW
Cpenov Npu BETPOBOM Hanope, BETPOBbIE HAarpy3kn Ha 34aHWsA, aspaumst NOMeLLEeHUN, MHPUNBTPALMOHHbIE TENNONOTEPH
Yepes orpaxgatoLme KOHCTpykumn. CoctaBneHHast mogernb (OPMUPOBaHUS LIMPKYNALIMOHHON 30HbI NPY pasHoOM pasMepe
3[aHWiA, CKOPOCTN BETPOBOTO MOTOKA W KPYTWU3HbI CKMOHA MO3BOMSET NPOrHO3MPOBaTh a3paLMOHHBIA PEXUM MPUAOMOBBIX
TePPUTOPUIA.

BbiBoabl. [TpeanoxeHHbI METOA pacyeTa MOXHO MCMONb30BaTb NMPU NPOrHO3UPOBAHUM a3PaUMOHHON CUTyauun Npugo-
MOBbIX TEPPUTOPUIA C BbISIBMIEHNEM 30HbI BETPOBOW TEHU B 3aBETPEHHON CTOPOHE 34aHus, TakkKe BO3MOXHO onpeaenstb
KONM4eCcTBO BO3AyXa, MPOTEKAIOLWEro 1 BbiTEKaloLLEro Yepes OTBEPCTUS NMPOTUBOMONOXKHBIX HABETPEHHBIX N 3aBETPEHHbIX
NPOeMOoB CTEH 3AaHWI NpY PacrnonoXeHun UX B HABETPEHHOWN CTOPOHE CKIIOHa rop, aspaLmio NOMELLEHUI, BETPOBbIX Ha-
rpy30K Ha 34aHus, MHUNLTPALMOHHBIE TEMNONOTEPH.
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ABSTRACT

Introduction. It is necessary to learn the wind speed distribution and its impact on facades to study the aeration character-
istics of a built-up area. An important task is to assess an increase in the heat loss from a building. In addition, the building
itself, its shape and location have a significant impact on the nature of the air flow. The wind speed and direction change near
a building; there is strong eddying around it, depending on the shape in plan and the volumetric-spatial solution. A built-up
area, accommodating different layouts of buildings, also affects the nature of the air flow.

Materials and methods. Methods of theoretical, field studies of the aeration of buildings were adopted to identify the influ-
ence of different terrains on the nature of air flows. Domestic and foreign methods of scientific research have been analyzed.
The methodology that allows predicting the aeration pattern in curtilages has been developed.

Results. Approaches to the problem of improving the environment in terms of studying methods of aerodynamic calcula-
tions, used in structural aerodynamics, are considered. The purposeful statement of theoretical and experimental research-
es, focused on developing an effective method for the calculation of natural aeration of buildings is outlined. The intensity
of air exchange between indoor and outdoor environments under the wind pressure, wind loads on buildings, aeration of
premises, heat losses from infiltration, or air leakage through enclosing structures were identified. The designed model,
simulating the formation of a circulation zone for various dimensions of buildings, wind flow velocities, and slope steepness
values allows projecting the aeration in curtilages.
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Conclusions. The proposed calculation method can be used to project the aeration in curtilages and identify windless
regions on the windward side of a building; it is also possible to identify the amount of air flowing in and out through the op-
posite windward and windward openings in the walls of buildings when they are located in the windward side of a mountain,
the aeration of rooms, wind loads on buildings, and heat losses from infiltration.
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BBEJAEHUE

B 60pr0e 3a uncroty atMocdepsl U YMEHBIIICHHE
BPEAHBIX B HEE BBIZCICHHUN HCIIONb3yeTCs €CTeCTBEHHAS
SHEprus BeTpa, MO3BOJSIONIAs OCYLUIECTBIAT a3paLUIo
JKWIBIX palioHOB. I1o pe3ynpraraM MHOTOJETHHUX U3Me-
peHHI CKOPOCTU U HAINPABICHUS BETPa, MPOBOJUMBIX
Ha METEOPOIOTHYECKUX CTAHIMAX, OLICHUBACTCS PEKIM
BETpa B KOHKPETHOM paiioHe u rpaduuecku n3oopaka-
ercsi B BUJIE AnarpaMMbl po3sl BeTpoB. [1pobnemsr 0310-
POBIICHUS BO3AYIIHONW CPe/ibl B MOMELICHUSIX M HA Tep-
PHUTOPUU, CTPOUTETHCTBO OTEIBHBIX BHICOTHBIX 3AaHUH
1 COOPY>KEHHH, a TaKKe NX KOMIUIEKCOB TPEOyYIOT, B 4acT-
HOCTH, 3HAHHS BO3JEHCTBUS HA HUX BeTpa [1, 2].

Pacnipenenenne ckopocTH BeTpa B pailoHe 3a-
CTPOMKH, yUeT ero BIMAHMA Ha (acabl 31aHNS HE00-
XOIMMBI JJI U3YUYECHUs adPallUOHHBIX XapaKTEPUCTUK
paiioHa ctpoutenscTBa. [Ipy 3TOM BaKHBIM yCIIOBUEM
SIBJISIETCS] OLIEHKA YBEJIMUYEHUS TEIIONOTEePh 3AaHMUS.
Kpome Toro, camo 31aHne OKa3bIBAaCT 3HAYUTEIHHOE
BIUSHUE Ha XapakTep BO3AYLIHOTO MOTOKa. BOmm3u
3/1aHUS U3MEHSAETCA CKOPOCTh M HAIpPaBIICHUE BETPA,
HaOII0AI0TCS CUIIbHBIE BUXPEBbIE 00pa30oBaHUs BO-
KPYTI HETO B 3aBUCHMOCTH OT (pOPMBI B IUIaHE ¥ 00bEM-
HO-TIPOCTPAHCTBEHHOTO PEIICHNS, a TAKXKE HA TEPPUTO-
pYH 3aCTPOUKH C pa3HOI INIAHUPOBOUYHOM CTPYKTYpPOil.

B3aumnoe pacrnionoxeHue 30aHU U COOPYKEHUH,
HX TEOMETPUS BIUSIOT Ha paclipeieieHie CKOPOCTH Be-
Tpa. YCTaHOBIICHUE CBSI3H MEXAY T€OMETPHUUECKUMHU T1a-
paMeTpamH 37aHWs U JaBICHHEM Ha ero (acajpl, orpe-
JieTIeHHe CKOPOCTH U HAIIpaBJICHUS BeTpa B MPUIOMOBBIX
TEPPUTOPHSIX —OAHA N3 OCHOBHBIX 3a/1a4 a9POITHAMHUKH.

MATEPHAJIBI U METOJbI

Mertozsl pacueTa adpOAMHAMHYECKOH XapaKTepu-
CTUKH B 3aBUCUMOCTU OT T€OMETPHH 3/1aHUs TPUMEHSI-
FOTCS JUI OTAEIIbHO CTOALMX 3aHHUM, paclioOKEHHBIX
Ha paBHUHE [3, 4].

Korna 31anue 3anumeHo psaoM pacionoKeHHbI-
MH CTPOCHHUSMH, Ha adPOAMHAMHUYECKYIO XapaKTepH-
CTHKY BJIUSIET HE TOJBKO ero (hopma, HO M TeOMETPHS,
¥ B3aUMHOE PACTIONIOKCHHUE COCCAHUX 3IaHHA.

O61acTh TOPMOXKEHUST BO3IYIIHOTO TIOTOKa 00pa-
3yeTCs B 3aBETPEHHOM YacTH 31aHusl. [ paHuIbl JaHHOM
00JIacTH COCTaBIAIOT MopsAaKa 6 u 6omee (o 15) BeIcoT
CaMOTO 3[JaHUS U 3aBHUCST TAaK)Ke OT CKOPOCTH BETPa,
(hOpMBI 1 TEOMETPHUYCCKUX TTapaMeTpoB [3, 6].

B xunslx MUKpOpalioHax AJisi CHUXKECHMS 3arpsis-
HEHHOCTHU BO3/yXa UCIOJb3YeTCsl €CTECTBEHHAs dHEp-
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THSI BETPA, KOTOPBIM yIydIIaeT MHUKPOKIMMAT ITOME-
IIEHUH 3AaHUH U MIPHUIIETAIONIYI0 TEPPUTOPUIO, YHOCHUT
C TEPPUTOPHUH ropoja paznuunbie npumecu [7]. Ilpu
W3YyYEeHHHU a’panuu HeoOXOAMMO 3HAThH paclpeee-
HHUE CKOPOCTH M TypOYJIEHTHOCTH BO3JIYLIHOTO IOTO-
Ka B IPU3EMHON 00JIacTH paiioHa 3aCTPOMKH, a TaKxkKe
JTAHHBIC MO O0INEH KapTHHE OOTECKaHUS 3TaHHUNA U UX
KOMITJIEKCOB BETPOM. DTOT IIPOIECC COMPOBOKAACTCA
BO3HHUKHOBEHUEM CIIOKHOI BUXPEBOU 30HBI 32 3JaHUEM
1 00pa30BaHHEM BETPOBOIO IOTOKA C BEICOKOH TypOy-
JIGHTHOCTBIO U OONMbIIMMH ePOopMaisIMK TOJIEH CKO-
pOCTeN BOKPYT HETO U HaJ 31aHueM. BozaeiicTBue aTux
SIBJIEHUHM Ha paclpeiesieHe KOHUEHTpaluid BpeaHbIX
BEIECTB MEXKAY 3aHUsIMH BECbMa 3HAUUTENBHO [8§, 9].

PE3YJIBTATHBI HCCIEJOBAHUA

WzyueHne BIUSHASA TEOMETPUICCKUX MTApaMETPOB
3IaHUs HAa JIUHY NUPKYISIAOHHBIX 30H 32 3aHHEM
(30H BETPOBOI TEHU) U pacIperclICHUs B HUX CKOPO-
cTell Ha MOZICTISIX KUJIBIX 31aHUN B YCIIOBUSIX CIIOXKHOTO
penbeda, uMerImux GopMy HIPSIMOYroIbHOTO Hapal-
JIeNeTnIeN1a, pa3Mepbl KOTOPBIX MPHUBEICHBI B Ta0M. 1,
JaJiIo BOSMOXHOCTB BBIABUTH PAJ] adpOAUHAMUYCCKUX
XapaKTEPUCTHUK BOKPYT 31aHHS.

Ucnbrtanust Mojiesnei BBIMONHSUIUCH IIPU CKOPOCTH
HaberaroIero BO3AyIIHOTo oToka v = 5-20 m/c B pabo-
Yel 9acTH a’poAnHaMu4eckoi TpyOsl. [Tpu 3ToMm dmcio
PeliHonpaca B 3aBUCUMOCTH OT MaKCUMAJIbHBIX pa3Mme-
PpoB Moperneit Haxoxuioch B penenax (1,33—4,14) - 106,
Kaptuns! o0TekaHust MOAETICH ONPENeISIINCh BU3yallh-
HO C TMIOMOIIIBIO IIETTKOBUHOK, HAKJIEEHHBIX Ha OKpAaIlIeH-
HYIO B YEPHBIN [[BET MOJJOCHOBY UCCIEAYEMBIX MAKETOB,
MyTeM 3a/IbIMJICHHS] TEPPUTOPUHN U3 MOATMOINbS CKIOHA
MECTHOCTH ¥ (PHKCAITUM H3MEHCHHS BETPOBOTO MOTOKA
BueokaMmepoil. KoanuecTBeHHas olleHKa a3poArHaAMHU-
YECKHX XapaKTePHCTHUK 31aHHs HCCIIeI0BAIACh IPH I10-
MOIIN YCTAaHOBJICHHBIX HAa ITOBEPXHOCTAX q)aca)IOB Make-
Ta 3naHui Tpyook [uro.

PesynbTaThl IpoBEeICHHBIX IKCIIEPUMEHTOB MTO3BO-
JIUITA CIIENaTh CICAYIONTHE TPEeABAPUTEIHHEIC BEIBOEI.

1. Ilpu B3auMonelcTBUN BETpa CO 3JaHUEM MEPEN
HUM 00pasyercs 30Ha noxamopa. YacTs moTtoka ooTekaet
3[1aHNE CBEPXY, a 4acTh — C OOKOB. 3a 3/1aHNeM 00pa-
3yeTcs OTPhIBHAS 30HA, COCTOALIASL U3 IBYX AILITUNTH-
YECKUX BUXPEH.

2. B nUpKyNIAIUOHHOM 30HE pacnpe/ieieHue CKopo-
CTe} BO3AYIIHOTO MOTOKA 10 BBICOTE XapaKTEePU3yeTCs
3HAKOTIEPEMEHHON 3aBUCHUMOCTHIO, YaCTh BO3AYIIIHOTO
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Tao6u. 1. 3aBUCUMOCTD JAJTHUHBI IIUPKYJISILIMOHHON 30HBI 32 3[aHUEM OT €r0 pa3MepoB

bespa3mepHblit reomeTpudecKuit .
Homep Jlnnna [upuna Bboicora KpHTepHH Jlnittia WKy IALIOHHOf
30HBI 32 30aHUEM
Mofeneit S, MM B, MM H, MM B
7 X,/ H
NSH
1 400 100 300 0,29 3,83
2 400 100 200 0,35 4,00
3 400 100 100 0,50 3,75
4 300 100 100 0,60 3,00
5 400 200 100 1,00 2,90
6 400 400 100 2,00 2,75

TIOTOKA HIKE JIMHUN HYJIEBBIX CKOPOCTEH NMEET HallpaB-
JIeHue, 00paTHOe OCHOBHOMY HaOerarouieMy IoTOKy.

3. Ha ocHOBaHMM M3y4eHHS Kaue€CTBEHHOMU Kap-
THHBI JIBKEHUS BO3IYIIHBIX TIOTOKOB, BOSHUKAFOIINX
IIpHU 00TEKaHUU BETPOBBIM IIOTOKOM MOJIENIEH OTAEIb-
HO CTOSIIMX 3[4aHUH, yCTaHOBIEHO, YTO 0Opa3yromnia-
sicsl IPU CPBIBE IIOTOKA C HABETPEHHOH KPOMKHU KpbI-
M OUPKYJSIMOHHAS 30Ha MOXKET OKaHUYMBAThCS Kak
Ha MOBEPXHOCTH 3¢MJIN 32 3aBETPEHHON CTEHOW mpw
B <2,5H, Tak u Ha kpble npu B >2,5H.

4. Tlpu B < 2,5H Habnronatorces ABE XapakTepHbIe
OTpBIBHBIC O0JIACTH: 30HA IOATIOpa Iepe] 3AaHHeM
1 30Ha a3pOIMTHAMUUECKOTO Cliefia 3a 31aHueM (LIUPKYIIs-
LIMOHHAs 30Ha), UTHA KOTOPOW 3aBHCHUT OT FeOMeTprYe-
CKHX pa3MepoB 31anus. [lepen 3manuem Oonbluast 4acTb
BO3JIyIIHOM CTPYH OTKJIOHSETCSI BBEPX, a 4acTh CTPYH
OITyCKaeTcsl BHU3 B HAallpaBJIEHUH, 00paTHOM OCHOBHOMY
HalOeratomemy notoky. [Ipu B > 2,5H MOXXHO pa3iniuTh
30HY IOAINOpAa W LUPKYSILUOHHBIE 30HBI 32 31aHHEM
1 Ha ypoBHE KpbIii. CphIB IIOTOKA ¢ 00pa30BaHUEM BHX-
PEBBIX 30H IPOUCXOUT TaKXKe C BEPTUKAIBHBIX KPOMOK
CTEH, IIPY 5TOM BO3HUKAIOT TOPLIEBHIE BUXPEBBIE 30HBI.

[Mocne monyuenns u 00pabOTKH pe3yabTaToB ObLIA
yCTaHOBIICHA 3aBUCUMOCTb JUIMHBI BETPOBOH TEHU 3/1a-
HUSI M OTHOLIECHUE JUIMHBI (hacajia 31aHus K ero BHICOTE
S/H (puc. 1). JliimHa UpKyJISIMOHHON 30HBI 32 31aHH-
€M B 3aBUCHMOCTH OT €Tr0 '€OMETPUH OINpeleIsieTcs
(dopmynoii:

X, =K H(S/B)"?, (1)

rae K, — kodQQUUUCHT UUPKYISUIY, IPHHUMACTCS
mo tabi. 2.

Pe3yJII)TaTI>I AdPOJAMHAMUYCCKUX MOACIIBHO-OKC-
MEePUMEHTAIbHBIX UCCIIENOBAHUM 31aHUN TTO3BOJIUIN
YCTaHOBUTH 3aBUCUMOCTHU pa3Mepa LUPKYISAIUOHHBIX
30H OT CKOPOCTH HAa0ETAIOIIEro BETPOBOTO MOTOKA, pa3-
MEpPOB 3/1aHUI U KPYTU3HBI CKJIOHA.

[Ipu yBenuueHUH KONMMYECTBA 3JaHUH, 0OTEeKae-
MBIX BETPOM, U UX PACHOJIOKEHUU Ha IJIaHE OL[EHKa
CTCIICHU UX 3alMUIICHHOCTH YCTaHABJIMBACTCA B BUAC
B3aMMHOTO BJIMSIHUS COCEIHHX 3JIaHUIL, TIOSBICHUS 00-
JlacTeil BETpOBOM TEHHM M CKBO3HSIKOB C MOBBILIEHHON
ckopoctbio [10—13]. B xumoit 3acTpolike ¢ 00JbIIUM
YUCIIOM 3J1aHUM, PACHOJI0KEHHBIX MOJ Pa3IUYHBIM
YIJIOM K HalpaBJI€HUIO BETPOBOIO MOTOKA, CKOPOCT-
HOM CHIEKTP CTAHOBUTCA CIOXHBIM. M3-3a aT0TO yuH-
THIBaTh 3aUTUIIIEHHOCTh KaX0T0 3/IaHUsl JOCTATOYHO
TpynHo. [ToaToMy npu peuieHuu 3a1ad adpaiuu ocy-
HICCTBISIOTCS HCITBITAHUS B a9POIUHAMHYECKON TPyOe
Mojieel 1enbIX GparMeHTOB TOPOJICKOH 3aCTPOHKH,
YTO SIBISETCS TPYAOEMKHUM UCIBITAHUEM B OTHOIIIE-
HUU KOJIWYECTBEHHOU OllEHKH. B 3TOH CBs3M B Ha-
CTOsIIIee BPeMsI JUISI PEIICHHS MOJOOHBIX CIOXKHBIX
3aJ1a4y MpU KaueCTBEHHON M KOJIMYECTBEHHOU OLIEHKE
a’paliu CIOKHBIX ()OPM 37aHHIA B IIaHE H 0OBEMHO-
MIPOCTPAaHCTBEHHBIX PEIICHUH MOP(O3acTpoOiiku mMpu-
MEHsIeTCs mporpamMMHbIin komiieke Autodesk CFD,
OTIpeNeSIOMMNA HANPaBICHUS AAIbHEHIINX HCCIe0-
BaHui [14-17].

Tatu. 2. JiinHa uupKyIAUMOHHOH 001acTh X 1 koadduument uupkyminnn K|

CrereHb HaKIIOHA CkopocTh Jiuua 3nanus, M/K
[IOBEPXHOCTH, BETPOBOTO *
rpan BO3JICHCTBHS v, M/C 60/K, 80/K, 100/K 120/K

2 4,6H/2,06 4,8H/1,86 5,0H/1,74 5,2H/1,65

10 4 5,5H/2,47 5,7H/2,21 5,9H/2,05 6,1H/1,93

6 6,8H/3,05 6,9H/2,67 7,1H/2,47 7,3H/2,31

2 3,5H/1,57 3,6H/1,4 3,8H/1,32 4,0H/1,27

30 4 4,2H/1,88 4,3H/1,67 4,5H/1,56 4,6H/1,46

6 5,3H/2,38 5,1H/2,0 5,5H/1,91 5,6H/1,44
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Puc. 1. Monens hopMupoBaHUS IUPKYSITHOHHON 30HBI IIPH
NEPIECHIUKYIIPHOM HAIPaBICHUU BETpPa: ¢ — IIPU pa3HOU
CKOPOCTH BETPOBOTO MOTOKA ¥ KPYTU3HBI CKJIOHA; b — IIpH
Ppa3sHOI KpyTU3HE CKJIOHA U Pa3MepOB 31aHUs

[TpoBeneHHBIE HCCIENOBAHUS C LENBIO OIEHKH
a’panuy 31aHUH 1 00paboTKa pe3yIbTaToB IMO3BOIMIN
BBISIBUTH KOJIMYECTBO IIPUTOKA M OTTOKA BO3yXa uepe3
MIPUTOYHBIE ¥ BBITSDKHBIE OTBEPCTHS, WM OTKPBITHIE
¢doprouku, uau GpaMyru CBETONMPOESMOB, PACIIONOKEH-
HBIC Ha MPOTUBOIIOJOKHBIX q)aca)lax IIpHU CKBO3HOM
MIpOBeTpUBaHIH (puC. 2):

* JIUIs TPUTOKA BO3/yXa 3aBEeTPEHHOro (acaja:

G, = YH \/(Kl -K, );

2

Puc. 2. Cxema pacmonoxeHus: IpOeMOB MPUTOKA B OTTOKA
BO3/lyXa B 3laHUU
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* JUIS OTTOKA BO3yXa HABETPEHHOTO (hacaja:

G2 = H2V07F2 \/(KB _Kz )’ 3

rie G|, G, — KONMYECTBO BO3/yXa, MPOTEKAIOLIETO
B ¢IMHMILy BDEMEHH Ye€pe3 OTBepcTus 1 U 25 W, W, —
K09 (PUIMENHTBI pacxoia; v, — CKOPOCTh BO3IYIIHOTO
TIOTOKA (10 TaHHBIM METEOPOJIOTMUECKOI CTAHINN ), M/C;
Y — VAENBHBIN BeC BO3myxa, Kr/m>; F b F , — TUIoMam
oteepctuit 1 12, M*%; K|, K, — aspormHaMudeckue kod¢-
(UIMEHTHI 1T OTBEPCTHI: | — HaBeTpeHHOU 1 2 — 3a-
BETPEHHOH CTOPOHBI CTeHbI (hacafioB; K, — BHYTpEHHUIH
a’pOoIMHAMUYECKUH KOO(D(UIIMEHT NPH HAJTUYUU JBYX
OTBEPCTHH, onpeiesseTcs o Gopmysie:

_ KlFl2 +K2F22 ‘

K
B E2+Fv22

“4)

BenuunHa asponpnHamuueckoro kodddunueHTa
B HOPMATHBHBIX ITOKA3aTEJAX JTAeTCs NIl HABETPEH-
Ho#t (+0,8) u 3aBerpenHoit (—0,4) cTOpPOH 31aHMS, BO3-
BOAMMOTO Ha paBHUHE. KpyTH3Ha CKIIOHA, TeOMeTpus,
(bopMa 31aHui, UX B3aMMHOE PACIIONIOKCHUE BIUSIOT
Ha naHHble Kod(dunuents [18-21].

W3y4yeHne u3MeHEHHsI CKOPOCTH BO3YLIHOTO IO-
TOKa BJIOJIb CKJIOHA XOJIMa J]aJI0 BO3MOXKHOCTb yCTaHO-
BUTH CJIETYIOUIYIO 3aBUCUMOCTB!

v, = v, exp,[21,16(1-%) 3/, )

IJIe V,— CKOPOCTb BO3YIIHOTO [TOTOKA HaJl PACCMATPH-
BaeMOil 4acThIO X0IMa, M/c; X =X/ L — oTHOCHTEND-

Has KOOpOWHATA; O = 8/L — OTHOCHUTEJIbHAs BBICOTA;

X — pacCTOsSHUE OT BEPIIMHBI X0JIMa PACCMaTPHBACMO-
ro 31aHus, M; L — 1/2 mmpuHEI X0Ma, M; 6 — BBICOTa
BO3BBILIEHHOCTH XOJIMa, M.

[Moncrapnsist popmyny (4) B popmyast (2) u (3),
MOJTy4aeM pacyeTHbIe POPMYJIbI, ONPEAEIISIOIINE KOJIU-
YeCTBO BO3/1yXa, IPOTEKAIOIIEro B €AMHUIY BPEMEHU
yepe3 oTBepcTHs | 1 2 MccieayeMoro 31aHus Ha CKII0-
He penbeda:

Gy = voexpy21,16(1-%7 ) 3/m-yF /(K ~ K, )(6)

G, = uyvyexpy21,16(1-5) 3/m-vF, (K, - K, ). (7)

PacueTHble (OpMyNIbI HHTEHCHBHOCTH MPHUTOKA
1 OTTOKA BO3JyX000MEHa Uepe3 MPOeM OTPaKaIoT BO3-
IyX000MeH MeXAy BHYTPEHHEH W BHEIIHEH cperoi
3[aHUH B 3aBUCHMOCTH OT MECTOPACIIOIOKEHUS 10 BbI-
COTE CKJIOHA U MOTYT OBITh MCIIOJIb30BaHbI IIPH OLICHKE
COCTOSAHUA BO3)1y1HHOI>i Cp€Abl B IOMCHICHUAX ITPOCKTU-
PYEMBIX 3[aHUH M KPaTHOCTH BO3AyX000OMEHa IIoMellie-
Huii. [Ipu 3TOM BenM4YMHA KPATHOCTH BO3AyX000OMeHa
paccuuThIBaeTCs o popMmyIe:



A3apaLus 30aHUI Ha CAOXHOM peabede C. 21-30

G
Vy=—2, 8
7 ®)

n
rae V, — o0beM MOMeNIeHus, M*; ¥, — IJIOTHOCTh BO3-
nyxa, KT/M°.

ITpu nepneHANKyIIpHOM HalpPaBICHUH ABYKCHUS
BETPOBOTO MOTOKA K INTaBHOMY (pacary 3MaHUS BETHMIH-
HY a3poArHAMUYECKUX K03 PHUINEHTOB B 3aBHCHMO-
CTH OT NapaMETPOB 3AaHUH MOXKHO ONPEIEITUTB IO CIIe-
nyroumM Gopmynam (Tabm. 3).

[MoncaceiBatomiee neficTBre BeTpa GPUKCUPYETCS
Ha MOBEPXHOCTH TOPLEBBIX CTEH, KOTJ|a HAIPaBICHHUE

BeTpa NEePIEHANKYIISIPHO TOBEPXHOCTH CTEHBI. Mozenn
pa3nuuHbIX GOpM UMEIOT CpeHNE 3HAYEHUS a9PO/IHHA-
MHUUeCcKUX K03 duunentos B npeaenax —0,34...—-0,64.

CpenHuii aspoHaMUYECKH KOAQPHUINEHT CO-
crasister +0,5...+0,8 1151 MPOAONBHBIX HABETPEHHBIX
CTCH 31aHui Bcex tunoB. Ha Beicore 0,2—0,3H B 11eH-
TpaJapHOI vacTu ¢acana Gukcupyercs HauOOIbIICE
nasneHue +0,62. YV TOpIEBBIX CTEH JaBJIEHUE MajaeT.
Ha Bricote 0,3-0,4H asponuHamuyueckuii ko3hhurim-
eHT paseH +0,37.

3AKJIIOYEHUWE U OBCYXJIEHHUE

Taodu. 3. ©opMyIbl A1 BRIYUCICHHUS a3POANHAMUYECCKUX KOI(GHUIUEHTOB ISl OTACIBEHO CTOSIIHX 3IaHUH TP TIEPIICHANKY-

JIAPHO HAIIPABJICHHOM BETPOBOM IIOTOKE

Dopmyrna moacueTa Mpyu COOTHOMIEHUH

Crena 31aHus, oOpalieHHasi B CTOPOHY BeTpa

pa3mepoB

IIpononbHas

ITonepeunas

CooTHoIICHHE Pa3MePOB CTCH

HageTrpennas
npu 0,18<Z>1,1

3aBeTpeHHas
mpu 0,18 <Z>1,1

Pacuernsie Gpopmyiibl

o
K()O_

0,?3 +0,42 K, =

90 90

0,045

+0,344

Ipumeyanue: Z =B/S";B=B/H;S=S/H;n=1/4,7 — 0e3pa3MepHBIi TeOMETPHYECKHI cumIIekc; B , S — OTHOCHTE/IBHAs

[IMPHUHA U JJIUHA 31aHus; B, H, S — COOTBETCTBEHHO IIUPUHA, BBICOTA U JUTMHA 30aHUS, M.

Hacrosumii meTon pacdera no3BosisieT MPOTrHO3M-
pOBaTh adpPAIMOHHYIO CUTYAILIHIO IPHUIOMOBEIX TEPPUTO-
puii ¢ BBISIBICHHEM 30HBI BETPOBOM TEHH B 3aBETPEHHON
CTOpPOHE 3JIaHUS U ONPEACIATh KOJIUYECTBO BO3/AyXa,
MPOTEKAIOIIETO U BBITEKAIOIIETO YePE3 OTBEPCTHS MPO-

THBOTIOJIOXKHBIX HABETPEHHBIX U 3aBETPEHHBIX IPOEMOB
CTCH 3/1aHHUI TPU PACTIOJIOKEHUH HX B HABETPEHHOU
CTOPOHE CKJIOHA TOp; a3palHio IIOMELIeHHH; BETPOBBIX

Harpy3oK Ha 30aHus; I/IHq)I/LTILTpaHI/IOHHI)Ie TCIJIOTNIOTCPU.
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INTRODUCTION

Natural wind energy is used for the aeration of resi-
dential areas in the struggle for the purity of the atmos-
phere and reduction of harmful emissions. According to
the results of long-term measurements of wind velocities
and directions, conducted at weather stations, the wind
regime in a particular area is evaluated and graphically
represented in the form of a wind rose diagram. Prob-
lems of improving indoor and outdoor environments,
construction of high-rise buildings and structures, as well
as their complexes require the awareness of the wind im-
pacts that they are subject to [1, 2].

The distribution of wind velocities in built-up
areas, taking into account the wind impact on facades
of buildings, is necessary to study the aeration char-
acteristics of built-up areas. Hence, an important fac-
tor is an increase in the heat losses from a building.
In addition, a building itself has a substantial impact
on the nature of air flows. Wind velocity and direction
change near a building; there is strong eddying around
it, depending on the layout and volumetric-spatial solu-
tions, as well as in a built-up area having buildings with
different layouts.
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The mutual arrangement of buildings and struc-
tures, their geometry affect the distribution of wind ve-
locities. One of the main tasks of aerodynamics is to
find out the relationship between geometric parameters
of buildings, pressure on facades, wind velocity and di-
rection in curtilages.

MATERIALS AND METHODS

Methods of analyzing the aerodynamic characteris-
tics, depending on the geometry of the building, are ap-
plied to freestanding buildings located on the plain [3, 4].

When building is protected by adjacent build-
ings, its aecrodynamic properties are affected not only
by its shape, but also the geometry and mutual location
of neighbouring buildings.

The slowdown area of the air flow is formed in
the windward part of a building. The boundaries of this
area are equal to 6 or more (up to 15) height values
of the building and also depend on the wind velocity,
shape and geometric parameters [5, 6].

In residential neighbourhoods, natural wind energy
is employed to reduce the air pollution. Wind energy
improves the microclimate on the premises of build-
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ings and the surrounding area, carrying various impu-
rities away from the city [7]. When studying aeration,
it is necessary to learn the distribution of the velocity
and turbulence of air flows in the ground surface area
of the built-up neighbourhood, as well as the general
data on wind flowsis around buildings and building
complexes. This process is accompanied by the emer-
gence of a complex vortex zone behind the building,
the formation of a highly turbulent wind flow, and
large deformations of velocity fields around and above
the building. The impact of these phenomena on the dis-
tribution of concentrations of harmful substances be-
tween buildings is very high [8, 9].

RESEARCH RESULTS

The study of the influence of geometric param-
eters of a building on the length of circulation zones
behind this building (windless zones) and the distri-
bution of velocities inside them was undertaken using
models of residential buildings on complex terrains,
having the shape of a rectangular parallelepiped, the di-
mensions of which are shown in Table 1. These efforts
allowed identifying a number of aerodynamic charac-
teristics around the building.

The models were tested at the velocity of the in-
coming air flow v = 5-20 m/s in the testing section
of the wind tunnel. Notably, the Reynolds number,
depending on the maximum dimensions of the models
was in the range of (1.33 — 4.14) - 10°. The flowover
patterns of the models were identified visually with
the help of silk threads glued to the black coloured sub-
strate of the models under study, by smothering the area
down the slope and recording the wind flow changes by
a video camera. The quantitative assessment of aero-
dynamic characteristics of the building was investi-
gated by means of Pitot tubes installed on the surfaces
of the building model facades.

The following preliminary conclusions can be
made on the basis of the results of the experiments.

1. As the wind interacts with the building, a pressure
zone emerges in front of the building. Part of the flow

flows around the building from above, and the other part
surrounds it from the sides. Behind the building, a tear-
off zone is formed, consisting of two elliptical vortices.

2. In the circulation zone, the distribution of airflow
velocities over the height is characterized by a sign-var-
iable dependence; a part of the airflow below the zero
velocity line has a direction opposite to the main incom-
ing flow.

3. Based on the study of the qualitative pattern
of the motion of air flows arising from the wind flow
surrounding the model of a freestanding building, it was
found that the circulation zone, formed when the flow is
blown away from the windward edge of the roof, may ter-
minate both on the ground surface behind the windward
wall when B <2.5H, and on the roof when B >2.5H.

4. If B <2.5H, there are two characteristic tear-off
areas: a pressure zone in front of the building and an
aerodynamic trace zone behind the building (circulation
zone), the length of which depends on the geometric
dimensions of the building. A large part of the air jet
is deflected upwards in front of the building and a part
of the jet descends in the direction opposite to the main
incoming flow. If B> 2.5H, it is possible to distinguish
between a pressure zone and circulation zones behind
the building and at the roof level. The flow breakaway,
caused by the formation of vortex zones, also occurs
on the vertical edges of the walls, and is accompanied
by the formation of edge vortex zones.

After obtaining and processing the results, a de-
pendence between the length of the windless zone
of the building and the ratio of the length of the building
facade to its height S/H was identified (Fig. 1). The length
of the circulation zone behind the building, depending
on its geometry, is determined by the formula:

X, =K.H(S/B)"?, ()

where K_is the circulation coefficient, taken from Table 2.

The results of the experimental aerodynamic stud-
ies of building models identified a dependence between
the size of the circulation zones, the wind flow velocity,
the size of buildings and the steepness of the slope.

Table 1. Dependence of the length of the circulation zone behind the building on its dimensions

Model Length Width Height Dimensionless geometric criterion | Length Of the circuAlat?on
B zone behind the building
number S, mm B, mm H, mm 7= X H
NSH ¢
1 400 100 300 0.29 3.83
2 400 100 200 0.35 4.00
3 400 100 100 0.50 3.75
4 300 100 100 0.60 3.00
5 400 200 100 1.00 2.90
6 400 400 100 2.00 2.75
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Table 2. Circulation area length X and circulation coefficient K

The degree of Speed of Building length, m/K
inclination of AN ¢
the wind impact
the surface, /s
degrees v, 60/K 80/K, 100/K, 120/K,
2 4.6H/2.06 4.8H/1.86 5.0H/1.74 5.2H/1.65
10 4 5.5H/2.47 5.7H/2.21 5.9H/2.05 6.1H/1.93
6 6.8H/3.05 6.9H/2.67 7.1H/2.47 7.3H/2.31
2 3.5H/1.57 3.6H/1,4 3.8H/1.32 4.0H/1.27
30 4 4.2H/1.88 4.3H/1.67 4.5H/1.56 4.6H/1.46
6 5.3H/2.38 5.1H/2.0 5.5H/1.91 5.6H/1.44

Given an increase in the number of build-
ings streamed by the wind flow and their location
on the plan, the assessment of their degree of protec-
tion comes as the mutual influence of neighbouring
buildings, the appearance of windless areas and high-
speed draughts [10—13]. In a residential development
with a large number of buildings, located at different
angles to the direction of the wind flow, speed spectrum
becomes complex. Hence, it is quite difficult to take
into account the protection of each building. Therefore,
when solving the problems of aeration, wind tunnel
tests are conducted using models of whole fragments
of urban development, which is a time-consuming test
in terms of quantitative assessment. In this regard, Au-
todesk CFD software package is currently used to solve
such complex problems and make qualitative and quan-
titative assessments of the aeration of complex build-
ings and volumetric-spatial solutions for built-up areas,
which determines the directions of further research
[14-17].

Studies, conducted to assess the aeration of build-
ings and process the results, identified the amount of air
inflowing and outflowing through the supply and exhaust
openings, or open flaps, or transoms of skylights located
on the opposite facades during ventilation (Fig. 2):

« for the air intake of a downwind facade:

G, = vH (Kl _Ka); (@)

« for the air outflow of the windward facade:

Gz =W,V YF, \/(Ka -K, )o 3)

where G, G, are amounts of air flowing per unit time
through holes 1 and 2; u,, p, are flow coefficients; v, is
air velocity (according to the weather station), m/s; y is
air specific weight, kg/m*; F', F are areas of holes 1 and
2, m* K, K, are aerodynamic coefficients for holes:
1 — windward side and 2 — downwind side of the fa-
cade walls; K is the internal aerodynamic coefficient in
the presence of two holes, determined by the formula:

K F?+K, F?
Ka:—lFlz . 4
C+E
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Fig. 1. The circulation zone model for the perpendicular di-
rection of the wind: @ — for the wind speed and slope steep-
ness; b — for the slope steepness and building dimensions

Fig. 2. Layout of air inlet and outlet openings in a building
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The value of the aerodynamic coefficient in the ad-
justed values is given for windward (+0.8) and wind-
ward (—0.4) sides of the building erected on the plain.
The steepness of the slope, the geometry, the shape
of buildings, and their relative location affect these co-
efficients [18-21].

The study of changes in the velocity of air flows
along the hill slope made it possible to establish the fol-
lowing relationship:

v, = v, exp[2116(1-%) &/,

where v, is airflow velocity over the part of the hill

(6))

in question, m/s; X =x/L is the relative coordinate;
8= 8/L is relative height; x is a distance from the top
of the hill of the building in question, m; L — 1/2
the width of the hill, m; 8 is the elevation of the hill, m.
By substituting formula (4) into formulas (2)
and (3), we obtain calculation formulas determining
the amount of air flowing per unit time through open-
ings 1 and 2 of the building under study on the slope:

G, =ul\)()(:)<p1[21.16(1—fz)g/n-y}'?1 (K] —Ky),(6)
G, =nvpexpy21.16(1-%) 8/ -vF, (K, - K, ). (7)

Calculation formulas used to find the intensity
of the air inflow and outflow through the openings dem-
onstrate the air exchange between the internal and exter-
nal environment of buildings depending on the location
of the slope; they can be used to evaluate the condition
of the indoor air environment of the designed buildings
and the air exchange rate. In this case, the air exchange
rate is calculated using the following formula:

G
v, =—2,
V.Y,

®)

where I is volume of the room, m*; y_is air density, kg/m’.

At a perpendicular direction of the wind flow to
the main facade of the building the value of acrodynamic
coefficients, depending on the parameters of buildings
can be determined by the following formulas (Table 3).

The suction effect of wind is registered on the sur-
face of the end walls when the wind direction is perpen-
dicular to the wall surface. Models of different shapes
have mean values of aecrodynamic coefficients between
—0.34...-0.64.

The average aerodynamic coefficient is +0.5...40.8
for longitudinal windward walls of all types of build-
ings. At a height of 0.2...0.3H in the central part
of the facade, the highest pressure of +0.62 is record-

Table 3. Formulas for the calculation of aerodynamic coefficients for freestanding buildings in case of a perpendicular wind flow

Calculation formula for the dimension

The wall of the building facing the wind

ratio

Longitudinal

Transverse

Wall dimension ratio

Windward
at0.18<z>1.1

Downwind
at0.18<7>1.1

Calculation formulas K,

=——+042
Z+

0.73
K, = Ogi +0.344

90 90

Note: Z :E/En;l_? = B/H;§ = S/H; n = 1/4; Z is a dimensionless geometric simplex;l_?, S are the relative width and length of
the building; B, H, S are the width, height and length of the building, in meters.

ed. At the end walls the pressure drops. At a height
0f 0.3...0.4H the aerodynamic coefficient is +0.37.

CONCLUSION AND DISCUSSION

The proposed calculation method makes it pos-

sible to predict the aeration situation in adjacent areas

by identifying the windless zone on the windward side
of a building and to determine the amount of air flowing
in and out through the openings in the opposite wind-
ward and windward walls of buildings when they are
located on the windward side of a mountain slope; aera-
tion of rooms; wind loads on buildings; heat losses due
to infiltration.
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