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Juceprariiiiine AOCTIIKEHHS, SIKE HalpaBieHe Ha MiABUIICHHS EHEPreTUYHOi Ta
€KOJIOT1YHOI €()EeKTUBHOCTI CHUCTEM ONaJCHHS NPUMIIIEHb PI3HOrO0 MPU3HAYCHHS €
aKTyaJIbHUM 4Yepe3 BUCOKI 3aTpaTy BUPOOHUIITBA HEPTI AJIs iX MOTped B eHEPreTUIHOMY
oamanci Ykpainu (10 40%) 1 BIAMOBIIHO, BUCOKI BUKHUIM MApPHUKOBUX Ta3iB Ta 1HIIUX
3a0pyIHIOBAYiB JIOBKIJUISI MPU CMAIOBAHHI OPraHIYHUX MajuB. AKTyallbHICTh pOOOTH
HIATBEP/UKYEThCS 11 BHUKOHAaHHSAM B paMKaxX HAyKOBHX JOCHIDKEHb Kadeapu
TeIIOTeXHIKM Ta KMIBCHKOTO HAIlIOHATIBLHOTO YHIBEPCUTETY OYIIBHUIITBA 1 apXITEKTYpPH.
Mertoro nucepraniitHoi poOOTH € HayKOBe OOIPYHTYBAaHHSI €HEProOIaJHUX TEXHOJIOT1H
npu  ¢GopMyBaHHI KOMGMOPTHOTO TEIUIOBOJIOTICHOTO PEXHUMY TMPHUMIIIEHb PI3HOTO
OpU3HAYEHHSI 13 3aCTOCYBaHHSM KOMOIHOBaHOI CHCTEMH OINAaJICHHS Ha OCHOBI
CJIEKTPUYHUX 1H(PpauepBOHMX BUIIPOMIHIOBAYIB Ta BOASHUX OMAIIOBAILHUMU MPHIIAIIB.
BiamoBiiHO 10 TOCTaBIIEHOT METH BUKOHAHO TaKi 3aBJIaHHS: TPOAHAJII30BaHO JIITEpaTypHI
JoKepena Ta BHUKOHAHO TIATEHTHI1 JOCHIIKEHHS paaialliiHO-KOHBEKTUBHUX CHCTEM
OMaJieHHS B NPUMILMIEHHSAX pPI3HOTO MPHU3HAYECHHS Ta BHU3HAYEHO HAMNPAMKH iX
BJIOCKOHAQJICHHS;  po3po0JieHO  (pI3MKO-MareMaTU4Hy  MOJENb, 10  OIHUCYE
TEIJIOBOJIOTICHI TPOIECH B CEPEANHI MPUMIIICHHS, SIKE€ OMAIIOETHCS 3a JOTIOMOTOI0
CJIEKTPUYHUX 1H(PPAUYEPBOHUX BUIPOMIHIOBAYIB 1 BOJSHUX OMATIOBAILHUX TMPHUJIAJIIB;
IPOBEICHO EKCIEPUMEHTAIbHI JOCHIKEHHSI POOOTH €JNEeKTPUYHUX 1HPpauYepBOHUX
BUIIPOMIHIOBAUiB Ta BOJSHUX ONATIOBAJIBHUX MPUIAJIIB 3 BU3HAUYEHHSM IX BIUIUBY Ha

30HaJIbHI TETUIOBOJIOTICHI TApaMeTPU MOBITPSI T4 BHYTPILIHI OTOPOIKEHHSI 3aJI€KHO Bijl



BMICTY BOJSHOI Mapy B MOBITPI 3 PO3POOJEHHSIM HOBOI KOHCTPYKIII €IEKTPUUYHOTO
1H(pauepBOHOTO BUIPOMIHIOBAYA; PO3POOJICHO METOJUKY I1HXKEHEPHOTO PO3PaxyHKY
panianiifHO-KOHBEKTUBHOI CHCTEMHU OMAaJIeHHS Ha OCHOBI OTPUMAaHHUX TCOPETHYHUX Ta
eKCIIEPUMEHTAIbHUX JAHUX Ta MPOBEJCHO  TEXHIKO-€KOHOMIYHE  OOIpYHTYBaHHS
JOIIJILHOCTI 3aCTOCYBaHHS — PpajlialliiHO-KOHBEKTUBHOI cucTeMH omnajieHHsA. O0’eKkTom
JOCITIIJKEHHSI BU3HAYEHO paJiallifHO-KOHBEKTUBHI CHUCTEMH OIAJICHHS NPHUMIIICHb
pI3HOTO TIPU3HAYEHHS a MPEeIMETOM — TEIJIOBOJIOTICHI mpoliecu B HuX. B poborti
3aCTOCOBYBAJIMCS CydYacHI METOAM TEXHIYHOI TEPMOJMHAMIKU 1 TEIIOMacooOMiHY,
¢$13MKO-MaTEMaTUYHOTO  MOJENIOBAHHS  TEIIOMAaCOOOMIHHMX  TPOLECIB  Ta
EKCTIIEpUMEHTAJIbHI JIOCTIKEHHS CHUCTEMH “‘OnatoBajibHI MPUJIAJAMN - BOJIOTE MOBITPS -
MOBEPXHI OTOPOIXKEHB”’, TEXHIKO-€KOHOMIYHOTO Ta 1H)KEHEPHO-TEXHOJIOTTUHOTO aHai31B.

Y Berymi guceprtailii 0OTpYHTOBAaHO aKTYaJIbHICTh TeMHU, CHOPMYJIHOBAHO METY,
3aBJaHHsI, TIpeAMET 1 00’€KT JOCHIKEHHs. 3a3HA4€H1 IMOJOXKEHHS, 110 BU3HAYAIOTh
HAyKOBY HOBH3HY 1 NPaKTUYHE 3HAYCHHS OTPUMAHUX PE3yIbTaTiB, BU3HAYCHUI
ocoOMCTHI BHECOK 3700yBada 1 HajaHO i1HQopMarllio mpo ampoOailito pe3ysbTaTiB
JOCTIIKEHHS.

Y nepmiomy po3fiji BUKOHAHO aHaji3 HAyKOBO-TEXHIYHUX POOIT 1 MATEHTHHUX
JOCITIJIKEHb, 110 MPUCBSYEH] (HOpMYyBaHHIO KOM(POPTHOTO TETIOBOJIOTICHOTO PEXKUMY
NPUMIIIEHBb, SIKI OMATIOIOTHCS 32 PAXyHOK PpajliallifHO-KOHBEKTUBHUX CHCTEM
onajeHHs. Ha ocHOBI aHali3zy nOpuBeIeHO Kiacudikalilo CUCTEM OMNaJCHHSA Ta
y3arajJbHEHO BIJMOBIIHI HAYKOBO-JOCIIIHI MPOoOIeMH, 10 TOTPeOyIOTh PO3B’A3aHHS
Ta € 00JacTIO JOCTIIKEeHHs JaHoi poOoTH.  BcTaHOBIEHO, 110 METOI CYy4acHOTO
MPOEKTYBaHHS BOJSHUX Ta EJIEKTPUYHUX CHUCTEM OMNaJeHHS € OOJalITyBaHHA B
OPUMIIIEHH] ONANIOBAIBHUX MPHIAIIB, H0 OyAyTh KOMIIEHCYBaTH TEIUIOBI BTPaTH
pO3paxoBaHi 3a HOPMATUBHOIO METOAWKOI0. JlaHWil MiAXim HE € palioHATBHUM IS
MIPUMIIICHB 31 CKJIAHUMH apXITEKTYpHUMHU HOpMaMU Ta TEOMETPUUYHUMHU PO3MIPAMH,
OCKUIbKM He 3abe3rneuye KOM(OPTHI TEIJIOBOJOTICTHI MapaMeTpu y BChOMY 00’ eMi
NpUMIIIeHHS. 3 1HIIOrO0 OOKy MpoOJIeMOI0 € 3HayHa BUTpaTa €HEPropecypciB Ha
HiATPUMYBaHHS MOCTIMHUX MapaMeTPiB BHYTPIIIHBOTO MOBITPS Ha 33JaHOMY PiBHi, 200

BIJICYTHICTh MOJKJIMBOCTI 30HAJIBHOTO OMAJICHHS mpuMilieHHsa. KpiMm Toro, 3a3Buuait



CHUCTEMH OTIAJICHHSI POEKTYIOTHCS 3 OTHAM BUIOM €HEPTOHOCIS - BOASHI, €ICKTPHUYHI,
MapoBi, TOIIIO, 110 HE J03BOJISE 3a0€3MEYUTH HAAIMHICTh poOOTH Takoi cuctemu. Jlis
BUPIIIIEHHSI BUINE 3a3HAYCHWX HAyKOBO-TEXHIYHUX 3aBlIaHb MPOTIOHYETHCS
BUKOPUCTAaHHS KOMOIHOBAHOI CHCTEMH OTAJICHHS, 10 CKIATAETHCS 3 MOCTIHHO J1F0U01
(GhoHOBOI BOJSIHOI CHUCTEMM OMaJCHHS Ta MEPIOJIMYHO TMPaIIOI0U0i JIOrpiBaOYOi
CJIEKTPUYHOI cucTteMu omaneHHs. [lpm 1mpomy mepenbavdaeThCcsi, IO BOMASHI
onajioBalbHI Mpuiaad OyayTh HEpPEryJbOBaHI 1 MPalOBaTUMYTh 3 TOCTIHHUM
TIApaBIIYHUM PEKUMOM MIATPUMYIOUM IE€BHY 0a30By TeMIIepaTypy IIOBITpS B
OpUMIIIEH], a EJEeKTPUYHI OMNajioBajbHI NpuUiaau OyayTh PpEryJbOBaHUMH 32
JIOTIOMOTOI0  JIAaTYMKIB 1 JIOKaJbHO, 30HAJBHO, CTBOPIOBAaTUMYTh KOMQOPTHI
TEIJIOBOJIOTICHI TIapamMeTpu, B OCHOBHOMY, IIIJIIXOM TIJBUIIEHHSM paJlialiifHOl
CKJIaJIOBOI TEIUIOBiAAaul y BU3HAYeH1d oO0iacTi (30Hi). 3a3HavYCHUI HaIpsM
CTBOPEHHSI €Heproe()eKTUBHUX CUCTEM OIAJICHHS J103BOJISIE KOMOIHYBAaTH €JIEeKTPHUYHI
iH(ppadyepBOHI  BUIPOMIHIOBaYl 3  BOASHUMH  CHCTEMaMd  ONAJ€HHS, IO
BUKOPUCTOBYIOTh B SIKOCTI JIKEpeJsia TEIUIOBOI €HEprii TEIJIOTY 3 TEIJIOBOTO IYHKTY
[EHTPAII30BaHOI CHCTEMH TEIUIONOCTAYaHHs, IHAWBIIYyaIbHOI KOTEIbHI abo
teronacocHoi yctaHoBky (THY). BuxopucranHs OCTaHHBOI JTO3BOJISIE€ IMiIBHINUATH
excepreTnuHuid koediuieHt kopucHoi aii (KK][) xkomOiHOBaHOI cucTeMH OmajeHHS,
OCKUIbKM Ha BIAMIHY BiJ 1HIIUX JPKEPEN TEIUIOTH Ul BOASIHOI CUCTEMH OIaJiCHHS,
3HMKEHHSI BHYTPIIIHBOI TEMIIEPATYPH MOBITPS B IPUMIILIIEHH] HE MOTPeOy€e 3MEHIIIEHHS
TEMITEpaTypHOTO IOTEHIIaTy TEIIOBOI €HEprii, Mo BUPOOIAETHCSA 3a JTOMOMOTOIO
THY. KpiM Toro ciij 3a3Ha4UTH, 10 €JIEKTPUUHI 1HPpauyepBOHI BUIIPOMIHIOBAUI K1
BUKOPHCTOBYIOTHCS B JIaHIA CUCTEMi ONAJICHHS MalOTh MaKCUMAaJIbHY JIOBKUHY XBUJIb
BUIIPOMIHIOBAHHS Amax>> 8,0 MKM. L{i TOBKWHM XBUJIb € HAMO1IBIIT OJIM3LKUMH JI0 XBHJIb
SIK1 BUTIPOMIHIOE TIOBEPXHS TLJIa JTIFOJAMHH, Ta JI0 JIOBKWH XBHWJIb SIKI MU CIIPUHMAEMO BiJl
COHIIA 1 BIIHOCATBCS JI0 J1ana3oHy coHsuyHuX iH(padepBoHux (IY-C), BianoBigHO 13
Kiacudikaiiero Mi>KHApOIHOI KOMicii 3 ocBiTIeHOCTi. Ha OCHOBI OCTaHHIX MEIHUKO-
010JIOTTYHUX JOCTIIKEHb CIEKTPATIbHUX BIACTUBOCTEH JIF0ICHKOI IIKIPU BCTAHOBJICHO,
mo B gianazoHax [Y-A Tta [U-B cmocrepiraerbcs HrKYa MOTJIMHANBHA 31aTHICTH, a

TaKO)XK 3HauHA YacTKa BUIIPOMIHIOBAHHS IMX AUISHOK CHEKTPY HPOMYCKAaeTbCs Ta



BiIOMBA€THCA B MOPIBHAHHI 3 Aiana3oHoM [Y-C, mo poOuTk X MeHIIT eheKTUBHUMU ISt
nepeaayl TeIIoBoi eHeprii 6e3nocepeIHbo A0 MoauHu. OTke, MOXKHA CTBEPAKYBATH,
10 HAAXOMKEHHS TEIUIOBOTO BUIIPOMIHIOBAHHS Bl €JNEKTPUYHUX 1H(GPauepBOHUX
BUITPOMIHIOBAUIB HE € MIKIJIUBUM, a € €(HEeKTUBHUM CIIOCOOOM Mi/IBEICHHS TEIJIOTH /10
JIOJIUHYU 1 MOXKe OyTH KOPHUCHUM, KOMIICHCYIOUM JCHHY NOTpeOy B iH(pauepBOHOMY
BUIIpOMiHIOBaHi. [IpoananizoBaHo cydacHi JOCHIIKEHHS KOMOIHOBAaHUX paiialliiiHo-
KOHBEKTUBHUX CHCTEM OIAJICHHA Ha 0a3i eHEpreTHYHOro Ta eKCEPreTMYHOro MeTo/IiB
TEXHIYHOI TepMoJuHaMmiku. [IpoBejeHuii aHami3 MmokasaB, III0 B HaYKOBUX POOOTax
JIOCTaTHHO TPYHTOBHO JIOCHI/PKEHA €HEPreTHYHAa €(PEKTUBHICTH CHUCTEM OMAJICHHS 3
OJIHUM JIXKEPEJIOM TEIJIOTH, HATOMICTh €HepreTudHa e(EKTHBHICTh KOMOIHOBAHHMX
CUCTEM OIaJeHHs oTpedye OUIbII AETaTbHOTO BUBYEHHS. 30KpeMa Ay»x,e Majio poOiT
MPUCBSIYEHO BUBYEHHIO EHEPreTUYHO1 €(peKTUBHOCTI KOMOIHOBAaHUX CHCTEM OIaJICHHS,
B SKHX B SKOCTI JKepena TeIJIOTA MAJig BOASHOI YacTUHU CHCTEMH ONaJeHHS
BUKOpPUCTOBYeTbCA THY, a 1ud eneKTpu4yHOl 4YacTUHUM CHUCTEMHU OIAJICHHS —
iH(pauepBoHi HarpiBayi. Ha ocHOBI mpoOBeACHOTO aHATI3Y JiTepaTypHUX JKepel 0yiio
chOpMyITHLOBAHO METY 1 3aBJIaHHS TOCIIIPKCHHS.

VY npyromy po3aiii moka3zaHi MEPCHEKTUBHI NIISXH CTBOPEHHS KOMOIHOBAaHMX
CHUCTEM Ha OCHOBI MPOBEIECHOTO EHEPTreTHYHOTO Ta €KCePreTUYHOTO MOPiIBHSUIBHUX
aHami31B e€()EKTUBHOCTI CHCTEM ONAJCHHS 3 PI3HUMHU DKEpelaMH TEeIJIOTH Ta
enepromnocradanns. [Iposeneno ananiz THY 3a gomomororo MeToay HMKIIB, IO
JO3BOJIMB  OLIIHUTH BIUIUB OKPEMHUX HEOOOPOTHUX TMPOIECIB HA KOEQILIEHT
nepetBoperns temtotu (COP) nilicHOro UKy TEIIOBOrO HACOCY, HA OCHOBI SKOTO
OyJ10 MOKa3aHO 3HAYHUI BILTUB TEMIIEPATYPHOTO TPATIEHTY MK I'PIFOYUM TEIIIOHOCIEM
Ta MOBITPSM B OMAJIIOBAHOMY MPHUMIIIEHI Ha €(PEeKTUBHICTH POOOTH JIHCHOTO IUKITY
THY. B ocHOBHOMY JaHMil TeMmnepaTypHUI TPaJi€eHT 3HUXKYE €(PEKTUBHICTH pPOOOTH
THY 3a paxyHOK pO3LIMPEHHS TEMIEPATypPHOTO JAiana3oHy Ha SIKOMY MOOyJ0BaHUM
muksn Kapro Ta uepe3 BmactuBocTi XonomwibHoro areHty B TH. IlpoBemeno
NOPIBHSHHS BIUIMBIB pi3HMX xosoawibHux areHTiB (R717, R12, R22, R134a) na
edeKTUBHICTh UKITY. OTpUMaHO PIBHSHHS JIs PO3paXyHKY €(EeKTUBHOCTI peaTbHOTO

nukity THY nHa ocHoBi Bizomoro COP 6a3oBoro napokommpeciitHoro mukiay Kapno ta



130enTpomHOro KKJI kommpecopa, a Takox piBHSHHS JJIs OI[IHKH €KOHOMI1 TTaJIMBa MPU
Bukopuctani THY B mopiBHsAHHI 3 KoTenbHEr0. [ OIIHKK epeKTUBHOCTI pOOOTH
KOMOIHOBAaHOT CUCTEMH ONaJIeHHs OyB BUKOHAHWN TEPMOJMHAMIYHUN aHami3 Ha 0a3i
CHEPreTUYHUX Ta EKCEPreTUYHUX OAIAaHCOBUX PIBHSHB VISl BOJSHUX Ta CICKTPUUHUX
CUCTEM OKpemo. BcTaHOBIEHO, 1O 3a YMOB 3HIKEHHSI TEMIIEpaTypu IMOBITPS B
OTIATFOBAHOMY TPUMIIICHHI BOJISHOIO CHCTEMOIO 3 TETUIOMOCTAa4YaHHSIM BiJ KOTEIbHI
ab0 EeJEKTPUYHOI CHUCTEMOIO OMalieHHS 3HUWXKyeTbes exkcepretuunuid KK
BIJIMOBITHUX cUCTEM. TakoX BCTAHOBJICHO, 1110 TEMII 3HMKEHHS ekcepreTuunoro KK/
BHACJIIIOK 3HIKEHHS TeMIIepaTypH MOBITPS B MPUMIILEH] JJI €IEKTPUYHOI CUCTEMU
onaJIeHHs IPUOJU3HO B IBa pa3y MEHIINM Y MOPIBHSIHI 3 BOJSIHOIO CUCTEMOIO ONAJICHHS
3 TEIJIONOCTAYaHHSAM BiJl KOTEJNbHI, 1[0 B OCHOBHOMY OOYMOBJIEHO HHU3bKHM Il
enepretnyHuM KK/I[. OTpumMaHo CHiiBBIAHOILIEHHS AJI pO3PaXyHKY €HEpreTHYHOro Ta
excepretnunoro KKJ/[ koMOiHOBaHOT cHUCTEMHU ONAJEHHS, 3 SKUX BUIUIMBAE, IO
BUKOPUCTAHHS E€JIEKTPOOIATIOBAIbHUX TPHIAIIB 3HIKYE CHEPreTUYHI TOKA3HHUKHU
kKoMO1HOBaHOI cucTeMu. OTKe HEOOXIZHO MAKCUMAaJIbHO 3MEHIIUTH dYac IX
BUKOPHUCTAHHS, 110 TMPOMOHYETHCA 3pOOUTH 3a JOMOMOrOK  3aCTOCYBaHHS
HECTAI[IOHAPHOTO 30HAJILHOTO 00IrpiBy B MEXaX KOKHOTO MPUMIIIICHHS.

[IpoBeneHo anHami3 MaTEeMaTUYHOI MOJENl  TEIUIOBOJIOTICTHOTO — PEXKUMY
NPUMIIICHHS TPU PaaiarifHO-KOHBEKTUBHOMY OIAJIEHHI Ta OTPUMAHO aHAJITUYHUHN
pPO3B's130K AUGDEPEHIINHNUX PIBHSIHB, IO OMNUCYIOTh TEIJIOMAcCOOOMIHI MPOIECH B
cUCTEMI ‘“‘ONaoBaJIbHI MPWJIAIXA - BOJIOI€ MOBITPS - MOBEPXHI OTOPOKEHBH’, Ta
BU3HAYCHO 3aBIaHHS /I €KCIIEPUMEHTAIBHOTO JTOCIIIKEHHS.

Y TperboMy pO3Iii BUKOHAHO TIOBHHM KOMIUJIEKC EKCIEPUMEHTaIbHUX
JOCIIKEHb (HOPMYBAHHS JUHAMIYHOTO TETIJIO BOJIOTICHOTO PEXXUMY MPUMIIIEHHS, II10
OTMAJIIOETHCST 32 JIOTIOMOTOI0 EJEKTPUYHUX 1H(pPAYEepBOHUX BUIPOMIHIOBAUIB Ta
BOJISSHUX OMNAaJIOBAIBLHUX TpuiaaiB. JlOoCHiPKEHO BIUIMB BOJOTOBMICTY TOBITPS Ha
OTPOMIHEHHS TOBEPXOHb BHYTPINIHIX OTOPOKEHb MPUMIIICHHS 1 iX BIAMOBITHUHN
BIUIMB HAa MmapaMeTpu TermioBoro komdopry. Jns Bepudikamii OTpUMaHHX
TEOPETUYHUX 3aJKHOCTEH OyNu MPOBEACHI EKCIEPUMEHTAIbHI JOCIIIKEHHS, 10

BKJIFOYAJIA ONPOMIHEHHS 23 aTYMKIB HA TIOBEPXHI CTIHU 32 BIJICTAHEH €JIEKTPUUYHOTO



1H(ppauepBOHOTO BHUIIPOMIHIOBa4Ya BiJ TOBepxHI cTiHM Ha 1,75M T1a 1,25M Ta
BOJIOTOBMICTIB mOBITpsA 5, 7,5 Ta 10 T mapu Ha OAMH KI' CyXOro MOBITps, IO
MPOBOJWIINCS Yy TphOX cepisix. EKcnepuMeHTalbHI [aHi TMOKa3aid 3aJ0BUIbHY
301KHICTh C TEOPETUYHUMHU. {151 pO3yMiHHA MEX oOnacTeidl Ha MOBEPXHI CTIHH, IIO
HarpiBaJiich BUPOMiHIOBa4YeM OyJia HamucaHa mianporpama s Scilab, mio Bizyanizye
TEMIEpaTypHI MOJIs Ha MOBEPXHI CTiHU. Byso mpoBeneHo (pizuuHe MOIETIOBaHHS PYXY
MOBITPS B JOCHIIKYBaHIA KIMHATI 3 BUKOPUCTAHHAM K-£ MOJie MpU 1IbOMY B SIKOCTI
IPAaHUYHUX YMOB 3-TO pOJAY Ui BHYTPIMIHIX OTOPOKEHb OyJ0 BUKOPHCTAHO
TEMIEpaTypu, 10 Oyl paHille OTPUMaHl EKCIEPUMEHTAJIbHUM MLUISIXOM IpHU
ONpPOMiHEH1 CTiHU. Pe3ynbTaTu MOJIENIOBaHHS TPEACTABICHO Y BUTJIS/I TPalIEHTHUX
MOJIIB, IO MOKa3ylOTh PO3MOJII TeMIepaTypH, IIBHIKOCTI Ta BIJHOCHOI BOJIOTOCTI
MOBITPS, @ TAKOXK 1HJEKCH piBHSA koMmbopTy PMV/PPD, 1110 BigoOpaxarTh KOMIUICKCHE
JOCTIDKEHHST KOMGOPTHUX TEIJIOBOJIOTICHUX IapaMeTpiB Ha poOOYOMY MICIII.
PesynbTat BUMIpIOBaHHS € O00'€KTMBHMM TBEP/UKEHHSIM NP0 pPIBEHb TEMJIOBOTO
koMmdoprty, a iHgekc PMV - nporno3zoBanuii cepefHiii piBeHb KOM(POpPTY Ha BiJICTaHI
1M Bi OIPpOMiHIOBAHOI CTiHH. AHAJII3 TPAII€EHTHUX OB MiATBEPAUB, IO 00JIACTI K1
3HAXOAMJIUCS HABIIPOTH BBIMKHEHOTO €JIEKTPUIHOTO 1H()pauyepBOHOTO BUITPOMIHIOBAaYA
MaJi CyTT€BO Kpallui piBeHb KOM(POPTY B MOPIBHSAHHI 3 BIJIMTOBIIHUMHU 00JIACTAMHU 32
YMOB BIJICYTHOCTI BHUIIpOMiHIOBaua. Po3poOieHi pekoMeHmarii moa0 ONnThMi3allii
KOHCTPYKIIi JIEKTPUYHUX 1HPpauepBOHUX BUIIPOMIHIOBAUIB JIs O11bII €(heKTUBHOT iX
poOOTH B KOMOIHOBaHUX pajlialliiiHO-KOHBEKTUBHUX CHCTeMax onayiieHHs. JJisg aHam3y
po0OOTH eNEeKTPUIHOTO 1H(HPAYEPBOHOTO BUIIPOMIHIOBAYAa B HECTAIIIOHAPHUX PEKUMAX
OyJyM OTpUMaHHI CHIBBIIHOIIEHHS JUIsI PO3paxyHKy TeMIlepaTypd IOBEpXHI
BUIIPOMIHIOBaYa Ta OMPOMIHIOBAHOI CTIHHU, IO BPaxOBYBaJIW BMICT TPHOXAaTOMHHUX
raziB (H2O, CO;) B moBiTpi Ta BiACTaHb HArpiBaJbHOTO MPUJIAAY BiJ OMPOMIHIOBAHOT
MOBEPXHI. 3a pe3yJibTaTaMH MPOBEACHUX JOCIIKEHb eIEKTPUYHOTO 1HHPauepBOHOTO
BuripoMiHioBaua Inatpor UII-700MK Oyno 3ampomoHOBaHO KOHCTPYKTHBHI 3MiHH,
HaIlpaBJICH1 Ha MMiIBUIIICHHS HOTO €eHEePreTUYHOI €PEKTUBHOCTI B CKJ1a/Jl KOMOIHOBAHO1

CHUCTCMHU OIIAJICHH.



Y derBeproMy pO3IUTi pPO3POOJIEHO METOAUKY I1HXXEHEPHOTO PO3PaXyHKY
KOMOIHOBAHO1  pajlaliifHO-KOHBEKTUBHOI CHUCTEMH OMNaJCHHS, 10 JO3BOJISE
parioHaJgbHO MiAI0OpaTH TEIUIOBI MOTYKHOCTI ONATIOBAIILHUX MPUIA/IB Ta BU3HAUYUTH
pamioHaJbHe Miclle iX po3TalryBaHHSA. Po3po0iieHO METOAMKY PO3paxyHKY
KOMOIHOBAaHOT CHUCTEMH ONaJeHHS 3 BUKOPUCTAHHSM BOJSHOTO ONAJTIOBAIBLHOTO
npuiagy Ta €JIEKTPUYHOTO 1H(PPayepBOHOTO BUIIPOMIHIOBAYA, IO PO3paxoBaHA Ha
HOBO30Y/10BaHI IPUMIIIEHHS, aJi€ 3a IEBHUX YMOB MOe Oy/Ie 3aCTOCOBAaHA B IPOEKTaX
PEKOHCTPYKIIIH MPUMIIICHBb PI3HOTO PU3HAUYCHHS. PO3paxyHOK 3a TaHOK METOIUKOIO
J03BOJISIE  3a0€3MEYUTH ONTHUMANIbHI TMapaMeTpPH TETUIOBOJIOTICHOTO PEXHUMY B
MPUMIILICHH] NTPY BUKOPUCTAHHI KOMOIHOBAHOI CUCTEMH OMNAJICHHS, 110 CKIAJAEThCS 3
BOJSHOTO  OMAJIOBAJILHOTO  TPWJIAAy Ta  CJIeKTPUYHOTO  1HGpPaYepBOHOTO
BUIIPOMiHIOBayYa. JJOCATHYTH €HEepro30epekeHHs 32 paXyHOK 3HMXKEHHS TeMIIepaTypu
MOBITPS 1 BIAMOBIAHO TEIUIOBUX BTPAT OMAIIOBAHOTO MPUMIIICHHS 3 IiJIBUIICHHSIM
HAJIMHOCTI pOOOTH CUCTEMHM ONAJCHHSA 3a PAaXyHOK 3aCTOCYBAaHHS OMNAJIIOBAJIbBHUX
NpUiIadiB, 0 MAaOTh KUBJICHHS BiJ] PI3HUX JKepell eHeprii. JlocsaraeTbest miABUIIEHHS
eKOJIOT1YHOI €()eKTUBHOCTI CUCTEMH 3a PaxXyHOK BHUKOPUCTAHHS €JIEKTPOEHEprii, 110
BHUpOOJIEHA HA OCHOBI BIJHOBJIFOBAHUX JIKEPEN CHEPrii Ta eKOHOMIYHOI - 32 PaXyHOK
BUKOPHUCTAHHS €JIEKTPOCHEPT1i 3a 3HMKEHOIO BapTICTIO HIYHOTO Tapudy.

Y m’saTtomMy po3nii MPOBEACHOTO aHaji3 OTPUMAHUX TEXHIKO-EKOHOMIYHUX
MOKa3HUKIB €(DEKTUBHOCTI KOMOIHOBAaHUX BOJSHUX Ta €IEKTPUUYHUX CUCTEM OTAJICHHS,
0 BUKOPHUCTOBYIOTH 1H(padyepBOHI BHUIPOMiHIOBaYi. B pe3ynbrari mpoBeneHOTo
aHai3y BUACHEHO, 110 HAWOUIBII JIENIEBE TEIJIONMOCTAYaHHS 32 YMOBU IIEHTpaIi3alii
TEIUIOBUX MEPEXK, a HahOuIbIl edeKTHBHA KOMOIHAIS BOASHOI Ta EJIEKTPUYHOL
CHUCTEMU ONAJICHHS KOJHU BOJSHA BUKOPUCTOBYETHCS K YEProBa CUCTEMa OIaJeHHS, a
€JIEKTPUYHA SIK 30HAJIbHA a00 mikoBa. [Ipu mpomMy KOMOIHOBaHA CHCTEMH OMAaJCHHS 3
JOKEPEJIOM TEIJIONOCTAadaHHs BiJl TEMJIOBOTO HACOCY Ta CICKTPUYHUMH CUCTEMaMU
OTaJIeHHS MIJBUIIYE iX €KOHOMIYHY e(eKTUBHICTh 10 6%, a KOMOIHOBaHA CHCTEMaA 3

JOKCPEIIOM TCIVIOTH - TBCPAOIIAJIMBHUM KOTIOM €KOHOMIYHO HE nouiana.



KnrouoBi cioBa: KOMGOPTHUH TEIJIOBOJIOTICHUM TETUIOBUH PEXHUM, pasialiitHo-
KOHBEKTHBHA CHUCT€Ma OIajieHHs, 1H(ppadyepBOHUN BUIPOMIHIOBAY, BOJSHUIA

OTAJIIOBAJILHUM MpUJIal, €KCepris, eHepris, ePeKTUBHICTh, TETJIOBHI HACOC.

ABSTRACT

Ocheretianko M. D. Energy efficient indoor heating by means of combined use of
electric infrared heaters and water heating devices — Qualifying scientific work on the

rights of manuscripts.

Thesis for a Doctor of Philosophy (candidate of technical sciences) degree by
specialty 05.23.03 "Ventilation, lighting, heat and gas supply” — Kyiv National
University of Construction and Architecture, Kyiv, 2021.

The dissertation research, which is aimed increasing the energy and environmental
heating systems efficiency, is relevant due to the high costs of energy production in the
energy balance of Ukraine for this purpose (up to 40%) and, accordingly, high emissions
of greenhouse gases and other pollutants. The relevance of the work is confirmed by
scientific research which were held on the basis of Heat Engineering Department in Kyiv
National University of Construction and Architecture. The purpose of the dissertation is
the scientific substantiation of energy-saving technologies in the formation of a
comfortable heat and moisture regime for premises with various purposes using a
combined heating system based on electric infrared and water heaters. In accordance with
the set goal, the following tasks were performed: literature sources were analyzed, patent
studies of radiation-convective heating systems in rooms for various purposes were
performed and directions for their improvement were identified; developed a physico-
mathematical model that describes indoor heat and moisture processes for premises heated
by electric infrared and water heaters; conducted experimental studies of electric infrared
and water heaters with determination of their influence on zonal heat and humidity
parameters of air and internal enclosures depending on the content of water vapor in the
air; developed a new design of electric infrared heater; developed engineering calculation

technique for radiation-convective heating system on the basis of the received theoretical



and experimental data; technical and economic substantiation of radiation-convective
heating system expediency were carried out. The object of the study is radiation-
convective heating systems for premises with various purposes and the subject - heat and
moisture processes inside this premises. Modern methods of technical thermodynamics
and heat and mass transfer, physical and mathematical modeling of heat and mass transfer
processes and experimental studies for system "heaters - humid air - the indoor enclosures
surface", technical, economic and engineering analysis were held.

In the introduction of the dissertation the relevance of the topic is substantiated,
the purpose, tasks, subject and object of research were formulated. Indicated guidelines
that determine the scientific novelty and practical significance of the obtained results, the
personal contribution of the applicant and provide information on the research results
evaluation.

In the first section the analysis of scientific and technical works and patent researches
devoted to formation of a comfortable heat and moisture regime for rooms which are
heated with radiation-convective heating systems. Based on the analysis, the classification
of heating systems were given and the relevant research problems that need to be solved
and are the area of research of this work were summarized. It is established that the
purpose of modern design of water and electric heating systems to be about arrangement
of heating devices in the room, which will compensate heat losses that were calculated
according to the normative method. This approach is not rational for rooms with complex
architectural shapes and geometric dimensions, as soon as, it doesn’t provide comfortable
heat and humidity parameters throughout all room volume. On the other hand, the problem
Is that such approach requires significant energy resources consumption to maintain
indoor air parameters at given level, or provide low possibility for zonal heating. In
addition, heating systems are usually designed with one type of energy source - water,
electric, steam, etc., which does not allow to ensure system reliability. To solve above
mentioned scientific and technical problems, it is proposed to use a combined heating
system, consisting of a permanent background water heating system and a periodically
operating electric heating system. It is assumed that water heaters will be unregulated and

will operate with a constant hydraulic regime maintaining a certain base indoor room



temperature, and electric heaters will be regulated by sensors and will create comfortable
heat and humidity parameters in each zone, mainly by increasing radiation heat transfer
in a certain area (zone). Energy-efficient heating systems created in such manner allows
to combine electric infrared heaters with water heating systems that use as a heat source:
central heating system, individual boiler room or heat-pump system (HPS). The use of
HPS allows to increase the exergy efficiency of the combined heating system, because
unlike other heat sources for water heating system, reducing the indoor air temperature
does not require reducing temperature potential of thermal energy produced by HPS. In
addition, it should be noted that the electric infrared heaters used in this heating system
have a maximum emittance wavelength at Ama> 8.0 um. These wavelengths close to the
waves emitted by the surface of the human body, and to the wavelengths we receive from
the sun and belongs to the solar infrared range (IR-C), according to the classification of
the International Commission on Illumination. Based on recent medical and biological
studies of human skin spectral properties, it is established that in the IR-A and IR-B ranges
there is lower absorption capacity, and a significant proportion of radiation in these
spectrum range were transmitted and reflected compared to the IR-C range, which made
it less efficient for direct heating of human body. Therefore, it can be concluded that
thermal radiation from electric infrared heaters aren’t harmful, but an effective way to
supply heat to human body and it can be useful to compensate daily infrared radiation
needs. Analysis of combined radiation-convective heating systems modern researches on
the basis of energy and exergy methods of technical thermodynamics were held. The
analysis showed that the energy efficiency of heating systems with one heat source has
been thoroughly studied in scientific works, while the energy efficiency of combined
heating systems needs to be studied in more detail. In particular, very little work is devoted
to the study of energy efficiency of combined heating systems, in which as a heat source
for the water part of the heating system is used HPS, and for the electric part of the heating
system - infrared heaters. Based on the analysis of literature sources, the purpose and
objectives of the study were formulated.

The second section shows promising ways to create combined systems based on
energy and exergy comparative analyzes of heating systems with different heat and power



sources efficiency. The analysis of HPS using the method of cycles, which allowed to
mesure the impact of individual irreversible processes on the heat conversion coefficient
(COP) of the actual cycle of the heat pump (HP), which showed a significant effect of
temperature gradient between the heating medium and air in the heated room on the actual
cycle efficiency. Basically, this temperature gradient reduces the efficiency of HPS due
to the expansion of the temperature range on which the Carnot cycle is built and due to
the properties of the refrigerant in the HP. A comparison of the effects of different
refrigerants (R717, R12, R22, R134a) on the efficiency of the cycle were held. The
equation for calculating the efficiency of the real cycle of HPS based on the known COP
of the basic steam compression cycle of Carnot and isentropic efficiency of the
compressor, as well as the equation for estimating fuel savings when using HPS in
comparison with the boiler. To assess the efficiency of the combined heating system,
thermodynamic analysis was performed on the basis of energy and exergy balance
equations for water and electrical systems separately. It is established that under
conditions of lower air temperature in a heated room by a water system with heat supply
from a boiler room or an electric heating system, the exergy efficiency of the respective
systems decreases. It was also found that the rate of decrease in exergy efficiency due to
lower air temperature in the room for electric heating system is about twice lower
compared to water heating system with heat supply from the boiler room, which is mainly
due to its low energy efficiency. The relations for calculation of energy and exergy
efficiency of the combined heating system are obtained, from which follows that the use
of electric heating devices reduces the energy performance of the combined system.
Therefore, it is necessary to minimize the time of its use, which is proposed to do through
the use of non-stationary zonal heating within each room.

The analysis of the mathematical model of the heat-moisture regime of the room
during radiation-convective heating is carried out and the analytical solution of differential
equations describing heat-mass transfer processes in the system “heaters - humid air - the
indoor enclosures surface” were obtained, and the tasks for experimental research were
defined.



In the third section the full complex of experimental researches of dynamic heat-
moisture regime formation for room heated by means of electric infrared and water heaters
were developed. The influence of moisture content of air on irradiation of surfaces of
internal protections of the room and their corresponding influence on parameters of
thermal comfort were investigated. To verify the obtained theoretical dependences,
experimental studies were performed, which included irradiation of 23 sensors on the
indoor wall surface at a distance of electric infrared emitter from the wall surface by 1.75
m and 1.25 m and air humidity of 5, 7.5 and 10 g of steam per kg of dry air, conducted in
three series. Experimental data showed satisfactory agreement with the theoretical ones.
To understand the boundaries of the areas on wall surface which were heated by the
electric infrared heater, a subroutine for Scilab was written. The latter visualizes the
temperature fields on the wall surface. The air movement in the study room was simulated
with k-¢ CFD model. In this simulation for boundary conditions of the 3rd kind were used
internal enclosures temperatures, which were previously obtained experimentally by mean
of wall irradiation. The simulation results are presented in the form of gradient fields
showing the distribution of temperature, velocity and relative humidity, as well as PMV /
PPD comfort level indexes, which reflect a comprehensive study of workplace thermal
comfort conditions. The measurement results are an objective statement of the level of
thermal comfort, and the PMV index is the predicted average level of comfort at a distance
of 1 m from the irradiated indoor wall. Analysis of the gradient fields confirmed that the
areas opposite the switched on electric infrared heater had a significantly better level of
comfort compared to the corresponding areas in the absence of it. Recommendations for
optimizing the design of electric infrared heaters for more efficient operation in combined
radiation-convection heating systems have been developed. To analyze the operation of
the electric infrared heater in non-stationary modes, the equations for calculating the
surface temperature of the emitter and the irradiated indoor wall were obtained, taking
into account the content of triatomic gases (H20, CO,) in the air and the distance of the
heater from the irradiated wall surface. According to the studies results for electric infrared
heater Eltron IP-700MK, structural changes were proposed to improve its energy
efficiency as part of the combined heating system.



In the fourth section the engineering calculation technique for combined radiation-
convective heating system were developed. The latter allows to select rationally thermal
capacities of heating devices and define a rational place of their arrangement. This
calculation technique for combined heating system, which include water and electric
infrared heater mainly designed for new construction, but under certain conditions can be
used in projects for the reconstruction of premises with various purposes. The calculation
according to this technique allows to ensure the optimal parameters of the heat and
humidity regime in the room when using a combined heating system which include water
and electric infrared heater. Achieve energy savings by reducing the air temperature and,
accordingly, heat loss of the heated room with increasing the reliability of the heating
system through the use of heating devices powered by different energy sources. An
increase in the environmental efficiency of the system is achieved through the use of
electricity, which were previously generated with renewable energy sources. Economic
efficiency increase by means of using electricity at a reduced cost in during the night
hours.

The fifth section analyzes the obtained technical and economic efficiency indicators
for combined water and electric heating systems which include electric infrared heaters.
As a result of the analysis, it was found that the cheapest heat supply provided by
centralized heating networks, and the most effective combination of water and electric
heating system obtained when water is used as a regular heating system, and electric as a
zonal or peak. At the same time, a combined heating system with a heat supply source
from a heat pump system and electric heating systems increases their economic efficiency
up to 6%, and a combined system with a heat source which burns solid fuel is not

economically feasible.

Key words: comfortable heat-moisture thermal regime, radiation-convective heating

system, electric infrared heater, water heater, exergy, energy, efficiency, heat pump.



