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Abstract:

The number of high-rise buildings with enclosing structures made of glass is growing rapidly every
year. High transparency of buildings is becoming one of the reasons of high-energy consumption. The
problem of energy saving in glass structures is becoming more and more urgent. The innovative double-
skin glass facade system has proven to be energy efficient in European countries. In the future, this
design will significantly reduce the energy load of the building. The object of research is a innovative
systems Closed cavity facade (CCF). The purpose of this work is to analyze the energy efficiency of the
innovative system Closed cavity facade. The energy consumption of a building with classic glazing (a)
and Closed cavity facades are considered. Method. In the analytical study, to determine the unknown
characteristics of the closed cavity facade systems, the ANSYS software package was used - a universal
system of finite element analysis. The services Autodesk Insight and Autodesk Green Building Studio
estimated building energy consumption, electricity consumption by month, carbon dioxide emissions,
total energy costs for the year and for the life cycle, etc.Results. In the analytical study, the classification
of double facades by the ventilation method and by the geometry of the inter-contour space is presented,
the main advantages are revealed. As a result of mathematical modeling, the calculated heat transfer
resistance was determined for the Facade with a closed cavity Rcalc = 1.93 m2-K/W. The result for the
Closed Cavity Facade system was 35.7% more efficient than classical glazing. The average energy
consumption for a building with classic glazing was determined - 374 kW / m2 / year with classic glazing
and the average energy consumption for a building with a closed cavity facade - 219 kW / m2 / year. The
difference in power consumption is 41.4%.

1 Introduction

KonnyecTBo 3gaHun co ceeTonpospadHbiMy hacaiamMmun Havano yBenMunsaTbCA elle B Havane 21
Beka. B HacTosilwee BpemMs He pegkoCcTb yBMAETb B pPasBMTOM Meranonuce 3agHue C npakTuyecku
NMONHbIM ocTekneHeM. CBsi3aHO 3TO CO CTPEMIIEHNEM AOCTUYb BbIpa3nTENbHOIO 3TeTU4eckoro obnuka,
npuaaLwmm 30aHNI0 COBPEMEHHbIN BUA, NOAYEPKUBAs €ro rpaHu, nMbo crnaxueas ero yribl, npyaasas
uenoHyto dopmy. B pabote aHanuanpyetca 9HeproadekTMBHOCTL ¢acagHOM  CUCTEMBI,
npeacraBnslowern cobon [OBOWHOM CMNIIOWIHOE OCTEKMEHME C BO3QYLIHLIM 3a30pOM  Mexay W
ANHAMNYECKN OTKPbIBAIOLLUMXCA BHELUHUX U BHYTPEHHMX 3aTBOpOB. OQHOM M3 TakMX CUCTEM ABMSieTCH
nHHoBauunoHHasa cuctema Closed cavity facade (CCF), kotopas oTHocuTtca k cuctemam Double Skin
Facade (DSF). Ha puc. 1. nsobpaxeHa KOHCTpyKUMsi aHeproaddektTmeHom cacagHom cuctemol CCF,
B3ATas n3 cBo6O4HOro gocTyna.
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Roller blind cover:
Natural anodised
aluminum extrusion

Spandrel panel:
Natural anodised
aluminum sheet

—

Inner pane glass:
Low-iron triple glazed
insulated unit with low
emissivity coating for
increased overall insulation
value

Roller blind:

Fabric type ‘Shadow Il R’,
with a grey internal colour
to maximise the visibility to

the outside. 3 /

The blind is highly reflective Outer pane glass:

to the outside to increase Low —iron monolithic glass
reflectance and reduce heat (laminated at ground level)
absorption

Closed Cavity Facade system

The cavity is sealed and the
performance of inner and outer layers
of glass and the blinds is balanced to
ensure good conditions in summer and
winter

The solar coating, ipasol bright,
Mullions & transoms: reduces solar energy entering the
Natural anodised cavity and makes the facade
aluminum extrusions reflect its surroundings

- High performance
- Less frequent cleaning
- Shading device is less prone to damage

Puc. 1 - dacagHas cuctema «Closed cavity facade»
Fig. 1 - Facade system “Closed cavity facade”

OTa KOHCTPYKUMSA yXKe WCMOMb3yeTcss NPEeUMYLLECTBEHHO NpU  CTPOUTENLCTBE  34aHWN
06LLEeCTBEHHOrO Ha3Ha4YeHus B M1pe.

B npouecce akcnnyartaumm, oHa 3apekomeHgoBana cebs kak aHeproaddekTusHas. K coxaneHumto,
B Poccum 3ganni, ncnonb3ayowwmx TexHonoruto cuctem Closed cavity facade coBcem HEMHOrO, B nepByto
oyepenb 39TO CBSA3AHO C OTCYTCTBMEM AOCTATOYHOM HAay4YHOM 1 ONbITHON Ba3sbl.

Takum o6pasoM nepen Y4YeHbIMW CTOUT 3adaya HaWTU  KOHCTPYKUMIO, KOTopas CMOXeT
ofHOBpeMeHHO obecneynTb KOMMOPTHbIE YCMOBUS HaxXOXOEHWs B 34aHuun, bygeT 3KOHOMMYECKM
uenecoobpasHor, a Takke MO3BOMUT COXPaHWUTb SCTETUYECKYIO KpacoTy. 3a mnocnegHwe HeCKOSbKO
OecsaTuneTui B 3Ton obnactu Obinl caenaH kadeCTBEHHLIW LWar Bnepen — nepexon oT OAHOCOMHON
CTEKMAHHOW CTEeHbl K ABOMHOMY CTEKNAHHOMY dhacagy (B aHrNosi3bl4HOM nuMTepaTtype MCnonb3yeTcs
TepmuH Double Skin Facade, DSF). 3To nepcnekTtMBHas cuctemMa KOHCTPYKTUBHOIO SHEpProcbepekeHns.

KoHcTpykums gBorHoro hacaga nmeeT eBponenckme nctokn. lNepeonpoxoguem B aTon obnactu
asnaetca [epmaHunda. 3a nocnegHve OecsiTb NeT MHHOBAUMOHHAA KOHCTPYKUWMSA Bbi3Bana WHTepec Yy
nccrnegosatenen no scemy mupy [1]-[18], [19]-[23].

Bonbwoe BHMMaHME adaHHOWM Teme ydenunu npegctaButenu  CankT-leTepObyprckoro
MonuTtexHnyeckoro yHmBepcuteTa NeTtpa Benukoro, Poccuiickas Pegepaunsa [24]-[26].

B pabote [27] npuBeneHa nogpobHas knaccudmkaumsa BOHbIX pacagos.

ABTOpbI cTaTbu [28] BbIBENN cpedHee 3HAYEeHUE IKOHOMUM IJHEPreTUYEeCKMX PpecypcoB Mpu
NCNONb30BaHMM MHHOBALMOHHOW (bacagHOM cuctemMbl, 6eps BO BHMMaHue 6onbLIOe KONMMYeCcTBO
9KCMNEepMMEHTOB, KOTopble Bbinn NpoBeAeHbl B Pa3fiNyHbIX KITMMaTUYECKMUX YCITOBUSIX.

KoHCcTpyKkums aOBOMHOro dacaja - 3TO KOMMMEKCHas cucTtema, COCTOAWAas W3 BHeELUHeN
OCTEKINEHHOM 000M04KN N TPAANLMOHHOIO CTEKMSIHHOIO hacaga 34aHus, KOTOpLI NpeacTaBnseT cobon
BHYTPEHHIOIO 060no4Yky. OTM [Ba Crnos pasgeneHbl BO3QYLUHOW MONOCTbi, KOTopask umeeT
PUKCUPOBAHHbBIE WU KOHTPONMPYEMbIE BEHTUMALUNOHHbIE OTBEPCTMS, U MOXET BKMYaTb WM He
BKIlOYaTh 3aTeHsowme yctponctea (puc. 1) [28].

PacctosiHne mexagy CTeKNAHHbIMA MOBEPXHOCTAMU MOXET BapbMpOBaTbCs OT HECKOSbKUX
CaHTUMEeTPOB A0 ABYX METPOB.

CHWXeHne TennoBbiX Harpy3oK — OQHO M3 NPEeUMyLecTB MHHOBALMOHHOW (hacagHOM CUCTEMBI.
ConHeyHoe u3nyyeHne nonagaeT B 3aMKHYTYK MOMOCTb, MPOXOAS Yepe3 BHELUHIOW CTEKISIHHYHO
060504Ky, KoTOpasi npeobpasyeT M3nyvyeHne B TENMO. Tenno HakannMBaeTCs W HarpeBaeT BO3OyX,
co3aaBas KOHBEKTUBHbIE MOTOKM BHYTPY MONOCTU. Takon pabounii MexaHn3M yMeHbLIAeT TennonoTepm
yepe3 BHYTpPeHHoO oOwwmBky 3aaHus. Kpome TOro, Tam, rAe HarpeTbll BO3OQyX uUMeeT
yOOBMNeTBOPUTENbHbIE NAapaMeTpbl, Er0 MOXHO NodaBaTb BO BHyTPEHHME nomeLleHus [28].

Nemova, D.; Kotov, E.; Daurov Z, Olshevsky, V.
Energy Efficiency of Closed Cavity Fasades;
2020; Construction of Unique Buildings and Structures; Volume 93 Article No 9305. doi: 10.18720/CUBS.93.5



Construction of Unique Buildings and Structures; 2020; Volume 93 Article No 9305

B 3gaHunax ¢ 60onbLion nnowaablo Hapy>KHOMO OCTEKNEHMS BENIMK PUCK NOSIBNIEHNSA HENPUEMIIEMO
BbICOKMX TemnepaTyp B NMOMELLEHUAX B COSIHEYHblE feTHUe OHWU. [Mpu UCnonb3oBaHUM KOHCTPYKUMMK
ABOMHOMO CTEKMSHHOrO hacaja SKOHOMWUS Ha OXIaXAEHUW MPOMCXOAUT 3a CHET noJayvn CBeXero
BO34yxa NpakTuyeckn 6e3 NoMoLLM MeXaHNYEeCKUX CPeacTB, NMMbo n3-3a n3BneYeHnst HarpeToro Bo3ayxa
13 NomeLleHnin Yepes addekT ectecTBeHHON TArM. Kpome Toro, gaxke Korga BHyTPEHHME NomeLleHns
HEe UMEIOT BEHTUSSILMOHHBIX OTBEPCTUIN C 3aMKHYTOM NOMOCTLIO, cUcTeMa ABOMHOro dacaga Bce elle
MOXeT paboTaTb KaK eCTeCTBEHHbIN BEHTUMSATOP, OXNaxaas BHYTPEHHWWA KOHTYp (puc. 2,6). Takke
KOHCTPYKUMSA dhacaga MoXeT ObiTb 000pyaoBaHa 3aTEHALWMMY YCTPOUCTBAMM OT SIULLHEN NHCONALMMK
— ponbcTaBHu [27], [28].

Lenbio paboTbl siBnsieTca onpenerneHne aHeproadPeKTMBHOCTU WMHHOBALMOHHOW CUCTEMbI
Closed cavity facade.

3agayu uccrnenoBaHuA:

1. OnpegeneHne TENMOTEXHUYECKUX XapaKTepUCTUK MHHOBauUmMOHHOM cucTembl Closed cavity facade
MEeTOAOM MaTeMaTU4eCKoro MogenMpoBaHus;

2. Pa3paboTka aHepreTnyeckon mogenu 3gaHus (BEM) ¢ knaccuyecknm octekneHmem;

3. PaspaboTka aHepreTuyeckon mogenu sgaHunsa (BEM) ¢ aHeproadhdekTnsHom cuctemon Closed cavity
facade;

4. AHanu3 pesynbTaToB 3HEPreTMY4eckoro MOAENUPOBaHUA, oueHKa 3(EEKTUBHOCTN BbIOPaAHHbLIX
cucTem.

2 Materials and Methods

Ha gaHHbI MOMEHT 3Hepro3aTtpaTbl, MCMOMb3YOLWMECH HA KOHAULMOHMPOBAHME U OXNaXaeHue
BO3ayxa B 0OUCHbIX MOMELLEHUSAX B NETHEE BpeMs roga Henb3s Ha3BaTb Aaxe cpeaHumn. Mexay tem,
Janeko He Kaxaoe 34aHWe MMeeT BbICOKMW KIacC 3HeproadydekTMBHoCcTU. [nsa pacyeToB MeToOOoM
MaTeMaTU4eCKOro MoaennpoBaHns bbinn BoibpaHbl ABa BapmaHTa paboTbl gMHaMmmnyeckoro pacaga ans
rneTHero BpemeHun roga. Ha puc. 2 npegcrasneHbl BapuaHTbl paboT Closed cavity facade npu pasnuyHbix
KNUMaTmn4yeckmx napameTpoB.
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Puc. 2. ®dacagHas cuctema Closed cavity facade
Fig. 2 - Facade system Closed cavity facade

Mogenb 3 onucbiBaeT paboTy ABOMHOrO hacaga B NETHWUMA AeHb, CTBOPKA BHYTPEHHEW 4acTu
dacaga 3akpbiTa, 06€ 3aCNOHKN OTKPbITbI, FOPAYMIA BO3AYX LMPKYNMPYET BO BHYTPEHHEM NPOCTPAHCTBE
1 He nonagaeT BHyTpb nomelleHns. Moaenb 2 onucebiBaeT paboTy ABONHOMO pacaja B NETHIOK HOYb,
BEPXHSIS1 3acCfioHKa 3aKpbiTa, HWKHASA 3acrnoHKa M CTBOpKa BHYTPEHHEW 4YacTu dacaga OTKPbITbI,
OXMaXAEeHHbIN BO34YX LMPKYNMPYeT BO BHyTPEHHEM NPOCTPAHCTBE WM nonagaeT BHYTPb NMOMELLEHUS C
Gornbluen TemnepaTypor Bo3ayxa, NPoONCXoanT KOHOULMOHUPOBAHME.
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2.1 MaremaTunyeckoe MoaenMpoBaHue B NPOrpaMMHOM Kocnnekce Ansys

Llenblo mMatemaTMyeckoro MOAENMPOBAHUA SBNSETCA onpedefieHne CKOPOCTU  OBUXEHUSA
BO3QYLWHONO MNOTOKA BO BHYTPEHHEM npocTpaHcTBe (BydepHon 30He) pacagHom cucTemsbl,
TemnepaTypbl, a Takke CONPOTUBNEHWE Tennonepedayu OaHHOW KOHCTpykumn. Ong onpegeneHus
Heun3BeCTHbIX xapaktepuctuk cuctem Closed cavity facade ucnonbsoBancs NporpaMmMHbIA KOMMEKC
ANSYS — yHuBepcasnbHasg cucTeMa KOHEYHO-3MIEMEHTHOro aHanusa. bbinu NpUHATLI ONTMManbHbIE
rabapuTHble XapakTepuUCTUKM ANs OaHHOW KOHCTPYKUMKM, a Takke MPUHATbI Matepuanbl U KX
TENNOoNPOBOAHOCTMU.

B kayecTBe TemnepaTypbl Hapy>KHOro BO34dyxXa MCMNofb3oBanacb MakcumanbHasi Temnepartypa
BO3ayxa Hambonee Tennoro mecsy B CaHkT-lNeTepbypre — 22°C. TemnepaTypa BHYTPEHHEro Bo3ayxa
18°C, BnaxHocTb — 55%, cornacHo [27]. HapyxHoe ocTekneHue npeactaBnsieT cobon oauvHapHbIn
cTeknonakeT C TennonpoBogHocTbio A= 1.1 B1/M2-K, BHyTpeHHee — [OBOWHOM CTEKronaketT cC
TennonpoBoaHocTblo A= 1.24 B1/m2-K. TpocTpaHcTBO Mexay Humu wmnpuHon 600 MM 3anosiHeHo
BO3ayxoMm. BHewHue 3acnoHkm BbicoTon 150 MM. BHyTpeHHAA OTKpbiBaloWasaca CTBOPKa
OWHammyeckoro dhacaga pasmepamun 2x1.5 M 1 ¢ BO3MOXHOCTLIO OTKpbiBaThcs A0 15°. B kayecTtBe
pacyeTta 6bIS1I0 B3ATO OPUCHOE NOMELLIEHNE 30aHNs C BbICOTON aTaxa 3.8 M.

Ha puc. 3 npegctaesneHbl pacyeTHole cxembl Closed cavity facade ¢ npuHATbIMUK

xapaktepuctukamm ans pacdeta B ANSYS.
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Puc. 3 - PacuyeTtHble cxembl Closed cavity facade, mogenb 2 n 3
Fig. 3 - Design schemes Closed cavity facade, models 2 and 3

PesynbTaTbl MOAENMPOBAHUS 411K NEeTHEero BpeMeHW roga npeacTaBreHbl Ha puc. 4-5
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Puc. 4 - TemnepaTypa u CKOPOCTb BO34YyLIHbIX NOTOKOB. Pacaa 3akpbIT (JileTHee BpeMA)
Fig. 4 - Temperature and air velocity. Facade closed (summer time)
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Puc. 5 - Temnepartypa 1 CKOpocTb BO3AYLIHbIX NOTOKOB. Pacan OTKPbLIT (fIeTHee BpeMsA)
Fig. 5 - Temperature and air velocity. The facade is open (summer time)

MpoaHanuanpoBas pe3ynbTaTbl MaTEMaTUYECKOrO MOAENNPOBAHNSA, COrMacHo TeMnepaTypHbIM U
CKOPOCTHbIM MONsAM MnoflydaeM pacyeTHoe conpoTtuerieHne Ttennonepegaun Closed cavity facade
Rpacu= 1.93 m2-K/BT. PesynbtaT anga cuctemol Closed cavity facade okasancs Ha 35.7% adpcekTnBHee
YeM Kraccmyeckoe OCTeKrneHune.

Takke 6b1n1 npoeaeH pacyeT B ANSYS. ansa aumHero BpemeHu. Ha puc. 6 nokasaHbl pe3ynbTaThbl
pacyeTa.
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Puc. 6 - TemnepaTtypa 1 ckopocTb BO3AYLIHbIX NOTOKOB. Pacap 3akpbIT (winter time)
Puc. 6 - Temperature and air velocity. The facade closed (winter time)

3HayeHune conpoTUBNEHWE Tennonepeaaym AMHaMmuyeckoro pacaga anst 3SMMHero BpeMeHu Takke
YLAOBMNETBOPSIET HOPMATMBHBLIM TPeBGOBaHMSAM.

2.2 JHepreTnyeckoe mogenupoBaHue

[na co3gaHnsa 1 aHanusa aHepreTU4eckux Moaenen MCnonb3oBannCb NPOrPamMMHbIA KOMMEKC
Revit, a Takke cepsuckl Autodesk Insight n Autodesk Green Building Studio. MonyyeHHoe npu nomoLum
MaTeMaTU4eCKOro MOENIMPOBaHMSA COMNPOTMBIIEHWE Tennonepeaayn WUCnonb3oBanocb B AaHHOM
moayne. bbinn nonyyeHbl 3HaveHus noTpebneHus aHeprum Ha 1 M2 B rog Ans 3gaHuMsa € OBYyMS
pasnMyYHbIMU TUNaMK OrpaXaatoLLMX KOHCTPYKUMI - Knaccuyeckoe octekneHune un Closed cavity facade.

B paHHOM paboTe paccmaTpuBanochb BbICOTHOE OPUCHOE 3[4aHune, BbicoToM 62.8 M, 15 aTaxen, 13
HUX 2 TexHudeckux. Paamepsl B ocsx 30 x 30 m, nnowaab TMNoBOro ataxa — 883m2.

Ha p[aHHbIA MOMEHT Ha CTPOUTENBbHOM pblHKE cylecTByeT 60nbLoe KONM4ecTBO TUMOB
KrnaccmyecKoro OCTEKIEHNS, KOTOPbIE pa3nnyaoTCa KONMYECTBOM CTEKNa B CTEKIoNakeTe, matepmanomM
3anosiHeHMst NPOCTpPaHCTBa B CTEKronakeTe, MeToaoM KpenneHwus u T.4. Ha puc. 7 npeacraBneHbl
3HepreTu4eckme MoAenu 34aHus ¢ Knaccudeckum octekneHnem n cuctemamm Closed cavity facades.
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Puc. 7 - QHepreTuyeckue mogenu 3gaHusa ¢ Kiaccu4yeckum octekneHmem u cuctemon Closed cavity
facade
Fig. 7 - Building Energy Models with classic glazing and Closed cavity facades

3 Results and Discussion

B cepeucax Autodesk Insight n Autodesk Green Building Studio oueHnBanuch
3HepronoTpebneHne 3agaHuns, pacxon 3NEKTPUYECKON IHEPTUM NO MecsLLaM, SMUCCUSI YTTIEKUCIONO rasa,
CBOAHbIE 3HEpreTMyYeckne 3aTpathl 3a ro4 M 3a XXM3HEHHbIA LMK 1 4p.

Ha puc. 8 nokasaHbl MakcumarbHOe, cpegHee U MUHUManbHoe aHepronoTpebneHve B kKBT/M2/rog
ANSA 30aHKs € Knaccuyecknm octekneHnem (a) u cuctemamum Closed cavity facades (6).
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Puc. 8 - QHepronoTpebneHue 3aaHna ¢ Knaccuvyeckum octekrneHuem (a) u cuctemamm Closed cavity
facades (6)
Fig. 8 - Energy consumption of a building with classic glazing (a) and Closed cavity facades (b)

MNMonyyaem cpegHee aHepronoTpebneHve ANA 30aHWsE C KNACCUMYECKMM oOcTekneHnem — 374
kBT/M2/roq npu Knaccn4yeckom OCTEKNEHUN N cpefHee aHepronoTpebneHne ang sgaHus ¢ Closed cavity
facade — 219 kB1/mM2/roa. Pa3Huua sHepronotpebnenms coctaBndet 41.4%.

C nomowbto mogyns Autodesk Green Building Studio Obin nonyveHbl guarpaMmmbl U rpadunkm
3aBMCMMOCTEN 3NEKTPONOTPEONEeHMa B MeCSL, oA Y NOMHBLIN LMK XU3HU 34aHUs1, NpeACcTaBneHHble Ha

puc. 9-11.
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Puc. 9 - lnarpamma NpoLEeHTHOr0O COOTHOLLEHUs1 PacXoA0B 3NeKTPO3HepPrum 3a rop Ans 30aHUA C
Knaccu4ieckum octekrneHmem (a) u cuctemamm Closed cavity facades (6)
Fig. 9 - Diagram of the percentage ratio of electricity consumption for the year for a building with

classic glazing (a) and closed cavity facades(b)
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Energy, Carbon and Cost Summary
Annual Energy Cost $121,497

Lifecycle Cost $1,654,794

Annual CO, Emissions
Electric 0.0 Mg
Onsite Fuel 472.2 Mg

Large SUV Equivalent 47.3 SUVs / Year

Annual Energy
Energy Use Intensity (EUI) 1,565 MJ / m?/ year
Electric 1,980,512 kWh
Fuel 9,468,164 MJ
Annual Peak Demand 609.4 kW
Lifecycle Energy
Electric 59,415,360 kW

Fuel 284,044,920 MJ
Assumptions @

Puc.10 - CBoaHble 3HepreTU4eckue 3aTpaTthbl 3a roa U 3a XXU3HeHHbIN umkn B GBS ana 3paHusa ¢
Krnaccu4yeckum ocTekrneHmem

Fig. 10 - Annual and Life Cycle Energy Costs Summary in GBS for a building with classic glazing
Energy, Carbon and Cost Summary
Annual Energy Cost $83,372

Lifecycle Cost $1,135,533

Annual CO, Emissions
Electric 0.0 Mg
Onsite Fuel 259.3 Mg
Large SUV Equivalent 26.0 SUVs / Year
Annual Energy
Energy Use Intensity (EUI) 961 MJ / m2/ year
Electric 1,420,654 kWh
Fuel 5,199,195 MJ
Annual Peak Demand 473.9 kW
Lifecycle Energy
Electric 42,619,620 kW
Fuel 155,975,850 MJ

Assumptions @

Puc. 11 - CBogHble aHepreTM4eckue 3aTparbl 3a rog U 3a XXU3HeHHbIN uukn B GBS ana 3gaHus ¢
cuctemamm Closed cavity facades

Fig. 11 - Annual and Life Cycle Energy Costs Summary in GBS for a building with Closed cavity
facades
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Puc. 12 - N'padomkn notpebneHuns odLen IHeprum 1 anekTpuyecTBa Ans 30aHUA C KIAaCCUYECKUM

oCTeKIneHuem
Fig. 12 - Graphs of total energy and electricity consumption for a building with with classic glazing

500k 150k

125k
400k

100k
300k

I 7
200k I I
I 50
100k I I I I I I y
IIIIII mllllllllllll

0k
Jan FebMar AprMay Jun Jul AugSep OctNovDec

v
=~

=~

wi
=~

Jan FebMar AprMay Jun Jul AugSep OctNovDec

Puc.13 - Mpachukn notpebneHnsa oben aHeprum u afieKTpuyecTBa Ans 3gaHuUs ¢ cuctemamm

Closed cavity facades
Fig. 13 - Graphs of total energy and electricity consumption for a building with with Closed cavity
facades

4 Conclusions

1. 3apava onpegeneHusi aHeproadpdektmeHocTn cuctembl Closed cavity facade. [Nogosoe
3HepronoTpebneHue 3ganuns, ocHaweHHoro cuctemon Closed cavity facade, B pacyeTe Ha 1 M2 MeHbLUe
Ha 41.4%.

2. [lonyyeHbl TepMOAMHAMUYECKME XapaKTEPUCTUKN ABOMHbLIX dpacagHbix cuctem - cuctem Closed
cavity fasades. NpeactaBneHo cpaBHEHNE xapaKTEPUCTUK TUMOBLIX ddacadoB un cuctem Closed cavity
fasades.

3. TlokazaHO noBbilWlEeHME noKa3aTenien CconpoTUBMEHU TensnonepenadyM npu UCNoNb30BaHUK
OWHaMMYecKnx ABOMHbIX pacagHbIX cucteM. [NonyyeHo cpaBHEHWE 30aHNA C KIacCUYECKUM U BONHBIM
octekneHnem Closed cavity facades.

4. Ananusupys nHdopmMaumio, Nony4YeHHyo ¢ nomolbio moayns Green Building Studio nonyyaem:

e [opoBble pacxodbl Ha ANEKTPUYECTBO YMEHbLUMINCL Ha 28.3% (Ha 559864 kBT);

e [opoBble pacxoabl Ha 3Hepropecypchl B LerioM ymeHblwmnmceb Ha 31.3% (2.600.000 p.);

e YMeHblUMNacb Harpyska Ha CUCTEMY KOHAMUMOHMPOBaHWSA, KoTopas coctasBnsna 20.9% B
3aJlaHnUM C Knaccu4eckum octekneHmem n 12.3% c AMHaMUYECKUM OCTEKNEHNEM;

e YMeHbLlUMnach Harpyska Ha cuctemy BeHTUnauumn ¢ 9.3% 0o 5.5%;

o [loTpebneHneaneKkTpnyecTBa,pacxofyemMoecncTeMONKOHANLMOHMPOBaHMABNETHEEBPEMSIOAa,

ymeHbLumnnoce ¢ 172.9 MBT go 75.7 MBT, uto coctaBuno 56%.
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Knacc aHeproadeKkTMBHOCTM 34aHUs € Knaccuyeckum  ocTeknenHnem — A.  Knacc

3HeproabeKTMBHOCTM 3a4aHUs, ocHalleHHoro cuctemon Closed cavity facade, 6bin noBbiweH [0
knacca A++.

6. Cucrema aHeproachdektTneHoro pacaga Closed cavity fasades Ha gaHHbIA MOMEHT sBNSETCH
OLHON U3 CaMbIX NMEPCNEKTUBHbIX CUCTEM OrpakaarolmMx KOHCTPYKUMi. K rmaBHbIM nfwcam OaHHOM
CUCTEMbI MOXXHO OTHECTM:

e PasnuyHble Bapmauumn paboTbl (KOHANLMOHMPOBAHUE, COXPaHEHWe Tenna v T.4.);

e  CHMWXeHMe Harpysku Ha CUCTEeMbl KOHAULMOHNPOBAHUS, OTOMMEHNSA U BEHTUNSALMN B 34aHUM;
e Bblcokne TennoTexHuyeckne nokasartenu;

e [IpeBocxogHble NokasaTenu 3ByKOU30NALUN;

e [IpyMeHeHne B pasnUyHbIX KNMMaTUYECKUX panoHax;

e Bbicokas aHeproapekTUBHOCTD.

K HegocTtatkam He06X0ANMO OTHECTH BbICOKYH LlEeHY OTHOCUTEJIbHO KInacCnU4eCKOro OCTEKINeHus.
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