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TepmoauHaAMiYHMH aHAJI3 TEIUVIOHACOCHO-PEKYIIEPATOPHOI CXeMH
ONAJICHHS TA BEHTWISANIl 3 BUKOPUCTAHHSAM TEIJIOTH BEHTUJIALIHHOTO
i atMOocdepHOro noBiTPs
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AHOTaNis

Ipoananizoeano epexmusHicms MENIOHACOCHO-PEKYNEPAMOPHOL CXeMU ONANCHHSL Md BeHMUNAYIT 3 BUKOPUCTIAHHAM
meniomu GeHMuIAYitiHo2o i ammocgheprozo nogimps. Pospobneno meopemuuny mooensb yici cucmemu ma 6UKOHAHO
yycnosutl ananiz it mepmoouHamiyuHoi egekmuenocmi. Bemanoeneno, wo 3acmocysanns 0anoi cucmemu 0036075€
SMEHWUMU CYMAPHI NUMOMI 3ampamu 3068HIUHbOI eHepeii Ha OnaneHHs Mma 6eHMUIAYII0 8 NOPIGHAHHI 3 cCUCmeMOolo Oe3
BUKOPUCMAHHS AMMOCHEPHO20 NOGIMPSL 30 HUZLKUX 3HAUEHb KoehiyicHma pexynepayii ma 6i0HOCHO20 NOMOK) MENI0Mmu
Ha genmunsayito. Ompumano epagiumi 3a1eHCHOCmi 3 300PANCEHHIM ONMUMATILHUX PedCUMI8 poOOmuU MenioHACOCHOT
cucmemu.

Kuio4oBi ciioBa: TemioHacoCHO-peKylepaTopHa cxeMma OMajeHHs Ta BEHTWIALII, MOBITPSHUN TEIUIOBHH Hacoc,
CyMapHi ITUTOMI 3aTpaTh 30BHIIIHBOI €Hepril.

Abstract

In this article the efficiency of a heat pump recuperative heating and ventilation system with use of heat of ventilation
and atmospheric air is analysed. A theoretical model of the system has been developed and a numerical analysis of its
thermodynamic efficiency was conducted. It was found that the use of this system makes it possible to provide more
favourable temperature conditions for the operation of a heat pump in the cold period of year, to reduce total specific
costs of external energy for heating and ventilation in comparison with the system without utilizing of atmospheric air for
low values of the coefficient of recovery and the ventilation relative flow of heat. Graphic dependences were obtained
with the image of optimal operating conditions of the heat pump system.

Keywords: heat pump recuperative heating and ventilation system, air heat pump, total specific costs of external
energy.

3pocTaHHs TOoTpeOr B €HEPTii, TEIJIOBIHM UM eJIEKTPUIHIH, € Oe3mepepBHOIO Ta 3aKOHOMIPHOIO TEHICHITI€IO0,
0 00yMOBIIEHa CTPIMKHAM TEXHOJOTTYHUM MPOTPECOM JIIOACTBA. binmbia qacTiHa 1€l eHeprii oTpuMyeThCs
IITSIXOM CIaJIIOBaHHS MEPBHHHUX EHEPrOpECyPCiB, IO 3 eKCEPreTUIHOI TOUKH 30pH, X0U 1 He € e() eKTHBHUM,
MIPOTE 3aIUIIAETHCS €IMHAM CIIOCOOOM peaizarlii XiMiqHO1 eHeprii manuBa. 3anmacu KOPUCHUX KOIAJVH, SK
BiIOMO, HE € HEBUUYEPITHUMH 1 TOMY €KOHOMis E€HEepropecypcCiB B YCIX raixy3sx €KOHOMIKH € TII00aThbHOIO
MPOOIIEMOI0 CYJaCHOCTI.

Baxnuse Miciie B BUpilIeHHI ITi€l 3aranpHOi mpobiaemMu mocizae HeoOXiqHICTh Y MiIBUIIEHH] e)eKTHBHOCTI
BHKOPHCTaHHS €HEePrii B )KUTIOBO-KOMYHAIIEHOMY CEKTOpi. AJ’Ke Ha HOro moTpedu B CBITI BAKOPUCTOBYETHCS
OLUTBIIIE TPETHHH MEPBUHHUX €HEpropecypciB. Y KIIMaTHYHUX YMOBaX YKpaiHU Ha 3a0e3MeueHHs OImaleHHS
BUPOOHMYMX, AAMIHICTPAaTUBHUX 1 XHUTJIOBUX OyAiBelb BHUKOPUCTOBYIOThCS Onm3pko 40 % nanuBHO-
SHEePreTHYHMUX PECypCiB, L0 CIOXUBA€ThCA B KpaiHi [1]. XKutnoBo-komyHanbHe rocnogapcTBo YKpaiHu €
OJTHUM 13 HAaHOUITBIII €eHEPrOEMHUX B CBITI, 110 CBITYUTH PO HU3bKY €(DEKTUBHICTH Ta 3aCTAPLIICTh HAIBHOTO
TEIUIOTEHEPYIoYoro oOnamHaHHsA. ToMy TmOHmIYK e(QEeKTMBHHX UUIAXiB 3MEHIISHHS EeHEproeMHOCTI
TEIUTOCHEPTeTUYHOr0 00T JHAHHS Yy Il Tary3i € aKTyaJIbHUM ITUTAHHSM.

OnHuM 13 TaKuX IUISXIB, SKUH HAOYB IIMPOKOr0 PO3MOBCIOKEHHS B CBITOBIl MPAKTUL, € BUKOPUCTAHHS
aJIbTEPHATHBHUX HM3BKOIOTEHIIMHUX JUKEpeNn eHeprii 3 3aCTOCYBaHHAM TEIUIOBHX HacociB. [lpu mpomy
0COOJIMBO HIMPOKOTO 3aCTOCYBAaHHS HAOyJIM TEIUIOBI HAcOCH 3 BUKOPHUCTAHHSAM TEIUIOTH aTMOC(EpHOro
MOBITPA Yepe3 HU3bKI KaliTaJOBKJIAJACHHS B MOPIBHIHHI 3 iHIIMMH JUKEpENaMu eHeprii, HeOOMEXEeHICTh Ta
JOCTYIHICTh JDKepena TerloTh. Ilpore iX 3HaYHUM HENONIKOM € BTpaTa MOTYXXHOCTI Ta €EeKTHBHOCTI 31
3HIKEHHSIM TEeMIIepaTypH MoBiTpA [2], 110 B yMoBax YKpaiHH yCKIaaHIOE eheKTHBHE



BHUKOPHUCTaHHS BiAMOBIAHOI TEIJIOHACOCHOT CUCTEMH JIS IiJIeH ONalieHHsA Ta BEHTWJIALIl MPOTITOM YChOTO
XOJIOHOTO Mepioay poKy. AJpKe IpU 3HHKEHHI TemmepaTtypu aTtMmocdepHoro moitps Hikde 5...10 °C
koediieHTH TpaHCcQopMalii TEMIOBOr0 Hacoca 3MEHINYIOTHCS O PIBHS, IO HMXKYE 3arajlbHONPHUAHATHX
eHeproe( eKTUBHUX 3HAUCHb [2].

Tomy mist 3a0e3nedeHHss poOOTH TEIMJIOBOr0 Hacoca MPOTSITOM YChOT'O ONMajOBAIBLHOTO MEPioAy BHHUKAE
norpeda y po3poOIli Ta JOCTIHKEHHI KOMOIHOBAHUX TEIUIOHACOCHUX CHUCTEM JUIS 3a0€3MeUeHHs MOTped SIK
OTAJICHHsI, TaK 1 BEHTWIALIl, a TAKOX 3 BUKOPHCTAHHIM JOAATKOBHUX JDKEpPEN TEIUIOTH ISl IiIBUIICHHS
edexTuBHOCTI iX poOOTH MPH BUKOPHCTAHHI MOBITPSHUX TEMJIOBUX HAacociB. Sk mokaszaHo B [3], epeKkTuBHICTH
pPOOOTH TaKWX CHUCTEM 3pPOCTAa€ MpPH iX 3aCTOCYBaHHI B IPOMaJCHKUX OYHIBISAX (IIKOIH, TUTCAAKH, JIKapHI,
TOPTOBO-PO3BAXKAJIbHI IIEHTPH 1 T. 11.) 3 MOCTIHHUM TIepeOyBaHHSIM JIFOJICH, /e BUMAra€TbCs JIOCUTh BEIUKA
KpaTHICTh MOBITPOOOMiHY TOBITps. BuTpatu TemnoTH Ha BEHTHIIALIID B MPUMINICHHSIX TaKUX OyaiBenb
MOXYTh 0araTopa3zoBo IMepeBUIIYBaTH BUTPATH TEMJIOTH HA OMAJIEHHS 1 TOMY Ma€ Miclie JOAaTKOBE HKEPEIo
TEIUIOTH Y BUTIISII BEHTWISALIHHUX BUKUIB, 110 MOKE OYyTH BHKOPUCTAHO K KOMOiHAIil 3 atMocepHUM
noBitpsim. [lomanbine migBuilieHHS ©()EKTUBHOCTI CHCTEMH TEILJIONOCTaYaHHS MOXKE OYyTH JOCSATHYTO 3a
PaxyHOK TO€THAHHS MOBITPSHUX TEIJIOBUX HACOCIB 3 PEKYINEPAaTOPOM TEILIOTH JUIS MOMEePEAHBOrO MiirpiBy
MPHUIUTMBHOTO TIOBITPSI.

Y 3B’A3Ky 3 [HMM aBTOpaMy 3allpOMIOHOBaHA Ta TMPOAHAI30BaHAa NPUHIMIIOBA TEMJIOHACOCHO-
peKyIepaTopHa cxema OIajeHHs Ta BEHTHWIIALIT 3 BAKOPUCTAHHSAM TEIIOTH BEHTHIISIIHOTO 1 aTMOc(hepHOro
MOBITPAL.

Ha puc. 1 300pakeHa NMPHHIUIIOBA TEIJIOHACOCHO-PEKYIIEpATOPHA CXeMa OIMajieHHS Ta BEHTHIIAIIT 3
BUKOPUCTAaHHSM TEIUIOTH BEHTHIISAIIMHOrO 1 atMocepHoro moBiTps. [IpuHIMT poOOTH CXEMH: 30BHIITHE
MOBITPS 3 TEMIIEPaTyporo to i MacoBoro BUTpaToro G, MMONAETHCS B pEKyIepaTop, Je Biji0yBaeThCs HOro HarpiB
o TeMmrepaTypu ty 3a paxyHOK TEIUIOTH BiIpalbOBAaHOTO TIOBITPS, BIIBEICHOTO 3 MPHUMIIICHHS 3a
temrepatrypu t,. Ilicias 1poro TOBITpsS 3a TemmepaTypu i, TpsMye B MiJIrPiBHUK MOBITPS, JO SIKOTO
MiIBOUTHCS TEIUIOBHI TMOTIK Ha BEHTHIIALIIO Qgeqr, 1 IOTPIBAETHCS JI0 TEMITEPATYpH t,. 30BHILIHE MOBITPS 3
TeMIepaTyporo to i MacoBor BUTpaTo0 G, MOJAETHCS B KaMepy 3MIIITYBaHHs, 1€ MMiIIrPIBa€ThC 32 PAXYHOK
3MINTYBaHHS 3 0OXOJIODKCHIM BiAMIpaIlbOBaHUM ITOBITPSM ITiCTIS pEKyTIEpaTopa 3a TEMITepaTypH tox 1 3 MACOBOIO
BUTpaToro G,. Otpumana cymint moBiTps (teym, Geyw) MICHS KaMepy 3MINTYBaHHSI CIIPSIMOBYETHCS Y BUITAPHUK
TH, ne moBiTpsl OXOJOMKYEThCS 1 HA BUXOAI Mae TeMmriepaTypy U, JJis KomIteHcallii BUTpaT TEIUIOTH Ha
OITaJICHHS Ta BEHTHIIALIII0 BUKOPHUCTOBYETHCS TEIIOBUM MOTIK Bix KoHAeHcaTopa TH Qonisenr 3 TEMIIEPATYPOIO
TETJIOHOCIS tx Ha BXOZ1 B CUCTEMY OITaJIeHHS Ta BEHTHJISIIII.

L, A
Puc. 1. TIpuHIMIIOBa TETUIOHACOCHO-PEKYIIEpaTOpHa CXeMa ONAJICHHS Ta BEHTHIIALIT 3 BAKOPUCTaHHSAM TEIUIOTH BEHTHIISLIHHOTO 1
atMoctepHoro noBitps: K — xonnencarop TH; Bw— Bunmapuux TH; K — xomnpecop; B — Bentumsitop; K3 — xamepa 3minryBasHS;

P — pexynepatop.



Po3pobneno TeopeTHuHy MOJENb TEIIOHACOCHO-PEKYIEpaTOpHOI CXEMM OMaJeHHS Ta BEHTWIAMii Ta
BUKOHAHO YUCIIOBUH aHami3 i TepMOJHAMIYHOT e)eKTUBHOCTI. AHAIi3 1aHOI CXEMH TO0Ka3aB, M0 338 PaXyHOK
peKynepariii TeII0TH BEHTWIISALIHHOTO OBITPsl CyMapHi MUTOMI 3aTpaTH 30BHIIIHBOI €HEprii Ha OMaJeHHs Ta
BEHTHJISALIII0 3MEHIIYIOThCS Y TOPIBHAHHI 31 CXeMaMHU, JKepelaMH SIKUX € JIHIIe aTMocepHe a00 BeHTHIISILIITHE
MOBITps. Bynu oTprMaHi rpadivyHi 3aJIeKHOCTI 3 300paKCHHSIM ONTUMAJIBHUX PESKUMIB POOOTH TEIIIOHACOCHOT
cucremu. EdexTuBHICTE pPOOOTH TEIIOHACOCHO-PEKYIEPATOPHOI CXEMH OMNalleHHs Ta BEHTHWILL 3
ypaxyBaHHsSIM 3aTpatr eHeprii Ha mpuBij komnpecopa TH i BeHTUIsITOpa, IO HATHITAE CyMIll MOBITPS 4epe3
BunapHuk TH, MOXHa OXapakTepu3yBaTH BEIUYMHOIO MUTOMHX 3aTpaT 30BHILNIHBOI €HEprii Ha omaneHHs Ta
BEHTHJIALIIIO, SIKa SIBJISIE COOOKO BiHOIICHHS 3aTPayeHOl 30BHIIIHBOT SHEPTil Ha OJMHHUIII0 OTPUMAHOI TEIUIOTH
JUIsL 3aJI0BOJICHHS TOTped OmNalieHHs Ta BEHTWIALIl. BcraHoBieHo, 1o 3a 3HaveHb mapamerpa m = 1,5 — 2
(BIIHOIIIEHHS TOTOKY TEIUIOTH Ha BEHTHJIAIIIO Qgeur JO MOTOKY TEILUIOTH HA onayieHHS Qon) MUTOMI 3aTpaTu
30BHIIIHBOI €HEPTii y AoCHimKyBaHii cxemi Ha 50 — 55% MeHIIi, HiX y cXeMi 3 YTHITI3aIi€l0 TUIbKH TEIUIOTH
aTMocdepHoro moBitpst (3a po3paxyHkoBoi Temiepatypu -20°C).
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