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CUCUTEMbBI BEHTUJIALUUA HA TIOA33EMHBIX ITAPKOBKAX

AHHOTAIIUA
B crarbe paccmaTpuBaroTCs COBpEMEHHBIE MOAXO0JIbI K OPraHU3allMi BEHTUJISLIUN
NOJ3EMHBIX  ABTOCTOSIHOK,  AQHAJIM3UPYIOTCS ~ HOPMAaTUBHbIE  TpeOoBaHUS,
KOHCTPYKTUBHBIE pelieHuss W (aKTOpbl, OMNPENETSAIONNE BBIOOP CHCTEMBI.
[Ton3emMHblE TApPKUHTH OTHOCSTCA K IIOMEIICHHSM C BBICOKMM BBIJICICHUEM
BpEIHBIX BEIIECTB, IIABHBIM 00pa30M OKCHJA YIiiepoia, TUOKCHIa a30Ta U CaxH,
oOpasyromuxcsi npu paboTe ABUTaresned BHYTpeHHEro cropanus. OCHOBHOE
BHUMAaHUE YAEISIETCS MPUHYAUTEIbHBIM CUCTEMAM MEXAHUYECKOW BEHTWIISILUU,
CIIOCOOHBIM ~ 00ecreuuTh  TpeOyeMblii  BO3MyXOOOMEH UM  PaBHOMEPHOE
pacnpeneneHue NOTOKOB. lIpuBoasTCs METOAMKM pacyera BO31yXO0OoOMeEHa,
OCHOBaHHbIE Ha AaCCUMWISILIUM BPEIHOCTEM N0 TMPEeiabHO JOMYCTUMBIX
KOHIIeHTparuii. PaccMarpuBarOTCs OCOOEHHOCTH HWHTETPAllUd MPOTUBOIBIMHOMN
BEHTWIALIMU B OOIIYI0 CXEMY BO3JyXOpaclpeneseHus, BKII0Yas HCIOJIb30BaHUE
CTPYMHBIX BEHTWISTOPOB U HWMIYJbCHBIX CHUCTEM. 3aTparuBalOTCsl BOIPOCHI
SHEProcOEPEKEeHNs, B TOM YHCIE PETYJIMPOBAHUE MPOU3BOAUTEIBHOCTH 10
JaTYMKaM KOHIIEHTpalMM 3arpsi3HeHuid. Jlemaercss BbIBOA O HEOOXOIUMOCTH
KOMIUIEKCHOTO ~ ITPOEKTUPOBAHMS, COYETAIOLIEr0  CAaHUTAPHO-TUTMEHUYECKUE
(GyHKUMH, JObIMOYJAJEHHME UM  HSKOHOMHYEcKyro 3¢dextuBHoCcTh. Pabota
npeiHa3HadeHa Il MHXKEHEPOB-NPOCKTUPOBILMKOB,  CIEUUAIUCTOB IO

OTOIINICHUIO, BEHTHJIIOWUNY U KOHAWUIUMOHUPOBAHUIO BO3yX4a.



KiioueBble cioBa: 1oa3eMHas MMAapKOBKA, BEHTHWIISAIMS, BO3AyXOOOMEH,
OpPOTUBOABIMHASL  3alllUTAa, OKCHJ  YyIJIEpoJa,  CTPYWHBIM  BEHTUISATOP,

3Heprod3(PpheKTUBHOCT.

Annotation

The paper discusses modern approaches to the design of ventilation for underground
parking garages, analyzes regulatory requirements, structural solutions, and key
factors influencing the system selection. Underground parking lots are classified as
spaces with high emission of pollutants, primarily carbon monoxide, nitrogen
dioxide, and soot generated by internal combustion engines. Primary attention is
paid to mechanical forced ventilation systems capable of ensuring the required air
exchange and uniform flow distribution. Methods for calculating air exchange based
on dilution of contaminants to permissible concentrations are presented. Features of
integrating smoke control ventilation into the overall air distribution scheme are
considered, including the use of jet fans and impulse systems. Energy-saving aspects
are addressed, in particular demand-controlled ventilation based on pollutant
concentration sensors. It is concluded that an integrated design approach is
necessary, combining sanitary-hygienic functions, smoke extraction, and economic

efficiency. The paper is intended for design engineers and HVAC specialists.

Keywords: underground parking, ventilation, air exchange, smoke control, carbon

monoxide, jet fan, energy efficiency.

BBenenue

[Tox3eMHbBIE ABTOCTOSHKH SIBIISIFOTCSI HEOTHEMIIEMOW YaCThIO COBPEMEHHBIX KHUJIBIX,
OOIIIECTBEHHBIX U KOMMEPYECKHX KOMILJIEKCOB B YCIIOBHUSIX IJIOTHOW TOPOJCKOM
3aCTpOMKU. Pa3melenne MalmHO-MeCT HUKE YPOBHS 3€MJIU TTO3BOJISIET SKOHOMUTD

TEPPUTOPHUIO, OJTHAKO CO3/IACT CEPhE3HBIC BBI3OBHI /I 00eceueHus] 0€30MacHOH U



300pOBOM BO3IYIIHOM cpenbl. B oTiuMunMe OT Ha3eMHBIX MapKOBOK, TJI€
€CTECTBEHHOE TPOBETPUBAHHUE CIIOCOOCTBYET PACCEMBAHMIO BBIXJIOIHBIX T'a30B,
MIOJI3€MHOE MPOCTPAHCTBO MPAKTUYECKHU JIMIICHO CKBO3HOI'O JBUXKEHUS BO3JyXa,
yT0 TpeOdyeT YCTPOMCTBA MCKYCCTBEHHBIX CHCTEM BEHTWUJAIMU. I[IpaBHiibHO
CIIPOCKTUPOBAHHASI M CMOHTHPOBAHHAs BEHTWISALMOHHAS CUCTEMA PEIIAET TpH
KIIFOUEBBIE 3aJaud: TMOAJEPKAHHE JIOMYCTUMBIX KOHIIEHTPAMA TOKCHUYHBIX
BEILECTB B pabouell 30He U Ha MyTAX dBaKyanuu, 3pPeKTuBHOE yAaIeHUE IbIMa pU

ImoXKapc 1 MUHUMHU3 AN HOTpe6J'IeHI/I$I OHCPIUu.

Introduction

Underground parking is an integral part of modern residential, public, and
commercial complexes in dense urban environments. Placing parking spaces below
ground level saves space, but creates significant challenges for ensuring a safe and
healthy air environment. Unlike above-ground parking, where natural ventilation
helps disperse exhaust gases, underground spaces are virtually devoid of cross-flow,
requiring artificial ventilation systems. A properly designed and installed ventilation
system addresses three key objectives: maintaining acceptable concentrations of
toxic substances in the work area and along escape routes, effectively removing

smoke in the event of a fire, and minimizing energy consumption.

MeToanka o06cie10BaHuS

Hopmarusnas 6aza Poccuiickoit denepanun yCTaHABIMBACT KECTKUE PAMKH IS
OpraHM3ali BO31yXO0OOMEHa Ha MOJ3EMHBIX CTOsHKax. OCHOBOMOJIAraroluM
nokymeHnToM sisieTcst CIT 113.13330.2016 «CrossHku aBTOMOOMIIEH», a Takke CIIT
60.13330.2020 «OTronnenne, BEHTWIALMUSA U KOHIUIMOHNPOBaHue Bo3ayxa» u CII
7.13130.2013 «Oromnnenue, BEHTUISAUUS W KOHAUIMOHMpOBaHUE. TpeOoBaHMS
NOKapHON Oe3omacHOCTU». B COOTBETCTBMM C 3THUMH HOpPMamu MOJ3EMHBIE
ABTOCTOSIHKA BMECTHUMOCTBIO 0OoJiee 25 MallMHO-MECT JOJIKHBI 000pYI0BaThCA
CUCTEMaMU TPUTOYHO-BBITSHKHOW BEHTUJISILMU C MEXAHUYECKHM MOOYKIECHUEM.

I{J’IH CTOSIHOK MEHBIIICH BMECTUMOCTH AO0IyCKACTCs €CTCCTBCHHAA BCHTUIALIUSA IIPHU



yCJIOBUM OOECIEYeHHs] HOPMATHUBHBIX TapaMeTpOB, OJIHAKO Ha MPAKTHKE
BCTPOCHHBIE ITOA3EMHBIE MTAPKOBKHU MTOYTH BCET1A BBIMOJHAIOTCA ¢ MEXAHUYECKUM
NOOYKJIEHHEM H3-32 OrPAaHUYEHHBIX BO3MOXKHOCTEH OpraHu3alli €CTECTBEHHOTO

MPUTOKA.

OCHOBHBIM 3arpsI3HSIONIAM BEIIECTBOM, KOTOPOE JTUMHUTHUPYET BO3AYyXOOOMEH B
NapKUHTaX, BBICTYMAET OKCUJ yriepoaa (yrapHeli ra3), oOnamaronui
BBIPDAKCHHBIM ~ TOKCHYECKMM  JCeHCTBMEM. Ero mpeaenpHO  JomycTHMas
KOHIIEHTpAIusi B BO3AyXe pabodeil 30HBI, YCTAHOBJIEHHAs THUTHCHHUYCCKUMHU
HOpMaTuBamu, coctapisier 20 mr/m® (MakcumaibHasi pa3osasi). [lomumo oxcuaa
yTJIEPO/1a, B BBIXJIOMHBIX ra3aX MPHUCYTCTBYIOT OKCHIBI a30Ta, YTIEBOAOPOIBI, Caka
W JUOKCHUJ CEPbI, IPUYEM JJIsl TU3EIbHBIX JIBUTATEJICH JOJS JUOKCHAA a30Ta U
TBEPBIX YACTHUI] 3HAYUTEILHO BhIIIE. [[poekTHpOoBaHNE BO3TyX000MEHa BEIETCS 110
Macce BBIACNSIONIETOCS OKCUJA Yrjiepoja C MPOBEPKOM JIOCTaTOYHOCTH
MOJIYYeHHOU KPATHOCTH JUIsl pa30aBieHus COMyTCTBYIOIIMX puMeceil. PacueTHbIi
pacxoji Bo3ayxa ornpezensercs 1no QGopmylie, CBS3bIBAIOIICH MacCOBBIN BBHIOPOC
BPEJHOTO BEIIECTBA, €ro NpPeAesibHYI0 KOHLEHTpAlui0 ¢ KOIPPUIUEHT
3 PeKTUBHOCTH pacmpeaesieHus oToka. MaccoBblii BRIOpOC, B CBOIO OUYepeb,
3aBUCHUT OT UHTEHCUBHOCTH JIBUYKEHHUSI, BDEMEHU pabOTHI IBUTATENIEH HA XOJI0CTOM
XOJly TIpY BbE3]e, BBIE3/IE U MAPKOBKE, a TAKKE OT TUIA U TEXHUYECKOTO COCTOSHUS

aBTOMOOMJIEH.

Ha »rame mnpoektupoBaHus OOBIYHO TMPUHUMAIOT YCPETHEHHBIC TTOKA3ATEIH:
YACNbHBIM BBIOPOC OKCHJA YTriepojaa JJjsi OJIHOTO JIETKOBOIO aBTOMOOWIIS C
OCH3MHOBBIM JBUTATEIEM, pPaOOTAIOIIUM Ha XOJOCTOM XOJYy, COCTABIISIET MOPSIKA
4-6 r/mMuH. JIIS CTOSHOK, TIA€ IOJSI aBTOMOOWICH C JU3CIbHBIMU JIBUTATCIISIMH
npesbimaer 20%, pacyer KOPPEKTHPYETCS B CTOPOHY YBEJIMYEHMS. BaxHo
YUYUTBHIBATh HECTALIMOHAPHOCTH Mpoliecca: HauOOIbIINE BBIOPOCH! MPUXOJATCS HA
4yachl MHUKOBOM 3arpy3kH, KOrJa MHOXXECTBO MAIllMH OJIHOBPEMEHHO 3aIyCKaroT

ABUTATCIIM W TMOKHJAIOT IIApKOBKY. HOBTOMY COBPECMCHHBIC BCHTUJIIIMOHHLBIC



CHUCTEMBI BCE Yallle OCHAIAIOTCS YaCTOTHBIMHU MPEoOpa3oBaTesIMH U JaTYUKAMU
KOHIIEHTPAI[UU YTapHOTO ra3a, MO3BOJISIONIMMHI U3MEHSATh TPOU3BOAUTEIHHOCTD T10
dakTHUecKoil MOTPEOHOCTH. DTO MPEAOTBpAIIaeT M30BITOYHBIA BO3yXOOOMEH B
HOYHBIE YacChl U MO3BOJIAET IKOHOMUTH /10 40-60% 37E€KTPOIHEPTUH 110 CPABHEHUIO

C TIOCTOSIHHBIM PEKUMOM PabOTHI.

KOHCTpYKTUBHO CHCTEMBI BEHTWISLIMM TOA3EMHBIX AaBTOCTOSTHOK JENSTCA Ha
TpaJMIIUOHHbIE KaHAJIbHbIe U OeckaHalibHble (UMITyJIbCHBIE). [lepBblli BapuaHT
IIPEANOIAraeT pa3BOAKY BO3AYXOBOJOB II0 BCEH IIOWIAIN APKUHTA C YCTAHOBKOM
BBITSDKHBIX PEIICTOK B BEPXHEW 30HE, TAK KAaK TEIUIbIC BBIXJIONHBIE Ta3bl JIETUE
XOJOJHOTO BO3JlyXa M CKaIUIMBAKOTCA TNOJA IepekpbiTueM. Ilputoxk nopaercs
pacCcpelOTOUYEHHO, C OPraHu3aluend CTPYHMHBIX TEUEHUM, OMBIBAIOIIUX OCHOBHBIC
npoe3apl. HemocraTkoM KaHaJbHBIX CHUCTEM SIBJISIETCA 3HAYUTEIbHAs BBICOTA
3aHMMAaEeMOro IMPOCTPAHCTBA W OrPAHUYEHUS IO PACCTaHOBKE O00OPYIOBaHUSA,
0COOEHHO B MApKUHTaX ¢ HU3KUMU MOTOJKaMU. B Takux ycioBusix Bce Ooibiee
pacnpocTpaHeHHUe MOTy4yaloT OeckaHalIbHbIE CXEMbI C MPUMEHEHHUEM OCEBBIX WIIH
paJMalbHbIX CTPYHHBIX BEHTUJIATOPOB, MOHTHUPYEMBIX HENOCPEACTBEHHO IO
NePEeKphITUEM. BEHTUISATOPHI HE TPEOYIOT BO3AYXOBOJIOB, CO3/Ial0T HAIIPABJICHHbIE
IJIOCKUE CTPYH, KOTOPBIE NIEPEHOCAT 3arPsA3HEHHBIM BO3AYX K BBITSIKHBIM IIaXTaM.
[logoOHOEe pemieHHEe paaUKaIbHO COKpAaIlaeT METaUIOEMKOCTh CHCTEMBI,

BBICBOOOKIAET MPOCTPAHCTBO U YIPOIIAET MOHTAXK.

Oco6oe MecTo 3aHMMAET MPOTHBOIBIMHAS BEHTUJISIUS TI0/I3EMHBIX TTAPKUHTOB, 0€3
KOTOPOM 3KCcIuTyaTanusi 00beKTa HeBo3MokHa. CorinacHo TpeOOBAHUSIM MMOKAPHOUN
0€30IMacCHOCTH, ISl CTOSIHOK 3aKPBITOTO TUIA HEOOXOUMO YCTPOMUCTBO BBITSKHOU
MPOTUBOABIMHON BEHTUIISILIUYA C MEXAHUYECKUM MO0y KACHUEM JJIs yAAJICHUS IbIMa
C dTaXka, HA KOTOPOM BO3HHUK MOXKap, U KOMIICHCUPYIOIIEH IMOJauyd HAPYKHOTO
BO3yXa B 0O0BEeM 3amuuiaeMoro mnomeuieHus. Ilpu 3TomM ynaneHue JbiMa
peayCcMaTPUBAETCS Yepe3 CIelUalIbHbIE IBIMOITPUEMHBIEC YCTPOUCTBA U3 BEpXHEH

30HbI, a T0Jlaya CBEXKEro BO3JyXa — B HWXKHIOI YacTb. D(PPEKTUBHOCTH



JOBIMOYJAJICHUSI B 3HAUUTEIIBHOM MEpe OINpPENEIsAeTCS a’pOAUHAMUKON CTPYUHBIX
TedeHu. VIMIynbCHBIE BEHTUJISATOPHI B OECKAaHANBHBIX CHCTEMaX YCIEIIHO
CIIPABJISIFOTCA C 33a4€l yIIPaBICHUS JIbIMOBBIMU NTOTOKAMU, HAIIPABIISIS UX B 30HY
JNBIMOBBIX KJIAIIAHOB W MPEAOTBpAIAsl pACHPOCTPAHEHHE [JbIMA II0 3TaXYy.
I'pamoTHOE pa3mMellleHue TaKUX BEHTWIATOPOB TpeOyeT pacyeTa ¢ MPUMEHEHUEM
METOJI0B BEIYUCIUTEIBHON THIPOAUHAMUKH, YTOOBI UCKITFOUUTH 3aCTONHBIE 30HbI U

o0ecneunTs 0e30MacHy0 BUJMMOCTh Ha MYTAX IBAKyallUU.

OHeprodpPeKTUBHOCT CUCTEM BEHTWISALMM MOJ3€MHBIX MApKUHTOB CTAHOBUTCS
Bce Oojiee aKTyaJlbHOM B KOHTEKCTE OOIIMX TEHJICHIIMM 3KOJIOTHYECKOTo
CTPOUTEIHCTBA U TOBBIIICHUS Kjacca sHeprocoOepexenust 3aaHuil. OCHOBHBIMU
HaIpaBJICHUSIMU CHIDKCHUS SKCIUTYaTal[MOHHBIX 3aTpaT BBICTYHAIOT: MEPEMEHHBIM
pacxon Boszayxa 1o curHany gardukoB CO wim NOz; pexynepanusi TEIUIOThI
BBITSDKHOTO BO3[lyXa B IPUTOYHO-BBITSDKHBIX YCTAHOBKAX B XOJOAHBIM MEPHOJ
rona; UCIIOJIb30BaHUE BBICOKO((EKTUBHBIX EC-BeHTUIIATOPOB c
MHTETPUPOBAHHOM aBTOMATUKOW;, 30HUPOBAHUE BKJIIOUEHHS BEHTUJISLIMOHHOIO
o0opyoBaHus. MHOT03Ta)KHbIE MTOI3EMHBIE CTOSTHKU 11€1€CO00pa3HO pa3iesiiaTh Ha
HE3aBUCUMbIE BEHTHIAIIMOHHBIE 30HBI, OOCTY>KUBAIOIINE OTIEIbHBIC CEKTOpa WU
sTaxku. B HOYHOE Bpemsi, KOrja aBTOMOOWIIM TMPAKTUYECKH HE TMEpPEMEIIaroTCs,
BEHTWISIIUSA MOXET TE€PEBOAUTHCS B MHUHUMAIBHBIA JIEKYPHBIA  PEXKUM,
MOJI/IEPKUBAIOIINN (POHOBBIN BO3AYXO0OMEH, IOCTATOYHBIN ISl IPEAOTBPAIIICHUS

HaKOIIJICHUA CJ'Iy‘—IEIfIHBIX YTCUYCK TOIVIMBHBIX ITIAPOB.

Cnenyer Takke yHOMSIHYTh SKCILTyaTallMOHHbIE acneKThl. CUCTEMbl BEHTWIISIIUU
MOA3EMHBIX TMAPKUHTOB PabOTAIOT B YCIOBUSIX BBICOKOTO COJIEPXKAHUS TIbLIU,
MACJISIHBIX a’pO30JIEM W arpeCCUBHBIX Ta30B. JTO MPEIbSBISAECT MOBBIIICHHbBIC
TpeOOBaHUSI K KOPPO3UOHHON CTOMKOCTH BO3IYyXOBOJIOB, BEHTHISTOPOB W
perynupyromei apmarypsl. PexkoMeHayeTcs ucmoJib30BaTh BO3AYyXOBOJBI U3
OIIMHKOBAaHHON CTaJIM C JOMOJHUTEIBHBIM IOJIUMEPHBIM TMOKPBITUEM WU U3

AJIIOMHUHHUECBBIX CIIJIaBOB. CTPYP'IHBIG BCHTUJIATOPBI JOJIDKHBI MMCTBh CTCIICHDB 3alIUThI



He Hmxke IP54, a B 30HaX BO3MOXKHOI'O CKOILJICHUS BOJBI — BJIAaro3alluIcHHOE
ucnojineHue. OuibTpalnys OPUTOYHOTO BO3JyXa Ha IMOJ3EMHBIX CTOSHKaX, Kak
IpaBUJIO, OTpPaHUYMBACTCA T'pPyOOH OYMCTKOM, ITOCKOJBKY BBIXJIOIIHBIE Ta3bl
SIBJISIFOTCSl TJIABHBIM HMCTOYHUKOM 3arpsi3HEHUM, a MOJIaBa€MbIi C YJIMIIBI BO3AYX
aunib paz0OaBisieT ux. TeM He MeHee B YCJIOBHUSIX TOPOJAOB C HHTEHCHUBHBIM
JIBIMOKCHHEM MOXET OBITh olpaBiaHa ycTaHoBka (uimbTpoB kimacca G3-G4 Ha

IMPUTOKE I CHUIKCHUA 3allbIJICHHOCTH.

B 3akmrouenne HEOOXOAMMO MOAYEPKHYTh, YTO MPOCKTHPOBAHWE BEHTHWIISAIIUU
MOA3EMHBIX MAPKUHTOB — MHOTO(AKTOpHAs 3ajlaya, pelieHrue KOTOpou Tpedyer
COBMECTHOTO PACCMOTPCHHSI CAaHUTAPHO-THTHCHUYECKHX, MPOTHUBOTIOKAPHBIX W
PKOHOMHYECKUX acrekToB. COBpEeMEHHBIC TCHJICHIIMHM YKa3bIBAIOT Ha IMEPEXO]] OT
KECTKO PETJaMEHTHPOBAHHBIX KAHAJIBHBIX CHCTEM K HWHTE/UICKTYaJbHBIM
OecKkaHaBHBIM CXEMaM C YIIPaBJICHUEM M0 KOHIICHTpAIMU 3arps3HeHuit. OaHako
BHIOOP KOHKPETHOTO PEIICHHs BCETa JOKEH OMMPATHCS Ha JCTaTbHBIA aHAIH3:
TE€OMETPUM  TOMEIICHHUsS, OKUJAeMOW HWHTEHCUBHOCTH  JBWKCHHS, THIIA
peobIaaroInX aBTOMOOMIICH M KITMMATHYECKUX YCIOBUN. TONBKO KOMIUIEKCHBIH
MOJIXO/, TOAKPEIUICHHbIH YHUCIEHHBIM MOJEIUPOBAHUEM adpPOJIMHAMHUKU |
TEIJIOMacCOOOMEHa, CIMOCOOEH TapaHTUPOBAaTh 0O€30MacHOCTh W KOMQOPT

IIOJIb30BATEIIEN IIPU PA3yMHBIX KAIIUTAJIBHBIX U SKCIUTYaTAlMOHHBIX 3aTpaTax.

Survey Methodology

The regulatory framework of the Russian Federation establishes strict frameworks
for organizing air exchange in underground parking lots. The fundamental
documents are SP 113.13330.2016 "Car Parking," as well as SP 60.13330.2020
"Heating, Ventilation, and Air Conditioning" and SP 7.13130.2013 "Heating,
Ventilation, and Air Conditioning. Fire Safety Requirements." According to these
standards, underground parking lots with a capacity of more than 25 spaces must be
equipped with mechanically induced supply and exhaust ventilation systems. For

smaller parking lots, natural ventilation is permitted, provided that regulatory



parameters are met. However, in practice, integrated underground parking lots are
almost always constructed with mechanical ventilation due to the limited

possibilities of organizing natural ventilation.

The main pollutant limiting air exchange in parking lots is carbon monoxide (carbon
monoxide), which has a pronounced toxic effect. Its maximum permissible
concentration in the air of the working area, established by hygiene standards, is 20
mg/m? (maximum one-time). In addition to carbon monoxide, exhaust gases contain
nitrogen oxides, hydrocarbons, soot, and sulfur dioxide, with diesel engines having
significantly higher proportions of nitrogen dioxide and particulate matter. Air
exchange design is based on the mass of carbon monoxide emitted, with verification
of the resulting dilution rate being sufficient to dilute associated impurities. The
calculated air flow rate is determined by a formula that relates the mass emission of
the harmful substance, its maximum concentration, and the flow distribution
efficiency factor. Mass emission, in turn, depends on traffic volume, engine idling
time during entry, exit, and parking, as well as the type and technical condition of

the vehicles.

At the design stage, average figures are typically adopted: the specific carbon
monoxide emission for a single idling gasoline-powered passenger car is
approximately 4-6 g/min. For parking lots where the share of diesel-powered
vehicles exceeds 20%, the calculation is adjusted upward. It is important to consider
the non-stationarity of the process: the highest emissions occur during peak hours,
when many cars simultaneously start their engines and leave the parking lot.
Therefore, modern ventilation systems are increasingly equipped with frequency
converters and carbon monoxide concentration sensors, allowing them to adjust their
performance based on actual demand. This prevents excessive air exchange at night

and allows for energy savings of up to 40-60% compared to continuous operation.



Underground parking lot ventilation systems are divided into traditional ducted and
ductless (pulse) systems. The first option involves ducting throughout the entire
parking lot, with exhaust grilles installed in the upper zone, as warm exhaust gases
are lighter than cold air and accumulate under the ceiling. The supply air is
distributed, creating jet streams that wash over the main aisles. A disadvantage of
ducted systems is the significant height they require and the limitations on equipment
placement, especially in parking lots with low ceilings. In such conditions, ductless
systems using axial or radial jet fans mounted directly under the ceiling are
becoming increasingly popular. These fans do not require ducting and create directed
flat jets that transport contaminated air to the exhaust shafts. This solution
dramatically reduces the system's metal requirements, frees up space, and simplifies

installation.

Smoke control ventilation of underground parking lots is particularly important, as
it is essential for the operation of the facility. Fire safety requirements require
enclosed parking lots to be equipped with mechanically driven exhaust smoke
ventilation to remove smoke from the floor where the fire originated and to supply
compensating outside air to the protected area. Smoke extraction is provided through
dedicated smoke intake devices from the upper zone, while fresh air is supplied to
the lower zone. Smoke removal efficiency is largely determined by the
aerodynamics of jet streams. Pulse fans in ductless systems successfully manage
smoke flows, directing them toward the smoke damper area and preventing smoke
spread throughout the floor. Proper placement of such fans requires calculations
using computational fluid dynamics methods to eliminate stagnant zones and ensure

safe visibility along evacuation routes.

The energy efficiency of underground parking lot ventilation systems is becoming
increasingly important in the context of overall green building trends and the
improvement of building energy efficiency. The main areas for reducing operational

costs are:
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